UGB/ zy-Lt1

BLOK -1



Fraet =Tl | Eymadr Tavewor

) | UGBY/ZY - L1

16

34
41

46

se%.] SR TSI _
Qe difereRT
1. WEEE (gEueiiEt) 5
). genfufa 17
3. w1 eI
4. g Hhdawl 1 AEGIA 22
5. TUEY Hdeml @l g
6. THT TUT WgH o o AT AW & Ty
7. W dwe R Efaars qur Sl favsT
HT AT .
8. SrEfFET ¥ wmEl W o TR ® grifer e
w1 Tafdfa == =t fafy 53
9. AT wewtE T e wm qE e Hi ufueftiere
wifyrar # far-wiafe 2w 56
10, SR % Sl =S F [Es SEaeafts e ss
1. Terel & wifreTel ® dae-TaEor a9r quson 67
12w afufsEare T etemde 77
13. WAG! T IUAT i THEHT ASotd HUa &1
TS UE e —aT qiEr 86
14. ORI T JUAM ik TEHEHT HeTlg JIWT
qETgT T He-av UL 96
L S % AT WEU & AR 104
L Yo OHET w A 110
17. A w qur AeRET G wEa) ® arararsl
w1 futoor 14
18, 119



LSE-04 Sl faqT &7 9T WIa@ma ® | ¥ 4 wiee ¥ wammw ¥ g
T war { TRiaT Far S Rt Y W W TR | X W e
it ST7aREt wd Wittt @ watw € 1w o W ¥ R e v
W Aot W W W A Ppeea @ €f ¢ e @ e, frvewor @ s
F o fagumr # gt

TE FANTACT WS@hA 1 HTH AT Tagwhdl & o It 76 wrass =
12 Tl F Q@ wom ¢ 1 famef W ww 4 wfee ¥ wdmwer wrmeww ¥ 120
HS W WHE T TSA R | GH Wi BT 10 W wref wow w3 forny 9
3-3 €& F YA WH R | WATer ¥ $% WX 4 g ¥ o & wed T
UF HaT difed @1 & W WWHIiEar g’ WA w e w0 ¥ e
T EE F 3 HY A AW o RS e gF TR T wHT 99 SwE
Wy RiEs e o

W WEWHH F UG ARG WA HES U Sawl ¥ aeqad ¥ watvd ¥ )
T Yol UF geidT awadl ¥ wEe @ty w0 | wol o O

) HRHSN F Yo F Wra-g AT G THAF w4 G qr el

T &t fafi sEewrsll oo defiet™ weew o AR 29 99r 59
eqaT TR | Ffwawrel Bt et F - e wR ¥, e v
T Tw® o T R w1 wue g R, v6E o onE v T when
T ¢ HEE TR SR T wEleRdeY, Wt O e =t we= % fa
& TR FE W w0 A8 v weR et #t afufrarall =
IR E eI HT W | VDT 13 ¥ WAT 20 A IR Y wat@
¥ 19 e A F i et w1 | s ¥ e
SHTETN B T FA SR gaw vl 5w wgs ¥ e W wee @
THE TR | F WA IUAH WS B G T I vy, weltet o Wi
TRA F qRaRarey & frafon, qur WSt ¥ [gE wed a5 G w9 w©
stufa § 1 o eyl wiRferfet ot arafd €t ST WY TR sttt
wH NG T w@vm,  pE A el ¥ e Y AT T WA BT ST
T H W@ | WEEE G, o wefe stwe @ wauE W waT By
® 1w A sl da S W weT ¥ o e WS £ 9 o o
WY AT F AFER FR R W N ¥ | T R A R She
Srgelt % et WAl ok wewr@ ¥ off wRfaw @ W

YR ¥ X grE W W A W w1 gewieT Wt 9w A TITerar
AT It wfade B R WE @ WE A =l W T S |
T U ¥ Afew R ST qdaw R A . whewr v w4l ¥ ¥ wv
AT G R F AW BT T | waq JewT 70 Whwd 9w S iRl
YA T e e ol ofen fom W R MG wher w1 geET 30 whiw
TE | '

AT Tt

1. mﬁmﬁmmnmmwmm:
T R} wH Hw fafy, wieet @ iR =y FAYEE 9T |

2. TREY wRON H ot yRwer ¥ Ywmiked w5t |

3. AW I WY foedeT fee ¥ ww I, ghw, =ng, oiv fawiar
’Jﬁ'\"ﬁﬂﬁ]‘ﬁﬁﬁlmﬂﬁﬁﬁl | IO ¥ WY WEuigds @ @t |



4,

Aot Yeqor gt we @ qE WO & R w1 IR e 1 e
T YO S wRomlt W fawngdes M O oI S W e
firerit |

e gRAET & WY-TY AT REE e gE ol et S W e
TORREEA ® oA & T WA % wHE T T | AW AU YT O
ofeemt @ T SR X wEn i faaer ot sifew | o wEl ot wwd
R, Te7 fod oY | IR o o Ut egw wde e 200 T R
Ik N ™ e werr © o ww W @ | Yo g @ fead @
W aq Frafie v & ¢ 1 9f gya 9 @, 9 W wEt 39 B F A
wrd &t forg & |

X HE A U QUHTEMT | Well W faar-faus w1 oW
TV ¥ AT w0 I9AT quifed BT ] w1 | gt it wa % 3w
YRR { I w3 TAqH 7W weEws | wmu‘@ﬁqml‘ﬂﬂ'ﬂ'?ﬂ?ﬁaﬂt
arefel T & o |




WA 1 ARk (gERehiiat)

R

1.1 WEEAr
- IRYY

1.2 Snavden |t

1.3 GYHR HEHEHIT & WOT
1.4 FAEHEHY T YHI9 T 99
1.5 WEsIERT &t fades ey
16 3Ty

17 WYE WIEHEHIT & HrEy
1.8 wraafTar

1.9 Ta=deq wswrag
110 S we

1.1 WEAT

T TATIAT EdHA—1 T YRY HYHRT AEHIERT (compound microscope) TET
ﬁwm (disscctlion microscopc)ﬁ@ﬁﬁ%ﬁﬂ%'&m
FEl A FR | 9T qh AT WEW WTHET (light microscope) o T &Y
# fifed faal@ @ Rea & 9% 99 | a9 LSE.01 (aifeT e =t

T 2 W Ef A@ W ¥ T v weErR (e geiiat) @
R | fada fear T 3 | A9 A ¥ 59 | a9 Iw e qamE
¥ YT MEARET ¥ B R gH O | T wwm ¥ fw @ afws wioa
mmﬁﬁ@?mﬁﬁﬁv {clectron microscopc)ﬂﬂ' miﬁ?ﬁ'%
e 500,000 7 & T W BEUT ST WEAT T 1 TR ETR qer
TR F AT ¥ AT YR ARRRET T )

I_YT
WO YT § T

» TH HIR AEHREN H G At WE A wEHeds e v g,
 WERERY & fafire v ¥ oRfaa @ g,
.W%ﬁﬁmmﬁﬁvmwmﬁmnﬁ,

» Tafaw e ot ¥ ¥ R FC TEW ¥ wh w amw = WY, alw
\ tﬁéﬁmﬁﬁ?mﬁﬁ?ﬁ?mﬁﬁﬁwaﬁvﬁiﬁmaﬁmﬁﬁ,
s BTN FEF R e dver ¥ e )

.2 IEa¥IH |t

- TR WIHE ARy, R e aw gem amar am stetfes @ @t
. fa=k mEe

. e F AR T e

. HF B Wi



1.3 WY UEmERT % W

Eyepicce
Coarse Adjustment 6\3 )
/K’ — Body Tube
Fine Adjuslm:m LN @
Limb (

Clip \ '—D\l

s ——T—— Microscope Slide
tage

1
ﬁ— Condenser Iris
A _. Diaphragm
Swivel | e

Mirror

Objective Lens

ﬁl1.1;mm

e R ¥ T wm far 11 ¥ evlfe T ¥ | Ame ¥
Al W (ubular body) Bret & e Fud TR & & ofw wonet et
ﬁﬁ?mﬂaﬂﬁtﬁ'ﬂ(mulmlens)mi‘lﬁ%'{ﬁimﬂ?ﬁﬁ?
T (S, specimen) % THae QT € UH A o9 woreh At ¢ A
e o (objective lens) FEd ¥ | Weldh o WOIEt ¥ &A@l ® WH—IF
gaer At ¢ | 7@ Jefee oW # w8 ¥ 10 war e Fww: 2 R 3
o ) Fem 7T 4 W@ ) Jiefee T Sfeger 9 & oW s
W F w0 H = FQ@ T A wiafmw ¥ € w9 e ot faug
(aberration) Y BF F oY T | HMfRT W@ W whA W " AR RHT
(nose piece) T T Bd € 1| Ay 9 F 2 T 3 Medfaed o€ w GG @R &
TaHE A ¢ fo ¥ WRE w SaHq ear {magnifying power) Wﬂ?ﬁ'
T WHES: 10x T 45x & Sfestfaed §C HW@ T | A9 WY e i<t el
¥ G0 § W’ # GHEEH GRS (adjustment knobs) et € | TH ¥ @&
'ﬂ'ﬂ_ﬁﬁﬂ?ﬁ%ﬁf&i’{aﬁﬁ%‘(coa:seconuol)ﬁﬁ"a‘ﬁmﬂ’ﬁ'ﬂ‘ﬂﬁﬁ
TR A <o W gl @ (F9 geiia ® afifien giedt @ afmw R«
(swimcnsmgc}ﬂﬁﬂﬁrﬂﬁﬁﬂﬁﬁmmﬂ‘l)'ﬁﬁ?m"{ﬂ'ﬂ”ﬂ@
ge-FrEa®  (fine contral) At T w0 AREAT ¥ whfds = vt wiew
A oG ST FHA T 1 A A wHe EsmERd @ o ) fem fe ¥ 0 |
R TS # Yol & f=a v § o far B ol dimifrea F 9 @
ilﬁﬁl‘ﬂ?'@ﬂﬁ?g’fa‘ﬁ'@mﬁ?(condenserlens)?l"Tl“@l'clT%
forgat = et ff v 9w Q@ AW a9 W ® |/ W BEs S
AT T | FA AT AR QA T A T | FRW A N WAw o An



I Wt AGT B A T G IR SABGW  (iris diaphragm) TRT Frafd
4T T wa R | WEEHERY % AT R T S TF G (mirror) BT ¥

R vow | IR N wEff w3 F fag i e s A €1 90 w
WE ¥ FGAA (concave) BT ¢ TUT TEX T F TARA (plain) W T |

1.4 TR ST 99

Hm Eyepicer

) _‘:\f Real Image
i
1

Virtual image
LW Condenter

Light Source

fav 12 . Wy TIERER  Tw W e

BT N AT W wEwr w1 ww faw 1.2 U <wiar T ¥ | ww o o
T YR Bt Tl A arar < wwer ¥ RF T TeRY e et e ¥
T TARFT (converge) AT et W T & G WF  (cone of light)
TR R AT YR wE W /@ R

1.5 WmERT w fadee awm

A form e A 3 aget W M ¥ Ve faegd ww-wg @@ ¥
A 3 ITHR uw TG F W A 2@ wH ¥ 99 W I o wwErw =t
YT amar 3=9 = ¥ o fnlew s A e ¥ s T ot
TGN & Fara & Fawr @ @ g F w9 A 2@ 1w o A
AERITRIT @t fave ammar % o1d &6t 4 fee QT w57 |

ﬁﬁﬁm =d=_0'§i

nsin o

-

e A doreef (wavelengm)flﬂ%,n '@'ﬁiﬁ?ﬁ'ﬁi’ﬁﬂ'i’lﬁmﬁ
NG GABIE (refractive index) BT 8 T o IT WHT FT G T

half angle of the light) €T & W W7 ¥ ¥ e e o ¥ vy
5l € | nsin o B A FT AEEE TS (numerical aperture) (NA) Wt “®er
b1 Rt amar ww walvw @t ¥ ww A Bier O ¥ T o W W S
T ¥ 1 TR W X we wh ¥ Rt ama woded ¥ o



TR (IAER -

Fmfad et & | TE AIEHEHY ¥ GIYAHT W H € 0.5 pm (0.5 X 104 m)
wT TOTEE I a0 o Wl ® | YW AR ® waian {avnes W

0.2 wm (0.2 x 10* m) Bt < =rel = Tagal Y JEW-FAAT @1 =T WhaT §
faamt gt ¥ 79 5% 993 ¥ fF e aEEEy ¥ 1 x 100 m =Wl
TR T ¥ o figal W e ¥ Joe-qus Y ST & € |

1.6 EuT

T WA FF w2 15 el o AE-JCW AFHT G B B | TR
TR AEER " Bt s ety F W e 2| Sfeger |dF W

Sx, 10x @Gl 15x & HEHT & O ¢ 1 Mogex o w1 A" fowr Afuw
W QW IAA A S AT S (feld diameter) W Sgar WM | ¥ WA

F FE WA HOWAO A T AGRERT A AA-INAT AT ¥/ Hger d@
H IEE-—ATH HT 2@ THA ¥ |

AR w1 aadT frad T g ® W Hw SfegeR o dq e oF o
MEA! HY (O FH YA T GHA § | IS & AL 10x AT
ffeeT O qUr 10x MaHT F IMeAfRT oW H W ¥ WAT HT 100
T T AW | MEHRAY & A ® g X A e dfesfaea w2
e IR @ YEW H UL K o HFS €

1.7 WIT AERIERT B HTEES

AT ¥ o= vt § o 9] qifaa 8 WA % 9 ST TEE TR
T Y6 F T ¢ | A Y G IO ¥ ATH AR @ |
weg fiendt |

1. °g wed ¥ R ofaqer A qr AESfiEd 7 WE W | A9 W
2 TR T ¥ T A o T A I IR A A FA T BT
WEUET & E F AT |

2. ¥F AN GF B g w A owa ofefaed (10x) B WHw-qw A &
3T | :

3. TATHW & @ wE W A !

4. TIEEERN ¥ Semer A ¥ Y@ W, T s yE G & A 9
Azt wifee wife ot o ve T qemR 8 9N €9 @ aaid
T W T G 3R oOF TAHE #® |

5. AT @t wY ot ww e = Tt wme W@ )

6. WA TV S T % FURT WF °F TF I 3R A FE o W (W
W T 05 cm FIQ

7. TfE avad g W YA FOvE HEa0 1 TWEE BE WidaE & oS



B ¥ AET | GU-99 H9 SHATEH F Wt Wfeg ik € S
e SF §T 9IRS & giaia ® faqaie (FEE contrast)
SgaT e < k|

8. Tl Auw! Whafam =1 AEdd AR s "o ¥ W A 9 B gAr
TR I AT SeATHTT i WL UG W Q@ AIT | A AR
IR T (parfocal) B A TR T W AR sffa fardt 3
AT AW YEA AN HIT Hl TR Bk avg & wdird B T Biwd
Elc i C T

9. m:wmﬁﬁwmzﬁmam%%aﬁﬁtﬁvﬁwmﬁwm
Fefeed ® WH W T IRY, ©F § WIS TS g NE9a® €30
A WE FT AT AT Aghwdd H TG T T @ g

1.8 RrEWIEr

1 trrsﬁ“aﬁqa%ﬁwwwﬁmw g N g ¥ Y 59 7% & Fag

2. dE N W% W & AU Saw a9 aeitn Ty | o @ e 98,
HW off G w41 GE BUS H TRWAE T B Hie I o9 {
UM IS G |

3. ARHITHT B IS T TE TG IqRT YN G GRS 99 TN T @
ITH AR B A ¥ GE@ AL | AGREHIT BT W IAST B AR
= @ i I AR -ganEy

1.9 fa=BTa wymEEw

e ot (parfocal) :
W ARSI ¥ S w5
T & W wEE ¥
o T e #, SR R
WE I R A
i = F S W
W W TF aE wwE ¥
Tl ¥ 72 ARSI 6T
WARFHT T HE @ T



10

ettt & g frdeT Trweie (R 1.3) u@ I9anht o Red o
a Wyl B2 S W AT HEEN T A wr ok et w2 <haardt ¥
S-S FAFFA W Wt 76 TSR ¥ TR fAwR ¥ e fwar W
m%nwmﬁﬁ?mzﬁévﬂﬁ%ﬁ?@ﬂ#ﬁmﬁm%@
W ¢ EH ¥ R T e ¥ | R IR W TR
et it @ar ¢ 1 frdew T ¥ aradw wge w9 @ R ol we %
20 9 60 T § T A A | WR W T a@dT ¥ 55 000 9 ¥
TWE I Bwd 0 At mwad W w6t @ SR i F e ww e w
B2 WAl & areaaT @ A ¥ | 9ga Mme ¥ oty frden
AEHEDHT F GO T X F WH A OR AT € | GYF ATHER ¥ Y
THIC T ¢ e AN AT B W Gt awg Tt et W6t 1 R
I ¥ YW ToR W ¢ | e Memene f v W 9 W IR Y
T -9 TvEl ¥ e e ¥ wgE AR 9 frede
TR W T R A a¢ ¥ 5 R amEew ¥ whies 3eer a6
A | faedeT Wy f avg At € feardt wedt @ S w2 W it
Lo S

IR @Y T FRO F AR W o 6 o fo=x 1.3 & 37 v § fade
TEHTRT § HE A8 far mr A | W SeofreT ddt 9t sadT s

2x Wl 4x €t qur YT SMegwT o W W 10x W W 15x H W ¥ |
W @ W g T At ¥ PR T S Oew ¥ o o @

AT fedeT A % R Tt stgar Teet S PR e W @ ww ©
IR 70 YR T WEREEIT F IO N uRfad W wws ¥ 1 A9 fedt wi =it
WHT W W @HT T Y F T@Ae a1F 99w B ¥ o
TEHT T |

110 Y WT

1. fr & e F faw A9 Rewwr IR w8 ~
=82 TR, WY WIEhERY w1 ST9aT VAEETT AR 5
- ) FC F AR T F AR/
W) TN e Iqa foeet Yot W w%
) T F AT ¥ A T OF S aphid)
o) wfdaw (Iuf) + Yee
) “Hfaa doeifraw
2. F & ¥ Q = @t ¥, TN -

) TR w S R s € IRw favew aar Sar @
sfaw Fft o

@) e s w1 A AR & e O % e @ 1

M I AR awar w1 ad w7 W D et aek w e
%ﬁmw—mwmwm%ﬁﬁﬁwﬁﬁ
HAT- 3 3G ST qHar *

W) IR T s F AHene ¥ w ket ag ¥ o gow
wfafar et ¥



w2 gt

Q3

2.1 wEE
RIT
2.2 FEYgE WHH
2.3 HIE® F@C o 0 W H AN
2.4 gEIRlq w9
2.5 wrtate

2.6 GEHET TR BT WIT
2.7 W WA

2.1 qEE-T

GERRT (micrometry) T At ¥ e T0 ARG W WG ¥ TGH &
WER EY W ST E | AT FO-F AY G K, Iq6 FO I W

TFT T - A T PR % =W, e idfeaa it it
Foif, & W@ e W X B olfed DR F FEw w0 =W, Fee w69y
= A e M ¥ T ot & e, R wataer wRieir ¥ daida
Soeifras &t |ag e s | W oo ® getfita @ feeia s
AT A AE M FaEr W fe YRRy aegelt ¥ wew W W & g
TEEEeT & IR fHE YER fear v ¥

RN
o MHEX HEHMAET (ocular micrometer) Gl R AEHERET (slage
micromeier) X O W 'ﬂ%?f,

o aﬂmtatmaﬁﬂa & W AEHIAMET & WeW F HWHT (calibration) H
T,

o SHER AIAMET H TRAS Fh AN F IR AT FHA |

2.2 Inayaw et

1. T& €I AEHEHT

2. 15 cqumvmﬁwmmmﬁﬁ?ﬂw%ﬁmﬂﬁﬁ.
3. U@ SR AgmHET

4. TH R WEEHE

5. WV #t Fo fifld wee S 5 gretar aan Reifer w6t

6. Tawt ¥ Qaw R e oo 3% g we RKad w2 @ ¥,
7. Ug® AU WA Bt @ AT AT

11



12

2.3 TS T ¥ O =9 T OAET

wmﬁww%ﬁﬁmmmmﬁw%mﬁ
W AT @ R e T et ot T WY ¢ &, IT6T ey
T A AT N 7w A Torw w1 Taew ¥ g

UF  (make) : AT (olympus) & oo (T = W)
AT . 1x AedifreT ; 10x

BT FA TG W o | Ww ag o gor £ Pe o < AmErT
P HY FWHET YR X SR AW | A F T T ot o#t & o
Lol

TR & TR ATHEET HT HWHT w0 ¥ T U Tqar wRE®: FoR
VR ATHEN F AT A T W A B T w e ¥ ) s
W TIEREN ¥ WA W W YR dag B T gUERK & & TH B ¥ TW
BR T # dAfuwan gq WY W | gdwam 10x IF=ifes o= =t feafa o
R MY T W BHY ¥ IR I A w5y A YT e g% A e w5
T | 3T =T amar sfesifred (45x) @ Refr F ¥ e ok 8% w0
A FMAY | FT U&7 N T ARG | FT 70T~ STy e ¥ g g
RUEEIICIC I g T oo PR T A AT AT WL F6g ywR H4T 2

R BT W E
Hear
TS e WAy 8 WE (mm)
1 10x I0x
2 10x 45X
2.4 geafafe wa

wwﬁmqﬁm%mﬁm%mﬁww
LG



1. MEgER WIHHEL (OM) 2. WS AFHMET (SM) iy

mm (Ocular micrometer): Wmmﬁw
BrRt-dt fom At ¥ oy -l uw get @@ Y o i 96 ¥ e @
@r ¥ 100 Fued 91 € ¢ | WE T ® AW 99 € e SR weer
YT ST AEEmEel F Wiy fRar e ¢ | SEgeR Wwe @
TRHEAT ¥ Jaek o ¥ wed ¥ fhe w0 far o ¢ 1 W@ TR A
W ST B R, R Sffeger wieieT weet ¥ dt gIEn A A v

W WTHHEIET  (Stage micrometer): T WEHAEY Fe B TF ®IS O
¥ foed 7o ¥ ow fireliier @t w dmr et ot ¥ S 100 fonr #
favas A T | R ARt T TAw AW 10 AEEE () % SUEt
o T |

2.5 w1 fafw

1. TMTRRSHT % e " S gAEy X 10x O ledfved wt frufe &
TRT U I9F AN RS ARmnel B WY | eyt ARsHex o |
AT

2. R TEAMET T 1 mm @ 6 BEHE ¥ W AET

3. 39, S N9 WEHEHT F @ A 9w 2t Y feardt =g oF
o W A ® AR TEd fegex wemiHeT Ft |

4. TIHERY ¥ I T AeR BF T RN WHREHE ® 19 WE
Siemr—dte wHlwd BT fF A0 AR (scale) % YT TH-8 F HI
3 Y aeliq WO | WG (coincide) ST fF faw 2.9 F qwi@ mw 0

< o

ITHI un’ll|ﬁm|m"|’|n'mﬁm1|||T‘|’|||}||ﬁ:‘i'm
- SM | ‘
OM Al

0 o

I Ill!‘llli IIIltlII

==
|'|

T\_‘!’m‘m '

|

!I|1|HTFI

Bo Fo I o0

|III|||II1|II1|IIII\IIII|IIII|lIII|II||||III{IIII IHHEM U
¥l Fo S0 50 0

60

a fe

100 X

fax 2.1+ StEger A Vo ApmEiee Akl e 1 -t O IR ey

5. Y4 i foufr @ 9RT @ AW At i @ w89 ¥ afedt
IR ! FAR T WEY AR W fF G we ¢ aiq e

13



WO QEAET -

14

Wi frg g a - A TR- foeger B ot ® 1 SEeor
% fag wm wifne fF R wepfie w1 209t e sejer aEERes
¥ 18 F faure & wWardt ¥ 1w Qe wordt Jmet & A wlvwr ¥
e wt i @ & Tt it A ofet A W T T W ¥ =W
= Giew e FiNT | 3@ A9 LW Agmhier #r wer Wed ¥ o 39
wEEH A o @ g | Sfeger wrmeiet andt wa e |

<= 2t T afes ¥ agEr wfiga ST Ok w&s oM e @ we

OM ¥ TF fas=  (micron) =T W sM AR () x 10

oM dfeT (W)

ot sM 7w oM ARET @1 qeEw I W@ ¥ T N °*F iRl @ -
Sger wrehHlet & 49 WOt ¢ qume wt wewr w1 ad ¥ 1 sM g
afE o giw AT fAag /@ o wiw s oM W & uRedT e @
T | I YT O WA HT WA (mean) FrETEr ST ¢ 97 W w39 T
AR & 10 x 10x & AMTHT W T OM favrar 7 a9 € | Safs qea
FE N A ¥ EET I W GH OM Farurs # T ot wwe wher €

T TR WA 45x ASfaed & G WIHERT &1 AMHT 7F T THa
T o fral =7 Renrd *ifeg 991 & oM fawes @1 99 % witeeT
HINT |
AR 1 10x
Sfefea | 10x

wE oM AR sM af¥T —g:dixlo

AFGaT  : 10x
AT : 45x

S oM Gy sM aRem %xm




2.6 gewaElia awgelt @ WA

TIRIET & AWHT & oA F we A9 P PRRG & 99 w19 whd

¥ | g Ry F A= T IE% SuE B o Wt W S €
AT Hgw T W O AR BT R BT S B WK FE IR

AT T BN T G W G €Y el W Sager awiel
T FrT < ¥ st oM FawerRt @t Wew ww w1 § | WRE W % fag
A st oM Tawew W fhg 3¢ T OM fe & I AW R I
FHCAT NGT ¥, T IO WEHERY & ST & 0 W A ar |

e & Tag dodifimw «t g
. & OM Tavee %1 3 x OM faaemt =t w/or

WA ST T T OM fardt ™ OM T W

Wreer LIl e wette
(parameter) W LILY

1. 10 x 10x rtfiraw &Y 10 103 T 10.3 A
g

2.

3.

4, -

5. 10 x 45x -Gl 5 2.5 AmE 12.5 WgmH

2.7 Y WIT

1. @WWWWWWWW,

2. 10 x 10x T HEET TRAT HH h ARG BT JHT $6 WHK T
<l B Sfagerc faw 9.6 WE ¥ Tua ¥ |

AN W F YA w R w A ¥ weT e wew 65 ¥ shgat
I Magert faursrt &t et & | WA e w6 * HifrnTal
aqfa® Ta @t 2 T e

15



AT 3 WRETR ®T AT

wqiar

3.1 WEE
R

3.2 JEvYgE 9w

3.3 W fise

3.4 It e =9 @) fafg

3.5 WHE YEI-TET W queifasa s

3.6 WY HRE

3.7 e

3.8 w9l

3.9 Ag ¥yT

3.1 W&EAT

THE TEQ H WA St ¥ orw Whar fF WYee WRARSY ¥ wr-aa
T ¥ A IR TG H Y TER Yaw fem W € 1 ST e e
T ¥ qur gereeifs agelt F wRS W A W o €, 39 fww o
W |

AT W VAT W AGEH IW hAtn ® URTAA AT g R gR a9 ey

& <y sifters 9o uey Sl ¥ et wew d} W R ¥ ok
TR AEHERN & Y Y R arerge fem s 7 )

HTE Sfad & gy o T ok T e W T v afvw

TR A T ¥ ) T AT OU AT T YR A Hiwaway
g /AT R wRfaa w3 v 37 3 wwR w5 Rt ¥ o= et

ST A Gerd FArael g I 9 % A W ot emw o Wt | wreg -

Td S wfrEel # fgs woaw & faw oW Lseo1 (S )
T3UFA & 3H15 1t 3@ T T

IRV

W WA AR % S % 9 Y

o ST TUT WRW Wifvehrel % omrdt Wim T wa,

o TG TU W HIfTHTS HY WTHA H GUIT H GEN, wor
o Vi T3 WY Ffemet ¥ AT F Awl W ogh aw ww

3.2 AGy}sH QAT

1. RS T Faen
2. T3 ggat (dissecting needles)
3. U] e arvEr g



.. SRS (siain) AR ]
e

;. fpeeT QT

. HEHIEhTd

. gafeE (et

. W

0. Thetdel ITEAT =S

1L ga & e)

O EEE T % WD S @y ¥ U AR WE SR
/tal stining) 3 faea ¥ wEg ¥ == w A |

1.3 W AT

= =0 Sifaa oiie STt B ARFET ¥ WA € 99§ et
FT @ Prard ? Wt ¥ s I T o SRR Wt war ¢ | iR
29 W W X T RN T St ¥ Al wew F dw w oA
B alt off drg W 2 T | AW THET | wer § fe fafrm S gest #
it T O X AR HHET MR W uEd § v R I SIE- e WS
M@ WL S mmﬂﬁaﬁm(wmﬂmmammmm

WHa e

o afisw o i ¢ e T 5o v mmmmsﬂm
A quT BT Y WA w faga €9 R i W e €T v
ST SRS H IIER BT q9r BT AT ITTE AT
R HGH ST W ¢ | I§ WER W WY & I 7@ Haw B 39
QTR IRee AT i ﬁm—‘@ﬁ‘ﬁr'ﬂmﬁ?ﬁ%ﬁ'ﬂaﬁmﬂmﬁ%
TS, UfEEs, €O9 U IEeiT A R

Yo IfieH O W Y TR F A ¢ A 8909 TR % | 8T aiTes

1 foF el =T (methylene blue) A Pt ¥ Izw w ww T
=] (rypan blue) TF HEN I (congo red) T Ay AARTT IHAT F
FETET e SIS Gl (lymphatic system) ¥ SR ¥ Iodnt @R ¥

FATET (alizarin) TF AT W& sfiRa ¥ 5@ 3yt & sfinew & f@g
Ay sanTe e S ¥ 1

3.4 I WMH=e T 5wt fafw

R &g W TEEIER X @R ¥ A 3§ 9wy % e o W eavas
) ofiE TR X A T W UE WA WHE (wet mount) W @ BT
| A WET AT SR WEE T F AT A wlE A9 S wa
WA Y I WA R g9 wnS W @ w St ¢ et sreme
# o aE Wt A ¥ W B s 9w Wt geft @ W ow 38§
TRT T TEHT I SR AT a1 AT 1 TEdT B O@ YT B A

wifrsaR = wEaT
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2. Lower Coverslip Slowly

Tt | AT WEE W HEdey W e Wt v W R T o3 o feamn
T R 1w B faw  Twim e € SadEy Y @ 99 IEE A TS
freaw g5 # W ¥ e R TR FEie w ER-dR T it T W
H Yy Afmr 1 o o FEiEW W WRe W e ® i @ & swe
HY Tg ¥ WA-WT TG F gAG N W W g F @Y H WhRAr
T @A :

S~
>

—

™ 2. Add Drop Suspehsion®

4. Add Hz(? every few minz

oz 3.1 ¢« TS W= w0

ﬁmwﬁﬁwmﬁaﬁmﬁaﬁﬁﬁmﬁ%mm-ﬂﬁ%ﬁﬁﬁ
T H T w8 AR ARy ¥ e e w1

3.5 WHE g@ ar Wt redfaae mimeeg

A Y& T&T (M~ check) H Teohiq YUHTATS (squamous epithelial cells)
FfrwTe ¥ et WEH= g &1 Aty W

wraiarg

1. UF ¥ YT AL =t e Feell HL AMOAL |

2. TE @ TURE T I9F AR T ¥ o e w fedt waE W e
? AT | W I H® Big W | '

3. AR gdag oK 37 AR w6 ¥ T WE TWES F FR b
AT 1 TF TR AT TR e w9 € 58 SR 0.9% NaCl
e wIfdRTd AR (physiological saling) Ft T g2 Teg o fFX o
g Afrels =7+t AT ¢

4. } e F T2 @ freer TR ¥ e R wen SRS ©F 9EmET W

Wa & geT Aoy R ses 9% Riffmrel & TR TE 4% T adT Fwie
AT 4 .



5. 39 wadEg = g | ifET ¥ ed R ¥ iy B v ¥ wifwsrat o FeTgT
TARY Wi WS e =
6. AT TES Y AEHIEHT % i AfEw !

g faar efted= @ e fRg g ot wra giredifarer st o water
WH<E T Fhd ¢ | W HE & @ Rt F: @ 96 g@h wEs ®
AT | 3T W TF TT 0.9% NaCl B AT 3R FaET TEH< T -
g 1 wifererel = faa fafe @ R (sfifaa) sifvg arafs w=fem #t
i w sfiRes w5t & 9% e AT | w1ag danT S9ar AfiRsm =y
frret I & P ¥ W@ T wer ST | o |AfEms w Ee SR
TFa ¥ wER Nt TS § R § JfinR| #K e €

3.6 QXY WYy

Yy wiffresTal w7 m@mwﬁ%hm‘wﬁmqﬁzﬁﬁn.
PAHRT  (epidermal cells) R Tt wrf fafr 310 Woe o1 WY ¥

1. % W AFK 39 9K et ¥ wifew AR % (bulb) T Tt Wt
A afmalt (thick modified leaves) 1) AAT- 2T T HNL | AT eq17
¥ 2fay fF e i Ft find e qRd 26 wEE W = e Rt
T Bt ¢ 1 U unt wt e stuar oraae waw & faest ®¢ omardt §
I HT FI N FFA T |

2. @herder mﬁ;ﬁ‘ﬂm%mﬁwﬁ; iR ¥ o weeht =Ko wr
Targ ot )

3. 39 R ¥ WRIS W 99 W@ IAT | W ¥ & I9gE SR N FE
AT AR AW HY g2 A | :

4, Wﬁmywﬁmﬁﬁwaﬁtmﬁwﬁﬂzaﬁmﬁ
TF g% AfReew w W e R

5. mw#ﬁﬁﬁﬁmﬁmaﬁmﬁ;wﬂﬁwmwﬂg
AT = T

6. T T TR o W ¥ Rod AR ¥ IR TW T T ¥ T
Hﬁmﬁﬁmﬁﬁmaﬁtwﬁ!www T A AT
Wt fremer =T

7. WEHERY F A WIS FH g SR |

IR TR TR TS F TR ¥ 0w AT MR (methylene green) STAT
A (iodine) T Ht ITIT HT WHFY T |

3.7 WEOr

mﬁmmﬁ%mmﬂmaﬁaﬁaa@ﬁrﬁ

FIHT TGN T T vaelt S feeh O ¥ 1| T T A AR

Ewﬁﬁhﬁaﬁz%mﬁmﬁﬁmﬂmW%(ﬁi 3.2
|
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- — Sucdeus

fog 3.2 WA ¥ m#mwmm

wrw F ey S ¥ GwT e ¥ I AATHR HIHT

frgrdt 3 W uE A F uEER U vt ¥ wn f e it fufd
%%Im?mm(ﬂﬁﬁ_@ﬁm (vacuolcs)'@?n'%l'a'
afed T vt 9 v ¥ fF ¥ wmm wgel i W el s W e
AF T | AT vdw BE ¥ ¥ Y R T ¥ gy 3w e §
(fa= 3.3 @D |

Cell Wali

“ucleus

fax 3.3 « =t Prefidt R

ﬁwmaﬁﬁmﬁ?m%@%mmﬂmsﬂt Y Y W
Rard =T

3.8 ‘G‘lﬁﬂ'lﬁ‘iﬂ‘

sredt fafifar w= e w9g e fr=fafaa wEafaa st 9mfeT -

1. TR F AN AR ERE ST wadET Ww A g I W T A g
B Ak T @ It F fremw @

2. WA AT RS B WS 6 diE @A |y |

3. AR HT WA WE B WY | T qEd ST N W HAGAY GA Wi
3T T g HW gl W WieR g % Jorger o W |
4. STag (A Afde) WEE T F WEEEgEE wadad % W R R

fireet TR F et ¥ Wrw o wfer ) fReeT A w Ut | e R
TTog AT e W T ¢

5. HREY H WES | ok § FEd o g9g98 7 3 |



6. Tau aaitw ¥ RS Her 27 S o s e wife s siineT
Jifad € w |

7. R R gaE W e | ¥ e e W F N ww g uet = v
TRWA HITAT | , '

3.9 99 WyT

1. FEEt WHT F T ¥ SRR F ST BRI AV L ?

2. gt W fey g aew wam =Y RfEy st Wg @ wew E Y w't
HFISY F T ITH FIH T OERH WA | FT Weon ¥ e A
Tiom == At egw ¥ For v ¥ e st

LCES
Wit wfer T BT A

aﬁﬁmﬂ‘wm
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VAT 4 Wg Fawr w1 AAAT

QAT

4.1 WA
R

4.2 Fmavaw wrft

4.3 g Hq®

4.4 adifags Saw
et Uittt R
AR i S
WA gfaefifaT R
et R Sl
e e SRl

4.5 HASH Faw
FEHET WA Haw
et gat was

4.6 ItT Tew

Waa et
Tamt gt
7w Uit
4.7 dEHT Faw
4.8 Hag &

4.1 WA

froa waAren | ¥ ana il ¥ faww o aar Hifmerst =
QT ol & fag tar w7 =t f&fiat & fava X wgr ) @ aaw *
g fafir= -t ¥ faor ¥ @ R fafie s e e ) R
¥ TN T F Wha ¢ B T w0 W qwlt Rt S W a
T W N 9w w Q@ At fafre il @ ¥ | Sawt w9 9o aa
I FEl & AAAT | Saw-faye (TRt histology) HER T | I

wa A& o T T s o iR ) 9eeeE G wee e e, AR
wg v fafi= Fawt & T @ ¢ O ar weget ¥ fafe s afrErde:
= TR & Fad F T A T | I wEewen w7 gw fafus veR &
Vg Fa®! B WEAT BT AAGT FA-EE WEST ¥ B AR ITh FE &
g ¥ S | YT St ®T AEgE ST g o fEar smem o

ELti)

T I W WA ¥ qE ] ‘
o T YHR ¥ g Fad w AR H THY,
o T X YRAF TaF W qOT B TN, _
o TRHENE ¥ R Fawl T T BT WA, w4
o VAF Fa® ¥ A W A H TH |



4.2 IFETEEH QUAAT Y FE W A

1. WG AT
2. fades TR
3. fafqg wg oot w TiHd @

4.3 g FaH

Wmmﬁﬂﬁmmﬁ.m%ﬁﬁﬁﬁﬁﬁm@vﬂﬁwmﬁ
et B TEY O FF T O99r ¥ HAE | W Faw § T A (erenh)
o 2 Rt RET 9 B ¥ 1 Saw W e ¥ R -0 S
« wWHar T e 9 fafafred (syncytial) B WaEdt € AR TR Fewrehta weft

¥ | et HEHE U Y THR F g Faw I W ¥

1. Tudtfaas (STwan Faw

2. WaAT FHasw

3. OE Hah

4. qftwT FHdh

5. Hagdl Hdw , )

AT R T T A WAE TaE T AER Q auT HE ¢ Haw W
wrdt BB = e ¥ AT ke awt W Aers ¥ 3w W W
arafes faw = |

4.4 ufiudifeas waw

(multilaycred shecm)%Wﬁmﬁ%Iﬁw%W?ﬂ' Wi Tuw
e WAt W T Tew ¢ | reifraw Ryt ¥ e AR w T s
faeelt (basement mcmbrme)ﬁﬁﬁ'@%%lmmwgm‘ﬁ
AT TRl T TH TG O IR O, TAA AaAr WA o el e
¥ T TET T | T S 5 e gad 9gd TUhRa SRt ¢ wie
X samirew, wEr wor It S fafire Tl @ e HT W | AIpRa e
Fat T ol DT Tueifrae wiwaal H we ¥ Fier o ¥

b e rdfame S .

i R gefifaae Rifimig

iii)'wqﬁﬂﬂfﬂﬁm

w) wEundt firedifaaa SR

4.4.1 Trewm rdifaaa HifmEy

e weifrge S (aF 4.1) waeh qur waet wifeng ol ¢ R
T e HeE W U g Ot W ¥ R T S € | S 23
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e T X afrai e oA R oW IR e st ek Q ar W
T WA TE NHF  (mosaic) T X ot vgdt ¥ |

fax 4.1« west (indtfoaer Bfesd

5o (@ i Rt ¥ PR T ol & - St ¥ or, et ¥ Ay
T F AER T W DR w7 AR ) ¥ P @ afrere o
T ¥ =l o gEett wEelt ¥ fawy aew e ¥ | oy aedw &
FR Yuehferme wifvetelt ¥ & vl w1 frawo € wwar 3 ) @ el
T T W ¥ AT W w1 wnE v\ wvg a ¥

4.4.2 waER Yadifaas S

T F AET H RS (FaF 4.2) F offet T NowR dEw ww R o vw
T RS W WaE WA X @ W R}, 99 TR AH TR0
Rardt vt ¥ 1| ¥ it sfawwe: fafie ofigar 9t aifett 51 s
T gE A € SR R AR wid T s w5 At ¥ s
W | A HINHE gohT ASTSN (kidney wbule) FT WITES TefaEl | o Wt
Wt § | et ot ¥ TR e S Tt st ¥ we s ¥
et el ¥ | gEw et @t wnes afRtEt St S w Y SR
FHE WER HT R ¥ |

Basemenl
Membrane

Secretory
Vacuole

Inlercellur
Substance

4.4.3 wWER Wdfaaa Rt

¥ Tt Wl W Rt ¥ e T AT o s f R 43) |
HIH T M F NGK T AT | i W e Fad ot T o9
W W e (AR ITEas- microvilli)ﬁm%ﬁmmm
V@ Frart ugd ¥ 13 At ¥ e 9 ¥ wRo el i aan



wE 9% W T | WK (dfeae RN e S ¥ AR T ¥ o
fF SETrE, o, IEET w ametrd, aREe, v ReEwT F a0
BRTHL TG0 T AT 20§ HA HR €

Basement Membrane

T 4.3 R Wetfrge Sl

4.4.4 qeuTdt fvdifaaer Sifierd

¥ qEnht arafy faferar gaq SR gafas w1 & W e
HfEek e e ¥ feg T T Yo WAE W IEEEEE WY i
R (cilia) T ¥ (B 4.4) 1| ¥ PR AR, e F e,
vaEA-Tmf o Ye-Tey ¥ w W U Wt ¥ ) wemy Yt ey
T T o Tt ¥ U WE Y T WA B AR See ¥ wernd w1 ¥

Cilia

Basal Granules
Mucus-Secreting Cell

A [ Infercellular Substance

Basernent Membrane

4.4.5 Tdw gudifoas Sifted

T W Y T S B ¥, R i Faw gan @
1A D TER F S T, WA A R ety wifn
HARTHT FINTF (goblet cells) FEX & W T Tefa Hferrat F wg==al &
T ¥ TRV WA (multicellular glands) TR € (F 4.5 %, B) |
afEaTEr WO NG AR WHR H U TR BEIS W T et ¢ -
TRT IR TH T (viscous) T €, qE 3R VO WU

(mucous cclls) AT 'ﬂﬂﬁ'ﬂﬁ? {mucocyte) ﬂ'gf‘a‘ t OfE wE T WS e
T BT 2, 79 7% QAARE (serocyle) HEX € |

I ST WT I
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Goblel Cell

Cannedlive Tissue

Epithelium of Gland

Terminal Sac (Lumen)

7 4.5 + %) walyer wifE, W) gEitetn i sty

4.5 QAN Faw

STt ST VAT W1 YT el Faw BAT ¢ | T TH W AT et
Az R H A e ¥, fort fafaw wER W St T g e
X F | W T UHR F WA Faw THWER T

o HIIE OIS FHdE

o TUAl WA Fad

4.5.1 EETET WAt FAF

FHHEE AR O TER F R 2 ¢ (F) Il (Fidaw) wen fer @@ o

(F) TIRT e FITEA (cartilape) TF AT (supporting) WA Fad
W%,mmm(chondﬁn)mﬁmmﬁ@ﬁﬁ
¥ | Afyew ®T AT HOUZEART (chondroblast) AT BITGMTEE  (chardrocyle)
T T T B T 1 wvgeRe T el ¥ ) wd ¥, 3% Riww
(lacunac)m%l'aﬁ‘weﬁW%%ﬁmﬂjﬁ%imﬁ?
i W HfrErel W wgw W OF TE WA o A ¢ o aReifrgam
(perichandrium) FEY ¥ | WITgEm & a7 ™A T Wt | Bt wo
Frufor Brar T 1| AT TN S TS BV TR A % Aged ®
o WA 7 1 ' :

FF TF A FaE A Y W A0 IR GG AR T A H A
T ET ¢ | Ay W wieTvE U@ @Rl wgia % SR 98 efgdr &b
TI-wael W UST 91 W TE Wk F WE Tohdl © | FEAS @F TR *
W — '

) T SHIEers

iy drer @ S oW

i) HE WIHT WA .

D) TR HEAST (hyaline canilége) g & oifim e w|, -6 # qe
YIEA-d7 ¥ 9 W ¥ O W @ s F gy ¥ W g€ a5 srens
TOF F T Y B T | TN HidAS H AgEw BOGEEA Aehe @
HAST dgalt w T DA T o fr faw 4.6 ¥ frmmn w2, ffEeet ¥

fiet TF A1 A, 9K AGAl NS KOTSRS UT 9 7 | W | T SvgHEe
T B ¢ Wale €9 #® A fod srgeRe fvig B 71




W] EaE! W7 AeAGT

Chondrin Maririx -—'--C E y e ‘* S o ",.;-'._'."I'i‘I‘
o T S

Chondre ast——@ ) PR : 2R

T 4.6 ¢ TRV HESAw

iy dEn wrEr BT (yellow elastic canilage) (I 4.7) =1€g F1, qeH
ARTFT (eustachian canal) TRIAER €T TEA ¥ 4T ST € | TH WER W
A afuF ol O T | Ag—S W TE A A qew 2 F 95
PreY T T wHRTT ¥ TR R g Ay T A ww & At €

Yellow Fibres

Chondrablasl

iii) WWE AgET WISAT (white fibrous cartilage) (FR 4.8) staomiesT Fewnt
mﬂﬁ%wﬁﬂwm%uwmﬁwﬁﬁwﬁmtm
iR TRE FES Wgalt F o TR-92 ded O ¥ | WS gt Ficaw &
AT T (ensile) VR Wt ¥ a4 wr=hend® wX AH A @ €

‘%“E‘%w/'égﬁ%%}:%ﬁlﬁ* White Fibre Bundle
;.':=, ’[' 3 t“t‘ i / Lacuna -

Chondrin Matrix

\g%e#

Chondroblast

2

NS
08
4

(@) vt (f)uE W Ao Fod ¢ Rt Jamd v Wt @At @ R
¥ FE R T 1R hedima wAoh s 3, fawdt st ww e
A ¥ T AW ¥ TR ¥ BRfww wI0% W HBTd(aR @O w1 adr
30% W FEAT Fge T T ¥ | TF B WGE AHEE GeEH
mﬁﬁ@aﬂ? (hydroxyapatite) FEAAT T A HATH BRHE W HieaTw
TRSTET 1 a9 QA T | N FHERE WE 76 YRR Y §—Wsam,
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Wi, e, e, GARES, MEREAE 74 WRE ¥ AET | v
* Rkt Fr federe FEa ¥ | ¥ B Rimwed ¥ et s 3
W T g ¥ fmla @ 1w ¥ 1 ¥ St Temt
W@ F ¥ ) S W ¥ Wy W e 4.9 ¥ R ¥ owg
¥ Wi ageEmeE e aom T W T R TRt gameliae) wEY ¥
Gﬁ?ﬁﬁﬁ-_ﬁmﬁﬂﬂﬁﬁﬁhﬂ'mmwemianmal) @ W T F
dfEdeere ¥ wefrsmel ¥ dfa-d= ¥ wei-aef Rud T o T | v
e (]muna)ﬁwmmmﬂﬁmm%ﬂﬂﬁw
AEEr T B ¥ iR S ¥afaw AR ¥ we we ot ¥
Ffearalt B A (canaliculi) FEw € | JARFAT Ao ¥ WR T e
IR T R et ¢ 1R e aiet S, wamdt saiTeY qar vae
6w dfedmrer #t IR TR P - T X T R TR
T E T WA T A uw WA o ¥R W
(periosleum)ﬂﬁ'a‘tl

Haversian Canal
SN T S R S
Lacuna —’ %&#MA’(' ‘
“"i . I :
W% “
ol

Canaliculus -4 ﬂ 0¢ .=ﬁ; //
Bone Lamella - =2 oswib' “? g
I f 2 \
jf 7R o VN X Y 3 {

4.5.2 ¥ qdasht SOw

TRt WA Taw VR F TR T
i) AIE WA Faw
iy WEq dgSt WA Fds

i) HE WS FA& (loose commective tssuc) ¥ & W amet &
AR Ay T Foardt wet ¢ 1 e & HTT FY W AR w7
T ¥ | RARFTF (areolar tissue) IGE WA T F T TH TIET T 1 79
Faw ¥ Arw Selete AT IR T ¥ 1 IHR WS R, WA
S T ROGRIET WiEhe & fasor F ot At ¥ 1 A A Prdom wgoh
%memm%mﬁﬁaﬁaﬁw AgE ew Wt
T 213 A VIR F WGl ¥ Faw H w9 AR A AL W 9 o
?1ﬁﬁwwm#m%lﬁaﬁﬁm¢aﬁmﬁ—a@ﬁr
F A ¥ oot T v Yo v € ) A X I W FY R
f Bt 2, ﬁﬁ—m GmT - macrophages) '@Wﬂaﬁl"ﬂﬂ:, e
FIVEE, FASER 7o =@ PG | WAew w9 27 F T S0 ¥ T
w%:wwﬁw&:'ﬁaﬁmﬁ%ﬂmélwqﬁmﬁ
WA F WER 9N w7 mﬁﬁ'ﬂ?(mescmeﬁcs)mi’!ﬁﬂﬂ‘mﬁm
TR A wEr I ¥ A A et T el T whewTelt #y 4w IaE
Y A ¥ fa 4.10)



I ST W QT

' —.E‘f%ﬁi,fk ; () Mast Call
\": ‘\’_"-/ \ //},

,//"\ ;' ” .\ 24 Bundle of
\\‘,_-—.—ﬁ;}’”;/}hf/ " 4 White Fibres
ll\ // \E\’\\‘\jl ¥ “"% *—— Amocbocyle

\// 4;9/\!"‘% —

Semi-Fluid /#2808
Minrnx, / b )
Fibroblas Single Yeltow Fibre

fax 4.0 « Qe 0%

iy WHE W'ﬂﬁﬁﬂ' FHA® (dense fibrous conneclive Lissuc)'&‘a@'ﬂl‘ﬁ
FHIHral ® ST g Afuw wEw W qar € | 9g T G Afrfw wu A
BT & qhd € AT AT dg gATHE 9 ¥ TH-g8 & FraT
EARYT W THA € | WEA Ggeht WA Faw Q YHR H A T G T4
dren dget aret Saw |

WRE IgHT WA FaH T WHE | 9gadl ¥ U od ¥, S-weuslt g
g W, AW HT WeH TU Hiar Tt ¥ K T F Fge w1 X
FEATENE N T dgl ¥ Prafim so ¥ orafm feAf F T AN 2
AFalt HT T HA A BER AR Seot & de-d ¥ S-fewig ag v
T EeE H A O ¥ TfAer ¥t Sew W WA ¥ | AAET qr A
G T T W WIS F HRW W € G 4.11) 1

- diem Wt HaSt A (yellow fibrous connective tissue) THE g Faw &
™ aw ¥ fit ¥ i ToF oy oy ww AfEfm vC Ot el w W
et 9 T famfae w@ = W@ T O I 9ge W owEw w1 A
FRAETR ¥ Agam ¥ IRimes: foaur B § 3k Seee o 987 o
IS 9T I ® 1 W oGS (yellow elastin fibres) ® FHwt HY T WS
BT ¢ T WS qgal ¥ 79T O O S R q€ Taw wgel, gane
Ft AR, FES T Ty W ¥ feaw ¥ R 4.92)
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TEFTATST EAFN - 1

: faarﬁ.-:z:ﬁmmm‘?ﬁﬁm

4.6 T FIw

Yeftr araar WAl $AF RVET @ WER F AR ¥ - F@w Qfaw
Uy, Faert (enfae) Wit T &g it | wgmvitea ot A w1 o
o ot ® 1 ¥ o FgEA W T qE 99 9@ =@ YW
‘Wt R WA B O D@ A F T Bt 1 R TR
* FOEr wEd AT W Wi ¥

4.6.1 FHHTA QI

T U Y W v Wae ot o w5 e @ (e 4.13) 1 wdw O,
Yvit-dgel w1 TF @@ a3, ok e 9g ¥ ©F 9gd 99t dghnhgaa
Hiforewr Bt ¥ 1 W A BET qga wst S ffFRmR eptindricat) R

T 9 O AT R ETEIAT (sarcolemma) W T Ut feet ¥ G &t
T | vl qg ¥ Ww gl wawnie o € W unhfe
(sarcoplasm) e WM |l WEaI<ed ¥ AT wﬁaﬁ%%lmw@mﬁa
(myofibril) THIA HH A Sqafeerd o M TEL T HT IfZESA (lighr and dark
bands) W a1 BT ©, TR TR Y@t ff wE WHT § | Harel M
!{Iﬁ?ﬁ?ﬂ?ﬁm‘cﬁamﬁr%mﬁq&r Goints) Y T ¥ WeTHF BT € |

‘rjﬁsh‘ HE I TG 79T H anﬂ‘-r?r?r‘%‘ AT 3% feas Uit o wEd
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Thew gar § | 79 iAo Theter T wer ¢ wgTat S G |

) TAREST

'w.mﬁm@mm“%lmﬁ@qﬁ@ﬁmﬁ

Jfaddtee ¥, foed fawfes oo 9 ¥ 1

WA 1« g wt WIT BT A9 W WE IR 2 G 3 ml G F WY ww
T IEE TR W | vt w@ fhede Y wlamr ¥ 9ud wifeg 1 ang
¢ @ TR ® fFE IR vanEew @ 3R o B W W gea © ) Jarent
T ot FHT TF YU W AN § | TEEF B 1 ml AH B AR
I AEEN Hie ¥ W | T O e A e O 7 e ¥
TATEERIT T W9 /0 2, @ )l S 31 e e ¥ WY TERee
& AT I A § | V- A ARG O



TFA-TAFHNAT & T U7 T FHOFREA & RHTT ¥ el qu 1 smr et ¥ wnlfes et ¥
¥ ' JorR% SrUETatTE Ty

10.4 WS

v B e o ¥, et whgelt wr It St ¥ weag!
FESsItaw OH A T 1 A I QiR Tegre Qe oy ¥, R
SMvaE I g AT AT & 1 X YA ona it rEEa ¥ I e 4
THere & AR $O WA ¥ WEERT T gewT Wt var € 1 e wEm
T RN TG F I w0 qw Fo PR awAt F w-—wdem w6 )

Wt & wdteor
Ty Wt & sfieis

UL HT LA TR o1 B qOR W= ¥ 7Y wC o W, g,
arggie Afvwds, wifsT anfew ovd, 10% ﬁ\&mmg‘iwnz?ﬁrtha
firces =1 Hﬁ-l'uh'qtnl-? (Millon’s reagent) t

VAT 1+ FAMIT GAGA  (Precipitation test)—2 m! QU S 397 T %
0T W FE g3 T | AT ]G FE WAT T S 9 wer & 1 9 ;v
AR ot FE TERE F WY AR B, N T v qgad F e
AFdRt ¥, @i et ¥ qar Wik @ Ot 9

wanT 21111{1311#@' (Biuret test)—To T WY & 9 =0 sfiss WY s
MW ¥, T e Siedw ¥ ay At e [/ F | TERe sy
A9 Rgar frm TSRS (NaOH HYar KOH) 1 WiE Bt ot &
4T FIC YR, 0T g7 f 77 Nt v } | W B wobe F et
qfeTw TgtwEe o freamr wrar ¥, & e % Wi w fink w1 gow
& Pt @ e ¢ W Yo ) Yens Wit ¥ o eamET Rt
Jifea - sifufear 3 ¢ 1 Tgte, IR ¥ s At ¢ R

- CONH &9 Wt 9tar ¥, 3k qe diffes wfom Jar |

5% 6 ml AT TIFEHS F HA A X R 1% BT T ¥ Uer &t
st 3R or=et we fiem o 1 aw 1w afieds = S a ¥ wie o o
TR 3 ml WA H e A e g MW A 3 ml W SR 9w 3T
T FEie T FH BT | G W frer—frenas 3 et % ued w5
T3t e e g 1 ora Tt =y fafag

e e q A Wewe B W swar Janlt ¥ 92w war ¥ o 79 9
R fit & R whem werd 9t ¥ araar i dfdens | dhiens ¥
TRt W T qiEds et W e
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it
H: ¢

Q (CHz)e CHa

O
i

I
HC—0—C—(CH:hs CH;
Q
—0—C—

H—0——"N

H: 0

(far 10.3) « gRfEOTE
g

(CHzhs CH,

AT 3 1+ OIS GAEA  (Xanthoproteic test)—TT WA vl # ITH
R WF ¥ @ Q0w o ad €, ¥ Wunichie wieer ¥ ditsfea aftom 1
1 | THERN, T T fred et U ot vt Sl ¥ e & o

& @A # 3 mt NS &0 A o 38X | ml W Tafew e fremsg
'Y T GHE ARG W Wl T FR IAA HR UG witag | Fo fafire s
et ¥ R dod ¥ faert RWfew qorT w1 G W W € et & @
W & ET § | S B, WAl & UH WYE § 9§H 10% NaOH e
THART | TR 0E & &7 M ¥ Wadet & et & fasor =1 3 wEw den
o fiet Tl R S R g R’ W 3 ml A el (distilled water) ST

T Sigid v ot &Y

WA 4« THEAT BT T (Millon’s test)— G0N Hit F 1 mi WET AR
THR AT 1 ml Tieww T Afiwds fiemeT | U@ deed AT I WS sEey
T W € | Ofeqw AEee ¥ Hie %t e 9 92 S | wem-ar

R T HEEY " ST Yol " O W R E W E--e [ ml S %

WY wIrd T4 ot HIfg

fieem & afid® § Waghe STHe e ¢ | Wt (IR) & 30 Wt
AT B o 7 A uE WHT YEA 20 TRAE & Y WG W ®
W o ¥ 99 Frd o8 W ae A e @ W ¥

10.5 Tafae

fafre fafye wamfe it & fra e T 9 T T @
Taaee-d €t ¢ 3k Tar-facmast ¥ o fF fuT, TaawE of # gem-
Yo BT & 7R-TE I A T8 A | WRETE q9 gRiaeEs % ® 9§
# gfe ¥ UF ] Ferader TU7 €9 o 99 e @ Tt At ¥

(fa= 10.3) 1| :

10.5.1 Tofret ¥ wdemr

qie Bt & Sfemls et @0 a9, O, efiraw aeeee, gsm
11 fyerae, Wig Seqgia ord, FwE, YRfEE THergRs |

HeAverar ST TR

VAT 11— gat WA ¥ {o7 Aht I9N 9w dSh € g2 ey @
W & R | TF @5 Ul 94 WA | 36 W4 & 9 & ¥

AT wur wfom =) afee § faflag

bl e
ﬂa.
)




AT 2 : fewdd B IEEM— UF mg T0W SRR 6 OF et WA ¥
flag | T T 100 mg Jof Rrar gor defien TREehe Beme ) v
i @ T Wi Ta% =@ Afus wf wig  feette Preew €
frr e |rer M@l } ORl FrEeR Gen swqw Yeeene ¥ aaa W ¢ T
GhiTesT wEa € |

[@RT 3 « ET NI THEOT (Sudan I test)—TF @A & o« (0.5 ml) IGT
T 1 GO=C W AAg | IEE 2-3 9% ge I iiREE SRl
R | g fiFe 7 @ d W@ AR L e R AW W Wl gag @ St
* QU S HT UKd el oF Wd ¥ |

AT 4« FARTE H HEr— 4P ¥ AORT THe B WWT 4.0 ml

AT o NEAT oo ¥W Oa H o WaHtedr ¥ @i oo | uw woaet ®

ml TE FeRgReE e et feer ¥ frane ) e &t S5 we
T B ST | SergRE T a Praeh T i @ et 9 ol ¢ mme

REweR ¥ gE A ar ¥ e 10 9 Yafew Yegs @ wwr 2 98 Wi

R et Wt et Teeeg | e =T T e e @ ¥
nerenferdy

A S AEUE { IR AT SIS | T SRS T 9T g
iR =few 1
it e Y, T T B 99 9 HEST 9 Fld @A Ty |

FuT, TAE S TR fHergEt w1 e ot T w4 w1 w T
T T =g ¥ afq saeeia W e :

Felt ¥ W O A st v fierr e vE 3w A sufear et

T It A Tew o frm € | Wier T ot &Y 9gd HR-wR qur wWaest
Hr fetor = it ured @ fimrr =feg

i ft WETet ¥ 77 fFf O w5 T 6 W OE, W wWEAet = 4e
T et ww aa dag W s /X e

w7 ft TrEeet ® fag o fedt 9 F 940 & w9 T w T e, |
qrEet vt ot se-faad (1/73) ¥ sifis st wGi =ifee

o &t aqfﬂﬂa'daq‘mwﬂ i a1 e q¢ o R, & @ urht ¥ ¥Ry

et & Bt twr ¥
Torers Sevoert v
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*qRar

12.1  WEWEAT
ErTyl

12.2 FdRIfEET
IefT Sadde
wRew
fegTagNT

123 wESaw
R e

12,17 UHEAT

TAEH [@ WA ¢ = Bt & frdt ot afvuisn w9 TR agr i ¥
wifwT Rfufrar % Wit @ a1 g Tt o emw S 38 T
yeret sifufisag v<t fafine 95t © | =¥ ToE W W 0w € TetE
e Y IR AT R SrwEr I ¥ T wgd IfEE TR waw ot
fraral wF IART =X ¢t '

fafiT vt sfifrarsl € 33T w0 F R ® et /@ few wgw
FAF ¥ ST = WA 7 -

Aot 12.1 « ot ¥ wger o e It

= *qr Iqaf qamtE SfEer = W
fFieifies TRRA H @R A X ¢ Fuar @
Sttt I T I H ge I g T
feaw AT AR AR e
feengenw B Fad AT (0,) ¥ R wA T
FEiTe TS TR RN T I TE AN ATP
HEAT VRS T R R T
ewglerT Tt HIeH TaEtE a9 F Ay ¥
| (R VRS, WY, ARHEES 1)
PiCiCi) _ WA H FAHeT FW@ T | Qe §9)
TR FRTAY HT AT F ¢ | (b TR
_ =Y)
T slfaeft- A @ T SEeT @ ¢
TFagfaeg (wiene w=T 94)
I TS T AHST T ¥ | (GRT A6
T & TARE WY &l e aX f-aaw o
T
arEmy A 3 S @ greaftad 0 QOIS
WHTEgEl (isomer) €A € |

AR

damelt sttt wr
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feritar ar ATP AT A FfHTARES JEHEE &

faew SEIHeT ¥ & et B wigd ¥

ey 3T e (monomcr)_ﬂh:f\_rh?fulﬂ'?ﬂ'. 1. I
IR, . T 9 9 (polymer) TR ¥ |

WW%WWW(W%W & g @ Tty
et o wHar | AT AR TRe SRt w1 waneen ¥ qder
WA ¢ TR 36 TANTETeT Wagewd ¥ T F sufearet = swaw fear
S |

Ity
Tt sffeare) % Wit sengs ¥ A A -

o T HERT, W TR, FeTe, Sy foreens
e ®t aIfufmrared = wevT w e 9@ |

o TV UERN ¥ roqyw ¥ & Worfw sfufearel ot w3

12.2 JiSifie=ew

A GERe ¥ 0, BT AT W it & e 5 = sfufnar #r 38Ra s &
AR T WER NRHIAOT RIGT AEAT  (reduction) W FETE AX T 1 WSS
T S WY R ofitamor sfvirant SifieT ¥ =g (caabolism) & T
A Iu=ET fRAG ITFT (anabolism) ¥ AT W ¥ 1 AR
QST Y I, fufEar ¥ araw W fafrer Wt & wier o waher

1) U@ TS, W oo afufear ¥ et oy e wmite w5 92 ¥

2) W e S WY HheT B vt T W= g e awst oo
W R YT # RN Sa0 S ¥ aRem ¥ Wiy TeEe @5
Fw FFfT B FF O T E L 3R g Feesem wen ¢ |

1. S = i wofie T a8 I R

) FERE § Al W RN VUK I TORE T FTOT F T R
e weerd € S o e @ W ¥ -

2H" + 2¢” + 0, ———— H,0,

4H" + 4¢” + O, ———— 2H,0

WEEEHW MRS FRHT ISR & O TIHT Bt IR HRO Heer
¥ IHEHE (™) & SR S 7t 39 T ¥ 59 (O oEgt
T AT AT =Y I W T FEFR

iy T v FO A SRS Y, S e % @ W o
IR ¥ Wi o 3 ¥ | SEC A HORA TR @re, o



AR YA ST 1 W & w3 9T T | 9% I & gid W IS
WEE & @ W W | WEAA & Aeear § Yee HC el & | 3G §ier
FC gt gy ¥ 1@ @ Ak 10 e aw 3@

Cell shrinks and shrivels

fax 1.5 : = fawow o YaeE

'Y YIT 4
F) T frar g TE TEY W 9g A SR I TN ¢ 7

W @ frar gar T® fire I TR 9w Ae ¥ 2 R W W ol )

T W WEA Hw wEAtadt % fraar & we w e oww e
I T |

T W ¥ yEfE fHeEw e SivET % TS S gad ¥ Aoy,
sfrrard ) wweTEd ¥ 2

§) R O% URUTH MR ¥ @ g qr wifverel @t fufr F w2

T) UM & R A <o wgum & fog fewr ¥ ¥ 99 ¥ fawaw & 9w w19,

®H)  FIIIERt
w) afaguErt
M ERgTEt

et & Wik ¥
TemA-Rmor T wEe
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w0 e Wt v s 9w

F) WY SiE A vafar ¥ (/e e wd d o ()
W wFQR F

W)  HeEer eyt W R} et @I Fmwred) ¥
N34 ANET

W Wedr o awad foeett }, T F w@Er st Ok B amer W i R
T U faeet = Qe ot (dlalysmg membrane) FEd € | Tl
fofeerat ¥ & @t T

feomht . aTd FREER AVFT 9T AT FEwm wmT ¥ )

AT R @ F I S IR I w A R e wfr emfii w
@ ¢ 1 Irfafew 9w o FEW TS W ww W s 0 fet aer st
aHt ® & Wl g [qe@T (dialysing solution) A T T AT F
valEd F T | q9 T B APhedt e ¥ o ot ¥ ok W @ yew =t
i ¥ st~ ¢

Cellophane tubing-
[ dialysis tubing

Bath filled with_|
dialysing solution

Circulating pump

fax 116 : Thm Tef w wr wrrt ¥ forg STt e TR W € o W
Y W e TR NEeT w e 2w ¥ v owt wmt 4 o frde s frers 3

X0 o ¥ 1 sficat W ¥ Freem s frer ¥ welt ot € g e g W
Torr 3t fear o 41



TEJT QA TR =T 9= Wy E
e wE L) TV ] 9R
1. 1 M NaCl . Cl- 35

2. 1 M KBr Br- 80

3. 1 M (K; (Fe(CN)o Fe(CN)g ™ 212

4. 1 M AgNO, NO, 62

A e % T 9 Tl Tee & =6 T | TR @ 4 qwr A 52 % =
=g A7

e U 2 |
) Fr A st Ty el s ¥ iy @ v g

1.3  qOEIM

iy A AeWe a1 UK BT a1 w99 (cheese cloth) ¥ 3T YR ST Haha
¥ g < freet ¥ O @ oy Rfemr ¥ S A ¥ T fwfa @
R ¥ i O TS et B T 1| T w§ uiea ww ey
T 1 fEae 71 39 vhew ¥ faeE ¥ oy o uor it @ 3=
WiEar Ot 8 ¥ T T qer 85 ¥ iy '@ T | RE T gerft F et @
FaeaE faerad i ¢ SE: TN GUH o aredd qrt & faaer @ @ A
¥ | firdt B ¥ BT 0 AU S TF F S o HH, T Hgar
TR A THA R | AT BHT ¥ W UE WAT WEar B (G-
isotonic) Tarem@ & T Wt ® AT R AL A | PR Biferwr F AR e
o foera spal wi wiger W Tt (rufq 9T HeqEER (hypotonic) TaeraT
) A PR ¥ g w AT A A | R G e R o d
G W@ | S ¥ FE T et @t AR Yt & YEE 99 fW § e
I W’ ST o Wt ¢ Ik fem el w5t wigar SR ¥ i w,
Fufq a8 SfAWEE (hypertonic) Trea= &1 t ¥4 ffy ¥ vt & = e

et W Wi
Haem- g T JIEoy
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¥ A g ek | ot F e o ¥ S F ige  goaw
(crenation) FEX ¥ | T URRET B TH F99  (plasmolysis) wET T |

H.0

Crenation
H.0

H:0

T} Hypertonjesolution

) Hypotonic

Txr 113 Fifirsr ¥ quae | W) AR e seoroad free @ it vt @
%z ot €1 W PR e sfrquerd fremT @ Red ¥ A BT (crenation) W
T ¥

3 mvﬂmgﬁmvﬂamﬁfﬁ?-aﬁttﬁmfﬁm UL FHEY |
11.3.1 s =
qraft

W O W Veh 4%

AR

WEHRHY H TEL

FR fieq

ic Ty

q R

=%

fiFeeT Aut

foy ¥

10% AR 20% AT F; 5-5 ml FaqT

fafw

T e W U T o | wreger W st o O T qeiaT O e
T w12 | Flw F fiebier & Tiar goer 49 = ¥ w3 W@ |
W | 7 THS B T F T I F WY MO w @ W e |



a3t e ¥ 1 T WEEET T 3R v aEdw g | T T W R
g.ﬁmﬁmﬁwﬁmmmm%mm aﬁﬁ?we-crrir W= e e
Tar o wqEA ¥
Hifrwr Tufy, <ow fareeh, BivEs, I A WO w TEEE st
Yham A T FREN %1 fag 99 ) I wa R ¥ & R ¥ wHt
frem o IR Ed AR V109 GEE & faeat @t T R e Ay W
et TE W I ¥ w109 TS X O @ g A W & gRS W
T A A R 10 firme W@ @ R T ) R TR ¥ 3@ L A
e qREdT o T ¢ 20 fime wg W | wRafda e Gt st

@ a2 €7 |

Call wal]

Plasma
membrane

Nuclens

Cyloplam

Yacunle

Pianl cell

membrane

Cell body shrinks
and pulls eway from
cell wall (plasmolysis)

faw 1.4 : st gEr A viursr R

frogolt « g WY Fr Dy ¥ MEee & W ¥ F Sfaws g
€T ¥ R 57 R W FIREES, HE-HiT § Togd @ I e o
¥ 1 Y T Tl qget A WeeE UHe % WRU Tw € — we ok R
ﬁﬁ@ﬁaﬂmlmﬁmm%mmﬁﬁmmm

famar €1

n3.2 e g

W AR B e e o | Fawet ¥ g (@ w0 gwen) a1
Tt X 2 F ) feeer TR Y gaET H gE@ U H T 9E F W WRES W
L | FR 9 Feaw =g | 20 frae & W 2@ 1 o o A w0

oY YT 3 |
) T FHE B 10% AGAT 209 GRS & faaad F @A ¥ IqH A
A ftEdal & gEtaE e |
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VATATSN TEEHA - [

q T T

FHa¢ Ty

5 qX@HAdr
0.9% NaCl faeras
T BT AYAT

fafw

I e 96 I¥ 1R 5 0w Wew ¥ 1 vAw ¥ T wfwer ¥ sqer
SARHdF Tt -

e Sfimds NaCl 7 Qo
WA R ¥ W
FETH

1. 5.0 ml IS gt 0%

2. 0.5 m! NaCl (.09%)+ 10%
4.5 ml AT 9t

3. 1.0 ml NaCl (.09%) + 20%
4 ml

4, 3.0 ml NaClI (0.09%) + 2ml 60%
rafas Y=

5. 5 ml 0.9% NaCl 100%




iv) I A wE foRk WX T 1 5 fime, @ 52 9K 6 H2 a wiwdw @y TEret T Wiy 2
Y | T IR A B A=A e

122 fHE @ W H JE@@®

= 4 @ 97w (&) 9 (/) W w6 |
T %
Qi

30 ¥ehfieT et o 2 § T ww = WY =t et

T et ¥ e 9 < 9t S W

F (IR welt ¥ fhT o W% O AT SR wled @ T9Ed HT '5e ) |
e TN WS

g HCl

g NH,OH

fafast

e wt o

T

BRE wOT F 30 cm AT 2 cm AT ATt wHE @ At ww o FF 1) )
uﬁwaﬁ%ﬁﬁwﬁmﬂﬁmﬁnﬁqﬂ%wﬁ%ﬁmmﬂ
®WE HCL W Fl o | g wfh B wF # NLOH ¥ firk & | e @ f
A B FAT- T W | IR T HCl HFaT NH,OH & o I foeex

TR A G & | DA wrl b WS B AR ¥ AW SN R W WG | o
H AT wT |

Cork

Couton held by pin

iz 1.2+ Pmor = avEE v @ % fa aewor
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oY U9 1
) ﬂ?ﬁﬁﬁﬁ%ﬁaﬁﬂwﬁm%?

el

1 M Hifeas FTETE (NaCl) =7 et
1 M IR S (kBr) W 9|

1 M ORRrm BANEAES [K,Fe(CN)] Agar faeex Aee(AgNO;) BT 0

fafu

fdfeT = w Yeifew # W B ¥ | wv file atgar W & fast Suwr
AFE IR A F M TR A R T R IR 1V 4 7
H=0 ¥ | W e W U Oiie W1 vl AftE @ Ted W W 9 0 %

INR R g e €



WA 11 vt W wifEet W aeaR— | aur
TR

FTRar

1.1 JEIE
EEeEs
1.2 Taexor
Forawer ot Wewt
fagor = < w1 FT=ET
11.3  qUET
waged Fuq
Stage oo
witeaT
ANEA

1.1 YEE

e 3k oy w@ww ¥ A, o, wg 't sk sl e e
TS T FT A YA e AR qUERer qREer % Wi W € | 3
m%ﬁv&ﬁaﬂmwgﬁm (stomnatal cavity) & Weaq qof STl A
HFAET 3R TET THFAEE F faE € ¥ 1 91g % e Swet
VAT TESl F VTS TaEA Fag ot A0 il ¥ T @u e et
T ol fx wfieRrel ¥ v ¥ L T wwr B ey Wed ey W
R A e 3R =ET fyeRer B ¥ 1 IERnY, Ta W % SRR
qeft =7 e, @ S ¥ ware ¥ e aret R ® W ¥ e
mﬁquﬁﬁaﬁma’ra@waﬁﬁma% (lymaph capillaries) G
Rt T ST a9 Sawt ¥ fdater et #t wew ¥ o uRadw @
S ¥ TuEw ek Frwer #t wRhemr ¥ T s iR i uitadaie
qataTn & @i (homeostasis) FAC V& R 1 TH WANINCN TwEl # AW
FaToT W7 SRS 6 UHSAr T WA Aeqas Fw | ‘

VT
AT ¥ 3 WA @ FH ¥ A AW

o Tomwm iR quaeer # uftaerall & weiia T gt it

o TEEST 9T (plasmoalysis) Staged fag=T (deplasmolysis) A sl
(hacmolysis) ¥ AT waplr gwr far wat |

N2 TOEW

ey faawor % fag faerat ¥ anpe At Al wer agded ¥ W & fawfa

T F W faeor weart 7 1 ot oy ok s sinfHiea Mioawr &t ¢
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(inherent kinetic encrgy) ¥ WTW TAXAT AT (random) 7T A ET € | B9

Tergt # sivaw T g9 wA dA T W wEr oK A6} wl afuw Wi §
W agfeo® fd & FRer Aqel *F M F7 =0 At 83 3 wWE ot 2
T HE WHA € TF A o9 urg ¥ e w6 dew wd ¥ el gnead T
T o el Y e 71 fae i whiEw 9t €1 1o o Redt wer
% focite® ar dagt fasiv &t sravawar w6t ot |

S gaddhat By wpt b
i L e
N R TN
segdalis, ghseenle
ﬂo‘)o..“q. LAX B A4
YL TYWYLE LA Y]]

A
@)y Nouaes, ¢,

fax 111 : Trmor @ w) Wi Wik vl | W) gfeE o e fre ) m) RAw R
wwew T

W TR HS BT SO SE0T FoAAT Ay &Y el # et Rk A v
T SYET- e et 1 B NG (FA A WK awe) ;I I vy
(SErer v uR ) @t A ¥ A9 W R gt v R, vt ¥ s
Foreeor =t Wi T AR W Pefe = 7

1121 fweor =t vt
it

1. KMnO, & frea

2. NH,OH
3. g HACl

fafi

o1 wam 2 )

i) AT TREEERS (NHOH) #1 Wad wEaet € @ ok 30 ¥¥T v
et @ X 1 aiomy AT T

i) TF ¥R % % F WE HCl ¥ g T Haw & FIW A G HM gew
7

i) o+t | W 9e fafdet ¥ kMo, #1 feear ==t |



NADH, 3%aT NADPH, ¥ W Toag & frar & T =1 € vy Yt sfReTsR -
T Tl vt e FEd € W Sy, Her AR HTTT
RFFETST 79 90 & ITE

i) UoTEA, St SNalterT ¥ SR TS AR w Hr F W ¥
Sy FEaw ¢ | T 9 ¥ IEEw § -
g, sk Bew aEwes A |

X+0,—— X0,

TEee
Ee-1i:n gHaKx (Redox Indicalor)

FT % TG (dyes) T YR sfufew & duw wEge ¥ wWEh w9
FE T | FTHET Y T ToE qEd & T 9SG W 4 N I9 YhR qE
TurtE ARGEa F TEF  (redox indicator) B ¥ | JeEIRSRT dogHt =t
sfufirar ¥ HerE ¥ IRE, W@ FhEm R TR B W /e B
ST T | ST ¥ fag AaeT =g IR TREwie WA (DCPIP) -
Sheiga el & it €14 ¥, W@ oufae 9t T € S ¢ )

MB + 2¢ + 2H* —————— MB(H),

Ayl =g Aferefts =g
stftge JufEq
(irem) (gt
.21 fF JiRw

U7 T 90 A T | qE SR (hydraled) WEEEES, 99 wiicdene
¥ T (0,) H Awar VT =g I I B w@aE (R By @

SIACT AT 7

HCHO + H,0 »  HCH(OH), + MB—— HCOOH + MBH,

FHceeR< weafad Wil witfes THEW
Gifceiene ®Y {4

(e pi)

1. ARSI T

2. 0.02% Afgets =g Taeaa
3. 04% wileetaEs faw@w
4. QURHRT 3fEA

Tty

W AR w1 ¥ 3 A ARFT B WhE H 5 mi IR 9 e

ToETE! 1 H 2 A 9@ Iam ST BT FL | TS WA § TH-TF ml

0.02% Afaei ==y Rrera 1ot | 39 9g WEAA 1 Ax 2 ¥ 04%

Grifedtese faome =t | SfeT TeEaet 3 % T ST | it w diR-di

feem =2 famat =t fremg, v 1.2 m) Yuftes e el St 40 Afcwaw W a
T T, Ye B A = ”
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et et et w W F W A Ry
1. JaeE 3 har g+
'ﬂﬁl’éﬂ'-l‘?i+
ThiceEss
2 faar Iaem g2+
ﬁﬁ?ﬂﬂ'ﬁl+
whicehRe
3 Tt 3aem TO+
HfueiT =g
WY W 1

&) T ANEAGT TU G TR F ¢ )

1222 wEEN Sheea

TE GSIEA Wgiad GiAren &t foriipd & famd arar ¢ | Ram ageia o
(polymerisation) §/HT WX-rel AR Far ¢ | 76 fmar & foer € wer AR
FEIWAT R T FHF AL N

Monohydric phenol +-2c‘ + 0¥ ———— O-Diphenol + O™

2 O-Diphenol + O, ————3 2 O-Quinone + 2H,0

sum : Monohydric phenol + O, ————— 2 O-Quinone + 2H,0

|t

1. T} T o] How /T F qaa-vad ghe
2. SiST S (Cheese cloth)
3. 1% &SI (catechol) TaeraT




(3] ' dwedt wfaiFt W

R 5 T T S T EHST A 3R I 10 ml AW T F W
T-Ee (mortar and pesue)ﬂmﬂla‘lﬁrﬂw#ﬁmtm% 5 ml A
FaRET A A 1% A #6010 3 Tt It wE B | T A IR
13 SRtad Y 2 1 TEE T IEE W ¥ 5 fe T W Y A w TR

b |G 9 TR Ay | :

9 T 2
7)o & REd H g T A o ¥ o

T T THST HEOT RAW TEd & 7

12.2.3 ¥Ry

mmw#ﬁwﬁ&mwiﬁmwﬂm
metabolism) T AR AT (aerobic) Hat ¥ Jar Fran # 1 RewwrgioTy
gl F HEE § TREA W Haw s A Sterfer @ &< R i v
WW Hzoz%ﬁm% Oza?‘ﬂﬂﬂ"@ﬁ?ﬁ’rﬁﬁﬁﬂﬁmﬂ?maﬁ
(tissue) T oy HErT & Jwar ¥

28,0,— 2% 91,0 + 0,

o€ T A I dfea ¥ e wigee [WERE W@ W 9
i TFC AT G T T R T o Ay F e=ET § e
T ?

Tt
1. Wt FHak (THd Faar ) EEr

TR TaE (AR AT /D

2. ETHINH TS |
3. pH 6.8 T WRAEF (uffer) Taerat

fafw

TR Q@R A 3 1 ¥ 4 e Y | T&F ¥ 5 ml TREE S I |
10 T TFA (liver) FGAT NG ¥ DT gHL HL | TWH T W R A
F% GOETEl W@ 2 % 3 X TR | v we 2 @ st w®) & fire v
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VAT UEEEH - 1

I HT S WN E | 5 TN GHA Swar 3] ¥+ FHS B WA—THT o g
(macerate) T TR HEAr 4 ¥ TR | WeAF WaETAt ¥ 5 mi H,0, < ot
JTT WO FY o whE @ AT W

e Reu-fay
Y gEgE R’ o)
T gEaEA “ +
R G 4+
aga At 283 ‘ +++
Tt TraEt W wnst W & O ¥ wiady
e

1. witted @ + H,0,

2. WaQes N + 50 F THS
[EQ T H,0,

3. WRATF W + T5d ¥ gHS + H0,
4. s Qe + IFT F TS 1T
gHe + H,0,

12.2.4 foamdraw

¥ I I (respiratory metabolism) ¥ T FEE wqF ¥ G & | T
I ¥ - T TR R e wiet e Reegio, Reva ¥ g
Tt Feergon® R @ ST §uel B NADH Feamgroriy | a9
AR Sufa W (yeasy) ¥ FEETINAT BT 2reqqs w4 |




it | v BTt

bR WREAerd (15 ml)
T & 9 9% Wt
<R e

5% Toeniw e

2% W faeaT

0.05% Afaet® = faegw

wiledtaze
q

¥ A 9R uEAa wNE AT T 1 A 4 9 WE ¥ | 19 wEAea ¥
T g & AFOR 9t @ )

gaet | Al | RN | =N | ehshny (dew i
|t

1. 10 ml X x X Sml

2. Sml 5 ml X X 5ml

3. 5 ml X 5ml x x

¢¢¢¢£§

4, x 5ml x 5ml 5 ml

Z gad AT ¥ TR | ot WEAtad & IR aF W |G 9 W Aafaa
P WA 1 AT W wETR ¥ Q-9 ARei < I | At
T W AET AMEE TAe § wifr ot Ja| o firer s | g ghiva S5t
e ¥ Tt gegAfed ¥ o I W W W wWEAet ¥ SR wnas
W@ ¥ | e ¥ w5 get ¥ 120, 40, A 60 fire Ak @ w2 W@
N @ i w1 st dwm B T AR F ama Aot 3 e o'
f de R AR A gl wt e w1

T W st
TIET o)
BiRT T +
T e ++
AT Eodl e +++

TS e ++ 4+
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AT 99T 4

®)  WIE RO F Al F et ¥ @y g T W e F agn 9
qRomt &t = w1

123 ¥RIRW

X dOiE €3 AT w WY TERA ¥ faofid v ¥ W @ ¥ gl O
drw wF U9EA ¥ | v e w2 W), e AR @ R fehw
W »r faafer =@ € -

S 1230 TR ofREs

¢ Afwe @ raRA AR (saliva) ¥ 9rEr wmar € 1| 9F = wr ARE
TEEET (hydrolysis) HTT ¢ |

|t

®RE (SWHRAHT - crackers)
iewg faomT

AT faeae

Jml WX

e W

T

o W

YafFT AW H (@ THST FAE3 m! AR ES | IR WEAAar T IR
1 4 o% dmw ¥ | for et % ager 3 ofimds < |

ETdt | wrd T | s | Rrwew e Wy
Liia ILLee)
1. x 10 mt 10 9% 5 ml x
2. v 10 ml 109 x 5 ml
3. ¥ 10 m] X 5 ml X
4. v 10 m! X 5 mi 5 mi




ﬁ%ﬂ{qﬁwmﬁwmwﬁﬁ,mﬁmwﬁ?ah et SR w
o STt e dE €, A AnEwy T wwed whiear i
g

T UyT 5
£) SO WA ¥ qRomeR wt S R
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AR 13 TR W ITE W TR AT
IR BT TART & FwE-T qlheyor

FREr

131 W&asT

IR

13.2 EvgE Wt
13.3 Wy

13.4 Deor war Rkomw
13.5 qRumAt w1 o=
13.6 ° Favdmor

139 TET

LSE-03 & 31§ 1 ¥ o Aew ¥ dorfy ¥ fradt ¥ faww ¥ ww gF ¢ aw
Yot & fan uF wdd uegR & Traw ¥ faww ¥ | 3w sremw A wer
T A e A T & fumt & fawm W el # | sremw 9w
F A 9d Ry BrEdem faw % U 9 et & Q6w F | ot e @
for Az 3 I WX (Piswn saivum) T Yt Feet wtofq ¥ awew g ¥
Rt it @l & SIS R v 9, S @R W A S (el
TY ) X B W I GwRE (S B i), 3 o 3ud wEoh
W T (P W) @ | IS SWHEA T YE WoET O O, we qyE §
SoqEd foar ST @ A w3E qAlq @A o, A9l S x S HO W
Faa SO ¢ wafd U A ot | 3 fauRe el Tt feat ® wer
FEA @ oA (S Fx BlED W IR Vo waedw gt ¥ o a1
& sy () # et ff, 99 WRERT 9@ 9a @ o w=E (oh
Fe A F AT | W AR W YW (dominant) FET AT AT S TR F,

W e T T (3l BrET) T IWIE (recessive) HET WA | T 2 HEGY
BT T et g | W@ £, & G X e s T /sl @it £
X Hafrar w3 et A st weRd SR 3 S : 1 9eD %
agqd A urdt w1 v owE } Yeer ¥ = fred free )

i) mmﬁz’rmmﬁfﬂmwwﬁ%ﬁﬁﬂwm
F, Hafed & wds Teer ¥ ygEar ¢

i) YR ST S fawmedt wed arufy Yehat ¥ w9 ¥ o wwar @
i /o @ et @ ¥ R ar (aufg 1) S F ¥ whey
w1 Afufator Fear o @ g Yeter (arefy o) STt T ¥
faq a1 1

i) F, W T WG X Tiw Yl W G-uw Wt @ (s ) ik
L ﬁm@n?ﬁ (heterozygous) &Y, Wals TH& Wl® oiqe T aqX
T e & (S s T TT, a9t B S ¥, ok 3 9
EECH 'G'H'g"ﬂ?ﬂ' (homozygous) Gl



fv) I WER YWt WHERT (FE) ¥ A e Seend—argerst
() ¥ fawAgEst Ty ¥ W N @, watE o SR
A T FAGESR SHHIERT () ¥ Wi g o |

v) S OF, U Y T qer svE S et off 99 F wWew 9 e
H g f—3 A A Y Aehter el |0 () R o T e
YIS &I (1) T R W, ST DA F ¥ 2 Wb | SREar
T w & 1 wE Ay o g fE £, ¥ o e (g v 4w
I F,F A Vet e @ S W gaE o W 4

() AN SRR T T L F T A IvE—FEw AT E T X
FARTT THT £, & A (2ygotes ) 917 ¢ | T] WS F, SRS
W IR & I —gF o v e ¥ Yedtet ¥ Rag gt et
gt 3k W amaelt & e ¥ fag wagesh, ok v
T ST ERT — 1:2:1 (ITT:2Tt: 1e) | 9 3 WOt : 1 Syt
(3 99 : 19T ) W F, GHAET SAqud W B @ A AWy o0
N Ft YA | T @ F g 9w | weiw aont v v
-

1. ¥ 1, SEET (LSE-03)
2. TS 16, TG fafiar (MTE-03)

R

T TARIST A BT F GG WG T A I iR A9
o TH THART FHWT A AT ¥ Ym0 & Fraw & weifa we w¥,
o VAN F fafaw ot &1 wpkis whearsl ¥ @ wRET <9 W

¢ THE-T THH FT T T WA AU T IHE FHo G H
Tavataer & 9 |

13.2 ITayas Qo

1) 3 U {9l 250 ml ¥ @REEH HHT
2) 50 A A%
3) 50 Wier A&

13.3  HTaTay

T G0 & T St Y- F W TET I ST R

T 1 U A H 50 Al WAE TEg TR RS NS (T) & g &0
wieyl wwfag | R um ¥ 50 W e dEg ¥ 9 s OF
Frwl & W € | 9 A wen ¥ e 2 9 g W
mﬁﬂm%ﬁﬁmam(maﬁﬁﬁ),%ﬁqﬁw

T ET ITRT TR TEHT
AT AT FT T

w2l wdwor

fax 139 () 2@
(¢ dwr 103)
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1300

faxr 131 @©

far 31 @

far 13160

W A R, S T v ¥ e it i demi % JeE
_AL |

W 2 WAF OH A W G-I WAE T | T T Wl St
T JHE Soiar & Faae fiel 39 R0 SIS W A O o
Uele 2 | T =t & OF 9T T e e = e @
ey ¥ Fomds T waw ¥ o % gftve el o e @
<ira € 1

WO 3 o TE R w2 N fear ar, I TR wEa @ e e

WEY K 39 AT W O | AT BE F, gt ot it
WiHleRY W € 7

T 4 FH F, Uigt & gl @ ATE9E <9I F AR WlE 9 7 50
T (25 A 3R 25 @}) gL w W F, Wi T o |

Y gt w5 whed ¥ vl WER I e A gt w6
O 5 Wed U W 30 Wehe W GF THOTHG Wi W TS-HeE W
NG, 9T =i Eg T S e o @ |ree W it

qOT 6 1 F, gt & € ¥ AR A9 A9 AW W v ger s A ®
TH-TF A T 3 3¢ & are firemss a1 s
gt st |Iey fF 9% 9 TER W S @l e wr =g |

T 7 WS WY w SIAEET A w9 W ¥ W e a6t w
sfefaa Tt 9 ® e SIRT |

TAOT 8 ¢ TS qUT WAA =9 H A9 qF SeUd WY VT v T it weewnt
F W T FT IT7F SR N T HT forar =ng |

Ty F, @t aiedt & BHZRY &1 AU feiag |

TOT 10 ;O AT H I AR T W aguret @ ot e wife qr
37 WIHT T ANEa Frara g

13.4 RET wer wRony

A, F, dit
T = 1= o . PO

B F WREd % wieRT T e

©  F AR ®WERRET e
B. F, dtgt

@y F, fed @ o der e e

b) Fy ERER W BT e

0 Wd® WiFlerny It ¥ ey
@ €&



d)  WHREET A e
&)  F, TARIAL ¥ SRAEET  eeeeceeereenass e
H YRS WHeRT @ ¥ wted
- 15 i -« AN
g)  ERREET AT e
wAterRy @i
|
T y
e I
WIE T e e
WAE 2 e e
WE 3 e e
WIED e e
_ T v e
e U US

13.5 oot @ fEEew

) T BT T e ¥ Hi 90 A0 YW 41 ?

2) F, dafq FEt dt——amgmst stear gt 2

3) W= F, QO &7 @O0 HAD T Al WO G 308 Hed fhad TER %

Y ¥ ) 96 WAEET W & T A SRy W aiaRag w4 of 7

.......................................................................................................

4) O 5 ¥ HRET & fEerar | T, q9r R0 6 ¥ I AW 6§ F Al

TAETEn 71T 2
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b O

5) mﬁmmmm o Frg v Wew =t TR @ A
Trar 7 B A A D IwE WLAwr FAT |

6) Fx F, @0 ¥ v = g9t ¥ frg ww we = (Punnett square)
Ceirod!

7) T CHEEET WIo W FEr ¥ )

8) IW WA ¥ AT T IO T GHEET W T=HFT (e B T
7o 7

9) T WA H {A T I W " Y " (W)
Lid g
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10) =T AT GRUEY = et o TR ¥ RETE TE TET FT WET X 7 TS W Tl Wk W
x| FUA W WET @
w-ut iy

11) 9% VAT HeX ¥y 0wy & Treel Gitem) = R TR | wd
FTAr ¢, WHHET )

12) = g ww skE ¥ sE-u€ = & 6 s < T van-shaty
¥ =ftfe € ww fefag = A < TR sEwisk F AgFT R |

Parenls (P1) AA X an (0] [T, JETPRPTN

Gamoetogenasis \

Fortilisalon

A
F1xFq |Parems {P2) | An X An (i) e | S,

(Selt-
Pollination)

Gametogenesis

®E O

Ferifisation %ﬂ i T

AA An As  aa
Ganolypic ratio 1AA © 2Aa ; laa
I__'V..._._l
Fhanotypl¢ ratie 3 1 M e y ST

13) W Wit 5 £, Gt % o agtow wiiet & e w | ek
9% gitge ddl ¥ @y Hat T 1 gaRy TE e det % s
AT W T ?
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WEHTATT G H - [

) had BT QY (FEgTEED |
i)  wEe 9 Oy (gmgmsh) o
i) Y T 9N % g i 9 g o

13.6 y* Tawerwor

e o y ("HW ") W AR ° AT F I o AT T LA
TROEE 7 Yo T Wahd € | 9% U qfersty qdam ¢ Rl 9w fraio
T F A S @ I A W R W I W g AE

. W U AE AFS R WHAT GG U § (good M) A WE-wet

Wﬁﬁﬁﬂﬂﬁ?ﬁﬁﬁ U Gi+weT (approximation) € | Held: 6 e
¥ g Afifrulite fFar w1 o € T o gty w9 arer faeem
Torglt < & Fwor W Y ge | gatie W ¥ watae 28 W S
URHAT HTMT § A AT Rl § & IH HAR T 6 B0 8 FH@ e
T T W | TR F g fedt wwawt g ¥ Repa wd-wdt 30 w60
U oga ¢t Tacere: wrar war € 1 Y oo firsr 9§, @few o O
g T ¥ W o $a wurey O § TF Ui s wenfie siwet @ Aw
et T 1w e T Ry W w6 3w ¥ | IS F g W s
¥ ¢ uitwes W ot TR R R £, wH 3 : 1 AU ¥ et Wyl v
ﬁﬁ??ﬁ%lﬁm%w@ FROET QREcqar  (null hypothesis)
Fey € TE T wlew WA 7 Yo 3o T geon s wie sgare fee
ey w9 ¥ Ty gor € ) w3t dwfvaw wiewern ® wifeg W fw
F, 3®e 3 : 1 qgue @ = fu= 2 wifE fafirr Siiieng s wensdi &
e ¥ | T V@R & qierer T Ifiye et et gt S veea 50 Sy
-t EiE YEEuT @ R W Whdt | T I W ¥ T B
qdaror & Toag oXat o <&t Froecofta witeenr w3 @ e @5t e =i

T R ¥ Y W R

._ (0-¢) d?
= or
=

[+)
3" = H-Ti
T = wram Y
d = YN e @ T YRemt ¥ i o st fR wra fraew s o

{o-c)

e = Waayra qiomy
0 = 2@ W gRumy
IR W FF Y RAY WO ST W Hehal € | W TR 309 S € hEa]
WETor ¥, 3 : 1 T U et o ¢ 1 W fow oo £, wafw
T 160 U W B E, R @ 120 I ¥ M 40 AR ¥ e 3=
feramelf 1 116 B T 44 /Y Y W A $ U Tl F w-TT e w5
TR WOl 3. § S Zqiar Tar g A fear s




ol 13.1 « TR-F W W IR

AR W I T THRET

el Fqua w1 /g @
4t Ty | &K AE = =t wf-a o
RS | T (o) | WEAT () [d=o0-¢) | & d'e
F ) 116 120 4 16 16/120 = .133
L(C} 44 40 4 16 16/40 = 400
d2
T—— =.533
X = 533

I =0T ¥ I - f) W R Gt 13.2 W @A W I 9 6T S
¥ T oF T ST (P) TW 90 91 ¢ R 9@ g s feelt aefew
wia=gaT FE (random sampling error) % RO ¢ e 99 f a5
wteTor Trat orm wfer sruar UREHEEAT & YR Y FiTAT 9gaK @ |

AU 13.2: 1-30 Sl % WA % g e faftne wvsmel  (p) % A sy sftw w1 REr
T ®, ¥ fagwi-wt & wifw w9 | Wl ¥ wid < o wed Teer F w1
Tyldt 4

df 99 98 95 90 80 70 50 30 .20 10 .05 .02 .01 .001
i 00016 | 00083 0038 016 460 15 A6 1.07 1.64 21 3.84 541 6.64 10.83
2 .02 04 .10 .21 45 T 1.39 241 a2 4.60 5.99 7182 9.21 13.82
3 12 18 a5 58 1.00 | 142 237 .66 4.64 6.25 7.82 9.84 11.34 16.27
4 30 43 71 1.06 1.65 { 220 3.36 4.88 5.99 7.8 249 | 11.67 13.28 18.46
5 35 75 1.14 1.61 234 | 3.00 435 6.06 7.29 9.2 | 11.07 | 13.39 15.0% | 2052
6 .87 1.13 1.64 2.20 307 | 3.83 5.35 723 856 | 10.64 | 12.59 | 1503 16.81 2245
7 1.24 1.56 2,17 2.83 3.82 | 4.67 6.35 8.38 Q.80 | 1202 | 14.07 | 16.62 18.48 | 24.32
8 1.65 2,03 273 349 459 | 553 7.34 952 11.03 | 13.36 | 15.51 | 1817 | 2009 | 2612
9 209 2.53 332 4.17 538 | &3¢9 B34 | 1066 1224 | 14.68 | 1692 | 19.68 | 21.67 | 2788
10 2.56 3.06 3.94 4.B6 6.18 | 7.27 9.34 11.78 13.44 | 1599 | 1831 | 21.16 | 23.21 29.59
11 .05 31.61 4.58 5.58 699 | 815 10.34 12.90 1463 | 17.28 | 19.68 | 2262 | 24.72 | 3126
12 3.57 418 523 6.30 7.81 | 9.03 11.34 14.01 15.8] | 1855 | 21.03 | 24.05 | 2622 | 3291
13 4.11 4.76 5.89 1.04 863 | 993 1234 15,12 1689 | 19.81 | 2236 | 2547 | 29.69 | 34.53
14 4.66 5.37 6.57 179 947 | 1082 | 13.M4 14.22 18.15 | 21.06 | 23.68 | 26,87 | 29.14 36.12
15 523 5.98 7.26 855 | 1031 (1172 14.34 17.32 19.31 | 2231 | 25.00 | 28.26 | 30.58 | 37.70
18 581 6.61 7.96 931 [ 1L15 [12.62 | 1534 18.42 | 2046 | 23.54 | 26,30 | 29.63 | 3200 | 39.29
17 6.4§ 7.26 867 1008 | 1200 | 13.63 16.34 19.51 | 21.62 | 24.37 | 27.59 | 31.00 | 3341 40,75
18 7.02 7.91 939 |10.86 | 1286 | 14.44 17.34 2060 | 22.76 | 2599 | 28.87 | 3235 | 3480 | 4231
19 7.63 B.57 10.12 [11.65 | 13.72 | 1535 18.34 201,69 | 23,90 | 27.20 | 30.14 | 33.69 | 36.19 | 43.82
20 8.26 9.24 10.85 1244 | 1458 | 16.27 19.34 2278 | 25.04 | 2841 | 31.41 | 35.02 | 37.57 | 4532
21 8.90 992 11.59 |13.24 | 1544 [17.18 | 20.34 23.86 | 2617 | 29.62 | 3267 | 3634 | 3893 | 4680
22 9.54 18.60 12.34 }10.04 | 1631 | 18.10 | 2134 24.94 | 27.30 | 3L.B1 | 3392 | 37.66 | 4029 | 4827
23 |10.20 11.29 13.09 |14.85 | 17.19 [ 19.02 | 2234 26.02 | 2843 | 32.01 | 3517 | 3857 | 41.64 | 49.73
24 |10.86 11.9% 13.85 [15.66 | 18.06 | 19.94 | 23.34 2710 | 29.55 | 33.20 | 3642 | 40.27 | 4238 | 51.18
25 |1L.52 12.70 14.61 [16.47 | 18.94 (20.87 | 24.34 | 28.17 | 30.68 | 34.38 | 37.65 | 41.57 | 44.21 52.62
26 1220 13.41 1538 117.29 | 19.82 |21.7% | 2534 | 2925 | 31.80 | 35.56 | 38.88 | 4286 | 4564 | 54.06
21 |12.88 14.12 16.15 11811 | 20,70 | 2272 | 26.34 30.32 | 3291 | 36.74 | 40.11 | 44.14 46.96 | 5548
28 |13.56 14.85 1693 11894 | 21.59 [23.65 | 27.34 3139 | 3403 | 37.93 | 41.34 | 4542 | 4828 | 56.89
29 | 14.26 15.57 1771 {1977 | 2248 | 24,58 | 2834 | 3246 | 3514 | 3909 | 4256 | 46.69 | 49.53 | 5830
30 |14.95 16.31 18.49 |20.60 | 2336 |25.51 20.34 3353 ] 3625 | 4026 | 43.77 | 4796 | 50.89 | 59.70

FWO 13.2 N df T GHT @A FIE (degree of freedom) THET T ST ¥8 WaNT

¥ AT AT T BieRY-wavl Bt Ve ¥ T sfufrdlfe 8w e

IIEON F A T o T— W FR A A wed 1 9 | S ot ¥

df & I ¥ T faamar mar 2, stafq 8 C-1 1 A WA SEd g | A 93



IMW-I

g B TR TR wifE (d) W gF C-1 FT IUAT ok TR TREr S
2, fawt c =i wt gor wow @6t € 0 v' IS ¥ ¢, 2 ¥ I3 af W

T 1% (Ot 221 = 1) | I UM ¥ F WA FT OGRON 132 B UEA uhRr
¥ Ru wifeq (srafq 1 ®) 1 .533 WA, .50 AT .30 wT GWISTET A & |ty &
Far 7 1 796 o1 ux g fF qefow AT ¥ ERT aredta® AT e
TR oA & 6T T AT 30 TUT 50% AR ¥ Atg e =i |
<a-fagm # wa: @ien fFw s @ & 0.05 ¥ afuw =1 p A e

¥ wEfF 0.05 A FA F P UM ¥ Wha Prerr ¢ fF ofom afmw vhae
¥ wror @ ¥ o veie ¥ q@ g (ftmern) A W A W ¥
T i

RO 13.3 B VBT U TR T w1 fayomn @R

Wt 13.3: aRomEt ® FE-a frvem

T Tt M G IR i i =it
wHENT | W (0) W () |{(d=0-¢) | d° dYe
R
[+
o= .
o
P (AROT 13.2) V= oo, .
B) Ut Gt €rft ¥ faw wr—ad favemyr wifsg |
T T dwg
WY [t 1] Ak 2 | A3 | Aeftn | W
=3
=
Hfed F TH T .....coovera
- Tavame
et A | wale | aex e s
RARENT | W (o) ARt (e) |d=0-¢) | & d¥e
o)
=
SO




2 W W ITEAT W AT
C-1= ot iy
.................. wi-wt e

P (@Rl 13.2 W= i
T A RO e H TR T W wRa € )
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VAR 14 W@ & I9A Wi TEaT deEtw syum
H WO TE wE-T Qe

TRar

14.1 WEEAT
. |

14.2  JEyYaS At
14.3 HIAET

14.4 TeI0r qer gfoma
14.5 afomR &7 faawT

141 WEE

¥ WA A ¥ AN % gEt A A wahe 7, alq, Wad JOgET &
fram @ | Ao ¥ A St Frada @l O 9 B A v wega e &
FTE F AHRTE FWET WA T ¥ ATHEA W ¢ K g "R A
9:3:3:1 i ffdH AT WA FA T | TR FT X 77 ¢ ¥92 ¢ 6 &
T WS W YUEE gEt ST WIS ¥ qwER ¥ =6 ¢ Ik 3% =%t e
AT VI HIMW3: 1x 3: 1) | T TG A9 @@t 76 fafirT 1 & 7 et
T TR T (F6 TR T & Faat Jgoa =1 weviv e < a9« ¢
T JqerT QRO BT YR FH-TT AmE wiiesy Haiy R R TR
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B il ¥RANAl + O H RARA = q* + qr + = (q + 1)?
qEr I* AT

1 - (g + 1P
1 - ql(qz + 2qr + r?)

1 - +0.122 + 0. 518

=1 - +/0.640
=1-0.8
=0.2

I* St ARERdr = 0.2
I 1 T 1° F GREREY T ¥, 19T 1 R aRaRdr 5 i R
T (expression) BT TRA FF UHIAT R64T < GFar ¢ |
I qRERd@l = | — (* W 9RERar + 1° %= TR
1 -(0.718 + 0.2)
1-0.918 = 0082
P & SREEAr = 0.082
Yeltelt TRAREAT T THR ¥ ¢ 1* = 0.200

I® = 0.080

1° = 0.720

1.000

Vel Bt TaT ShAERT
Gl 7)) = A
1 Frafor
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T ViHeRY aERa T WS gt
A = p? = 02x02 = 0.0400

I*" = 2pq = 2x02x072 = 02880
PP = ¢¢ = 0.08 x 0.08 = 0.0064
PI° = 2qr = 2x 0.08x 072 = 0.1152
I'I* = 2pqg = 2x 02x 008 = 0.0320
I° =7 =0712x072 = 0.5184

= 1.0000

 Raet B W & g B SRRy akaard W A oft 1 F ausw
e

p+q+r=1TqMPp+q+r=1

< Uefier 1* qar B 3 wewwifaar ot =t 1 a9 YEfet @ ui
et ¥, el aar iendt @ e wiHers ¥ e ¥ e
| Whelt qar Sshedt axarast ¥ faaor & fmg ¥ qa Shadem & =3
W ofREdT B ¥ I¥ Y LSE03 AGaNIH!-SIa@ha # varg " et
¥ ot T ot ¥ 9@



warT 18 wwmEer et | wwraet

VoI BT wqLan

18.1 WRTET

ReT
8.2 dwTEA =E F T H wHEE
18.3 AW WEr HEr
18.4 SNETQM WIS T
18.5 WFT-HINGQHT TTet eI
18.6 UFH-WEETTT TAWTST AL

18.1 WG

WY TER T WA A A7 T AR WS AN W FAGT W GH L, WA
Azeltq TRIAT- JEITE WET # FHeTAr F ATHO FQ T | AT AT
T Yz X P Sk ¥ T U W Y S R AR w5 dipar
%z\mi@r—m | T @, Y E WO W QUEHI (segregation) W&

@7 ATSET (independent assortment) % Torgidr w ot wiomwa: Toreerer T o
¥ fagia WHE T | e T el W W B ¥ ) By fw ver ¥
FHOT WA QA A wrget W fFg g ¥, AR AT W A R T W
@ TsA ¥ Ty ¥ i ¥ e % fag o fafrat s wed ¥
TSt X AR % v W U fale wea srgeteiaet v sgafent
TRHETAT (genetic counsellor) TIRT AT <&t T TN wal favetew w5 R
mﬁﬁﬁmmm (symbols)mi.?&mm
Qi 3 Frdt @ ¥ waw ¥ Prgd I A ¥ | qwaeh =ef w1 g
seqET w ¥ Pred P w1 W € R e ey € A At
3R 5 o AW T (autosomal rait) ¥ A HFR-TE@  (sex-linked) |
Q@ AW ¥ TH SEEt e By T qe IR Fqor favela

. e | S LSE-03 UEEHR ¥ Aeqmq ¥ qg ghREa w) eifeg fE s
AT Td YFA-FIEERT (autosomal and sex chromosomal) BRI 0
weheamal ¥ ufitfaw €1

IS

T T F A F G AT '

o AYTESH I W TRE T W At e wie ¥ oned W wa,
o TUTET Al R T AHES! ¥ AMER T AWEA e T W,

o TS Rl H TITONT U IET SOIGAT W] WHT o 4F 9@ w R
A0 BT SRR W owar JR wram ¥ wafug T okt gm Rt
TR ¢ A S

18.2 WA =1 oA @ wrfary

FTraet et F TR T I YA Y ¥ w98 wed ¢ fF e 3w
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WRITETT SEEwY - 1

120 -

e vt | ufifaw q Sig W swEet o 99 ¥ ek € TR f5T
X ¥ S f e @ wfrEr ¥ vl R e # war v il gamar mr v
ARG T WA T AEE SRt 9 ¥ [EAT W | 769w a5 T e
Jemaet = w1 faydwr Oy

FferET 18.1 : Wymaet w2 ¥ vRwer g w1 vt

1. O

O]

O]
5.1 (%E)
1L

W W
WA 7T

Tame zefar ¢
mm-mﬁmm%mwwmiu
T e ffw e = ¥ @y
j‘t;mw (1, 1 3f) R et Wear et ¥ war @
JF (1, 2, 3 AX) Fart ¥ o= BT wH WA ¥

Faa @ WE T T 8, wE T NS qwe
¥ i gerach Fawwor * Yow B wew W 3

W= () o T (& Foar = 7 fafirm grrst
'ﬁ"ﬂﬂﬁ'i(ﬂ'ﬂ“ﬁﬂﬂ' dizygotic)

A= T oTdd YW eIt W T AHA O |
'a‘ (Qﬂm'ﬂ"ﬂﬂﬁ‘ﬁ', MOonozygotic)

A FT YT &
VAT A & T99° ST wEr

VT ES g Wwifae Qe ewlar ¥ war qtr'ganaﬁwﬁa
3 TEfar €

iR SRRt ¥ Y Rar T e B uE whE
2@ ¢ fF TR wh R Favewe o WRw v 2

SAErEnd Formrgrrht st
WF-FEe AEH B
Se——

miwfie gor qar @ Ay w1 W,




wher qR-SHETE (PTC) e YT WY 90 TFHA ® &R & 3K W aorrh wEf & At
T W R AR ¥ Rwifaw fEr S W } L w T T (Eew) W@ frrdter
FIA TGT ¢ TA AEEHT W I @ET F wad w o W vt o g

feredt. TPTC W W@ Wt awar faie w1 ¥ W wha 3w g

Frrel ¥ fag wgmst sy ¥, ¥ orERE (T EE TR AR N X

wREr ¥ Tt T WRITE (aste blindness) ¥ FwS AN Rrw @ T -

© Y AT ESE ® T T S F W qoy q - 0T GG e A g+
oAt ¥ ¥ @ 9 9 % gt aamnw € | U @gs o o fEw
FEEEH [FT F W9 LM | 79 TR B NG WAt qf, o g 99r w6 g
frt ¥ g 70w PRt smEw )

fr T AFHST & WAR W T TH I 92 a7 Fohd ¢ el 7@ AR
¥ s W faeedt S dumhy Tuid o wwd ¥

| _

| O
D em e O

5 6

Em O eem o

3 4 5 6 7 8
fax. 10.1

TV "wrect W Twiar @ ¥ fF e e w sEaew € 1w e
I2 R 04 ot SEEE ¥, o T W 12, 4 w9 s ot 3R
amaedt R fred Feer ST wear TR 9w e e et g Rt
TR FrefiRe B ® | Fred-fafy @7 ey W YR § L OO0 X wE WA ¥
T afE gm Tagedt Qam-wger @ @ @ g@d gt ¥ wft | wfed ¥
qF T AN | AT AR S WITEHA I T 4 R W@ g ¢
VaH-FEA T WE: W A G A gEa ¥ wer o @ gt ¥, @ qhwew =
" fFe-wE " anmte %7 W ¢ | SwEet e @ Frend frerer STowwar €
T 9% Tem Wt @ O fF sl | onR w W W R 9 e Wt #
A =t Tag wwgmst (1) § 99 Rar gagrsht ) 9 e | 3w
Rty 3t 3w Tafy = it wowt fiives w9 ¥ @ e @ fmgmst o
vt | TR Tt Wt o W R oA o fR w Rewgrrst w99 et
At Rt TS Bt T VW aneht e efft | gAifhw w9 X ot A @
Tt e X 4 14w % fEw @ 9WEEw ¥ e W T 1 R A
A B oz gor f Pyt w3, aw s A TR wwew ok
W A8 T W@EF | AtwSt | war ¢ fr oot ¥ w0 ®wmw
Sewr ¢ T T | g REedt wr ®

IR WA fF @ew 3w Rewet st ¥ avpl et W W srarw ¥
fag frmagrstt 3, o off ofomr 3@ wor ¥ feaett SR R et ue |
R T ¥ 1 oE dwEe 9 W AW ¥ ag0 ¥ wie R 9% P
P & wrmEa e el T W g Rt ot @ st st

121



122

sfards va oian ¥ frer ¥ ok ofier wmd wa w wE W afuw P
T W | AW A ¥ E v afife siwd i et ms vt

Frearssw AR IWET Faaw OF wEw W F T T 4O W Ty R uR
|qar g S W w@eE off | o o e v At e o yw s

TR AR W ETI TR T

' ﬁrl. 18.2

W, OI-8 A 1.9 HEWr At Al @ Wt fdt © 99 39 9% @
ToY I ¢ | qrEe 9 ¥ T oiw QX ¥ o Wy PrafRe s wwx T fE
7% g Rt wefter waredt 3 st swwrt 1 W AR A F ms oo
-9 V9t F T 1 =t 9 Wa T ¢ ok W aw ¥ o ae o
W @E §, W w9 ¥ IO =@ Wt ¥ e R o wngresh v

(TT) & 9T /AT AT § 1

-8 m-9
i} X TT
(non-taster) (taster)
Tt Tt Tt Tt
(taster) (taster) (taster)  (laster)
fax. 10.3

Fq FenT few < W@ gw fawedt wweE g Rt 0 pTC @
ww Jfarde: TF AR WTE SO (autosomal dominant tait) ® | T
Hif T, At ar fr Yem-meant, o T aw w3 ar st
T WA TR F A FT ww I uReedt s Sgee fer o s g

18.3 Jf2rart warEt et

%) Al et T wwEw T R X e R T T TR AR
ifedt =y =tea W@ ¥

W v f5dt 1% wm ] wwie B o wmee =te ¥ P w@r




& THE FA W AW WA T R WA 11 ¥ AT ¥ U Rt et wet @ et
T Trediy

w)'wﬁ%wﬂ‘ﬂawmtmwﬂ)%ﬁ?‘ﬂﬁi AT LT AT W AR =€
T 2AF fEN ¥ wow v N faaitd fer ot

fax 18.4 ¥ & ot awmEd ¥ U @ wWawr T SR W1 OEWeT SR
Twiar T ¢ | AwEE W oEE ¥ S with i) aw g s e uw
W et Wt derty R T ¥ T S e e & agew ¥

o |

oM U O e :

1 4 5

S :

1 2

¢ 0 U wo
O V

1 2 3 4
fax. 18.4

T W AN AR FE A Wl Wewor y9 wwR ¥ ¢ wg- Sy
(brachydactyly), TR, D AA-FHARLT (PTC) T TFY FF &0,
TE-AYET (polydactyly) | . i

18.4 STt stuwrEt T

) A e wee [ i IR s waw v e 1t § wwe
T | T VR A T T $e U iRt W Wi g am #
WHe B W T |

B AEnt T wwoh FY atg T off [t fe ¥ W R ger 1

| R W W I R A S WO W @ g ¥ R @
e % ¥ T ¢ wiq W R F R A ¥ o a-ay,
TR-FH T AR wE-TE @ # 7 AR Ry ¥ 9ga free @

) IR A I e A W A R e wh w=y o ol B
T) Wfad o= ¥ WE @ TEHE T WO @ W)

=) W A ¥ R T ¥ Y Y w wew R o
Fmgrstt ¥ o X 7@ waw ¥ g Preedt ¥ aew ¥

B) aft A ww Faengprwsh ¥, w7 wwaer [ T T v sor weey
¥ 77 FRuret weer S |
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o 18,5 ¥ & Wt GwrEet ® Ags W SwwEAar (albinism) T SRR
whee frarr T 3 | T T e 9T W aren et awret
g ¢ ok vEwr 9o T G T ¥ R, foed =t ¥ R ¥ denfhe avs

& QIAEW B LHAT el Qe | FIEA F A QX AEmgT Hifeg 3R T 9w
w9 SV 5 g St gyl e et wee w5 @ R
i

I ,@——D ,@——D

6D éé

3 4
I D_
1 2
" SR Yok =
1 2- 3 4 5 6 7
V .
1
a3 185

fax 18.5 R <t et FwrEch ¥ favemwr ¥ gea ¥ fF w2 wae

R ¢ Tt Ied wA-Rar IRt @ W ¢ sty - ¥ frvgmst
o i R gt W S emnret St W B e ¥ o we dh v 2, 4 9k

6 vt e ¥, TN WA frer B v Rrar off Pramgnrht <er 9w
I v 1 a2 off Xewd ¥, rfaT s gt v off e

TR @ dwmaedt F oS B 7 wER faar v W ©

I AA x Aa AA x Aa
1 2 1 2
|——l—| |—‘|—‘—| wa-fas wha 3w ¢ 75
I AA? ‘AA? Aa x Aa AA? AA? ™ =fal ¥ T W ar
! 2 A?i X 5134 3 6 T AATE Hma'&'!ﬂ Aa
m 1 %
- [ I I [
IV daxaa Aa aa Aa ' aa Aa
1]2 3 4 516 7
\ aa '
|
fax. 18.6

P e —

) Fr 5 SRRy ot ¥ Wt ¥ 9 2, I TEHR YRI-FEAT
et fedwat 3 qwmie ¥ ot @ gedt et ¥ o

@) W WT A W XA A W wm T

) WrE gurt g fweh W W R st woR w I e W S
T



i), ﬂﬁvﬂumﬁﬁﬂ?ﬁ%aﬂmgﬂﬂ‘& A gF % gt ¥ & andt
irn e Bt 1

) W W wiiEw e ¥ ww et Wit gia |t ke e R ot
e T R

M—Wwﬁﬁma@ﬁmﬁilwm—mmm
%ga-aam—amﬁfr o (oral-facial-digital-syndrome) et =i =t o sty
TR H AW, T HT g W QAT YA A R | JF-[EArT Wt
g et TR T T WM IR ¢ A€ ¢ - IEERT H AV
AW (Albright's hereditary osteodystrophy), TRR ®I¢ ff W7 ot &
= ¥, ghe Ot U adr ghe W ot 3, Tieew AW (Golw's syndrome)
T T T — e FE, B A, T et TRt ok A Aeereet A
AP =y whEa w9 uran | far 187 ﬂﬁiﬂﬁﬁw—wmm}w
@t fegmar M@ R

. 5o dd
. O
. le

g fag 18,7 ¥ AN FF Yooy fdws oh iR ¥ wwe ® W ¥ W
e foar @ wiw g # wgmar ¥ 7 fR g ¥ (mm Afag fRms ¥ W
¥ 7% ww W g W T Ry O g e ) |

18.7 QEA—QEETA AWVTAT T

T
mO (] S
X )=

) 9fF R ¥ Faw @ @ X wiEm e ¥ R ¥ SR awh o ® W
WA ¥, AT R & Faa-@erT st g Peed § v
wfa E ¢

| WrE: W it g Rreed S aed Ot €, I I e
fsgrast & ® ) :

) R gt A Wt § @te 3y wiE, fmr @ o wakia o $

) R SREE W X W et fgtes 3T Aanel ¥ o ¢t

%) W * 7 e W afvetE dae @€ Ot 2, S et wmgeh
mﬁvﬂwﬁwﬁwfﬁaﬂmmaﬁ (carrier females)
LG e G e i o '

vmaeht w2l @ wwraeh
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=) wafyd W % Wt g3 wwifym B ¥ war sox ghmt A o ¥ o
B) dRS WG % AT 50% Y WU @ )

Tyt & e AF-wgerT e fafm € sl A Ssm-wwe
Tt FUERT H WA W ICE € G AT I AT R
A TG R T/ HA B HAC T 2 | YR ¥ dafuw wE st
R IF-TFA At T Wt € S B G.6.PD T FH (G-6 PD

deficiency: TG 6-Wiehe feargrre &t &) | Jeu-wra SR I
Toredt =t sl = wirew fax 1.8 ¥ <wlar T ¥

O
R H @

WH-UEeT AUl Sy & W ¥, wwihe R w S Tt weeh 3
¥R AT B} 1 Y A Wi e € 1t T Y Faw ™

X W R ot a1 o T 188 W 2@ T ¥ i T W W

-3 1 & Y | 104 & frae 8 | 59 @ das 9t € < o
T T T | 9RE 97 Wil 2, 9T 9w we ® R o sw snoret g
frredt 7 aew 7w IR ¢ 9 Rkvw g ¥ e g

-3 m4
I
|
V-5 Iv-6 V-7
fax.18.9

T WER 118, Iv-7 T 1v-14 Fwwgrastt wrang & frd a7 fdws g3 = 3

T ¢ 1 vt 7F T twraet =l ¥ fvdwr e fRRT et @ @ dk aw
i &% /W 4 T fadne ot T T ® @ 5 999 e ol
TE A WA W DN TR X FF A v et ® o swrwrt 1 A e
T wmrars W wm w1E g fr g awae 9ef B e Y T 9w
il

qQrer g
1. T SureRt @ favdwn =i ok 48 T v ¥ T AR |



=yt w2t § At

0L O o
60

%) W I TaATE Sran ¢ orvEr Sew-shinm 2
) fagivs @ T TG TR ST W T ST AuvTEt 2

M w WA i Wt g et s ¥ g st g fawedt s ?,
< RT fF frafaitas =i & ST =7 o 99 T )

-1, -2, 1I-1, II-6, 11-7, III-5 Q9r 101-7

2. N T qRar W a@maet € W @ ¥, TEE $9 999 T 9w
wmiﬁm (alkaptonuria) & TRAT ¥ | T AT BiERRT
mE YA I W IUEET ¥ BT ST W ¥ wWO v € | dynadr =
o as favehor SR 991 g8 g yvE ¥ I e

I f@__ljz T 3@__D4 _
5o erhEdd

Tz 1819

-

T FW & T dwwaet ¥ AP Swhy o e e € W e S
Ea el e (e

2. FHR TIC A FA Weww F B g fawed fifew Y w g
AN R - W g fmedt A1 st g faeedt w5

3. I3 W4T 1v-1 SfEadr ¥ i ge faaw o o few wen wete
Eau i I

.wwmﬁmmmwﬁm%AWaﬁrmﬁm_ -
T ¥ TERT B L2, 13, 104, w3 e 1v) safre i w96 o 127

-+
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YA 19 SrFErvE w wwenet ¥ wiiwa =t
ST

R

19.1 wErEAT
R

19.2 Wfawar & uq & 4o Tazra
e fag
T |
fiowe wig

19.3 UHe T

19.4 =gug Afwsafaq

19.5 &Y yyq

19.7 YHE

fEr # et T T & WEe AR W QUET w5 qeiET w3 % 9 Rt
SAATYIRTaE, HeET el WS & AT ST @ HIOR e T, 78
T—WIAET % HA (probability theory) T HAWATT HTAT | WaHar 4 Wt &
g BT AU ¢, 3T WEAR § TH O 9% W o 7, W <wiat ® fF oA
fafire g feat ar €t ¥ ol =@ o (rials) # 9€ FA wewr

T, Rt 9 9 9o @ wedt @ | W e e o 1oy wwr et it
T et WHylaar & ot et a9t g oy oW 8,
T qUAYleTdT 39 T ¥ uiEar @t duEet W ¢ ol 39 MK W 9E
I9 THA & WHEET Y@ 00 o € A I ag 9REad @ ¥ fe ufasy
T @ At ITE WaT ¥ 39 AR % W €T W T WEET ¢ | 79
YAMIEr A ¥ A WiAhG WY ¥ Fo SMHRYT T ¥ WE 1 swwmy
AFARRt & WA F T W F SWAT # WG FAT 9N |

ELeE|

"I WEITIIET O T A w9 A9

o Wifgmm & Yo fagal =1 wulw #T wEHY,

co  AgStEEt-wwEns ¥ WA & AT wihea & faard e s w5

e, _

o fwEl gea-daie = wiew & fako & fo gee wan ¥ fog g =
TN HT T,

o WA T A Wy W wfE IEF T fiue sfvsta ¥ one

frafor T wa foad o v =@ ¥ fF i o waee ey vER @
W E ehal ¢ |



19.2 WfeRdl % Hd & qa Haid aﬁ%'

o HE WEY T T wied ¥ Wa ¥ o R w2 ¥ O W U wel-wE
T STefget AT T wEY € | FEEl Wewr % AR & Wi S
ot Tk H WEW (o) F A g areft e ® g wemw () @
nfe S0 qE WO W

P=—
n

Sl W & WiAEwaT ¥ Frofor A T hE & 1€ T R 79 Hew § HY
e T O% RETe few wIg fr feat 9 9¢ g2 g8 ¢ 9 feaelt an
7 g ¥ | WR T fafy srgwaardt T 1 Wi T e 7 Sgal qw 9w
} frd Bt We % "o = Wi (prediction) BT W R EGCHIECA LGN
¥ e w0 T | 79 fal ¥ Wi @ el wiawma UE @ s

(a priori probability) Tl ¥ | ¥9¥ T foF v srgaRmt @1 g fafiree Sere
&, WW%WWW@Q@WMHWW«
QHETET T R

@ T (die, WEAEA dice) g e o€ FE W R w1 W 6w
mﬁl@?ﬁlmwwawm‘&,ﬁw | U AME F AR
f P &t & 1/6 | ‘
.\'[I -
et p=-—2 -1 -0167

4 n 6

w\% 52 WA & @ N ¥ gER F TS H G Fehe w wiawar qw
G

\ P = —— = 00192
\L 52
mﬁrﬁ{ﬁ@ﬁﬁaﬁ? At Faet =1 et fawwem @t wiasm 9 o
\ 131

I, e T A S SeE aEEt ¥ ¥ W o frd wwEe ¥ Wi
U T, T A R SAE SAYET 9wt i =g e

p=-L =025
4

o7 TRl frmee ¥ @RRed S W GEE U WA % W WAy (e
TE) T & wiaEd e -

P=—2 =0.5625
16

W TW FET ¢ TF Ted T UeA ¥ e 6l Wik ) ¢ 99 it 3=

el ¥ B ® W WigEwar Q= (1 - P) T 1 @ W HE yEt

THETET W X W P = 9/16, TH I WA & A H WIH WiahaAl

wt— Q:1_9;16=7316mnp+q=9nsnns=1.wr@-‘r$’tw%
%.P'.+Q‘e€31%?armﬁ?r%|am‘afrmﬂmﬁm¢oﬁuﬂﬁ?aﬁ

St RT L 1 i B & ol ¥ fe T e fe e A, koo

wfwerar @ & oref ¥ i 9w wew @ @ e vt 129
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G ww Yelt Teafrat 3@ Rt =) weal ¥ 99 v e e <o | @
Terel & T o ¥ R w9 wemel ¥ ¥ wiwt v o T i o
TG T WY WAt ¥ | W@ A A sfardw 7w 9w w2 weael ¥ Ay =t
mﬁﬁmﬁﬁlmﬁﬁﬁﬁﬁmﬁﬁ?ﬁﬂﬁ%
et ¥t fEr o W 1

19.2.1 4 fraw

W TREt T e H A OE HE ¥ A W W @ A (i)
FT AW Y, 79 T AR Tl A wwaqT TSt (muwally exclusive) T AT
¢ | sfrarde: wwwr a7 o ¥ Fr v @ wew wedt ¥, 79 T uen e
Tt 1 AT R e vt ek ¥ ¥ frdt uw wew ¥ 9y @t
WEA e (individual) TSN 3 Wt w5 S (@) Bt
I2eT % T ST A drer S e ¥, ww o A 2 e 3 2w o
ST Wifwar =T T 2

2 &t WO I d@ WA = 1/6 = 0.167
3 & GEN A B WHEAT = 1/6 = 0.167

A A T TR ol , T 2 W 3 W A I Y W
= 16 + 1/6 m 2/6 = 1/3 = 0.33, 96 TR owef wemA F ¥ | |
WﬁlﬂTa?f'ﬂ?fTrhET'\'ﬂmT%, meﬁﬁﬂ‘w {Addition rule) K
FETE j

19.22 e faw | | .f{

T T (Product mle)mmwﬁmm%wwm‘ﬂﬁ%

T W F I W P = i, g e ¥, vw R v e j/
A B A W R | IO ¥ g ow 9 o g
T 2 T 3 ¥ HAET A F WA 7 G e

2F AW T WET = 1/6 = 0.167 \
3 Y F WREA = 176 = 0.167

TH 2 3R Uw 3 & o 3 WIRTHAT = 1/6 x 1/6 = 1/36 = 0.028 N
TR WA T A ¥ N F WA IART - A g wiwarslt w5
TR Bt ¥ TR T Fraoy #t o Pran e ¥ o
WY, TF IR 2 |
T AT arw q frdds vt IR W SoTe @ e 7R faw T we
wﬁaﬁmﬁmm%?mwwhﬁwwﬂﬁmﬁmﬁwww
Fran 9 & w1 v fear s ) '
Yo R ¥ o o) w0 v (1) ¥ oM A W T R R -
PH)=1/2=05
P(M=12=05
T fEnt @t et s Serer W ¥, @@ faa ok v o % @ vt

vt faw o e v
el ve R e fam (o



¥ 91 UF Wedw IoTe # TR % TR w@eT e e | gt 3t w3
WA T WAt

TIT TH W 814 &t Wil = 12 x 122 =14 = 025
T# B T QTR ATES ¢ | ST A9Est geal ¥ wg=ay ¥ q WA
8 fonelt T wH F oM T Wifkewar Qi

1
4
TEHR W "G ®wAad 1 &, a9 wikwdr ®Y, 3 fraw ¢ o am
WY RigHT W fohar wrar €

23 T ww

mmﬁaﬁwﬁmﬁﬁww (Binomial Theorem) <hT $EAHAT

¥ T TRar ST wEar € 1 W WHT ¥ 39 wikewar o gt fear @ g
I A T U AfwaAntt ¥ fEd smawr ¥ ufed @ = wigsar §
offem ww Fafde T gom € ) T W ¥ SRR fafiy weE ¥ A @t
g argar WRaRang e it ¥ amew o € et @ e
il 38 UER ¢

(@a+bl=a’+2ab+ b

s -1 _os
4 2

(a + by =2’ + 3a’b + 3ab® +
(a+1b)' =2’ + 42’ + 6a’b” + dab’+ b*
T URE W AR TF TR G A & oy fafy ¥ wigea =0

et ) - et | ad ¥ - wgh

(fuctorial ); 5 =BT FHUIT T

n! _
o % anf S5 =5x4x3x2x1

B o TR W FA TR, p @ HET () F O B WA R, g
faweq wear  (v) % W it Witwar €, 9 gewe ¥ wed wt o w@n
¥R} X VAT HeR H A WEN § 5 A Y TN weA W T WeAr ?
&l s +i=nTdMp+g=1,

g, frod IS w2 | W

n=2

Wﬁﬂ‘ﬂ'-m=p=—;—
Sﬂﬁﬁmﬁﬁﬁrr =q= -;—
s+t=1
g T RS W P R AR W
faa oo w@ W @ &t WikET,
2 fawel T W IS WA = oy (,1,\] (1
AN .
_ o 2x1 11 1
T Ix1"22 T %

1
=0.5 31



AEW, 3T MFaver § s fafe e = 2@ | U9 = 9 @
TiEK ¥ 3 Ted BN AUl 2 SR B W Wi = vt o

YT & TSHT B B WIH

3| —

p:

T ¥ HSH AN T wiiaar
T T W)

- i (3] 3)

5x4x3x2x1 1 1 1 1 i
= TxoxIxixl Xz X7 X g xg Xy = 0.312

T I A WA o e 79 iEn ¥ war-fer 9w ¥ 7 e uw aw w5
U H - XY TE 2 deF, 1 ISH, 1 dSE AR 1 deHt | aifrarda: vaar
aef ¥ fr gy yom fraw e 9, 9k 3w e ¥ Wit @w @l -

—x—x-—x-—x—:L:O.OSl?.
2 2 2 2 2 32

T USER 39 S IT ¥ AN 2@ FEA € w97 s i ww fear e fw
2, T8 WiaEHar IUY 10 A &7 2t & Toradt & o wa fifde 1 faw Rl
WA ¢ 1 @ T W, THiE 2 ASH, 1 ASH], 1 ASH a9 1 TEHT W
F FUE & wFT L, 98 3 Ted qUT 2 eEW W F ¥ 10 faiyey
Euca |

q:

B —

1 2 3 4 5 6 7 8 9 10
B B B B B G G G G G
B B B G G G B B B G
B G G G B B G B B B
G B G B G B B G B B
G G B B B G B B G B

[B = TEH, G = TSI

7 o fon O <id IERENA  (albinism) % Tog fammgist ® | 3 A
T AR 5 TER W W 4 WEHA T G w4 Wiawar g )

AT T A = WA = g e
a = (SheHAdr o1 I fasmed)

Aa x Aa
AA Aa Aa aa
= STHEA

fr T 1 A W WY RO 3 : 1 ¢ g T AT JEEH e
A WRET S T T A e A H wem o ¥
4 T BT WHA B B WAHA ¢

3.3 3. 13 81

4 T QT O 9T 2 9= ARSI T T 9 |aadr v 2



TAmSA W : et = wrara &
| . , - WiRiEwar T AGRET
P (3) (3]

=6x5x4x3x2xlx§x§x§x§xlxl
4x3x2x1x2x1 4 4 4 4 4 4

- _ 1215
4096

T o T fF 9 W T <SEetd goa o Uel 6T % %A & v

W E, 9 fr e 3 T=9 W, 1 e, 1 e gl 1 IS, o

= (.297

Farar o =1t -
3 3 3 1 3 1 81
TXTXTXTXTX?:W%:O'OIQS

¥ o ame 3GN fF @ TR W wH T Rar = d, 7 Wik w9 S W
AT ¥ | gEt Vel W, F WA e qar T g 7 Wik 399 15
fo 87 =t & Toaet T a¢ ww Tafi=a = 231 & s o )

3.3 Uieho-Breim

TTE e AT TR P=(nt/sttl ), Hprg=1 T (s+)=n T
[ga A RO Wl (peg)” = 1 YoE W Sar ¥ IR 9w vy #
HHdT W HCA ¢ | (p+q)“ﬁ?ﬁq?"mﬁ (n+I)W%IﬁWW
T T ¥ Fo wrEer- e T et gie € 1 o et ¥ et 39
i =t e T 8 et & o g wemnel % % B9y whew ww &
7T ¢ | T et BT n= 7 WA WE T

no= 0 et ,

I T s Lo

n o= 2 (p+a)* 1 2 1

n = 3 (p+q)’ 1 3 3 1

n = 4 (p+q)* 1 4 6 4 1
moo= 3 o+’ 1 5 10 10 5 1

n = 6 (p+a)® 1 6 15 20 15 6 1
n o= 7. @@ 1 7 2 35 35 21 7 |

w fag g et A fioe frem ¥ qoiE ¥ 9 W@ ® 0 A e fE e
FOHT Ay 1 ¥ A 7 I R IEFE o ? EE e W U F
FEadl OIET F A A qE HH FAdr ¢ A} Saw: 1w g Ot T
2% = (p® + (LS)pq + (G+10)p'Q? + (10+10)p°G° + (10+5)p’q* + (5+1)pa’

+ (1)g° _
BT 3F & qele &< f6 QO Wearell W s ¥ | qaRy 7 Iothe i
- et ¥ fa fagmgrrsht <t & 4 T war 2 e a=a der ' H
il 0 @ 7
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TE IR (p+q) T IfEafad TR Qi aftf & <l ¥ wiemor e
(g T 0= 6) ¥ < wx T g wew W R, WA - 15p°¢

15p°q® = 15 (344)" (1/4)
=I5 =X ——X =X X=X —

1215
= m = 0.297

T aE IW W, vﬁﬁ‘qqﬁr?ﬂnmﬁ;wgﬁ T | e wiT fgeg #
w7 fawr wqr 3w E, 7@ o o I oy wow o w5 @ s @
U AR X ¥W Tewe YA HT ITWT T GhS K

19.4 HgIS JAfveafer

WY T UE ACAT T T TWR w0 T 9 QA aifew g o S
Whed ¥ | Wi & IRewe T F R 9geE fER (pegar., )
{multinominal cxprcssion)ﬁﬁ’ﬂﬁ?m‘@'%f?qﬂmwmil
n!
sitfu!
~au p+g+r.... =1 and s+i+u.... =n.
w foar argafiet wrsiem fedt @ @iy 3 g ¥ B ST O R
WHAT 77 % Fe wwm-uw i ¢ ) Sohr o o= e T Wy ¥ | w
Wiy ¥ o o7 a=af & ¥ @ wme g W, @ wme g e v
ITHET R O T T G o
¥ fofa & e Ted @ oM ey eeR T aw wF £ Y@ v ¥ g
wiiiesar w2 et R et g wewr & forg witwa s ¥ G Q&
AT ST | IereTer ¥ Ay
TF WEHT GF W & HEWIES p o = (34) (1/2) = 3/8
T GO gET U B F WS E g = (34) (172) = 3/8
TF IWHE T WIS 8§ &t WA ¢ = (1/4) (1/2) = /8
TF ITWHEH At W @ Wi k= (14) (172) = 18

2 WA GR (5), 2 W YR (0, U T YA (v) a0 O e
REIROR: AR T C T

p= -pEgtre

n'

P = griraTyT o Park
6!
p =TTy - (/8 X. (3/8)2. (1/8)L. (1/8)!

6x5x4x3Ix2x1l
= X IXIXIXTXI 3/8x3/8x3/8x3/8x1/8x1/8

14580
26214

= 0.0556



— : e St Wt sy o
9.5 &Y WA , T W S

1. mﬁm%ﬂw—m1:1ﬁ,m¢ﬁwﬁ?ﬁ%nﬁanﬁwiﬁf
) @ g k1w

i wft ghar

i) T wE X gt ARyt

iv) ot gx
izlmmmﬁm%ﬁ—ﬁmw%mﬁﬁqﬁm
L S Y W ¥ PIC TS W S O Wy
T AT I e W w srEes ¥, W W Ens ot N e
m%ﬁﬂuﬁnﬁﬂ'm#qugﬂﬁaﬁﬁ[mwmﬁf
T Far ¥ T & /- whrwae @ o
®) I G TF @eH W '
W) I TEEN qeA IEEH A
M ITH 7 T W 4 TEEH T 3 SrEred w7
) sﬁmﬁqﬁﬁmzmmﬂm1mm1

HEEH AGH qGqr 1 ESH oSH o

3. W SHEN SRR M ¥ ook R e ¥ i < (e W) A A

R U 7 F g s wiwar @ o

) mmwwmﬁ#ﬁﬁﬁwﬁ%amﬁﬁﬁw
Rl cilay o

) T 4 A Bt T Y A 3 B mlT Ak w9
WU B0 |

135



AT EAHA -

136

AT 20 AT HRASRAL BT AHAT

Tar

20.1 WEEAT
3Ee¥T
20.2 3a@vaE QIHRU
20.3 wrdtafy
20.4 YiE 1 @4r 1 9 EiRd W7
20.5 ¥ie 11 WX few 17 arpd Sfaeny @ reaT
20.6 Wi 1l X A 994
20.7 Witz 1v u¢ 5@ 7T sgra wRaeRy & ereaaq
20.8 ¥ite v T i uyA

20.9 Yig v W 53 T Iy SRACRT FT AeAAT
20.10 viE v 9T 3nuiid 9 T

20.1 wEAEAr

T WIS ey ¥ H9 WWT e % fafie wg st w51
s 3R veEr e, war fag g T ¥ I SRAeEY a9 T |
Ty AT I SIS R qemed % fawg ¥ ot € e @ wor
7o T Tl X g ww g o At F ¥

e FIEEH T §IY =0T K¢ AW (metaphase) % QA 2@ AR
A ST G } | 39 NG WaAE wmeE ¥ & wafes Red vt w
YT ¥ R TR T 1 A Fuw ? i WA g Terew @ weefad &6
A% e s A T WA F WS fAg T wE € | Werhw At % 3
R =Y UF 99 a0% ¥ =afad st 99 =i 9w o1 wfdeny
W RRar < R ® |

FRAERT  (Karyotyping)

AT ¥ 46 HHEH ¥ | TAF HHQH & GEART & Joed 40
T JEEE ¥ 22 el FT IFERT wEE F AR 1§ 22 Ht WO & et

¥ | Jaw B w7 239 SeT AT § | AARE B Sw-3iF 3T wew &
HAWR SRR HOU HET waA B ® | R oft 19 23 St 3 W
T QT ¥ WA F AR 7 GE A T T 1 q€ AR G 20,1
¥ T T W A SRR F T W I JAT F A T
wRoR Ut walte wew H RRigileRr Sri |




W 20.1 : W ¥ W gy |

Group Chromosomes Characteristic

A 1,2,3 Very long; centromere in the centre
of chromosome

B 4 and 5 long; centromere away from cenire
. of chromosomes
C 67,89 10, 11,12, X Medium length; centromeres

in the centre or slightdy
away [rom center of chromosomes

D 13, 14,15 Medium Iength; centromeres at or
very near {he chd of chromosomes

E 16, 17, 18 Somewhat short; centromeres in the
centre or away {rom the cenure of
chromosomes

F 19 and 20 Shori; centromeres in the centre of
chromosomes

G 21,22, Y Very short; cenlromeres at or very

near the end of chromosomes

TEd 22 Sl % wraEn (PR wmEEm) it aea SRAES ¥ w9
T T | ST 239 WS F HEEA 7gfq VR HRET gE ¥ J9AR €A
¥ —TH S X AANMm A E e Y waam s A e x
HARH BT T 1

I IR ¥ AT I R SREEE ST AT i

W o ¥ i g vesia et W oyEw €

AT TETHT (LSE-03) F I 8, 9 &l 10 <@ |

ELL)

TH FANTUTSN 3T & N & 9% T T 4y ¥ =teq fF g -
o FTTT A ¥ e S ¥ SRAEEd w5 T T,

o HINIE WL WYUT WIET &1 HILQIETET U= Ha,

o T T SrEHET BRAEET / wHET R s sfuftalia w5

20.2 SEvgSH QI

1. WA A BT
2. URE HIEREET & BT
3. el

4. dfget

5. 30 4w ME

AT $RAEEe &
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-1

20.3 wrifyfw

N 1

Tie 1 90 1 ¥ WEF AT BRET B wiE i
A A fE wEEE w1 w S W w5 W | e g Ry
M G F TR HIAER w TEd®t ¥

feaqwdt : #2 W EFETET T et AR TR W F 9 R
R TF o wEET @ T 9 aw B v ® wew sk Iwe
Y ey Fdfw ® S | 5w qgq e

: WOt 201 ¥ & T weem fiftreart ¥ aar 9T v@e ey

F O Yy W IR w3 ww B 7T wEE = e
W a2 W wH b ¥ R sEf FiR

R R P S —

qH I At ¥ g ¥ wrEm ¥ R

fm-aﬁ‘ﬁmmamwﬂuaﬁ%mwm%wmﬁﬂw

e IF A { Favwr G|

r Wi 1AW Ae 1 F SR W FRATHT T ¥ 39

T & W ¥F I ST

 FRATHT we 1L 1V BW v w A e ¥ et SR ok

IT T MG WA ¥ I9C AR






Y SR B
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« o° ﬂadﬁﬂa
; xaﬂ”ﬂ .fa ﬁ&.
L= 2 T N
2 / T e :
d/ N 3
A= “© 8 :
I = -~
%z b7

TR T e men e et e —" ety — i — — — ey — — e s ot
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WAPTETET TERET - I

Karyotype Form a

1 3 4 >
| ) ’
A B
, B 7 8 9 10 ' 12
C
13 14 15 16 7 18
| — —
5 E
19 20 21 22
L - L
- G Sex Chromosomes
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Karyotype Form b

1 4 5
—_
A B
6 ] 10 . 11 12
C
13 14 15 16 17 i8
| )
D E
19 20 21 22

Sex Chromosomes
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20,4 WT 1AW ¥ie @ W iR W

1. SRdEntm ¥ e e 1w 1 ¥ Siterd 2t ¥ Bee e

l

AT T w7

é‘?

vz 17w vte 1 ¥ e i % wEe i T ¥ e |-
R (M ¥, Jeam & <aRT |

T T TG WHAT T 7

9 76 & s ¥ Ty sgafyes woelaar SRadestor st = wow
T 7 UEr w9



© 7.H) N A REEE F NS AW AT AR Ry TER H BN o HRAVE =T
P Srgaivret W ¥ wra @i ol wfE Hdenw wwa ¥ a7 W @
| IEH T Y ¥ Feana it 2 WHERY | .
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S 20.5 Wiz W R T a3 HRASHT HT TeAqT

7¢ et = &1 o SRAeny T 1 3 2faw ur B T wwE % T
S

SHEET - Il

5
I

§& Ak TIRY,

B

S8 Hy HE ag Ad  H&n &

an O5 A - RS Bh A
& 3% AAX ax 3
19 20 21 22 ‘

J
F G X '
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20.6 ET 10 UT STURT WIT

1w g Tedl W e o HRAenT € R Ry s fard
R i g

fufea & 2

A FRATRG %
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ORI - :
e - 20.7 ¥iT v R R IT a3 wideny =1 som=

7 fodlt =afe @ s SRdenre | 1 IRaT war g TR ¥ I
T |

SHEET - IV

g M [T

4 5
1 |
B

£6 e BE SR &4 BA 8a

c

A &f ARa X8 WP &8
X8 HX A R4 X

F G X Y
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20.8 ¥t 1v WT Aaifcr wy

s 3 e s i ¢ e S e e s e
! ?
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R g - 1 20.9 Wite v W R T stwe HRATHT wT AHqT

o7 it =afee 1 ST SRAEET § | 1@ 2 aw g T vt ¥ I
Citsedl

SHEET -V

RE i e ih i

5
)

2 3,
A

B

Kk Ry g AK AR AR b

c

M di A Ré fh a4

18

D

X5 B ’E-"‘ A R x

22
19 20_| 21 3
F G X Y
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A SRt -
20.10 ¥fte v I i wvT A

1. F4 we v W fErar T Sifideny s € owar I8y Wi JUErEHsdr
frm§ gdt ? ‘

3. TW AR & lider R s wr ¥ aul ey waw = et
- fawe 3} o

155



YR 21 TS AT WG 99T pH wT Treioor

ar —
211 WETEA
n"RW
21.2  AEYAw qnft
21.3 FEEE
pHﬁaﬁTﬁ‘T{'
pH fex
21.4 qramtTat
21.1 YAl

TSN A WEW TR A F S Aua SR @ WY R | SR
ST W (1) FY Tk ¥ oy e wmar # B pH wRa €, T

pH W7 3 & H' ¥ SN (reciprocol) HT WHARST | F& 70 Wor R} foar <
qHT B

1
pH = log(ﬁ;) = - log (H*)

T LSE-01 YT gt ¥ @< | 7t 791 4 ¥ 9 & TS0 9O 5 - —
¥ fadem ¥ e TE Keg) F fawg ¥ 77 F ¥ | I9F AW wE of
w g YR gE S X W T OH ¥ W T B € T TE WA
107 Tret/feeT ¥ TUET BT ® | AUHT TAT TG A7 7 pH AEHT T &
TTT T (Kw) T MR Bl 2 | 3T g f5T ¥ Rifyrr At ez
¥ g 1 3@ 4 T O R o @ wr fR § aren w wfeg B
fret et =Y S T AW ®PHe WEW % we ¥ few yen uiwfem
frar AT T 1 TE WATIE S ¥ o Sfa-fay el e F Fo U
¥ g wew @ fralte w3 Fo wdfal @@ s @as ¥
w Y T TR T T e ISR pH ¥ R WA 7 A ¥, 7 R A
% pHav"E?ﬁf T B ¥

fam A W pH 5 T, IO T ferex W ¥ we F 100 Wer QT T4 pH 8
F AT N R B F 10t A BN T I pH F AR W T
TRR-AFER ¥ afieaed BRaT ST}, O pH AR # 3 IWE F AW H
aref ® fir < Ot ¥ = B WEZU ¥ 1000 TAT HT HAT BT | pH AIIHH
0 AT 14 TH H A X

RS A Wz feet W ar %7 O WAl qeequ TRras vew
3 T w9 e amthw affEmel wt waly fnlk Ad 2, < wlaww A
et @ T o T F T Slauidt #t e wa I faewor e g
3 | fafag dhit T WM = HEEE A AT W FE-JAAT  pH R
sTayaEa Bt ¢ pH W Weeaw ¥ favw ¥ 3w dhuw yfis % we, RY
= ¥ pH ¥ Traloor =t frafafy & v & € )
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Rvq
T WMl W ¥ w OgEY W AT -

e pH T GRWINT T WHN q4T pH ¥ Rl #T T9R Hal THH,

o pHYTH WX qur pH WX HT TR T W F He TET ST 4
T WS

21.2 HEVES Wt

1. 250 ml & dT-3

2. pHFEHFR A (pH Y& ImW)

3. pH WX 9T Toware

4. pH 4 T pH 8.2 & W THT 90

5. feeet 9w

6. YA I (distilled water)

7. oy =T Gt gemon juice)

8. ST HT A

9. Afeaw angmEive # B (@™ = dren

21.3 wdEy

T T WA e ¥ A fafwd g feed 9t fe py o Meio wow
@AY : (1) pH Fedhex Yo =1 THAE T T (2) pH H2X =1 Iaa
FF | AT TH-UF TF T A Frifad w7 T w |

21.3.1 pH e Qe

pHsﬁwwwmﬂ@ﬁ%Wﬁm%lm%me

FN W, I9 WA F AT W @ HOF X N T T pH AR A

t & W R T e R, 39 o ¥ o ¥ W T pH BT # Iy <t

ﬂﬂ'maﬁ‘m'ﬂﬁﬂ‘%l'ﬂﬁf?{(widc range) TUT FEARR (narow range) AT

TRR & pH R I9@eT ¢ | Eaf’ pH ATX ¥ pH T 1, 2, 3, 4, ...

AT T WA T ) GEIR pH ¥ ¥ g ¥T 7% FF-3F pH W

T T W R 1T 05 PR ¥ s A Iuered T, 9R- 2.5, 3, 3.5, 4, 4.5,

TN 02 PR & AR AN 7, 7.2, 7.4, 7.6, 7.8, 8 ... e | A MRy

mﬁhmwmwmﬁmmwﬁm pH waT

TG

1) ﬁahtpﬁsﬁﬁﬁtamcmwwmﬁﬁmaﬂtﬁﬁaﬁw
To@sT pHTE W T

D T IR W e T W R g 7 9 ¥ 0 ¥ freme |

D T RO Y e g ¥ NN @ wtm ¥ e ¥ e

TGS AT e |
pH w1 s
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AT | T War &7 of var e % faw v wratate st SRRy wer
g oiomt @ R Fifag

4) T PG pH YT & TR0 HLH I6t 7 IR wet w1 Afew

wR-gdt pH Tar TRT 1 ¥ Romt @ o wier # R wifRa )

wae wwer Wi far RILLIL

1
2
3.
4

Tory T art
FC FT 9
qfean aRFRee
= I 9

21.3.2 pH HeX

fax 4.1 ¥ ©w pH e} fr@mr T ) Het X TG e iR @
wft-adt @ s ¥ g ww pH MR T Afaw Wi g oA #
amﬁﬁﬁﬂ, '@?mm(rcfemncc electrode) YT Teh <hig
ELC ey mlaselwuwc)ﬁwmﬂﬁﬁmﬁmgﬂ@z
* &7 % frr I N ¥ D Toaerer ¥ e W e S (potential
di[ference)'ﬁ's‘ﬁﬁ?ﬁﬂﬂﬂ% ey watda & = ¢ Sﬁtmﬁm?‘l’f'ﬂ,ﬁ?
YA (analogue) WX U T Fefied pH WUHA W g fomr wmar

pH & W7 A ¥ T 39 97 A AFHEGd ®ET T4 € | AARHW % foag
amg R A Wt wrfafy oo W ¥ -

U I

Set Zero o

STD BY

ﬂ @ Bulfer
MV v
METER

SWITCH ,RANGE is 115
SELECTOR SET TEMP Q

& mV/pH METER

(g -

fax21.1 « pH et

o7y oot g | s deT)

Wi g fF Taee 3T W EE W W T

NENS T T W AYT T ¥ 9y IR 3R freex | R} gar g
THEGISE W YA Wer ¥ W GF HhT T AT

HeX &1 939 YHRAM WGHR R Y var fefses arawa o 7 o



=g | R e T gl o <@, A9 A W U U W YW R YT W AR AGT WEw e
THT WS FT ARAE | et B gT o ¥ 9 Prae i pH =1 Frafor
6. 3% fiFeet T ¥ g #ifAT ok R IR pH % WAEIHT 9C B ®
W T dt ¥ ST | " deeR " et 9 guRy W JF 0-7 WW W
Staig ovlT W W 3 ST |
7. AT A9 IH HA H ¥ A IRGGIS W OIET WA | A iAg IR
gar e o fFT TaEEEl W 9.2 pH ¥ W 9% Wi ¥ Tifa |
8. " YA " G W TSR 7-14 YW M HHT WE X A 0T
a9 WeT ¥ 9.2 =t dfen ot =iy | 9K " WAee " g @ AW
Ten feafy & & WY 1

AT 4T WARET o T ¢ | 3" A7 Ry Mg Dt & pH Faiite w1 v

T | ¥ AT am e T F T - 1) TEERIeY W 39 ue ¥ ot el
EH pHTAT TR, 2) W HI A wEa N 0V 7 F MW ¥ & amy
ofe T Wi W pH AT IO T 2, 99 A9 g 3@ e ¥ g i
T Hex & e ¥ M AR A oI, T T9HE wA@E ¢ /ooy e
T ¥ T | 39 9 AR g | 7-14 F WE ¥ @ A &k 9w
pH =Y MieX ¥ ug wifag | 3) iy fedt orr & wipH Feprear &,
TaEEIE B AYT WA ¥ HRT AR IR freeX YW R gur A 4)

pH T2 =T I Wi R ¢ Wielt ¥ pH & Waw wifag e e Rt
@ A g ¥ AR & et afaw ¥ w9 % fafag

U 1) pH

21.4 SrEufaat

1. TRIT 9gT @ AEE VM R ¥ | A TR 9gd Wt R ISRE-TET |

2. HE-TEEe ¥ M W S 959 99 A 7, 9% 957 @ gdeiw e
IR FE W T B9 H el T T TSN | T=E 9

3 TS W OWE @A Y T AR TR A ¥ 9IS A 9 W
gt free IR ¥ garT =i |

4. TREEISl ¥ fad A Wi arge 9« ¥ GAT @ AR oK gEA T
e |

5. fret W R ¥ TR W AR P Y w dowl ¥ W vl
e ® fafd # @ o

6. THT WA W F F I FE-FSA TR X W@ T AR I @ m R
W@ T T T 159
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 UERT 22 W@ WA ST SrEvar T ST

aan

22,1 AT

ELE)

22.2 HEITE Ao
22.3 wrdtaly
22.4 &
22.5 |Egiar
22.6 99 WY

22.1 HEIEAT.

WA (salinity) T 3ref & G frcimm ¥ = Rt gt wg faeaviter eao
T TR WA ThA € ) S ¥ g W 9 Eoh ¥ S 3w g S ae
A Wi € ¥, T IWIER € : Ca¥, Mg®, K*, Na", CI, SO%, HCO;, W&t
COY ¥ FET W O Wplad &9 ¥ WY Wd & I &S & &7 H wgiaaor &
g T T AT ¥ | o F amafie WHeEW A W W W S A S
ot &1 faraer wwifaw g ¥ ko frdc S g R e wEer ¥ @9
A BYE IAC-TGI Tl T BT Gehd € A1 W@l, Tt o Aferr wwnd 0§
¥ - qgeht Soft GRATIT (euryhaline) 3Tdle STvhTateravit i gad Ao
AR (stenohaline) Tl ITCIATHR | 3T TR Shawrdt vyt v &
AT O HY WeA W& H IR ShE A F @ W dar 7, e
ARG (estuary) ST UT ¥R ¥ | A ShEwd wwRwegal ¥ whtaw € @
W, W @ ot 9t S ¢, St agard T g ewd T

W WarNTen Sy ¥ g enfgifga (rimetric) 4T TRy vt A wt
AU % ARE H faf diat | erfaifew fafe =) et wE e
THaT T e 39 Tafe ¥ v =S R 9w forr o # o g wie @
TFAES W Yowad Wuew o T IR w1 e whet & gead ¥ et g
e wEmEIena ¥ AT TRiGHET & W U WaAHT WA Ry Wi € e
AVl T WAY WU g @ ® ¥ | T o 9 wiee sme ¥ @
AT HYT HT |

ELGE)

IH YEUTIIET TOTE % AIE A

o A YAl H TR AN ITHT TRV HY IRAT H |,
o T A H TSV T HATAHF Y HEHAT BT TEA, A
o T ®I TAUEl BT WA & WA % WY FaY AT qar TaA




ST A w Aavar

2.2 SEYIE Wt - T

I

100 ml 9 VFHR GEd

. 10 ml &t e

50 ml &1 SRS

.. faear TE2C (AgNO,) ¥ B

L 5% drefirad |l (KCro,) ¥ \w
LSS TA—2

2.3 HrAEY

. =RE 001 N AgNO, FT T R |
. VE TR A F 10 ml AT R OF WEEER G ¥ ot ok 3 g

g3 5% KCro,Hid it Sife |

. el A ST AgNO, TS ] TSV HiWG | 3oy g =98 7w w9 §T

R A T WHS BT

. A BT AT T <HSUA B WEE W a6 F GEIE W W TE e

W | SO B W HA S IR A SESVH L o ¢

. I QROTH T AT R e gw ¥ T e & v ¥ fand

HIT |

iy e TR sRe-afET TEAW T AgNO,

HT QAT arfus ) e w1 oA

TH WA HI, TGAT B 6T TR R wifAg

2.4 uiEaw

A A W A = AR Ry e g ¥ ol e 5w ¥ e wifvg
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-1

S Wt FEAAIT  (chlorocity) =
TRt ¥ AgNO, W JEAT x AgNO, T SHeAT (normality)

W W AGaT

& Bt TG (chlorosity)
EicIREG: )

el &t FAATAr  (chlorinity) =

A Ht WA = 0.03 + (1.805 x STt HI FAAAAN)

FR R T Wi # wEEar ¥ aw Rt F+ e St aur ot
Ft TEU qaRg | '

22.5 ‘grEawar

Fregt W N I fF et it e | v T ¥ ok e e o =
W g @ @ o ? v fag srewr <RE w5 AR (stop cock) WiewwT
FO QAT A AgNO, Ha 30 =Ifeq | N 77 Fhiiv=sa =X Hifv e =e &

0 & a0 WCH 76 aw g & e w e =ng

22.6 WY QYA

1. o fafv= 9t | fag e w5t wavwr I e TR R = o 9w
T wau-ar a4 7 R o T W A ¥, O AT TR T AW
I wRE - ¥ )



AR 23 e A o et JterdtorT =T A
AT

x|

3.1 wWHdEAm
RyT
3.2 Tagla
3.3 Eyaas
3.4 HTERg
3.5 UREeA 01 GiRomH
3.6 qrau-ar
1.7 WY IR

3.1 WE

ety yeaa & fag e 1 w4 Savas $ 1 Wit StE e vaew
W AT WV W FW@ Y | TS Senar e A geht Awdew
q B WA H ARIVA-RIIA (ITHgT-Hq=aq) Ty wifaa ot
¥ fir w3z awr P, woelkhe a9 Sewhe IR B W BfE ST )
#ra rafacer 3 fremr el A 989 = @ vt @ o ok /@ w5
et B gelt Jfalte Wt W sRw wREt T i ot € 9 fe
T, AR, VIEA, TE- WA W91 WG G QG T4 gl w5

7 | 3% @ el ¥ Sttefe w1 gerderar aga wawr @ 3, ok 5w w
TG A A W gemviear S ot w7 9w ¥ wela et w5t
Ty-wyedt fpar @ R & wug gelt ¢ fefiem =t wen e e § war
% W SAFEE A w9 W W ¢ R @ ¥ oawg F Y qer ot
™ 7999 § 19 IUAT o ¥ | famen (Fga=wen) #t whem ¥ S
wsita et W geft el ® v@aE w1 e ¥ 3R W R W e w
arE B e ¥, K Y A 9 A ety siat v o g et u=ar 2y
qET 231 W A9 FF TEES W A Jadio A w 3@ w6 € o

WET 23.1 : W & W TR A T Ag F Staftor w war

s R G Treffte e 3 gt
Sttt =) W

WA W 5°C W 6.4
FEEU WA 5°C W 9.0
A A 25°C T 5.8

arg 209.5

pwon oo

TH gelt Slaritsm =t HEr S AT I OwHD T T I WS mg/1 (S Wy
" R ¥ g R ppm) N T TRAr e 1 et S ¥ 163
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arhed A faiar ¥ - R AR e g T faaet aedee
fafy gr00

Wi R gelt el w1 e A ® g fewet fafir (winkler's method)
WY & FH X A Sl &) T WEEIen Tonw ¥ o9 wE ¥ $5% 9
fafir=t Wl & et I o AT T FY F S AR T F T T F o
o frdlt =t & awr ¢ ¥ welt ¥ el el o fieer Bify ¥ e
Exull

I

39 VAN & F 9E Ay

o T ¥ Yot Mwrdter ¥ ardher ¥ fafa Rrgia = avfr w0 g,
o TR wrfaly @t fa fredt ot F e,

o IRfte F e % Fag fag o arer cRwemt & witfas & w9, war

o fafir= Srefta sl =0t sftemdtsr st o =it Sweh W @t She R R
HHEA |

23.2 T

fawr faiv & saaaors = fafy ¢ faed g Ry (v = e
A (v B IeRfad w1 faar = § < B ww s % arg arfufear
FT Mn(OH), TGl MnO(OH), B Fa8ifed & wmar ® | 79 URaEdT ¥ 3q=a=
feea e 9 e W wha fadt @ e get € et @t e fea Y
T3 & o ¥ IR MEdl & e 9 W CHER TR
(Mn(OH), W@ Wehe MnsO, ¥ TRafda & W € 3k 3¢t ¥ 9ra—wrg
HUIRE G ITAAT B Afvad SRS (1) 99 9l € | e &t
TE A O & TR A freme sreie 5 A ¥ sEmagat € sfufer
*F od & foaar ety freaar & T frafor M & O % 9
TRV HHh T o www ¢ ey o fag A fralte w0 ¥ g gEw %
w9 R WRTE &0 I39dn fmar e o

23.3 INAYIS QAT

1. BRE TN e WS

2. 300 mt &Y HIF & I el AfwwdE WMRET (reagent botiles)
3. 500 m! VWIS GAEH (conical flask) '
10 ml & 7492 (pipelies)

Aa fafes) _

MnSO, ST et (Wfd 1000 ml 3G el ¥ 400 gis)

7. §T JERERET =

&) 500 gms NaOH/500 ml 3gd WA



W 135 gms Nal/500ml A wel ' e S el S
™ B () T A (@) e e W BT FHA
. WEHS0,

. W & N (10 gms TTE ¥ 1000 ml ST ) | I Y FAgw TH
FHCT ey 3 vt sed = B

3. 0.025 Wrdel ViEaw ArAme®ma (Na,S,0,) Hiet | (6.205 gms Na,.$,0,5H,0
T 1000 ml T F)

3.4 AT

A% W TN FEAUIgEE T AT arg % gege % 300 ml W HIT F
Te aret sfirsdl W # oifo | i A R B e w5 dfe
s e % wet-wdt frafor & fag 9ge st @ fF wfraa @ awn w@
g9 F TR HE ¥ TE WU q g 1 T W S o ger sigt W
¥ aftomy 2t ¥ T o | A S wenw & ot ¥ R Wi o e
 JaegT w1 W, 78 o Wt @ Ot ® waw @ A g o aw
T yitelt % wga fR-oR ae i afe e e fufsw = @ wh o we
@yaF ¢ TF et ¥ g o ¥ wes A9 et F7 e ik w1 A |
T &M & fag Ay A Tafdet & TR0 & 96d ¢ | T ° 9N % 9E
it T qRA WG F T W wg H T | 39 qrY oo o ¥ T At g
T g WA ¥ fafysr sfisdat o7 g g@a € weiE e =@iar @ mr

T F S TEHY M A AT B/ R ¥ Maso, S =t 2 ml = firewneg
| I9F 91T 2 ml T MAEHE O TR | 77 ifirmde! i fiem w0a
Tote &t e = 9o o g G W Bt W€ % g e S arlea ag &
Y HEEIT A B WY |

Y ¥ wre wm e A TR =1 9% ) ¥ arer-TaceT sifacatE He
firer w1 oy 2@ i Mn(OR), AT MaO(OH), T Trerra Tog g 3T saed
T WA ¢ | AEET H 9 o SR A g o ¥ fremg)

e T AR T AT ¥ 2 ml WE H,SO, HY, I YA HHAE F A
= e | witfemat ® R/ 21 wom R awr st T wifaw ) T Esy
Q& T o1 Al S T Geh SreT—ar 4T X Hel 99 @ S ¢

AR ANT SOmITA H 250 ml % TH VFHR FAF | g |
T 1 ml W guE U e | e S0 e € e R ) I 0 o
0.025 N (e Wifean qRicHe Oid & Wi 2l§ge Hiwg |

?@W’T%ﬁ'ﬂ:'@?ﬂ’ qraEeh e el W) ifag | @E’Tﬁm (s1op cock)
T 91 Gfay 3t 9 ) =21t v W @ | =gt R @ 3 & e
T UT TG T TSI SIS | SR el T I ' ST | T Rie
Adfgn =t Mg = o1 2R e = aR-9R TR 0% d% Siteg o1 o {&
[ETT A W B WG ST SO Wt F e far € ar et |
& TSN W GHT W S S |
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WRNTOT a1 6. IRA MW FERy A TE B W T g fwnd e g
T ARTFH & €9 0 SH 3T b1 AR

A WA E AEES WiE w3t e ¥ smr
sfuw/sfm No,S,0, @

HadAT
A 1. 50 ¢ 45 4.5
B 2 50 4.5 9.0 4.5

23.5 uftma qarqforg

T g = @ wReat 9 TR 1 A9 Wi e W ¥ geh sfedem
F WET H®T U W FHA €

A W AEAT = 50 ml
et =1 e = X ml
K x 200 x Na,S,0, &T Haa+ x 0.698

yfa <iteT St w5t =
A W7 A

e T argaT
Wiyt = WA - T T sfiwds =1 araaT

ar foram foF 398 g 0.025 N Na,$,0, it TET = 4.5 ml

TR K =

Wt w3 = 300 ml
TR T STUFHE A = 4 ml (2 ml MnSO, + 2 ml ST AATHT)

K= 300 = 300 = 1014
300-4 296

Wt e 0, Ft 7T < KX 200X 4.3 x 0608
_ . -
50

_ LOMX200X45X 0698 _ 5o por

50

23.6 qIa9Ifar

TR WA F R T F o T A afiwde e W@ ®, @ ghifvad w5
=i o et TR g ¥ FAd wgww T R
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e AT Wt et st
23.7 EY YT = T W aeT

T <) S AGH A g w T fer € 7 A TWE A}, W 3
& A9 fFd TR TR T 'R 8 7

[67



s

YA 24 WYSIT WO FH FERE, AN q4AT Ao
fafer @ sreqaw

*qar

24.1 W@
NT

24.2 MEYTE: WGt

24.3 wrdafa

24.4 THIE

24.5 W0 e qRomg

24.6 WEgaar

24.1 TEEAT

N R AgE A D wER AW Qe R, W W W @ Foarg of w
WG A ¢ TE A F W@ e I3 Dt F v e wew v
Ff W ot viem o €, 9 wEn T wRffEtT 93 % Ty oRkey
1 um e ¢ o S @& iAo, 99a U@ vaE o @ R T
TRffd 93 % wEaeaT w1 e e WEE F YR ¥ v | Y aes
T T X TG FEAwEs w9 K, A e ¥ e ¥ w3 wgerw 5w
WA WS FE ¢ o

ST W= _
T W |€G (community structure) % IeITT ¥ AT 3% FeOY #r

o ¥ @ W R R v A ¥ e @ ST wsa T — Rrvdwes
T WYY | FY FAvReTeE wem AR IRaRAT (frequency), U

(density), STEST (abundance) 3R WWIFAAT (dominance) T HETHS FT § =T
fohar <n wFar ¥ afE a S WA (sociability), SRET ST

(vitality), 3wafdar (periodicily) WUT IO (stratification) ﬁm'ﬂm

w9 Q@ I fEw W W v Wvet weo ¥ gufefy, ferar qur wewy
F AT AR T 3R IR TERE ¥ 0 DI ¥ faved Ot ¥ afumhig
fFar < w=war T

ot favetal et @1 frafor 7 yor whemw seEEt — dwee, T @
UET % T fegr o ¥ 99 R 2w w@de, e qwr ok g R
TR fora =

I

IH WM W & W 9IS I -
o TP, TR TN Tt fafy ¥ faww F = =X T IwET W WA,

o Tt fafde &y ¥ o7 & fafy w=@ arfiuw wor 9t aﬂt‘sﬁﬁm
Tear =g 3w faww F o w,

® MY AU WATAT WHIfE Y wE F H AR wT T ok asgt we Q
IR HT W,



¢ ATA ITFW Tl 9T THG qhAF HT G TRAA F W W@ ¥ TSB! GHET QO KT FART, A
e W Y T BT Taiw | e

24.2 AEIGHAC
=g, G2, o, e 9%, aads o=, @ 1

24.3 Tafaat

FARE @+ IRT WA F Frawor F Frafor ¥ wWEE (quadras) wT HAw
I9dm frar W €, fEg TR didt v ® we Ao aweeiedt oY o ¥
S (litler) ¥ T T T HISTRAT (intertidal) R ® W a4
FEPerear ¥ fag Iodm frar = wwar €

wge fEt I A & AT (sampling) FT A WA € | I AW W9
w® & fr wige = oravaw € TRt ww wnfe ¥ oftae v wfe
wiftrE sreEr Wt W fr g wEs @ o aa ® g | Q@ w1 T Saw
sty gaveH 3R TG W T 9 9w 9 Frewm @ seraw feg s
W JAE TG TF Ft gue A eIt Tur afy o @t 1 @ wirEws ¥ T
AT F T RO P R F @ o el s aaa s g 1 o
wfoagT RA W Bt wey, I AR (overlapping) WET BT SET,
AR weR faest 7 gf wufie a9t & | 99 1@E wiewa e ¥ o
i w1 =fedr &t 9o im o ot swar arRfad Wt Wt ok iR
T IMER ¥ 9 I9@ iy & Fo e wnie ¥ anarar
(frequency)‘c[‘ﬂT‘FdT‘l’(‘Ul’ (disﬁbuﬁon)ﬁmmmi‘l

IRT FT Fe H W ¥ fawg X Femww w1 oww =g T 0
FqAFHT bR WA (7T 24.0) Q@ T | ¥ WA IAAT-HAT WA F A R
I TR I TN WA AT U W Had DAY w1 g wWE w0 wE:a
T ! T o Ao 9) g2 T S AT AeEE 9 @ WEd T G w9

T W AR HE W WHA ¥ M o W (e 24.2) 1 S0 Reast B e
w4 7o fiig T wee T !
- T
§— Mails
.~ Strings
T 240 e WU S m? w fax 24.4 T WY mar A @
aEg w A fad T YT VR | WAL
¥ 10 cm YT AR W  w Ty e omdt
T g ! t T AR 2w @ wf
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T AT T VR @ TR 7w uw frw W € R v oy a ekt
Saaeg v whraaT &3 #t wied fft w1 m 19 025 me W

T e TN BT Wi ¥ | v wERY ¥ STEn R war o W b R
HE M Faar A ¥ 10-10 cm W TRAY T IR T For R ¥

i A ¥ gl W)

I W Jew ¢ Tr | W www 9 FeiRe frar e | afr wheea A
F W = frawr e § wghew R vt ¥ o ¥ R v ¥
T TR T ¥ A FOR T | AR wAE w1 e S (R e
¥ o A Suar wuew B W wfeat T et ¥ urt ot o o
e e g S wt s s ¥ w 24.3) | 3@ i 16 @
a4 % i S wEiEer wE sene w9 ¥ e g0

faw 243 1wy fiveow

T WA wgead ¥ et st ® v W B awR ¥ Tl 1 SR
® YT W AW AfeF FOR WA ¥ | a T ¥ W e e 2, A
w4t

W i Errw R ¢

o IAM H W WH B B Wraw ¥ Afaw Wowr wr oveqge Rear o1
AT R

* IEN F TE W A 47 X U wRA T I afaw wow At ¢ fra
W T TS W gl | v fufy ¥ whraaw afvw wfref #9697 )

o Wemaig Jfr w7 it FfF v w W ¥ s Biet-uiet vt

TR T 79 I W AER N W WS e WA ¥ whreaT @t sder
Hfaw @= o

TatE it BT e "R Fwr v € R ot 3 R v W
F T WM X AT BT T WA w A | T & g e A9
et =7 ¥ e R @ T AR B R T ™ b @ gw =@
et vt @ whreem 92 wiem | e S wmde v oier B
St T Tes Wi sk g W, T ww X o e o et
e gz & dhudt o oe et W o ¥ Wi fe o @ A



am: et faine weR w5t amwft % AT Sgean w@ge anw fHaior eem doen = e, e
¥ RT TR WY TN W R ¥ ovvw wge g W ¥ wde wnw w00 Ve Pl R so
= e & a% B T R wiee W T wew @ R w5 fe

T 2, ITROEET

e WY faftr=r witwftw =t = wear
0.025 10
1 T
4 19
8 22
16 25

saw: T G e fag o W ® Wt d@ge wnEw ¥ v aiftw qfy W w
Fo At @ & afftwa wivie et o1 owwd ¥ SR T fes e wh

weie T ¢ o ¥ wite @ gE i J@ U 95w 99 e w
e a9 * = sfaftad T war waw o 0, I i R ur sfus

R e fae gt

ATFEAH TS AN 70 WA | e § 9 W v ¥ 12 B g q
I wm ¥ et ¥ gem ¥ 0.5% ® Afww wr iy Tt vl (R 24.4)

30

25 -

Number of Species
i

Quadrate Size (m?}
fax 24.4 : SPEEEw TRT WX % Frafor v @ e

T TS H W W W A ¥ | A7 W T ¥ 5wl wfedr &
Riwa W ¥99 9ga fafrar gt Wt ® ) s Rt s wiftwer wee
T T ¥ g viaewmw st g ¥ e W m wfeg | R ot it wdivie
H FaT Bie W A W ww vga wt wem ¥ fag e wheasr ¥ fear s
~ET | R % 9ga ¥ Wivwas & avit wihvitw +v aem-swnr i =1 =W
TEd ¢ HfET 79 g @Y Ten A TEA ¥ | ww A9 frdt uw fafive w@m=
wt il He W qeET W W W T W f orww v} @
W FEAYEE AJHEAH WA BT AHAT oA T WHA T | WAwSTE AT
AT & FgS F g & ¥ o o R} gEd o ww uefew v R
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mﬁmminwﬁﬁ:mﬁmmﬁmquﬁ%
Tz & = frar < €, SR

g Wt W e wt T dwn —_—

1 14
4 34
8 37
16 40

A T Q@ fug o wmar ¢ Wt ot wwe: e Tt wieis w5 gesw

o = # ok IwF T TErde W Bt wgrt ¥ P afuw wuy ok s
TN IHET FE WA AT @G (BT 24.5) | W v w e

1% ® IE N W A IWH AL 05% ¥ T I T A W W

TR W RS F W doa wEw it ¥ |

Number of Species
5
—_

T - T T T T T T T T 1 1 L
0 4 16 2] 256
Number of Quadrate

fax 245 + WS ¥ vwr Predify v W T

T W TG TR TU IR W W @ R T AT dowr ay w _ww
R TREE FWET H AqT W TR T FGC G fafy g S
T RS F GE B WA AW @ PR ew W @R T ¥ S
WA RS 6 AEI F WIS AT WEA T | FEee H wWow wa QI
LARECEE R G R

®. WHww Iw 1 2 3 4 5 6 7 8 9.10




W HWOWT T RS,
24.4 gAFE war dee faf ¥ srerme

ZIAEET (Transects) & TRHIA W TF WHR & Agegul Wiz g < dar
¥ fieg T TR ¥ WA w1 U W@T W @ FeaEa fear e )
TRge fafy o ferfr ¥ emrras ot o v e = e i
# WueT ¥ W S G aiEet ® R w1 w, WA ¥ et 7 Rt
YR T GHEG U W6 ¢ 9w v 99 @99 # AR SEr @ WERK H
gt & <@ wEE H gt % e W

I AR ¥ A FHER F TIREE TERE T 9T € |

1. TEgt gREe

TE WE 0.5m H ST TS et T FET 8 F @ BR W W B
T 39 YR A from ot ¥ fred wmteeer gere @ wheemw 8 F am R
TR UF ?9 4 T S A et R W W 05 m w® T P =
WMITMW N F TR T 05m | 025 m F BT e faer g
I ¢ A @ TR W 9eEt TRee ' WY | @R ¥ AW e Wity
T A Y TEEW FR M forar ek It emifire agaar &1 Svider
X foar ST ¥ 1 15 HeX W W WeR ¥ gidaT W wHE w 9ga S
g @ A R, o e YW few wnn € R wmde whaew -t wWex
= Bz 2 frar < R, ek woase Wy Iitee e )

TH WA W B A A9 2@ Wha T R 79 WK W WA S e o §
areiq HIHT WA FT Tea ® | TR 797 ¢ 94 X &t & od-wet
frard fier W € | TefE giAET W o et ot i wet wh
Iyered aHg ) Tt gt | o ¥ il | sef st wad—iad ¥ ug I =
T wR Mt e e ey w8 ¥

T T & AR AwE

1 23 4 5 6 7 8 9 101112 13 14 15

fteft ®T AW e ® |
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g Zraee fafw

7% fafr w7 wwg At T Ak W wEew /WY w1 NS ¥, AT T w0
Hiaeeft gt $ 1 & 20 o1 Wl W W 05 m g W Fww amEw 3w
it ¥ Aww ¥ we-—g & R wrar ¥ fmewr whieaw w1 fa v
T TR TR GR 9 U TEE TR A A 9 et %5t fafiew wive @ @
W R TR o Prfe S w T few W ¥ e v i d et
T I ¥ g T @ o AR v IR R @ fea o e R
T W TRA TR fFar < @ § w8t ) e ¥ aiome gofa:

FaEaE T T | AR AR A HEE wmEmn & ger wgs w1 W
He-MeT AT T € ar 9% fafn wga It ¥ amer e Wit
et e glwe fafa & ot

24,5 Qg a9 qfiomy

g T tET Wie W Wew & ey % It war- w5 e e
Rt Wiy | o wfivite wF wrdt ¥ e ¥ uw wge T @ 9 6
TR A taw

24.6 qragfarl

o # TER welt ER WAt ud § fF wmiato it gifie @ Wi s
o fr ot e o et S e

1. FEI-FET WER ¥ W off 9 aar woft 3 e W 3w wwn ww R
A @A HRT 1 AT # Whit W ARy i dEew ey s
avgs ¥ aa @ e T whemw =t s w9k ) e @ i
e |

2. O T WYE W AAE ¥ I fae o sie e w3 waw ¥
TANE ¥ 9% G9H I9F YA AR | BIS ¥ A |

3. Uw @ WM ¥ aR-wR. wuE wd fRan o e 1 o @ e e G
o qgem ¥ et et qe Wttt wivia ¥ e )0 R
TR A |

4, WIF FA F INA A F afT g o T wifew =fE @ e ® ww
Y o e Wi 9 g0 e qear ¢

A=

R Iw W T R A amer fed wEe @ woa faie s 3 @

Ay wrw A= fafaw € Pl o /= 1 o fafe st g )



1. TRe iy, SR WO % W, W
2. wIgt gidse faf, qar i

3. WRT giawe fafo .
el TEm AT Wt qer Wit @ afifeior It IR T W
Tt wer W W A9, i wR e, wt afbetor s s e
w-wy Aftw vy o gt ot ¥ o s 9w 13 v fa aw wEmm
Pt ¢ ST I ITE HH A ey Tewe w6 ¥ 9w o qgw @
=BT ® 7 9¢ W wiaT ¢ ¥ A9F W vy im0 o awmwT S
W Fge AR SO W war witrdt S wivi gear W
Exul
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mzsﬁﬁzﬁﬁmmﬁm,
U qGr |gerar wr fawieor

qET

25.1 W&alEd

EEA LN
25.2 MEYTE STAI
25.3 19 fafiy
25.4 D& qUT QEhe
25.5 wEUn-ar

25,1 Y&EAT

TER WA K A9 W G ¢ F WIS W WA o vergq 6w v fwar
ST ¥ | AT g S % AT ey wYerE S W w5 S
TagetawT T B0 | W WA W MY STeUT i W @ WY H Sgedr qur
A T IEHAT HT FHT |

IRVT

TH WM ¥ 3 W a9 1 9 B WA :
o TAIST T WHT,

o Tw faffle s & fowt ww fofire wiivie =t <gear war wed &1 waw
M HET |

25.2 EYEH Wt

1. 9R g

2. T&F WX W @

3. 50 YeX o

4. TH I/

5. e W DY WIE w ok wF den

6. Tofraw auw =1 vt =1 e (S fr fros WA & frufe fear
o)

7. UE YT
8. wARgW T
9. QS 2W



e fafk Inr wieitwr ot
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LRI i | |

TS Wl ¥ TH WS & WeEd I e & g e safErd w W ¥
AR 9 TE Wewd T 3E W T WA TF TR ¥ 9w @ T 1 9 e
Wt g ¥ T wd w wAfe ¥ T et gfe atwar s ¥ g ownet %t

wafte ¥ +ft g sruar wft o Wi ®

mﬁﬁwmmwamwﬁmﬁ,mﬁwﬁm
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e =@ =1 wm =

4, o T O RAtem ¥ @ &, faew 10 fieft friffa @ ) o S w5

freififa wfta @ik i = AR | sweg Fr w150 F yw @ adam

F AR YUET AT ) sre-srem agg ¥ fEny

¥m 7 Agifew § 1 faeh Feififa o@ wifea otk 39 @t 1 33 awE A it

e @dam 1 famd § IS

1 3o g 6 At = @
2 6 YUE stdym @
3 1.0uM GA ¥ toul T8 3l 6. Yt st ey
4 LOpM GA & 1001 =& s 6 YorET st fiEg
5 tomn el T A St % AT GA # U a4 e

TEifewi = 200 W, w glaveme I W T dfsw 24 W g, TR A e
sifverr® foemgd (100 el 9@ ¥ 0.0 7 15 @it 0.2 1w K1) sk w1 WRifsn =01
fau o ow w4 F sefe (faa wyded B

Barley half seed

Starch-digested halo

Blus stain from reaction
between I; and starch

&) (&)

faz 9.1 =t A F wvivm wd A F ) ST R wed @) vwEA F AR K] ¥ 9w | e
wH R oam ' o E oA w0

9.4 uftumH

{fsm gmER F + T AR yaHEa WA F ﬁaumwolmﬁ?(w )
A= 9w Are w it

ueifew s afraq U gy

fod P —

Lh




ey wyd
1. TAIEETaA (non-treated) Yurgea siddia F wamiza # qern Yo addw &
TIASA @ FRY 3R &9 wfoms = ' wife
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10 2.4-D % T ¥ wigT-ae W 2o ghy B dar

10.1 e

Ty gy fromes A4 Ft afg ol frdma @ agEn 23 §1 2 Fomes §-witwm, fadm
2 TErEERE TR s (Sie teifes o (IAA) bl § =aas w9 & 9
o 21 e A, T wha oft wfermell ¥ aveiw W ¥ s ¥ orEe a9 @
J TR F SRy 21w faaa, wis Stawel § demm ok Sfean
firamyiiern & A& T@ e 21

[AA T TXF & TEEt woa A atfin) o st ' et fam o @
sk 3% fafirs aEwd & forg Ffa ¥ wm @ s &)1 sEwEtes pra seue A
Fatfw wm o a9 i SRR d 2, 4 -swRR) e s (2, 4-D) gw@
& TIgER IR % fau sae e o 21 wga 0 e § 9w gfe B agen
3 o w7 wEw A A B AR S 21w e g e i gern ¥ =kt o

a9 T el ¥l sfuw w30 ER

EEGRE

TQ WA ) W F Ig A
o i ¥ wHt- F afg W 2, 4-D & WG F AT F Tl

10.2 MTayues WUt
4 T&a =1 AraEe 9w
2,4-D ¥ ©rd _
¥AfEw (10 X 1.5 &)
5 fireh siwifs fave

TR =78 FeX

T TR

Harn

AfH g

10.3 =t fafu

. WigT-are W Affaa H g

(9R @ TR % o N FE @ AR A= w4 A w AR e 2,4-0 %
fafa=r Tl @ e fog )

1. 6 ¥ifen hfen ot i & aelt B wh feeet T @ e 3T gEEA W1 R
6 sifira Ffay iR o 7w =1 amifi R, e ok wmw fe wifww

9. 3 M T F 60 Wt TRy AR v H Hw Gfew wEE AR F fau @ =
BTA 15 WY I A Y " R

3. R TR =T (F 10.]) | -1 W WAl Bt s w wfe faed
9 w1 T @ 5 fiyelt Y T wd # T ¥ sl w2 s W oge el § s
i

4. @I W AE IR W @ F W TR 7Y w91 5 wF S

5. w AN A (1 A 5 7H)10 @S W T R TR T W @ Haw Fw F



forer T gy &t 1w fide | 4 fived 2, 4-D % sfaq wRw (@fedst 100) 99
7 frek 79 W e1faw V1% fev & v T O # Fwn fa gaurt 3
Tt FTT A B Aforg R IR 24 ¢ F forw o8 Fifag |

6. 2,4-D ¥ a9y 961 B UF Fald qq1 S0 A9 9ondl ) & &1 il

Rubber band

‘Wood block

fa7 101 : U& W@ 90 @E &2 & @
|, wig-ad & fafvy= am o 2, 4-D 1 gume

1. 6 ¥fem efew 39 W 1 § 6 sifeg Fifaw «it 3731 afgal ¥ fisex TR @
gifagl

2. 10 wig-=e difoq 5% 93 | 9| a6 0.5 96, F 6 Gl § wifen Th 1 W
F @S B THg Fitay R T ST Ay aw wn § ohn fF Wikn w §
T @z ok YWifsw 6 ¥ =ifm @z

3. o W 12ew ¥ TR -t firest T3 Ey ok 4 faelt wigw = 1078 2, 4-D
are e el =1 T8 TS ¥ 2% = 3% 24 ¥e % fau we dfsw
24 @ AR W W F dad T s @ ¥ gf sivga 9z Brerw

10.4 uftomw
2, 4-D % fafur= wizol § wiew-wire = warg § ofg

wg 4@ 1 2 3 4 5 o
1076 1077 10 1079 1010

D 8 ~d Ch

10




WANTEIET Hea | g 7 e gf
wan § gfs w1 oftem feforg
o 9§ gfg
—
T B ¥ WROmE W Ay @ g e A ool @i

i A e T 24 Y2 wRy T o ¥ aftwm
T W A ¥ gfg e

1

2

3

4

5

6

Aty oy

I & WH-=m # @ 2, 4-D § waitw 9fe oo 82
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11 mmmgﬂqﬁnﬂmm'

11.1 ST

TN 1 Fmie WETR ¥ ¥ ok TEed B uve A qF g S # ) WemEse 6
e A Age R Il FY orawen ¥ g1 ¢ A v fafae mend & g .
Tiaeg T, Tt (Pistil) ¥, affem # wa® (stigmatic surface) T 99 £
WHIHTT F UF T B WOTHE ¥ G [ F AEH W TG w1 WA, T
(Pollination) wEwwt ¥ affem W TE= &% wvem, TeET & o= (Ferlilisation)
¥ forll, T TR (Male gametes) 91 ¥9S 7% TEER ¥ fou TR w9 W@ T § S
I TSI (Female gamctophyie) ¥ feerm gTm %1 v form, I 4,
™ W siERa T $o e Fres £, 9 & s afaed seemd €4 W
TrererTd i (Style) & T g% ASvE (Ovule) ¥ 99 oAl ¥ Wl T THF qH
T o ¥ el Fie |9 e 8 S

TR

o  WIFTr T (Portulaca flower) ¥ afGwm ST afde 9 TR gU WIHW TF
TE=A ¥ fau mm Ffaw & vy = 7| 1@l

11.2  sayaes 9Tl

g o1 §o (Poriulaca ftower)
de-wHe (Lactophenol )
Fe =

Fmt

gis

wrEgd
FR e

Lt

11.3 wai fafir

Vo T F TR 9 Foe 1 W s W dEy Fd ® wgma 3§ afiem 9w

pollen grain

Stigma

pollen tube
Slyle

Embryo-sac
Cavity of the

Inner inlegument
carpel

(. Outer Integument

ovule
Pollen tube entering
the micropyle

Ovary wall Seed stalk or funicle

Receptacle

faT 11.1: @ e @ 9g
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after & wEyE A e i sa% TR A-d R w1 w F D a9 S
WA S TS W A-d1 e aw gew m Fif affem st e o 9t
U R 37 Wiy Fo e F1 TEE W Ey MR SR (mounted ) TR @ Frefa
R 3 e et B offe i fer = oo o 9% Tones S W h dmd (Re 110)

11.4 garor

MY Yy 1. WE € Feeedt g8 wWm el @ SfEy i s R

@Y yyg 2. WM Afew F 99 W @R gy sm gl

WY UYH 3. W Afeem #1 w0 awd € sk 9w fER 0w afida (grow) 2191 22

Aty guA 4. IO AR 9T S (exine) e sfd: = (invine) d A frw . fawm 82
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.................................................................................................................................

1. o @ areafyes TH A WL

2. vt 3 =) fpa il w6 =fEw

3, @RS T Q. vER, 3% fafren = o, B ffwm ot (potlinated)
4, Grrh @ aga iy fawmia 1w

- 37



ST HET 1) 12 eradtsl fa<g (Hanging drop) fafu & =i gro
TRITeRUT & ST St I@T

12.1 QT

o W ffi @1 £ st 7o ¥ woeE % ferg fafire o Ao wR W S W
YT wEd €1 i ageeie ddi § yeies TRET U WIS a1 T 9g B 9
2w 2 AT § afumia: OR agdematEi 2 € Sifs ddems @ 99 w3
e i ff T waE @ a0 W & (1) A @ i) st whfeem i) e
wEaad o (iv) Tdemyds agden u F av v o dtene] WG Sifwe o
T T F S § 9 R s W @ i std 8

T iy g Fifee § A favrer g ¥ fee wereed wges (FR i)
¥ v Sy 1w ST e 2 81 o ey AR St e o g fadica o
o ¥ oit W) T @ 9 39 € _

<t =IO TEAE SR ( Microgamelogenesis) ® # | Srafew wumeRel § At favre
Tra1 ¥ st T T wifrw B (Vegelative cell) 831 TF Bl SO S
(Generalive cell) &1 Fmfor gran 21 sifiswiw sl §, 7o Afaswm F oipon § o
= FiferE favifrs Bt 3 [ SINERT (sperm cells) @At &1 M w1 fafie
meT % gra afiem m vgE o €1 mr s ¥ 5 f% (Germ pore) g
=Fer Pl 3 sl aos 7 oEfe w0 F WM A, sfiem o afie 8 et
%¢ ym-%ra (Embryo sac) ¥ Tg=1 & o siw § dwmve (Ovule) H ¥am =T wrdt 7,
2w Fm # Gea ww= g 2

TH AT S} A % GIg A9 -

o YU-wUl @) falve wER T S #) Sl W 9gar Ao,

o T F e ) aftafe w3 A, _

. aﬁﬁrrﬂiuwmwm%mwﬁﬁaiwmﬁﬁtmﬁﬁ';

e wm =fFE 1w s (Temporal growth) &1 aftfa w2 ® =em 310

12.2 39y 9FTT

Sfemafran (Tradescantic ) S 29T~ (Impatiens ) *H T I
WS H

FHfadt wmsE

FHe T

4-10% =FE (Sucrose) = faema, 1% Aiftw v &1 faomm
s % for T

Rt

12.3 wax fafir

- % AT 1 AT Ot % fAq T sraeEt fig @@ (hanging drop
lechnique) T ¥ HE71 o3 Ted A9 @ 73 fafy F gro srdEt fag R F e
FU TR ¥ 3R FRt 59 T W1 T S06 W FON F HFW H ROIAT H

(i) WTewl T Heaq

T F F AR SR TR ST A e g e T e s e
38



gmﬂﬁmmaﬁﬁumammmmmﬁﬁﬁmmﬁlm sttt fag ( Hanging
mﬁé&ﬁmaﬁ%@ﬁﬁaﬁifwaﬂ%ﬁm,maﬁﬁmaﬂtmﬁw drop ) fafu % wat
;{ﬁ'ﬁmﬁt (fam 12.1) ‘ ¥ wrTR ¥

ST Y @A

(i yorasish fag AR HT
1. ﬁﬁ%ﬂﬁ?ﬁawfwﬁmﬁwﬁﬁmﬁmﬂﬁ@mm,%ﬁﬁﬂm
¥F 9w el W amEul ‘

s s Wuga mem (cullure medium) F 50 pl. F AR WEAVHI(ES T &5,
xg@’fg’éwraramwquwrﬁamﬁaﬁﬂﬁa%mmaﬂwsﬂﬁ
Bﬁﬁa'rfaqfa;tﬁfhﬁqﬂaﬁt%ﬁﬁmﬁ:%ﬁﬁaﬁaw-
fgEY or@ WvEm w Tk A A AR

1, R@fww % U 6-10% FHIS AR 100 iy 71 /<. DY are 1 WISA WA
¥ wran w1 wFW 21 '

4. mmﬁgﬁ'mﬁvﬁaﬁmﬁwaﬁwﬁmﬁmﬁﬁwlw
frei (Homogenous'pollen suspension) FR =+

5w faeias TF FW TETE H WEUE A FAE TS F IR E FER K&
=05 @ F5 ™ w0 gag fag Ffad ¥ nw ¥ Frafew @ '

6. %ﬁﬁﬁtﬂaaﬂ%%m,mw%ﬁﬁffﬂmmm(wﬁm
%mﬂﬁtﬁ%ﬁﬁ%_ﬁmﬁmmm%%ﬁmﬁmmﬁw
I wed & @) [fag 12.2, 12.3)

b Senliqg material

/ |
\/ d

T -
Fa 12.2: 7ird & ¥t W arerE! fag wags = v
g) HfaEt s byafaet ¢) Fay feem d) BIET ARA ® T T

———y

Failz.s:mwﬁwféammwsém

a) mdﬁiﬂmﬂﬁéﬂﬁaﬁlﬁﬁmﬁﬁam%ﬁmﬁm%lmﬁﬁmm
g @, 98 A@fEs (record) HU : 39



wTIer ST (i ) W Wi @ s
uﬂnmﬁmﬁnmwmmaﬁ%-m%%aﬁﬁ'ﬁmaﬁmmmﬁ
TEI A T A A T F fer @ F g W w seEe § 25°C menE
Ty

12.4 Baror afik uftony

i mve F AR Fine #Y ok 35% a1 o ol g ¥ sue W ame 9 ave ae
ﬁﬁamaﬁ'lmana?ﬁang_mﬁ'aﬁﬁmﬁﬁlwaimﬁwmﬁ%ﬁ31@11
ﬁﬂmmﬁaﬂruﬁmmwﬁﬁﬂaﬁmﬁmﬁmwﬁﬁmm
TA F S WM KO F afewl B oy of Sen wEy ¥ W wfeed el e
ﬁ@ﬁﬂﬁaﬁ'mmﬁ%ﬁmmmwﬁﬁmiaﬂtmﬁﬁﬁ
sifirfore 0 Afes &1 worm 7o Q) W gl = wvrs w5 (Faa 12.4)

Exine
Intine &

Vegetative nucleus

Generative nucleus

Generative nucleus Generative nuciens

which hax
divided into two

vegelative nucleus

Vegelative nucleus

Ferm 12.4 @ w1 & argron = Fafum sraeend
TR & W2 (/n vitro) ST 9 siHT01 & wiaoa w1 oTE

qouegit g A fra waa ' wfaea
& Hem FOl T e HUN Y e g ToT
y :
2.
3.
4.
5.
s o e s -




AT TET R FE QA G T A T B T B A s fag (Hanging drop)
fafu & w671 gro
Ty wyT 1 TR F) gt st = ¥ st

TEm

T gy 2 WM F0 frg TR 7 ¥ v ¥ 3 frw v wE s 7

I TITITITITITY

AT YT 3 O] REE (sperm cells) fFg wor PR= B fag, oo v wgedt &
aw ferafay wg=dl 2

W WA 4 %1 i g (self-pollinated ower) ¥ 8 ¥R @M %9, WM =i |/
TR S A% TEER WA €2 THe uF evw fafes enta =

0L

12.5 qraenfrar

1. T U %1 VS TG T SR 9O HO ] & FH §13 T ATE
- Wigdl % S0 §) T & T, WM F 1 G0 FAraeeies wis | 161§ 9
TET YR WA Uil Ft FEA FA@TTF T W T F0 B S0 FaveTE a0 R
T B TR i 7= Gugs W % U qc HEe SR 6 g 8l

2, M SO W) gewd wem 15-20 v qraeed &7 7 e wfew

3. I wfomm W = & fag mm w9 frae @ wS3e ¥ R w9 3 faafa
g wiEw)

4.y =t g anfie gen & o e e R waia 1fedl 59 @ 59 8@

5.y A A WA @ TER S wE B e TER 9 3 e
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13 Q;LUT% fawma =t falir sraemen’ =T SETEwT
Yo dersag RAPHANUS SATIVUS

13.1 w=ra-r

sl W § yor & fon, ww Wyl sk fafire W, 1w % w9 ¥ O #1 s
7w A7 SR el w1 s ¥ e & Fmfn ara gromeefie ¥ dtemee ¥
e ¥ B, Ford vemerw @it e B &1 et @ feim wmm w A e
2, S W B fasfm wm fadfe SR g w1 Bmie = # o wam § s ym
¥ fomra &t fafim sryeansdl 1 Frdero =07 7@m ) w3 | 1w @@ LSE-06 =1

THE-2 Tt 9T o

IR

T) W4T FI FH % A€ A9

o yu F fawra wi fafu= srrenei ® wwamw § ek,
o fgaiooslt (Dicot) 3w = wgwrH & wad ¥

13.2 3EvEs |9y

&7 (Raphanus) M w1 (Brassica) T 8ed=rg (Helianthus ) F A8, o B
farsrra w1 fafver aterm-o/em sl ¥ &

AT

T

famrey

for=o gavreed

L2 E DY

e 3w e

13.3 o fafir

Freme &1 fafim saeast ¥ oo o) feu @) 96T ©9 Ul $9F Genad W

ST X T} 1 TR ST A HFW AT W % FA F SieA 1 Bl F AT
T Ul $ed AR over- e fag o T owe ¥ ® T 91 3 SRve ot ¥ st
w3 3 e ¥ O F 1w g N At wss W @) Ave #) $e feer
@ 7w ¥ it vl g ¥ 7l A wr e W MR [ <o) TR yw A e wfy
¥ FRR 37 WA .

13.4 Frdvgror we fremd

fafir=t srreensii & yo % fawm F wwa erwf w1 SR B oM YT
= W@ sEensd % e =X

1) o = @R AEe

it) YW = NemEPR Hawen

iii) <t swerl (Primordia) 3T GRAMER YW

iv) & dieeel aren oo fasfan 3o

T SEE] S AN@ FAFY AR TR T A0t g A A A fafi sraensd &

el & Wy i BT AR T W &t it arferrag Sy o) gEw ¥ 4
T AR W TEY % Wy wifwg, T afs g 3 W ¥ 9, @ fe 3 e

Freeger gl fed T P.M. W @ ga )




Yot & faamme =Y fafu=
areramall ST IFTECAT THTH

43

fax 13.1: B yor & falu= s



wehTEITET MreE 1N I AR yigyE F fafr= steeenedi =1 3@ foan 21 e w1 Wl w0 v S
_ry uy 1.

o qu @ wya i w fafea At omEd v oW wei | m E
formg v o e B §2 '

Tt ¥y 2.

Tty 79T 3.

o fam e B W w1 et ym @ e w1
€2



14 Fofhg derzad s Q{U'IWWT eht THaRTET
14.1 weara

s Wil ¥ fasraia m ¥ fag dvw T yom B yord, ffFRE &
ey aal & i stfueniye: frgfer e @) Fai-Fedt fammeria o F gr v
T I FR feran s &, aren 98 o1 A A 3frem e # ol o F hm
yqor F gfz ¥ Te15E o 21 5o wfEl B e o faiw g W i Fwm g
for& ST (Haustoria) F&a &1 A SEa fafv= w9 § w9l g femia yo
¥ foau survems wEfE o=@ 81 5% quw = fw farie f (Chalazal end) W
famfoa v ¥, 95 Femia e wzam 2 au A dmvsgR (Micropyle) & fat W
forenfaa g0 €, o7 dioTvSEH) YR wEQE &1 $9 9 A gEEim < fad W
fawfon Trm ¥ Fpfim denaq ¥ guw furita f w fomsfad g 81wl o
¥ (Nuclear) TR #1 g €1 frrfa fo w <3 Afasmsr Tasin 9 fGwm am
¥ foms fa worg % AR w1 A B

T4 & Y FH W gl AW LSE-06 HT TPE-4 Vel TFR | TG |

EEGRE

T GO0 = HH F G A9 :

¢ YU T W) WEEEA § a9 SHE 509 R Hea B w1 s A A

wmef B

14.2 39y ATHIT

faredem wamei

o ,

FFAr Gemaw ¥ 4, W 5 fawm 3t fim-firg daensds § 250
1.5% JFNA

fewe iy

wEsd

Fax e

14.3 wam faf

AR FHAT Venad F A frg AN, FfE TwY F1 awm-sem garnd F wn

1. <9 B o AU Shedd § WeTaE 4 @ Wi § @Ifay, @98 o oy %
fwriia fa W S T, St W O $ YIEEE gEE H S@ T

2. S w e ok g F wEr | 4} A P difag ok o T T W
W s s B geuE 8 e, R fF deser W e fem
TredR Yo gefaa w1 Fraria fR R SHReT (8 (cocnocytic tail) S R
A @ W TH A 2

3. %am@mﬁwﬁmmmmmmlmwmm
TRy ¥ Hav 3R guwm ¥ g e @ e s

14.4 frieror

© 9 e 1 2w WA, fomew G e Tienen g qen sed e g s
FAFTER NI BT ARTFTHR I, SEfv W 215w v ® wee sife s
agaaﬁﬁﬁﬁ%ﬁmmfmm‘ﬁmaﬁ'wwﬁm%auﬁnwﬁﬁﬁm .



wohTyvEn A 1]

embryo

L hauslorium

I Aems B 7 &R A9 I F T B
[T WY 1,90FM F T A T s (Ploidy nature) w1 §?

ﬁr'umz.gwﬁrqﬁ-qﬁyﬁ'mmwﬂ%?

B WP 3.9TNUIEE S[EHT F FT IATE Ao

14.5 QraeA

1. yurdm H) ym R U Giea w@ur § ey e 6 9 @
s W ¥ W Wl i "

46 2. FEw o g i wRs amfus T A @ s



15  afgasts del & 70 iR Wiel THeh i W &7
A

15.1 WEIETT

qwita el ¥ e s ¥ RIT g F QA T o, WM B qw e F wuf
frmm = arawEm G &1 S o o q@ whward, it favew ot g w6
Hem Bt #1 sifgR favrem % gr, ot greare a9 TR S we | w5
2t & o sur O PR ¥ o0 T R @) aratas e 9o e
T & ' :

W I qu SR, 9 N € Qaeena aete gr fafie wtmedl aw frem
F argensl w1 Y@ W wHa ¥ AgaEe] G F Al e F avagd 7 gaeRe
et Trwel i o &1 wR e gremell A 919 3w v Tga w6 gived
2 &, FifE 7 9ga 71 9em B §1 39w sifefew grawigfic Saw (Gametophytic
- lissucs) STTY WU ¥ =eoTeefiE, S ( Sporophytic lissucs) H e TEY €H W
#1 ar: T o T grERe ¥ AR wEeE § N AN Sfus w8t |E |/, I
fams = T T &, Sa % LSE-06 =1 gard-1, 2 ok 3 § afvly fawan wn 21 va
79 ¥EATEEE F1 e F7, ad a9 3EA 5 A §EA, s W W A
Tl O T frerdt | 71 Sromet ¥ fag 3w set weR IR, o R 3 W
wgE B fead gedt ¥, 7 fi o 9 e ¥ fwrd T §

Seavd

T R R TRy gEERive w1 3R wREE H 3E F AR oW

o T PEEAIIHE - I PG A1 A TAREHRE - deE H Tl F-afa FH ),

o W FESCHR % fawm w wrernR # fawm avh w9 7,

o WM wW & WTEN F faa At = °,

o fafir @R ¥ dromee] ¥ s 5 1,

o yu W F fawg F fafir= swensl F wEErT SN TE T9EE YORT S
FE = g T A wEed g

15.2 3MTavger WEUT

W L gAY Tl AT ,

1. T aoa (fawmvia) WrEE i Jg $E (T.8.)

2. 9ILF (Tewad) H W TU RIHIE S I FE

3, TUM SO W S g T9Eh TR hi STIHET FIE

W : ATET YIS HT AT

1. fﬁfwm%aﬁwﬁaﬁﬂﬁﬁ@maﬂaﬁéﬁmms.)
HozIyM * fahm F1 YEST S THEA

e |ty (Megaspore) T Fft = femifaw saen

% dtey F (@R Tqe® (Lincar Tetrad)

5 $=H YO S AT oS

AEEHSHA YO FY AEA AE
I YO BT D T g AUS 1 AFEA Fe

-] < v B W B
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8. YUl & MAHER Haee

9, YU H BIATHR FATLN

10, 798 A = Y HHER FT YW
I1. S ST H g9 g0 a9EE YO

15.3 g fafir

& T Wf werEE %) vrE® Sfu, 3EF ww 9 fafee omw 9l @R 3 W
feait fafay) '

(Ferdil 1 36t wR =R S o 3R qasedd g0 34, feam ) A A W)

15.4 frieron

F T GHHIG WG T Heaq :

1 a5 ( faeaTayiie ) W &9 AT JTIE F1e

1. A% T& AFHIHE, TqEHOIE (IR FH aci) wW=0 2

2. TOY =R @y A afrEl g € 6 T sered] @ass Saw (Connective
lissue) 2 % W % qag (Filament) 9 @1 @ &

3. WoIw @Y FIOMY 9T % HER M ® Ao S0 (Sporogenous tissue) F
oo T T g6t E1 R g g s a €

Exotheium

Exothecium

Endothecium Endothecium

Middle layer Middle layer

Microspore
mother cells

‘Tapétum

fa 15,1 wew Faspraeie T Fig w AT w®E

4. W @Y o] [y FIVERT W M E9 A SN, 99 796y (plasmodes-
. mata) F FR A9E T G2 wdl &

2: TEEH! i EYIAT I UM HIY hl I HTE

|. g S 5 % SRA WG w5 e ¥ wre agem am g

2. mYT S/ st R e § el Fmum: = § end #

3. mhﬁﬁaﬂmaﬂmmmﬁaﬁ%mﬁ@m&awﬁ
famrfan w £, 1 fF 9% <o © fe F swvem § R wfea @ E

4. arETehtom #1 ST (@S W € 9o sieeehtEas § wisEEE (Fibrons)
faerfia 21 50 © iR T a€l AT 9FrgE (Vacudlated) «f 21 9@l &)

5. WY AT S % qvAE Aqel w1 G g gl

6 @ A @i fadfea (Differentiae) 19 & €, wafes 9SS € 9 w0 ¥
Attt Fefaw fafs (Callosic wall) & 1 wq #1



atvgaen WUl % T AT ey

. Exothecium

Endothecium

Tapetum

Tetrads

fax 152 :agwaﬁ'aﬁ&'@ﬁgqm_aﬁu#aqm_m('rs.)-
. G T WY QAT 3N TGEH YT HIY HI ATFEI HE (T.S.)

i @mﬁmwaﬁumaﬁmuﬁg&ammolmqa:awm(slcnlc~

tissue ) 1 ETS B &, P daE wEd ¢, Foees Tl a6 T O 90 S
e g B

} @mwﬁﬁfuﬁﬂwmmtvﬂ%mﬁ mmmaﬁ'\aﬁ?
T WG SaedifEan =1, o spere 3 TYT T AN TH WA TEd F A B

) %ﬁﬂmﬁﬂfwﬁaﬁmamaﬂw%mmmaﬁﬁmm
T A Y A R H i 31 wrefuw dten, SifmmEl ® @ W@ |
= e B, ﬁuﬁﬁﬁwmwmrﬁFﬂ?mMWtamm '

AT e @ A e g mmmzﬁtﬁmzﬂwaﬂmw( Ao
aqﬁmmmmﬁqmqamﬁﬁmﬁmﬂu{ﬂﬁmm £

T T T A S, e e F g m A (Haploid ) @7
e F TRE, B W= ¢

‘ R \N!ﬁﬁ?l".' ﬁﬁi‘ﬁﬁ\v N '
L W28 .

\ ‘u‘l“é.{\% ﬂ\, W@ @’0{’ Fibrous layer
‘1.9\\\\' ;J:.'ﬁ ..f & q.‘ \.‘ Epidenpis
R ey o SR

g&.}&%‘;& ‘5 f"f ¥ l‘.."-'-th——h Pollen grains
(L .Eﬁ =
3‘9.‘0% i G :

Y M A 1 .

W ) e = Pollen sac

i’ ) ; Connective
% & t.';';?‘
//’/ lim

fax 1543 : ‘Fg-"z_-l(l)chiwgnu)Eﬁt?ﬁﬂ@mmﬁﬂiﬁmlw('I'.H.)
: %‘laﬂﬁgzﬁwmaﬂmnwmjﬁwma
. Y =, ﬂ@%ﬂﬁ?ﬁﬁiﬁmmmmol

g v 2 s e 0 faafia 2 Z1 @) wiaw FREE (Vegeltive
cell) vt sferpn ® 7 T £ o BT s FfweR (Generative eell) € #R
favmor ¥ m?ﬂ YR (sperms) w W SEl %
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Exine

Generative nucleus
Pollen grain

Tube nucleus

fa= 154 - T & m
9. WM HU H T WE B &, <X A 37d:9% (Inline) T 9ET A , qTE =T
(Exine) Fgamdl 2

TS TR T T

1. fafv= wehr & dierret &1 femw gu ave Wi F ot wre

i) ] (Orthrotropous ) : ¥4 HINTVE ER (Micropyle ), F1smm (Chalaza), wen i ¥a
(Funicle) T dlsi @ & g €1 9eret : S ( Polygonaccac } 37268 ( Urlicaceae )

i) WA ( Anatropous ) : S <t g4, Fram F = 1 A A ( Curved) ®le g
fored 76 Aiwis o1 Fa (stalk) T R FF 900 3 (1291 S SSHEER,
dITgra™ (Placenia) % e o s ) S faresd (Sympetalac )

iii} o ( Amphitropous ) : Bkl HeUE = agﬂ?i A4 (Longiludinal axis) -
dSiega & FEHIT W A T suw wa fAam ok iz R o S Ya §
HITTSYa F THEI R F00 & ISR ; BIEEmEH (Crossosomataceac )

iv) @% (Campylotropous ) : 319 dieie, §0 R W gF * AT T E GH I Ea
¢, fwa % diwie gr, fvm s diwie g ww wm e wm E ) Ser
“mfsuE (Chenopodiaceae)

v) it ( Hemianalropous ) : 558 @ieiie 7% 1 TSI Ao ANIE 9a | W |
% FCE 71 Fram iR disiegr o Skt T § o #1sewm ; fEer (Primulacene)

vi) Fefaa ( Circinotropous ) » T09 9 g4 TZd A FrA] B, AR AT TW TER .
360° & Fm R A W 2, faed 9z @ e iemd § Aenee 97 @ fw w6
S AMUEgR R E1 9§ IT  FRE (Cactaceae)

Mfcropyle

Integuments

Embryo sac 8 i /
Nucellus /
Chalaza O 'Amphitrn pous.
Hilum

Anatropous
‘i—FunicIe

Atropous or
orthotropous

Hemianatropous.
Campylotropous

Circlnotropous
w155 : fafu= v % dreme

2. dieus % faera @ wyRhine v

1. T St witfire sraeen o, diemvesm (Nuccllus) #1 w6 SR, % Sy |y
HIferAT (Megaspore mother cell)} F w7 § frefaa &1 w6 21



2,

L ¥ ]

7 2 ] ; it & =T 3T A
e AT I ST AUTHA TS AR, T Fiferet-5= (Cytoplasm ) argeeltsht Wt
gﬁwgmﬁmwﬁeﬁ% ORI U T AT

. T @] 2R A ( Archesporial ) i, D € e drone] T I W WE IR

SO T ¥ e A R B 50 R S (wall Lissue) R i e %

Nucleus Archesporial [nitisl

Fax 15.6 : T WrifuE wUHAS

3. & Sy g it @ st e

1
2

3

4

1.

2
3

— N

1.3

R FRER, T % T T fen w6 E)

: aa&@ﬁwﬁmmﬁi‘aﬁtmﬁquﬁmﬁﬁmﬁmﬁaﬂmﬁ
WE WA B

| T @ Sifiell | ages = friw g 2

Primary
parieial cell

(megaspore
‘mother cell)

farx 15.7 - 7% ironuy T e ( fpemitfrata s )
. TE SO F YW S
R e ATy ©F Yan ¥ srafend W El
. ﬁmﬁmmﬁ'ﬁ@aﬁmzﬁm%,ﬁmﬁ?aﬁﬁ?ﬁwﬁwﬁ%l
: wgmm&sﬁaaﬁmﬁﬁ:m,ﬁw@a@ﬁﬁﬁﬁﬂﬁm%.a@w@u
- g - 3w faefn B E

‘ cgeneratin
9‘%?9 3‘Eliﬂslmr'esg
%5.“! Functional
N - fo" nicgaspore

e

P Megaspore Tetrad
Fery 15.8 : TG dTTUgad @ YUTHR TqEH

. Tohw o7 FE e S

. yu I A R FF 3N F

3 9 FRF FEEA 16 AN F ¥ F e £ T ¢
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Wiy e 11 3. THE 3% A Fe AT € 9w ¥ N A F 91 url (Vacuole) €13 F W

wfify =1 7% 9 oW E -

Degencrating .
Mcgaspores .

Binuclcate embrya-sac  fory 159 Fgéﬁﬁq AT T
6. wﬁaﬁuwaﬁﬂmaﬁﬁ,:
Tl oW wE § uR R g e
2. < FxF Hr R W a2 D deisgR § W sien w E
3. Wﬂﬁﬁl’q‘ﬁ-ﬁ?mﬁ?ﬁ%l‘

4. diwisg F KR W = g E Feel F oraN Sd W wed g1

Fas 15,10 : O SH=eia YT %

Four-nucleate embryo-sac.

7. TUER YU B H e we (L.S.)

1. U@ YU S A AN G ASiSEM F TF Yaet Wa § fau gan g oSl
e § fra ww

2. Pk FEE gR W W ST FReR ¥R ¥, W W ASigeE e w2l
3. 4w @ ¥ fRarim fa wdm afeemaia (Aotipodal ) ifyerd gt

4. A F=F, W 5 qdr F=% (Polar nuclel) FEEm ¢, T @ € 3t IiF P
A d am § frd 9@ ¥ e ffed Eww o 2

5. @ ¥ o T AonsgR w1 T 9 Wd €, A wive wY==d (Egg apparalus)
7T 2 fored ©F wve ®ifyE wA < Wem wifeW (Syncrgids) R €

Embryo-sac

Antipodal celis

Embryo-sac

\ I),.Nuceuus

Endosperm nucleus

Egg Egg cell i Intcguments
apparatus or oosphere

synergids

faz 1511 - yor =9



. g TF RIS YO 3

YOT &} T JHaw ' gl dadi & =T st wrer
qrReIafig @ R

. iR T iy §, Sife free (Suspensor) B0 g1 T L
. et 9 anferd B Tga 99 A A ol ©w S SR R (Bul-

bous base cell) T 21

. Ty =9 g anur HifyaR, diemvs | aﬁvqmzﬁ%ﬁaiﬁqw?ﬂ.(sucking) s fe

= T W W TEER B w6 S0 & S fE YU @ A e
SR R T A9 ur B § o T s < e @ e f wd ¥

Integuments

Megasporangium or nucellus

Embryo sec

Remains of ecndosperm

Early embryo
Suspensor

. Antipodal cells

Basal cell

YUT i FEATETT AL :

. yw ¥ = a7 v g1 o & -wfiefim stwan == 93 (Dermal syslqn), Y

sy M@ (Ground system ) 31T avafta saeren weER 99 (Vascular sysiem)
freeR (Merislem ) e Sa® w7 (Histogen) &1 Fmtol Ferd o 2 A R
ol 2183 i B < , T @ fada 3= (Elevations) feam 9T o F
ST (Primordia) ®1 9 &1 3R =1 afg & w90m =2 3 Wk § R yu
AR 7 W 2 '

. YOT ST T AleT o THT HATHT :

. TR ) GTEA SWE @ FOHAA T 31 AT T F s A o §1 Fw

¥ fge B swfusia wm yqu F g ST H e s

ite193 ( Colyledons ) TSR (Hypocotyl) 3 afirs @9 B @ § S T g
§ arfiera (Adpressed) @4 g

ST T S siw 3 W % W favE® (Rool merisiem ) H ST HETG 7
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YT 3T 11

Integuments

Endosperm

Embryo sac

Plumule initials

Central cylinder initials

e ﬁ T —— Radicle initials

I Suspensor

Megasporangivm
ot nucellus

Basal cell

Colyl:don

Position of plumule

Tentral cylinder

Hypuocotyl

Radicle

Remains of endosperm

Suspensor

Megasporangium or nuceliur

Antipodel cells

Basal cell

Integument

hﬂs.lz:\[wwmam&;ﬁmanﬁ



ﬁuﬁ'%,ngmﬁam,gmaﬁmﬁdwm.s.)aﬂﬁﬂm,gwem“aa
{floral diagram) =1 ferx == qen T A (Moral formula) =t dra T LT ¥
i for 9 ¥ A ¥ vEeEge S Y@ €

) fex

@@wwmmmﬁmmmmﬁmmi{ﬁmﬁaﬁwﬁmﬁ

T v el famrd @ w6 (e 16,1, A) N9 TW w HE A, TR A A

il § FRA F 9, Fofaa S aifEwl o8 w9 3% (razor) F = fE@ wm
%, qd (pedicel) § HHY BW Y, TH F M (abaxial) ¥R ¥ 7or § w1 fafem
mﬁ%lmgwaﬁﬁamtﬁﬁawmwmmﬁ?&ﬁﬁmﬁ%ﬁﬁrﬁgm
(mwmﬁ)ammﬁamlmﬁwmﬁamﬁ%ﬁm,mﬁq’fuﬂwﬂ'
¥ urht @ S F framt s frie w wet € (F 16,1 B)

CORDLLA, FIVE PaxTY
AHTHER STAMEN ™ i
ANDROECIUM OF . LATERAL PETALN
FILAMENT| TEN STAMENS  LAROE FETAL {8). ]
5 AXIAL
EMALL PETAL MALL AD

AMALL PETAL

J

‘ BASH OF JEFAL
OVARY IN CENTAE,

STAMENS ATTACHED BORND AROVYE ALL

ANDUND AND OTHER PARTY,

BELOW OVARY A NPFERION OVARY

SEPAL

(CALYN, FIVE PARTS)

A B
Fag161: Aol gwa-rrﬁﬁlliuanﬂgwwﬁa,mmgwlfarwunﬁ'mwﬂﬁwam
HUsTYr w A v @ e T

AT 16,1 : qo1 5@ § 7Y® ¥ A T (symbols)

qw T T A  wEE

T® A | ©

TR e S~

LIS P

afted §91 (perianth) & 9 T T THH

(5@ Reft < (petaloid) T

u fa=ara (aestivation) ameE A e =

<dl, ATgedl w1 9es Hfereare

Harw (connation) \;)»] fort TR ot T BR1 93 7
YFER (stamens)

afgqE)/s=T & AR (inlrosc) o

afeqEt/AET =] A (exirose) o

TRl w1 wAeE

R (anther) TEA  (Nilamenlous) AR,

(g%l Afa® (staminal wbce)] AEe

Yeed) w1 "awa  (adnation) AT

(cg. TTE™  (cpipclalous)

atgg (carpel) =q TR & fafy Fifeg d
WA (gynecium) Fememm ¥ T.S # fE@l

5 v fdrdt ( Dicot)
7T TEEtaast ( Monocot )

G T A
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AT 16.2 : To1 G ¥ WY &4 AN Welteh

Tox T e fafrgarn LLiEs IEIETHT

waEfd  (symmetry)

fo==1 wafmm (actinomomhic ) ®

T =94 wafqd  (zygomorphic)  ele

oy i fem

el () g

FHRE (W) 9

vfeTt (hermaphrodile) 16_' -

gREd g (calyx) K Ks = 5 7T €&, &

TS (corolla) C Cs= 5 g, %

TEETS % WM P Ps = 5 Sfeys s, 0w

(afs aft wmm €)

A7 (androccium) A As = 5 {SW, TH

SHEIM (gynoccium) .

HUZTYMA S N & FH G Gy 3 HUSY A7 WM F FW F)
&

AU A= W & G G, = 3 3vgy a1 Wil &
F#TT (Conation) HIgH Ksy = 5 Waom =14 o
Fea (Adnation) A wEs C3A; = 5 Toem Yl

VI F1 STHTY " o A oo = THTI F 3T HE&m

ii) ga:raaﬁ-é;

W 9@ 1 faw, Aga sl 0w ¥ uW F fabm ami # den aa s
gawdl &1 femm % foa fon swan &1

WA B T W T WiEl w1 e 16.0 B fmmn e #) T quR oy %
fd fowd & o1 =1 @ ® aen w5 9E (brac) § fA W gw W wuialiE
(sublend) @ 2. F ford vt wige € 139 S & W § 9w =wR (whorls) 9
F wml F el ¥ Th €S9 awaed {9, gags, gEn 9w S, S o|R 66
T (concentric circles) % 9 F TR M R 1 R T aw R & TH A
Afus w3 3 W s ga a5 ARk g3 F 9 oam FEER (spirally) §9 §
erafim 71 @, Ta % I g9 W AVIRITE (superimposed) FT & s
T v % ford wdtel @ (arfeet 16.2) w9 sirg fomn a2 (faa 16.2) it 9=
Tl Twid § W 9red T 9 ey w1 YW o, 9Fed % ges w1 fam
(AT W1 SR S AELT FI AR), [THA H WAH YT GHATT A RIBHI
(loculi) 1 W au feufa, @ T 3TveNE Fi IR T (T.S.) T demos=md|
v qR A 0 Em (Fa 16.2) 73 2 39 7w & srfuerr Tl 9w

i) o A -

T gF [ & H0E @ weli T w1 O o aie 31 qE § Teen s s
2 fir qu Froammfim § s ©F onw i @ qen FNOSHE YERL T FETE AT
2 wmfra € s fad gem sue SiEm € 9raes 99 $1 K 9 a9 <oy
1 C | wefiia frmn S 2 aen areneell st <ol @ ween oAy few s R
i AT AMA T 9 U Z1 § Wl WEH W wiegw & oret faan s g
ufteeyw ¥ fou v P @ v fwan e @1 (R A @ femmd s § awn sy
F W FI, 3T WM ) TSR HR T AW o T TH HISE AR g9l
ST €1 SmEm F was G @ weifa f s € g oreswi w W 1 WS &
are T bar A F WE Wi @ w2, 3R senE se (superior) ¥ AR
sTveTE 1= (inferior)) & @ T@ Fw =1 ave @i o




il.

T ATuEt HY I FI ATEH YT ¢ m%iﬂmazg
T ol gT 4w 2

ot ot faestad g1 @R 81 WgR (Plamule), 7% fafers it g@ms (Rool

cap) | @ wma ¥l

Fuwh 0 F FIGHN Gioa 97 g F 6 § " wui (Siarch graing)} A

stfdfa =t oR €1
59 arareen F A ot 81 W § R Y SiFT 9% F fA Y9 (Dormant) T
7
! Plumule
'. Seed coats developing
A i from integuments
. . Hypocatyl
- = ] Megasporangium or nucellus
it ==
' ":-.-"E Cotyledons

Central cylinder

Remains of endosperm

y ) Root cap
. Antipodal cells

Remaing:of; sadpensor

Basal cell

Fert 15.15 : S =fieredi ®Y wwien gan w@ww o
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TANT 16 : 9 U@ fgatsrast (Dicot) 9T Tehs=as

(Monocot) T T NLTAT

16.1 WETETT

quitg T ge: S e W ¥ oUR W A fey W #1Y wim v, wifs
TR R T 9% WA S & f 9o WA (repoductive structures) faeT ¥F M
PG F o GEA F KUG FW IN A T<e €1 TF TG B AFEIA-Sa/ A
(flora) &1 Teg @ Wi 1 Fe=rm # o gud g wifeq au w0 & w@ & fod

aga foeqa aAE] T A B REvIHal B 81 afiewin we (orms) ST 10

od Fanel ¥ wE ¥ A weer ¥ uge R A €1 9%, 70 39 W@ FOl (familics) F
SR T N G ¥ T 9 4 8§ GF 9 (specics) ) famm € afvfa fam mn

S5

T TTH B AV T H ae A9

¢ T ETl & wIE W e H,

o faiorTi qwr THATaTH Fai & 41 T FA T,

o el gftha fed w1 Tl & iw F fimmedl = Fwt 7 w9 T

16.2 3TTavIE T

A. 3afay F9HEER [(Ocimum basilicum (TTEED]

B. ZImesd FEE (Tridax procumbens (Frafsii)]
C. TFEY eran [Pisum sativim (YOTGATH)]

D. HrHT SFFA [Argemone mexicana (WIEEE)]

m

YTAF O TRNEd |Ranunculus sceleratus VGESH

AfgaT FIURET |Brassica campestris (zga’rfhﬂ |

arear faeafied ((Malva sylvesiris) ATEaH|

aferam & [(Alluim cepa) TafeTdl)

e a7 (Triticum vulgare) A

7ol g e fed '-.ﬂﬁ el A, WIEE g, fawded yausel (Dissecting

microscope).

g

T 0

—

16.3 wa fafy

FETRr- e/ R 1 9 IEF $ AU 4 v, St 9iY ®Y WA (habit) ¥ iy
e e b grEel ¥ gl fagm W naf| §1 w@ s § wenem 9
TE (ype) ¥ AN A R (3, WE, AW @O (climber), W, WA T FR, A
Ft wfa (var/fao gen, W, a1 gan, o), wivd &t engfa qun s fa=m,
T (inflorescence) 1 TR, T00 1 T q91 Well o RBR/ATEHE 90 & el
{pclals) 9= =M™ el (sepals) F 7= fa=ms (acsiivation) a0 Hramre=ard (placeniation)
¥ w1 F AR ¥ aEEd miha g

woft el B 7 wwE, T sitwefia wiFan & R oy W e




Tl w1 AR

%w wyw feetrat ( Dicot )
wu yEEret { Monocot )

N

@
(@

)

9900

‘@
Q

llﬁt\

Fa?rlﬁz:m[-‘ﬁan'r(15.1)ﬂ‘&iﬂﬁwﬁaﬁmmﬁr&§qgwaﬁumﬁnfm,ﬁmﬁlﬂﬁwﬁﬁm
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elTreT ST 1Y el fe T o, el ol il % TR Y W w0 W o A
Gﬁﬂﬁﬂfﬂhﬁ?&ﬁ%ﬁﬁlﬁzﬂﬁqﬂam@ﬁﬁwﬂﬁ'ﬁaﬂwfmﬁaﬁ
T ¥ R, a0 3 w@ wo F syl wia-dem {cross-scclion) =Y &% %
m,ﬁawﬁluﬁmwﬁ'mmﬁamﬁaﬁﬁmmuﬁwmm
I F wiew ai @y feen T #) '

16.4: friteror
A.SFATE (Labiatae) sitgitam duffiram
et Fe agedl s W, Wiite wre A, 39 guhua Ty awh v

g HerEl oW yifEa B

T i, wwta, wfEa, w0, 9, 95 ¥ ®e o1 wreE @ o 2, 9k
a9 g B

Y L, 7 Sl (ex-stipulate), Tofta (peliolate) woiqa dmgwr g

¢, fawia 7o w1 wewql 9w ww €% vl 4 Yo ofed
ot &, fY mae o W I A e ke Ty freed #1 e
o3 (smooth), FfRm (acuie) Y (apex), frifeame = firdta wrcht

T4 (Unicostale reliculate venation) 21
THFR:  Fe T (Verlicillaster) Sfa (6-10) T & =% 21 31

e drir frd g Tord, T, w0 sl e, aed wew, o, R
{biscxual) , HArsTATR (hypogynous) zrm &1

|EAGAYST: W, fgliat (bilabiate), Wqw wTeaRsh @ & (zamoscpalous), THg®,
TBarea 7@ (faom) o § w1 3@ 2, f fifwm, @ s wie
(imbricaic) gt 2|

TS Sﬁwzﬁﬂ,ﬁaﬁaﬁ,ﬁnﬁ,maﬂa4zﬁ%mﬁm%m@a§
Fen g fififa g §, e e wie  F frg g s o
fo=mm T w1 2

T R YFW, T Y @GR 2l T 2 fget (Didynamous) =mfa
T @ 73 a0 QA o) T2 A GHEd ¥ A sm STy (antherlobes)
a I (fertile), B1e Aell § A TEN 1w @ g g FEEr T
(separated) T ¥ -SRI Y I € ¥ awn fraen a@men dv (sterile)
g1 &, wrTa (pollination) ¥ fafit (lever mechanism) = wom ¥
THT STEERTE (exerted) , WOTHY 37135 (basifixed) aem 3 ], gy
IR AT Bl B :

G fesi=di (Bicarpellary), €tz (syncampous) 551 HUSE, S 4

' WerLe (loled) Aen 4 HEF (4-locular) Fawee (false seplum) & famio
%Wﬁﬁﬂ?ﬂ%lgﬁ?ﬁaﬁ‘zﬂ'ﬁfﬂm(ovulc) g 2w
IS (axite placentation), Rl (style) & e WM
(gynobasic) Tt B

el B3 (schizocarpic) . elwer (carcerulus)
o = (%.f. Kirer, Cavay, Azez, G

T & 2 99 (gencra, TGBIT (Lencas), dew {(Mentha) aHfear (Saivia) |
' qen 3727 (Nepata)
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%w v fgderod ( Dicot )
AYT waEtaat ( Monoeot )

Tl @1 AHemu

BPIPETALOUS
STAMENS

UPPER LABELLUM
(COROLLA)

A BRANCH :
WITH TERMINAL INFLORESCENCE

GYNOBASIC
~ STYLE

LOWER LABELLUM
(COROLLA)

- DISC Kol

PERSISTENT CALYX

NUTLET

FLORAL DIAGRAM

Form 163 ¢ sl AT % WHEE NI W T ey
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B. wwaifae] (Compositae) SEFT TieEH

"ilq—Tﬁ{:

g

qeq hH:

H{-qWch

el

FASECER
fora qaen:

Tgad] wrw, w1d uft (Waste tand) T @T9aaR (weed) i wifd 3m gam
w2

qEA-F q9 T B
W, FHAR T B, T, ITTER (Cylindrical) w21 319 e B

w54 (pedicellate), -390 (cx-siipulate), W, fawdta, g arean
wofed (Lobed), THiAdd ae1 Sfeieige Suifa=amd (unicostate, reticulate
venation) =l B B

T4t g% (peduncle) 9 T TF (solitary capitulum), fawmg=nt
ford SifweFeR (ligulate) 3R-T%  (ray-florels ) A AfAHTHR
(wbular) fa=-go7 T@ €, 99ER (campanulate) TR (involucre)
g1 U fgifaas wewa (biscriale braci) TR &1 Ul ETE (rcccpmcle'
convex) eI #1

¥ TFEX F I Tod U oR-THF, GSF HI IR H AR Fe1 TR A
fara qorm =% =t R TR F

weafyw wfea (bracteolale) WEURRT qach faeeiM1 (membranous) @&
Ziefer (persistent), o9 Trafim, Afawmr qen 3vafeit
(hermaphrodite) B R

Fga 1= TFa (reduced) ¥ UTT=3 (Pappus) 11 wafvia &3 &1
5 T, I o, Terwmn, T AR T H A F

5 §&ER, genatvil (syngenecious), TR %, T (epipetalous),
TR, FfRTE B T (auricle) T BA B

feeiedl, 9@ =39, fm wogvmE, HHEE & Aud (basal) wtomvs
wiEa, afder gra &< W Afae ¥ ToRd g3 afdem (stigma)
feefaa e rges o 2

faoian (cypsela) ez, Tmges, MR (bristly) TwTes wfka g

Qe affa-wgaiyen faeam, 6 sam-gafaa, wsic, @ au
AR (3 - o) g B

Tmges, Taes R wEdA g 2
frenfaa, d9@ <o, stfiymrer, go det 7 51 g 31
arqufeon ¥ F1

fgaie®, Hqw oedl, ey fw, wREl @ A9 ATs wie,
Hfqer mtas T 2
fogen, Srdvartt Tm=s wfFs o 21

~~
®, ?‘(KO @T=), Csp Ay G

m—gm:%,ﬁ? (Ko =), Cay Agy. G
N sw @iFar (Launca), TR (Vernonia), TiRET (Ageratum),

sfaeret (Eclipta) a%i gt (Helianthus)



o we fgeteast ( Dicot )
E“" Tt { Monocot )

wHaEl & A

HEAD OF
FLOWERS

A FLOWERING
BRANCH

UNITED
ANTHERS

COROLLA

PAPPUS

COROLLA . h

SPLIT OPEN  gyNGENESIOUS STAMENS
(SPLIT OPEN)

STIGMA
COROLLA
PAPPUS
LR
27— INFERIOR OVARY
PISTIL AND PAPPUS
®
-~ it .
-~ T >
s \\ \\

bl 1
~ —
3
1
I
i

PAPPUS

COROLLA

s

“Rgzoos” DIAGRAMS
DISC FLORET RAY FLORET

S -

-
T e e ™

For: 16.4: SRSwT NIEEAE 5 FAAE WYT T ania IeEA



WERTEITE Mh Iy

C. Wittt (Papitionacac) wzww Rfzam
ufa : ST (climbing) W

g

T

keabiCl

: ynfaa q@en Wiy, fownt ogi ) dfemad {nodules) ¥ =Tggrer-
Aifirsmteto At (nitrogen-fixing bacteria) T@q 21

: W4, g, 9w (winged); Wraen AW Um 9w g )
: W (aliernate), §d1 (petiolate), SR (sipulate), IO weiw,

I WHTSSEH] (compound paripinnate), H TioE (leaNcts) war=f
(tendrils), ¥ wwrfia, wiifen sgdta, smemmr @ Siwm qh,
AT (enlire), TA™ (glaucous), TR wefer T fa=ry T 31

& FETmed (Raccmusc) A Tohed, HETA (axillary) €@ 2
: WETH, wqdE, gf, svafdd, srfmfa, w e i, g |

Sfeemarl (perigynous), Y= (pentamerous) T B

: U, W% AReel TR {campanulate) T, U, a9 awmTe o

F! &R, farama s BB (ascending imbricate) ¥

: W, €Y <o, gexgety (papilionaccous) U A (standard), & wefra

(wings), 2 FTa (Keel) (e % 391 ¥) 98 <w 751 7@ (AEiem)
T &, S wrveEe T (alac) oieEl Y@ A z R 3 TATEH W g
SR ¥ A1 B (hood) ¥ NHR % Sraw arerar ghen (arena) TR €,
ST STIE B! (desanding imbricate) FYaT 31

: TH, f5w (diadelphous) 1 76 9 + 1), Fea 3 FR g2, A @ 7

TR ST F AR AR e a ¥ aen el o R g
2, MY A= Bt ST 7N g (basifixed), &=H (dithecous),
Fg2vd 4 (longiwdinal slit) g vep fon B ¥

: TS, SUETE W, & Wheeges, Wi A= (marginal

placentalion), HE®I (loculus) ¥ @ga ait Fiemve 213 2, afd= ==,
afdem siwel (1erminal) A7 Ton A A g gan

: SltgT STy (FE) T §

: %;?“ K(S)- Cl+1+(2). A(QJ + 1), Ql

TAF HT WU 99 - FYET (Lathyrus}, BRARE (Crotalaria), (Vicia),

FEF (Cicer), 51 SIFTTA (Phaseolus)



BB e fgataad ( Dicot)
aur gEteAt ( Monocot )

TN T A

OPENED FRUIT
(LEGUME)

STAMENS (9 + 1)
AND PISTIL

VAXILLUM

I
I B STAMEN
§ B (MONADELPHOUS)
v KEEL

FLORAL DIAGRAM

fax 16.5 : wpww Afeaq & UG TR & AW T29i
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WERTEIET Sega 11

D. 9uaint (Papaveraceae) : THIHIT ik T

v

g
I

et

FASRCES

: STl (erect)), Mew T (prickly), THadTa ww, W F Aew F, W

wER ¥ w9 Fd gy | W g I

: WEen wig, wWiea §idl #
s Feiyid], d9reR, 9 &) a0 FIEE, 7w WiEd (sparingly branched),

39, THAR o1 IHE FHeqT A Wl wagei/asaywd g g

: wfuw (cauling), WA, 3H-3190 (ex-stipulaie) GG (sessile),

sreredaifenfl (semiamplexicaul) TG, THd HEI §F, TR SIHTISBTHRR
(sinuatc pinnatifid), Fewa o, THSICH a0 THAAG AR
wuife=arE et g5 2 .

. wwd, wefa (axillary) € 81
: TEYE, AR HAvEn IU-JGAA (subsessile), FAfHA (aclmomorph:c)

svmfe, sifamai® (hypogynous), Hien grar #1

: T WTEe, 399 A el (poly-scpalous), STYIRT {caducous), ¥4, &%

ai, I F 01 H (horned), TAafia (Lwisted) @ fa=mg g 21

. TS BT <, JUF <ell, o%; T (3 + 3) I F T Wi 9 sasfeen,

s, P (inferior), FRORI @ faam g &

: Tga 9 PR, guF YR (polyandrous), A TR WEEd 95

wafien, Yo @4, Wi GHifma aw sumg (basifixed), 9
gl

: 4-7 SIvSH, TTHAVEY (syncarpous), VST = (ovary superior) TH

Higta, wiegew, fudg deme=mg (parictal placcnlalion) PIUCT
Heverga (placenla) ] @i, afdE Agn @iy SR, aRwn
4-7 wfage® (lobed), wvEd Hi d@@ W [t m 7u, Tem fad i
tulalauil 4

. dirorad] FoE, wEroEl/aed (valves) g1 €pfea g &

H @! anBv C3 + 3, Am’ 9(4'”

T & HO AT AW 997 (Papaver), SSEITTT (Escheholzia)



%9 W@ fgaeas ( Dicot )
AT TEHdtawRt ( Monocot )

FHEl FT HeaTd

@ EMBRYO

L.S. SEED

V.S. FLOWER

a9 16.6 : anvfai= dewisrr & woag swggs w7 Wiehy vevi
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wfa

19 g

- E. 7TAgodl (Ranunculaceae) ?‘-F@'Fﬁl'( @

: THEG T, DEER 94 TAd) W8] T G-999] F 9 B 94 R

3

zl

; e Wg W fv oo ¥) wiEa e WeR (fibrous) svweeis

(advenlitious) % gR0 Whreenfia 2 & wmat 21

: FeAY (erect), WG, &0, F2H g (ridged), @wen, wiga aan

{96 oI 2

: A8, Agdy WreIfea gu Imum @, fAaria (ripartite), TR wfa

(lobc) T: WFHZTER (obovale), BARR (cuncate) @S ¥ fawfm,
uifg=mra Fgfima sfasedt (multicostate reticulate) B 21

. fgemat =rfrel (biparous cymce) 3ieren EEIEIRH (cymosc) B R
. %ga (pedicetlale), HETH, WEUHI I (bracieolale), Ix@fcr, i,

Froaranfia, den, frafoa, s, 9= (penlamerous) BT &

. T G i, TNE aReel, w1, HETER. U, TSR], APEr 2

21

: T W W W=, JUnSHl, T, Y&®H <A § IHEH AN W TEF TH

FY (nectary) 20 2, R (veined), BRI g fa=ma Fm 21

: GEW W T, TF wiHd (clongated) T (thalamus) T FlTen+R &9

U (spirally) oTafeyd, TS WATHIY RYAg [A9=g (innalc)] a1
aféndi (exirose) T A Frem ferd w1 qa=g €A i

. agemed, fagaisd (apocarpous), FTETE 3=, Tifa qUIEA F W,

THien wIa R '

. TFATS THIR (achencs) F T (eterio) T &

: @, ?1 Ks, Cs. As, Goo

T & §B WEAGH IV : WD (Paconia). TEEHFFR (Delphinium).
Tr5oIeH (Nigella), &A@ (Clematis), T T (Anemone)



T ug‘@rﬁF;a'rm':ﬁ ( Dicot)
aun yemdawEt ( Monocot )
w1 g

FREE CARPELS

A FLOWERING TWIG

L7 NECTARY

NECTARY

FLORAL DIAGRAM

fam 16.7 : Frmew weltfew % FRgg 2 =1 s g
69
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70

F. ®Eii (Crucilerae) : df0wr sRfEw

weia
g
Gl

.

A E L

o
EiK|

T

. wH T, FE (cultivated), BT ¥ 3T WA ww0 T 2
: qEen g, wigg € T
! YR, HEAIY (crecl), SR, IS (glabrous), WiEd, a9 314 wha

21

: WEl, THAR] (alternale), g, -390 (ex-siipulate), SeremrE!

(radical) 921 W (cautine), FEGET (lyrate), THITRIE fereredt
quifi=are g 21

. gafyr@r srdtaE (Corymbose raceme) €191 21
: Gard, THg9Al (cbracicate), Frearamfim, wwafam, stsmaid, g,

=Rl (telramerous), FERT (Cruciform), T9®e 9el 11 F €18 8

T ATErEd 4, IUF FERdl, 2 9T 99 3T0-999 (anterio-posterior) qur 2

F<T 91t W (lareral), FRSIE fo=ara gran 2

T 4, JUF TEl, e, TR @ 991 4 Be® (claw & limb)

Iufeers, SIS Taferars €ral Bl

 GHET 6, JUF [HE, 4 W ) AR F FR a9 2 9% Bt 6 F B

|73 =, =gElsl s=en (letradynamous condition) |, @498 TR
By _%I

: fgsizdl, gwaizd (syncarpous), ATSTIM I, UFHILHE T @MoSTHA

oW [placental replum (fAemae)) & fffa € &) sor 4 Q) =i §
famfm, fufem dsoe=ma (pariewal placentation); afde =g, afdfwm
fgwifem (bilohed) g1 #1

. Waen, welt s fafersen (siliqua) g 21
: BIel, TSR a9 TeAHTEE (cxalbuminous) BT 21

& $Kaen Cun Aas+. G

G & [ WIE 9V : FGHT (Brassica), FFIRT (Iberis), ¥9GcH (Capsella), 17T

(Raphanits)|



o y@ At ( Dicot)
7 gEEast ( Monocot )

W AT SeauA

N & ’ . LIMB
' .."? CLAW

= NN

e

A PLANT

(r . A FLOWER
a (- ®

] _ 3\ REPLUM ,ﬂﬁﬁmhﬁh\
N

FLORAL
DIAGRAM

P
ANDROECIUM (@E”“ \DYNAMOUS) 4

2 Q@
MATURE & FRUIT

CALYX
(SILIQUA)

Fax 16.8 : HfET FOfgT & TYAE WwATs w1 Andra e

1



WARTER areaa It G. UIeHHt (Malvaceae) : ®ear farafizq

g : kR, qwen w5 TRt & :

T : S, SEER, 39w, T 9 wWEE, w99 F wm ¥ i v
g

ot : W) e, ®ifiw (cauline), G, sroil, sl agen swyar)
{caducous), TR waw iftre, el @ g, F<@ (crenale)
fem, agfodtt wifermredt vl fa=mg 2w 2

TOFRT AT TFa weig g g

T Hgd, 99 Ange, we9d, (o, 3wt frerasti, sy B i

TdHfram : 3, s w2 g1, N ameeds ¥ 9 veeirEel W ww yefi
wd B

AEEAYH @ 5 ARG , THATEALR, TILER, BT (valvale) Freagafa=my,
s 3 T

TAYS ;TR T, yUEee!, F9 w oiR suR U FRed T (swaminal tube) &
9E T, sugfia <o R g

qHT D SEEA (FW, TFEEE (monadelphous), B JFE Y T Teh § W
wa € 9 fagel F I wm srem e ), ¥ A i cegw @ g
W 2, TEE™ (epipelalous ), TITEN TEEE (monothccous) TR @)
{cxlrosg), AYT3 T %I

ST P ARSATH, THIT, HewE 3%, Wu e TgHgg, D s afus sy
T g o, @i dervesnm, affwn ok affen = den aofer
ST W HE@N F IR O F, T THEQ A F S e

e : HHTEE [(carcerulus) T95% 79 TF THY ¥ T 89 § oM §) W ¥

LG CU. @’f Epigy Kesy Css Agay Groay-

T & T WGl a9 BAE ({ibiscus), (e (Abutilon), @FeT (Cida),

Qﬁ'ﬂT{Ahhaca}



PERSISTENT

Fo Y@ fgdiadt ( Dicot )
Aun A ( Monocol )

- FHEl W e

CALYX
A FLOWERING BRANCH
STIGMA
STYLE
EPICALYX \
- . . . ,Ir
K i /__sTAMMAL
- TUBE
C COROLLA
STAMINAL
TUBE _
40 EPICALYX

FLORAL DIAGRAM

L.S. FLOWER
{SEM!I DIAGRAMMATIC)

fam 16.9 : =rrar fardfigw & wWdg NI = AT Fean
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H. faferaat (Liliacene) : TRraw whar

T id

3
LRl

9 HqT

: T FE (culiivaled) I, Ty el (pungent), ITIENA (volatile) Te®T

AR (compounds) w1 Saferfr % wRw g fafw T (Mavour) B
1 q

: WRR, Aefes w2 ot B
: yfiya Sgfed 7% % (wnicated bulb), I W (scale) Tereetmn

(membranous), R 3 A, T 7eF TRIR (fleshy) T 1

+ TP (radical), SNFR, IO YR ATeSE (sheathing), Wrast, fHfymm

(acute), T (mucilagenous), TR (fistular), ¥HHRR e
(parallel veined) 1@ £

: UEN | THAIIE WHMAET (monochasial cyme) %1 YSiteRtn (aggregation),

Tt (umbcllalc) ®9 ¥ =afeua qe1 2-3 faeetTm W9 (spathe) I
T | TF TR §)

: wga, wEwst, Fafmm, qf, swafed, s, s, s9f-d

TaweRTeeRT (bulbil) R facunfis g &

: OF WieEl, fR-18 & Q wwl ¥ sxafidq, e AR SR Y, TR

Thg A R

: BT W, fR-919 & Q w1 § s5afa, guw (60 (polyandrous),

gRgerem (epiphylious), {01 FH{/TT0 A4 YR R e §Y WTHY
o4, femifara, ggwr (dorsifixed) graT 2

: Tasiedl, gweisd, wveyE fraEs!, @+ B ¥ @ ¥y, 39, wie

drmre=ra, affe B, afdsm aga v O 2

: @.?. Pas e Agaean Gy

A F W@ AV : QERTT (Aspraagus), TR (Aloc), FrgiaRar (Fritillaria)



POINT OF
ATTACHMENT OF
INFLORESCENCE

FLOWER -
(ENLARGED) / JARLRNS

FLORAL DIAGRAM

. Fag 16.10 : gfeaw whar & wnag sra @ smEta frean

75
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1. AE (Gramineae) -fefoFT =T

g

ot

TSR H

el

I g

: wwaT = {cultivaled) WTH B B
. arTEenfEr, PR B R
: m?shﬁ'rﬂ T, dOTER, TrEw, §U 94 75T, srnfaa, sty {nodes)

o 9 (internodes) welifa famfian, FelaR, (fiswlar), arEfy 93 o=
H T e T €% Bl B

: WET, T, T, YAgRR ¥ fawfag i sresE (leaf sheath)
- g9feem, qoiveer (leaf lamina) 941 9uieog (leal sheath ) & Wivead W

T Wi (ligule) Sufter toet #, T Y@eR S9E (@ MER
(linear lanceolate), Fiferma wid, iy SR wwifaamg g 1

. wivfTIsl 1 T (Spike of spikelets) BT §
: ¥GEA, gEwH, 9w ‘.m‘ml-(palca) g weits, @Eafyt (bracicolale),

g, Ivafd, T = wafhs, s, y&s sk, f5g 7w qw
TEA Bie 318 W =qafeerd A € 181 F MR W yrewg oy (scaly
leaves) § H TEdt £, W qU (glume) Foem & 7 F (sterile) A B
¥ de gl F W IR (fertile) T S, S vl ¥ e B ¥,
s et 21 39T weg wea o sy frw v (inferior palea)
wradl 1 (W e | P viewe & fqudia 3= (superior) wfesran
3Iufeera ol & 1 wfa @ weshye gt 3

. agd s aEFdareduced) AN D TgA B, wehE wiww W fF

Argt@ (lodicule) e ®, 7 3= Ak & farda fem g4 £ gr
wefifa g 1

: T §FW, yUF YHE, AR T, FEFA, Yrweren, fGwEt, Ty

(versatile dithecous anthers) |fen &1 €1

: E THEH  (psendomonocarpellary), THISG SR (pistil) TF

%18 9 Ok dwr g, snur) siemvs=ar, @ dagm afdwm sizw F
e v ¥ w9 &, A W Siasiad 1§ A 8, ST
39, UF SER o #isy fod 13 a6 B

: Ffeaiforw (Caryopsis) 141 21

! %.?, Ps Al Gy

TA S FO UE 99 WA (Avena), 97 (Zca), HRTEST (Oryza), 37

(Saccharum),



Fo wqw fgaterr ( Dicot )
Ae gwHEAwET { Monocot )

et @ HemaH
OVARY
STAMENS
AWN
LODICULES
LEMMA
GLUMES
LEMMA
FEATHERY A DISSECTED SPIKELET
STIGMA g
STAMEN | \
OVARY
SHOOT BEARING \ AWN
LODICULE Pst glfl’(lng?rl; LATERAL LATERAL
LATERAL FLOWER FLOWER FLOWER
(ENLARGED) CENTRAL
PALEA
(UNAWNED STERILE
GLUME)
LEMMA (FERTILE
AWNED GLUME)
LARGE EMPTY GLUMES
(BRACTS)
@
AN OPENED SPIKELET GLUME
GENTRAL SMALL FLOWER (ENLARGED)
(ENTIRE)
ANTHER
LODICULE

N\ @ S

OVARY

FLO DIAG CENTRAL SMALL FLOWER DISSECTED

fax 16.11: ﬁmmﬁmmmmmﬂhﬂmﬂm
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T HEA BRI HC F A% T ANY T (SAQs) F w7 FH F Hifrg e
&y vy

1) 9B (dorsifixed) a9 31UT4E (basifixed) TG T =T Hifad

2) AN@E T W APITENYE (gynobasic) afde @i wefifa Fifaw au gee v
fafza Fifswy

...............................................................................................................................

3)  99NE (pentamerous) A AT T THEA &)



%o T@ fgaaat (Dicot)
e g (Monocot)

HEl B A

=W (genus) FFTFF (Phaseolus)  FR | H1 W= o = g (list) dFE) =D
3 oY afifs g & weed € 3k @ 62

5) WWWWﬁWWW(Pupwcmccl)ﬂ wrn sl & @ fw
re® F (narcotics) ¥t I B 21 W = arerfa e AR WY =
i FT qw va) fad i@, Yo au T SE g gttt

6) T FEHEQ (Cruilereac) i 7 fafiream T T SET THL el |
ELEnel

M



¥ e 1 B e T P S

7) 9 (couon) fF® = % 32 yg =1 wrewfrs Tm fefaw

@ wita st

80



- %o wya fyiterdt (Dicot)
0) e fafaedt @ ¥ T @ Fafea swea WA afi S e Gt (Monocot)

Hel w1 ey
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17 faerege o Ureieh WIIgHI T Hel 10T

17.1 wera

LSE-05 WIa@wd & @U5 1 F 791 § a1 fafim s Wl & T TR 5 faeg
ﬁwmlmaﬁﬁ%ﬁuﬁ%ﬁmﬁ'mﬁr@z,ﬁzﬁam%ﬁzﬁﬂ%lwﬁ
¥ ¥ =3, o T & g o weE el A fawfen o s o 9w W
Hﬂﬁufﬁﬂﬁﬁ%amﬂﬂ?%ﬁﬁﬂmﬁaﬁtﬁﬁmﬁﬂ'vﬁ?ﬁmﬁ?lw

Tl ¥ oY T TR w wE0 w0 S e, el sk st w freraee
¥ A 3 F Fam-oen freml ¥ AR 2 o e au Fads (FEEnsd &

e ¥ fow, Siftww (RN ¥ weA ¥ fo) ag e (fafiet % w5 fag @

frfierm w00
TH 9H9M H ST % 9IEE AT
o Tl ofi W & wrees Gmdl W wafeafn W 9 @URG Shew 2 F

17.2 swayas @O

farerege

S ¥ forg for v

30% freeta

1% T &1 9

5% TEhRIE =1 =]id

SR 1 Hre

ez faemm

yeht g8 wremfes fret (33 TF2)
e Y

AMieEeE =g (bromothymol bluc)
0.1N, Wifean gEsiaTEs (NaOH).

e A e

T,

A TSt

U<l 2Te (porcelain tile),
wrg=R fe (Pasteur pipettes)
siyiifera fe (5 firen)

17.3  wam fafy

1. =w fre=es oifm ok g fm o & oo i @R Tl (salivary glands)
wfEa, feedfa o ool wrem 93 % 9l &1 Frafef@s war & fawfaa wifa
(Fer 17.1)0

i) o nferd

ii} U (foreguy) (TTEE (oesophagus), F1YE (crop) A9 ot (gizzard) )1



freragz & wraes ommEay =

iii) 7EAra (midgut) (SIS (coeca) 9un TE=RA)

iv) ww=rs (hindgut) (&3 (ileum), TEET (colon) TN HEMTE (reclum))

Salivary
duel

Cesophagus  Compound cyc

2. 9T WM H <H faeaed § S 39T I TF 91d @t § oTER A
T fad 78w = atem-wem, 3 fied, 309 freeds 3 goe @ gl ok sa
wETEl ¥ g fa) e § A 2 fael, 30% frowdn % faonst st ot U
3R w0 WA Wt wWETe W uere ST T YeR 9 S am % T (ex-
lracls) & WEATEEl H Ui o1 difay 3R 3% 1 ¥ 4 9% faftza < 39
R 3% g Frafefas € (sources) TeeE & fom g

w1 T P
= 2 Ty Ty
7t 3 neg frg
ol 4 Iyem Feg
3. waw el & g W U gl wWEae § gew w1, @ w8 auet-awen aifed)

T WAt B ®mA: 1C, 2C, 3C, 4C fafzn wifvw = waafedl (1C 2 4C) &
fralg = o =) &t = o fe % fed v s

F) T A W AR W PR S g 27

& ) ufaere & e aiteror
ufici® = & w=M aren TegE 31 wfEes wrE W R S o & e
%) W HET B IS o S w2 @1 A 1 S #) @ ofaew uemm =
R fiFm =t € 9 = e ¥ wiatia 81 e € w9 oe gf = e F
e e T 78 A € up ofitetw g W W WA ¥ gl 2 @7 9 Wi 8
1. 18 WoHAferal efad ot wais o | foeh = &1 9w <t =R T T
IE ¥ 4E 991 g8 4 W IC ¥ 4C 7= faz amsw

2. WY9 ¥R WEferdl § SRR et % 9w A ol 78 gme =t 10 92 foemgd
HR = 9 TrEAfEE ¥ R Set ¥ IR v @ e ™ T A Ffuea dese

B3



TERTYIrET a0 1L

" 84

1 10-10 4% fremsds w5t W | faendl o FoEw (water bath) ®, 30°C weHH
W IEET R

3. w10 § 20 fiee @, of7 @ fR ¥ ar, y@w e 3 3 fige Foow 4l
frera F SraeE e W fEn ok TE e Aa w5t T s e T
frg e wifom)

7% T ren , w1 awferfa w qufm 2w 9oE § 0 WA T e
T £ 81 9T Fred s arfas 17,1 § s st
F) T uhew T oA feafafu ¥ fa et - (colactor) ! STEYASHA Bl

w) Fadd & @ gitermm

T ETE ) T e TEH ¢ ok weere aul e A s % w9 # frffa

T 21 ST TEUS (reducing sugars)- T AU WaRTH &1 S9fEf TE R %

fordt Fora o v, freae? F TR T F fAfe vmi ¥ wEEa ¥ 9 S e

A TR FH H T 2

1. et ekl S it wers J, fie g oo facll 5% g»E = 9w Sidl

2. WuR =R TrEATEE @1, 1E A 4E a1 3 9% ®t 1C 9 4C @ fafea wifwy s
TR AR ¥ Y Wn fd, s, ReAE qd geid A e W s #)
10 3 fremsq) Al =R frs TrEAfad (control wbes) ¥ ATER Tl ¥ AR
% ara-Fafera s+ 10 42 faemsu

3. uﬁmﬁa‘m(Wmammézﬁm)aﬁﬁmﬁ'SPCamﬁmznﬁﬁz
g% SHMGa HIfa

4 TGS HE ¥ TUE TF W Y wWeue # ue fae Fafew freraa foemgg ok
5% 10 fre ¥ fod GioR T v@ o ¥ ) e @ M ol F ofed |
R sifsry

TS 1 W B SIEER wEsl - aen weRg @ sufteft ) giam s
37 weaAferd 1 wifed R e {1 we g §1 3w o it @ frwrd
Ealsy

w) I WAtHET & R ¥R ?



1) = w7 whfEmet § W 1 feard fom, fail o -faferfaa worm w1 Sgdn el & aree gegdl =
¥ o1? I Freedl &) = St T

) vifeuw & fed wiaor

e = framiem ¥ e ¥ § wear ¥ w9 ¥ ffe (9ER) 3 1@
firea wfremr &1 w&@m faar s

Jrm fF o IR BN, 9 W) T T Ty nfes ) sifers @ @ wdam 1w
TN ¥ Fhifag)

1. ®E T (blackend) FAA (exposcd) A Mg FF (FE AR W) fFen &
| o 59 % 0 ¢FS T A IR R WE @ WIS A W L] H
_mmmﬁaﬁﬁl

2. @ fa ¥ e # @ 4 B foen # (guewa | T ) s wm  oifad
Ak T e M W I B A @t 7w -ffesfim e A w4 TR =
whFa F AT 4 fsea % gHS) W ST, HUAE qu wAiE F e de we
A ari | @ -fafeefaa FeiE) 1 99 SEURd

3. frew % gwS! =) 99 &7 (moist chamber) ¥ @ SifUl 39 W% Teifew # <
ﬁﬁadwm,mmmﬁm@sﬁmﬁwm%l

4. 2 € TE, W 3o fire ¥ sreUe: W e izl w1 fltem wify ok frefe
e ¥ WA F1 < B NiTwa H feaweian § g9E F w9 ° A S

5. @i Prde ¥ freral B aiferer 17 ¥ g i
() I F oy A, Veww N foFm w1 ww 0§

w) @ & fod e

g fafrel ®) w= wen Tomen 2 AR ¥ wEn F sear awn o A frermaw
£13 #1 a9 vu wiem ¥ gy & v ol W wePE F w9 H I A g F
% W Efm B W g a@ ol W #a B wfEm famer & pH A ity 395w
pﬂmmmmwmiﬁhwaﬁaﬂa‘f%ﬁaﬁﬂﬂm%l

. 3 wrEtet eifo @R Teer 9R # wamras (1E ¥ 4E) v Fe 5 e
(1C R 4C) & = ¥ fafza =ifey

2. wew wETe A 1 firelt @n gy qen FAemEEE =<9, % (bromothymol blue
dye)ﬁaaﬁwi%ﬁwﬁlgumﬂﬁhmﬁmlmwmmﬁ

Sren 41 ga0 W, W 0.1 N NaOH 9@ = w& 4 freme
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TR AT 1) :
3. WX WA WEskaa ¥ wEE: AER el % urd umi F @ el T oemsm |
10 42 faeryd frdaes wraafedl 9 am - e weme 9110 4R e

4. wrEAtedl ¥ A g H 37°C a9EE W @ He % oy sk st w@omeas
g FriEs WEAfagi 4 o sfiad= 1 [ St
(1) oA fEs den waeEs wEEtedl B g o1 sfiads 2w

FN?

17.4 witomw
o It wt fRerE w1 & foag Aegw A fw owen ® miew 7
wWferert 17.1

q=[ 99 % 9

TIEH R Tfmi A B gy

wfem
SIEEES

A Wﬁ%%ﬁﬁﬁq&ﬁﬁmﬁmﬁé\wﬁzﬁuﬁmﬁ,ﬁ
a1 3uehi suftufa w1 At A (+) o @ T« () fas 5@ fanis o=
i, argureafs 1 oA



18 faeTerey o vore Wikt E % g St %
IYET Rl T AT ST

18.1 W&TaT

W(aerobic)ﬁﬁmﬁﬁﬁﬁmﬁ%mm%
Feor (supply) F1 SRR STer@a B §1 BT STRIIFGS ST S, Yore Ja=rags
¥ ofd SR TR £ areE A, a1 ST AR FEA SRHEES F e
SHfera WY ¥ vaew ¥ @ vo@ W ¥ T gl § a1 TF W @es w/d i
(respiromet.er)%mﬁmﬁﬁmwﬁﬂﬂ'aﬁﬂﬁmﬂﬁﬂﬂﬁmﬁﬁ

P TN Ay e F1 EEEl a9 (manometric technique ) % T wE TR
T %) AR w qrEeE’ T weR F wdend % foq us v 45 ¥ AfF
ST FTE HEL &1 A = § B Sigel § sifeiiem @ s AR F o o
ae gf| w FEe g B

SEGEE

T YA Ft H % I¥EE A

e I3 SfFE fened @ m & foT WYRT W9 T 9,

® UE el 9 49 R sEm | BrR Se A v J W W A Gl

L]
’

18.2 3avaE: WAL

4 gz. |rad (2) _
1 B2 99 WX & (2)
2 Tt ar@ sfwifea fave (2)

freet IR F gHS
AR F S F DR gHS (T 1 T §=F)
15 % KOH &1 =idt

faerarge

18.3 warw fafy
1 4 oz, @t dae T TF 3 I TR WW @ e (Fa 18.1)

9 o fel ¥ swifra fde @ 39 ¥R ¥ 9% A s fr Rz W fak 145 14 = e
A 9 ¥ 37 W R I A F v Frea wl

3 drae 9 qet § 15% KOH % wra ¥+t g fireet I & gwg)l #1 3w Al
ﬁm:h%gﬁ_'ﬁm%mmﬁmﬁ%gﬁmmmmi
fred i wa =12 @) A § TN WG @) 9% & % W9k H N A

4 mﬂ'mmmmlmﬁmﬂmﬁﬂﬁmﬁﬁnaﬂtﬂww
gm0 - _

5 ﬁﬁﬁmwmﬁﬁa(@maﬁﬂa)aﬂﬁ%ﬁmﬁm(mw%
fif 9 TEMRES TaER AR 97 W WE w1 @ T AR A dEm X ey el
HIE H 7 TW)

6 wOmES iR frEE o, vaEd adt @ S e | i g8 3 9 9 (equili-

bration)%m@lﬁwmﬂWﬁﬁmﬁﬂrﬁﬁa%ﬁrﬁ?%qﬁm@
= T 3 A @) T ghe 9 ¥R s ¥ e e ¥ we e €

—
E_]

-4

NN

A

/AN

Fig. 18.1: A respirometer.
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WIS 35T 11

M uys

AR Tvm 15 fire %1 94 ad R) WA S % GEIQ ¥ 99 YaET AT 49
- %@ Rl ® R A g A
[T ; S vEwE AT A B uE ¥ gd s @ o 3 @ siwifen five § 6l
I =few) wg W3 § W (leakage) 1 <l §1 94T & whem % AU TR W
arg fafag (air light) I 1 €M SR B1 2R SEvEHal § @ A9 Gad F 4T F
f=d g 9W [ e = awa §) Fvata wE ¥ awen o sivifea fde A o At @
YT TEM 21 3H Eeer ¥, TEEE AT 99 9 Afus w9 99g 4% 9 % ferg v

el

18.4 fitgor st frerd

sivitfra =T & o ¥ -4 Wi # P wifag ¥ gR Sleon soim S
et & o Frepifaa F7d THeisams KOH ERT €@ ot 9t €1 50 wahmes adem
¥ 3 ¥ war o, ragy @& (manometric fluid) ¥ ®WE &4 w1 ¥ A9 T
Tqa=F  (meniscus) F FTAR e ¥ 999 U 3@ W E| U WO uywn fide §
iR T3 T8 W ¥ Smgad (volume) 3 A Hifew) I8 3maEd T = ¥ H1E ¥ W
Toim af T sriadie ¥ g+ firchetze @i wm ddder § ufa

vag T 43 A9 offe 3@ D axed ¥ fau Fga € S g #1 T SrvEE
SR T P A e W w5 g #) A R 99 S oA ? F A
frel Wt wor ¥ oo § wfady ya Prdyw gfm S g e feg s wea € s
vEed AT 43 ¥ O A s ¥ uftads @1 e sty st A WeeE e (correc-
tion factor) WEfERa wm warmens get § § WA Tuie | WS A AU w2
T2

HIE BRI IO BT M ATFRA = WA AT 47 ¥ il e =
F1 HARA , : sga + frdas vees At 9w 7 e

&= T R

afa v wa ¥ w12 ¥ wik & vl o | gw e W I9Em i T s W MR
NI GRS &Y T AT @ R HIE H MR

= fueht stfsrfromafa om freage =1 w/afa
W (fag g M R)

T8 YA F 9= F 9O af e feelt off v w9 e o @ A s
Yeag Fifog de1 97 32 fFw R ¥ 7@ fF fafaw ‘

A Afom fe o $1R A sfEdlom & 9 W Aty ¥ U W1 Ml 3@
e ¥ o whem ¥ # ¥ sfafta 9 @) AER



19 UTE & UIgEre U Yeuuredawer &1 e &

19.1 wraET

LSE-05 wg@wa ¥ s & 0w %19 fafsess (physician) fafeem v (William
Harvey) & ar ¥ a1 o, fa5)13 1860 & v = Yoo § R wis=w ¥ wivey
(patiern) $ W Ft o) o9 77 ot 9 ® fF o, RS S oww e,
SAtwiom ot i arg vl =) & 9 € etk wr EeiTanT A wd T =)
FaF ¥ TR A L wE v % it off afedeon @3 ¥ wee gew

Ffimel (capillaries) #Y 7 ¥ 3 @ afeli (vessels yTeeyol €t & =i 3
Fiyremg @ &, o e ofeeraww o7 3k Siffrarsd (colls) ¥ @a ¥ 7097 =1 A
o Bm R | wdeE i o dew v R W X Wyreed gr @ F RO
=1 Triero =80

Bl
TH WA W) T4 % A1 A9 -
® Vo d RF T H @ H uRETm @ Fian m s

® uyafEaAl (arterioles) , il v wy sl (venules) ¥ g | =
N

@ = yafrEael ok aqfiel ¥ ] MW ¥ vy ) 2@ wE

® AeF & YEAIEE (micro circulalion) W w9 3R wHTET (adrenalin ) ¥
YMTE 1 WA I TR

19.2 aaygs |t

Stfaa Oz

I G
fafreia g

e A s e
& IR g aa § ford (Ringers) &1 9990@ER (isolonic ) €et:

(1) =30 3ve (2) ™ (F9 F AIEE W) (3) Afiws ™ (40°C)
AT "wHE1 H dAeF w1 HE, fawd ¥z w

fa¥

T

Tea ¥ fde

wiAfert Wi (adrenalin solution)

19.3 v fafy

HoF & R F I FY = aga B wwed Gl 21 v wfonrewy s arefas

Sfyranell ), 379F nen faam w@ gu v Afsa S@d 7 wd §) vy weanmet

Tham Fi YF S} THE T4 fafy w1 ovEgEs 9 e

i} U fifga e ot graurh § 1 gu ey § s e @i difag el 97 aga
#ive fimge @ @%@ R W g org difew sTew dEw @ Y9 W
e 0 R ar o T @ 1 @Y &% (Fe3 19.1) 5@ ufsm & A @)

FH Wt AT it 7w ST @ @ " &1 ¥ 93 7% and ¥, o s G A
Mferd wY riten @M
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WeRTYTE 7EEER T i) X gy ies # Vow ¥ A W Fay o 3wd R F ww F) Ao qEHS F
HzF % ¢ F BT % IW o swy o enrge (= 19.1)) I A=F &
e wrer ¥ S8 qf 8 B ¥, ¥ e ¥ fE ) f ves . ef vges
U A BFA ¢ Friem F <A, R wwa fdew w1 wa o e # T F
Tt o fod = (T aEE W) % g B F

Pins Wet cloth

Faa 19,1 : wrg e A gew wfawor Btarer & fog 9w @ daw won

i) 9 T ovEen B gaueyl ¥ T (slage) W % 9ial (power) ¥ W@ AR T
qereyl A 0 9et ¥ wW F) gIR TU, 99 TF A 99 9% 6 awt Hew %
el § &a yarfed (Mowing) s gan  frwd w21 fa3 192 1

v} TE YA d TR @ 8% 9 oifey, R wEurgs wifefrEl ¥ R, st fufaEl
(TaRY) F Hierd 3k 197 waw W T w5 e s |-

v) wewd ¥ 1 vaE w6 sarges e, W e | we A @ g oais e
ANTE (relative) STHR, T4 YO8 $1 qaeds nia o vafwmed, Sirmal
s o e ¥ w9 (pulsation) F A F HTW wwd € )

Microscope

Fww.z:qmﬁﬁ'mamquﬁﬁwmm

19.4 fiaroT

Tatafy 1

19 AEFE T AN (W) ¥ R W e, v, oy el ok s
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w1 fivrg wifwg Vg & wraaTe ¥ Hemafiaaror
ey gy 17 A9 W@ TR Ry i 90d 50 S wEd 82 =7 Priterm o

A wyT 2:fr w wfefrl & A& fefral €2 fem o waeht fufaad €2
nfafhiir 2

3 <t 18 I #, o g A 1 uw e afe w fey asdl o e A, o
o g ) fafga (abel) #ifom)

vi) ¥ ¥ o9 A w8 Sl @ o et ifwm 3 e gu a0 aen o
Twhafefal ¥ 310 o 11 9% ¥ G R afys am = il o Q
TR F wed A e gU @ S

nfafafiy 3

Femstt A w9 B wfdl, o i bt sead €, % 30 @ wm S o
Mo T o ¥ o g e

nfafafer 4

1 T VA (focus) Ffomg, st fe fira e e w s

=@y vy 3: 5 TR aife ¥ v aad ofue 39t R e frad wan o iy |
- Yarfed g &2

A U 47 WA R SR, @ wsted (7)) wiaw G v 37 @wa
TRl FirEmel ¥ ¥ frw TwR o W St vaifee 6 e §2

A Y 5. FE, 38 (rigid) F9 F Ao SE fear v 27 W e
 forad wrow 378 A o wfys v wenfea € @@ 27

ety 5

e F et fardy ) W B wify 38 & Raw 3@ g8 @it @ el
=1 o o5 @ik TR (arrows ) F wEEW § 7wt A @@ % waw = fam =
zaiEd _ ' 91



TATTEITET e I FHfyreT ¥ o QaTE F IWTiad & 8T FE

T WATE 3R IWE A (velocily) FET @R HR®! F FA WwF B #1 wemafs
vard 3 s el TewrEe (ethy! alcohol ), TR wfefrdl = wgpfan = R ¥ otk

T ¥ YA F X FH & 2 ¢ 7P fauRa feife (nicotin) o dfEw st
(lactic acid ), TR aferml #) faeafia (dilate) MR E TR W F TR T A
= 23 ¥ '

T FETITERY e ¥ v Yow ¥ Hfreta s WA ok gt & awm w
AeFT HIN '

nfafaty 6 - IFE=RTT W ™ &1 99TE

Figell ¥ wE B, FN F wER ®, warrgEs Figw s #k ' w Em
#} R F ey e (pasteur) foe # wwrwm § T o9 fim O
(TR waw W) %9 42, 9% we ¥ Hreel F 9@ w7 e w s 9
e o Friero &%) @ @ & wag ¥ @18 gfei=R ufteda g0 7 1 @@ % TOE
=t 7ifa w2} Steren ww EE }?

ST P = st Aeasw A frrd wifa

F) Hgw F UCeR B Fow T (FW F a0 o wre 8 O i e
40°C Area o fry g o e B R wre ¥ Haeell w sty sk
o qfta=ee 51 W =i fEm

AT TR R A e gw ¥ o o

W) Hew & uig W F A @ IR a6 A dfan sws ae wfimel %
WA R YGHTeH ® i Ht Th g% sieg) (e Friemn w1 fg wifg)

o pin fr fg o stiwst & snuR m, 4 fgu o fedta (peripheral) wfra=rm
_ T § HE & FUE A FEUa JE & Sl g

ST W9 6: amT) 9% 9 # fF oiedfyra sesl (muscle tssue) X, FEW I F TR
Afees e & a9 W €1 R A s el s § 5 stiwdleH faa
et # T ¥ e R, @ Ay wr @ W A wnm = w i

TE (stress) F WG @@ w1 U@ A wEHfeE Frfm (released) At 81 w7 e =afw
W feF =0 g0 W, @ o varfEd (flushed ) ¥R w1 7wma dren 7% W €2

qaraur=ar
1) o™ Yzw AR S9H TEEE F Fh AH @)
2)  wR @ e el B e H RN A 7o R ok veea ¥ A 8
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20 WIS % o N SneiieH, WHE et 6 hiUTeRraAl qe
Yo & iUTeell ol ATk |

20.1 WETEET

| T Ft 9% %A (centrifuge) foar omm & @ a7 3 21e/-37m Wi, T o0
fafifa wedl (formed elements) ¥ d2 T 21 o3 [aneul (straw coloured) T
Y <ffger (plasma) FEETA 21 TH & @A H1 50% F f rfues s <iags =
Trar 21 ffifn o ¥ ow 9 Sy @A) { Erythrocytes), Yod T Shivrrd, 71
W] (Leucocytes) au Wfezepte) a fawamyy ( Thrombocytes) ¥ &1 gl ¥ @met
Htratel F1 w@@m, TF ¥ (cubic) fRA. &3 % 50 oM@ awn wiEens® ¥ 45-50 T
aw Bt ¥ fafu=t oY ¥ siedem agen % fau, @, s & @y w9 6
T &1 o T S § T 28 HUT (2.8 X 108) giEretat F o) ' E
el grrelfa = wrsa, 1Sl ¥ 14-16% aen wfeenedl F 12-14 % a5 wl 11
T AT | T 9 @ Heqdl ( Anacmia) ®1 TaE ¥ @@ w9 IR § g Tl
# ®H F FRW ERA &1 Y FT THI € fw wlg owm €% (Heme) Fietfas 379 =
Trafa® 948 (Prosthetic group) B

A TR FER, v fafie el = Sl anet Sifre € e @ Y
Al B e aftwd 5-9 wom wfi = fa A, B #owa A v dem sfis
Tt 21 Ra @ S T ¥ gw o ae iR, e e 3 9w @l ¥
Tt & Y@ 1A WO (Defence mechanism) 1 Fmfm @@ €1 wwhaw % SR,
W wem ag Wi €, el £ g w o 2

TH WTEITT qhe §, 3ra g @ g1 @ § Eielifad ¥ S SThed a
PRI 31 "o § O SR Y8 Y3 HHTwe @) €@ S @ S

EEcal

™ gdum ) HE F arg ™ GRd B

o ¥ dhwa ¥ gHEifaw 1w @ w0 A am

o ¥ AR TR HiERA AR v T whomed w T wem F arwe §

3 gHrEfET W SwET

20.2 HHYaw GI9Ut
e (e =1 eErEfa)

0.1 N HCI (seracif srat) [1.2 fasf. wmx HCl %1 srgas s fien ¢ 100
o=, = wifomg]

AN STl
e g (¥HeRR)
FEHed

L3

2T (haemometer)

ghirdter (haemoineter) R o< WYd , g% JFe@ (comparison litbes) ¥ T

T €, ford fedife ama = wewm s g ®1 R feal o w19 #1398 W

Fo1 ¥ A ot w €| v arfafiaa, e =mm #) uw Hw sl (Graduated)

et ff e &, W dnier & O wvd Afedl F ot oo #1 whem Te W

sifera i, T A girERm 1 it W, i om eEfe00 fosh. e 9,

=gl #1 W == werE e @ 9 €, 39 20 e, gan ol o= o wiE wl

T, UF B G, 99, OF TR AR @ 0.1 N 3w 9w 5 gE A # 93




WETYITEAT 3| 1

94

20.3 waT fafu

whidsmdfm i e i aaam i Thfmwmaa s O
ﬁwmqﬁﬁﬁ'ﬁqwmfgﬁﬁﬂ%%ﬁ;iﬂﬁmﬁﬁl

1.

10.

sy sifa Tell B TEA TR e A ok i 90% e @ Ui T A
A} IER T W A T @ W e

&y ifa et ¥ 2 m. o= 96, 0.1 N HCl 9w, §i%C 1 gerga @ e

AT A e = St W AmgEw srewiwd A i gd W ¥ W X sk
I RF FE Gt 7 T F) g2 PRl v @ v % fan faerd @l o3

Ao SrAfea &1 I9E o Y FHa €, WY A% 9 TR G e e

I % W faw g, @ fE @ 92 (Lancet) | s ==Y ek fim

IW T=F WY HowTa A 96 &L T oft srae ¥, @ v sm s@m F A
T T, fr1 sy e g om 3 s9Em # T @ e wfvw

T HI el 4% F 1B @ R f wwn! firie ¥ 3w 20 mm® ¥ faw @
= o

TIg! fadz & SR ol T 92 /I F T o § 98

T & AEHIfRE § HCL % da ae of sifsa ot o woe ) fide = g

¥ " 7 @ 9, fed s faa Sfaen & @ A, HCL § Ste @ <69 @
W & A & fau, 3 = v & | Rt O 4 §% Al

& @ e § gEa Wi 1 fade w1 egm v | O & SR 99 W #) oW
sifwa et § wae 21 oW 58 whrw @t S-dF TR o9 ged &, fed e e
F fodl . @@ @ ogen W w WA ¥ W sy sifwn el § o= s

anw frdfer % oe =) w9 # B ¥ 0! o W) 3R TR s w3 @ w9 10
fie % fora @ ¥ v 2
e wwe H o fedfe ¥ fr-gr awE anga vw faeme T 97w E

A WG T TAF 4% H! TeA % 99N S B Hid Bl 6 | e i
TwH T H 9rAs grEAfad § fu o | % 1 | faersd o9 19 e o aw
% SRR W 9@ o fr onm fedfer 9| w1 T S are gers At | T



Ty S % 1 F AT TOE F El WY1 AHd WA FI ¥e&@® 9< A F 9vEm,
afy aifera felt R Wgai® (Reading) F1 A€ HY
ﬂﬁiﬂ%ﬁqﬁﬁ%ﬁ,aﬁmaﬁmﬁﬁww%wmﬂﬁﬂﬁaﬂi
frfae Weats " ST #) 7w, 7fd 100 fael, @ F, fieta =51,
o™ § " '

11.

20.4 fr=nd
s Roml A AR fems ¢ fafa A wfemg B

fremy T S w42 B G Faifes wan, 7100 fo.w.

1. 11.5

2. 11.6
3. 11.7
4. 11.8
5. 11.9
6. feafes =1 ™ vom w5 TN

_ frortaes g = 1.9 7100 fa,
fyerd : garataa & " = 11.9 7100 fa e,

20.5 wraetE

1. = Freras =w9q, dweh F O =1 7o 9 Afag (Prick))

el i Ave g3 gy 2R Afza .
faen wrw ) g3 Afoar, foveg o =1 3T 99 Sie)

TR @) T i sh Fa T R

fae % 7@ +} @Ed qag W TN gU I F T A

& %) {a & W o aiey, fagd %, 0.1 NRCI ¥ 3 @ @ /), 9
¥ oFF 7 WH 4|

& | @Al it HE w1 AR
™ A § amg ufq wA 5t 199 o sufeua oe (3 Sl |1 953 9| w00

I

C

20.6 IITEYIH AHUT

FiHEge s
Famg =1 9
FaEEl
Arage ey

T R F1 @0 T[@ S F 6 I ol WE 9 ST &

TR s £ (R 20.2)1 sww w1 fRiym Sifag ok 58 Teati, T A
wEs, F e ok flem @R €1 TR wre ¥ O Ted (swge) ¥4 €, A W®
s Y@s ¥ Q RA TF T Y TR TR g 9 wa &yl Waw = 1
fig o, =1 g £, 3k 25 7® T (0.04) T 400 B W (0.0025 &l fA,) w1 @
B %1 TR TS ¥ A 70w 0.1, fod). FA w4 # FeF (Ridge) O {1 w1 @A

e & e Ebefe, 'aw
T T iR

TR YA (o AT

T eI

feifeq: w2 ™ o 97 o
e e &
Frenfaa § & g,
Tefas § g g1 W E
#m ¥ @z 9@ ™
(Ferrous) 27aee ¥ 218 ¥
=it =g v Q@ wfafean
a1 T, feafes araven
aiastsa (Oxidise) &
= 2, fomd f e 9w
it (Ferric) e §
T ¥ et ¥ o
o (HC =1 sHHMs
) foem o st
fedfen a9 &, W0 f&F el
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Fehl B FR, TA 1S B 36 gL, o e @ wwt ¥, A =9 &% (cubic space)
aftarg: (Enclosed) 21 M 1 W% BYe @ B 99 F svawd 0.00035 w9 ., g
¥ Wyl Yaw ®u =1 o 0.1 = B, g 2

fom 20.2: WietEEE ey

B AT F CHEH FE A A ag FA F fag, TR we F WY 8 il of fiy
s €1 U fale, forads oo ¥ ot T1 91 9f0e (Bead) B4 €, 38T AT O o
HioERIA! FY T §g @4 Preed ¥ fra ) av fde fmed wem N w1
AT TR &, e A Y S HOmRe @ o ¥ fora o fren § Fea o 2

20.7 " warw fafy
THEEEN F WF w0 AR gE = I8 W S fer gl

i) TR Iel & At ot ¥ W) om0y, frod wam N T T fafy ¥
HTAR, T * TF 981 4= Frarfer) fde <1 wdm &3 <19 0.5 & o< o o
frferar ovr o atfuss A ¥ w0 frame foan B), @ fide % Q@ = wdeh @
A, T W 0.5 F f9% 9% @ s

€U % °IE T WA ( Composition ) Frot ¥ -

1) ®EFfE FEREs (HgCl) = 0.5 .

i) Wfsam s (NGCl) = 1.0
iti) OifEan wehe (Na,$0,) = 5.0 7.
iv) SR WA (H,0) - 200 fa.ef,

2, & v fz ¥ wmyrigds dqm W e, 101 o o wig fie @ S
(Horizomally ) ®9 § t@ 1 &% qR yuigd, fawd fx @, iqm & 99 3 ot
W # | M STz 1 T sfrw, @ g > foem ¥ aoes Q49 &
9 T H 200 TN A A o wmm



TR & e W LR, wee

r"’u'”l‘ il FATE o ROTERT
n ' AT PN T RS
<RI TR
| I b
EEi:: = ———
H 1] T «Hs
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R 1 BRI RA 1 Red
FF e l_3|:ad\
E-! i EH EE#!E i
i RS o
|- & - T o |5/
S
R2 1]/ R
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| N
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R. B. C Pipetie

Fera 203 : vt @ sl (RBC) fade aen o wre § g W, R - T e EfTEey
fom, B =il w1 <t &

3. fue ¥ f a7 feq mu ve ) wum 3-4 93 @, wrad Ty F T F q@ | A
TR e <) e fie F1 Fe @ wer fiom SR yed % A ¥ taeT, 9 %
ﬁwaﬁ@?@.wﬁﬁmaﬁtmﬁé‘m%ﬁzﬁa?ﬁqﬁﬁwﬁmr
m‘ﬁm%m(capillaryaction)%Wtﬁmﬁm_,wﬁﬁqaﬂ?mﬁf@'
SR a0 B R we ¥ v e w A e wiew sifye o §
1 f7am T7 e ey foed fF tw, H-F R = @79 3 oY N ST ¥

4. I T S iAo W, T e w3 foe ® fag, oem T ), Rl

= e

R T SRS T FS % 9w § 43 9

5. o TmEs Wl ¥R A SEvHigEs gaere F A T S o, o
FHUBI F WA B Afyw IR ¥ wrem 5 (Fr= 20.3)1

6. 80T WM F wun « I al ¥, AghmE w9 F (Randomly) o0 1 HRTHSA
w1 frredl %1 3 wa S S o 5 F 9 # T & ne § syen
et T &, 39 Gyoi A f e woam W oww w1 wvw s 9w
w A WE B, S fEd oW

HYA MO W AR A S e ¥ wifea =Y

20.8 f=xd

il wi e TS § W 13 R 1 §em
1. ' 83
2
3.
4
5

W RB.C -

80 w1 Fmf F firdt 7 Fiferwel w0 Fwn < 200 x 50 [7eT 200 THA T I B1 80
DI B = YA 5 A Wil F WA 9 A = wo WA A Taferg 3 f, 1w A
HIfTmall ! Gom wa w03 Bg el 39 S0 @ N woen 1)
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wenreren sreaT Nl T X VA T THYTRTS 61 ATHA:

20.9 3TIFIEH TIHUT
e
ey =1 973 (Thoma's Nuid)

B
HIHA et

20.10 wanT fafi

A TR PR T w0 w5 e e St w e $ e g
Wwﬁ'ﬁﬁmﬁﬁmﬁﬁzamﬁmﬁ%m,@m%wwwﬂﬂm%l@ﬁ
@ R & o et ¥ TR Sl F o Ww, W o . ¥ aw
Yas &9 % o) BT § = 2 (FA 204) W W Rifawel S s
(Refractile) STa 3R we% Smft 1, F gra gwrn o 1 fFmd = g

FIYRIAA F) T L @) St
W1 _ w3

Bl

=== R ==
| - L o HE |l ~7

=
= T : - it
== 1 # r— — Peéad
= érs =‘*igza s ; z — =
SRR I |
) ﬂ || \]', 2 W. B. C. Pipette

w2 ‘W4

Fa 20.4 : 737 TR FiferET (W) fade T Fre % @ o W yam vt @ o % feg

T3 =l W e §
A% oftom ® AN @ 7 wiee ¥ sifas w0
20.11 foaswdt
il &l @@= vad T SifyTeRTel wt dE

. 1‘ i

2.

3.

4.

5.
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‘ T o fadt o firt 78 wfimeref

, H wen
e a0 20 T ¥ a1 FR T &7 Y 7 e 110 7 B, §, e e omawA I/
200 =9 ff, ¥im ST F foe felt 7 e @ wifame w5 W 25 2w
vl H 1200 w7 fa . § W.B.C. ®Y wem 25 ¥ sm: 1 59 W, N vaw
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Ty AT (1t

1 04}

21 fafir= sremdl § g9 arel Jqelt o Icted et
T gdteroT

21,1 wTaT

aﬁ%?ﬁiﬁ'm# g fafw=t w#r & 39 ¥R byproducts) #F R I &
T ITENT TR T mmmﬁwaﬂﬁsmﬁmaﬁﬁmaw
qmmmmwﬁwglmﬁmﬁﬁﬁaﬁﬂﬁmmﬁaﬂw(burrac.c;
body ratio) iU FT1 %, 214 w1 freww % g W § 9N ¢, Afen 7% wier 7
Frmfarram, sifamra, S9m it wod e & frewmsE & fog fafie o3 g 2

arri, frfeieie (LSE-05) ¥ Ta#%R & 6% 4 % g1 ¢ f& g fawaa g
3+ 98 T T gowiel Seufed R AT T STATHEA Tl €, el I § TEd
3% %, faue w9 § @ed fm o €)1 39 B, fafim wivel & g AngeE, s
s % oren, fum-fust w0 § seafila g1 €)1 SIefta e § w9 wga |,
ol gl F g A, I F YA TAET B € AT Sqell Fi 30 Tgered
Haa Seafed weml S8 s, Wﬂmlﬁﬁﬁm%wmw?ﬂﬁ?ﬁdﬁmw
melaaﬁmmﬁmmm T geaTt weemd €03 S g
Teafsa 0@ ¥, qﬁma—n‘rﬁamamqmﬁ Tfer W sedfsa w0 €, gfewrs
ol w7

34 wam § e fafe= wEr % s (S8 Jfh, @ wd) T @S Gl Sl g
zefsta Tl T T FN A1 SRS F) TAE FN IS TR F U W
it A

-

\J::-I
o == mfvTd g Tewfsia el § st gfen e fiw o wi guftefa
T T 4 GwE gl TEHT

o fafirs TPl & Seafold Tee] % STMR W ITH SATETH w4l &Y G

21.2 araygsd Gt

T (aquarium JFT AT

i s Sreen #1 v, fawd g Al @F gl w1 @ T Bl
RERIRE

et W TEE

freR

TEH T SARHE
2 ¢ Aifeay FEiTe &1 AA
mfza mfeF o=

fFi Iﬂiﬁﬁaﬁ ] bQ;__\I’:P.qiauE

21.3  w fafu

TR TETRTE ST, YIS WA § yewg e e, fafie seafin Tl
Ealegl



3. WEAed F A wgl ¥ Iw@ien v e v YRR g,
WETA 1 TSR F TH]
Tt 2 Haw ATl wesane S 9
A 3 TE TR
WETeAt 4 weft @1 e

qafl F T T Orer ¥ fog =l 2 faeh. 29 Sfean wEe w1 9 e A
saifay swR 481 2R % fou v Sfs w16 o vad 9 gEd WEEe ¥ e diag)

T0 T @ 4 B F fafi= gdieen § gEm sife)

IR WEAEd ¥ U Y2 B Wi & Thaw % forg oEm il w8 gfa

Tag it draw e i o =) sufefy % wdum & fag sgEm Fifeg)

ammiftar & fog e

m%ﬁw%%ﬂﬁzAmmml

1. W waETw d 2 s e a1 erfeds st

2. T ER A o F AT wifew s fag gen ae o i S oaterfs w5
fearm %1 ot Frewal =Y arferem 2101 § fafEw

Tfean & fog wrerom

gfen & Them & faw #2 B %1 TwEm Fifau

1. YOS WETe § TS gl qRuE ToEA o ok a7 1o I 7 8 @
FA 91 & WSS H ITAM FHifQ

2. waEAkeE @ (wfuften 91 = ¥ o v 7w © ol 10 e & fog erem @ Tl

3. wourEqd ® 2 e e @ sifvsds frarsul O F @1 e s w6 AR
o) s Frerdl =1 aiferent 21,1 © fafaw)

WUyt 1 yfem w gfium vengs & #n waE T 22

TH e F fom @e C w5 U Sien)

1. TR wWEee § fFn @ 2 fo, & wtwa HCL =8 st

2. it s & wu #1995 efgw sed frewdl | fafaw)
FH et WETS § 8 W T4 T e S0 o9 S0 9 $5 3,6, Jga
v |/ uigw

4, ﬁﬁ'ﬁ@wwﬁmwmﬁ%gm%ﬁg@muﬁaﬁmm
ol g § oM@ T AEd|

MYy w3 gie A F FON w1 g By wEwn Aen 2

fafir= amarat # wY @rd
Fqall % Sewfda weral
T T
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W WY 4 ST S, g w aoma dnin @) seifda 1 w §2

21.4 e
wferaT 21.1
Ieafda wared
wiq s Afen qfts a7
et
g
—
aeit

HiE : gEARnE fred @i + o 9w Terers Freed #1 — fox @ faga
MU UTT6 T AT Wl § U 1 Y F fafis st vl ¥ forn wwore
frad et €2 2% ¥ 9t T Fww aae



22 Ugw W UVt HEe w1 AfHerET

22.1 w&ET

LSE-05 ¥ @us 2 5 TR 6 ¥ o I ¥ dpam F mt ¥ vg1 o Wk 4, S
Ayl wifas W dfme ¥ dfrat s g s ¥ fag SEif Bt €1 )
o Fifret S S R @ 3EE w9 %, wifaes I aEiieTg (so-
matic motor nevrons ) FEAR 1 = fF a9 s ¥, A S sferes e AT
= ¥ feom BY ¥ wig IEF i oiee § Q FTe daEed ok iF w3 A
afdansli % &9 § 7@wed &1 Y dfirenrg g 93 dfemd (peripheral motor nerves)
Heart &1

H@E AR aF W F A, iy 9g wiea © R § sen i dged =
Afxwrare wed ¥ A 9 aom e e F ot w1 wrg, d0E Y |9y (newro
muscular junction} g 21

} e s @ dhre ARy Wi | g §, dfe ¥ ok | dfded R
qiafeafaT (acetylcholine) #1 fim =1d ¥ ofafeaieita, Ivfia oy ol
mifedl ¥ 75 o ¥ e freelt A mim 3E= wT bk Ffm = & fon dfa
%t &1 M Catt =t Frdfm 9wt st 2 ok Wfla 4g @ ggA w1

@ Y Y gt F3 % fag dfm st A9 it W 9 faga am (cleetric
current) 1 WEm H(H I fra o1 wehRm ¥ v wafw 99 1 UE ISR @ S
T 7 SER IO g WFA, TP, (wilch) FHEaT T FEH HIGHUE THH TH
s, W afiefEa fem o wwa 21 S e e w1 AfueeE, IR 3 F
UG W Sge Ahm@ ¥ AN ¥R & AN F @ @ gi s 71 qE S0
oTeaaEs w16t (latent period) 21 sroFad e faga =t w0 % was A 9 F T
Her v A9t 9 N Car F Fofmm B A forg Tu wom @) guta 21 o e B
are Wgra W (contractile phase), o ut T gt & qen fastif wrawen
(relaxation phase) fred At 2o arafas wa § =ifew on W @, € 9

T8 v4m ¥ a9 regieEfeE (gaswrocnemius) YT-FE (sciatic) afymm & Frein
e IR faegn o fee s S R A sfidfan w1

IRV
W ® A F 9" AW
e igw A  ARifmigd Tvi- ﬁaaaﬁmaﬁﬁanaaﬁl

'Y mﬂﬁﬁmaﬁaﬁﬁﬁaﬂmﬁﬂmmm HEaw #iR fasifa weeensdi
%waﬁﬁufﬁﬁwuﬁ?ﬁl

22.2 mmamﬁ
<hfem Hgen

=z 2

farsde fire

Lol

T FeA = T
Hew for =@

50 fa. . =1 9=

T

20% 4ftd7 (urethane), $Stawm faftw a3
FEAITE AT a7
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FHHMITE YR .

1.5 dree H1 6 9 (dry cell), Ig@I9% (stimulalor) Forerd Fé‘q‘w‘;ﬁ{ﬂ (electrodes )
IHF WA T I U

A7 IwrEF (lever)

TEW EF

TR

5 TOTH =1 9T

AfEEa ®TEed (stylus )

22.3 v fafu

oE e Q9§ e s ves s d e v v @ afvafen w6 § fog
HIEHTITE IYFHTT H GAMIISTE FH|

ZE UM Y 9 FEaEEE faeded s o Yo =1 Aegifefrrm ot a9 frda
dia=r = ==l
FHIEAIUTE SUSHTUT i SGedd HET

HTTF ORI AT T H 4AR F T A% 9% T A 9T §H H A g §
@ @A (adjustable) TR A SRgER STHE/MR W A g 2 (3 22.1) 3
TR F FEE G g ANRIEs S faee e w2 i Il sl e
F0 ¥ fau @vs F W w0 wm g @ #10m wa § g ' ae faga
I5ETE, Q) Syd i B CE 1.5 IO de & THl alh, UE-TH ar &t @ieent (solder-
ing) AT S ¥ <A ga AR FAE sEred (clectrodes )@ I3 TER B

ferm 22,1 : Uelt TpT W aifuetEa w0 F o wEEE wE -y
-E -‘\ " ﬁ ﬁ
(- e % 99 O HE HL)
| e s T A Td Hed B 20%  gRed w1 2.5 faE mm sl
Cintramuscular)) FHFA TR IR T GG AET F AR EUHICE a1 ey
JF o few w [ (piting) & g oft sfagd F wwd 21

fafer 3 forg ema Hew @1 HE T T A IEE @ AW B S g gL
Tfsh| e g @ Him w1 WY Hew. F fn  nvRm F FW e @

)



o fF et a9 T TEg 1 I A E

3. ﬁ%@ﬁﬁﬁﬁmwmqmﬁﬁtﬁﬁﬁaﬁmﬁw%ﬁ
Es'w‘[aﬂﬁaﬁa‘r{mﬁlﬁﬁm@ﬁﬁmm‘l?rﬁ'm?,u'{ﬁa'mgmﬁgq
whmaﬁwanﬁ&md@mmﬁmamﬁﬁéﬁ%mﬁmﬁmm
TFR I

4 tiew @ Predes @ W A wm R Ew Wy FTE-TE B e
AEurETE S (visccralorgzms)W\Iwwlﬂﬁ%ﬁmﬁaﬂﬁwm
@'%ﬁﬁmﬂa@uﬁqﬁaﬁ'lmmﬁmammﬁmm,mﬁ@
g’q‘ﬁﬁﬁﬁiﬁlaﬁ(spinalncrvcs)aﬁi‘@m%ﬁ'ﬁﬁmﬁlﬂﬁimﬁ?@ﬁ
% g 7Y W .

5. ﬁwﬂmﬁ‘lmmﬁ%m,aﬁamaﬁﬁ(aﬁm)mﬁmaﬂﬁ
g &ifor wwen (pelvic girdie) # T R o Fifeu

6. ﬁ%%ﬁfhﬁaﬁnw‘,ﬁﬁﬂ?ﬁw.aﬁww%ﬁﬁww%,aﬁﬂm
o ST w7 SR @ A e, fed 1 we ¥ I e s
mﬁmaﬁmaﬂmm@?&qﬁrﬁmﬁ(glovcs)aﬁmﬁ%Wﬁq
ﬁ&ﬁﬁamwﬁm'ﬁmﬁm.amﬁﬁadﬁm#tﬁﬁwﬁﬁm
ﬁ%ﬁsﬁéqﬁlgﬁﬁﬁgaﬁﬁmeﬁaﬁmm&qaﬂi
Ty et & STt eIE TR T4 S

7. Qﬁ"r&wm(Achillestcmlon)ami:re_'rﬁq"r"nwﬁqﬁ%lmqmﬁﬁﬁ:gq
mﬁﬁgaﬁﬁﬁmqum%ﬁﬂrﬁaﬁiwwwﬁfwﬁmm%
@i@‘naﬁh%m%m&mzﬁqm%mﬁtﬁmaﬁuaﬁgﬁ%wﬁ
'mﬁwﬁwuziﬁﬁﬁﬁﬁaﬁﬁ'ﬂ%maihﬁ%ﬁaﬁﬁmmfﬁ@%m%

8. aﬁﬁ“qﬁgqﬁﬁﬁaﬁmﬁaﬁxﬁmuihiu)%wﬁWaﬂfﬁ‘ﬁm
Wﬁ@iaﬁgﬁ%éﬁ#mﬁmﬁﬁm

:ﬂzravrm—énqm,ﬁ#aﬁﬁmﬁqagaﬂﬁ?mmgﬁa,gﬁﬁﬁsammﬁﬁjﬂ_

fofirm iR O % RS e e F AR on e wif wiew e i e 2
=ifeq) (o 22.2) Frswed % TRA R BUA ST = graur v e fw dfe @
%ﬁﬁ@%amm%ﬁmﬁaﬁﬁlgﬁﬁﬁﬁwﬁqﬁaﬁmmaﬁl

Teinl
C_ap.\ulc

Sgialle nerve
Tibia

Cinslroonemiius

Achilles Tendon

Ayt vt w1 SeIiEd wEH
. ﬁmﬁﬁmaﬁmﬁ'mﬁamﬂzgﬁﬁ%meﬁﬁmﬁﬁsﬁﬁﬂaﬁﬂmw
36t oM F R fFefEa (suspended ) ﬁﬁi%ﬁwmﬁqﬁl

L2

4T %) FeAlerH | A8 gaaﬁmﬁamﬁamga%@iﬁﬁmﬁm
st < 97 TreEe SEaE w1 Afew fefa § R et um w1 3wEieR fefa
il

Yamwm W Y7t HgEw
e
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ﬂ?ﬂaﬁ.mmﬂﬁmﬁfrﬁ%m(rulcrum)aanm"su%w%aﬁa
w1 g, T F W&F €9 W IS W AN 2 ¥ SR 39 2 AeH ¥ fR
Hre ¥ gE §E o @ dfrs-Th @ daw

G TIEE I e ICeE | T TER DY 5 a7 30 9, 39 0fa 1
wwifem fh form Rk g @) e W 32 A, W, wi Fwvs @ 1Rt W s
HRYI AT ATEH FIHAE ITH T TR 9 afwdfan #0 F faw dam 2

THRE N =X F Wy F 9@ ew wdagim | e sam 3 @ o o
wifEy frea dfiem 5t ¥R ¥ 33 ok Suwl Wi ¥ I fan 42@ |
¥ T T I A 9 I F 1 vy B ebdfan (Reg) s

T qU o (rotation) T @ nfd | 8, 79%F fow 30 W 9vg = @ fafm

. HIY 78 FE F fAy, 30 #1 gared ok gW R oun W swen il w o Ta

Wifvw) w9 a9 (stop walch) ®1 ¥4 F3A §T, 71 10 dvs ¥ sia0d W) T
T w1 T fig 7 fa oigdl 75 S faem g0, S Ry O @ Wi e
(wuring fork) =1 T3M w7 «ft fea o0 w1 21 o7 stheas (FerfEn) =1
el o 22.3 | forfoq) sifverea ¥ sreram @, dgraa wreen g fasifa
ST A ATy

TT11 T

Stimulus
;ﬁ T

Time

= == Contraclion Period

niractio

== ==+ [Lalen

fax 223 : vl v = s

e wE 1 Wl w5 @ T vaed 22

a’rumzyﬁmﬁﬁamw (time scale) | ¥91 a1w forfvS wearadl 34

R A, WFA WA A fauifn waen ¥ wna w1 v w2

a}umsﬁﬁm&vﬁaﬁﬁ'ﬁﬁnﬁmmwwﬁmwaﬁﬁm%?




a}umdwmqﬁﬁmzﬁa%aﬁwmaﬂmmm? o A A9 W

FEEE (threshold ) STENA 0 €7 &7 <9 99 & fv 1.5 dce @ %9 ¥
TR T U ergfrm won? fedt oM § srfra = Swifzw w03 F fow famn
ST AT FH Y FT I FIEEA T FEem | SR T ST
g (step-up transformer) & ragassa ¥, Wifw 0-5 diee @@ =1 faga
YT € T '

FRRIgE W dfre ¥t w e ven Ae-foe el 4”05 Qe 1 9w, 1.5
e, 2 diee anfe-anfe S T yaiEw wmIAT FRAITE ¥R W, TEE 58T 3
¥ IyEwR, Wg9A S aifueifaa Fif =9 diees 91 9@ Fifag fom wogem
arfFm ®E §1 97 dicew STerdia SeEiA & el e freed @ s
aAfiriEd gfaw 1 e Fifoag

YUY 5 afs IR F T F 9 & @ siferw agrn W A1 @ O
A F 96 ¥ FEaol gig 0 Tl 82 ST IaR % ford R T

faafy 1: et % g 9% Wi W 923 F S oA = AT amfEm et 7
afg &, @ *?

n?‘_)

ﬂﬁﬁfﬂ&ﬁ'sﬂﬂi@aﬁﬁﬁﬁ?mﬁmmmlwmmaﬁm
nfa =9 Sgam o v | B 2 ) a9 sdifte v W gen
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23 /99 ¥ Y A Ere ot @ srema

23.1 wrEAr

T T BT IET AR R F W AN AR S0 B freded whEm F g ged sk
wE=rE H w9 T #1 o el ¥ ww stasand 9Re (endocrine glands) =1 W@
M FH, R R vR F st sael B RaR wE) § weam | s

Rt iicul

EE:E'S'Q:
¥ yo f W F A 39 wad §@in
® T IR UM @ F 9 W W WA F 9EAW wHEA H,

® STV (oogencsis) 3 WWIORMAR (spermatogenesis) F fafisy sraonadl =t
e g § guvr (1ostis) 3R ST (ovary) ¥ YW (scetions) F
Fitero =1 = A,

o iR A waw ot Uiy ¥ W N e g 3

®  FuEl & R Frgu (piitary ), 9RRETE (thyroid), Yueimmss ( parathyroid ),
H™INrA (pancreas) 3R sifigas (Adrenal) Tferdi % Javm =) g 7

23.2 HravgE ATl

fordre awealt ™

g HqeuRE

fo=de & fag I9wm

ITUSTIE, U9, Wrqd, WRiFe, JNURass, rwE o afugFs dival @ A e

23.3 worA 3T @ fadew

[T ST A (viscera) F AT AN IR A T gF (N A9 wen) @
fordza =i e A9 (atimentary canal), 75 (liver), 9 (hearl), 3 Fws)
(lungs) =1 Feera Ziform

®. WIS U= A

g s (pelvic region) ® A1 TSFA i w1 Sfayg (o 23.1)1 2@l (lorso) T &
TH DI At Y R 1 B ol aer @ ovsE w5t TS R O 9%
7 A g Frwrt 7 wwe §101 o1 3@ g € e weiw ovenw uw Bl $Usiom
svzafet (Senfer femafe afom) & o1 g € WifE e swe s Wi
TviE (ulcrus)ﬁiﬁﬁﬁﬂ?ﬁglﬁﬁﬁﬁ,%ﬁﬁ(vaginu) qamm (urethra) & 9o fem
¥ it AR F A1 Tgw, T ER (orifice) W, T (anus) F A B AT Gt T
AUTTE, A1 SR e W 9EEA

W, WS AT

T aEl § A v R R, 999 FY (scrowm) = fay, S == A 7w g
T S 21 70 H1 0F AT e 2 (593 23.2)) v guv W o wvd weE W
T ol Fosfaa anfet, sifugaor (epididymis) #1 +ft faw) sifvugeon & freest g3
TE AT A9 (ascending wbe ), YEoTY =faw g 2, foed 3 afee (vas
deferens ), T afef Al aik gt vl &1 v AR = equY (wrace) Fifomg afix
TfEa fF @z 2w T3 (body-cavily) W B, 4879 =18 (inguinal canal) % 510 989
wT ¢ S YT A gEE % WR 9% TEE0 9 o 6T [ [w A, e
afer &1 BIg T T SN gaanfed) (urcler) WOwss § aen {1 i o dsl § g



Hy oeh Wit & v A fe oo see Uiy ¥ R 9F w9 wom A7 ¥ TR 56w | e ¥ wer o s
wmrd B A T 9 9 (wrace) I, T W fF T T (penis), T awd
'Wﬁ'ﬁmaﬂﬁrﬁlwﬁﬁWﬁﬁqﬁmmm’quaﬂ?w(scmcn)
frfwa (relcased) B} ¥, A gR 21 gUorEns, v, shagwe, R Sfest, T

afer, AT, W Ty ot firm @ wet

Right kidney =

Pelvis

. Righl ovary
Fallopian 1ube

Uterus -

Ureter a

Left ovary

Fat

Ureter

Urinary bladder

Preputial gland

Reclum

Yagina
Uretnera

Clitoris

Urinary Opening

Adrenal gland

Kidney

Ampullary
Gland -

Urioory
Bladder

Preputial gland =

Penis
Urinogenital
Aperture
Capmt
Epididymis
Corpus
Epididymus

Caduda epididymus

Yulva

Anus

ferg 23,1 : wier g T FESEA (urinogenitul ) G

Pelvis

Anus

fora 23.2 : ¥ 1 YAGA A1

Ureter

Seminal Vesicle

Lateral prostale
Gland

Urethra
Spermatic cord

Vas derercns

~n Rectum

— Testis

Scrotnl sac

ATl w1 3naEas
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TrTaTer A 1l ‘
234 AAR WTST &7 3WeAqq

N, FAURG HUSTIR &l JUTT FIE ( cross section )

31T SUSTY™ F HE B TG B WIHgT Hifcafeed (Graafian follicles) w1 @7 (fa3
23.3 &R 23.4)1 = = wfitfy ) P g TIER (coboidal) IFEE (epithelium )
%! 2yl TR A R asgad! M $ @R S ngfies wiaieed w39
woa &1 GERY (pubenty) % AR, BTG ¥ YNE ¥ 089, $9 Hifafeed
srvRren (ovulation) ¥ wEdl ¥ fawfaa gr) @ € ik wiairw avsw (oocyle),
fsfrm sz otk @ ¥ Wit wifafees a7 wma €1 amg 2@ B mieaa
wifafEed (fom 23.4) =Y fof fad it 7 €1 o W €, @@ S (hotlow
sacs)TN &, o s1o3To] (ovum) ¥ ¥, M =% TA (follicular fuid/liquor
folliculi) & forr gan e 1 =% o1 (cavily) Foed o= %3 wo wa € TR
(antrum) HEARy #1 o F I AR I R, Wie wfafeed ¥ A< DivEs
= TF Fo8 Ser (mound ) Brn &, fY srvswr §9 (cumulus oophorus) =wd €1 ATy
o 3w T wremE w e Ty ol o fefen Sifm

Bgg Primary Double Beginning Atretic.  Follicle approaching
nests follicle layered of antrum follicle maturity
follicte  formation
Ovigerous .
Cord e Rl ;
befmlncu\‘ /,-/"" v mature follicle
Epuhehum _‘ @ Q =7 =
g
. o 3
Mesova.numL[ \ A TS r
Nl Ll L i
Blaod =~ 4, . BT ey K ST g
_vessels ! )
‘Ruptured
Corpys follicle
albicans “ g Released
Bl OVUIM
tissue .Young
Fully formed Connective : Lutein cells corpus
Corpus luleum Tissue of ovary Fibrin of clot} 1,;0ym

Coagulated blood
ferr 233 : 3wETIMa WY AR ( generatised ) @TEAT)

r' \'m T \\! oy
2 zg-u"-;; g
;L'_J._,_:{ :?/:’. =~

R y .b_;-.,. AR T \"- g _, P Vi e Plalt

faw 23.4 :mﬁﬁwﬁml

¥, U Tl FUE FIE

UV F FE A wWES B 2f@U gE F T A SFFTE g v AR

110 (seminiferous wbules) &% (fax 23.5) sy we Y, fu w1 &, TF ¥



Afawedi w1 uifu F 98 wey wifaw 1ifu § 1 F1@ g0 FF @@ 9§ 9 &g W war ST shcardt
T % faem w9 fafrs srenedl =t 3w ¥ www €1 ofifa 9 ik s Skt w1 ST
SRR B 0] ST YremTogeig RIS (spermatogonial cells) &1 3@
F 9% Tg wrafues Y] HIfEeRTd (spermatocyles ) T TEE =g @ gt
THTO] IR (sccondary spermatocytes) i @7, it fr sivfega fasmem -
(meiotic division) ¥ = Tt ¥ 1§ A% e Afifor EeTd (spermatids) ¥R
¥l g5 F sl F A § AT FY ol Wi (interstitial cells) gt ¥,
TR W T TR W 3= 3R @i @ €1 g0 w1 eTqwe w1 § 99 g’
Tt T fafim dresil & far aed ot IR wwE | e wivw

spermatozoa

* Interslitical cells

Spermatogenic
lissue (note maluring sperm near Lumen of
[umen} Semomoferovs Lubule

o

g oot ..-:.ép:f“-ﬁ'_-»‘ 20 :

| faw23.5 1 (A) yoRerRE wifrened @) gt Wy ¥ vmerdta wfafafy ¥ e gy gwer @ s

T T FHARRFIA Fa7, (B ) YL T Hifyrnred ¥ aroet wiferwrel w1 w5y o @t
w1 @l ok, ( € ) et 3m3tH ( magnification ) § #ifET Siferel =1 faam go e

T M F AR TS

iy % rwey w2 § a9 ool BTERTig s aen iy S o R A
AN sfmER Q WA T TN B 2 AN TR YR WX (swratum basale) T ¥
fowd for wa arfefal Bt &, A i T 3T TEH FEwAA (sratum funclionale )
gt 2, S fF et el (secretary glands) WWW (columnar) =Teq = &l
T B 2 W A U% 9 (estrus) Tl F A (N T | wam F1 IR
wHite) Fdifem (sloughed off) ®t-wmm & (f3 23.6)) fafs= Sramed & fax av e
fafza =iy

23.5 sfa:@rel wfuat wt srafafa

o senat il afe e il € < vt gkl foR sl w5 2, @ ol
FHE & | TG e Ty § g ®) @ ? atfed (ransported ) B9 IR % TE
um ¥ v €, I8 W A 98 sl @ oW R Fea w6, waeag sfmaed (sys-

tematic responses) I FTHE 1 B A Tt i @l divi e = (nervous
system) ¥ Ty faere. ok # o @ik s A & @l W e W € (fox
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WERyITET T 11

23.7)1 fafv= ofa-wr nferdl &1 frafd 7@ F F fog, 92 » = 01 4 wd
fafu= i el 9l ot =% w0 = e | o 5 g o LSE-05 v % T
11 =1 5515 10 F1 98 HHa &1

Lumen of ulerus

Columnar
epithelium of

AN\ endometrium

Thyraid

Thymus

Poncreas

Adrenal gland

Alimenlary canal

Teslis

ferx 23,7 :'r:fgaa—raia:ma‘ﬁ'm
ata-emet oY w1 faradee
l. <& @ w1 @eH % fo 7 awhn el vy g @l fassfia feifa
2. TEEA (trachea) %1 G R v 76 ¥ wly ¥ 79 (pharynx) F AW



= T, aEis v F Sy (fm 23.8)1 97 T gE R 01w QA §1 SR § a S st
3. mﬁu%m,ﬁmm%w,aﬁa(auriclcs)iﬁw%ﬁﬁmlﬁrﬁ s
Tfergem (bilobed) 3R w1 1 €11 21
4, Tewlt (duodenum) T BiRT: ok wEU R el & ¥ F, TamE-i W,
oz st wifEa o= (pancreas) 1 SREQ T F A @faw
5. @R A (alimentary canal } =i T M o i ¥ fad e et
(mesentaries) I w1 o, Fred or=q afa-wre dfeEl @ W gF| AER
TS F TF 6 it fm wm ey o TTaL (kidney) @) eTERd it
6. EE TR ¥ I R TeF =, Adgm siferges 1fa (adrenal) w1 TfEQ)
7. T o A wuit ¥ 9ur T arER e iR gw W g Fif, FifE
@ o F FB DY, T Wi w5 E
9 g fa o fasded vl R @ fafea, faa o s

T W) ¥ WA wm § e fafu= efa e Gl % f= (sections) = dun
el F1 s w8

. g fy (dgfer)
e 1ifu (Hypophysis) ¥ & 1 frllerm wiforg §aw &1 faa 7rgd oiR et
= fafzg #fag: #ITSR g6 (infundibular stalk), SEAW (pars distalis), T
Tt ﬁﬁmﬁ “(chromophil cells), dfxssia (pars nervosa ), TEATA (pars inlermedia)
(Farz 23.8)) 70 R F g I A Sud F o ved R e gewi g
Zfau ' . R 3 g

. RO S HeT
- W@E‘IF%T e 23.8 - digW WY w1 A{IET HR
Tw A § H9 O WIS (Thyroid Gland) Wifdfees =t TEA, Toh YA e
Hifoe g0 e 2ri sk swd wetess gad gm sife e T F stfe
(stains) €Tl &1 g w2 emRreafed (thyroglobulin) #, W engi®da (thyroxine )
sfit TEASIgEAA (wiodothyroning) T qEWHT ( Precursar) Aty gwm wER B
(1 23.9) Fieiss R uTER aerer 1 a3 aEs o w9 fafwa it

T, g

Faet (acinar tissucs) ¥ fa@l gQ Amd=a & T (islels of langerhans)
=1 ey (o= 23.10), Sifs w=F TS5 (enzymes) & AmlEd Fw 1Y v
Y I F@ F et T S J, fufan A e @ au
Bt Yo A A1 NE F A = faa ey SR TeseeE au g %
um =) fafea ik

7. fugen gl

wew sifigae Ui (adernal glands) AT 1 37T, 7o (medutla) ™ ¥, TTFE
(coriex) EY1 &1 aege AR @SN =1 & a0 ¥: AR S TAEGE (zona

glomerulosa) Sl TeSIEEIA (aldosierone ) Ffad &I #: 7Yy i FEEA (zona s



AT 3R 11 fasciculata); aen «fim@t =i egAf@ (zona reticularis) | sifigas FeFeardaa

Fiffwriive T, rqasifeREgy (glucocorticoids) Fen framifisnga
(mincralocorticoids ) # #faw Stm & o T TIEAAA qu1 TRTEHA (norepi-
nephrine) = wifaa s 21 :

f  Thyroid folticle
P Parathyroid tissue

[. Pancrealic acini
2. Islet'of Langerhans

1. Capsule
2. Zona glomerulosa
3. Zona fasciculata
4, Zona reticularis
5. Medulla

6. Veins in m=dulla

- Fax 23,11 age ot wewr =t e qu stfuges Uit @1 arwen w1
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23.6 WU U ‘ T wervr atr stasEr

1.

T =1 S
T ] BN G AT (oogenesis) ¥ fog @t ww R2? :

a) 3fTw (oogonium ), WHF Ivs& (occyle), AU (ovum), fzdta
ITOEF, HEE (ootid) ' '

b) wafa® sveew, A s, AswT, afz‘geqmv;
¢) ¥z, mufow sivew, fgda wvsw, wfes, s
d) sy, mufaes vEsd, o, fdte ssw, wfes

. mufiyes eIy WRTET (spermatocyle) ® WA : a3 YT (spermatozoa)

I B 2
a) TH
b) T A A yda S (polar bodies)
c) A
d) =
() H (1) § ez
(1) a) ey
b) IJuaEe
c) IXUTS
d) I
¢) ftgan
(1) i) =& °fe, siw-areE aon aegerEl 2t YeR &1 1i 2

i) v nfy ¥ Frerfafes doemd ek € gt (pars distalis), @i
{pars nervosa) 991 BYi% (pars inlermedia)

i) T TR F Uil st WS et E
iv) ag "y stgadHt (iropic) ¥ @@= =t #1

v) TEE g £ oaw ufa o Rl Y o (androgens) 3T
w2 ' .

vi) % Tl oiwms fegafen smis (TSH) 3w o
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24 Tg/IEE T T AT B WL TR wE

24.1 wv&raT

LSE 05 @% 2 F1 731 8 § a1y ygt for #e1 ssiwal A rAe SeeT whee i gral §
st sifirpi e W, 9% 3w AW A @ wr € 9 fo 3T dar W swsitaa &
fore weifes sqga Bio 1 _

wigied ¥ A o= T ¥ v o e uE ween g gE) i gue) ¥
7% w% 4 § 5 A w g €k @R dh W I o § 9= e 2

. BT (estrus) : 9% HIA o & Fowh SR apoStewd g0 R WE HIA [ERIETH
¥CAM (follicle stimulating hormone) 38 GEY9H ¥ ¥/ ¥ 9-15 © aF waT 81
fords 3l %16 % QE TR, R F g mET wat 1 e Fverer o e et
TR TR T &) i aw € S & e A Ft i weieafia & o & aen
At S TR (squamous) 3R AT (cornified) a7 S ¥ ¥ w ¥ S fag
T AT AT e TER w1zl €, S fF ae 9w 9 S s § oo w5y
e T F Wy | g w R ww €

2, ‘TG (metaestrus)  FEHR ® sgdfeafa ¥ svster! ¥ {@ 9% % AW 10-
14 WY W TEdl ¥ U o w99 eqfegm (corpus lulcum) A & 3T WRIEHA
wfg B &1 59 e § forn A o g S SR ¥ @ vamToed
1 T 31 -

3. GeVITd (diestrns) ; TF T 60 A 70 €L TH WAl T S Tfed = T Hra §
wmters T 71 W § ofh @iy s ¥ fads ydarog wa E

4. ﬂEEE‘(prae.ﬂrus) : 9% WIS dIE q HE ?raa"{'ﬁ'd'l %lﬂ'ﬁ A AR 'ﬁ‘l’(ﬁ
1 et =i wgfem @ TR (degeneration) S &A1 #, TR T (& wirw@l
¥ gftgsa &) o #1 niva T wafa @ s @ w9 oA | St
AR SIS (nuclcated epithelial cells) 3Tam-aTem @1 fift o) & it
T 21 @D B Fifee ¥ F 9 acema, a3 24.1 ° sntfaae w9 A femmw g
&1

EEA]

%8 wam § AW

e ¥ T IS ¥ Hif eam\tr‘zﬁrﬁ T e BT

e Ffu Mg Was ¥ TeEw ® eawyl S ggErt 4 6ER T

24,2 3TIyEs QTN

AR G q9H )
wikfwargs daga

T F W

s sfites

HTEhT TGS,

v ey

DPX #RiIva

24.3 v fafu

ﬂ_ﬁﬂﬂaﬁ'ﬂﬁﬁﬁmﬁﬂiaﬂaﬁmaﬁlﬁﬁﬁﬁﬁ%ﬁﬂ%ﬁmﬂ@ﬁﬁ?ﬂ3‘-%'
#HW (ventral surface) T &t (% @A U, fedmm 2 A fora ¥ TRRfraRAE HErsT




31,

¥ ot T TF A BT (FH TE! T8 FI FE B TG BT ATAR BOW) TAT
ﬁlﬁﬂﬁﬁi@ﬁﬁlﬁﬁ 3ﬂ Ciedkc| w:ﬁﬁﬁﬁm%m(lmmg)ﬂ
fauet §F P Wi g wF F v faoe ot T ¥ R 9 e it sk

IW U FIF WES W §F A TG HL AQY 9831 =TS F 415t =T 740 § fedr 52 .

gm?ﬁﬁﬁlmﬁﬂﬁ%mutﬁmaﬁ'{?ﬁrrmaif‘mﬁ(&cmsasmm)aﬂnﬂﬁltﬁ
T $H Y R SIeR| §aE) 5 A ik 10 five ¥ o @ € ors Gl wme
=1 YT THR | oTgA W@ [ ) Sy 3 T ¥ g eifaul DPX s 1w
F EU TS H Fe forn 9 smifia sifsg)

24.4 Titeror 37 ufiomm

gemayhl ¥ Friera iy, o weaa § fau mooasH ot AR A W B ) mee @
aﬁmﬁwﬂmmmﬁﬁlwﬁquﬁﬁnﬁmm&ﬁm
FeasF H Tmu

@@@ BB B i @
%%@

Y% @
chslru% %

LN TN

Cormﬁed Epll’.hl:llal cclls

) @@ ¢ H® @(
{Mclcslw @

Fag 24.1 : avem F arest fafie wifrata dramed’ o) fowmd gu aguw @t fafua st

FfE Sigall =l FAred e Sety faran wran 2, o A wed) ®) wrw H e wmon
TEIETY Al e F wvem 3% A1 3% a3 (cages) ¥ @ g

A9 e § 999 T WHE F 999 F oM, 379 ©@F ¥ 9ga 9 9 ™Y, w8
wq | 2-3 fef % sique @ @ T T
MY W 1. A AT Y F), T w W @ srwen F qrn

_a’?umz. ST G TEEr T sy § o frg yew W ST 2wt

9§ U w9 araw w5t
mg%hrrlm
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AT TR 1 3 ¢ aferen Y, gE frefif @ siwd da i@

TR WE ) e L TR TeElifa LvE

siged
A

HE

WY WA 3. o v ¥ fre fafve orren ¥ vgsl W atfs e 3 w2 af
w, A = 29 Tw TR ¥ Yo ¥ fau daifan R 6@ /) 7
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25 ﬂgﬁ%ﬁmﬁﬁfwmﬁﬁmm
oI eI

25.1 UwTEAT

ot ) witE ark 9 e ¥ Ty R R (fenilization) FwTY ¥ SN W
1 2793 ot I F P SAIRTS T 9§ A fr i W R W9 (genes)
o T w1 Frdie w5 € w5 e afEmeil (biological processes) 1 germ A,
o o sf@e sriega dil 21 T I, Fow a1 A yW A ey
(appearance) =&, il sv@l GG TF B B T FW@ B

v AT g ¥, 70 sfnifad ¥ | FT T (tadpole) TR G F WGH
w1 afa & v g TORel Al S APRTSE (stained) ®ERT (section)
RerEal A w1 T w0 ¥, averm H i Rww iyl e F R, w9 Yew
¥ wftads ¥ wpg wewell & wfiqw aoit @ gE 101 o7 LSE-06 Wigasa H1 3918
13, 14 3l 15 =1 Fem@ of & wa L '

gk % YU fasm =1 3of=

gk UH ATNIET (seminqualic ) T 3 A o799 0@ Wl H T T) 570 Aedtas
(mesolecithal) YR % 3 2, fom Fa® (yolk) 1 wmmw o g € w1
seufa () & Teng 3 |@fza @ ) FiE,avEedd (ovulationy F 9 fise
T € T & awn oftads w1 T A ¥ R Seers T 21 SvEew 3 A
TSUME (ladpole) TR T H1 faehTa W ST T @O B0 R ) HEw & oveTo ©

g (polarity), FR=m & ) wrat A 76 § &t 7w @vay Y % srem-arem
9 E8 § (§) 5 e (animal hemysphere)  —— am Jet (Jelly) =1 W/l

W g @ #) ey auifEa (pigmented) M, ST SV F 1Y W Aluw wm AlyuET
Fr & A fred Fw Tm 2 Q) STefs e (vegetal hemispherd)- 888 1 1
HiaeE | w1 g amenga wih am (fr 250100 '

Prafaa arveT (gEae ) (zygole) -390 & LF F ¥8T F A fFUm am 2, faes
SO T A @) Y] faE w99 (animal polc) T W Y weRAl §
ST 5/ 9% YW HI@ E A, WER W I F U H1 faada fm ¥ T e W6
{grey crescent) @l % (Fod 25.2 ) W™ F 799 W &7 Tgomd »f ¥ € (LSE-06
TEAFH F 3FE —13 W T3 ) Taw faee (vilellime membrane) R RO F A

AR HY F A4 A 7, 7O T W ¢, o qreTe gu S #) 7Y e Ya 99l

S F W #, afk 9w T vEd Tt A

arrifira fage™ (cleavage) AU TIEAT (morula) &1 a3 -t F Ty afeadT
wifpEadl (=meeifaa) o facfom sty faafae o 21 fagem T’i"ﬁﬁ (tholablasuce
ﬁm%(wﬁmﬁzﬁmﬁm%)amwm%.uﬁﬁﬁmﬁﬂﬁWm
F A T OEI Y [ OIR Y@ W W 7 ST H Dz TM T A FERIEGE (micromeres)
From ¥ ot @ srerafEm qa w a9 £, mfwda (macromeres) FFET Z1 AP
faTem F EEEY wEREEa (hlastomeres) F 2T e 01 2 W DIEE A GAE
FEO 3 TR (FREEE ) F T F T (cluster) IHR § @ ofi arafas
Tafm wifoen @ =@ € e Bl

TATECE (blastula) - T w1 SeE) A faeem F wvER @ TE A SRS T
(TETE®) T T, green U fawtan @9 AR w0F (RME) # w9 &6 §1 W@
et B W T T, T 9 R iR e 3R 2 aen frd g e A T W st v
TRATGE &1 favrer a9 gadfe (synchronous) & wm e (F= 25.3)1 = 4T H
E % FRF G (blastomeres), ToF R gU erafEg @y § suftun FOw F anan Afuw
T & e 2R ¥ 59: 9 T 8 O Y FREEs SET SRS $ g% ol 8

- Hgw & fawra # HawmRi
w1 g WASST T oA
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AT e (1

120

mzﬂ'r (Gastrula) -mw (FZF) T X {1 F1 quifha s w5 e S frar
Tz 2, foreny mm%mmmmmm(plu“’m*. uw.mﬂam
% M T Wa7) #I0F, 1 WoEl 5 O e B o,ﬁmﬂu) ARE ATET
(cctoderm ) (2) 7% T BEEER (mesoderm) @ (3)Wie0 siawen 2 £ T
(gastrulation) ¥ Fifyemad] 1 fawem qu1 =e €@ 2) 2 fafai w frfaa 40
(afF) % orgmw 1t €, i) daws H) arn w R et @ (Fom 25.4) 001w
T F1 TEHW KN F 9= 4@ B AR, SR F vemEd am ¥ g S e
feufa &, S svora srewfrm TemE &Y WA R R @ ¥ 43 ¥, ufeum
(pushing) WX 3= 31'ff1ra‘-l (invagination) ¥ gt 31 sifaem ¥ ™ 9= B
(crescent shaped Yip) @@ 2, St for geRerd (Blastopore) HEmr 21 TaTERNR
(i) H) frafa qﬁmt{ YT F gy w fafwa s Eyw w1 s wfaer
qaﬁﬂamﬁ?ﬁeﬂmalaﬁgﬁaﬁaﬁﬁmﬁmﬁﬁﬁmﬁﬁ%am YU F =
I Al T [AVIET (epiboly)| Wl IHF TYER FITHIY ¥ T F AR g3 o}
[ #T=iger (invagination or involution)]1 TF T &1 sTariw (archenteron) =7t &, &t fim
FRETET F o7 § o 1l & aen wiwty /@ w8t gt 29 sy om) Ser
ISTTET (gastrococ)) F w9 ¥ wigd g

#9 7% 7 18 vl wfEma @ R w, wge A mufie wd B YU i
o ®E (verlical scelion) ® =rrn e %) (Fo 25.4 b)

EEAT (newrula) Wﬂﬂﬁ?mﬂwwwaﬁﬂﬁm SR TR
%1 ArETE, M frme W 2 @ o Tve = 9w TRa w1 (neural pLuc} FATAT
?1s=q={mﬂz(aﬁmv§z)$mnmwmzn?wqwm :m“{.ﬂﬂ?l
T I T TF AT Al mﬁn?{mm(ncumltubcm ,wma 2 (Fm
25.5) | FrEyeEEa FOgERIST Hﬁﬁﬂﬂ[{aﬁﬁaﬂa’rw%mﬁmﬂm LERSIGT
?.amﬂiﬁmmoammarmaéam%(aﬁ%véw%mﬁameﬁ):
“[@ A, 9 T A e ¥ 3% vt § e we o W ferw ok O o @
faufem €1 = 2

341 <M 9aTs (notachord) Mt Ffgeei @ TF AR § (Aeaeremn Safy $1) omaa
w1 av1 78 fufd § ©F Ae R 8% (cylindrical rod) ¥ &9 ¥ fyewfaa 2 Wt £ am
=R T F A @ s F wR e fem @ o # v w5 F ke, e
SRR TAE Al BT (TS ) B AW awd § aw Yene § oem fasfaa € ST
AEASTER, RETRT (bodycavily)  F 3iT (splanchnic) Ao H1faE (somatic) @y §
fawe 81 R 21 5 G TE B A9 F waE (coelom) feum e

Fgehi a1 Gl (neurulation) F HreATERES (morphogenetic) gl fafim
FHifrmrati = =El F ferfa (postion)d wn ¥t 2, frwd f 57t wad (subsequent)
TN fHmetl Ay R &) fas o sreensd § goww ® Fasl o fadfea v ¥
fert stmlia wreen = ot £1am ¥ R w R o e 9 o # qw, s @
whnﬂmoamwnﬁw(gllshm amﬁaﬁquﬁmqhﬁﬁqaﬂm
¥ TR g5 e v am A o R .9 Y ¥ fasfaa © 96 21 often 59 3w
| wev ane (foraw) R T (udpole) § wTARA 71 o 7. fad wei widew
(TIFT WorEi ) & R 92 U TR ¥, uF AA-Tl &% Grn @ arm, g dfae
T, TETe Ao T 27 (ferg 25.6)

gﬁﬁﬁwmmrm) -ferwe st wEm iz e © = afmw B w
H oo 74 W & amwa‘vtﬁawﬂrﬁ?ﬁjmmmﬁmﬁmm@gﬁ
3 TN Wi A A # ) yE e ¥y foowe Gww ¥ Y fad o o &
e T T T W A R T ww j v afafien o afa @ (fold) S
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4, gF WO A FH BOE T V.S, (T FR)
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T2 F 3e A ¥ 1 wiad T amafees (derewe) J frefia 7o
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H (@auditory capsule) & @A § qean =& afgwa (fourth ventricle) = W gy, fem
Tt 31 :

5) TgTe TEH § Ay wiwe & A few R a0 E
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26 forer YUT it SR a1 ARTSH qeIr Aot

26.1 w&EAr

fafedl aen w0 (reptiles) F &9 ft w Rl sm &1 ol F over swR el W
¥ 74 @ Prifaw o) o & aen o w1 wRad TR S Wi F T @ o ¥ gl =
3T Th Ha9 (shell) A T wal & A T B oA WA ® il swE T S
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1) fodl & = (blunt) fR A o & o= it O o feem =91 farw @ @ifst
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FH1 1 2 | Ik FRFTH ararenE W @ fred @ R, 9 swe fraw (fae)
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1) FReEed %1 gaugyi g Frierm wfag vzl (beating) 329 & H4Tw 9@ @
ferd, oo 91 T A1y TOE A TR @ L, T YW H ey D fag, o R
HRFTH D T F At faewny, & R B qr fame @ e am
Yo | 38 were oy fim 3R @it aee @ s fawe dfg

2) YW senFe T8 &3 W for ww R, W unged &7 (area pellucida) FEemm & @
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fa= 26.3: 33 w2 =t 3w aren faw s
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27 R TFE & g fak ol & areaas

27.1 WS
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s o = fafim saeasll & qof smivell qa sElAwAE 5 TR g

27.3 figor

*) fas qur - 4 92 %1 qul amieoy

T WES § AT HRHara w1 wrewl &9 (area pellacida) w1 STIREEl &% (arca
opaca) ¥ fatew #1 fiare {9 27 A & =t v ¥ fF IRl T w1 =
wemé fewm e @ T R aw wfarwm ¥ T A YD [ Y (caudal end) Y
fafga s & (Fa 27.1)1 7 @ 8 &2 ¥ uymm A Werd K o= D 9w R awn anfe
@ (Primitive streak) ¥ Y@ 9 Waiya @ aﬁ'@ﬂ@ﬂmﬁﬁhﬂ
FHITTQI

@) faw ot .16 92 &7 gof 3miqur

16 52 & yo ¥ (fex 27.2) o9 wow anfz = 3w w1 T waen ¥ v anfg
Y e ¥ gen wfvefim (characterized) ¥Ya #1 warh aen ARRRm (stained)
RS N U A @i, W 5 e @i wrart €, 9 § e F2e @ a B
Riym & 7 SR w (A =1 fan ) we-T 44t 5 Fifven we e 8% @ €,
N ¥=ew A5 weemr €1 TREH &= w1 9w S el Y@ @ W W e &, v
Hre fa@ar  qen yoita & e Wit Faassies @@ R A g i a8
Legeia SR (elliptical shape) @ T B1 wet g ik Y@ WA A a@ ym ¥
WR $ = 316 = iy s@ ¥ ge foa N oidig w9 A = A S fawn
T ¥, 9% v w1 =5 fau B




CEPHALIC END
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Pellucida
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ferx 27.1; s MoT, IwTEA (incubation) & 4 T2 wvarq (Ut srawer i
CEPHALIC END
el Afea opeca
T A
TRt pellucida
' 1

- Embryonic
.. shield

"— Hensen's
. node

Primitive
pit

Primitive
1 groove

Primitive
ridge

fag 27.2; o ur @7 qui 3rmiwor, SWEA (Incubation) & 16 9 qv=am]
M) 16 U2 & YOT T R @re
16 W R yw A B gon wrdvd wE onfe Yan F A B qH AR F o F

wefifa 33 & 9N 7% 7B (notochord) T @ ferd Wyl =t FraReR Tia

¥ o B A ot fmmn 1 DeRryeR, Argaern, Y RS, wa o (primitive
pit), if% @re, W W Y A (primitive gur) P TR ¥ NI T A
AT Ao SnaEm ® ey o wen Al & (F 27.300

Hensen's node  Primitive pit

Ecloderm

Primitive groove

faw 273 fam WO, 16 YT B W1 = e we

~ RT AeaaE

g fammmsiftaa @&
e v § forem Ad ¥ do
JIA FIET FT AT, A
{Morphos) HT=T1 Rval TFR
FTE (genesis) ELuin)
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w)  fa= yor 18 U2 w1 gof amigor

18 52 & om ¥ sy I&H fr ety TF GEE (conspicuos) A TR 9 fordl wrw
wﬁﬁﬁﬁﬁ%tqm’qﬁdﬂaﬁaﬁm%ﬁnuﬁ'm%lmi

T HIE F ‘{m,z’%’rw&fmwmcad process stage) ® FEWEN &1 JETS] H N TY

afr IZEHT (newral plate) fawfim 81 st &1 TeY T =, Wity 7 A s A,

AT T SR AR (lmns[usccnl)‘l'mﬁ@Hﬁﬂnﬁwwﬂuﬁh'mﬁﬂﬁﬁ'@ﬁﬂ??ﬁ
ARy B B o T TS &9 W U B okt s Tt v 3@ W mreme

(proumnion)ﬁﬁﬁ%laﬂﬁi@,w%ﬁ%qﬂﬁ,ﬁ%% Y WT Tt #1 om A
feh it afew v ot Y 3= Az & g fawfom et

Aaieriar border
of mesoderm

Neural plate ___ 2« A
Embryoas) area _i

- Aren peliucids

Arca opacy

CAUDAL END

fax 27.4:fa% Wur @1 qof amitgor, some & 18 W2 wveng
W) 18U & WU %1 e we

18 Wi ® Iufam Yol w1 siqeed w1 W w=W (germ layers) ®1 fawfaa wafts
O Wt e 21 aaer A saivved Sl w6t &, wats gerer 2
wifer w witg frgel Zm wefif et 2 a e fagfaor (stippling) Tro wefifa
et I = € 1@ g Wim Bt 1o v § (F9% 27.54) W, dfir
feEaT ht AIEd TN, T, AT, 9N HRET F AT @ A " 5 2a)
Y TlH, S =, ST, SNfE WY, neTerEn aen Ay avia w R ow T & (Rs
27.5B)1

Ectoderm of neurnl plate

MNotochord Endoderm

134

AN |
u Primitive P“\ Aren pellucida
\ a
; S
[-1]

4F

Yolk Ectoderm Mesoderm ‘Primitive gut Endoderm Yolk
foa 2757w & 18 W2 wyma o Yo @ argded we)

%) faw 4ot 24 5 &1 qof e

24 5 % fow yw ¥ oid &= § & | g 1 F Frwr @@ & wogr w9 D far

TS ¥ ST ST F T UESew & R TR FIEa gan g £ v o W wwad

| srem fraren gon fewmn 2, o @ W@ o W fm T o www ¥ fa aw e
® @4 H T T T wy: ¥ SR (sub cephalic pocke) wEem §1 Teten ¥



Jor fea wedl #1 9% T Ft SR oo el ww S TE T O 2, sEe aw el & g fae gl
w o™ @ o 1 iy e snismR sty T w9 A e vt @ A Y I
=er (neural folds) TEG SRl @ Wi W g @ ¥ fd fR W, df =

sy TTEQ B € en i aw o ) @ STER Yeo w4 W amen sifiw W g

1 oea Y@ ¥ wEEs (somites) F 90 Wre fraw vgd ¥ anften @R ¥ wHw:

Tt ST 1 ST (fore guo) M FA W R HA W TE AT A AW F OO W H)

iR Y ¢ 9% TeEE (midgut) FEETA § qu AV | oaix H wer wien fox s e

franfisasT (anterior intestinal portal) FEER 21 ¥ Freme B Afafem, ayaTceE & _

Tt/ AR, TReE &9, ST, WS (unscgmenied) TG, TR IS, FOEE

81 (area vasculosa) 91 T 219 (blood istands)t faard 24 ¥ (f9x 27.6)1

Ectoderm of heaa

Arca opaca vilelling ' Bosder of faregul

Prasmzion

. Subcephnlic -

hetenchyme Y Pockel
\

Newral 016 Mugln

Meural of anlerior
greove inteminal
v Poral
Motechord —=

Aren

Scmitcr Pelluclda

Hensen's nsegmenied

node " mesoderm
Primicve
flreak " Blooa 1sland

Horder of

merederm Aren Varrulosa

fam 27.6:faw ET, 24 92 =7 ( quf amigor )l
) 24 U YUT T ITHY HTE

for & wm | TRan gon oty w1 (frd 27.7A) 9E qwia & fw = gl Afamm
T & e df gfgzad afva € omat 2) dfre we & AR g s R SEws
T fe@r 15 =@l 9= ST 9w (mesenchyme), 31, fan F1 aeg ==,
Hegea van s ¥ faw ym R TR D weaNm § e gan e s (fw
27.7B) ®1@Gs] 1 f=iw qeon negern ¥ @ geaEi Wi foam #1 qeqern, g8
Tegea= (dorsal mesoderm), 988 A¥g=N  (intermediale mesoderm) a9l q7d g
(lateral mesoderm) ¥ fases g1 smat 21 o= WG W feams vzt 2 & s,

a7a seen, 370 o Frenfiest o1 wivd feART, AeAiE den gEArReR W (pericardial

cociom) ¥

Ectoderm

Neural Fold Neura! groove

Somaotic mesoderm

Pericardial Cozlom

Splanchnic
mesoderm
intestinal Portal
Neural groove Neural !-Old
i Mesenchyme TRy Ectoderm of head
I mesoderm
.......................... - Yoik
:ia,.' B
Endodenm of Foregut Notochord Ectoderm of
blastoderm :

blastederm

Fory 277124 WY &7 farm U1 ae =12 R ‘lﬁw"éﬁ-‘“-- AL T FH wm R, B YO R Tl H A
u

=) P wqor, 33 s 1 qut amdw
33 we & fag ym =i dfE 93 Aa g9 93 & P R | THE SO S : 135
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feamn 21 3y wfaes # fawm F $o @ ewE w1 S SR f Sfaes
wrAfaner (sm-nfeaws ) faham (W) sfaes mEareeE (e nfaww) 4
fadfea &t s %1 % 2w (opuic vesicles) smfaer ¥ S5 (owgrowth) ¥ wef Wy
® T 7 S e i Tt g R 9 o el S w2 E v (infundibu.
lum) SRR % WY W 3 o 1w e e st B o & qer 2 sl )
TS I ¥ FRWS F ARG W T T & 3 A-317 Frert (amphalomesentric) ferg
fofim & it § o Y A s S o A S FRU B B S R1 WpIed,
T ST, 8 TS, T SR (sinus rhomboidalis) Se 3@ (sinus terminalis )
*f 3ufeers g1 # (Fa 27.8)1

Anlerior Neutopore
Oplic vesicle

Hean

Proamnion
Prosencephalon .

Mesencephalon _;.;;.":{‘;

Omphale-

Border of foregut 2 4
mescnleric

Vein
Rhomben- Notochord
cephalon
Lateral ; Neurnl
mesoderm 5 tuhe
Somites

Primitive sireak

T . . .
L a3 ‘Binus terminalis

Ferr 27.8:Fam yut, 33 9F &1 (quf amgon )
37) 3392 & YUT W1 W HTE

B HEH U F T Fe (7 27.9) AEA =, HAWET (prosocoel), THE {opticoel),
HEATF (mesenchyme), HIFIE RUTeTe, 50T AYETeR (splanchnic mesoderm) e
270 1 e §1 Fr 9v7 gEmel I, YR, 310 Wqe ¥R (anterior cardinal vein),
TEIVEA & (aoriic rooL), AR (somatopleure), YOI 913 W (extracmbryonic coclom),
AT RN (splanchaoploure), 31, Tatg aal R Ry e ® fear 21

Mesocoel Anterior Cardinal Vein

Somatic mesoderm

........... \ B Ectoderm Somatopleure

Notochord Forgut Splanchropleure

Splanchnic mesoderm

far 279133 R & Form U1 ' SRt w0
) faes yur 72 W &7

72 e %1 ym (fam 27.10) Tf w9 Fmderiten (torsion) & wwifde ww & am g ik 90°
F PO W IZ @ 1 TS A AN weg & T TF TRy T onl &, g o W Yo w
M 9 3R T G we § e awn B el (cervical flexures) & FRw, YO &1 T
Y TR au A & e § wnm a9 W oim B T st
(concave) Tt St %1 foT =i fawn @ &1 fagw = (mandibular arch) 7@ ¥ g
= 9 N et a. % qwm iy v B s 31 T (nasal pits) food =E 8



E@réﬂ@%lﬁl’?l‘rﬂ?(cephalizalion)aﬁmﬁﬁl%liéﬁﬁﬁﬁmm‘-ﬂfﬂﬁﬁmﬁﬁrﬁ far wsst % gra s ot
31 st B AW, TS won i waX fadfa B o ¥ s H wen Fee 36 I A T R
T | ARy ERRA e au T RrRe R o feend s W &

Audilory

Gangtion IX Vesicle Hyoid arch  Hyomandibular

Mandibular
Visceral clef 11 -
el
' A L, ion V
Apriic arch 1V Fi Faor : “ Ganglion
Truncus : dFs Ny ” L ,- & -'-_ i Mesencephalon
rrerlass P & '-"'h""‘1 - \ Charoid fissure

Anlerior ———
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Lens of eye

Sensory layer

vein
. - . :
Alpum " Pigmented loye:
Epiphysis
1 Diencephalen
Anlerior . P
apnendage W E olfactory pil
bud -«
Telencephalom
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i Vitelline vein
Poslerior
appendnge Vilelline artery
bud

farm 27.10:Fa= T, 72 €% T ( qEl AT ) |

3 ) faes yUT 96 U T

06 W ¥ fam yu F (Fam 27.11), gl TR 90° ¥ FI9 R qg WA E Ao yq T
2 3T oTTY W WM R R A 3196 5w Wi W gwer ym B Fe 2 P
e for o I A fadk T 99 94 (stalk) 511 T3T & S ¥ W6 Fa v g d A
e &, PR o o Wea-gg v & ven IE W 78 W § e € s

e, e, 98 v 7o s § o gfy R aRomreE Yo o S E 9y
e 2 fored ST ararin Wt W s SRS SuiAren |C' SR R S 3
. qer o fot sk Yo B wm-ur frua @ v &1 5% 99 (optic cup ) v it

&g = Totm ?1 sTaeidter afet (endolymphatic duct) Haw 7Y™ (auditory vesicle)
R Frrem ¥ st = aga ifus WS € st &) sigEwsY Ffewg  (appendage
buds) A5t ¥ R ¥ w5 TR ¥ ae oA @) W ¥ wEEE ) Few qww 4]
A F Tt F1 STt (allantois) o) Iufiem B wwl 1y srf-RerER v
(omphalomesentric artery) @iel T4 3= et e of fowfaa 21wt B

Myelencephalon Endolymphazic doct
Brunchineg - i A
d Arch [T G'lp_ghon 1X anditory Gaaglion ¥I-VIIL

Truncus erteriorgs :\5,,__7‘,": [ eslele Hyomand!bular cleit

Autam Ginglioa ¥

. Metencs phalon
L :
iver \\‘

Qliaciory pit LY.
¥y pi - hs
Anplcrier El
sppendige b
bud ::; .
Omphaln- Ay -
mesalcrlc f:q K Eplpdyrl
artery "z. Telencephalan
Border of Ty omphalomeseateric
mesoncphroy- velp
Posicrior appeaduge Allanlio

Bemitzn
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28 Irjgervite #Y faesfar #0Y ¥ wrefaes o o
Yfuet i wefiia @ gv ue wam |

28.1 U

T T Y- 07 WeEwd w1 g 11 @R 12 (aftet sk famm) 4 s fremad
s & urpfre wa1 w9 i @ W A ugt g wAly § mgfrE T 31 qm
faredl # @grn 2o 2 @ Uy FT A wafe W sga B N i v £ 1 v
ST B AT freT fagafter o @ RN ST {sickle cell anacmia) % ITraY9r
X FI G B faenfi F ¥ Wphrs 9o B gwRens yfi @
R 1 W S 9 @ e ¥ otedfre wify @ a2 ¥1a o wifaw
ﬁiuﬁﬁwrﬁmﬁaﬁm(wﬁﬂﬁfn%)m%faﬁ?ﬁ@ﬁﬁm HI g
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(oo Wh)mﬁimﬁzﬁﬁmﬂﬁmaﬁmﬁlmmwéﬁ
Tt @& Tt ¥ smarh A wowe @ 79 o # e 2 sifym g &)
o A sEem 4 39 au F) v 3 € W fs fet gt @ ferg
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(HOMIY: - S qeged St wemn, HpAibS -Faamgr SR s v HpSiHpS -
mﬂﬁﬁmmﬁm)m{mﬁﬁlﬁﬁmﬁaaﬂﬁﬁmﬁ?ﬁm
Ry s R Amfeni B F1 A 1D vt § wy R ferg atfirs sy 41 &,
Wl 5 A A TR Wit ne o ¥ w svare § o el & goad
Wﬁmﬁﬁmﬁnmﬁﬂ'wuﬁmaﬁﬁnﬁam% a # wrA

28.2 amavaw T

it wE AE F 2 HW A F 200 T

onfes & 3§ Fen

28.3 wi fafy

aq‘ﬂwﬁaﬂmm(AﬁZ)%:uﬁmamﬂﬁlogﬁ'mﬁﬁ'lmmmw
10A, 108, 10C % oIk &t %9 A 102 7% R £ iFw 260 ser 29|

farfa 1

1. 8t 260 =1sf =) <onfes = weR H Tifen ik o8 W fromd) s w1 a5
mﬁ'ﬁ@mﬁwmwﬁmmm'@ammmél
"M feY TH CAT w=x o 21 .
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weg CAT & & Wi 51 o1 W) firelt wmenR @) BIga, 3119 a0 < gan Wﬁ“ﬁ:ﬂﬁ'@ﬂﬁﬁ
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frafa H

s wn Ba B Frdl Y S W gwe w21 e a9 e W) Pread o afe
oY TP T AR T AW C, A AR T fret o ddem W fea 72, @ 5 e
w Ay 6@ TR U 31 2 ok fak wfs Rl =) 7 gEy st F ¥ A sy
s X, A SR P fem, @ A ) arfw wa weit ¥ o difed aen X sk P R
e 1 AR, AR oTR s T, U stk C e, @ T sk C # wfm el w3t &
T & i U Wt stem o ¥ @ 1WA C, A oK T e, wER H o €% g A
AT, WA e SisR ui- i fage o s St €l s 1@ 10, 10A %R
10T =R ¥ 87 g &9 § 3o ©l an =12 faen 2 3% S adqel v CAT
ﬁaaﬁmuﬁwqﬁ% foag s femt an o€ fee @ 3T 9T | e
Ead

feerfar I

Faen QA & ol ¥ us ok acam #Y) W@ omg @9 sl = odEem AR Q, T sk
C, AW dh T oz frerd, A th e a1aid D Q stk w a3tk #) ¥ ¥, dwi i
AR TEA fFE-a | afes TR AR W i Wk A @ | el 3% U 9y "y
Fwmw dD fudm e s s sl @ @R TR C, A dRTawrCcsk T
HYT TH |G 484 A MY T R CAT & aad ) w2 @ frerdd, 4, g 53
14 1 F9 T 7 H12 ) fe w0 8 are @ 9@ sw frieam W of feerd
Hifag 1

28.4 fresd

W FW R i Rl § o wn Fenl frarai? fefa 1 9 st waw = Tt
T IE & C, AﬁtTmmawﬁaﬁﬁmaﬁéqu?ﬁ%lﬁﬁﬁ;
TftoTm @ Wz CAT 3t sgem Tl 7 @ w &

feafa 11 u@ﬁmwmmm%mmCAaﬂtTvﬁ%Wﬁmm
® £, amﬂﬁ@ﬁﬁlw’(mn T A 9aR] w1 =y ey w ardam
ifie e forn T B O v fE 9 T A o) @ AN well § <@, WA o
FIEHTA T URE FA F YS9 ¥ Y w1 d oyu A, gl st T
= e 7% (CAT) S~ Bt 21

feufa 11 ¥ < 2Tvas el & 5@ off Fawren, e 3 Wy Wiy i (IR B C otk
T a1 A 3R T) A ©F WY A9 @& o= wima | wefa woa €, S f5 w9
} e 4 WY st #-uw wgh e gen @ e whes @ sgena
Frart 21 9 T T ¥ - 03 WgAHE (WO 2) F 1E 9 W A wiwg fe
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29 IUANT TR Y TR AN it
AR W Fremifaa w0 o weRfaw <@ &t
Hftmt &Y Iyl gu we wEm

29.1 YwEAT

tawel Wi H T sl F) fawien w0 ¥ wghe @ F yfes @ qata e
o oo 1 fr U faferwd < i wataon ¥ frg o9 ogd Bt € 3 di-uR
wfE 4 & ¥ gt wmdt €1 Sy Agdfer ¥ wew ¥ sege ¥ g
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I ¥ fafedl gra 2 fon TR 2 stk e =1 fre 8 amd &
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29,3 wa fafyy
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T U § -07 IgmmE # wE 11 ¥ o fawm w v uim w1 Qe £
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TR

30.1 YR

TS A R fag F STgER (TR @ §-03 g W g 20-wwfE § <
o) W iR Feafied w1 srqufiufa § fedl R M gmfased SR =t sl
{frequency) fer it %, wra frelt freme weiem & o awgfeoin W B ¥ 3t
A SR Iwfed o1 &, @ smafiai wew omt § otk 59 wem ¥ wfeds o iR W
w1 2l M- R ¥ 1@ T 3-07 TraEewn w1 = 13 F v O wwizal § WA
® =R W T ¥ @ #R e aam # deern B @ feam ¥ 9 ¥
a0 A ®W AR IR B AR A 9 IER W) O S w5 ST 3 g
1l T gaE € 5 oy v 13 ¥ 39 O W) 9 W uE w0 @ TR 1 1 9
T A whrew qfe (sampling error) ¥ FRW A #Y emefad ¥ wfmaf agera w0
S =t i H Y9 TR R aqaE W freare weft i orqegfem fordrwe (traits)
= whfe ¥ ¥ 7 o srgpfen aunl w wife 9 g €1 qd o1 § v garn @
f& wiFfis w97 (natural selection) % wwim § 3 W fasiusl =1 T (100% ). a1k
A & T fadw (0%) &Y 21 et foeomem @ wwm F o= fagiaw e §
Rl (100% ) sieen fage (0%) i ¥ v %1 5@ wim & ¥ st faweme «)
YR F WS IGET0 FOGRE @EEEN

=»yT

T TG H G B0 kA A
o famm #} whirm ¥ wpfaw =7 ok enqefee freares &) fafre i & O qut
o |

30.2 3navHE WY

B, A, et s F R 9% 9En R wfes @ ot (vl 500)
A e TN |

30.3 wo fafy

Weamm R s i d e o, 9 @ e o o € ok @@ T
fedy faa smm )

1. s & FN Y omst o e @ 2 O O T3 500) % g 3§
T A et H OR A W 10 A FEE A T B R # @ A
(random) ¥ & T wFn =nfedn 7 wHiferg f 0 et Fret wem & = Tl & Frll

=

GG

RIS
FR

Iglmu—-h

2. W IR S S AT g § ReE #f aem, IR 8w st |/ 100
Tl ® SFEE @ FelX § a5 fire favee s wER | B
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WOt 3erae 11 40
10
30
20
™
3. ¥ 100 AfN F g7 10 R oreht seh 9 M R IIEA T THFTY ST
w79 TR @
T
[5G
et

T

334

s
(== NN ¥, TR FL R 5 B -

| IRom W g i

. mﬁ'ﬁ%ﬁhaﬁ%l@mﬁm@'%.muﬂ'q'{loon’rﬁth'aﬁm
FAEA SR waer B 6 100 7 R faw w0 o R, 20 @, 30 19 edk
50 wre FN w1 9 DNl F A 10 DR P SRR wW o SR fret www

=1 T firen -
T 0
i 4
T 6
e oo W R wif)

5. 3 7% Afedl % 4R W 40 it FR 60 FR Rt ¥ 100 F T T =
100 witfrl & Q@ 10 B Bifed am g o B e faed

Bils! 3
EoG! 7
o SR ) ferd wfn '

6. 30 TR sk 70 T W F firen T 100 R BiEA F AR 9 ¥ F AR
VA | 7 AT o T W e wer R

ik 0
B 10
v gfteme %) e s

7. %M TR ) urE T s w i

30.4 ferd

3 4 <@ v € w0 W S fe T whien g wie fra T o ae el 9kt 3§
M vk e ¥ @ fagn @ - ved favda wmen o frge B A 599
e g1 oty i mn am ww vt Wt 9w am-am e § v @ T
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. srqafae faeares @) uwom w5y
T gon? el & fog u wem

&1 Y Wl ¥ T et fawur @ wwmwwﬁ%a@w@ ?
whl faada #2 ¥ feafmg &2
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31 UEUETE T aRErs i wid

31.1 wET

e T3 (pressed) 3R T@ TR NN = wuw 3, A fF wwiiEmw (classification) %
firelt WY WO (sysiem) ® @R wafua frg @ & ot W (reference) & fad
sy €R Ft A F artaan Q afiw ot s um s fae el A, et o
¥ wux B Ao ard @ wen d, @8 F19 @ onE "ufea g2 wfaedt (sample)
f el ¥ W@ U s o meRe ¥ Yg-da Y weifaa (document) FE R
e A8 B TUE % TF YA (repository), FTEYM, WIEW S & weaw @
W e wed ¥, ToEa glaw o oS WM @ R R v ¥ & wa 2
wuE ¥ T ER ¥ 9 fr W, Wi @i st wdemen w1 orand s et
(taxe) ¥ whaed ¥R €1

IR

T8 IRESE Fd & B F WEE 1Y

e RYRHE & fod AR wufea ®t w1,

o TRUTE B fod T wfEE WX wE iR

e arerfirE TS (bownical garden) ¥ fafim FHR & el F TEEE T

312 WUE o % fod mayde SUSuT
TuE @ ¥ ) B e s vy (RE o

1. wwarg il =) WY o WA (rhizomes) W T B R wF 1w Pick) *
srEyas T €, frwd 5 dofea o gl w8

2 yr@el wun = el W FEY & A UF AW 9 1 AEvaEE et

3. EFI'E?!I(woMy)lﬁIﬁﬂﬂﬁaﬂﬂﬁﬁlﬁa?mﬁﬁﬂﬁﬁm—m%*ﬁmﬁ
(shears) 19T HefH He (secatcur) 1 STTAYAHA TrAl 2
4. quirg wramell -areEee (sepals), e (petals), THERN (stamens) s e

(carpels)] & AT o g1 wfaar #t G s ¥ wd fad o e
wgm F s et ® (forceps)|

5. dufeq T F TER B oY T Avegem (vasculum), Fred s Atera fan
o1 T iR f vt WaE ¥ O IR T # gEr 9 W

6. Wﬁaq@'aﬁmﬁﬁm%%ﬁ,ﬁ@'(moncrs)aawaq‘@trrﬂarrwh'ufsal-
T wie 99 (plant press)|  (fad 31.2)

7. wufga W =1 w5yl foew e & ol wE wes-gwl

8. 2 x 10 ¥t omHR ¥ fox v qegfatEm 2 gws feme @ oy = B A

Tow gee W Uim WW Y den fafed ok TR A =y il 7w s wies
T B =4 T3 F gon @ faer 9ifEd, fe e 9 w1 faa fear €

9. i A a @ W ford it = Afedl =1 stavawa gt 1
Gl 4 A A Tl o B v 49 B Tw W e w2 e, Frd f
TR I T W

10. AR =2 ?@mmaﬂtﬁmmmﬁiﬁﬁﬁﬁﬁfmhaﬁmﬁﬁh




S 3 wmr % ferd s S S
o A R R e Y e

1. T, TETE IWM (national park) el S 9roft 3T (wild life sancluary) & 3@
% fod dafue sfusfcdl @ s a |

9 STE R WS wwan A fesh wEterdt weTEn % ol @
3. o193 F1g (camp) W THWW ATTTE TRES (documents) T wfufety w1y @)

4 orad Prara, e, e ok W W wEy 3 ot & ¥ wim 9 W @
T F

31.3 wEnT ﬁ’r‘éx

aﬁm‘ﬁﬁ'ﬂﬂmﬁmmﬁ'w%lfﬁtﬁﬁTﬂﬁaﬁﬂrﬁ.ﬁﬂ? feel
(dunes) TEee ATl WL, TETSI, Ffegad) &1 (calcarcous regions) 91 7@ ik fit
WA R 4 F o vy A2 F v (nawre) TR IFD o Al o 1R
(substrate) & WE=d (association) ) @) T ok ww wiea 1ol M 37w A} =
dufed Fifr Frafafaa swavs) ¥ ¥n sl few 30

1. T drfm sn & A
2. A w En ®

31.3.1 Al T w@UGd A

rarer § WA (processing) ® feR A% W w wofed Wi w A R Fm A
&9 979 T wHPw F0 wfed, o | wEteg 20 afim B8, st @ Lkl
w e w5 | wwhm fed T T wad)-per swes ¥ Ert Sed|

T (herbs) ) 3% i fee wfea wnfew Fifked aon @il (shrubs) A ¥V =
fords zeFrl (wings) ®) @ THER F, 3 o wa e T A F AR v@w
ﬁ&%w@aﬁsﬁwwﬁ%ﬁ,ﬁﬁﬁmaﬁmwﬁ@ﬁaﬁlmmm
W(vasculum)ﬂ'wmﬁﬁfﬂtﬁaﬁwmﬁaﬂ'{mﬁ'ﬁa‘ﬁaﬂﬂ?ﬁ
% i} 3% oM wed B

31.3.2 08w TETAT HET

ﬁﬁ%mﬁﬁmﬁﬁtﬁ'aﬁﬂaﬁmﬁﬁﬁqm-{mﬁnmﬁgqnﬁ,ﬁﬂmaﬁ?ﬂa
fargrt W T F O O A Wi @ Tk T ¥ ST AT RIS W
R, 12/10" THE F FeHT, 3K WD I 7o ¥ €9 ¥ T % o 7 w6
¥ @ @ R srmard w3 Sifm dd @ T A TR qE
4 fd T T F1 ST Rl

|, TF T P, g3 g orEerd s R Hard

2. aﬁqﬁﬁ'a@w@ﬁﬁmﬁwg@'ﬂ'wﬁﬁﬁaﬂimﬁaﬁam
aifirs T2 T e FTTR  FETEd

3. rEarer WT (herbarium shee) ¥ @ i T BN, U o v smphe i
Tz |, 7@ ¥ @Rl '

4. g A foeme 75 A VFA R fo 4 N w=h W FR A =
5. smdg gen & o @ G

6. T3 ofed A T Frach waE W R A A T@ T AT FR -
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7. 39 Bl W T % g O AR 3B T B €e = ansd, ) i e
ST AT AR TSR (thalamus) ®1 T e 8 =@

8. ?@'aﬁwhamﬂmﬁuﬁfmmaﬁar@'aﬁﬁa—ﬁﬁmmﬂ
fafad: : .

. Y- wrw w1 e
il T e

iii. "ufga F Ft aWw

iv. T Ty

v. Fd {family)

vi. dfeafa (Locality)

vii. ¥Ffw (Habiy)

viii. a9 (Habitar)

ix. g9

x. Tig

xi. T St fafy :
xil. SEF (Latex )Suiemyaryafiers ;
XULFTEHA e e
9. wEuRTE % fad sae (Label) a5 it fiae T

S, HUEw 9eEn

i, wfeafy

1. ¥mE™

iv. EulEd FW F AR
v. HUTHAl =1 AW

vi, IS T

A Fa
B. S% (genus)
C. wfa (specics)

31.3.3 AT BT RO HIT

@ EY T B IR 91 W ARG (mounting ) FITNT T8t Rt ¥ wreuTera
T AR ¥ @R, 99 691 feer ¥ fom o el W ot T o3 s it
WA F TR F| I w e wwE W, g9 w wemw | g @ v wwen v
TRy ah 3/ el TR ¥ SR @ W @ A e SR v W @
famsr = ford, wERfrm i gu Sefea 39 (adhesive-coated cellophane lape) I
Fﬁ"‘l‘ﬁmﬂﬂﬁ%,%ﬁﬂ%@nﬁ(ﬁcrmancm)ﬂ'ﬁ’fﬁﬂl?fﬁ'w,qﬂ?ﬁﬁ'ﬁ@?ﬁ,
T AR (squecze) Fia & wnfics TR A oW, R w1 a0 1 T SR gl
w1 IRl fam 3w @ A o am Fe T ) wenre § oand B @ s
e @ iy R FS (key) 9 TREA @ IR TEAS @ Sifen Sifwg om a@
I7Evs H EW “vga B fad Fei” (Key's for identification ) ¥ &R ¥ rften e

T F AR FH B WK, A9 (e ¥ 4R fE gaw) @ Iw W w9t e,
TR T1a A ¥ favEgd a9 URued 91 W, S9d 919 Wl g%l £



aIeh! g e o, fF e el w REw W st (ype) WY daw W
wfaf®3 (cntries) A=A (legible) T1¥ @ e (waler proof) Fel & & Bt
=gl

31.3.4 uga & o it

%ﬁﬁm@a%w@ﬁ@ﬁamﬁ%mmg@wﬁmmél
T F EE ¥ T2 o o Fhm F9 o F) T S §1 (LSE-07) wvs-2,
-6 mrEr @ Rl goh w AR F vl W 2 (affat ok e 3 T

Foll T e i AEE ¥ wEE T A= i €1 afi

1. Fﬂﬁﬁnwﬁﬁaﬁwﬁm&qﬁm’éﬁﬁméﬁﬂﬁﬁtﬁaﬁ
g Wh 1

2. F B B AifEy stk fadamare = ( propositions) ¥ 7 wifim g ifew

3. g;ruﬂlfsmaﬁ (dichotomous) ¥t =E i M = Tek® Fwm, N fF s (lead)
wram €, W W@ 1,23, 3K H WE ¥ GRS (numbered ) Ffrg e
wifem ws & TR W R fo@ dtew =1 s it

w1 fofawd! (liliaceae) FH #) wr wifedl, R = & srelo (Asparagus)

- wenifsem (Asphodelus) , Tea (Aloe) 3t mefsa (Gloriosa) % o “vewma =t
i fififa w5t %1 3% o wricys w1 we | F S0 o o amer @ o T
wHiEa 52 T gl R T S oniedl ) veeE F R e 7 wE

I. 999 9gd TR (minute) 3R wHe:
1. oY (cladodes); S9fewa, wftal srufem; o0 Hie

2. woiv aryafeerm : wfoal o), QEEOST (terewe) AR wraeht a1 frn T g
................................ TR gerd

I o T @ aga B &R W 6w
1. ftal TRER (succuleny); fFm i gw; fow w9 9 (endriller) w8

2. wfeersl for e, R Are, faw 9aE W FREER
e fegar
31.4 wEutEr

TR A T F 3G g gRuad Sy Q S
AR T W wa @ vated, fawd fF 9 2 A
TRUEa TR ) fadaE @ wA ® e 1 gifsd
IR T Wy aegal A ga TEdl

UICHIEE YAl W AHGT el win: @1 S § dufra Fifog, stk s #1EY @
F9M & e it (repeilents) =1 wam it

Al e

(Fe3 31.3)
g & w7 159 2R

eI 9T GG
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32. gl &T WUE, UgeT qUT WiaTeru

32.1 wEmET

7% i s st (LSE—O?)%aﬁhﬁ(wxonom_y)qmmaﬁaFm 4
afffat s <ig & wuEw, Tfe, wEEE A wgfas vhiew § vag 1w
Rt Fd ¥ T 59 AvFTE F% F FE GRW F FE (insects) F TAE A
qEam HE) o sy W w1 W e w sEvEa W T R A 3@ s w=)
T 1 T 90% M ¥ aen } wrg: ¥ @ Fid (niche) SITEN (occupy) T
F F i =1 miwfed 2 ¥ | W SR Fwen (food chain) ¥ 3 TF meer
we) T #1 7% wfEeE w e $E A

* Huw
Y TEEE a9
*  qfigeror w3 ° wgef @

o9 Fd TRY X Y wER o9 aff@t st faw@  (Taxonomy & Evolution) WeAwH
2 wum QA wWUE F, A T TilFa O aU SR Weit-ifa THE T B
SATTYEEAl B GO & Ay, 18 W

32,2 aTEvde WIHl:

FIQ THTT FHI W
o Qe
e drae
el & fed fe=n
st = fo
FEry &1 9
Y =l

YA YISt

32.3 wam faf:

wwhw%ﬁwuﬁﬁwﬁu@ﬁ'ﬁmﬁﬁ,uﬁﬁwﬁﬁa
 wrfirs wraemEd =8 €M =ER)

(%) B uawﬁ_’:maﬁ

T THTY F A ANE  FEHER G IR AT H% H wATIEn 3 ST
T SN T 21 S oy T S f4y g At sEn (Fe 32.1) @
frefafas wm F1 aem @ d Sl '



fam 32.1;99% THEY w1 W () O % I<T WY R A W THA (bending) FIA (b) HAIH B
Wy W &eR & wy ¥ FaErr (o) T o) fEe (fud) 4R WY 2 w0 ¥ ugm o Ay

= TRE
() o W AR (3 fa. @, =W F) -42 B 48 = T
(i) TEHE Her A AT FIE - | R Fa
(iii) TR RS Few FE - Y4 W oA, I B desa R w9 H v &
(iv) ¥=rg g fam &1 wUg - 14 W
(v) 18" ©@ AW & R
1) MEFIRF 12 ] 15mmﬁ%wﬁﬁaﬁa@cnd) = G (fam 32.1)

2) m%@ﬁﬁﬁmaﬂﬁﬁﬁnﬁ%a%vﬁaﬁuﬁi (grooves) R fre (fin)d
w3

3) d% T O R T B g SR frerd f5 3 v B T (holes) H e B
|

4) ¥=T8 (canvas) dvrm fam #t @mm 37 # femd TR fonrd fi @ w1 wEn
Fad A freee oM

$) 9 AENE A AGAR B FI A G F w9 F (dO0 IR ¥F (cone) M Apfa
& @, S f fax 32,10 ¥ feam T #) FE wvE o A faa B

6) 7T A B AR T L € AW (lips) B Bvza ¥ g G stk 3 woR A
ai @ AR QA WY Ay
e FY TR gEa FrAfafea @ w@ o wE ¥

wISY w1 WUY, wEa
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(i) =M B S =T PR 9EA 394 B R, FitE A @) | e |/ agen W
' wEm t w aw we W, en B, T R e o wwhir ¥ @ fed ww @
ford 9gen 9mi

(i) 92 H Wt (mesh) Faat w@wa € sat a5 B =ifew @fea sat B & e
THE A G B VF W §FI

Gii) fen @ < 2 T BR F eww @ e B wfed areen A 19 B B
e

(iv) WA TH YR | g9 wifey fo aw faa dva g1 wF 3991 soee B ol @ n 9§
F Wya Ty TEY (resistance) ¥ AfFT waiw meeg awn featar g1

e e O e w2 v @ N W A B e Fon w1
%81 T -PIEd (specimen) 721 B @ ww feufn ¥ tvew @ Www @ A ¥, & @

- fE W T g o 2 fE fd 9 F v ¥ a= @ mr t (e 32.0c) T v

9 & 3E wm @ Uizt el Fig A< € ad @ T | ane/fEfE @
(killing bottle) % @A f = wId B AT UH TV Tt AR TR TGHY IR TF
& el % o 1w W) Ana W e d ¥ Freee ot ok sET @ T W
Tl Bl g AW 8 Wd ¥ A URe dGw s1vEl i3 (aspirator) F TEN F@
T Fe o T € afFa AT % O 99 S5 SR RyEEd (bees) W |t
{wasp) I JHEd UHA, HIE H o} g o F wIes (fold) Ft 90 &1 qaw A T
T s o e ffera 1 &

. gfas

i3 ©F WMYRY g9 4w (suction device) ® | BR F151 ! twsd ¥ wam faw
T #1 WER vATel WA B are gy w5 awi afvi fEw man #) (Fay 32.2)

ATEYEEH WA

w9 AYAT IRGI e w1 F i (vial)
A VTTH @S B WW

T & it eal

&g F TE

TTd & HIS F BT gHET

1. i & H9 Ao TGyl iie® W Gt ¢ e @ ga f men @ A<
TH 90 @8 R ® B HI1 $ T&H (crushing) | 991 % T3 oA,
A1 A L9 70 Ffaw Ht o 9= F T AN

faz 2.2 qw s
2. WR T A wi" w1 At B e e
. TEH T S E T R ARG M A g @ ¥ R afstiwm el F
@ fR 9 < Bfyw % J< wa d, T B wud | 9% e Rl wigl w e



TR A= = WIS T W I A § ¥, 79 R
TR R ) v A g= = A 5 gfrs § = ™ F12 9 7 fed 996
Hive ® G B ARG o B @ent w1 wwd ¥ frad 3 fafera 1 )

M. R Grad fE&fdn atae

AR dael, AN A el gR1 A e 3, W 8 w1 fam 3% 1 it wafaw B
a5 wE Y, 36 v 9r 36 21 gufy Wefrm arese w=d aifys woEm
form s TN TR T §, AR 7 oG TRdd W ® FE TH 99 T ans
a1 avi S foed ORE 9 ® w9 § URd T w2 (Fa 32.3)
YT ATAI:

TS Gl w4 F1 daa ey g% 8, eraes St aad 8 9 agm| 2

=5

HrEn s

3RS THIee

—Blotting paper

in ethyl acetate
ferx 32.3:ufum ik s oe

TURT THE wIg1 ¥ R U 9w anE $9 (agenl) B 99 sURE THide #t AN
oe MR w@ F ol Tt sivee F1 ded w1 STEE S Ewd €1 3Une g §
4 g ¥ & goY A e A e o wrEa @ @il e  due ¥ oW @ O
= - M dran ST % 0F 32 A oF Af O T aifus wueEel T e fel
AR Hd% ® §0 A Wien v & SR ol waw A % 9= § daa 8§
1 R T wiEl W & ol e frefadiafr e s i @ mw A w
&t frera @ ¥, A IRw Fdw #1 39 98 9 i 7¥ savirre w¥ (absorbent
cotlon) Tl THiFM G | IR 1@ A AR Gae H FEE 7 F @ Atz
el +t = wifa T w18 o aw $9 K = famm & smen 9 gm Eke @)
TS WUT & foT B 94T 3YnT Wi F1 $0 491§ WARW (charged) fRn wn
THA | AT ARE dtea B fawar fafra =t o 3R el &, e v R
I ® TET A QR W -

FIE] F) Aga AfUw TOA T 9NE de § M oS 7EE wwd v 3 Y sveran aifnra
B 3 aaa ¥ @ Freera S diew 1 aga sfus w1 @ ot 5 WY ey stem atem
BIE ARF deell F1 39Em, ¥9% ¥ 5 A 1 quied 0 9 W wE
Fael Hl HIS AT T (fragile) AR BIT wwen 93 TS @ 75 e 727w
feT w9t FIE wifaren €1 w6 T

Y. Sl Hi fasida s

wfae AR (mounting) R &1, FIR o0 9@ FIE) F fasia s ¥ @
AT 1 9e ST TR affwl we B (laxonomic importance) M B wgfm
Ty # weTaw ) s B # I TR W @ qe 9K ¥ sfan ¥ & e,
T it fagin T S S smEvgea T8 6 2 W I8 @ afe e sy aw

WIS T WUE, TEET adt
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e Aae T @ oM a7 gan ok wer 8§ v #1w ifufe 7 gl 5w
fagify 2am dum 48 ¥ frdl sy § fasia 00 oA ¥ wifes & fg=l (2
X 1) # fagif ae3 & w9 3 waw fem o g 31 ool 1 acl 7 2 @ 4 9
g #t F T (synthetic sponge) e el a1 fofa (porous) WY =Y
| T B T | e W A 5@ F ww w A 10-15 foue. juwe wiee A
T 1 w F vr F Ay, R 7R (mold) M T A AW W wH) o feA R
FEA F 9 IS B F TEH W AW FH € whe Prod F TR o w1 R 9
fir @&

w1gl =1 fagifs a8 ¥ few e forwel § aw gk 5 e fam mn w0,

T ¥ AR U TR W R ww §) afuein 7R w s @ = 1 wig W
W € g e w1 A fagia © o € T = afm TR/ sy 3T T Iy 9
R} 7vm ¥ R 3R 751 o T o fagifa 99w ¥ 7w1 wiew Afed

R e B

+aR w1 a@ A, Fre fagret &= (enomological pins) W aRifw fifg wm ¥ 2
s i €, S AR (stec)) B A gl € aen v S 7¥T @t 3 fafie TeR @
Y wen At ¥ gverey ¥ AT A Y aga REW ¥ 9w oE @ wgw 4§ A}
BB 56 ¥ER # e ®t W § 8 food o) g8 aw Tim 77 (bacd) 9 7
w ¥ o A frerd A wE i wwd €, g F Do A AR A fere dm 3
o wd Fifey e T fRY A A s § ga dfew d ge w1 8 (head) 7
it MY W FER 50 Frefaae i W a wwm

F2 ¥ 2R, 9T a9 WE (group) W v wwa g Fafafe 4 @ el o ffy
BT 2TAYW faa o g6 Bl

i) W MY &HEW (Direct mounting)

™ MR g Fiedl v o= e f fem o wEw ¥ fm A F WA @ faw R
FI$ 717 1= Fepa ot wifed| <f e & =16 =1 w3 gen &1 o fafuEi
%, m fol @ gt fr sio frs o w1 2, fl 9 SR ® ok § st fagad
R s =fEd(mfaen 32,1 aan fo7 32.5) | fm ok A, w9 seaiw (vertically)

| gEE ey Aee T YER R ot @ gast g (sloping) B R ¥t F ST wm

9 W TR I3 R T F) o791 R I = aw & I@S e, Wi A 112"
T 9, Fred fr fam Sfel @ st famet @ e @ =gl =1 w&) i i wa
AT A w1 0w w9 ¥ fa e | w1 @ di §uh gu enm o off waed g
ofEw 3w, @it FTS] H A w9 @ A0 w0 ey, fed o St e aun
Y& FTT EE T 9, 919 ¥ TE g9 ¥ BIG B WA (appearance) H1 W FgT@n
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LABORATORY COURSE-II

In this 4 credit laboratory course you will be performing cxperiments relating 1o
Physiology, Developmenial Biology, and Taxonomy and Evolution. The subjectwise
distributior of the experiments is as follows.

Experiment No.

Plant Physiology 1w 10
Plant Developmental Biology 11 to 15
Taxonomy 16

Animal Physiology 17 10 24
Dc\'relopmcnl,al Biclogy 25w 27
Evolution 28 10 30
Projects 31 & 3z

The experiments on Plant Physiology relate 1o respiration, photosynthesis, induction of
enzyme, effect of hormones and concept of watcr potential in plants. You will also he
familiarised with the lechnique of paper chromatography.

In Plant Developmental Biology, the experiments included are formation of gameles,
fertilization, studies on endosperm and development of embryo.

Experiment 16, the study of the characteristics of representative members of dicol and
monocot families would provide you an idea of classification of plants.

The experiments on Animal Physiology relate to the study of digestive enzymes, rate of
respiration, blood circulation in capillaries, quantilative studies on haemoglobin, RBC
and WBC, stdies an excrelory products, muscle contraction, reproductive and endocrine
organs,

In Animal Developmental Biology you will study the developmental stages of frop and
chick embryos with the help of prepared slides.

Three simple exercises are included for understanding the basic concepts of Darwin's
theory of natura! selection.

Two projects are also included in Lhis Jaboratory course; you will prepare a hecbarium of
plants and collect insects, both from the campus of your Sludy centre. We belicve you
would enjoy working on these projects.

Like all the other IGNOU laboratery courses, this course is also an intensive residential
programme and would requirc two weeks for completion, Since it is a 4 credit course it
should be completed in 120 hours, Every day there will be two laboratory session of 4
bours each. In each session you will do practical work for three hours and in the
remaining 1 hour you can write the report and discuss any difficulty that you have with
the counsellor or spend time in video viewing of the experiments, A schedule for
praclicals will be given (o you on the first day so that you come prepared for the
experiments to be performed each day,

You are aware that because of time conslraints we can provide you only limited access
to laboratory work; therefore we swongly advise you not to miss any laboratory session.

You will be assessed for your performance each day and on the last day of this
Programme an examination of 4 hours duration will be held. The examination is
compulsory to pass and carrics 30% marks.






1 TEST FOR THE VIABILITY OF SEEDS

1.1 INTRODUCTION

It is imporiant 10 know before sowing whether a sample of seeds is sufficicnly viable
for genmination. The viability of seeds can be examined by performing a simple test.
The living embryos respire aclively, the dead ones do not. You may recall that
dehydrogenases arc one of the important groups of respiratory enzymes. So by lesting
for the activity ol dehydrogenases in cmbryos the viability of seeds can be delermined.

In cells dehydrogenases transfer electrons from respiratory intermcdiates such as malic
acid and succinic acid to NAD* or FAD (reducing them (1o NADH, and FADH, } which
finally wansfer the electrons to oxygen forming water. It is well known that i virre, _
dehydrogenases can also transfer clectrons to arlificial eleciron acceptors such as dycs
which ¢hange in colour when reduced. =

In this exercise you will use 2, 3, 5 -tripheny! letrazolium chloride which is reduced by
the aclion of dchydrogenascs 1o a water-insoluble red triphenylformazon pigment.
Objectives

After performing this experiment you should be able o

@ separale viable seeds [rom the non-viable ones by testing the dehydrogenase aclivity
and

o detect dehydrogenuse activity in a given lssue.

1.2 MATERIALS REQUIRED

chick peas seeds soaked over night
0.1%6 2, 3, 5 -triphenyl welrizolium chloride
petridishes

forceps

1.3 PROCEDURE

1. Soak about 50 w 100 seeds in water overnight, Split 25 of (hem in two halves and
immerse them in 0.1% 2, 3, S -triphenyl (clrazelium chloride (TTC). Note the
embryo region. Count the seeds showing pink colour.

2. Place another 25 splil seeds in boiling waler for 10 minutes and pecform TTC test,
Record your results.

1.4 RESULTS

No. of sceds showing + ve lest

No. of sced showing — ve test
Calculate the percentage of viable seeds

No. of seeds showing + ve test x 100
25

% ol viable seeds =
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Test on boiled seeds = +vel-ve

1.5 PRECAUTIONS

The solution of tetrazolium salt should be freshly made and kept only for a few days. It
must be stored in the dark bouiles, because it decomposes on exposure (o light.

SAQ R
1. Explain the results obtained on boiled sceds,



2 MEASUREMENT OF RATE OF OXYGEN
UPTAKE IN PLANTS

2.1 INTRODUCTION

The process of photosynthesis and respiration involves evolution and uptake t_)f gases.
During aerobic respiration an organism wtilises oxygen and releases carbon dioxide. The
oxygen is used for the oxidation of respiratory substrates like carbohydrates and fats,
For instance glucose is oxidised according to the lollowing equation:

CH,0,+60,—> 6C0O,+6HO

The rale of respiralion can be measured by determining the amount
of 0, taken in or CO, released in unit time,

Generally a Warburg’s manomeler (Fig. 2.1} is used for measuring the gas exchange.
The instrument is designed to show pressure changes (at constant tcmpe.rature and
volume) resulling from oxygen absorption by the respirating plant or-animal. In case the

Sidearm~ R

Gas phase

(a)
Warburg’s manometer:
{Constant - Volume).

Solution of
a substrale |

10 be added Constant ~temperature
Reaetion I”HH!HHI IR by lipping ' waler bath
medium j -
conlaining
sliced tissue .
Centre well containing — Manomeler Floid

filter paper and KOH
10 absorb CC3 gencrated
during respiration

Colton Boiling tube \V_:Zir bath
U)) - \J — H"r_ —- a— — T I Calibrated pipeue = .—__
A simple pipette _DKOOH {‘,; < ﬁ S L e s
manomecter —\° 9 i =

Fig. 2.1: The construction of varicus types of manometer {1 to c).
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Warborg's manometer is not available a simple pipelle manomecter or a double chamber
manomeier can be assembled in the laboratory. It indicates a decrease or increase in the
volume of gas during the reaction at constant temperature and atmospheric pressure, The
Iespiring tissuc or organism is enclosed in a small air-tight flask. The relcased CQ, is
eliminated by keeping concentrated KOH solution or pellet in a small wbe or by some
other device in the flask. For green plant tissue it is necessary to work in dim light to
avoid photosynthesis.

You should know thal for research purposcs very sophisticated instruments such as infra
red gas analyser or oxygen eleclrode are used for the measurement of gas exchange,

The construction of various types of manometers is shown in Fig. 2.1

In this exercise we advise you (o use a simple manomeler (Fig. 2.1c). It is likely that
your counscllor may provide you a manometer with some varialions, however, they all
work on the same principle.

Objectives

After perfomming this experiment you should be able 1o

¢ demonstrate that living rools respire aclively

¢ construct a simple manometer and

¢ measure the rate of respiration in a given plant tissue.

2.2 MATERIALS REQUIRED

boiling be or a hard glass widc mouth rest wbe
germinaling mung bean or rose flower buds or roots of a herb
T-tube

rubber bung

rubber tubing

pinch clip

graduated pipette (100 pl/digiv)

conical flask — 500 ml

.lhcrmomclcr

Stop watch

KOH pelicts

phenolphthalein

23 PROCEDURE

A. Demonstration of Respiration in Roots
(work in groups of four)

1. Take out two small plants alongwith their roots (from the lawns of the college).
Clean the roots thoroughly in running watcr.

(2]

Place roots of one of the plants in boiling water for 5 minutes.

3. Fill two small beakers with lap water and add two drops of phenolphthalein
indicator in both, :

4. Place untreated roots in one beaker 2nd boiled roots in the other.

5. Observe changes in the colour of phenolphthalein in both the beakers after
J minules, ‘

Moeasurement of Rate of
Oxygun Upiake in
Plants
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J dEFAKALIUN OUF LEAF PIGCMENTS BY .
CHROMATOGRAPHY

3.1 INTRODUCTION

Living things contain thousands of differcat molecules in a single cell. If we want to
sludy a single molecule it is necessary (o separate it from the rest of them. :
Chromatography is one of the most effective and widely used lechnigue for scparation
and identification of biomolecules. Different kinds of chromatography havedeen evolved
and improved during the last fifty years. The technique can also be used for large scale
separation of compounds after making some technical modifications.

Chloroplasts of higher plants contain photosynthetic pigments, predominently
chlorophylls @ and & and the two carotenoids B-carotene and xanthophyll, These are ~
located in (he thylakoid membranes in the form of pigmenl—prolein complexes in the
lipid bilayer, Carotenoids are also present in chromoplasls which are present in colourful
Jetals of flowers and in fruits. The pigments can be extracted with organic solvents.

In this exercise you will leam to extract the pigments {rom leaves, separate them by
chromatographic technique and identify certain pigments by their chromatographic
behaviour and colour, .

Objectives

After performing this experiment you should be able {o:

® extract pigments {rom leaves

® scparate leaf pigments by paper chromatography and

® use the technique of paper chromatography for the scparalion of other organic
compounds such as amino acids and sugars. -

3.2 MATERIALS REQUIRED

fresh lawn grass (Cyanodon)

separating funnel (25 ml)

waler bath

filter paper (Whatman 5 MM or Whatman 1)

petroleum ether,

solid sodium sulphate

distilled water

capillary tube (used for finding M.P.) or (inc painting brush

specimen jars with lid or gas collecling jars with a cover

3.3 PROCEDURE

A. Extractlon of Pigments
(Your counsellor will demonstrate this part of the experiment)

1. Take 10 grams of fresh or 0.5 gram of dry leaves (10 leaves about I inch long) in
a small flask and add 5 ml. of 90% acetone o it. Add less than a pinch of
CaCO,. Keep it in a boiling water bath for extraction. Strain the liquid 10 get a



clear extract. Take the extract in a small separating funnel and add 10 ml. of
petroleum ether. Mix by gentle rotation for 30 seconds. Wash it with 10 ml. of
distilled water. Place the funnel on a stand 1o lel it seltle, Remove the aqueous

- acetone layer and discard it. Take petroleum ether layer in a lesi ube and_adf:l 1 gm
of solid sodium sulphate and let it settle for a few minutes. Drain the liquid in a
small beaker and usc it for chromatography.

Save the pigment extracl for the observation of fluorescence and determination of
absorplion spectra of the pigments.

Running the Chromatogram

Fill the specimen jar up Lo a height of 1 cm with a mixture of petroleum ether :
acetonce (9:1). Close it with the lid and let it saturate with vapours of the solvent.

Cut 20 cm long 2.5 cm wide (or according Lo the length of the specimen jar) strip
of Whatman 1 filtcr paper. Draw a line at about 2.5 cm with a pencil. Apply the
sample on this line carefully using a fine painting brush or by a capillary, Once il is
dry apply again al the same line. Repeat the procedure until a fairly good
concentration of the sample (a dark green line) is built up. Take care not (o spread
the sample. It should be a fine green line.

To place the strip in the centre of the jar, take a thick square size paper, a few
inches bigger in size than the mouth of the jar. Fold it and place the Wharman
paper sirip between the folds perpendicular to the line of fold. Pin them together
with a’paper clip. Open the folded side. Now the strip can be banged in the jar
keeping the thicker paper above the mouth. You may use some other device to hang
the paper or stick it with gum paper,

Open the jar and hang the sirip carefully, Make sure that its lower cdge is dipped in
the solvent layer but the pigment spot remains wcll above it The paper should not
touch the walls of the jar. Leave the jar undisturbed. Note the solvent front from
time to time and allow it to run until the solvant front reaches almost to the top

edge of the paper or till the individual components are separated as four sharp
bands,

. .Take out the chromatogram carefully and dry it. Mark the solvent front and circle
the pigments immediately, because they tend Lo fade rapidly when dry.

Observation of Fluorescence

Take (he acetone extract in a test tube and observe jt against ransmiuted light. What
is the colour of the solution?

Now see this solution with light behind you, that is, in reflected light. What colour
do you observe?

Determination of absorption spectra of pigments

(This will be demonstrated by your counsellor)

3.4 RESULTS

Rf =

Identfy the pigments by their colours. Make the diagram of the chromatogram and show
the pigments using appropriate colours. (Use pencil or crayons).

Mecasure the distance from base line to the centre of each spol. Calculate Rf value for
each spol.

distance travelled by the pigment from the start

distance travelled by the solvent

Separation of Leafl Pigment
by Chromatography
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I;lgment Colour Rf value

Chlerophyll a blue green )
Chlorophyll b green

B-carotene ‘ Yellow

Xanthophyil Yellow brown

If you oblain any extra bands they could be due Lo chlorophyllide (green) and
phaeophytin (yellow grey) the breakdown products of chlorophyll formed during
isolation proccdure. Discuss below the problems faced if any in performing the
experiment. Make a tracing of the chromatogram in the space provided below.

3.5 PRECAUTIONS

1. Hold the chromatogram from an edge only so as to avoid finger marks.
2. Try to get a very small but concentrated line of the pigment.

3. Choose a dim comer for working. Keep pigment solution and the chromatogragn
away from light because the pigments break down on exposure (o light,

4. The jar must be saturated with solvent. Therefore, do not leave it without lid except
while you hang the chromatogram. Moreover petroleum ether evaporates very fast,
s¢ it would disappear in no lime.

5. Do not let solvent mixture run beyond the end of paper.

SAQ
1. Why do we add CaCO, during extraction of pigmens.



wn

Predict from Ihe colour of pigments in which region of light they would show
absorption peak? ’

When the aqueous methanol is added w the petroleum ether extract chlorophyll b
and xanthophyll dissolve in this layer but chlorophyll a and carotenes remain in the
petoleum elher. What does it show?

Which of (he [ollowing cotours of light works best for photosynthesis?
iy Green

it} Blue and red

iii) Yellow

iv) Violet and yellow.

The red, orange and yellow hrown colours of aulumn leaves are due to (he presence
of:

i) Chlorophyll a
ii) Chlorephyll &
iif) Carotcnoids

i0. Why do you observe red colour of the extract with light behind you?

Separallon af Leal Pigment
by Chromatography
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4 PHOTOREDUCTION OF DYES BY
ISOLATED CHLOROPLASTS

4.1 INTRODUCTION

In the process of photosynthesis, photolysis (splitling in the presence of light) of water
releases oxygen and electrons. The electrons travel through a series of carriers—
cytochromes, plastoquinonc and ferridoxin and finally reduce NADP* to NADPH. In
1937 Robin Hill and his colleagues first showed evolution of O, by illuminated
suspension of isolated chloroplasts when provided with antificial electron acceptors such
as ferricyanide. Ferricyanide is reduced to ferrocyanide by photolysis of water. This
experiment demonstrated Lhat artificial electron acceplor can substilute narrally
occurring acceptors. The photoreduction of dyes by chloroplasts is commeonly referred (o
as Hill reaction. In this exercise you will observe photoreduction of 2, 6 -Dichioropheno!
indophenol an artificial electron acceptor by isolated chloroplasts. It is blue in oxidised
stale (quinone form) but becomes a colourless compound when reduced (phenol form).

light

DCPIP (blue) + H, chlorophyll

> DCPIP-H, (colourless) + -2~ 0,

Obhjectives
After performing this experiment you should be able to:
® isolate chloroplasts from leaves and

e show photoreduction of dye by illuminated suspension of chloraplasts.

4.2 MATERIALS REQUIRED

30 g leaves of any of the following plants: amaranthus, mursa, green cabbage,
cauliflower leave or spinach

0.5 M sucrose

0.4 M phosphate bufler (pH 6.5)

0.1%, 2, 6 -dichlorophenot indopbenol (DCPIP)
cheese cloth, nylon or fine muslin

mortar and peste

icc bucket

centrifuge

4.3 PROCEDURE

A. Isolation of Chloroplasts .
(work in a team of four students)

1. Keep leaves in the dark ovemight before use. Keep solutions, leaves, motar and
peste and glasswarc handy under refrigeration at 0°C for maintaining the aclivity of
chloroplasts,

2. Take 30 g of washed prechilled leaves and grind them with 40 mi of ice cold 0.5
M sucrose in a precooled mortar and pestle kept in the ice buckel.

3. Filter the homogenate through four layers of cheese cloth, or muslin. Centrifuge the



fav]

filtrate at 500 x g in a laboratory centrifuge for Seminutes. (maximum speed of b h""’]_":‘:“f":"é;'f Dyels;:g
lahoratory centrifuge is about 3000 rpm), alated Lhiorop

Discard the supernatant and suspend the pellet in 3 ml of sucrose solution and
centrifuge again at 2000 x g. Resuspend the pellet. Keep it in the dark in
refrigerator or in an ice bucket.

Photoreduction of the Dye

Take 3 test bes and label them I to 3. Add 8 ml of 0.4 M phosphate bufler (pH
6.3) 1o each.

Now add 1 ml of chloroplasi suspension and 1 mi of 0.1% dye solution in test tube
1 and 2. Leave tube 1 in light and 2 in the dark.

Inactivate 1 ml of chloroplast suspension by keeping it in boiling water for
5 minutes. Mix it with the buffer in test tube 3 and add 1 ml of dye solution. After
10 minutes observe change in the colour in three test tubes.

If centrifuge is not available the filtrate can dicectly be used for the reduction of
DCPIP,

4.4 RESULTS

Record your resulls as follows:

Test Tube Chloroplast Treatment Change in the
No. Suspension colour of dye
1. Untreated Light Yes/No
. Untreated Dark Yes/No
3 Boiled Light Yes/No

4.5 PRECAUTIONS

1. Leaves must be left in the dark overnight before use.

2. All the solutions, materials and equipment used for the isolation of chloroplast must
be chilled before and during the isolation.

3. The various operations should be performed as quickly as possible.

4. It is necessary w grind leaves genly.

SAQ

1. Why is it neccssary to chill apparatus and solution for the isolation of chloroplasts?

2. Why is the dye not reduced by chloroplasts in the dark?

3. Why is sucrose added to the isolation mixture?

4. Why is il necessary lo minimise grinding?

............................................... 17
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5.4 RESULTS

Make the following plots:

1. plof O, evolved/min/cm? of leaf against time with fixed light source.

2.l of O, evolved/minfem? of leaf against varying light intesity (;—2)



Calculate the rate of photosynthesis Effect of LIght Quamity

and Intensity on
Photosynthesis
U of O, evolved + O, taken up’in the dark
rale =

wtin g of leaf X time in hours

Indicate the rate of photosynthesis in increasing order below when different colours of
light are used.

3.5 PRECAUTIONS

1. Make sure Lhat pipette is kept in horizontal position,

2. The whole system must be air-tight, Perform a check before use (see exp. 2),

3. Do nol grease the rubber bung.

4. Loosen pinch clip while you equilibrate the assembly.

3. The equilibration of the apparatus should be done before taking the readinés.

6. Keep a beaker filled with water between the light source and specimen for
experiment c.

SAQ

1. Whal would be the pattern of gas exchange between plant and environment during
night, early moming, noon and evening?

3. Why is marker positioned at the right extreme of pipette during respiration and at-
the left extreme during photosynthesis?

21



7 MICROSCOPIC OBSERVATIONS ON THE
OPENING AND CLOSING OF STOMATA

7.1 INTRODUCTION

The exchange of carbon dioxide and oxygen gases and loss of waler in a plant occur via
stomata present in the epidermal layer of Lhe leaf. The stomatal pore is surrounded by a
pair of guard cells which control ils opening. When the lurgor pressure in guard cells
increases stomata opens and when it decrcases the guard cells collapse together and
close the stomata. The change in turgor pressure occurs due to entry and exit of K* ions
in the guard cells from the surrounding epidermal cells. The nplake of K* ions requires
ATP. Negatively charged ions like malate may also move along with K* ions
maintaining electrical balance and contributing to the change in osmolic potential of the
puard cells.

In this exercise you will observe stomatal movement under the light microscope induced
by 0.5 M KCl1 solution,

Objectives _
Afler doing this experiment you will be able to:

o demonstrate opening and closing of stomata by inducing changes in turgor pressure.

7.2 MATERIALS REQUIRED

leaves of Rhoeo discolor
distilled water

light microscope
petridishes {two)
dropper

slides

cover slips

0.5 M KClI solution

7.3 PROCEDURE

Peel off lower epidermal layer of leaf (lower side) with the help of a forceps. Cut 1 mm
square piece and mount it in a drop of waler. Observe it under the microscope and
study stomata. Draw a rough diagram and record your observations. Now add from one
side of the cover slip solution of 0.5 M KCI and remove water from the other side

Slomata

Fig. 7.1 : Structure of Stomuta



with the help of filtcr paper. Observe changes in stomatal aperiure. Now you may

remove KCI solution and add distilled water. Observe it again after 5 or 10 minutes.

7.4 RESULTS

1. Suucture of stomatal apparatus of the leaf before any treatment.
2. Ch_anges in the stoma cells afier the addition of:
"1y KCI solution and
i) distilled water.

Draw the structure of stomata as observed in the space provided below.

7.5 PRECAUTIONS

1. 'Wash your hands thoroughly before working with slide and microscope.

2, Spread neatly a clean white paper on the working bench to keep slides, coverslips,

dropper, forceps elc.
Keep underside of the leaf up while preparing mount.

4. Do not mess up the slide with KCI Solution. Try to be very clean.
Hold the coverslip only by edges.

5AQ

1. Suppose a student uses NaCl solution instead of KC1. Will he observe the same
results? Justify your answer.

2. What changes would occur in the water potential of guard cells on entry of K* and

malale ions?

Microscopic Ohservation of
the Opening and Closing of
Stomata



8 MEASUREMENT OF WATER
POTENTIAL OF A PLANT TISSUE

8.1 INTRODUCTION

One of the imporiant conditicns {or maintenance of the physiological active state of a
plant is the favourable water balance. Water is an imporiant constituent of a plant cell.
It is the solvent for entry and transport of substances and for metabolic reactions, ofien
a reactant itself. When the supply of waler to the plant is inadequate, the development is
reduced because all its vital functions proceed at reduced rate. Prolonged desiccation is
lethal to an actively growing plant

In Unit 11 (L.SE-05) you have leamt about the physical principles that govern the net
waler fluxes from one cell to the next cell and the bulk movement of water in soil-plant
atmospheric sysiem. Walter potential is the driving Force which causes water to move in
plant system.

The aim of this experiment is Lo determine the water potential of a plant tissue. This
could be found out by placing uniform picces of tissue of known weight and volume in
a series of concenlrations of sucrose solution and then determining in which of the
solntions there will be no net movement of water in the tissue. This would happen if
waler potential of the external solulion y__ is equal o the water potential of the tissue
. In other words, the tissuc will either gain or lose weight and volume due to
differences in Aip'w of extemal solution and the tissue.

It is also possible to know the water potential of a tssue by measuring only the
decrease or increase in the length of the tissue instead of weight and volume, In this
exercise you will delermine water potential of potato tuber by placing the pieces in
various concentrations of sucrose solution and then finding changes in length after a
period of ime.

8.2 MATERIALS REQUIRED

large firm potatocs

1 M sucrose solution

4 or 5 mm cork borer

12 wide mouth test tubes (15-20 ml) or 12 small beakers (Sb ml)
glass rod

razor blade

graph paper

8.3 PROCEDURE

Take 12 test tubes and label them 1 1o 6 and 1a (o 6a. Armrange these [wo sets in a test
tube rack. Obtain 100 m! of 1 M sucrose solution from your counsellor and dilute
proper aliquols of this to make 0.15 M, 02 M, 025 M, 03 M, 035 M and 0.4 M
sucrose as shown in the table on the next page.

1. Using a cork borer of approximately (.5 mm diameler take out 12 cylinders from a
single potato. Trim all (o a uniform length of 4 cm with a razor blade, Wrap them
in a moist paper lowel or filler paper.

2. Lay each piece one by one on a graph paper and measure their length. As soon as
you measure the length of a piece record it in the given table.



Test Tube No. Amount of 1 M Distllled Molarity
Sucrose in Water in
each tube each tube
1 and 1a 3ml 17 01s M
2 and Za 4 m! 16 020 M
3 and 3a 5 ml 15 025 M
4 and 4a 6 ml 14 030 M
5 and 5a 7 ml 13 035 M
6 and 6a 8 ml 12 040 M

3. Cut it into 8 pieces of equal size and place them in lest tube 1 coniaining sucrose
solution. Repeat the procedure for the rest of the pieces ( 1 to 6 and 1a to 6a) and
then leave them for 2 hours, occasionally shaking in between with a glass rod.

Afier two hours take out slices beginning with wube 1. Blot genﬂy on filler paper,

arrange Lhem together lengthwise and measure the length on graph paper. Similarly
measure the length of the pieces in other tubes in the same order in which you had
initially placed them in the tubes.

8.4 RESULTS

Record your resulls in the able below:

No. of Molarity of Initial Change in  Average of % of change In
Tubes. Sucrose length length X and Xa length.
X Xa X Xa
1 and la 0.15
and
2 and 2a 0.20
and
3 and 3a 0.25
and
4 and da 0.30
and
5 and 5a 035
and
6 and 6a 0.40
Calculate the percentage of change in length:
Final length — Initial length
% of change in lenglh = x 100,

Initial length

Plot percentage of change in length versus molarity of sucrose.

Measurement of Water
Potental of a Plant Tissue
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Place 50 barley seeds in a beaker and add 5% solution of sodium hypochlorite
(NaOCl). Leave for 10 to 20 minutes. Swirl the beaker occasionally. After decanting
the solution, wash the seeds 5 times by shaking them vigorously with sterilised

water. Use 10 ml of waler each time.

Tap the seeds inlo a petridish containing 10 ml of sterile water. Sterilise your
scalpel and cul the seeds transversely across the middle of each. Keep grouping
separately seed-balf containing the embryo and seed-half that are embryoless.

Now add 1 ml of sterilised water in each petridish and prepare them as follows:

Use forceps for keeping the seed halves in the petridish,

Petridish No. Component
1 Evenly place 6 halves having embryos
2 Place 6 embryoless halves. _
3 Add 10 pl of 1.0 pM GA, and place 6 embryoless halves.
4 Add 100 pl of 1,0 tM GA, and place 6 embryoless halves.
5 Place only drop of GA, on the agar plates instead of seed halves.

Keep the dishes at convenient place at 20° C. After 24 hours add iodine reagent
(0.1g1, and 0.2 g KI in 100 ml water) on agar and note the petridishes that have
stained halos around the seed-half,

Barley half seed

Bluc stain from reaction
berween Iy and siarch

(a) Q)

Starch-digesied halo

Fig. 9.1 : Barley half-secds placed in starch-agar. a) Before incubation, b) after incubation
and staining with I/KI solution. Note the starch digested holes.

94 RESULTS

Indicate stained halos by + sign and absence of halos by — sign.

Petridish No. Treatment

Halos observed

1
2
3
4
5

Half seeds with embryos
Embryoless half seeds in water
Embryoless half seeds in 10 ptl of 1.0 pM GA,

Embryoless haif seeds in 100 pl of 1.0 uM GA,
Only GA, drops.

+ /-
+ /-
+ /-

+ /-
+/-




SAQ

1. Compare the halos of non-treated half seeds having cmbryos with embryoless half
sceds and explain your resuls,

Induction of a-Amylase
Synthesis in Barey Grains
by Gibberelllc Acld

3
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Total increase in length

10 ¢

Record the results of Part B in blc provided below:

Sequence of Segment Increase in the length Average increase
from Hp to base after 24 hours in Length

i

2

3

4

5

6

7

8

SAQ 1..

Which of the coleoptile segments responds most (o 2,4-D7?



11 TO TRACE THE PATH OF POLLEN
TUBE

11.1 INTRODUCTION

Pollen grains are formed in pollen sacs and after dehiscence the pollen grains are
released. Pollen grains are shed at 2 or 3.nucleate stage. They reach their destination,
the stigmatic surface of the pistil through varions agencies. The transfer of pollens from
anther of one flower to the stigma of another flower is pollination. Once they are at the
stigma, tbe pollens need to find a way for the male gemetes Lo the egg located inside
the female gemetophyte for fertilization. For this purpose, the pollen grains germinate on

stigma and put forth wbes known as pollen tubes which grow through the style and find.
their way into (he ovules. Here male gametes are released and fertilization occuss. Here

you will study the path of pollen tube in pollinated Portilaca plant.
Objectives
e To trace the path of pollen wbe through stigma and style to the pistil of Portulaca.

11.2 MATERIALS REQUIRED

Portulaca flowess
Laciophenol
Cotlon blue
Forceps

Needles

Slides

Coverslips
Microscope

11.3 PROCEDURE

Take a Porfulaca pistil and place it on a clean slide, With the help of forceps dissect
out stigma and style carcfully. Place two or three drops of collon blue solution on them,
_ followed by two drops of lactophenol. Warm the slides gently for two or Lhree minutes.

" Tease the stigmatic and stylar tissue gently. Place a coverslip and tap to spread the
mounted material, Now the slide is ready for observation (Fig. 11.1).

pallen grain

pollen tube

- Chalaza

Embryo-sac

Cavity of the
carpel

ovule
Pollen wbe cnlering

the micropyle

Qvary wall Seed stalk or funicle

Receptacle

Fig. 11.1: Path of pellen tube.

35
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12 TO OBSERVE THE GERMINATION OF
POLLEN GRAINS USING A HANGING
DROP PREPARATION

12.1 INTRODUCTION

Flowering plants are diploid and specialised organs for reproduction are present in
flower. The stamens are the male organs. [n most angiosperms each stamen is composed
of an anther and a filament. The anther mostly contain four microsporangia which are
joined 1o the conncctive. The anther wall consists of four layers: (i) The epidermis
{(exothecium) (ii) endothecivm (iii) middle layer(s) and (iv) tapctum. In each
microsporangium (ie central region contains microspore mother cell or Pollen mother
cell, which eventually form the pollen grains.

Microspore mother cell undergoes meosis which results in the formation of tetrads. Each
cell-has onc haploid nucleus. The microspore start lo differentiate while associated in
tetrad and gives rise o four pollen grains.

The second phase is microgametogenesis, when pollen grain undergoes mitotic division
and forms a large vegelative czll and a small generative cell, The generative cell in most
of the species divides to form two sperm cells, before the germination of pollen tube,
Pollen grains are carrled to the stigma by various agents. Pollen germinates by
producing pollen tube through germination aperture (germ pore). Pollen tbe travels
Lthrough stigma and style and reaches the embryo sac and finally cnters the ovule where
fertilization occurs. .

Objectives

After doing this cxperiment you will be able to:

e recognise various surface type structure of pollen grains,
e define pollination,

e observe the pollen germination through spore aperture or germ pore,

e describe the temporal prowth of pollen tube,

12.2 MATERIAL REQUIRED

Pollen grains {rom Tradescantia and hnpatiens
Slides

Cavity slides

Cover slips

4-10% sucrose solution, 1% Boric acid solution
Dissecting instruments

Microscope

12.3 PROCEDURE

For studying the germination of pollen grains you will use hanging drop technique. You
may first practicc the technique of making hanging drops as described below and (hen
use the technique for the study of germination of pollens.

i) Study of Pollen grains

It will be beneficial to you if you get aquainted with the polien grains Fig. 12.1. First of
all examine the pollen grains under lower power and then under high power of the



microscope. Draw the strucure of pollen grains End then obseive the difference in size,
surface appearance and shape.

Cemerane eell |

Veretabie nuc Tewr

Fig. 12.1: Pollen of Tradescantia

ii} Preparation of Hanging Drop

1) Apply a thin film of pewoleum jelly or any sealing substance around the rim of the
cavity slide. :

2) Place carefully 50 pl drop of culture medium on a clean dry coverglass or coverslip.

The volume of the culture medium drop should be such that it does not spread and
come in conlact with the rim or the bottom of the cavily, or with the sealing
substances.

3) Medium thal can be used for Tradescantia is 6-10% sucrose and 100 mg/1 Boric
acid.

4) Add a suiable amount of pollen grains to the medium drop and mix throughty with
a ncedle o0 obtain a hbomogeneous pollen suspension.

5) Carefully invert the coverglass with the pollen suspension over the cavity such that
the pollen culture drop is suspended in the center of the cavity. Pollen grains move
to the lower miniscus of the hanging drop and are exposed to the atmosphere of the
cavity.

6) Apply gende pressure around the edges of the coverslip, to seal the cavity (with the
coverslip and the sealing malterial applied earlier around the rim of the cavity or
edge of.the coverslip (Fig. 12.2, 12.3).

b Sealing material

A having drop culture from top view.
a - cavity slide, b - Cavity,
¢ - Ceverslip, d - Pollen grain culture in the drop

Fig. 122: A hanging drop culture from top vicw, a-cavity slide, b-cavity, c-cow:_rslip, d-pollen
grains in the culture drop.

—~T I

Fig. 12.3: Side view of the cavity slide with pollen culture.

9) Now label the culture slide. The slide is ready for observation. Record the time
taken for germination,

To Observe the Germination
of Pollen Gralns Using A
Hanging Drop Preparation

15
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12.5 PRECAUTIONS

oo W

The density of the pollen grains should be optimurn. Smaller number of pollen
might not show satisfactory germination due to insufficient concentration. Similarly
o large number of pollen grains will not show satisfactory germination as nutricnls
in the culture medium may become limiting factor.

The oplimum number of the pollen grains must be 15-20 per microscopic field.
Pollen grains should be equally distributed in the suspension o get good resulls,
Adequate number of replicates should be waken to minimize cxperimental errors,

Wash your hands thoroughly before le:iving the latoratory.



13 TO MAKE PREPARATION OF STAGES
IN THE DEVELOPMENT OF EMBRYO
RAPHANUS SATIVUS

13.1 INTRODUCTION

In angiosperm a perfect specialiscd reproductive structure as a flower is present. Its
major function is the production of egg and sperms. The cgg is formed in female
gameiophyte within ovule which has integuments and nucellus, Sperms arc gencrated in
pollen grains while pollen grains develop in anther. After fertilization the seed is
formed. The zygote undergocs divisions and differentiates to form embryo. In this
experimenl, you will observe various stages in the development of embryo.

Before doing this experiment you should 2o through unit 5 of LSE-06.
Objectives

After doing this experiment you will be able 1o

e identily various stage of embryo devclopment

® recoghise dicot embryo

13.2 MATERIALS REQUIRED

Plants of Raphanus or Brassica or Heliant”
Necdles

Microscope

Todine solulion

13.3 PROCEDURE

Fruits in various stage of development will be provided to you. Here we are giving the
cxample of Raphanus sativis, You have 1o select fruits of dilferent sizes or ages,
Colleet the fruits in watch glass and mark them differently. Teasc out genty one or two
ovules from each fruit on a slide in a drop of icdine solution, Cover the ovule with a
coverslip and press gently with the handle of 2 mounting needle. This should squeeze
out the embryo unharmed. Put a coverslip on embryo and tap gently. The slide is ready
{or observation.

13.4 OBSERVATION AND RESULTS

You should observe major phases of embryo genesis by working out the gross
morphology of the embryo al different stages of development.

i) linear siage of eﬁnbryo

ii) globular stage of embryo which usually appears spherical
iii} heart shape embryo with 2 primordia

iv) mature embryo with two cotyledons

Draw cach stage and compare it with the various stages drawn in your book, Also,
tabulate the differences at every stage. Try to see cach stage which is given in your

book but if you don’t find them, you can see them in PM. provided by your councellor.

- -
¥
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14 TO DISSECT OUT ENDOSPERM
HAUSTORIA FROM CUCUMIS
SATIVUS

14.1 INTRODUCTION

Endospemn is the nutritive tissue for the developing cmbryos in angiosperms. The
endosperm is the preduct of double fertilisation and is usually triploid. Some times it is
consumed by the developing embryo or it may persist in mature seed (o support the
growth of embryo during germinalion. Endospcrm of some species devclops a special
structure called hauslorium which modifies variously and uemendously to get the
meiabolites for developing cmhbryo. Haustoria which develops at chalazal ¢nd are known
as chalazal haustoria and the ones that develop at micropylar end are micropylar
hausteria. In some plants haustoria develops at both the ends. In Crcumiis sativus
haustoria develops at the chalazal end. The endosperm is of nuclear type. The chalazal
region extends into a long tubular haustorium with flatlered spoon shaped tip.

Before doing this experiment you should go through unil 4 of LSE-06.
Objectives
Afier doing this cxperiment you should be able to:

e rccognise endogperm haustoria and describe its structure and possible funclions,

14.2 MATERIALS REQUIRED

Dissecling microscope

Needles

Cucrmis saiivus seed at various stages of development
1.5% saflranin

Spirit lamp

Slides

Cover slips -

14.3 PROCEDURE

You will be provided Lhe seeds of Cucumis sativus at various stages of ripening.

1. Split open the seed in two parts with the help of a blade or scalpel and you will be
able to see the pelatin-like endosperm haustorium attached at the chalazal end.

2. With the help of forceps and needle gently take out the haustorium and place il on
a clean slide. Take out the endospermic haustoria carefully so that globular embryo
at the micropylar end remains intact. Coenocylic tail like structure should be
observed at the chalazal cnd.

3. Add few drops of saffrinin/acetocarmine and heat a litle. Then place a coverslip
carcfully and observe the morphology of 1lie struclure.

14.4 OBSERVATIONS

You should be able 1o observe a haustorium with a distinct globular end followed by
long tubular region. The wbular region is coenocytic region. This region contains dense
cytoplasm and numerous nuclei. The globular end is formed of cells. Draw a labelled
diagram of the haustoria in your noichook. And try out these SAQs.



To Dissect Out Endosperm
Haustoria From Cucumis

Salivus
cmbryo

I—hausterium

Fig. 14.1: Endosperm haustoria.

SAQ
1. What is the most common ploidy nature of the endosperm?

e T L e R R e R L R I

e T LT T T R R R R LSRR PR

14.5 PRECAUTIONS

1. Dissect out endosperm alongwith the embryo and haustorium carefully so that the
enlire structure is wansferred to the slide.

2. Take care not o overheat the slide.
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15 STUDIES ON MALE AND FEMALE
GAMETOPHYTE OF ANGIOSPERMS

15.1 INTRODUCTION

Sexual repreduction in flowering plants requires the coordinated development of two
reproduclive organs of the flower, (he anther and the pistil. In sexual reproduction basic
processes are meiosis and fusion of gameles. By meiosis there is rearrangement of genes
and then reduction of the number of chromosomes and subsequently fertilization restores
original diploid chromosome number, ’

Both anther and pistil show characleristic structures and developmenlal phases which can
be observed through microscopical techniques. The microscopical technique plays a
dominant role in the swdy of sexual reproduction of angiospermic plants. It is very
difficult to observe directly all the structure involved as they are very minute, Besides,
the gametophytic tissues are deeply embedded in the surrounding tissues of the
sporophyle. Thus, prepared slides of male gamciophyte and female gametophyte can
help you understand better the development of these structures as described in Unit 1,2
and 3 of LSE-06. When you are observing the slides, you will see how the structures
resemble. Draw these structures, exacUy as you observe them in the given slide and not
as you sec them in the book.

Objectives

After going U1r0uéh thesc prepared slides of male and female gamelophyte you will he
able 1o:

& describe the structure of a male gametophyle—anther and a female gamelophyle—
ovile

give structural detaiils in the development of male gametophylte.
describe the structural details of single pollen grain
distinguish various types of ovules.

identify the different slages of development of the embryo sac and describe g
malure embryo sac,

15.2 MATERIALS REQUIRED

A  For Studies on Male Gametophyte
T.S. young (developing) anther

T.S. anther showing tetrad

T.5. mature anther showing pollens.

B For Studies on female gametophyte

L.S. ovaries showing various types of ovules.
Early stage in ovule development.

Two celled slage of megaspore mother cell.
Linear tetrad of a megaspore.

Ovule with binucleate embryo sac,

Ovule with 4-nucleate embryo sac.

L.S. of ovule through mature embryo sac,
Globular stage of cmbryo.

Heart-shaped stage of embryo.



Horse-shoe shape stage of embryo. Studies on Male and Female

Gametophyle of Anglosperms
Mature embryo showing two dicotyledons.

15.3 PROCEDURE ‘

Observe all the-given slides carefully, make neat labelled sketches of them and write
comments. (Draw the figures as you observe them under microscope. (Do not copy from
the book).

15.4 OBSERVATION

A Studies on Male Gametophyte
T.S. Young (developing} Anther
1. Itisa mulllcellular;four comered structure.

2. It has four microsporangia and an intervening connective tissue which is linked with
the filament,

3. The central region ©of cach microsporangium contains the sporogenous lissue
— microspore mother cells. They eventually form the pollen grains.

Exotheium Exothecium

Endolhecium Endothecium

Middle layer Middle layer

Microspore
mother cells

Tapétum

Fig. 15.1: T.S. of young developing anther.

4. All the microspore mother cells or pollen mother cells are interconnected by
plasmodesmala.

T.S. of Anther Showing Tetrads
1. During microsporogenesis distinct changes occur in the anther wall,
2. The middle layer(s) usually get crushed gradually and ultimately degenerate,

3. The cells of the tapetum, in contrast enlarge and develop a complex ultrastructure,
which indicates that they have become metabolically very active.

4. The cells of exathecium get stretched and endothecium develops fibrous thickening,
the cells can also enlarge and become more vacuolate,

5. Alfter microsporogenesis tetrads are formed.

6." The microspores start to differentiate whilst still associated in tetrads and
encapsulated by callosic wall.
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Exothccium

Endothecium

Tapelum

Tetrads

Fig. 15.2: T.S. anther showing tetrads.
T.S. of Mature Anther Showing Pollens

1. A typical anther is tetra sporangiate. It has a columnn of sterile tissue called the
connective on either side of which is an anther lobe.

2, The mature anther wall comprises an exothecium and on inner side a layer of
endothecium, 2 or 3 middle layers and a single layer tapetum.

3. Tapelum is the ihnennost layer of anther wall and attains its maximum development
at the tetrad stage of microsporogenesis. Typically tapetum is composed of single
layer of cells characterised by the presence of dense cyioplasm and prominent
nuclei.

4. The sporogenous cells dircctly function as microspore mother cell or undergoes few
mitoses to add up their number and then enter meiosis.

5. Each pollen mother cell by a meiotic division give rise to a group of four hapleid
microspores.
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Pollen sac

Connective

Fig. 15.3: T.S. mature anther showing dehiscence.

6. These aggregated four microspores are reéferred to as microspore tetrads.
Microspores, after release [rom the (etrads are known as pollen grains.

8. The pollen grain divides into two unequal cells. The bigger vegetative cell gives rise
to pollen (ube, and the small generative cell gives rise to (wo sperms by another
milosis.
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Gametophyte of Awgeaparnis
Exine
Generative nucleus
Pollen grain
Tube nucleus
Fig. 15.4: Pollen grain.

9. Pollen grains have two layers, inner one is intine and the outer one is exine.

B. Studies on Female Gametophyte

L.S. of Ovaries éhowing Various Types of Ovules

i) Orthotropous: When micropyle, chalaza and funicle lie in one straight line, eg.,
Polygonaceae, Urlicaceae.

ii) Anatropous: When the funicle is sharply curved below the chalaza, so that the
ovule is bent back along its stalk (or when the micropyle comes near 1o the
placenta) eg. Sympelalae.

iii} Amphitropous: When longitudinal axis of thc ovule is at right angle to the funicle/
or when the chalaza and micropyle are in a linc at right angles to the funicle eg.
Crossosomataceae,

iv) Campylotropous: When the ovule is bent upon itsellf and not upon the stalk so that
the micropyle, chalaza and funicle and close together eg. Chenopodiaceae.

v) Hemianatropous: Here the body of the ovule is placed transversely or somewhat at
right angle (o funicle. Chalaza and microphyle are present in one straight line eg.
Primulaceae,

vi} Clrcinotropous: Herc the funicle is very long and the ovule rotates by 360° in such
a way that it is completely circled around by the funicle and microphyle faces
upward eg. Caclaceac,

M;cropylc y
Inleguments 9
Embrye sac /
Nucellus /
Chalaza O Amphitro pous.
. Hilum
[ A Analropous 7
i Funicle W7 STy
ALrapous ar A %
orthotropous
[tcmianatropous,
Campylotropous
%/
Circinotropous
Fig. 15.5: Various types of ovules.
Early Stage in Ovule Development
1. In early stage of development, one cell of the nucellus develops into the megaspore 51

mother cell.
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The megaspore mother cell is conspicuous because of its much larger size, denser-
cyloplasmic content and more prominent nucleus,

Megaspore or Archesporial cell may directly behave as megaspore motaer cell or jt
may cut off some parietal tissuc.
Archesporial

Nucleus _ Initial

An archesporial initial

Fig. 15.6: An archcsporial initial.

Two Celled Stage of Megaspore Mother Cell

1.
2.

Two cells are present one above the other.

These are formed after reduction division and thus each cell contains haploid set of
chromosome,

From these two cells, tetrad is formed.

Primary
parielal cell

Primary
speragenous cell
(megaspnre
mather cell}

Fig. 15.7: Megaspore mother cell (2-celled stage).

Linear Tetrad of Megaspores

1.
2.

Four megaspore are arranged in Iine;’ar fashion.

As a rule, one of the four resulting megaspores persists, while the other three
degenerate.

The persisting, functional mepaspore, which can be mono, bi-or letranucleale
develops into the embryo sac, the female gemetophyte.

Degencraling
megaspores

Funclional
nicgaspore

Megaspore Tetrad
Fig. 15.8: Lincar lctrad of megaspores.

Ovule with Bi-Nucleate Embryo 8ac

i.
2,

Two nuclei are present in the embryo sac.

These two nuclei are formed by the division of the nucleus ol 'the lunctionial
Megaspore. :



3. Next, the two nuclei get separated and because of a large vacoule migrale o the Studies on Male aad Female
pﬂﬁphery- Gamelophyte of Angiospenns

Degenerating
megaspores

Binucleate cmbryo-sag
Fig. 15.9: Binucleate embryo sac.

Ovule with 4-Nucleate Embryo Sac

1. Embryo sac contains four nuclei.

2. Two nuclei are prescnt near chalazal and other two near the micropylar end.
3. Alarge central vacuole is present.

4. Al micropylar cnd wraces of degenerated megaspores can be scen.

Four-nucleale embryo-sac.

Fig. 15.10: Four-nucleatle embryo sac,
L.S. of Mature Embryo Sac

1. The malure cmbryo sac is enclosed usually in a thin layer of nucellus, which is
enclosed in the inleguiments.

2. The integuments are absent only al the micropylar end where nucellus is exposed.
The embryo sac has 3 antipodal cell at the chalazal end,

4. The two nucki known as polar nuclei come together and fuse just hefore
fertilization and form secondary nucleus.

5. The three nuclei which move oward micropylar chd form egg-apparalus with one
egg cell and two synergids,

Cmbryo-sac

Antipodal cells

\/ Nucellus
N
)/ Embryo-sac

Endosperm nuclcus

Lgp Ege cel}
apparatus or oosphere
. Synergids

Integuments

L
Ll

Fig. 15.11: Embryo sac.



lsbaretery Conrses Ii Globular Stage of Embryo

1. This is an early stage of embryo.

2. ‘The globular parls is early embryo which is connecled by suspensor.

3, The last cell of suspensor enlarges enormously and forms a bulbous base cell.
4

This enlarged basal cell performs the function of absorbing nulrients from the ovule
and then conducling them to the terminal globular part which forms the bulk of the
embryo.

5. The basal cell has a large vacoule and can also act as basal haustorial cell.

[nieguments

Megasporangium or nucellus

Embryo sac

Remains of cndosperm

Larly embryo
Suspcnsor

Amnlipodal cclls

Basal cell

Fig. 15.12: Globular stage of embryo.

Heart Shape Stage of Embryo

1. The embryo has established three systems—the peripheral or dermal system, the
middle or ground system the axial or vascular system.

2. The initiation of meristem or histogens akes place immediately.
The embryonic apex broadens out as two opposite clevations become visible.

4. The upward growth of primordia sharpens the outline and the embryo becomes
heart-shaped.

|
Horse-shoe Shape Stage of Embryo

1. The mature embryo is a horse-shoe shaped strucwure which may remain lying
embedded in the endosperm of which most of the part is utilized.

2. The cotyledons have grown longer than hypocotyl and lie adpressed to each other.

3, The hypocotyl is a short axis terminating in the root merisiem.



Integuments Studles on Male and Female
Gamelophyle of Anglosperms

Endosperm

Embryo sac

Plumulc initials

Central cylinder initials

-I
A

Radicle inilials

2

] Suspensor

i’ Megasporangium
o or nucellus

'
RN

-

. Y el
,a‘?'f

R ' "
% e Antipodal cells

Qﬂ_nﬁﬂg’

I

———— Basal cell

Colyledon

Position ol plumule

Central cylinder

Hypocotyl
Radicle

Remains of endosperm

0

.“-

) Suspensor

-

.'3 Megasporangium or nucellus

Antipodal cells

o
q, =
g

— Basal cell

Integument

Fig. 15.14: Horsc shoe shape stage of embryo. 55
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Mature Embryo Showing Two Cotyledons.

1.
2,

This is fully mature embryo.

The cotyledons are fully developed, the plumule, central cylinder and root cap are
also formed,

The cells of mature embryo acquire starch grains as reserve malterials,

In this condition seed is shed and the embryo remain dormant untl germination.

Plumule

Sced coats developing
from inleguments

N
[\ O
I Hypocotyl

Mepasporangium or nucellus

Central cylinder

Remains of endosperm

Root cap
Antipodal cclls

Remains of, sespensor

Basal ccll

Fig. 15.15: Mature embryo showing two cotyledons.



16 TO STUDY SOME IMPORTANT DICOT
AND MONOCOT FAMILIES

16.1 INTRODUCTION

&

Flowering plants are mainly classificd on their floral structure, Because it is generally
helieved that reproduclive structures change less quickly during evolution than other
plant structurcs. A botanisl must be able (o idenlify plants with the aid of a flora and
the use of a {lora requires a very extensive technical vocabulary. Most of the terms you
have studied in your earlier classes arc used in this exercise. At the end of this exercise
we have also given a glossary of terms that you may not have studied in your earlier
classes. Here, we are going to study some important sclecled families. From each family
" one species is described in detail.

16.2 MATERIALS REQUIRED

Octmen basiticiem (Labiatae)

Tridax procumbens (Compositae)
Pistm sativimn (Papilionaceue)
Argemone mexicana (Papaveraceac)
Ranunculus sceleratis (Ranunculaceae)
Brassica campestris (Cruciferae)

Malva sylvestris (Malvaceae)

T O m g 0w o

Allinm cepa (Liliaceae)

P

Triticum vulgare (Gramnineae)
Hand lens
File book

Dissecling microscope

Objectives

Alter studying these families you will be able Lo

® identity the members of thesz familics,

e differentiate hetween dicot and monocot families,

e enumerate differences between families described here

16.3 PROCEDURE

Description of flora is based on the study of several of its characters, beginning with
Lhe habit of the plant and the morphology of different structures. The information
includes—Tirst information about the type of the plant (wee, shrub, climber or herb), the
size of the plant, the habil of the plant (prostrate, erect, etc.), leaf shape and its
arrangement, type of inflorescence, the structure of the {lower and type of (ruits. The
structural details include information about aestivation of petals and sepals and the lype
of placentation.

While making floral structures, there are certain formal procedures to be followed.
These include drawing ol =atire flower, making L.S. of flowers, drawing a floral
diagram, and structuring the formula, Each and every drawing gives vital information

about te plant. 57
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1)  Drawings

The whole flower is drawn in such a way that you depict in your diagram as much
structural details as possible. (Fig. 16.1). The structure of flower is drawn’ afier culling
flower into two halves. Thi¢ is done with a sharp razor blade, starting at the pedicel,
dividing through the centre of the abaxial side of the flower. Then lay the flower on the
wable or on the slide under a dissection microscope (if flower is small) and make a
skelch of it. After drawing the half flower, you could observe details of the attachment
of various parts 1o the receptacle (Fig. 16.1)

%

COROLLA, FIVE PARTS

ANDROECIUM OF
TEN STAMEMS  LARGE PETAL {4) ]

SMALL PETAL

]GYNOECIUM/

LATERAL PETALS

ANTIJER | STAMEN
FILAMENT

SMALL ADAXIAL

STIGMA FETAL

“ STYLE

CUT BASE OF
SMALL PETAL

PEC _EL OVARY. DASE OF SEPAL

S

CUT IX 1S
QVARY IN EENTRE,
STAMENRS ATTACIED DBORKE ADOVF ALL
ARDUND AND OTNER PARTS,
OELOW OVARY A 5UBERIDR DYARY
{CALYX, FIVE PARTS}
A D

Fig. 16.1 : Drawings of complete and half flower showing attachment of parts to the
receptacle and internal structure of ovary.

ii) The Floral Diagram

The floral diagram is drawn to show the numbers and relationships of the different parts
of the flower in a very formal way.

The symbols used are shown in Table 16.1. These include a symbol for the axis of the
inflorescence (drawn away from you) to which the flower is attached and for the bract
(drawn nearer 1o you) which subtends the flower. Between these two are sketched four
wheorl of floral parts, viz. calyx, corolla, androecium and gynoecium, represented as four
concentric circles. If there is more than one whorl of pelals and stamens there will be
more circles. When some of the floral parls are spirally arranged, a spiral is

-superimposed on the apprapriate circle. The symbols for each part (Table 6.1) are then

added (Fig. 16.2) depicting such characters as aestivation of calyx and corolla, the
direction in which stamens open (introse or extrose), adnation or connation of stamens
and the number and position of loculi as wel! as the placeniation in the’T.S. of the
ovary. When the floral diagram is complete (Fig. 16.2), you can read of the most
characteristics of the flower,

Table 16.1 : Symbols used in Noral diagrams

Floral parts, etc. Symbols
floral axis ©
Sublending bract V
scpal f:\‘\
petal e N
perianth parts (when all petaloid) as for petals
acslivation N Overlapping of edges in diagram
connation of petals, scpals /’)/N edges joined by loop or line
stamens
introse ©
exirose C ‘

Connalion of stamens 2N
anthers Glaments (staminal tube) -y
adnation of stamens (c.g cpipetalous) P E ™~

carpels gynecium drawn as TS, showing placentation




Fig. 16.2 : Construction of & floral diagram, using symbols shown in Table.(C'aesalpim‘a
) puk‘kﬂn'l'm)

To Study Some Important
Dicotl and Monocot Familles

59
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Table 16.2 : Symbols used (loral formula

Floral part or characteristie Symbol Example
symmetry

actinomorphic @ —

zypomorphic % —
sex of ftower

staminate {malc) g —

pistillate (female) @ —

hermaphrodite § —
calyx K K5 — sepals [ree
corolla C C5 — sepals free
perianth parts (if all the same) P P5 — 5 perianth parts free
androecium A A5 — 5 slamens, free
gynoccium

ovary superior G G3 — 3 carpels, free

ovary infcrior ’ G G3 — 3 carpels, inferior
connation ) brackels K(5) = 5 conpale scpals
adnation horizontal bracket C:-As = 5 cpipetalous slamens
indefinitc number of paris A= = indefinitc number
slamens

iii) The Floral Formula

Floral formula is another way of representation of the structure of flower. The first
symbol in e formula shows whether flower is actionomorphic or zygomorphic and
whether it contains both stamens and pistil or only stamens or pistil. Calyx is
represented by K and corolla by C and numbers of sepals or petals are added. If the
sepals or the petals arc united a bracket encloses the number. For perianth symbol P is
used. The slamens are depicled as A and adnation of parts is indicated by adding a
single bracket, above (he letters representing the pad involved. Gynoecium is represented
by symbol G and after adding the number of carpels, a line is drawn under the number
if ovary is superior and over the number if ovary is inferior.

The description given here is an atiempt 0 summarise the characteristics of families and
genera. The families described here have been selected to illustrate typical variations in
the dicot and monocot patiem and 1o give a reasonable cross-section of some important
families. Under each family general description and characters are given with a brief
description of more common example,






16.4 OBSERVATIONS To Study Some Impuortant

Dicot and Monocot Families

A. Labiatae (Lamiaceae) — Ocimum basilicum

Habit : A cultivaled perennial or wild herb of religious importance with a strong
aromatic smell,

Root : Tap, branched

Stem : Erect, herbaccous, branched, green solid when older becomes woody, squarish
and hairy. )

Leaf : Simple, ex-stipulate, petiolate, petiole is hairy, opposite and decussate. The
important feature is the leaf possesses oil glands when punctured emit strong aromatic
smell, margin smoolh, acute apex, unicostate-reticulate venation,

Inflorescence : Verticillaster having mostly 6-10 flower whorls.

Flower : Purplish-pink, Pedicellate, bracteate, a preen and hairy anterior bract, complete,
bisexual, hypogynous, zygomorphic.

Calyx : Five bilabiate, gamosepalous, hairy, posterior sepal {odd} is larger than the rest,
acute apex: aestivalion imbricate.

Corolla : Five, gamopetalous, bi-lipped, hairy upper lip is formed by 4 pctals and lower
by a single large anterior petal, pinkish white in colowr, inferior with imbricate
aestivalion,

Androeclum : Four stamens, epipetalous, posterior stamen missing, didynamous (i.e.
two long and Lwo short), both anther-lobes fertile in farger stamens; in shorter one, the
two anther lobes are separated by a leng connective—the upper lobe being ferlile and
the lower one sterile, show lever mechanism for pollination; stamens are cxerted; anthers
hasifixed and introse, filameni base hairy.

Gynoecium : Bicarpellary, syncarpous; ovary superior, 4-, lobed and 4 locular, due (o
the formation of false seplum, one ovule in each loculus, axile placentation; style long
and gynobasic,

Fruit : Schizocarpic, carcerulus.
& e GF
Floral Formula: %, g e Ko CUH}, A G@

Common Genera of the Family : Leucas, Mentha, Salvia and Nepaia.
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ANTHERS

COROLLA
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BRACTIOLE
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b
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DISC FLORET RAY FLORET

64 Fig. 16.4 : Diagrammatic representation of the systematic study of Tridax procumbens.



B. Compositae: Tridax procumbens

Habit; A perennial herb, found growing as weed in wasle land,
Root: Tap-rool systen.

Stem: Herbaceous, weak decumbent, green, cylindrical, solid.

Leaves : Pedicellate, exstipulate, sitnple, opposite, toothed or lobed, unicostale, reticulate
venation, :

Inflorescense : Solitary capitulum on long peduncle, heterogamous with ligulate ray-
florets and tubular disc-florets; biseriate bracts forming campanulate involucre, receptacle
Canvex,

Flower : Two kinds of flowers — pale yellow, ray florets on the periphery of the
capitulurmn and deep-yellow disc-florels towards the centre.

Disc-floret : Bracieolale — bracteoles thin, membranous and persistent, regular, tubular
and hermaphrodile.

Calyx : Greatly reduced, represented by pappus only.
Corolla : 5 petals, gamopetalous, tubular, deep yellow.

Androecium : 5 slamens, syngenesious, filaments free, epipelalous, anthers 2-celled with
short auricle.

Gynoecium : Bicarpellary, syncarpous, ovary inferior, unilocular with single basal ovule,
slyle simple, long, passing through anther tube, stigma bifid and bairy.

Fruit : Cypsela with persistent hairy, brisly pappus.

Ray-[loret : Bracteolate — bracteoles membranous, zygomorphic, unisexual, female and
ligulale (3-lobed), .

Calyx : represented by hairy pappus.
Carolla : Trifid, gamoperalous, ligulate, pale yellow.
Androeclum ; Absent I

Gynoeclum : Bicarpellary, syncarpous, ovary inferior, unilocular with single basal ovule,
stigma biftd.

Fruit : Cypsela with persisient pappus

Floral Formula

~
Disc-floret : &, § Ko (pappus), Cm' A(sr Gﬁx
Ray-floret : %, O Ko (pappus), Cor A, Gg

Some Comon Genera of the Family : Launaea, Vernonia, Ageratum, Eclipta and
Helianthns '

To Study Somie Inporiant
Dicot and Monocot Famlles
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YAXILLUM

TENDRIL
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FLORAL DIAGRAM

66 Fig. 16.5 : Diagrammatic representation of the systematic study of Pisum sativum.



C. Papilionaceae : Pisum sativim Tao Study Some Important
’ Dicot and Menocot Familles

Habit : Climbing herb.
Root :-Branched tap root, nodules containing nitrogen—fixing bacteria.
Stem : Herbaceous, climbing, winged, hallow and hairy,

Leaves : Altemate, petiolate, stipulate, stipules leafy, compound paripinnate: upper
Ieaflers modified into tendrils, leaflets sessile, oval with acute apex, entire, glaucous,
venation unicostate, reliculate,

[

Inflorescence : Recemose or solitary, axillary.

Flower : Bracteale, pedicellate, complete, hermaphrodite, irregular, zygomorphic, slightly
PETigynous, penlamerous.

Calyx : Five, gamosepalous, campanulate, green, hairy, odd sepal anterior, aestivation
ascending imbricate.

Corolla : Five, polypetalous, papilionaceous, 1 standard, 2 wings, 2 keels united

butterily shaped). posterior pelal forms a large standard (vexillum), the two lateral petals
- form alae or wings, two antericr petals are slightly fused and form a hood-shaped keel
or carina, aestivation descending imbricate,

Androecium : Ten diadelpbous (i.e. @ + 1), enclosed in the keel, nine fused stamens
forms a tube round the ovary and the tenth posterior one is free; anther introsc and
basifixed, dithecous, dehiscing by logitudinal slits,

Gynoecium : Monocarpellary, ovary superior, unilocular marginal placentation, many
ovules in the loculus, style long, stigma tlerminal, hairy and covered by the keel.

Fruit : A broad legume (pod).
Floral Formula : %, §, K{S,, C“Nn, A(mn’ G,

Some Comon Genera of the Family : Lathyrus, Crotalaria, Vicia, Cicer and Phaseolus.



V.5. FLOWER

FLORAL DIAGRAM

Fig. 16.6 : Diagramma tic representation of the systematic study of Argemone mexicana.



D. Papaveraceae : Argemone mexicana To Siudy Seme Important
: - Dilcot and Monocol Familles

Habit : An erecl, prickly, annual herb, found growing wild in waste lands during winter
Season,

Root : Tap root, branched,

Stem : Erect, cylindrical, woody below, sparingly branched, solid, glaucous, spiny with
yellow latex.

Leaf : Cauline, altemate, exstipulate, sessile, semi-amplexicaul, simple, deeply cut,
sinuate pinnatifid, spiny - toothed, glaucous, unicostale, reticulate ventation,

Inflorescence = Sclitary, axillary

Flower : Bracleate, pedicellate or sub-sessile, large, showy, complete, regular,
actinomorphic, hennaphrodite, hypogynous, yellow,

Calyx : Three sepals, polysepalous, caducous, green prick.ly. homed above, aestivation
twisted,

Cerolla : Yeliow six petals, polypelalous arranged in two whorls of three each (3+3)
caducous, infedor, imbricate aestivation.

Androecjum : Several stamens, polyandrous, arranged in many alternating whorls, 7
filaments long, anthers bi-celled and basifixed, yellow. ST

Gynoecium : 4-7 carpellary, syncarpous : ovary superior, single chambered, spiny,
parietal placentation, several ovules on each placenta; slyle extremely short; stigma 4-7 .
lobed; depending on the number of carpels, redish-brown. N Co

Fruit : A prickly capsule, dehiscing by valves,

1 Ao Gu-'n

Floral Formula : @, _(!_5 K,.C

‘Seme Common Genra of the Family : Papaver, Eschcholzia | R ,'__‘-:
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FRUIT (ACHENE)

FLORAL DIAGRAM

Fig. 16.7 : Diagrammatic representation of the systematic study of Ramunculus sceleratus.



E. Ranunculaceae — Ranunculus sceleratus

Habit : An annval herb, occurring wild in shady and damp places, such as canal and
river bank.

Root ; Tap root which is scon replaced by branched and fibrous adventitious roots,
Stem : Erect, herbaceous, green, ribbed, holow, branched and hairy.

Leaf : Simple, sessile with sheathing leaf base, tripartite, each Iobe further divided into
obovate, cuneate segmenls, venation multicostale, reticulate.

Inflorescence : Biparous cyme or cymose,

Flower : Pediccllate, bracteate, bracteolate, hermaphrodite, complete, actinomorphic,
yellow, regular, hypongynous, pentamerous.

Calyx : Five in number, polysepalous, green, boat-shaped, hairy, imbricate.

Corolla : Petals five in number, polypetalous, yellow, each petal has a nectary at its
base, veined, imbricale acstivation.

Androecium : Several stamens, arranged spirally on an elongated thalamus. each anther
is basifixed (innate) and extrose, siout and yellow-green filaments.

Gynoecium : Polycarpellary, apocarpous, ovary superior, on an elongated thalamus, cach
carpel is unilocular with a single basal ovule: stigma pointed.

Fruit : An elerio of onc-sceded achenes,

Floral Formula : &, Q'Ks, Coa_,G_

Some Important Genera of the Family : Paeonia, Delphinium, Nigella, Clematis and
Angmone.

To Study Some Imporiant
Dicol and Monocot Familles
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72 Fig. 16.8 : Diagrammatic representation of the systematic study of Brassica campestris.



F. Cruciferae-: Brassica campesiris . Te Study Some Important
) Dlcot and Monocol Famllies

Habit : An annual cultivated winter herb. -

Root : Tap root, branched.

Stem : Herbaceous, erect, cylindrical, glabrous, branched, solid.

leaves : Simple, alternate, petiolate, exstipulate, radical and cauline, lyrate, unicostate
réticulate venation,

Inflorescence : Corymbose raceme.

Flower : Pediceliate, ebracleate, actinomorphic, hermaphrodite, hypogynous, complele
tetramerous, cruciform, bright yellow in colour.

Calyx : Scpals 4, polysepalous, 2 outer anlcrio-posfcrior, 2 inner lateral, imbricate
aemival.ion.

Corolla : Peials 4, polypetalous, cruciform, distinct claw and limb present, imbricate
aestivation.

-_Androeclum Stamen 6, polyandrous, 4 inner long and 2 outer short (i.e. lﬂLradynamous
conditions); anther basifixed.

Gynoecium : Bicarpellary, syncarpous, ovary superior, unilocular but divided into two
chambers due Lo the formation of placental replum (fasle septum), parietal placentation;
style shont, stigma bilobed.

Fruit :_ A narrow, pod-like siliqua
~ Seed : Small, globose and exalbuminous.

G

A(m;’ @

Floral Formula : @, § K,,,C

Some Important Genera of the Family : Brassica, Iberis, Capsella, Raphanus,

13
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74 Fig. 16.9 : Diagrommatic representation of the systematic study of Malva sylvestris.



G. Malvaceae : Malva sylvestris To Study Some Important
Dicol and Monocot Families

Habit : Annual herb,

Root : Fibrous, tap root.

Stem : Erecl, cylindrical, hairy, partly herbaccous, woody in the lower region, grecn.

Leat : Simple, alternate, cauline, petiolate, stipulate, stipule often caducous, upper
surface glabrous, lower surface hairy, crenate margins, mullicostate reticulale venation.

Inflorescence : Mostly solilary axillary.

Flower : pedicellate, pedicel hairy, bracteale, complete, hermaphredite, actinomorphic,
hypogynous.

Epicalyx : 3, fused at the base, represent a whorl of bracteolcs just below the calyx.
Calyx : Five sepals, gamoscpalous, canpanulate, valvate aestivation, persistent.

Caorolla : Five petals, polypetalous, united below at the base with staminal tube, twisled
agstivation,

Androecium : Indefinite stamens, monadelphous, all of them united below into a wbe,
the upper parts of filament remaining distinct, staminal tube united below with the
corolla, epipetalous, anthers monothecous, cxtrose basifixed,

Gynoecium : polycarpeliary, $yncarpous, overy superior, penta or multilocular, two or
more ovules in each loculus axile placentation, style and stigina correspond to the
number of carpels present, style pass through staminal lube.

Fruit : A carcerulus (malurc carpels scparale from each other and from the axis.)

—

C,.. A

Floral Formula : @, §Epim, Km‘ s Aoy G@

Some Important Genera of the Family : Hishiscus, Abutilon, Sida, Althaeq.
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Fig. 16.10 : Diagramunatic representation of the systematic study of Allfium cepa.
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H. Liliuceae: Allim cepa To Study Some Imporiant
Dlcot and Monocot Familles

Habit : A cultivated herb, aroma pungent, a typical flavour due o presence of volatile

sulphur campounds.

Root : Fibrous, adventitions roots.

Stem : Underground tunicated bulb, outer scales membranous, brown and dry, inncr
scale {leshy.

Leaf : Radical, cylindrical, lcal base sheathing, hollow, acute, mucilaginous, fistular,
parallel-veincd.

Inflorescence : Aggregation of several monochasial cymes arranged in vmbellate Fashion
and enclosed by 2-3 membranous spathe-like bract,

Flower : Pedicellate, bracteale, regular, complete, hermaphrodite, bypogynous, white,
sometimes replaced by bulbils,

Periantl : Six lobes, arranged in two whorls of (hree each, fused towards the base,
companulate, white,

Androecium : Six stamens, wranged in (wo whorls of 3 cach, polyandrous, cpiphyllous,
filaments narrow and dilated at the base; anthers long, bi-ceiled, dorsifixed.

Gynoecium : Tricarpellary, syncarpous, ovary trilocular, two ovules in each loculus,
superior, axile placenlalion, style shori, stigma minule. '

- 4

Florat Formula : ®, g P AL Gm

U+

Some Important Genera of the Family : Asparagus, Aloe, Fritillaria.
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I < Pt vrlgare Ta Study Some Important
Graumineae : I'ri #Dicol and Monocol Families

Habit : Annual dltivated heeb
Root : Adw0tlious, fibrous

Stem : Ercct, herbaccous, cylindrical, hollow, green when young, unbranched, nodes and
jatemodes well developmenl, fistular, nodes swollen being composed of soft ussue.

Leaf : Simple, sessile altemate, well developed leaf sheall present, a membranous ligule
present at the junction of leaf lamina and leaf sheath, entire linear or linear lanccolate,
acute apex, unicoskate, parallel venation.

Inflorescence : Spike of spikelets

Flower : Sessile, bracteate, bracls represenied by palea, bracicolate, incomplete,
hermaphrodite, zygomorphic, hypogynous. Each spikelet with [lower arranged on a very
short axis is encloscd by scaly leaves at the hase of the axis called glumes fertile lealy
structures which are bracis in natuce are found, These festile Jeafy structures arc called
lemmas or inferior palea. On Lhe floral axis opposite to the inferior palea is situated the
superior palea which is braclcole in nature,

Perianth : Exuemly reduced and represented by two very small, scaly structure called
lodicwtes lying opposite Lhe superior palea.

Androecium : Three stamens, polyandrous, filaments long, siender with versatile
dithccous anthers.

Gynoecium : Pseudomonocarpellary, (he monocarpellary pistil with its single locule and
single ovule, basal plancentation, the two feathery stigma are developments of the lateral
parts of the carpel, the cenral part remaining undeveloped, overy superior, unilocular
containing a single ovule.

Fruil : A caryopsis.
Floral Formula : %6, ng, A, G,

Some [mportant Genera of the Family : Avena, Zea, Oryza, Saccharim.
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After studying thesc familites wry out these SAQs

SAQ

1) Distinguish between dorsifixed and basifixed anthers

2) Represent diagramatically gynobasic style and label it neauy.
3) What do you understand by word pentamerous?

4) Give a list of ateast five plants belonging to genus Phraseolus. Are these plants
cconomically valuable if so why?

5) A medicinally imporant plant is found in family papaveraceac which is also used in
narcotics. Give the botanical name of the plant. Collect the plant and describe it
only by diagram, floral formula and floral diagram,

6) Whal is the characteristic of family cruciferae. Explain it properly with examples.
7)  To which family does cotton belong? Write the hotanical name of cotton,

8) Differenciate belween monothecous and dithecous anther with cxamples and
diagram.

9) Describe the tpical liliaceous flower with a labeled diagram.

Glossary of Certain technical terms used in Exercise 16

1) Achene: Dry, one-seeded fruit formed from a single carpel, with no special method
of opening 0 liberale the seed,

2) Aestivatlon: The arrangement of sepals and petals in the bud condition is called
aestivation, It is of following types:

1) Valvate: When the sepals or petal meet edge to edge without overiapping
cach other,

2}  Twisted, Contorted or Convolute; When margins or ¢ach parl are
overlapping regularly ie. one cdge of the sepals or petal are overlapped by the
preceding petal.

3) Amplexicaul: When the Iobes at the basc enclosc complelely the stem.
4) Basifixed: Filaments atlached to the base of another lobes.

5) Bipareus Cyme: When peduncle bears a terminal flower.

6) Caducous: When sepals wither or drop off YCIy sSoon,

7)  Campanulate: Bell shaped corolla.

8) Caryopsis: It develops from monocarpellary ovary in whicli pericarp is united and
fused with testa (seed coal).

9) Cuneate: Wedge shaped Icaf with lower narrow end.

10} Cypsela: Dry, one-chambered, one-seeded fruit derived from bic:uﬁcllary or
polycarpellary, syncarpous, inferior ovary having buasal placentation. The testa and
pericarp are {rec.

11) -Dladelphous: When filaments are uniled in 1wo groups wath their anthers being
free.

12) Epipetalous: When stamens arc attached with the petals.
13} Glabrous: Smooth
14) Glaucous: Shining and smooth.

15} Gynobasic: Arising from base of ovary (due o infolding of ovary wall during
developing, c.g. Gcimient sps.

16) Heterochylamydeous: Having (wo kinds of perianth segments (scpals and petals) in
' distinct whorls.

17) Imbricate: When one out of the five sepals or petals intermal, one external, and rest
three parlly external.



18) Involucre: When bracts are arranged spirally in one or more whorls around the To Study Some Importunt
clusler of flower, Dlcol and Monceol Familles

19) Lyrate: When the leal blade is like lyre, ie., contain a big terminal lobe with many
smaller lateral lobe.

20) Obovate: Il is inverscly ovale, i.c., upper and broader narrowing towards the base.

21) Opposite and decussate: When 1wo successive pairs of leaves occur at right angle
10 cach other ¢.p. Psidinum.

22) Pappus: Reduced and hairy.
23) Polyandrous: When slamens are many and free.

24) Racemose: In this branching is monopedial. The inflorescence consists of a main
axis increasing in length by growth at tip and giving rise Lo latcral branches bearing
flowers. The flowers open in succession from below upwards, or, if inflorescence
axis is short and flatlened (rom outside inwards. The racemose type is further
divided into raceme — with main axis bearing stalked flowers in acropetal
succession.

25) Reticulate: When Uie veins and veinlels are distributed irregularly in the lamina and
form a sort of nel ¢.g. most in dicolyledons. Again it is of two types.

i}  Unicostate or pinnate lypf: In this a central thick mid rib is preseat, from
whicl arises many lateral and other irregular veins and veinlets forming a neL

if)  Multicostate or palmate type: When equally strong ribs are present,
26) Radicle : Arising from root or crown of the plant,

273 Siligqua: It develops from bicarpellary syncarpous gynoecium with parieral
placentation and a false seplum. T is long narrow multiseeded fruit which dehisces
from below upwards by both the sulures.

28) Spikelet: Smalt arranged in o spike, raceme or panicle manner. Each flower consists
of an awned bract, three stamen and stamen and an ovary with (wo feathery stigma,
e.g., Tritictim,

29) Syngenesious: When all anthers are united in one gronp with their filament free.

30) Unipinnate: When the leaflets are present directly on the mid-ribs. It is again of
Lwo Lypes:

a}  Paripinnate: When even number of paired leaflets are present.
b) Imparlpinnate: When an odd terminat leaflet is present.

31) Verticillaster: When flowers arise in the axils of bracls arranged opposite 10 each
other. Each cluster of flowers in this type of inflorescence represents dichasial cyme
e.g. members of Labiatae.
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17 SURVEY OF DIGESTIVE ENZYMES IN
COCKROACH

17.1 INTRODUCTION

In unit of Block 1 of LSE-05 course, you have Iearnt aboul the digestive enzymes of
various animal groups, You are aware (hat the food of the organisms consists of
carbohydrates, proteins and lipids. These large molecules are broken down by enzymcs
to simpler ones in the digestive sysiem. The simpler molecules are then absorbed across
the intesline 1o be carried 10 the different tissues and cells of the body. In this
experiment you shall make a survey of the cnzymes which digest carbohydraies, preleing
and lipids in four different regions of the digestive system of cockroach. The digestive
enzymes that you will be examining are amylase and invertase for carbohydrate
digestion, protease for protein digestion and lipase for lipid digestion.

Objectives
Al the end of this experiment you should be able to:

e perform simple tsls for lesting the presence of digestive enzymes in any organism.

17.2 MATERIALS REQUIRED

cockroachces,

inscet Ringer solution
30% glycerine

1% starch solution

5% sucrose solution
iodine solution

Benedict's reapent
developed photographic film (several pieces)
fresh milk

bromotymol blue

0.1 N NaOH

merlar and pestle

test tubes

test tube holder

porcelain tile

Pasteur pipetes

graduated pipettes (5 ml)

17.3 PROCEDURE )

1. Obtain ten cockroaches and quickly dissect out the alimentary canal along with
salivary glands in insect Ringer solution. Divide the parts of digestive system as
lollows (Fig. 17.1). '

()  salivary glands

{ii} foregut (consisting of oesophagus, crop and gizzard)
(iil) midput (consisting of caeca and mesenteron} and
{iv) hindgur consisting of ileum, colon and rectum. .

2. Pool each one of these regions from ten cockroaches. In a small mortar grind the
pooled regions of alimentary canal separalely with a pestle in 3 ml of 30%
glycerine and (ransfer the contents to a lest wbe.
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-Fig. 17.1: Digestive system of cockroach.

Add another 2 ml of 30% glycerine (o the mortar, rinse well and wansfer this sohition
also to the test tbe. In this way collect the extracls of four fegions in test tubes and
label them 1 to 4. Thus you will have following enzyme sources.

Tube 1 salivary gland extract
Tube 2 foregut exiract
Tube 3 midgut extract
Tube 4 hindgut extract.

3. Divide the contents of cach tubc equally in two parls by transfering 1o another test
-tube. Label these test wbes as Ic, 2¢, 3¢ and 4¢ respeciively. Heat the contents of

these tubes (ic 16 4c) over a flame for a minute,

‘a) Whﬁl‘does the heating do to the enzymes?

A, Test for amylase

Amylase is the starch digesting enzyme. Amylasc acts on starch and releases glucose
molecules, Starch gives a blue colour with iodine solution. When amylase acls on starch
and all the starch is converted into glucose, addition of iodine solution does not result in
the develpment of blue colour. This confirms the completion of starch digestion by
amylase,

1. Take cight test tubes and add 1 ml of starch solution to each. Mark 4 (est tubes 1E
to 4E and the 4 others 1C to 4C.

2. To the first four test tubes add ten drops of enzyme source from the four regions of
the gul and (o the other 4 test tubes add 10 drops of heat inactivated enzyme from
the four regions of the gut. Mix well and incubate at 37°C in a waterbath.

3. Every two minutes over the next 10 to 20 minutes remove a drop of the mixiure
from each wbe to a porcelain tile and add a drop of iodine solution. Note the
colour devcleped.

Colour developed initially indicates the presence of starch. Towards the end of the

starch digestion, the blue colour does not appear any more. Record your results in the
Table 17.1.

b) Does amylase require any cofactor for its activity?
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B. Test for invertase

Invertase is a sucrose digesting enzyme and forms fructose and glucose as products, The
test for the presence of reducing sugars namely glucose and fructose would indicate the
occurrence or otherwise of inveriase in different regions of the gul of cockroach.

1. Take cight test tubes and pipette oul into each one of them 1 ml of 5% sucrose
solution.

2, Label the first 4 tubes from IE 10 4E and the rest from 1C to 4C. To each of the
first 4 wbes add 10 drops of enzyme source from salivary glands, foregut, midgut
and hind gut respectively. To the four control tbes add 10 drops of heat-inactivaled
cnzyme [rom the four regions of gut. :

3. Incubate the reaction mixture {enzyme and substrate mixture) for 20 minutes at
37°C in a walter bath,

‘4, At the end of the incubation period add 1 m! of Benedict's rcagenl to each of the

tubes and leave in a boiling water bath for 5 1o 10 minutes. Record the colour
changes that you have observed.

The development of red colour indicates the presence of reducing sugars, glucose and
fructose. Identify the test tubes in which red colour is formed and record your resuilts.

a) What is (he basis for the above reaction?

¢} Does the red colour appear in reactions in which heat inactivated enzyme was used?
Explain your results,

..........................................................................................................

C. Test for protease

In this test the gelatin (a protein) coated as an emulsion on the film strip would be used
as substrate o lest the protease activily,

Proteases, as you are aware, are protein digesting enzymes. Perform the test for protease
as follows. '

1. Take several picces of 1 inch square, blackend, exposed and developed (black and
white) film and wash them well. You will require four such pieces.

2. Place a drop of salivary gland extract on the film (erwlsion side) on one half of it
and a drop of heat inactivated extract from the same source on the other half,
Repeal this procedure for the other threc pieces of film with extracts from foregut,
midgut and hindgut as wcll as heat inactivated extracts from these regions.

3. Leave the film pieces in a moist chamber, You may use a petridish with water
soaked cotlon kept in it as a moist chamber,



Survey of Digestive
4, At 30 minutes intervals, over a period of 2 hours, examine the film strips and note Enzymes in Cockroach
the degree of digestion of gelatin emulsion as an index of protease activity.

Record the results of all the eight ohservations in the Table 17.1.

1) What is the sile of action of a prolcase in a protein molucule?

..........................................................................................................

D. Test for lipase

Lipase is a lipid digesting enzyme and the digestion products are Fatty acids and-
glycerol. You will use milk fais as the substrate in this test and milk fats on hydrolysis
yield free fatty acids. The formation of free falty acids is identified by a change in the
PH of the reaction mixlure by using a suitable pH indicator solution.

1. Take eight test tubes and mark the first four as experimental (IE to 4E) and the rest
as controls (1C o 40).

2. To cach of the test tubes add 1 ml of fresh milk and a few drops of bromothymol
blue dye solution. The milk will now be in blue colour. If it is not sufficiently blue,
add a drop of 0.1N NaOH solution.

3. To each of the four experimental tubes add 10 drops of enzyme source obtained
from the respective regions of the gut. To the control test bes add 10 drops of
heal inactivated enzyme.

4. Incubate both the sets of test bes at 37°C for Lwo hours. Note the colour changes
in experimental and control test tubes.

1} What colour changes do you observe in control and experimenial test tubes?

2) How would you explain the colour changes in the test for lipase activity?

17.4 RESULTS

Prepare a table as shown below in your note book to record your results.
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Table 17.1

Regions of digestive system

Salivary ) Foregut Midgut Hindgu
glands

Enzyme C E C E C E C E

Amylase

Invertase

Protcase

Lipase

C : Conurol E : Experiment

Note: Whenever you identify the presence of an enzyme in a specific region of the
digestive sysiem, you may indicate its presence in the table by a (+) sign; a (-) sign
wonld indicate the absence of the particular enzyme in llie given region.



18 DETERMINATION OF RATE OF
OXYGEN CONSUMPTION IN
COCKROACH USING A
RESPIROMETER

18.1 INTRODUCTION

Acrobic organisms require a continuous supply of oxygen for the conversion of nutrients
into energy. Carbon, dioxide and water are the end products of the respiratory
matabolism, In effcct the ulilisalion of oxygen and release of CQO, are the two major
components of respiration in living organisms. In this experiment you will attempt (o
quantify the rate of oxygen consumed by an insecl using a simple respirometer, Aerial
respiration is studied by manometric techniques. Warburg's manometer is the instrument
of choice for such studics. But this instrument is quite expensive and you may construci
a simple device of your own to make measurements of oxygen consumption in small
organisms.

Objectives
Al the end of this exercise, you should be able to:

e construcl simple devices for measuring certain of biological activitics

® measure the rate of respiration in small organisms using simple respiromelers

18.2 MATERIALS REQUIRED

4 oz. boltles -~ 2

One holed rubber stopper - 2

2ml. graduated pipette - 2

Filter paper bits

Small picces of wire gauze (about 1" square)
15% KOH solution

Cockroaches

18.3 PROCEDURE

1. Fit the 4 oz. botle with one holed rubber stopper (Fig. 18.1).

2. Insert a 2ml, graduated pipetic through the hole in such a way that only 1/5th o
1/4h of the pipette is inside the bottle and rest is projecting oul.

3. Place at the bottom of the botlle filter paper bits soaked in 15% KOH solution. A
piece of wire gauze may be used 10 wrap around the filter paper bits so that when
the inseet is introduced in the botte it does not come in contact with Lhe alkali.

4, Weigh the cockroach in a balance. Introduce it into the respirometer and close
tightly,

5. Prepare a contro! respirometer (a thermobarometer) without the insecL {This means
you will prepare a respirometer similar to the experimental one excepi that you will
not introduce the insect into it.)

6. Immerse both the.experimental and control respirometers for equilibration in a tray

12
B 7
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i
/] } \
// ks
A 4
%

Fig. 18.1: A respirometcr.
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centaining water. While doing so, let the open end of the pipette of each
respirometer be outside the water. This procedure equilibrates the temperature
belween air and water, and takes about fifteen minutes. At the end of the
equilibration period submerge the open tip of the respirometers into the water,

Precaution: When the respirometer is immersed, water should not enter rapidly into the
graduated pipetie. This would suggest leakage in the system. You should have an air-
tight device for the success of the experiment. If necessary you may seal the mouth of
the bottle with molten wax. Insufficicnt equilibration may also cause the rapid entry of
water into the graduated pipette. In that case, equilibrate the respirometer for a longer
period. -

18.4 OBSERVATIONS AND RESULTS

Observe the slow entry of waler into the graduated tube even as the insect consumed
oxygen and the released carbon dioxide is absorbed by KOH. In this experimental set up
waler in the tray serves as the manometric fluid, and you would observe the water
meniscus in the pipette moves continuously, Record the volume of water that has
entered into the pipette after one hour. This volume represents the volume of OXYgen
consumed by the insect in millilitres or cubic centimeters in one hour.

The respirometer is very sensitive 1o changes in temperature and pressure. This is the
reason why you have (o set a control thermobarometer. Any volume changes occuring
due Lo changes in temperature and pressure will be recorded by this control device. Note
volume changes in the control respirometer and this would represent the correction
factor. The comection factor has to be added to or subtracted from the experimental
value,

Volume of O, consumed by the insect =  volume recorded in the experimental
respirometer + volume recorded in the
control respirometer

The rate of oxygen consumed per Weight of oxygen consumed in one hour
gram weight of the body of the = o e
insect per unit lime ‘ eight of the insect

= ml of oxygen/gram weight of
cockroach/hr at the given temperature

SAQ

1. List the problems if any that you encountered while performing this experiment. -
How did you solve them?

2. Assuming you want to study the effect temperature on oxygen consumplion in the
insect, what additional steps you would introduce in the procedure?



19 OBSERVATIONS ON THE
NHIIUDCIRCIHQNTHDN[HVjﬂHE
WEB OF FROG :

19.1 INTRODUCTION

In LSE-05 course you have leamt about the English physician, William Harvey who in
the early 1860s discovered pattern of blood circulation. Further you are aware that blood
carries nutrients, oxygen and various other materials to the body tissues and carbon
dioxide and other waslte products away from Lissues. Harvey himself had never seen an
important component of the circulatory system -— (he capillaries. These blood vessels
arc important as it is in the capillaries that materials are exchanged between the
circulatory sysiem and the cells. In the present exercise you will examine the circulation
of blood through capillaries in the web of a frop’s foot,

Objectives

After you have completed this laboralory exercise you should be able (o:
® observe the circulation of blood in the web of the frog’s fool,

. diffcrenliajle betwcen arterioles, capillaries and venules,

® (race the path of a capillary from the other arterioles and venules,

® determine the effect of temperature and adrenaline on the circulation of frog.

19.2 MATERIALS REQUIRED -

Live Frog

Compound microscope

Medicine droppers

Absorbent wet (owel

Isotonic Ringer solution in dropper boutles

(1} chilled, (2) wam (room temperaturc) and (3) hot (40°)
Frog board made of balsa wood with a hole

Pins

String

Adrenalin- solution

19.3 PROCEDURE

The skin between the toes of a frog is very thin, As a result you will be able 10 see the
actual capillaries with the blood moving through them. Read the procedure carefully
before you begin your laboratory excrcise.

) Carcfully wrap a live frog in a wet towel, tightly enough to prevent it from moving
much. Leave one foot exposed. You have to roll the frog in such a manner so that
it cannot bend it legs, (Fig. 19.1). This procedure will not hurt the frog. It will be

able 10 breathe through its skin as long as you keep the towel wet,
-, , 89
ii) Place the wrapped frog on the frog-board, and spread and pin (he web of the foot ,
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over the hole in the balsa wood frog board (Fig. 19.1). As there are no nerves in

the frog webbing, you can put the pins through webbing without hurting the frog.
Throughout the observation keep the frog and the skin of the web moist with tap
water and Ringer solution (at room temperature} respectively.

. Pins Wet ciolh

Fig. 19.1: Preparation of the frog for obscrvation of web circulation under the microscope,

iii) Supporl the wholc arrangement on the stage of your microscope, (Fig. 19.2) and
move this set up under the low power of the microscope by moving the board until
you see flowing blood in the frog web,

ivy Select a very small field of vision and observe carefully the size of the vessels, the
thickness of Lheir walls and the movement of blood flow.,

v) Examine the web circulation carefully, keeping in mind the comparison you wish to
make: on relative size, comparative speed of blood flow and the amount of pulsation
it arterioles, capillarics and venules.

Microscope
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Fig. 19.2: Sct up for microscopic observation of wel circulation.

-

Activity 1

On the basis of the size of the blood vessels, distinguish them into arteries, veins and
capillaries.

SAQ
L. Can you can observe the moving red blood cells?

2. Which of the blood vessels have thick walls? Thin wulls?



Activity 2 Ohservalions en the

Microvireulution in the

In the space below, make a drawing of one of the blood vessels you have observed. Web of Frag
Label the red cells, in your drawing.

vi) In a capillary you will see red bloed cells moving through in a single file and in

other blood vessels you will observe more than one red blood cell moving side by
side at a time.

Activity 3

Blood cnters the capillary from small arteries cailed arlerioles. Try to trace a capillary
back 1o an arlcriole. .

Activity 4

+ Focus on a capillary, then on a vein or arlery.

SAQ 3.

Activity 5

In which blood vessel docs the blood move the fastest and in which the
slowesl?

vein —_—

artery —

capillary — ‘ o

Does the red blood cell appear to he a flexible structure? How do the red blood
cells move through very thin capillarics?

Does a capillary appear as a rigid glass tube? Do the vessels strelch to atlow more
blood 1o flow through?

Focus a partcular region of the webbing, Draw all the blood vessels you see in this
region and indicate the direction of flow of blood in these vessel by means of arrows.
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Factors Affecting Capillary Circulation

Blood flow and its velocity are affected by a number of factors. Chemical substances
such as cthyl alcohol constrict the blood vessels and decrease the rate of blood flow.
Contrarily nicotine and lactic acid dilate the blood vessels and increase the rate of blood
flow,

In the present laboratory exercise we will study the effect of temperature and adrenaline
on the capillary circulation in frog, .

Actlvity 6 — Effect of temperature on circulation

Carefully examine the capillary nelwork at room temperature and become familiar with
the normal bleod flow. With the help of a Pasteur pipelte, apply several drops of chilled
frog Ringer solution (isotonic sait solution) to the surface of the capillary network in the
webbing. Observe for five minutes. Is there an observable change in the blood Aow?
Does the speed of the blood flow increase or decrease?

Record your results in your note book.

a) Rinse the frop webhing using warm (room temperature) Ringer solution. Now apply
Ringer solution heated (o 40°C (o the capillary net work in the webbing and
observe the rate of circulation,

Record your result again in your note book.

b) Wash off the warm Ringer solution from the frog web tissue. Then place one drop
of adrenalin solution on the capillary bed. Record your observations. ‘

On the basis of the data you have recorded, answer the questions given below, regarding

the effect of these factors on peripheral circulation.

6. It is known what the quantity of lactic acid in muscle tissue increases duaring
exercise. Do you expect more oxygen to be delivered to the muscle tssue of a
person who is running than to that of a person who is resting?

Adrenalin is released into the blood stream at times of siress. Why would a person who
is frightened become pale rather than red and flushed?

F
Precautions

1) You should always keep the frog, including the web of frog moist.

2) Take care not to put the pins through the frog leg. Put the pins only through the
web.



20 ESTIMATION OF HAEMOGLOBIN,
TOTAL RBC AND WBC IN HUMAN
BLOOD

20.1 INTRODUCTION

Blood when centrifuged, separales into (wo distinct portions — fluid and formed
elements. The clear, straw-ccloured fluid is called plasma. Plasma accounts for mon2
than 50% of blood volume. "The formed elements consist of red blood corpuscles,
eryihirocytes; while blood cells, leucocytes; and platelets or thrombocytes,

In human males, there are 5 million red blood cells per cubic millimeter, and in fernates,
4.5 10 5 million, Erylhrocyles are packed with haemoglobin molecules to wansporl
oxygen to the tssues. In a single red blood corpuscle nearly 280 million (2.8 X 10%)
molecules of haemoglobin ae packaged. Haemoglobin concentrations in humans range
from 14 o 16% in males and 12 10 14% in females. Concentrations less than this
amount are indicative of anaemia. Anacmia essentially results due to iron deficiency in
the body. You may recall that iron or heme is the prosthetic group of the haemoglob.in
molecule.

White blood cells, leucocytes, are cells with various shaped nuclei. Leucocyles average
3-9 thousand per cubic millimeter in normal blood. The count in children is higher.
White blood cells are one of the body’s major defence mechanisms against bactera,
virus, and other foreign substamces that have cntered the blood stream. During infociions,
the number of WBCs increases, a parameter used to diagnose infections.

In this lab exercise, you will estimate level of haemoglebin in blood using a
haemometer and determine red and white blood cells count with the help of a
haemocytomelcr,

Objectives
After completing this exercise wou should be able 1o
e determine haemog lobin levels in a blood sample and

e cstimale the {otal count of red blood corpuscles and white blood corpuscles in
" blood. -

A Estimation of Haemoglobin

20.2 MATERIALS REQUILED

Haemometer (Haldene's baemoglobinometer),

0.1 N HCl (1.2 ml of concentratcd HCI made upto 100 ml wilh distlled water),
distilled water

sterile needle ihaemolets)

alcohol

cotton

Haemometer

The haernometer (Fig. 20.1) consists of two scaled Jateral comparison tubes containing a
suspension of acid haematin. These are held in a black frame against a white ground
glass. Besides, a graluated test-tube of the same diameter is also provided which can fit
in the haemormeter im between the two side wbes, The graduations on the experimental
tube refer to percenta ge of haemoglobin in blood that is haemeglobin in g/100 ml. of
blood. The other accessories provided are a micropipette of 20 mm?, a small glass rod, a
small bottde brush, a cIcopper and a small hottle containing (.1 N acid soiution.

93
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Standard
b tubes

Fig. 20.1 : Haemometer.

20.3 PROCEDURE

[n this method an acid haematin solution of blood i% made in the graduated tebe and the
colour of this solution ts compared with the acid haemalin solution provided in the
standard tubus.

1) Rinse lhe graduated tube with distilled water and then 90% alcohol. Dry the tube
well beflore use,

2y With the help ol a dropper add 0,1 N HCI solution o the graduated Lube upto 2 g
mark.

3)  Cleanse your third or tourth finger with a picce of coton soaked with alcohol and
oblain 4 drop ol fresh blood using a sterile needle. You may usc a sewing needle or
a ball pin for this purpose bul make sure that they are well sterilized. For
sterilizing. show the needle or pin or the lancet on a Name and wipe it well with
alcohol, Under no circumstance, the pin or needle or lancet used by one student. be
used by another student, '

4) Wipc off the first drop ol blood and then suck the micropipette by fresh blood uplo
the mark of 20 mm*.

5) Wipe off the small amount of hlood adhering to the outside of micropipette by
sterilized cotwon.

6) Transfer the blood from (he micropipette 1o the graduated tube containing HCl
solution. Introduce the pipette carefully into the wbe and allow the tip of the pipette
to reach the hotom of the tube inte HCE solution. Blow inta the opening ol the
rubber tubing 1o transfer the blood.

7) After the blood has been expelled into the tube rinse the pipette in distilled waler
and (ransfer the contemts into the graduated tube, You may repeat (his sicp twice or
thrice so thal no blood is sticking to the sides of the pipette and all of it is
ransfered Lo the gradualed tube.

8) Suir the acid hacmatin solution thoroughly with the help of a glass rod and then
allow it 1o stand for at least ten minules.

9) In the next step dilute the acid haematin solution gradually by adding distilled water
drop by drop.

10) After the addition of each drop of distilled water stir the solution with Lhe glass rod
and maltch the colour with that of the solution in the standard sealed tubes. You will



continue (o do this step until the colour of acid haematin solution just fades away as Estimation of Hacmoglobin,
compared (o that of the standard comparison tubes. Note the reading on the Total “Cn?ﬁxgﬁ;g
graduated tube after the addition of cach drop of water.

11) The reading on the graduated wbe just before the colour fades away is taken as the

correct and final reading. This reading is the amount of hacmoglobin in grams per ~ Haematin: When the blood
100 ml of blood. is treated with a dilute acid,
the beme in the haemoglobin
i dissociated from the

20.4 RESULTS _ globin, Heme has iron in the

. ferncms state and in the

Tabulate your readings as shown below

reaction with acid is
oxidised to haematic which
has the iron in the ferric

tale. Addiui f dilute acid
No. of drops of water Haemoglobin concentration g/100 ml. ? decinormal 2:)[::&0“ L:)F I-a['gl)
added 1o haemoglobin produces
1 115 acid bazmatin which is dark
. brown in colou_f.
2 11.6
3 11.7
4 11.8
5 11.9
6 The colour of haemalin fades away

Final reading 119 grams/100 ml.

Results: Haemoglobin content = 11.9 grams/100 ml.

20.5 PRECAUTIONS

1)
2)

B

4)
5)
6)

B

Give a light prick to the finger tip while taking blood.

The finger and the prick (needle)} should be disinfected.

Do not use uncleaned tubes, pipeltes etc.

Fill the micropipette accurately.

Avoid inclusion of blood sticking at the outer surface of the mouth of the pipette.

Experiment should be performed quickly so that fresh blood does not clot before
transfer to 0.1 N HCI,

Estimation of Number of Erythrocytes in Blood

In this exercise you will determine the number of red blood corpuscles present in per
cubics mm of blood.

20.6 MATERIALS REQUIRED

Haemocytomeler

Hayem’s solution

Microscope

Haemocytometer

The apparatus used for the enumeration of blood cells is called haecmocytometer
(Fig. 20.2). Bxamine and become familiar with the equipment which consists of a

counting slide, a coverslip and pipeltes. The counting chamber has a stage on which are

95
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* ruled two scis of fine lines at right angles to each other. The whole ruled area occupies

1 sq. mm and consists of 25 large (0.04 sq. mm) and 400 small squares (0.0025 sq.
mm). On each side of the counting chamber is a ridge of glass 0.1 mm high. When a
coverslip is placed on the two ridges covering the counting chamber a cubic space is

enclosed. Each of the smallest cuboid has a volume of 0.00035 ¢. mm. The volume of ,

the entire ruled counting chamber is 0.1 ¢ mm,

Fig. 20.2 : A hacmocytometer.

There are two pipettes provided along with the counting chamber for specific purpose of
accuralely diluting the blood sample. One pipette with a red bead in the bulb of the
pipette is used for drawing hlood for the counting of RBCs. The other pipaite with a
while bead in it is used for drawing the blood for the counting of WBCs,

20.7 PROCEDURE

Clean and dry the haemocylometer and place the cover slip on it.

I) Sterilize your finger tps and the needle, with alcohol and obtain a Iarge drop of
blood as instructed in the previous experiment, Using the pipette suck the blood
accurately upto 0.5 mark.

Hayem's solution has the following composition

i) Mercurc chloride (HgCL) = 0.5 g
ii} Sodium chloride (NaCl) = 10¢g
iif) Sodium sulphate (Na,SO) = 50¢g
iv) Distilled water (H,0) = 200 ml

2} Now draw carefully into this pipetie HAYEM'S solution upto 101 mark. Hold the
pipette horizontally and rotate many times so that blood thoroughly gets mixed with
Hayem’s fluid. The red bead in the micropipette helps in mixing of blood fluid.
Now the blood is dilutated 200 times,
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Fig. 20.3 : RBC pipette and small squares in the counting chamber. R denotes small squares
‘for red corpuscles count.

R. B. C Pipetle

3) Dicard the first 3 or 4 drops of the diluted blood from the pipette by releasing your
hand from (he tube. Now apply the tip of the pipelte between the coverslip and the
- platform and allow a few drops of blood mixture to flow in the narrow space
between the coverslip and the counting chamber. Blood mixture remains filled up
between the coverslip and the counting chamibers because of capillary action. Make
sure (hal air is not introduced into the counting chamber. Do not pour excess of
blood mixture to avoid blood entering into H-shaped groove.

4) When the counting chambers are properly flooded the slide may be kept aside for a
few minutes so that the RBCs seltle down to the bottom of the counting chamber.

5) Now place the slide gently and carefully under the microscope. Focus the red
corpuscles under the high power of microscope for the purpose of counting
(Fig. 20.3).

6) . Count the RBC in 80 small squares or 5 large squares randemly. The RBCs lying
on the middle of the line of square Lo your side or Lo the right are also lo be
counted in the total, while those lying on the upper and left sides of the line of
square are not to be counted.

Record your counts in the Table provided below.

20.8 RESULTS

No. of squares : No. of RBCs
1 83
2
3
4
5
Total RBCs =

Number of RBCs counted in 80 small sguares X 200 x 50.

[where 200 is the dilution factor. The volume of fAuid in 80 smali squares or 5 large

squares = 1/50 ¢ mm, Therefore to calculate the numbers of RBCs in one ml. of bleod, . 97
you need (o multiply it by 50.]
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C Estination of White Blood Cells in Blood

20.9 MATERIALS REQUIRED

Haemocylomelter
Thoma's fluid
water

distilled water,

20.10 PROCEDURE

The procedure of counting of WBCs is the same as that of the RBCs. But use the WBC
pipette and Thoma’s fluid as the diluting fluid. The WBCs are counted in the four

comers of 1 square millimeter in the central ruled area on both the sides of the counting
chambers of the haemocylometer (Fig. 20.4). The WBCs are recognized by the refraclile
appearance and by the slight violet colour. The cells touching the boundary lines are not

counted.
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Fig. 20.4 : WBC pipctte. Big squares in the counting chamber. W denotes big squares for
white blood cell count.

Record your results in the table below.

20.11 RESULTS

No. of Squares No. of WBC

i
2
3
4
5




: ) Number of cells counted 20 x 10 Estimation of Hacmoglobin,
Number of WBCs per cubic mm = Tolal RBC and WBC in
Number of 1 sq. mm counted Human Blood

Since the dilution is 20 times and the cubic capacity of the area counted is 1/10 cubic
millimeter, the tolal volume is 1/200 cubic millimeter, Say for example, the number of
WBCs counted 25. In other words number of WBCs in 1/200 cubic millimeter = 25.
Therefore, the number of WBCs in 1 cubic millimeter = 25 x 200 = 5000 WBCs.
Normally healthy man has 4000 10 6000 WBCs per cubic millimeter of blood.

99



100

21 TESTS FOR EXCRETORY PRODUCTS
OF ANIMALS OF DIFFERENT
HABITATS

21.1 INTRODUCTION

In an organism’s body metabolism produces a variety of by-products. Some are useful
and others are of no further use to the organism, rather they are harmful if remined by
the body. In smalier organisms with a large surface/body ratio the waste producls are
lost by diffusion but larger animals have special mechanisms for detoxification,
transport, siorage and removal of their excretory products.

You have leamt in Unit-4 of the course on Physiology (LSE-05) that nitrogen is toxic
and needs 10 be excreted as soon as it is formed or converted o a Icss oxic form
before excretion. Therefore, nitrogen is excreted in different forms by different animals
depending on their habitat. Animals living in an aqueous environment have different
problems of excretion as compared 10 those living on land. Animals can be classified
according to the type of nitrogen containing excretory product they produce, namely
ammonia, urea and uric acid. Animals that excrete ammonia are called ammonotelic,

Those that excrete urea are ureotelic and the ones thal excrete mainly uric acid are
wricotelic.

In this experiment you will test the excretory products of animals that live in different
habitats i.e, on land as well as in water and classify them according to their excretory
product.

Objectives
After performing this experiment you should be able 1o:

e detect the presence of ammonia, urea or uric acid in the excretory producl of
vertebrates

¢ idenlify the habitats of different animals based on the type of excretlory product
produced by them,

21.1. MATERIALS REQUIRED

Waler from a fish aquarium

Water from the aguarium in which frogs have been Kept for a few days
Cow’s urine

Bird guano

Test tubes

Pipeues

Nessler’s reagent

Urease enzyme or freshly made horsegram powder

2% sodium carbonate solution

. Conc, HCL

Conc. HNG3
Dilute ammonium hydroxide

21.3 PROCEDURE

Your counsellor will provide you the various excretory products listed under the
malerials required.



Take 12 test tubes and arrange then in 3 sets. Mark them as A, B and C. Each set
would have 4 tesl tubes. Number them 1 w0 4

Take the excretory products in the three sets of test tubes as follows
Test tube 1 fish water
Test tube 2 frog water
Test tube 3 cow’s urine
Test tube 4 bird guano

To dissolve bird guano add 2ml. of 2% Na,CO, solution and boil. Leave it 10 cool.
Decant the clear fluid to another test iube. Label it as No. 4 and use for the varicus
Lesis. ;

One sct of 4 tesl lubes will be used for testing for the presence of ammonia; one sel for
urea and the third set for testing for the presence of uric acid.

Test for Ammonia
Use sel A for testing ammonia
1. Add in each test tube 2ml. of Nesseler’s regent

2. Noie the change in colour. A brownish red colour will indicate the presence of
ammonia. Record your results in Table 21.1

Test for Urea

Usc sel B for tesling urea

1. Add in each test tube a pinch of urease powder, In case the ¢nzyme is not
available, use horsegram powder.

o]

Cover the test tubes with aluminium foil and keep aside for 10 minutes.

3. Add 2mml. ol Nesseler's reagent in each wbe. Nole the chamge in colour. Record
your results in the Table 21.1.

S5AQ 1.  Whatis the action of urease cnzyme on urca?

SAQ 2. Why do we need w cover the test lubes?

Test for Uric Acid
Use set C for this test

1. Add in cach test wbe, along the sides 2ml, of conc. HCIL.
Cbserve the formation of uric acid cryslats, Record your results

Drain out liquid from the test tube containing crystals. Now wash Lhe crystals with
a few ml. of distilled water

4. Empty (he contenls on (o a clean watch glass and observe under the microscope.
Draw the struclure of crystals in your nole book.

SAQ 3. How will you dissolve uric acid cryslals?

5AQ 4. Why do aquatic animals exerele ammonia and not urea?

Tests for Excretory
Products of Animals of
dliferent Habllats
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SAQ 5.  Why do birds excrete uric acid and nol urca?

21.4 RESULTS

Table 21.1
Excretory Product
Organism’
Ammonia Urea Uric Acld
Fish
Frog
Cow
Bird

Note: Indicale a positive resull by a + sign and negative result by a — sign

SAQ 6.  In your experiments do you get positive results for the different excretory
products in the same animal? If the answer is yes, give reasons for it .
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22 RECORDING A MUSCLE TWITCH IN
FROG

22,1 INTRODUCTION

In Unit 6 of Block-2 LSE-05 you have learnt about muscles contraction. In the body,
skeletal muscies are stimulated (o conlract by somatic motor nerves through nerve
impulses, The nerve cells that stmulate the skeletal muscles are known as somatic
molor neurons, These cells as you know, are located in the brain or spinal cord but their
axons lcave the brain via the cranial nerves and the spinal cord via the spinal nerves
known as peripheral motor nerves. “

Upon reaching the skeletat muscles the nerve [ibres branch and innervate several
individual muscle {ibres. The connection between the nerve fibre and skeletal muscle is
called a neuromuscular junclion.

The nerve impulses that reach the neuromuscular junction cause the release of a
neurolransimitter acetylcholineg from the nerve ending. Acetylcholine combines with the
receplors on Lhe muscle fibce membrane causing it to generate and conduct an impulsc,

The impulse stimulates the release of Ca** and cause (he contraclion of the muscle fibre,

The skelctal muscles can be stimulaled (o contracl by applying an electric current to the
nerve or o the muscle direclly. When a single stimulus of sufficicit strength is applied,
the resultant contraction is know as twilch. This can be rccorded on an instrument
known as kymograph. The recording of a skeletal muscle wwitch indicates a period
hetween e time the stimulus is applied and the beginning of the contraclile response.
This interval of Ume is the latwent period. The Jawnt period represemts the Ume required
for the electrical current 1o spread through the tissue and muscle and the release of
Ca* in the muscle fibre. Following the latem period is the contractile phase in which
the muscle shortens and the relaxation phase, in which the muscle returns to ils original
Icngth,

In this experiment you will make a preparation of Lhe gastrocnemius muscle-sciatic
nerve and record the muscle twitch by stimulating the preparation eleclrically.

Objectives
Afler performing this experiment you should be able 10
e make a gaslrocnernius nuscle — sciatic nerve preparaton from the frog.

e rccord a skeletal muscle twilch and determine the time for latent period, contraction
and relaxation phases.

22.2 MATERIALS REQUIRED

Live Frog

Disseclion Tray

Dissection Kit

Thread

Bone culler

Frog Ringer solution

50ml beaker

Colton

20% urethane, injection syringe and needle

Kymorgraph Recording system having
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Kymograph apparatus

1.5 volt dry cell (stimulator) with electrodes attached to it
Muscle Iever

Double hook

Femur clamp and stand

5 gram weight

Retording seylus

22.3 PROCEDURE

This exercise would be done in two parts. In the first part you will assemble the
kymograph apparaws for recording of the muscle twilch.

In the second part you will carefully dissecl and obtain a preparaticn of the
gastrocnemius muscle and sciatic nerve of frog.

Setting up the Kymograph Apparatus

Your counsellor will get ready the recording instrument. This instrument consists of a
revolving dorm mounted on a suitable motor with adjustable speed (Fig..22.1), A SQOL
covered recording paper is pasted on the drum. A femur clamp is filted to a stand &
held the nerve muscle preparation. The clectric stimulator used in this experiment is
made by soldering (wo electric wires onc on each side of a 1.5 dry cell. The two
clectric wires are fitted with simple electrodes.

Fig. 22.1 : A kymograph sctup for recording a muscle twitch,

A. Nerve-muscle Preparation
(Work in groups of four students)

1. Before you start the disscection, anesthetise the frog by injecting 2.5ml of 20%
urethane intramuscularly. This would quieten the frog. Altemately you could
immobalise the frog by pithing.

2. For pithing you should hold the frog in your left hand with the head bent forwards.
Run the tip of a dissecting needle. straight over the frog’s head in the midline, until
a depression is felt at the rear of the skull. Insert the point of the dissecting needie
at this location which will cut the spinal cord from the brain. Aim the needle



forward and destroy the brain by rotating (he tip of the needle from side to side. ‘Recording a Muscle Twitch
The animal would now be immobile and can be used for dissection. in Frog

3. Pin the frog on a dissection tray. Expose the body cavity of the animal and
carefully remove the visceral organs. While removing the kidneys (ake care not Lo
damage Lhe nerves. Now you can see the verlebral column and Lhe spinal ncrves
awached (o it on either side. Always keep the dissection wet using the frog's Ringer
solution.

4. Using a bone cutter, cut the pelvic girdle on one side 10 separale the 1two femurs.

5. Removec the skin from one of the hind legs by making an incision in the skin
around the thigh where it joins the body. Peel the skin down to the toes using a
forceps or by hand, peeling it off like a glove. Remove the thigh muscles and
connective lissue, and Lrace the sciatic nerve from the spinal cord to the knee joint.
Do not cul the structures of the knee joint or damage the origin of the
gastrocnemius muscle,

6. Frec the Achilles (cndon and gaslrocnemius muscle from Uie surrounding tissues,
Tie a strong thread around the Achilles tendon and cut distal to the thread, close o
the foot. Using a bone culter cut the femoral bone near the knee. Also cut the
vertcbral column above the below the sciatic nerve, Carefully remove the picce of
veriebral column o which the nerve is attached.

7. Holding the lhread remove the muscle upwards ncar the tibia. Cut the Gbial bone
close to the knee joinl

Your final perpetration should consist of a picce of the vertebral column atached to the
sciatic nerve, the knee joinl with a piece of tihia and femur attached (o it and the
gastrocnemius muscle with a thread around the tendon, (Fig. 22.2). Throughout the
dissection you must take care not to damage the nerve and also to kecp the nerve
muscle preparation wet by using colton soaked.in frog’s Ringer solution,

Joint
Cupsule

Sciatic nerve

Tibia

Gastrocnemius

Achilles Tenden

Fig. 22.2 : Gastrocnemius muscle — sciatic nerve preparation.

B. Recording of the muscle-twitch

1. Place the femur in the femur clamp and make sure that the muscle is suspended
verlically, directly above the point where it will be attached 10 the muscle lever.

2. Hook the thread to the lever with a double hook and 1o the other end of the hook
add a 5g weight. This arrangement will keep the lever in horizontal position and the
muscle and thread in a verticul position. 105
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23 STUDY OF REPRODUCTIVE AND
ENDOCRINE ORGANS IN RAT/MOUSE

23.1 INTRODUCTION"

The purpose of this exercise is to cnable you to Jocate and identify the male and female
reproduclive organs of a rat by disscection procedures, You will also leam 10 [ocate the
major endocrine glands in the animal and o recognize different types of endocrine
lissucs using prepared slides.

Objectives
Alter completing this cxercisc you will be able 1o:
¢ identify the structures of ihe male and female ral/reproductive organs,

e identify stages in oogenesis and spermalogenesis by examining the sections of testis
and ovary in preparcd slides.

¢ siate the location of cach endocrine gland in the body,

e idendfy the sections of pituitary, thyroid, paraiyroid, pancreas and adrenal glands
under a microscopce.

23.2 MATERIAL REQUIRED

dissccting microscope
compound microscope
dissecting instruments

preparcd slides of ovary, testis, pituitary, thyroid, parathyroid, pancreas and adrenal,

23.3 REPRODUCTIVE ORGANS

Dissect out a freshly chloroformed rat (male or female) for general viscera. Remove thc
alimentary canal, liver, heart and lungs.

A. Female Reproductive Organs

Look for female reproductive organs in the pelvic region (Fig. 23.1). On the torso, you
should be able to locate a small reddish brown, irregular shaped ovary lying just medial
and inferior to each kindly. You may observe that each ovary is connected ¢ a shor
coiled oviduct (fallopian tube) that conveys ova, or eggs, o the uterus. Observe hat the
vagina lies posterior o the urethra and extends (o the outside, opening at the vaginal
orifice, anterior (o the anus. Identify ovares, vapina and the uterus.

B. Male Reproductive Organ

In male rats immediately inferior (o the pelvic region, locate the scrotuin, which is a sac
covered with skin. It contains a pair of testes (Fig, 23.2). Also observe the epididymis, a
targe coiled duct on the anterior lateral surface of each testes. Extending from the
epididymis is an ascending tube, the spermatic cord, which consists of the vas deferens
(ductus deferens), blood vessels, and a nerve. Trace the spermaltic cord and notice that it
enters the body cavity through an opening, the inguinal canal. When the spermaltic cord

- reaches the level of the urinary bladder, you will observe that the vas deferens Ieaves

the spermatic cord and makes a sharp bend medially and inferiorly over the urcter and
continues inferiorly unlil it penetrates the urethma at the level of prostate gland, Trace
the urethra inferiorly until it enters the penis, an external structure. The opening at the



interior end of the penis where urine and scmen are released is the urinogenital opening, Study of Reproductive and
- Identify scrowum, testes epididymis. spermatic cord, vas deferens, urethr, prostate gland Endocrine Organs in Rat/Mouse

and penis.
Right kidney —: [ .eft ovary
Pelvis
-
Right ovary

Fal
Fallepian tube

- Ureter
Uterus
Recrum
Ureler
Urinary bladder ~ Vagina
— [Irethera
Prepuiial gland
Clitoris
— M ulva
Urinary Opening —. /inus
Fig. 23.1 : Urinogenital system of a femal ¢ at.
Adrenal gland
Kidncy
Paivis
Ureler
-——‘:_.———Scminal Yesicle
Ampullary ‘}
Gland X/
Urinary —— Lateral prostale
Bladder * Gland
- Urethra
Preputial gland Spermatic cord
Penis
Urinogenital Vas delerens
Aperture Rectum
Caput \ — Testis
Epididymis 62 -
Corpus bttt
Epididymus : Scrotal sac

Cauda epididymus

Fig. 23.2 ; Urinogenital system of a male rat, 100
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23.4 STUDY OF PREPARED SLIDES

C. Cross Section of A Mammalian Ovary (RAT)

You will observe in a slide of a sectioned ovary Graafian follicles (Fig. 23.3 and 23.4).
Notice the cuboidal. epithelium around the periphery of the section. Medial 1o the

cuboidal epithelinm you may sec primary follicles. Afier puberty, under hormonal
influence, several follicles begin to grow prior 1o ovulation and become primary

oocytes, secondary oocytes, and later, Graafian follicles. You will observe that the
Graafian follicles (Fig. 23.4), which occur only in mammals, are hollow sacs containing
an ovum surrounded by follicular fluld (or liquor folliculi). The cavily containing the ™
follicular fluid is the, antrum, Immediately underlying the ovum, within the Graaffan
follicle is a2 mound of cells known as the cumulus oophorus. Make a sketch of the
structures you have observed and label them,

Ege Primary ~ Double Bceginning Atretic Follicle approaching
necsls follicle layered  of antrum  follicle maturity
follicte  formatlion

Qvipecrous
Cord ~
Germinal
Epithelivm

mature folligle

Moesovarium

Blood
_vessels

Ruptured
Corpus LY follicle
albicans » {"‘ Ful ‘_;:-:-. Released
" Connecliv t\,'_;r- ovum
liSSl.lc | Young
) Lutein cells [ .
Fully formed Connective Fibrin of clot corpus
Corpus lutcum Tissue of ovary luteum

Coagulaled blood

Fig. 23.3 : Generalized structure of ovary.
. Theca externa
2, Theeca intema

3. Lutein
Corpus luteum

4. Antrum containing
follicular fluid
and cells

Coronoradiata
Ovun

Nucleus of ovum
Zona pellucida
Comulus Oophorus

o m o=

Fig. 23.4 : Graufian lollicle.

D. Cross Section of Testis

Observe a slide containing a section of testes. Within the testes, you will find numerous
110 seminiferous tubules (Fig. 23.5). Under high power, focus on a cross section near the



periphery of a scminiferous tubules. Starting from the periphery move towards the Study of Reproduclve and
centre, you should be able to see different stages of development of sperm. Towards the Endocrine Organs in RaUMouse

periphery you can observe relatively small but numerous spermatogonial cells. Then
follows the large primary spermatocytes, You will then observe secondary spermatocytes
which arise out of post-meiotic division. Then follows deeply slaining spermatids.
Between the seminiferous tubules are (he interstitial cells of Leydig, which produce and
secrete the male hormone testosterone. Draw and neatly label the varjous structures that
you have observed in the cross section of the tesics.

spermatozoa

Spermatogonia

Interstilical cells iy

o . -
o,

: (4
"' ' - 3 .;::‘! Sertoli nuclei
LY 7T TP IR S —
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Spermatogenic Macrophage
tissue (nolc maturing sperm ncar Lumen of
lumen) Semomolerous tubule
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Fig. 235 : (A) Photomicrograph of Transverse scction of rat testis showing a seminiferous
tubules in full spermalogenctic activity. (B) Diagram of scction of rat testis showing
seminiferous tubules and interstitial cells (C} Section showing Leydip cells ut

ligher magnification.
E. Cross Section of Uterus

You will observe in a cross section of uterus the smooth muscle area and endometrical
lining, The endometriuvm is composed of two layers: the underlying stratum basale
which contains blood vessels, and the more superlicial strarmm functionale, which is
composed of secretary glands and columnar epithelivm. The stratum functionale is

sloughed off during estrus phase (Recall the experiment on Vapinal Smears) (Fig. 23.6).
Sketch and label the different structures.

23.4 LOCATION OF ENDOCRINE GLANDS

Endocrine glands are ductless glands which secrete chemical agents known as hormones.
Hormones from each endocrine gland are transported in the blood stream to another part
of the body where they evoke systematic responses or adjustments by acling on target
tissues or organs. The endocrine glands together with the nervous system integrate
functions of organs and organ systems in the body (Fig. 7.8). Before carrying out the
dissection of a ral to locate various endocrine glands, you may go through Unit 10 of

Block 2 LSE-05 Course 1o recall to your memory the various endocrine glands and their
functions.
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Fig. 23.6 : Cross section of rat uterus.

Thyroid

Thymus

Pancreas

Adrenal gland

Alimentary canal

Testis

\

Fig. 23.7 : Endocrine system of rat.

Dissection of Endocrine Glands
Dissect out a freshly anaesthelized rat to expose body cavity.

Expose the trachea and look for thyroid gland at the beginning of trachea, on the
ventral side of the pharynx. (Fig. 23.7) It is reddish brown in colour.




3. Look for the Thymus gland just above the heart, near the auricles. It is bilobed and
while in colour,

4. Expose the duodenum and between the arms of the duodenum, observe highly
branched pancreas pink-grey in colour. Do not uncoil the loop.

3. Remove mesenlaries (o separate the alimentary canal from rest of the organs to
show other endocrine glands. Push and pin the alimentary canal (o one side and
expuse the kidneys.

6. Observe the pale yellow cap-shaped adrenal gland on the wp of each kidney.

Trace the ovaries and {estes as described in reproductive organs, as cerwin cells of
these organs secrete hormones.

Draw a well labelled diagram of your dissection,

In the next part of the exercise you will observe sections of prepared slides of various
endocrine glands,
E. Pituitary Gland (Hypophysis)

Examinc a section of piitary gland. Draw the section and label the foliowing:
infundibular stalk, pars distalis, chromophil cells, pars nervosa, and pars intermedia
(Fig. 23.8). First observe this section under a dissecting Mmicroscope 1o see il in ils
entity,

Sella turcica
Hypothalamus
Infundibular siaik
Pars intermedia
Pars nervosa

SRR

Pars distalis containing
chromophil cells

7. Dura mater

Fig. 23.8 : T.S of pituitary of rat.

F. Thyroid Gland

In this section youn will see several thyroid follicles each lined with cuboidal epithelium
and comtaining a celloidal substance that stains pink in colour. This substance is the
thyroglobulin, the precursor and storage form of thyroxine and uiiodothyronine

(Fig. 23.9). Draw and label the colloid and cuboidal epithellum.

G. Pancreas

Observe the scattered islets of Langerhans among the acinar tissue (Fig. 23.10), which
secrete digestive enzymes. The islets produce three hormones; glucagon from alpha cells,
insulin from beta cells, and somatostatin from delta ceils, Draw a section of pancreas
and label the acinar and islet portions.

H. Adrenal Glands

Each adrenal gland has an outer cortex surrounding the medulla. The cortex consists of
three zones: the outer zona glomerulosa which secretes aldosterone; the middle zone
fasciculata; and the inner zona retleularis, Adrenal Cortex secretes corticosteroid
hormones the glicocorticoids and mineralocorticoids and the medulla secretes
epinephrine and norepinephrine.

Study of Reproductve and
Endocrne Organs in Rat/Mouse
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Fig. 23.11 : T.8. of adrenal glund showing cortex and medulla.



23.6 SELF ASSESSMENT QUESTIONS Endocrine W s

1. Which of ihese is the correct sequence for cogenesis?
a) oogonium. primary gocyle, ovum, secondary 0oCyie, ooud
b) primary cocyle, secondary 00Cyte, oogonium, oolid, ovum
c) pogoniu, primary oocyte, secondary aocyie, gotid, ovum
d) ovum, primary o0Cyle, Qogonium, gecondary 00cyte, ootid.
2. How many spermatozoa aré normally produced from primary spe:matocyte?
a) one
b) one plus three polar bodies
¢) o
q) four.
3, Maichl with IL
1. a) piwiary
b) paralhyroid
c) thyroid
d) pancreas
€) adrenal
11. '1)’ This gland is both an endocrine and an exocring gland.

ii) This gland contains the following Structure: pars distalis, pars nervosa, and
pars intermedia.

ijiiy There arc usualty four of these gland.

iv) This gland produces tropic hormones.

v) There is evidence that this gland produces androgens in both sexes.
vi) This gland produces thyroid stimulating hormone (TSH).
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U OIN RBaATalON OF VAGINAL SMEARS
IN RAT/MOUSE

24.1 INTRODUCTION

(@) Estrous: This is the period of hear during which ovulation occurs. This reriod lasts
for 9-15 hours under the influence of follicle stimulating hormone (FSH) and

Subsequent events depend on sexuyal contact with maie,

2. Metaestrous: In (he absence of copulation this stage ocenrs shortly after ovulation
and lasts for 10 o 14 hours, A small corpus luleum is formed and some
progesterone is secreted. A vaginal smear taken o this stage shows lecuocytes with
some cornified cells,

3. Diestrous: This stage lasts for 60 to 70 hours. The corpora lutea regress during this

period and vaginal Smear contains only leucocytes.

All these changes in vaginal lining are shown diagramalically in Fig, 24,1,
Objectives: In this experiment you will be able to:
® prepare vagingl smears from rats or mice ang

¢ ideniify the stages in the estroys cycle in the animals provided to yoy.

24.2 MATERIALS REQUIRED

Female rats/mice
Physiological saline
Cotion swabs
Giemsa stain
Microslides
Coverslips

DPX mountant

24.3 PROCEDURE

Anesthetise Lheo rais/mice willy chloroform, As soon as they are immobilised, lay them op



a dissection wray with the ventral side up. Use a collon swab (preferably use an ear Preparatlon of Vaginal
cleaning cotton bud) moistened with physiological saline. Insert it into the vagina of the Smears in Rat/Mouse

animal and roll i gently, The cells adbering to the lining of the vaginal wall will stick
o the moist cotton swab.

Remove the colten swab and smear it on a clean slide. Dry the slide by waving in air
for a few minutes, Leave the preparation in a petridish and add a small quantity of
Giemsa stain (o the smear. Cover and leave for 10 minutes. Wash the slide well in
distilled water. Dry it in air. Mount the slide with a coverslip using DPX mountant.

24.4 OBSERVATIONS AND RESULTS

Observe under the microscope and identify the stage of the estrous cycle on your slide
. with the help of (he description given in the introduction and the figure given below.
Draw the stage you have identified on your slide in the note book.

@@@@ @5@(5 @ ,
9 @@% a @}Epnhclial cell @

9%

@@@ ®% @ ?Lcuco’cyu.- @ (-
OBt e op
Dne® B0

Cornified Epithelial cells

s s

) G8 0, 0% &
LR e

Fig. 24.1 : Differcnt stages in the estrous cycle with their characteristic cells
scen in vaginal smears.

Since Lhe animals have been anesthetised using chleroform, they would recover soon.
Therefore, after taking the smear return them (o their cages,

You can make several such vaginal smears using the same animals at 2-3 days intervals
over the two week period of your stay at the study centre.

1. What is the stage of estrous cycle in which you find your animai?

3. Fillin the following able with the data from the other students.
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STAGE ESTROUS | METAESTROUS DIESTROQUS PROESTROUS

OF : - '
CYCLE

NUMBERS
OF
ANIMALS

4. Do you find more number of animals in any particular stage of the estrous cycle? If
yes, could you give possible reasons for such an observation.
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25 STUDY OF PREPARED SLIDES OF
THE DEVELOPMENTAL STAGES OF
FROG

25.1 INTRODUCTION

Animal development begins usually with the fertilization of an epg by a sperm, The
nuclei of the egg and sperm fuse, and the male and female parent’s genes delermine the
characteristics of the offspring, Compared Lo other biological processes, embryonic
development is relatively slow, New cells, tssues and organs make their appearance in
the embryo over a period of hours, days or weeks.

In this [aboratory exercise, we shall siudy the development of frog with the help of
prepared slides and stained sections, from the unfertilized epg to the adpole stage.
However, before we do so, in order (0 make (he exercise more meaningful, we will
begin with a brief description of the major events in the development of frog. You may
also read wnits 13, 14 and 15 of Block: 3 of LSE-06 course.

Description of Frog Embryology

The Irog is an semiaqualic animal and deposits its eggs in water. The egg is of
mesolecithal lype having a moderate quantity of yolk which is cencentrated in the
vegetal (lower) hemisphere. Fertilization occurs minutes after ovulation and is essential
for further development 1o proceed. The developmental stages from ovulation until
tadpole stage occurs in water. The ovum has polarity even before fertilization and is
enclosed in three jelly layers. The egg itself has two distincl regions (1) The animal
hemispherc—the darkly pigmented region, which occupies more that half of the egg and
contains the nucleus and (2) the vegetal hemisphere the light coloured, yolk filled
heavier region (Fig. 25.1).

Fertilized egg{’zygotc}— The cntry of the sperm into the egg, results in the formation of
zygole. The sperm can enter only at the animal pole and when it does so, usually a grey
crescent forms on the side opposite the sperm entry (Fig. 25.2). On the entry of sperm
olher changes also occur (Refer 1o unit 13 of LSE-06 course). The vilelline membrane,
bound tightly around the egg lifts away, allowing the zygote to rotate so thal animal
pole becomes uppermost il it was not so before,

Early cleavage and morula formation — Development is rapid after fertilization so
that within a few hours at normal temperature the zygole cleaves or divides inlo many
cells (blastomeres). Cleavage is lioloblastic (enlirc egg cleaves) and unequal; that is the
blastomeres are not of equal size, Those at the animal pole being smaller in size are
called micromeres and those at the vegetal pole are called macremeres. Early cleavage
results in a solid ball of blastomeres called morula. The total cluster of blastomers is
still no larger tban the original fertilized cell.

Blastula — Aficr about the fourth or fifth cleavage, a cavity called blastocoel develops
from the morula giving rise 10 a blastula. This fluid filled cavity is more towards the
animal pole and can be only viewed in a seclion of the embryo. The division of the
blastomeres is no longer synchronous (Fig. 25.3). The blastomeres towards the animal
pole divide more rapidly than the yolk laden oncs present at the vegetal pole. Thus
externally the blastemeres of the animal pole cover most of the blastula.

Gastrula — Gastrula appears as a dark pigmented ball of cells with a circular yolk plug
of larger vepetal cells. A gastrula is formed when the single layered blastula is
transfomed into a three layered structure with an (i) outer ecloderm. (2) intermediate
mesoderm and (3) an intemal endoderm. Gastrulation involves division and movement of
cells and these activities follow a definite pattern depending on the amount of yolk (Fig.
25.4a),

Formation of gastrula begins by the pushing in or invagination of the cells ot the animal

pole at a position somewhat below the equator of the blastula, at the boundary of the

animal and vegetal hemispheres in the area of the grey crescent. The invagination forms

a crescent shaped lip and is called blastopore. The position of the blastopore marks the 119
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future posterior end of the embryo. The future antedor end of the embryo will deveiop
at the animal pole. The cells of the animal pole continue to divide and move around the
embryo (epiboly) and then wm inward from the blastopore (invagination or involution),
A new cavity the archenteron is formed which expands at the expense of the blastocoel
and is connected to the blastopore. The archenteron later develops into the gastroceel.
After the completion of all the events mentioned so far, it is possible (o identify the
three primary layers of the gastrula in a vertical section of the embryo (Fig. 25.4b),

Neurula — Near the end of gastrulation, there is a thickening of the ectoderm along a

“longitudinal axis on the dorsal surface 1o form a noticeable flatiened strip called the

ncural plate. The edges of this neural plate fold upward and toward each other, finally
to form a closed tube called the neural tube in the midline (Fig. 25.5). The neural be
of ectodermal cells mnning from the anterior to the posterior end of the cmbryo
detaches and sinks below the ecloderm (which was previously lying ahove it). The
neural wbe thus gets covered by the epidermis and in time differentiates into brain and
spinal cord.

Meanwhile the notechord also develops from a row of cells (of mesodermal origin) in
the mid-dorsal wall of the archenteron as a cylindrical rod and comes to lic beneath the
neural wbe and above the archenteron, During this time, mesodermal tissue ventrolaterat
to the notochord and distinct from the notochord also develops laterally. The mesoderm
splits into splanchnic and somalic layers within the body cavity. The coelom lies
between these two layers. -

The morphogenctic movements of gastrulation and neurulationbring various groups of
cells into position so that the ground plan is lafd for ticir subsequent inleraction and
differcntiation into the final tssucs of the adult in later developmental siages. The head
begins 1o form at the anterior end. The mouth breaks through the anterior ¢nd of the
archenteron and gill slits develop in the lateral walls of the archenteron. A tail bud
forms at the posterior end which devclops into a tail.

The neurula thus gets transformed into a young larva or tadpole with four distinct
characteristics of all chordates; a-tube-within a twbe body plan, dorsal nerve cord, -
notochord and gill slits (Fig, 25.6).

Free swimming larva — The larva or young tadpole soon becomes capable of
independent existence and emerges from the jelly mass or gelatinous covering to become
a free swimming organism. Al this stage the herbivorous larva no longer depends
entirely upon its store of yolk for nutrients. Furthermore a fold of skin called
‘operculum’ grows backwards and covers the internal gills,

Alter prowing for a few months, the larva melamorphoses into an adult. This process
involves marked extemal and internal changes (Fig. 25.7, 25.8, 25.9). The mouth, teeth
and tongue change as the herbiviorous larva becomes a camivorous frog. Circulatory
modifications accompany the change from gill 1o lung circulation. The musculature
adapts-from that for swimming in a fish-like manner to locomotion using the limbs.

Objectives
After completing this laboratory cxercise you should be able to:

e identify and describe the rcpresentative stages in frog development from fertilized
egg upto tadpole stage as observed in microscopic preparations.

o draw and label the early and late embryonic as well as the larval stages in the
prepared slides.

25.2 MATERIALS REQUIRED

prepared microscope slides of frog development.
unfertilized egg

blastula entire and its vertical section

gastrula entire and its vertical scclion

neurula entire and ils verlical section

whnle monnt af tfanale 1arva AF Fena



- Lrevelopmental $tages of Frop
L.5, through cyes of tadpole .

T.S. through the head and gills of tadpole
microscope.

25.3 PROCEDURE

Before you start studying the slides, carefully go through the description of frog
embryology given in Lhe introduction and the various ligures provided throughout the
laboratory exercise. This will help you to become familiar with the various
developmental processes occurring in frog and o refae them with the embryological
slide material you will be studying. First by examining whole mounls of embryonic
stages become familiar with the gencral and overall changes taking place in frog
development. Make drawings of these slages in your record nolebook hy ohserving them
under the microscope. This sludy should be followed by the sludy of Lhe sections of the
developmental stapes and you should be able relate them o the study whole mounts,

Your counselor will 'arra.r_zge the slides of various stages of frog development. Examing
the slides carefully first under the low power and il neccssary under the high power of
the compound microscope and comparc what you have observed with the description
and figures provided in the lab exercise. After viewing one slide you may move to next
‘until you complete vicwing the entire series.

In you notebook skelch, label and write the description of all the stages of the
development which you have observed.

The slages which you will be examining and for which descriplions are provided arc
lisicd below:

Unfertilized egg

Fertilized cgg

Blastula entire and V.S. of blastula

Gaslrula entire and V.S. of late gasirula

Intact neurula and V.S, of ncurula

Tadpole larva of frog

T.S. of wdpole through eye region

T.S. of tadpole through auditory vesicles (ears)
T.5. of tadpole through head and gills,

Pigmented layer
Yilelline membrane

Future animal pole

- NV R SR

Unfertilized Egg of Frog -

—

The egg is moderately tclolecithal or mesolecithal

L

The egg or ovum is surrounded and covered by three distinct layers (a) the
innermost vitelline membrane which is secreted by the egg itself (b) chorion, the
intermediate layer secreled by follicular cells of the ovary and (c) the gelatinous,
tertiary egg membrane or albumen consisting of 3-4 gelalinous rings which is
sccreted by the wall of the oviduct,

3. More than one half of the surface of oyum appears blackish due o the presence of
the melanin pigment while the rest appears almost whitish due (o the presence of

yolk (Fig. 25.1), Fulure vegelal
‘pole |

i
Albumen

4. The pigmented region will form the future animal hemisphere, while the non-
pigmented region will form the future vegetal hemisphere. Yolk
The clear cytoplasm and haploid nucleus of the egg are located in the animal pole. Fig. 25.1 : Unfertilized cgg.

The vegetal hemisphere contains the bulk of the yolk, which provides the necessary

nutrients for embryonic development,

SAQ1

Can you explain the necessity for the three jelly coats in the ovum?.
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The centre of the animal and vegetal hemispheres are called animal and vegetal pole
respectively (Fig, 25.2).

2. The animal hemisphere contains the diploid nucleus formed by the union of sperm
and egg nucleus,

3. The vitelline membrane is now called fertilization membrane. Soon after fertilization
the egg secretes a protein material which absorbs water and swells up, causing the
vitelline membrane (o lift up from the egg.

4. A grey crescent is visible opposite the point of entry of the sperm at the margin
between the animal and vegetal pole, largely in the animal pole, It is more lightly
pigmented than the animal hemispherc. The grey crescent lawer forms the posterior
and dorsal side of the embryo.

Fig- 25.2 : Fertilized egg.  SAQ 2

With the help of labelled diagrams show the differences between the unfertilized and
fertilized frog eggs.

C Blastula entire and V.S.

The blastula is a ball of cells with a central cavity the blastocoel (Fig. 25.3).

2. The section of blastula shows that it contains an excentric blastocoel cavity
surrounded by unequal sized blastomeres.

3. The smaller pigmented blastomeres are located in the animal bemisphere and are
Blastocoel called micromeres, while the larger yolk filled blastomeres occupying the vegetal
hemisphere arc called megameres.

4. The micromeres at the animal hemisphere form the thin, multilayered roof over the
blastocoel, while the megameres of the vegetal hemisphere form the floor of the
blastococl. '

SAQ 3

Are all cells in the vegetal pole slightly larger, much larger or many times larger than
those at the animal pole?

Dorsal lip of
blastopore
Blastopore.

Fig. 253 . Blastula SAQ 4

a) entire, b) V.S. ] ) .
Draw a labelled diagram of the entire blastula and its ventical section,
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SAILL LAl WMILLLC galild Y ). b"-ld}".ﬂf l"reparcd Stides of the
Developmental Stages of Frop

The blastula gets ransformed into a gastrula, which appcars externally as a ball of dark
pigmented cells, with a circular, light coloured yolky plug.

1.

2,

oW

b

.mesoderm.

The size of the gastrula is still as small as the zygote (Fig. 25.4a).

Gastrula is formed by rearrangement of cells of the blastula. Gastrulation
reorganises the embryo completely and results in three germ layers (1) extemnal
ectoderm (2) The middle mesodenn and (3) innermost endoderm. The various
organs of the animal are derived from these three layers. The various layers of the
gastrula are well differentiated and are clearly visible in vertical section (Fig. 25.4b).

The ectoderm will give risc to epidermis, cutaneous glands, nervous sysiem, eye
parts and linking of mouth cavity and cloaca.

Endoderm will form the lining of alimentary canal, liver, pancreas, lung urinary
bladder and primordial germ cells.

The mesoderm appears as a small area towards the posterior and will give rise (o
the musculature, conneclive tissue, vascuolar system, genital organs, excretory organs, Neural Plate Mesoderm

! Archenteron
skeleton and nolochord, Blaslocoel (Gaslrocoel)

Other structures seen in the section are dorsal lip of blastopore, yolk plug, veniral
lip of the blastopore.,

The notochord or chorda cells and neural plates are well differentiated and lie at the . Blastoporal

. Lip region

dorsal side.
Yolk Pug
The cavity of e gasirula called archenteron lies towards the dorsolateral side of the Mesoaderm

anterior part of the embryo, and the archencteron will develop into gut in the future.

Neurula ) (b
Fig. 25.4 : Gastrula

The embryo-is called neurula as the two neural plates of the gastrula join (o form a  (a) cntire (b) V.S.

nzural be along the longitudinal axis (Fig. 25.5).

Exiemally the neural tube in the embryo appears as a thickened ridge along the
longitudinal axis,

In vertical section of the neurula, the ncural tube which is of ectodermnal origin lies
above the notochord.

The notachord, a rod-like structure arises from the mesodenn in the middorsal
region'and lics below the neural ube and above the archenteron. The notochord

o X Notochord
runs along the longitudinal axis of the embryo, Mcsoderm
On either side of the neural tube and notochord the extensive mesodermal tissues Ecloderm

Neural tube

dre scen.
The mesodermal tissue which flank the neural tube form the somite mesoderm.

The lateral mesoderm a continuation of the somite mesoderm appears split into
(1) The splanchnic mesoderm which lies nearest to the gut endodenn and (2) the
somatic mesoderm which lies nearest to the endoderm.

A new fluid filled cavity the coelom is present between the splanchnic and somalic

Tadpole Larva of Frog

The egg hatches into a free living herbivorous larva (Fig. 25.6).
The larva measures about 5-7 mm in length.

The body of the larva is differentiated into body proper and tail with fin, Archenteron

The larva contains mouth, sucker, extemal gills, rudiments of eye, olfactory pits, Fig. 25.5 : V.S. of Neurula
gul, anus and myotomes (muscles).

Mouth bears homy jaws or teeth,
Three pairs of external feathery gills act as functional respiratory organs.

Tail is long and bears the (ail fin on its venual and dorsal surface.
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Luburatory Course 11 g) s the opening in the gastrulla through which the eclodermal cells
invaginatc. -

h) is infolding of cells through the blastopore leading to differentiation of
endoderm and mcsoderm.

2. Uldmaiely what is the fate of the blastocoel?

4. Our study of the early developmental stages of frog has shown (e [ormalion of
three germ bayers from which the major organs develop. In the w@able below indicate
the germ layers and their derivatives as discussed in this lab exercise.

Germ layer Organs developed

5. How docs the size of blastula compare wilh one cell stage? These are ahout 1000
cclls by late blaswla stage in frog development. How many division would this
represent. What assumption is required for such a calculation? Are all the cells
sitnilar in the blastula?

6. Draw clear labelied diagram of all the stages you have observed.
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26 STAINING AND MOUNTING OF
BLASTODERM OF CHICK EMBRYO

26.1 INTRODUCTION

The eggs of birds and repliles are laid on land. The egg of the hen is fertilised before it
is [aid and the embryonic development occurs outside the body of the mother; The hen’s
egg is covered by a shell and has no relationship with the external environment excepl
for exchange of gases, Hen's egg is rich in nutrients in the formn yolk 1o be wilised for
the development of the embryo. The embryo is in the form of a flat disc, the blastodeom
and overlies the yolk (Fig. 26.1). The yolk is surrounded by a thin transparcent vilelling
membrane. [n this exercise you will isolate an carly stage of developing cmbryo from
the egg, stain it and make observations on devclopment of various organs and organ
syslems.

Objectives
Afler you have completed this laboralory exercise you should he able (0;

e stain and mount the blastoderm of chick embryo

o identily, draw and label the various structures of a 33 hour chick embryo

Shell membrane

Thin Albumen

Chalull’crous Layer

Fig. 26.1 : Hen's epg showing the location of blastoderm.

26.2 MATERIALS REQUIRED

feriilised eggs incubated for a period of 30 1o 38 hrs. at 38°C
0.9% saline solution

chick ringer solution

finger bowl of 200 ml. capacity

walch glass

dissection microscope (a binocular stereoscopic dissection microscope is prelerred)
lamp

filter paper

a nair of sharp, pointed scissors

strainer spoon

fine forceps

pasteur pipelles

neutral Red or Nile blue (0.1% solution)
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26.3 PROCEDURE

Crack a small area of the egg shell at the broad end with the blunt end of the
forceps (Fig. 26.2a). Remove the pieces of the shell carcfully so that you can see.
the opaque shell membrane (Fig. 26.2b). There are iwo shell membranes which are
closely attached to each other except at the blunt end of the egg where they are
separated from each other enclosing a small ‘air-trapped’ space. Because of the
airspace at the blunt end, it is much more casier to open the epg from the broad
end without damaging the cmbryo.

Shell membrane

Yolk ball

Finger bowl

Fig. 26.2 : Procedurc for the removal of the embryo from the cgg.

Remove the shell membranes with forceps. You will observe the yellow yolk with
the blastoderm floating in the thin albumen,

With the help of a pasteur pipette remove as much of the albumen as possible.

Broaden the shell opening (Fig. 26.2¢) so that you can easily pour the entire
contents of the egg in the finger bowl containing Ringer solution (Fig. 26.2d).

Place a drop of 0.1% ncutral red or nile blue solution on the blastoderm. After 5
minutes wash off the excess stain by carefuily squirting Ringer solution with the
help of a pasteur pipetc.

Observe the structure of the blasloderm under a dissection microscope, preterably
under a binocular stereoscopic dissection microscope.

To isolate the blastoderm from the rest of the yolk, follow the following procedure.

a}  Preparc a petri dish by placing a watch glass with the convex side up in the
middle and pour warm (37°C) Chick Ringer solution until the fluid just covers
the top of the watch glass.

b)  Lift the vitelline membranc (the membrane covering the yolk) with your
forceps and gently cut it in a circle of about 3 mm beyond the edge of the
blastoderm. This will leave the blasioderm intact and will enable you o
handle it easily.

c)  Hold the cut edge of the membrane with your forceps and carefully float it
from the surface of the yolk into Lhe strainer spoon. Holding onto the
membrane lift the spoon out of saline and uansfer the membrane and
blastoderm to the prepared petridish.

d)  Carcfull; and gently flush some Ringer solution onto the blastoderm (o
remove cxcess yolk by grasping the cut edges with the forceps. Place the



petridish under the dissection microscope. Slide (he blasioderm up onto the top
of -watch glass which is alrcady covered by saline. If the blastoderm tends to

slide off the walch glass, ik can be anchored with a small piece of filter paper
placed on the top of onc edge.

26.4 OBSERVATIONS

a}

b)

c)

d}

Examine the blastoderm under Lthe microscope. For the best view of the beating
heart, place the embryo with its ventral side up. To tum your embryo over, genly

slide the blastoderm off the watch glass, grasp one edge with your forceps and with
a quick flip wm it over. Then slide it back up on to the watch glass.

The embryo is surrounded by a relatively clear area called area pellucida which
itself is surrounded by arca opaca.

You will observe the vitelline circulation. Trace the blood vessel carrying nulrients

from the yolk to the embryo and then hack to the capillary nctwork overlying the
yolk.

Swdy the embryo and identify the following structures with the help of Fig. 26.3.

Fore brain

Qplic vesicle

Mid brain Proamnion

Notochord
Hind brain

MNeuwral groove
Yitelline Vein -]

Mewral [old
Ist Somile =

-

Area Vasculosa

13th Somite Lateral body fold

Mesoderm

S UGn g0t

Vitelline artery

Arca Pcllucida

Primitive streak

Hensen's node

Fig. 26.3 : A 33 hour chick embryo.

Observe that tie head region of the embryo is divided into three segments
an anferior forebrain with optic vesicle, a median enlargement the midbrain

and finally the hind brain which continues as ncural trbe throughout the
length of the embryo.

Observe that the neural folds have not fused posteriorly. The remnants of
primitive streak can be seen posterior (o the open neural folds,

Observe nolochord as a thick streak in the middle portion of the embryo,
"lying to the neural tube and cntering forward 10 the forebrain as a solid rod.

Bencath the brain and anterior part of neural tube you will observe the tbular
heart which has not yet completed its morphogenesis.

Stalning and Mounting
of Blasioderm of Chlck
Embryo
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Lahoratery Course IT e)  Observe (e hilateral pair of large omphalomesentenic veins entering into Lhe
heart at the posterior region. These veins bring blood to the heart from the
vitelline vessels developing in the area of Jhe yolk,

fy  Observe the somites in the middle region of the body. They arc derived from
mesoderm, They will give rise to the various types of muscles. Count the
number of somites thal are developed at the age of the embryo,

g)  Also observe the outline of the gut which is clearly visible on either side of
Lthe midbrain arca, )

Draw and label the diagram of the embryo you have mounted.

Note: If you do not observe a blastoderm when you Opeh the cgg and only a whiie
spot in the cgg yolk, then it means that the embryo has failed to develop.
Discard this egg and vsc another incubated cgg. However check with your
counsellor before you discard the egp.
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27 STUDIES ON CHICK EMBRYO USING
PREPARED SLIDES

27.1 INTRODUCTION

In exercise 26 we have described the procedure for making the whole mounts of early
blastoderm of chick employs upto 48 hrs of age. Beyond 48 hrs the thickness of embryo
increases and it may not be easy for you 1o prepare the whole mounts, However
preparcd permancent slides of the whole mounis and seclions of embryos can be used for
the study of chick embryology. In Wiis exercise you will observe under the microscope
the developmental slages of chick embryo starting from the differentiation of blastodisc
stage and [ollow the development of organs and organ systems, Make careful
observations of the slides showing different stages of development of chick embryos.
Maich your observations with a descriptions we have provided here for each of Lhe
slages and draw neat and labelled diagrams in your record note book, The swudy of
embryology of chick would enable you to understand the differentiation of tissues,
organs and ergan systems from carly embryonic cells. Again such a study is possible
only upto a cenain stage of development, say 96 1o 120 hours.

Objectives

Alter completing this exercise you will be able to:
o identify the various stages in development of chick embryos,
e illustrate through the diagrams the various stages of e developing embryo,

e race Lhe progressive development of organ and organ sysitem of Lhe chick embryo.

27.2 MATERIALS REQUIRED

dissecling microscope
compound microscope

prepared sides of whole mounts and sections of different stages of chick embroys

27.3 OBSERVATIONS

A CHICK EMBRYO—4 HOURS (WHOLE MOUNT)

In ihis slide you will observe the differentiation of the blastodisc into area pellucida and
arca opaca. You may also note that one quadrant of area pellucida is thickened. This
marks the future caudal end of embryo. (Fig. 27.1). After 7 1o § hours, the thickening
becomes more clongated and represents the start of primitive streak. Draw the diagram
and label it.

B CHICK EMBRYO—16 HOURS (W.M.)

In a 16 hour embryo (Fig. 27.2) you will obscrve the distinct primitive stireak. The
embryo at this stages is characterized as being in primitive streak stage. In a [ixed and
stained slide the embryo is composed of central furrow, called as primitive groove lined
by thickened primitive ridges. At the cephalic end (bead end) of the embryo, closely
packed cells form thickencd area, called as Hensen’s node. Parl of area pellucida
adjacent to the primitive streak shows increased thickness and forms embryonic area or
embryonic shield. Note that area pellucida assumes elliptical shape. Elongated primitive
streak represents long axis of future embryonic body. The end diametrically opposite to
the Hensen’s nede is the caudal end of the embryo,
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M CEPHALIC END
Area opaca
Arca
Pellucida
Beginning
ol primilive
streak with
thickened -
blastoderm
. CAUDAL END
Fig. 27.1 : Chick embrye, 4 hours after incubation (W.M.).
CEPHALIC END
- ___..a-"""’r. Arca apaca
e Area
pellucida
Embryonic
-. shicld
Hensen's
node
Primitive
pit
Primilive
groove
Primitive
ridpe
CAUDAL END
Fig. 27.2 : Whole mount of chick embryo, 16 hours after incubation,
C L.S. OF 16 HOURS EMBRYO
Longildinal section through 16 hours embryo represents the stage shortly after primitive
streak formation and it also marks the beginning of morphogenetic movement of cells to
Mﬂrphogcl_‘ltﬂs is a Greek form notochord. The section shows ectoderm, Hensen's node, primitive pit, primitive
word meaning formation groove, notochord and primitive gut. The mesoderm extends on either side between
of structure or form, cctoderm and endoderm (Fig, 27.3).

Morphos ; structure or
form, genesis : origin.

Hensen's node  Primitive pit

Ectoderm Endoderm

Primilive proove Mesoderm

Primitive gul Ecloderm

Fig. 27.3 : Chick-vmbryo, L.S. of 16 hours old cmbryo.
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D CHICK EMBRYO—18 HOURS (W.M) ‘ Studies on Chick
Embryo Using
[n the 18 hour embryo you will observe that the notochord has become markedly Prepared Slides

¢longated 1o form a conspicuous structure, Notochord extends lowards Lhe cephalic
region in the middle from Hensen’s nede. Embryo of this period of incubalion is spoken
of being in the head process stage. Neural plate develops around the notochord. The
dark peripheral area opaca, inner ranslucent area pelluclda and central embryonal area
are clearly seen, In lhe anterior region you will observe a small and more translucent
portion of area pellucida, known as proamnion. Primitive streak lies in the middle of
the area pellucida in the posterior half, You will observe that neural plate and primitive
streak are separated by Hensen's node.

CLPHALIC END

Antenier border ' P O \
of mesoderm o li F -, Preamoioa

Neurnl plue el
o

F—""—'_' Koiochor:
Em&ryenal wrea B

Wenwen's node

'.\'.l A._‘_

Aren perlluzida

Aren ppaca Primilise niread

UANDAL 15D

Fig. 27.4 : Whole mount of chick embryo, 18 hours afier incubation.
E L.S. OF 18 HOURS EMBRYO

Longitudinal section of 18 hours incubaled cmbryo shows advanced inner structure of

the germ layers. Ectoderm has vertical cells while the cells of mesodermn are represented

by hieavy angular dots. Endoderm is represented by ‘stippling backed by a single linc.

You will observe in the slide (Fig. 27.5 A) yolk, ectoderm of neural plate, notochord, -
mesodean, cctoderm and endoderm of blasioderm. You may also observe (Fig. 27.5 B)

yolk, endoderm, primitive pit, primitive ridge, mesoderm and primitive gut.

Ectoderm of neural plate

Mesoderm Ecloderm of blastomeres

m A L il BrCrY “2 i ‘w i . h:'.?-l.‘:-: |I

e :-.‘X,-‘_""_ 23] . B e i Sy e

-y i = e,
A ( ( 3 ? S Yolk Endoderm i‘jr'.,g!:;_;
B q

u Primilive T_‘i‘\ Area pellucida
T \ y
B i f;\' et 3

Yolk Ecloderm Mesoderm Primilive gut Endodcrm Yalk

Fig. 27.5: LS. of chick embryo 18 hours after incubation.
F CHICK EMBRYO 24 HOURS (W.M.)

In a 24 hour old embryo the cephalic region is seen prominent because of rapid growth

in this region. It extends anteriorly overhanging the proamnion region. The cephalic

region which projects free from the blastederm may now properly be termed as the head

of embryo. The space formed between the head and the blastoderm is called the sub-

cephalic pocket. In the mid-line the notochord is seen. It is larger caudally near its point

of origin than it is cephalically. The neural plate is much more clearly marked. The

ncural folds appear as a pair of dark bands. At its ccphalic cnd, the neural groove is 133
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have undercut the embryo so that it remains atlached 1o the yolk oniy by a slender stalk.
The yold stalk soon becomes elongated, allowing the embryo to become first straight in
the mid-dorsal region and then dorsally.

Auditory

Vesicle i i
Ganghan 1X csicle Hyoid arch Hyomandibular

Mandibular
Visceral cleno 71 .
Aot arch IV Ganglion ¥

Truncus =4 - Mesencephalon

aneriogus _::, S ; o
Sy S Choroid Tlissure
. 1 '.’ ° ':'] i
Anterior ———— — _(-_ = - Lens of eye
cardinal e ol
vein . - — - Sensory laver

Alrum ":-’ Piymented layer
’ Epiphysis

. ™~ Dience phalon

Anterior 7
appendage Tl
olfaciory pio
ot e ) Y P
\\ Telencephalom
\ Ventricle
. Vatelline vein

Poserior

appendage - Vitelline anery

bud

Fig. 27.10 : Chick embryo, 72 hours (W.M.).

The progressive increase in the cranial, cervical, dorsal and caudal flexures results in the
bending of the embryo on itself so that its originally straight long axis becomes C
shaped and 1ts head and tail Ke close logether. Optic cup shows the more developed
lens. Endolymphatic duct arises from the auditory vesicle. Visceral arches have become
very much thickened. Appendage buds increase rapidly in size and become elongated.
The number of somitees increascs (o 41 pairs. Allantois has also appeared.
Omphalomesentric artery and omphalomesentric vein are also developed.

Myelencephalon Endolymphatic duct
L
Ganglion VII-VIII

Branchinal Arch IIT Ganglion IX

Auditory
vesicle

! Truncus arcriosus Hyomandibular cleft

Ganglion ¥V

L ____._———-"‘"' Metencephaton

-—-—— Mesencephalon

Atrium
Ventricle \Q%q KT
Liver AN
Prominence

Ollaclory pil

-_'_'_'_““‘"' Mandibular arch

_ oplic cup

Anterior

appendage Lens
bud Dicncephalon
Omphalo.- Epiphysis
mesenleric
_artery Telencephalan
Border of omphalemesenteric
mesoncephros vein

Posterior appendage

Somiles

Fig. 27.11 : Chick embryo, 96 hours (W.M.).



3.1 INTRODUCTION ' : ) i

unit 11 and 12 of LSE-07 Course (Taxonomy and Evolution) you have learnt about
e role of natural selection in the evolulionary process. You have studied thal in a
opulation natural selection promotes those allcles tat conler an adaptive advaniage on
1¢ individuals who posSSCss such alleles. We further discusse
SE-07 course, the examples of Biston berularia and sickle-cell ancmia 10 jllustrate the
Jositive role played by natural selcction in evolving adaptations. You may recall ihat in
ingland the melanic (dark coloured) forms of Biston perularia resung on oot covered
rees increascd 10 numbers in post—indusm’al revolution period while the number of non-
melanics was higher in pre-indust_rial revolugion tmes when the trees Were lichen
covered. The reason is thammbe melanics easily escaped predation in an enyironment to
which they were adapted besl. Natural selection promotcs in a population those
characters Lhat aré better adapted O the environment. African populations maintaig the
sickle cell allele in heterozygous condition (Hb/HM — normal omozygous genolype.
HbY/HD -helerozy§ous genotype and HbS/Hb® sickle cell genotype)- The heterozygoles do
not contract either malarial disease Of sickle cell anemia, They aré petter adapied 10 live
which both the killer Jiscases are prevalent. In this simple exercise

in an enyironment in
you will lcam the probable role of selection process in gvolving meaningful adaplations

in a population.
Objectives
= This c_xercise will enablcryou to:

o make use of simple devices 10 illustrate the concept of nawral selection
¢ discuss that gvolution of adaptations is 2 non-random process

e relatc the illustration presented here 1o real-life situations.

28.2 MATERIALS REQUIRED _

1. white card-board squares of side 2 cm - 260 pieces.

2. plastic bowls-2.
28.3 PROCEDURE

ire 260 white card-board squares of 2 cm side, 10 for each of the 26 alphabels,

You requ
10 As, 10Bs, 10Cs and so on upio 10Zs. You have 260

This means you have with you
letters with you-

Sjtuatlon I
1, Leave all {he 260 cards in 2 plastic howl, mix well. Your task would be 10 pick out
any threc cards at a time and get a meaningful word, let us say CAT.

2 If you do not get the word CAT, discard the three cards into another powl. You
continue to do this exercise until you get the required word. You will find that the
three letiers C, A and T shortly disappcar without the word CAT being formed.
Instead, you may form all types of meaningless combinations such as ALC, TXP,
BYA, so on and 50 forth. After 86 draws, the bow! is almost emply with only WO
cards lying there and the word CAT not yet formed. Bamming a miracle, you may notl 137
el the requisite word even after nundreds of such a draw.
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Blue 26
Black 24

Record trese numbers in your record noie book,

4. Now let us Say that natural seleclion is operating. Assume that the seleclion Favours

Green 36
Red 24
Blue 26
Black 14
100

Record these numbers in your nole book,

5. With these frequencies let us make a new population of 1000 individuals. This
means you will mix wp 360 green beads, 240 red ones, 260 blue ones and 140
black ones, to make 2 lotal of 1000. These 1000 individuals belong 1o the 2nd
generation. From this population of 1000 beads, pick out a 100 beads.

Suppose that (he new sample 100 individuals has the following distribution:

Green 34
Red 27
Blue 23
Black 15

Record the numbers in yoxr observation note book, Because of the selection process,
the frequencies of beads have changed. There is an increase in the numbers of
favoured beads (charactefs or alleles) and a decrease in the number of not so favoured
ones. Let the selection continue 16 act, Add 10 more of green beads and remove len of
the black beads. The new population that constitutes the third generation will be as
follows:

Green 44
Red _ 27
Bluc 23
Black 6

100

Record these resalis in your nole hook. You may continee (o do the experiment for a
number of gencrations. But confine yourself to six or seven generations and record the
results in the following table,

Generation No of greens No. of reds No. of blues No. of blacks

I
I
I
v
Vv
VI



Plol the results in a graphical form

500

400

Population size 300

200

100

I. 2 3 4 h] 6

Generation Number

29.4 INFERENCE

From Unit 11 of the LSE-07 course, you may recall that one defmition of cvolution, the
definition proposed by populalion genelicists is that evolution is a systematic change in
gene frequencies. You may say that such changes in gene frequencies are a measure of
evolution, You may alse observe that after a few gencrations the frequencies of various
traits (colours in this exercise) more or less remain lhe same. The green colour after a
(ew generalions would end up with having a frequency ranging from 40 10 60%. The
red and blue with twenties or less; and the black regisiering less than 5%. At the same
time the black may not be eliminated totally from Lhe population. In olher words, at the
and of the six or so generations, all the traits {colours), the ‘Millest green, the ‘filter’ red
ind blue and the ‘least fil’ black continue 1o exist in the population. Natural selection
hay not completcly fix (100% presence) or eliminate (0%) any allcle in the population.
When environmental condition are favourable narural selection promotes (he frequency
f favoured alleles but does not eliminate totally the least adapled ones from the
»opulation. This is how the role of Darwinian selection is perceived in recent times.

An Exercise to Demoenstrate the
Rele of Natural Sclectton in Fixiog
Favoured Adaplallons and
Eliminating Maladaptatlons
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30 AN EXERCISE TO ILLUSTRATE THE
CONCEPT OF GENETIC DRIFT

30.1 INTRODUCTION

In randomly mating large populations, according to Hardy-Weiberg principle (refer 1o
unit 20 of LSE-03 course—Bchaviour of genes in populations), the frequency of any
given pair of alleles tend (o remain conslant in the absence of selection and multations.
If selection and mulations do occur then the frequencies do change and such changes are
usually small and slow. In unit 13 of the LSE-0O7 course, we have discossed the
hebaviour of genes in small pepulations, and the concept of genetic drift was
illustraled with a small population of mice living as four or five extended families in the
rice barn of a farmer. (You may read this section of unit 13 before you commence
doing this exercise). In small populations duc (o sampling crror there will be random
changes in the frequencies of genes in the population. Such change$ or drift in gene
frequencies may eliminate well adapted (raits from the population and {ix Lhe less
adaptcd ones. We mentioned in the previous exercise that under the influence of natural
seleclion neilher the fixation (100%) nor climinauon (0%) of a wrail occurs. Under the
influcnce of the genetic drifi, a rait may hecome fixed (100%) or cyen climinated (0%)
from the population. In this cxercise we shall illusiraie the concept of genelic drift with
a simple cxercise.

Objectives
At Lhe end of this exercise you should be able 1o

e distinguish the specific role of natural sclection and genetic drifl in the evolutionary
process

30.2 MATERIALS REQUIRED ‘

plastic beads (big sized ones) of gn:en; red, blue and black colours—>500 cach.

two plastic bowls.

30.3 PROCEDURE

As in the previous exercise, lel us assume the green colour is favoured by selection and
black colour is opposed by i,

1. From a population of 2000 beads (500 of each colour) kepl well mixed in a plastic
bowl, just pick out 10 beads with your finger tips, This should be done al random
williout locking into the bowl. Let us say that the 10 beads belong to the four
colours in the following way:

Green 4
Red 1
Blue 3
Black 2

2. Record these results in your nole book, Now, with the above frequencies make a
population of 100 heads.

The distribution will be

Green 40
Red 10
Blue 30
Black 20
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Oul of these 100 heads, once again pick up ten beads wilh your [inger tips. Suppose An Exercisc lo Dlustrate
you gel the fO_llOWiIlg. the Concept of Genetic

Drift
Green 0
Red 2
Blue 3
Black 5
10

ecord your resulls,

Now there are jusl there colours left. Once again make a lotal of 100 heads based
on new frequencies. This would mean no greens, 20 reds, 30 blucs and 30 blacks to
make a hundred, Qut of these hundred pick up 10 beads, Suppose, you get the
following distribution. '

Red 0
Blue
Black 6

ecord Your results.

Now with the new frequencics, make up a population with 40 blues and 60 blacks.
Pick out ten beads out of these hundred and you may get the following {ipures

Blue 3
Black 7
ecord your resulls,

Repeat the experiment after they were made upto 100 beads with 30 blues and 70
blacks. Supposing we get the following:

Blue 0
Black 10
.ecord your results,

Put your results on a graph sheet

0.4 INFERENCE

(ou may observe here that the green colour favoured by the selection process is
liminated from the population by the third generation. On the contrary the black colour
vhich is normally opposed by the sclection gets fixed in the population by about sixlh
reneralion.
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SAQ
1. Why does this happen?

2. Do you think that the effects of

genetic drift are quite opposite (o the ones produced
by natural selection? Why?

3.
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1.1 INTRODUCTION

herbarium is a collection of pressed and dried plants arranged according (o some valid
stem of classification and available for reference. All research and cducational
stitutions related to the study of plants, besides collection of local specimens have
illions of gradually accumulated specimens which document the flora of one or more
ntinents. The herbarium—a repository for plant collections is 2 research, training and
rvice institution thal funclions as a reference ccnire, documentation [acility, and data
sre house. Collections consist of specimens that are samples of populations and taxa

om nature, experimental garden, or laboratory.
'bjectives
he objective of this project are

to collect specimens for herbaria

10 leam to preserve specimens for herbaria

identify diverse forms oOf plants.

11.2 EQUIPMENT FOR COLLECTION

iclow menticned ¢quipment are necessary Yor collection Fig. 31.1.

%ig. 31.1 : Equipments used in collection. A, Collecting pick;
B, Knives; C, Sceateur; D, Vasculum; E, Hatchet;
F, Spade; G, Trowel..

A collection pick is required for digging up roots and rhizomes
of herbaceous plants so that the collecied specimen is complele.

(underground parts)

Fig. 31.2 : Plant Press. A. Perfornted plant press,
. B. Wire netted-plant press.
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©r 11 DUULE RAOLE IS Tequired for cutting branches and other parts.
N1

3. A pair of pruning shears or sccateur is necded for cutting woody and hard maleria

4. A pair of forceps for opening the flower bud to study floral whorls (scpals, petals,
stamens and carpels).

5. A vascuium for accommodaling collected specimens 1o be studied and pressed as
5000 as opportunily permits,

6. A plant press tagether with biotiers or news prnt for pressing and keeping the
collected specimens,

A field book for noting down the details of collected plants.

Thin tin or aluminium pieces of size 2 x 10 Cms. with a hole al one end. Number
cach piece with a coloured wax pencil and tie to specimen. This number should
correspond with the number of the page of field book on which you will note dow
the details of plant. )

these bags, close the mouth of bags (o avoid wilting of specimens.
10. Plant press is needed to hold planL material under a constant and firm pICssure

" 9. Polythene bags are needed for ketping fresh plant spceimens. afier Storing planls ir

Preparation for field trip

Before you plan for a field rip: _

1. Obtain necessary permission from the authorilies concerned 1o visi( a forest, a
national park or a wild life sanciuary,

Ask for forest guide or any other official assistance.

Always keep a Copy of all essential documents in your camp,

Make proper arrangements for your stay-food, clothing and wear ficld shoes.

oo

31.3 PROCEDURE

Our mothertand is rich in flora. Look for Plants in rockey crevices, sand dunes, marshy
regions, mountains, calcarcous regions, and also on dead and fallen trunks. QObserve the
nadure of the plan, ils association with other plants and sabstrala, collect complelc and
periect planis with flowers and (ruits,

In the following sub sections we will Zive you the instructions for:

1. Collection for specimens.

2. Pressing of plant
31.3.1 Collection of Specimens.

Collect fresh plants for processing into herbarium. At least five specimens of cach
shouid be coliected out of which you can present the best 20 planis at the compietion o
project. Specimens collected should be in flowering and fruiting stages.

Collect herbs along with their underground parts and only twigs of shrubs and uees,
discard specimens without flowers and fruit. Press individual plant specimens as soon as
you collect it from the site. However, you can keep them in vasculum for about twelve
hours and later on press them as soon as you find time to do so.

31.3.2 Pressing of Plant

Now press the plant specimens either by using a plant press, that you have to purchase
from a biological supply house or you construct it out of plywood shects cut into 12/10
pieces 1o be used for either end of the press. Use newspaper for pressing the specimens,
While pressing the plant specimens follow below mentioned sleps:

1. Spread single specimen in a folded newspaper,

2. Cut large foliaged specimen into wo or more pieces and arrange dach piece into
two or more folded pressing papers.

3. Plant specimens longer than the herbarium sheet should be folded in N, U or ¥
shape and then pressed.

4. Close the press with TOpCs or straps to prevent the wrinkling of the specimens.



5. Now keep the press for drying, : Project Wark on
. Herbarivm
6. Amange a few leaves with their lower surface facing upwards,

7. Press alfew flowers with the specimens, split open some of the flowers to expose
their essential organs and the nature of the thalamus.

8. While collecling speciinens note down the necessary data on field hook like?

1. Flora ol L
2. Specimen NO. 1
3. Dateof collection 1 e
4, Local name S ®
5. Family R
6. Localily U U
7. Habil
8. Habital
9. Flower colour 1 e
10 Smell s
11, Pollinalion e
MeChanism L e e
12, Latex
PresenU/Absent;

13. Colleclor

9. Prepare herbarivm labels and record:

L ColChOn NO. 1 e e
2, Localily e e
300 Habilal
4. Date of colleClion 1 e
5. Name of colleClor 1 e e
6. Boumical DAME L
AL Family L
B. GeNUS e
C. Spccies e e e e

31.3.3 Mounting of Specimen

Mount dry specimens on herbardum sheets. Purchase good quality herbarium sheets from
the market also you can use thick drawing sheets as herbarium sheets. Apply paste or
slue 1o the lower surface of specimen with the brush and place it properly on a
mounung sheet. You can also use adhesive-coated cellophane tapes for affixing
specimens Lo mounling sheets, but it is not of permanent naturc. The best way is to
apply plastc pasie to speeimens with the help of slim-nosed squeeze botde. Fasten [ruits
and flowcrs with transparent linen wpe. If you have not been able to identity some
specimens keep them separatcly and wry for identification by making use of keys. In the
following sub seclion we will write more above (he “Keys to identification”.

Afler mounting the specimen, pastc a label (already preparcd} at its lower right hand
corner. Also you can get the label printed on herbarivm sheet.

You are advised to type the data on the label. Entries on the label should be made in
legible hand using water proof black ink.

31.3.4 Keys to ldentification

After collection of specimens of a particular area, next important job is 1o idenﬁfy them. 147
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For identification of specimens you should prepare an artificial key. We have already
discussed “Keys (o identification” in Unit 6, Block 2, LSE-07 (Course on Taxonomy &
Evolution). .

Key is a device 10 identify specimens quickly and easily hence:

1. Key should be as simple as possible so that You can identify plants even in the
field.

2. Key should be shorl and limited to a pair of contradiclary propositions.

3. Key should be dichotomous one and cach statement of couplet, known as lead
should be either numbered 1, 2, 3 elc. or use lettered leads in place of numbered
leads.

We have developed “Key (o identification” of four generas of family Liliaceae namely
Asparagus, Asphodelys, Aloe and Gloriosa. This will serve as g guide and you can
easily prepare keys to* identification 1o generas of various families collected by you,

1. Flowers minute and white:

1. Cladodoes present; leaves absent; stem SPINY oo
Asparagus, '

2. Cladodoes absent; leaves long, (erete and hollow: stem not Spiny
...................................................... Asphodelus.

1. Leaves succulent; margins thomy; tip not tendrillar
...................................................... Aloe

2. Leaves rot succulent margins entire; tp coiled in tendril
e Gloriosa.

31.4 PRECAUTIONS : .

1. While examining the herbarium specimen carefully shift the herbarium sheets,
2. Lift berbarium sheets with the hands 50 Lhal it does not bend.

3. Do not tum over the herbarium sheets like (he pages of a book.

4. Do not keep heavy objects on herburium sheets,

5.

Store herbarium sheets in wooden or stecl cabinets and use repelients to keep them
safe from insects. Fig. 313,

Fig. 31.3 : A herbarium in use.



2 COLLECTION, IDENTIFICATION AND
PRESERVATION OF INSECTS

2.1 INTRODUCTION

his project work is related to taxonomy course of Life Sciences (LSE-07). Taxonomy
als with the collection, classification, identification and proper preservation of
dividual organisms. In this project work you will do the collection and identification
“insects at the coflege campus of the study centre where the laboratory course is
ganised. Insccts constitule approximately 90% of the tolal numnber of organisms found
the planet and occupy almost each and every possible niche. Most of the insects are
woless bul form an important link in the food chain. This project work would enable
w o do:

colleclion
idenlification
preservation of iusecls.

:fore you commence your work, you may read the first two Blocks of Taxonemy and
‘olution Course (LSE-07) for an understanding of the need to classily the organisms
d name them properly.

.2 MATERIALS REQUIRED

sect Net

pirator

1yl acetale

ling boile

iecl box

iect pins

reading board

p block
phthalene powder

.3 PROCEDURE

is suggested Lhat this project work can be undertaken in groups, each group consisting
not more than five students.

Insect Net

iect nets may be available with the copnsellor in the laboratory of your study centre.

herwise you can assemble one as described below (Fig. 32.1). Obtain the following
ms from the market, |
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(c)

Fig. 32.1 : Insect net (a) Bending of the iron wire into a ring, (b} Stitching of the muslin
" cloth into a bag, (¢} Collecting a small insect by twisting the bandle & forming a
fold in the bag.

(1) Iron wirc (3 mm dia) — 42 10 48 inches long.

(if) Muslin or fine nylon cloth — 1 meter long,

(iii) Light wood or bamboo— 3!4 meler [ong for use as a handle for the net.

(iv} Canvas or linen cloth — '/, meter,

(v) A 18" long binding wire,

1. Bend the iron-wire into a ring of 12 to 15 inches diameter (Fig. 32.1a)

2. Straighten the ends of the wire so that it could fit into the grooves of the handle.
3. Bend the tips of the straightened ends so that they fii into the holes of the handle.
4

Form a hem of about 3" in the canvas or linen 50 that the iron-ring would pass
through it.

5. Now stitch the muslin or nylon cloth in the form of a bag (the bag will take the
shape of an inverted cone as shown in the Fig. 32.1b) 1o (he canvas or linen,

6. Now fix the bent tips of the iron wire to the handle and (e it firmly with the
binding wire. :

Keep the following points in mind while prepa.ring- the net,

(i) A detachable ring is quite useful as the bag then can be easily replaced when it
is tom, wel, dirty or 1o be changed for one of another material,

(i) The meshes of the cloth should be as large as possible — but small enough o
hold insects o be captured.

(iif) The bag should be aboul Iwo to two and a balf times as deep as the diameter
of the ring or slightly shorier than the arm.

{iv) The net is made in such a way that it should be as light as possible having the
least possible air resistance but reasonably strong and durable.

The net can be used to collect small as well as large insects. In case the captured
specimen is large iwist the handle quickly, lapping the bag over the rim and you could
observe the specimen enclosed in the bottom of the bag (Fig. 32.1c). Grasp (he region
of the bag enclosing the specimen with one hand and with the other hand insert the
open end of the killing botde 1o push it into the net upwards till the specimen is



enclosed by it. Wilhdraw the bottle from the net and close with the lid. Small insects Collectiun, Identificativn
can be easily rcmoved from the net either using a killing bottle or an aspirator. While ~and P""“'“"“:i"_“ "'_r
collecting active or slinging specimens like bees and wasps, insert the fold of the net e
containing the insecl into the killing bottle until the specimen is stupefied.

B Aspirator

An aspirator 15 a simple suction device used for collection of small insects. The most
commonly used aspirator is described here. (Fig, 32.2).

Marerials required

A vial of glass or lransparent plastic
Two holed rubber stoppers

Two glass tubes

A rubber tubing

A small piece of muslin cloth,

. An aspirator is a vial of glass or preferably transparent plastic. To the open end of:
the vial fix a tightly fitting rubber stopper 0 avoid crushing of small insects which
otherwise may crawl between the stopper and the wall of the vial.

N

Fig. 32. 2 : An aspirator

I

[nsert the two glass tubes through the stopper.

3. Auach a rubber tube to the outer end of the suction tube for sucking through the
mouth. Cover the other end of this tube which remains in the vial with a piece of
muslin ¢loth o prevent insects from cntering the tube,

For collecting small insccts place the outer end of the inlake wbe near an insect and
suck through the rubber tube. This suction creates a partial vacuum in the vial thereby
Jrawing the insect through the intake tube. When the aspirator is not in use plug the
auter end of the intake tube wilh cotton to avoid the escaping of insects caught in the
vial. You may emply Lhe contents of the vial into a killing botde 1o silence them.,

C Kitling Bottle

The killing bottles are prepared with killing agents which kill the insects immediately
without affecting their colours or unduly hardening them. Although potassium cyanide is
a widely used killing agent, because of its extremely poisonous nature, we describe here
1 killing bottle with ethyl acetate as a killing agent. (Fig. 32.3)

Marerials required.

An empty glass bottle with lid, preferably a horlicks botte.
colton

blotling paper

athyl acctate
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—Blotling paper

(XE-CcoLlon soaked
~in cthyl acelatc

Fig. 32.3 : Ethyl acetate killing bottle.

Ethyl acetate is an effective killing agent for inscets. You may use an empty horlicks
bote to prepare a etiyl acetate killing boule. Place a wad of cotton soaked in ethyl
acctate at the boltom and cover it with a picce of blowing paper for preventing the
direct contact of the specimens with the chemical. Pour a few more drops of the killing
agent over the blotung paper to make the botile more effective. Al the end of cch day
take oul the insects collecled in the boule for preservation. If you are not Iaking them
out at the end of the day, then place absorbent colton sozked in a few drops of the
killing agent over the collected malerial and close the bolte tightly. The specimens
remain in a relaxed condition for some days if kepl in this way. The botue may be
charged with a few drops of ethyl acewie on each day of collection. Label your killing
bowe as POISON and keep it away from the reach of others especially children,

Do nol leave the insecls for too long in the killing bollle. Remove them from the boile
before they get dirty or damaged. Also do not overcrowd the bottle with insects.
Further, you may use separate smail killing bottles for collecling a few specimens in
cach one of them. Overcrowding of hotlles with tough and fragile as well as small and
large insccts may result in the damaging of all of them.

D Relaxing Insects

For proper mounting, the hard-hodied insccts must be in relaxed condition. This keeps
in the proper dispplay of (heir hody parts of rxonomic importance. If the insects are
mounted immediately after they are killed, then there is no need © relax the specimens.
But the insccts become dry and stiff if left in the killing botde for a long time. Under
these circumstances the insccls must be first relaxed in a t¢laxing ‘box or in a similar
apparatus. A plastic container (2 x 1') may be used as a relaxing box, Place at the
bottom of the container a thin sheel of synthetic sponge or any olher porous material of
2to 4 cm in thickness. Saturate the sponge with walter. In one comer of the conuiner
place a couonwad soaked in 10 © 15 mf of cthyl acetate o prevent the formation of
mold. Also you may place a sheel of blouing paper on the inside of the lid of the
conlainer to avoid condensed water 10 fall over the speccimens,

Leave the insects in the relaxing box in a petridish or in envelops. The lime required for
relaxation depends on the size or type of specimens. Most specimens are satisfactorily
relaxed by leaving them one night in the box. Do not leave the specimens [or o long a
period in the relaxation hox lo avoid damage and discoloralion to them,

E Mounting

The hard bodied insects are mountcd on entomological pins. These arc standard pins
made of steel and do not rust. They are available in a varicty of sizes and thickness. But
these pins are quite expensive and beyond Lhe reach of students. The students can
prepare home-made entomological pins with sewing needles and coloured beads. You
may buy thin sewing needls, heat the eye end of the needic on a spirit lamp flame and
insert the heated end into a coloured bead. The bead forms the head of the needle, You
may make 50 such entomological pins.



Mounting can be.done by any one of the following methods, depending upon the size Collectlon, Identification
struclure and group of insecls, and Preservation of

Insects
(iy Direct Mounting

Freshly pinned specimens are best pinned. The pin should pass through the body of the
insect without damaging ir. Since there are different ways o insert pins through the
Insects depending on the group to which it belongs, pins should pass through the correct
points in the insect body (Table 32.1 and Fig. 32.5). The pin is always inserted
vertically through the body or sloping very slightty in such a way that the front part of
the body is very slightly raised. The specimen is then pushed up the pin until fis back is
about 1/)” from the top so that the pin can be easily grasped with fingers or pinning
forceps. Also while handling one should be able to hold the pin freely without the
fingers having any direct contact with the insect Further all the insects shouid be
uniformly mounted so that it becomes easy o compare and examine the specimens as
well as it improves the appearance of the insccts in the box. Uniform mounting of the
insects is done with the help of pinning blocks or step blocks as they are called

(Fig. 324). A pinning, block is made of hard-wood or plastic in whicl the holes of
desired depths are drilled.

)
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Fig. 32.4 : A pinning block.

Table 32.1: Mcthod of pinning of insccis belonging to different orders.

Insects Point of pinning

o —

Orthopicra Insert pin through the right side of the pronotum
near its posterior edpe; long axis of the body
should be ncarly at right angles to the pin bul
wilh_the head of the insect downward: sct the
abdomen drooping below the wings (Fig. 32.5a

and b).

2. Dermaptera (Earwigs) Inserl pin through the anterior part of right clytron
{Fig. 32.5¢),

3. Phasmida (stick insects) Insert pin through posterior most part of the

melanolum in the midline (Fig, 32.5d).

4.  Odonata (Dragonflies) Insert pin in the midline of the thorax between the
bases of hindwings (Fig. 32.5¢).

5. Hemiptera (Bugs) . . For thase specimens having large scutellum, insert
) pin_through seulellum near its anterior margin just
lo the righl side of the midline; but in those with
small scutellum or covercd by the enlarged
prenolum {c.g., Notoncclidae), it is insered
through pronotum near its anterdor margin just to
the right of midline: (Fig. 32.50) : 153
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Fig. 32.5 : Correct method of pinning insects. (a) and (b) Orthoptera (¢) Dermaptera
(d) Phasmida (¢) Odonata (f) Hemiptera (g) Neoroptera
(b} Lepidoptera (i) Colcoptera (j) Hymesoptera (k) Dipter. »
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6. Neuroptera Insert pin vertically through the middle of the Collection, Identification
(Antlions) thorax. Mecopiera and Trichoptera are also and Preservatlon of
similarly pinned (Fig. 32.5g). Tnsects

7. Lepidoptera Insert pin ventically through the middle of the
(Buuterflies and moths) lhorax (Fig. 32.5h),

8. Coleoptera Insert pin near basc towards jnner cdge of right
(Beetles) clytron (Fig. 32.51),
9. Hymenoptera Insert pin directly through thorux 1o the right of
(Ants, Bees, Wasps) midline (Fig. 32.5j).
10. Diplera Insert pin at the right of the midline of lhorax
near base of wings with it point emerging in
front of right mid coxa (Fig. 32.5k).

(ii} Paint mounts

You may display the small dried insecis by the procedure of point mounting. You may
cithier attach the specimen 10 the tp of a smalt triangle of thin card using a small
quantity of adhesive and then support the broad end of the card with an entomological
pin. Prepare thin suff cards by cutting it to the shape of a triangle (6 mm long, 2 mm
wide at base and 0.5 mm wide at its apex), but the size may vary depending on the size
of the insect. Quick-fix is a quick drying adhesive that can be used for mounting small
and medivm sized insects. The insecls are best atlached to the points al the side of the
thorax below the wings or margin of the tergum and above or between the bascs of the.
legs. This kind of attachment allows the study of all important taxonomic characters,

iii) Spreading

The best mounts of insects are those which make the taxonomic study of ail impertant
body parts quick and easy. For this purpose, you have to display the head, wings, legs
and abdomen of the insect properly. You may have 1o provide supports for keeping
certain body parts in proper order till the specimens are dried and retained in the desired
condition. This is best done in freshly killed specimens when their intemnal paris are soft
to take the pin and appendages are pliable, The wings of insecls are spread into the
desired position with the help of a spreading board (Fig. 32.6). The spreading board is
also used for setting other insects. You can use their paper strips to press the wings on
the spreading board and the specimens are allowed to remain in this condition tll they
get dried and retain the desired position.

Do not leave the spread insccts in the open. They will be damaged by other insects such
as ants. Leave the spreading board in empty insect boxcs or other contguiners. The drying
of the specimens is also necessitated to prevent the growth of fungus over them.
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F Methods of Identification

Once you have collected the insccts and sorled them out, teniatively identify them up
order. You have to take the help of your academic counsellor for identifying insccls.
He will help you to identify them upto generic level if possible. There are different
methods employcd for identifying an organism. The tmportant methods are

(i}  From literature

(i) Usc of laxonomic keys

{iii} Piclures

(iv} Direct Comparison

(v) Combinalion of different methods.

1) From Literature

The basic function of an ideatifier is to compare the specimens with the published
descriptions of the species. This is a very tedious task involving hundreds and thousa
of comparisons. Therc is need (o skip over the great bulk of the species which are no
closely similar to the specimen which is being identiffed. This is further facilitated if
keys are available in the group.

iiy Keys

This is one of the most commonly used methods of identificalion. A key is essentially
printed information-retrieval system into which one puts information regarding a
specimen-in-hand and from which ones gets an identification of the specimen to
whatever level the key is designed 1o reach. In the absence of the originally identified
specimens of the specics utilised for comparisons, the published description becomes 1
only tool. In larger groups wilh many species, it is the most tedious task io compare
specimens with hundreds or thousands of published descriptions. This task can be soh
if the keys to the main group are available, The main purpose of the key is Lo facilita
identification. It is a wbular device designed for rapid identification and based on the
most convenicnt characters which are usually arranged dichotomously. You may refer
LSE-07 (Taxonomy & Evolution Course) for a discussion on taxonomic keys. )

Preservation of Identified Insecls

Some of the important lps are mentioned below and which, if followed will cerlainly
minimise the risk of their damage.

D)  The insects should be correcily set and labelled, These should then be kepl in
wooden boxes (size according to requirement). Care should be waken that the cork
sheet which is uscd as a hase for pinning the insects (o the box is thick enough 1«
hold the pins deep and firmly atiached to the boltom of the box. The larger
specimens should be supported on cither side with ordinary pins to avoid their
possible damage due 1o swinging. The specimens on double mounts should have o
additional pin passing through the pith, a little behind the specimen and the point
should be supported by two pins, one on either side of the triangle, to prevent the
damage due to circular motion.

Do not overcrowd the specimens in a box as it always increases the chances of th
damage.

i) A sheet of cardboard cut to fit the inside of the box should be kept over the top ¢
the pinned specimens and the space between this and the lid of the box should be
filled with cotton.

iii) The box containing pinncd insects must be fumigated. The most effective fumigan
is prepared by dissolving 10 gm of naphthalenc powdér in 50 ml of petrol o whit
is then added 0.1 ml-of phenol to prevent growth of mould. A cotton swab soakec
in lide quantity of this fumigant is (irmly fixed in one cormer of the insect box.

Loose naphthalene crystals should not be kept in the insect box as they can damay
the specimens on siriking,

For this Project Work

NOTE: Collect a minimum of twenty insecls belonging to various orders and identil’
them correclly.



