RPSC College Lect.-Zoology- Paper-I [UNIT-3] Chordates

Comparative sensory organ

S 379 JATEROT & 37eieh FoTTat & 3Tefi=T gl & | gaTaroT & aedy 317 oy @aea aRad= 3ediua (stimuli) Fgerra
E1 TR & T 37T AT 3T IRGAAT AT 3EETIAT T AT T & ATET AT HAGT 33T (receptors or sense organs) FHgalldh
&1 TATEY 3137 THTEROT § ol & & H AT, TATA TR, degd, Fe+rr a1 fafermol Faam ured v § aur 3qe dfyes
3Tt 7 gRafca s & S AfETsH o1 T1geer H1S I 309 I3 HTHATEN (afferent) AT HAEY | cfFehT dJHT @y
R gl §1

ST YhR TAST 37911 & &l 1T 8 & : (i) TaTaRoT & g &l I (detect) T 3 (i) 38 Fa=Tm T
dTh AN & T H heglg df¥eT dF HI 4 | &l H, heard dfepr a7 3Tdeh (incoming)
AT T THTR I HIAT § R TN (efferent) aﬁaﬁrag% JHTI 3791 T TR ATl § S TS

| @im( @QE&

, W] 5 Aefaf@a araea dae ¢ :

h): ST TFI, a1d, ST, o 3fe g1a &1

3. 317 (Smell) : &g 3 arsuefiel TaRET 3R 3T & fore|

4. #duT (Hearing): aTg, Siel AT &1 & Fdail & faT]

5. gfSc (Sight) : TerTer-a@Tt & forw]
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HAEY 31t &7 geffaor (CLASSIFICATION OF SENSE ORGANS)

HACY 3731 T 374eh YRR § Fefiehe fordT ST 21
(A) T 31T f Iy (General and special receptors)

Ioleh FEH HAAT 397 FaEgaT €0 @ 2R o 37eed 1 1eY, fawean o= #, faaRa &d 81 ¥ @ (cutaneous) HAT
39T H1#fEeh €9 & WA ATET (general receptors) FHEATA & Fiifeh 3otah Steh-Sleh I FUST FAGT § T 348 A IS
ofr Y Uk 1 TAee (sensation) H TFS T 78T &1 HehalT|

a3 3R, forear, AfdeT, 7 31X ot fa2w 3 (special receptors) Fg ST €1 d dhael 3707 81T #, faRIvant el
& X Tl BR W, Tohfead &l ol I faAY YR & 3egra=t a7 faQiw Taet & ufa afafwar e § a2 3a5 st
T 3 SR HHAT ST &1 cArferehT 1 3 ST 3eEIuai1 & FehR AT IR # Sofehl AT & IHTAR F&g A1t 3rzar
HACT 3911 T FAaeY T T B

(B) 3egideil & 3TTAR 9HK (Types according to stimuli)

i AR O, 37 SN 3 ST O e R - & aeTer @ 8 m%wﬁ@@aamwm%

1. TifHATET (Mechanoreceptors) : ¥ Taet 31X g19 (ca=m mﬁ% #uff) garT 3o g1 &

2. TEIET (Chemoreceptors) : 3 e, Ha‘l?rawrﬁr of a7 373t o e (@A) vd ware, 3reTa
orsT 7 yeret (Siear) & ufa @aeasier . gid &l

3. YSIEMET (Photoreceptors) : 3 q-em@ﬂ GEIED q@%ﬁa g gl
4. FSARMET (Thermorec iRefasx gl

5. 3T BR (Nerve ending fﬁ?;T@Eﬁ'U gl

(©) 9K (Types accor catlon)

ﬁ@ﬁ%wmmmm%amm%;

1. STETATEY (Exteroceptors) : A S & & A TATRONT SeEIaaAT T gTed it & 3R eiRae & IR 7 (Fae, g1,
TTE, FOAT HM) I U&= S &1 S A7, Hol, A1fer, TG wferar 3R g Fd 31 afFafaa @ §
AEATET ST T fister, AL AT 21 & vy 3% Faa vere et &

2. TAIEGIATEY (Proprioceptors) : ¥ Ui, Tfet, shar3il, @ashr 3R Fevter Fdet 7 3ufud aa+ (stretch) AMET
g1 €1 & Fefet (equilibrium) 3R REATA-fA4ROT (orientation) 3T TeTehfAd arfaeTencas Fde (kinesthetic sense)
& a9 & el JeTe i ¢
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3. 3TTRATET (Interoceptors) : I AT edReh 3791 H U g g1 T AR F e e ATATaRoT, S CO2 ATeGUT,

SRR FeresT, WISt vd quidT (fullness) 31Te & fawar & et vt ad § | & Sfid T foReck Sasiiiddr o folv 3iraedsh
3T 3MedRe TATeaRor 9 1@ & foIv 3earl g &

(D) &R 3R 3tatar I

(Somatic and visce

eIy 3R TAaRAEr @ARE, F1RF I1 2R ATEY ot Fgerna §1 3 YPR TARATET fATer IT 37T ATEY o7

Fgeld ol

mmmﬁwmmm%lmﬁmﬁwsﬂ?mmﬁ
A AT ATET (ITCRATEN), Eledl hT AT FTF A B

UTSh SH U GEdeh & RIFR AT # fAffieeT 2
(Uromastix), SeeR (Columba) 3 @amer (Oryct

ral receptors)

mwwaﬂ:%lmww

%ﬁmﬁwr (Scoliodon), #e® (Rana), f&delr
@ ST am fafarer anfeeit a1 w3y 3ieit 1 vger &

e (STETamd) & are-

arferet 1. 38t (Stimuli) ’i@catlon) & ceptors ) IT AN (Sense Organs) &
| /{\@

Hadr 34T \ CrEe @f ufa | 3ggma= (Stimuli) FTI (Functions)
(Se S g+ (Type)éaagﬂn ﬁztuon) &

Receptors

K GESIES
9
1. c@ar  (Skin) | Ty EIRDDIA qFus (contact) | TTLT, IRF 3R &3
Ta% (cutaneous) | (mechanoreceptors) | (exteroceptors) aTgsheT (temperature) | 3T 3T 3TTE 9o
(thermoreceptors)

2. ARt | AifRaTer Taicaer RIELD defel | &Tel T 37e7eE 3R
(Muscles) (machanoreceptors) | (proprioceptor) (mechanical stretch) AT

CIGEISED

(kinesthetic)

3. fSgar | @amgr EIRD DI gierd Tar=f FaTeH (tasting)
(Tongue) IHHAET | (chemoreceptor) (exteroceptor)

(gustatory)

4. ATRAT (Nose) | IHRITET EIRD DI arg # arsaefier TE | FE= (smelling)
0T (olfactory) (chemoreceptor) (exteroceptor) 3R IR wenrer
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5.1 (Eyes) LEADI] EIRNDIE] @< (seeing)
(photoreceptors) (exteroceptor)

TR (visual)

6. UT (Ears) Her-eafas - | STETEEY tafd AR I%cd | GeAlr 3R HJor
(statoacoustic) (exteroceptor) (gravity)

44T (auditory)

7. e | - TecRATET disT, quitdT, CO2 &M, | edR& T

(Visceral) (interoceptors) e HeraeT 311fE qITaoT &

9

T qOTe YT QAT 1 7T T TRIGHRT gefT | 38 Jor, fewifaf@d aofer seeferat & faffiest aeit 3 wommer
TR & F&5 A Hgcaqol el T SR He HT IIH H3M|

FHASRARAT & goT 3197 . (OLFACTORY ORGANS IN VERTEBRATES)

ST 3737 3¢ o g, A FEaTod faLT Hader TEEET g1 81 3+ X & 319reR W &ud v SiigY g4, wmor a1
FATRASAT IV (olfactory or nasal sacs), 8IdT &1 3e1eh IET AR AMAISG IT ATARY (nares or nostrils) FHEeTd g
WISFAECIIH H Ueh STET ATANSG-JeFcl halol Uehel 378 IT WS TIT0T IV EIcT &, o] BTOT cifehd 2l gl & | Ho ot
& gToT Y & B &1 AfheT TIfel-uf& (lobe-finned) Hoferdl 3R BeAts # stedRer wramade gid &1 Taed arg-
@R STe3it AT TSATET H, Fedeh HT0T IV I Ueh e ATAREY TUT Teh e Reh ATHRYL GIT 81 ga) et &
e, W—ﬁf%ﬁ%ﬁﬁmmﬁ@ﬁﬁmméﬁaﬂ-ﬁ uro-sensory cells)
&gl AT B

T W ST ST E 3t Sh-sier T gher 31 e S

37979 BT &1 g TN SaRT Teiid R arar § R e

3U T[E TRl T FETdeh AT (river tributarie ¥ IraA

a7t (Y, T AT R, Iede, R, ik 3 91 T qEHH §1 TR afiae waggh

# groTater $iveteT, uReredt, Tiaarelt 3ik %ﬁ??ﬁ—qaaﬁ@ caqul Fa=T T ¢l
S

SifRieRaT Tt 3 @

SATHTIET o =Ard g’ra’s“, a5l

o 3T (GUSTATOR%? SANS IN VERTEBRATES)

m%%myﬁﬁmmﬁ (taste buds) ZaRT UTed gieid Ferif &7 AT T@Te (taste) AT F&TEH
(gustation) FgeTdT §1 WWWWVW#W@W%ﬁTWﬁ@HWM%I =T e,
S Hofordl &, Fare Hicwrd 7w 3R SRaw & 3@ s, Jgr aw & B T caar o1 o urg Sinelh &1 She-fweit #
g BT X EATI J 9T STt & TA-4NToral AT TTATST! 7 & FFOT TRR-del T 1S STl 21
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el #H, Fare-hidterd foear, dre] 3 SRew de AT el &1 3 Eaaeniat & gaiftes weg ufer & sgerds
BIciT &1 FaTer s forer3it T et V, VI, 1X, 3R X Frarer aferd atelt €1 eqsar 1 fotear W eud Fare sfod 4
SRR 3 e e (371, W, v 3R ) 3 i R R §1 Fo et 3, ware B s areda o o
o1 IR & FHROT I B TGO, 31tk HATelT T FdTe; IVETH 3T €1 §, W] I I Y AATew H1 a8
AT St &1 STohTH o 918 SiTeY O, STl ATTRehT & U TITOT-37311 e T AT Haerl 81 STl &, Al Histel Fareg et
ERIGEEIN

YRI2MATE! AT A (PHOTORECEPTORS OR EYES)

TfSE &1 37geffd A5 o SeCIueT o HROT gIcll &1 HABFRAT 7 &l ThR & AF gId ¢ : () IFTAT HLIEY . (median)
3R (ii) Ffoa ured (lateral)|

(A) FETET AT (Median eyes) @%

FEIEY AF HcATSH reiiel Ao, 3Rt 3R adgdr 7 c: HATRAT 7 o AT (pineal)
3k duff@Ter 3@ (parapineal organs) & & & gl & & Ut & g5 afgdeat
(evaginations) & #ifar §1 oo ( ;@ g &1 378 U o 3R HaaT a3« gidl &
memm%ﬁm@ﬁﬁ(lmage) a1 Ariuferarer fifs serfaa a8l & 3w
STt # venrer-anfedt &1 we el it 7 519 el 16 BlaT 8, S ERA1seT (Sphenodon)
#H, I a8 Ueh IRART (tr. H & Ear gl T I FIAT § 3R 9T F7eT a7 Rigeo
7 (parietal eye) 3 @

F UTed A AT T & TATA 8ld & | I TP FHoRT (camera) F TATA g1d &1 3AHT o F IET
a3 & faFal 1 WiHnhen hed 1 | HA el arel HAET AT I Brohd T 81 We] STerarel et
FATTRAT (HSTN N IHTR) & A, TATRT Tod HAefenal (F{rgdr, gfardi 3R el @, St oo & &g
T §, 311eh Hgcdqul aTcit & et gid &1 I8 5ol & €fSe & Heafed gHeansit w1 arg & B gl & HRoT ¢

e o>

1. wera 3 3% TFAAT (Eyelids and tear glands) : STl ¥ a7 T @1 3R e T@ar 8, fSed #Aofaat & T
Tefehl X 375 AT 1 3897 BIeTT B

2. 3Gl X B3 (Refractive index and cornea) : STeT 31X FITI31T T 3T AT TATA BT & | STA
HGN & 15 T o311 FehTI- IO ohT AT STeRICT | T To¥a=T VBTN H I TUCT TG & STeieh ITel HAR AT
F PIAT STET T IIRT Q1T 21

3. 9= HT ATHR (Shape of lens) : FASTAT 7 FTAFAH ITTI S GGRT ITed gIAT &1 SHTAT 3T e IMNATHR
BYelT & i 37uacial & 3fereh HaTe gial &1 g@ 3R, TISUTal & e 3acial ATFd T TTET AT HSTHR oo g1l &
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venous sinuses sclerotic ,choroid

suspensory ligament suspensory ligament  scleral cartilage

_ retina upper eyelid sclerotic ) ) sclerotic
comealis = A e N I . choroid
e roi P
muscle ) comea\I% &

o :;7 N retina i /Al M\ retina
scleral A ) 3 »
cornea | optic

) nerve
i optic nerve /
i S =
spectacie]
or dermal

cornea optic ciliary muscle
nerve

grcla::%ésr \ - lower eyelid™ % X
vitreous chamber retractor lentis muscle falciform process

chamber
CYCLOSTOME ELASMOBRANCH =LEQST
(Lamprey) (Dog fish) (Perch)

upper  ciliary suspensory ligament . ili scleral cartilage
body or zonular fibres ¢a)-

vitreous

aqueous chamber chamber

membrane

o
lower protr 8 m
eyelid
Z ciliary body %’ erolic
- choroid upper eyelid

conjunctiva g 2 . X retina
cormea ~& &y ¢ \optic nerve

conus papillaris

vitreous
e (ectodermal)

W :‘
\ 2,2 ) o
nicmating?g:;.. -~ 3

aqueous
chamber

hyaloig (mesodermal)
- vessels

7 REPTILE
REPTILE (Lizard)
(Snake)

suspensory ligament

pupil

aqueous

chamber conjunctiva

eyelash

i lower eyelid—Y. )
suspensory ligamen Vireous  anterior chambér i - optic nerve
sclerotic ossicle chamber clliary body musze vitreous chamber
BIRD MAMMAL
(Owl) (Rabbit)

R 1. fafer=r wdsfeal & J= gafiand &= (sagittal section) ZI7T |
a.c.—anterior chamber, bl.sp.—-blind spot, ch.—choroid, cil.b.—ciliary body, cil.m.— ciliary muscle, con. — conjunctiva, cor.—cornea,
fo.c.—fovea centralis, i—iris, l-lens, lo.]-lower lid, ni.m.-nictitating membrane, op.n.—optic nerve. p.c.—posterior chamber,
pu.—pupil, re.—retina, scl.-sclerotic, sus.l.—suspensory ligament, up.l.—upper lid, v.c.~-vitreous chamber.

4, wHsreT faffr (Method of accommodation) : fe=T 3R 3T HATTHRAT & 3T F T Hr fafey ofr e g 81
Foforl, 39eR 3R A9 s F1 311-01S FEwe Y Brend d &, ofT o o o giar 81 gadr 3R, TR,
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aferEt 3R | & JfaRerd 31w Tt 7 ggued (sclerotic) FsT 3R A 37eTel BT &1 o], 3eieh ool H TAEY
o1 81 & TS oo T &9 aRafcle aeeh 3wehT 3maeier erfehe (magnifying power) ﬁqﬁﬂ?‘lﬂéﬁmﬁ'l

W tafere 3791 91 Huf (STATOACOUSTIC ORGANS OR EARS) ;&

(A) FBf™T & (In fishes)

Iabynnths) T T SITST 8IdT &

fused anterior and

posterior can

a.c. utriculus p.c.

recessus

utriculo-sacculus utriculi sace. Iagena cochleae sa‘c'c' S I ;Q;mus -
CYCLOSTOME ELASMOBRANCH BONY FISH AMPHIBIAN
(Myxine) (Dog fish) (Labeo) (Frog)

invagination canal

sacculo-utricular
canal

~ membrane of Reissner =

sacc. - lagena nerve
MAMMAL
CYCLOSTOME REPTILE BIRD
(Lamprey) (Lizard) (Pigeon) (Rabbit)
‘ o 2. R w3 srfaRe ot
| a.c.—anterior vertical semicircular canal, amp.—ampulla, cr. — crista, end. d. — endolymphatic duct, h.c.-horizontal canal,
| mac.—macula. p.c.—posterior vertical semicircular canal, sacc.—sacculus, utr.—utriculus.

T FHelleleel AT AfaReyr & 3 éugdesR ATl (semicircular canals), Afdhel ATSFAFCIFg 7 el 1 AT 2
At vd ek g a1 Ffeagerd (utriculus) AT Uk AMTOTERT AT Aargerd (sacculus) Bl 81 Aol 7 Hergerdt v
el Tty A7 oRfiAT (lagena) SATAT § Y 3T FATTHAT & HGUT & TFal=wd FHUllad AT HITFA3T (cochlea)
&1 3T &1 ArsTTAwiAeT aror it Sfcrsnee Aoferdr (hefhas, @, HIdH, M) T arg & X aROT 1T H
T STATY (hydrophone) #hT HIfeT TTaT Xl § | STer S Eafel-ader 3 & 81 ey 3 §ATeT 39 (frequency) T
T ScUeet el 81 A AL A T3 (weberian ossicles) ATH BIET TN T Teh Sl SART HeFIerd I
TR T ST &1 da 31TEUehrd g2 4 (F3f) 5) &5 HARTHAT & FeAR 3y T8 g1t &1
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(B) ﬂ?fqﬁﬁ (In tetrapods)

AJSITET & Teh HEF FHOTTET 3R 375 Sich &1 36 Feud Sicgel 3iRH (columella aures) a1 IS (stapes) AT
Ueh 0T JTEYHT Eafel-aal 1 AMeT HUTICE FHell A HU-HFYE & 3SR 2 (fenestra ovalis) 1 T&TRT FA B
UTFANEH # Teh ST FHolerel A1 STed HUighed (external auditory meatus) #ff faeh A g1 STTaT &1 HesTeral 1 St
IHIIRT 7 FIFAI AFF IR a7 1 1 3TT FATHRAT 7 Tg 3T AT QR TF FiiFasr arfgetr
(cochlearduct) IATAT & {3 HIET & 31T (organ of Corti) ATHS TREATIH ITEN TIIAT BT § | TAALTRIT T sigoT

3UFHIOT HA: FAIA W] Hcded SAeel BT 8| FlfFersn arfge Fferehr SHafere giat it A,
afg:#oT (auricle) AT HOTIITA (pinna) AATHH Tk ITET ToolT Eafa-alan s T # R aar
81 Tohel HlcTHAT & T W FAALIRAT & HET FHUIET & HR-GR -fs7e3 a1 Afod (malleus),
FYOT AT 3erd (incus) 3 THTE AT TUISA (stapes) Bl &1 @

; >\/S 2

$ N
5 s )
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Chordate Adaptations : Scales & Fins

vt & 9K - (TYPES OF FINS)

ASTA! 39 9@ F Rl § S HaX ¥ oot gaRT Addiead, cadl & ddol g dis Joel &1 ket 17y,
SIS, T 37T 9l el §1

vl AT & Tw WeT Y WHER F @A ¢ : (i) IYTAT Aftas 9@, 9T (2) IFAT 9Rd Tw|

1. 3YFAT AEIS 9@ (Unpaired median fins) : S HET-J5 I@T o ATA-ATY 1 AT 2 §85-9F (dorsal fins), I[er

1 fo¥ete (3raeent) & I Tk HER I[e1-9 (anal fin), JUT 96 & Y % IRY &% v 7e6-99 (caudal fin) afFafaa
1 I55-UG U e A T FATAI AT AU gl 1 I[ET-9 fardhy w7 § qel-arfat # srepafPaa gt aar g

2. IFAT URE T (Paired lateral fins) : S8 3T &1 AR IW-9G (pectoral fins) TAT f& & 3T shfor-aw
(pelvic fins) TFATAT &I |

q@Y & 3991 (Uses of fins) : %

o AT HEAT: IS TUT o598 T U1ed T2t gaRT T & IRArel I+7 (steering
device) T feehiard=eh (rudder) & &9 & Y& gIa &

. aﬁﬁﬁwmﬁgﬁaawé

2

e

. %(mmoras} # 3T 753-9d 8 T Ueh 371851 [ (adhesive disc) AT I9e (sucker) SATT 21
o % AfAECE A a[er-9@ U LM 379 (intromittent organ) AT 3UsA&Td (ovipositor) &=TdT &1
go5-9dl 41 Y81 & ¥&R (Types of Caudal Fins or Tails)

Jiftreier ABToral & Yoo-u@ rahfAd gidT § e I THT ATl & 3131 6T R wAieT (propulsion) I & fordr
Ig Teh Hgcaqol FEre gl

waforat & e 9@ TR A I8 1 72599 IR 914 ¢ : gfawaarte, Ryerarfer aur werarfer (R 4)1

1. AT (Diphycercal) : 3cded e TR HT Y& I JTo-I9 gfaaaariel (diphus = double, ET8T) 31T
JrezaTfer AT derdhe J=& (protocercal : protos = first or primary, FU# AT YrfA) FHgerrar g1 gg 1t shfaa
Froforal gart wafdia @ ganl

FATh-E3 NS IS & Y Toh oot T@ I FATAT TUT FATET & IS5 I7 3RS (epichordal) T 3ER 7
3RS (hypochordal) drferat 3 faemfsre e g1
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YT AFFARCIFH, ST AR, grendbens (F3RRT) Shfaa Beag (pepa-aia), shfaa wrare RS,

(AfeARE), 3@ SfrsNTcH At TRET FEEATHT TUT TG WER A HAoladl F gfaaafa gea-g@ grar S g
o ARARET T Reea derbeew d grase Aitas wif wfed o BRI (unique), FAE, 3-aTfagea
o e
o FIFHAN TUTFS e FHZARN ABTordl # Joi-9@ FHUI (isocercal; Gr., iso = equal, SRTSR) FHEelldl §
S R 3cTed oo aUT GATAT gt 8

2. fawsaifer (Heterocercal) : I Ueh ATEATAS bR g T HA¥h-5U8 FU 1
% TR e TE T &1 30 YR Jo0-U 1 TISC T W IW@AR (Gr, heter

Tg 3MYfeteh elasmobranchs, fae[ed HEE3MeI™s (osteolepid)
faeqed f3oAlsed (3eT. 315%ex, Dipterus) Jam shfad

(typical) &1 @
Ryt geo-aw seR-A@ are qur @_‘:’%ﬂ FeEad < tom feeders) #r fardhwar ¥ R q#7g

Hﬁma@fw—mﬁ%m(s Y ot fr gl

epichordal lobe

large
W ventral
fin lobe
hypochordal lobe median lobe
PROTOCERCAL OR DIPHYCERCAL MODIFIED HETEROCERCAL HYPOCERCAL
cyclostomes, primitive sharks, lungfishes, DIPHYCERCAL modern sharks Cypselurus

deep sea fishes and some larval fishes Latimeria Polyodon, Acipenser

urostyle dorsal vertebral column _
ﬂ lobe neural spines urostyle
vertebral +
axis

ISOCERCAL Chimaera

vertebral

YRS
m’ N column
—\ N D urostyle
hypurals ventral %
lobe
salmon tuna haemal spines
most teleost fishes Lepidosteus and Amia Polypterus Fieraspis
HOMO CERCAL ABBREVIATED HOMOCERCAL GEPHYROCER

i wefdl # A= yor @ §5 SR gTE )

Ig 33141 (flying fish) Exocoetus, & Ted ABTAl auT 3iEeHIsew $ faflrsear g1 srdenga a3t sremarfar
351-H1eT (RITdey®) Y 51 &Y Bise & fador (glidings) F o 3rfRaee 397 wIod Feet # W L 8

3. gAUTfer (Homocercal) : Ig 37311 (advanced) 2T 31 ATHATT YR & (Gr., homos = common, alike, TAT,
TA®T) TuT Afwier 3T Aty Afaat (Afasivew) i @frsear g
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Ig 91E §I A FATAT R HTARF §T A IJFATAT 1l 81 $0 IR # 7T goa-uifer AT 3ifeol+ (epichordal)
HATCT &1 AT 81

ASfadl & ed (SCALES OF FISHES)

o 3ol HATTHAT H RN T ST Hhaleld AT &1 TR & Aehl GaRT ATH g & : =+l ar viisaa
(epidermal) 2T THTT T 33T (dermal)|

o TRt oo TR & HAeTdeN T o YT (comified) Fcuwa &1 Tg TUCT HATFRT S TeTBed,
aferat qr Edfaat & glasad gid &
o THNT Aol FI ScUTT FAHISHT H 8IdT § T T ASTIAT H [0 F7 & fgofad g €1

Fofarat & ufa yaR & adfer aew ggame 12 § : FieATss, lwiss, Aaigs, wsFdiss qur A«iss
1. FIEATFS AeH (Cosmoid scales) : Fg Sfad FSodl & 7 I S| Tg $S HELHISHA, TolprsAE
faeqed AR RiSTa=a (@utfer 9f@a aur $opa Hoforl) & fafRise oeor €|

2. ToloigE e (Placoid scales) : Ig ddel elasmobranchs A@foral & fafrsear §

& g & 4 v MR AT TSRV (Thomboidal) TR Toie 4, fred
EIAT g1 TelhIgs e cadr H IIH-UTH fhe gl S U LIHATS % AT

3. 3z oo+ (Ganoid scales) : AT A 3 i = ’l

4. AT3F eSS Ao (Cycloid scales) :
@3t gant RAfgad (marked)

Ig TR PROET 8 » HISeheTss Aoeh Hopd- 3T (V) dor e afennsineg s
FTT (carps), 15 c 'trmfrsnﬁ%‘l

<
n0|d scales) : Jg %‘r & 3= ATNTERTT S U<, TeIfther 3nfe &1 fafrsear £

Feleh HATANE (exposed) FAAT TRT HIAT, ST HROIAT LT 81, T FHET BIC FHHET oI ald AT el
(Gr., ctenos = comb, ET) g1 &1

o+ WEFAISE TY EAISs Aokl F AT & Aeaffw ywR o Ao §1 Fo Fsfad, S FoEesd
(flounders), 7 ST TR & Aok, TSI 1SS Aeeh TAUT HTAYSERT AISFAISS Aeeh Bl el & |

: YT 3 Tehfoeie (concentric) g&fer
& 31T FT TN T ST Tl &1

ol & T=aX (Modifications of scales) :
o TO HOIAA! QUi LToeh-fagieT AT 7191 gicll €, S eReeY (sefFear ) aur sreres A1 (catfishes)
o Fo Asfadl (FRT) # T8 T (localized) &1 ST 81

o Tol-ieT (EQSTA) TUT AE-AT (SRNST) & oo T3-I3 FRATcHS el A TARTAT gt & HROT Sofeh!
TRTEAT 3ched g g g1
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o IRT-FHieT (RAReH) & e AECH TR U1 AT aTel Gl Tolhiss Aeehl GaRT §7 &I ¢ |
o TSl IT AR AT (VERTSAT) H THET Tolhigs Acdh FAlH-HYON (gill rakers) F FATART & I §

basal median spine peg concentric ’ ‘proximal or canal
plate B lines of = anterior basal end opened
: growt ;
! circulae
flange il annual rings
J . nucleus Al sensory organ
backwardly directed spines :
. distal or i

S posterior free end

lateral line

melanocytes
b canal

PLACOID
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dYeT (RESPIRATION)

aHe Seg3ii o ford Teh 3raedeh Sifash fopar &1 ea@ie & 3ecald Sie STedl ardTeror & 3iferdstel Fg0T id 81

o oot MRIRT3 & Wreg gerit T SHTFHIOT ek Foll Herel el & | $H HTFHIRIOT & hoReasy HaIS3Fass
T Bl €1 38 TR O2 T CO2 &1 HTETA-5IET &1l

o Sleg3l & AR TS A STl & Tgel & WY-HY qTeA ded H 3 Sfeerar e &1

o TR STl 3hRATH! H O T CO2 FT T eled Sel I AR T HAg & <1 BT & | 37oAeh STeld e 31T 7 02 CO2
& 3TTeTT-SIeTe & oy faQy o=y Helg 1 faehra & SirdT 8 S Rt & SRTafEa, die, Jferar @ argen # few, arr
Ao 7 affier frew anfe |

. Wmﬁwﬁmmm%lW%W%ﬁmm#mamﬁWWWﬁwgm
hBTRTT F QEHe T AT 33T ThR & fonal ST Fehel &

|. ATYRYT &g "g (General body surface)

mm$ﬂmwaﬁﬁmaﬁ%|ugm%mmﬁﬁamm%l Wa:rmaﬂr-ﬁ’s‘lm
ﬁgﬁozmaﬁrm%acozwm%mm%

(i) qgahm#am (Respiration in Eugleno) - = %l FHH T TR T AT TAE GaRT &1l
gl

CRTSHTAIHAT 3 ST defeaeh (Pellicle) T TaRUL AT | dzfeeier § &1 STel: O2 TaEROT GanT $ieR TgUT AT T ST & |
T & HTFEHIUT GaRT 2R # CO, 3¢ | XHT AT AT & # 38 CO T 39U ThTer HIAOT
F g1 e €1 319 7 CO. famoT & U ICIES

(if) v 3 eawa (Rasplration in Neries) b wgra o #1 5wt sawer & ok afiee sior e i

TcTell Bl &1 SHA T HiRIhT3iT T SiTefeh TIAT SATCT & | STel & gell Oz
Cp et | @ErR ToRReT ZaRT & d A Igd SATell 1 8 T H GATaliee Collea T # giord 3w # arly Sl §| fasaiest
RTHATT FUTEh & | FHT T & O 1 IRTgH grdT &1 SEfRT T IFd FHIAHIHT GaRT CO2 T AT 3 faEoT garT & S 81
(b) SRTAF3AT Z@RT (Through Parapodia) - T 7 TUst & 1t 7 3rfagefer & & 7 Srafsar a2 s1ret €1 ge1et o Tohe TR
SATeTeh 91T AT & | 8 SATeieh gaRT O2 § CO2 T JTETA-SeT faaRoT ZarT g 8 |

(iii) TET3ART 3 2a8= (Respiration in hirudinaria) -| st ¥ RfRrse sR & @t 31t 1 373a gy &1

o AT & wTue 37T Fr 1Y FF AT E

o cEfafa & sl Amr F SN ga 1 ToRoT 9T STar €1 IFES g FIae SISHTFHISS HT ST TeTeT
ST qanT 8ar &1 56 S & Thel FadTasT & ol T &l 1H FelT @11 3923 ala ¢ | TRI 3N 91T Sifet arelr
SToT 8 FH Sl TWel H FETIAT Al & F LISH (Mucous) T T s glel & AehelT £

o 3iferdirstet s AREROT F & ford Sreen A ga & gfoa sraear 7 frateen S arar ST

(iv) aRT AGEN & THIT FAF 41 Brer (Dermal branchiae or gills of Asterias)-sfa frer 7@ @ a
FUHY Tl alel 9 I ST 1 g el (Papulae) T &gl ST € | I8 ol 2R a6 foiehel Wt &, Toiee weiia &g (Dermal
pores)ﬁ%lmmﬁw,mﬁ,aﬁ@ﬂﬁﬁﬁmg | T el & g1 a8t g e’ a1fa ) T8 &1 594 It ey
ATl IgT Hrelal 7 & HTatieT 8| I8 a8 I ScHolel T hrd F ¢ |
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Tubercle or spine

Dermal branchiae or papulae

e i : A Pedicellariae
—wgz’r aw % irrsﬁﬁﬁané K|
(v) 9TeT & 298 (Respiration in Prawn) -lﬁﬂﬁtm‘rmae i |3ﬂ¢aaﬂ?ra-=r:ﬁrﬁm3m

Ay ST &
(1) FelrATaRe g RIeaXa (Branchiostegites) %%
(2) FAH (Gills) @@
(3) vddiETsT (Epipodites) %

stedgites

s

T farer #153 (gill chamber) 9T SATAT &
#H #fradr Srar wRfAWT (Epimeron) gart
He arar ¢ | sfemar-rdemses &1 $iady TR Beaag giar g I8

ool T Wd qWNT Wdg (respiratory surface) I ag FT
o STt Bl § | Sifef STef 31 Ee g3 HTareiiteT a1 SriaT el €1

Heart

iy .

/Y, 1\
R W\ Carapace
Hepatopancreas S Extensor Muscles

Flexor Muscles Midgut

Epimeron Efferent Branchial
Channel
Gill-Chamber Gill-Cover

Ventral Thoracic Afferent Branchial

Ganglionic Mass

Gills
ndophragm
Nerve to Leg z
Ventral Sinus
,
Arthrodial e Thoracic Leg .
Membrane entral Thoracic |i:%

Artery ; Artery to Leg

fam m%maam%w@nmm
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(2) vdiEIsE (Epipodites) - et & cfieT ST vdidisTse 9 S11d &1 I8 it et Hededisy & shierdr 6T aed Idg | fud
g &1 I8 ool & TE, TS Tagaig reATaRoly yay §| Tg el Frsat & 317 A7 F TheEAUEe & A g aa €
TiAISTEe W Y JTrESTeT & ShTel-STS-31TeFHTSS T 3TeTe YaTeT alaT &1

Bred (Gills) - I3 3R & 17 FIvs 7 8 ey 9 S &, 37 YR Uil & 31716 shar fFrew g a7 €1 Pemats &t gest )

el 7 Frew & fers & €1

firew & 9K (Types of gills) - RIew &I Forerer Toe a 3cdfer & MR R et Aot # guffera fomar sirar &
(1) Ar8rsi==h (podobranch)
(2) 3mafse (Arthrobranch)
(3) TeRTsi=ah (pleurobranch)

[N

(1) 9E18=F (Podobranch) - T&T FTer Si 34T & HTFAT (coxa) W S T@d &, 58
ﬁa@@%#m@rmwwwmmmﬁmﬁm u: ‘

(2) 3m2ide=s (Arthrobranch) - wwmaﬁﬁgﬁaﬁraﬁum rane) T 9 ST arel [31er 1 3T
FEd &1 TE iy Aeeiiehds ox ar ST &1 v HeE ot ey ’
(3) “qXe=F (Pleurobranch)- Ig d&7 & qred & U
Tefel 3T JeFel TUST T U ST § | FoTehl TET 5

farer ¥ (Branchial formula) -- 93 %Wmm ANETEEH\E FIeH 1 Teh HF o &9 H eheFd T ST TeheT 8,
39 afeFHaer ¥ (Branchial fo mula)

39197 (walking legs) 518 T&d &1 Ig 9UH T grad ST

kl'-|'-|ISI$C ST T

Epipodite Total

(Appe (Epip ) branch) (Pleuro- ( )
branch)

1. ‘;{WIHIS - - - 1
(First Maxillepede)

2. g A 1 1 - - 2
(Second maxillepede)

3. g TS 1 - 2 - 3
(Third maxillepede)

4. TYH eI T - - - 1 1
(I walking leg)

5. RN Tofel 3T - - - 1 1
(I walking leg)

6. el o 39T - - - 1 1
(Il walking leg)

7. Iqd TTefel 3UTT - - - 1 1

(IV walking leg)

8. digar el 39T - - - 1 1
(V walking leg)
7T (Total) 3 1 2 5 11
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Ad (Competence)

it MU 7 gEdr soitTr FRAFI3HT F F1E TG T & forw AR FI i averan g ¢

90T induction & T3S & & W 38TT ST Hohd &

1. &1 & inducer &X 38T Fde T IET TITAT 911 & [T IRT a1 872
2.wmwmmﬁﬁr&a%mﬁwmaﬁﬁh—zﬁ*a@m@rmﬁmﬁamwaﬂaﬁ
gfadiaer 3787 &1 9T & ATTATT?

ATt & AT 3T o6 vy 57 PIAPT X 5 T IRVT A6} FX 71l 21 T aepr Tt farfRrse shifRrent wwaqg # or
HTA A &TAAT Il § 3 TR el fafdrse wifrmsit & IR gier dr aterar gt §1

1Y &Y 3UGeFcl GHY [ehel STt TR FET HIAHT AT 3T HAferam TR AL &1 arelt §1 I1fed 90T & i 3 Fersh 87
ot goer senifaa ¢ @t 2

gAY oregl # W F ufa FE A TR Fa & Fagereiiar a1 =i giar ¥ i ag sit frdt faflrse wormafy &
L

3101 1 39 fafrsear &1 af$ees (C.H. Waddington, 1905-1975) ¥ 1932 3 Hif@aesH (Competence) AT faT|
T IHR S Ik 3 IR e T &TA7aT gl & 3 &) 31afha Fas 7§ IRT QS A aered g ¥ afg g agrar
ag AR ot ST Q1T | 56 YehIR 10T & oY a17eT Y AR BT Hebel b1 &THAT AIoHLA Fgellcll §(Competence is the
ability of a part of the embryo to be induced)|

qaY areal 7 T Ui A Y a8 FIGHIT IaedT § S 33 el o= 3¢ @atlvestlmulus or
|nduct|on)$qﬁrﬁﬁvcma;mmﬁmaﬂﬁﬁmm%l

Organizer) =13 f&aT|
o TS YA A YRTFHS drgar srarar @ D

Blastula

Early Gastrula E

Mid Gastrula i 3
Late Gastrula | fooons
Neurula 3
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fa_DORSAL LIP amere #Y syor &t fafdreer srawansit & afaifia st ox wrea 901 abarar &t wefiia aar |

1. Ife wRfFsra degar & f@Tel DORSAL LIP &I &R a7 sa¥gel (blastula) 3raeaT & 8701 7 wfaifa &
far ST A« st qeea #E Rdieer e 2T S e §1 T fadveer W oo A qsht S Siwan ¢ or@ 7@ dvgan
AT TH TG STl ¢

= YT ¥ g TISC 8T ¢ foh WRoT FAT WX el vah aftwean §1 53 #Ror gy (Lovtrup, 1974) & ifdrsrait

& ey A e A e srawanat & sier

(i) I 99 37aEAT (Precompetence stage of cell)

(ii) \T 319TAT (Competence stage)

(iiii) FTAYER 37GEAT (Post competence stage)

IPRIFT JUI & YR I T8 [Ty g1 AehoraTr anfew fn

1. ezl IEEAT & I Wt UHR Y FIAFIIHT A AT o1 & forw FATCT B SAel ¥ WA +° wew
e [afArse O & dwast # & cuaa fFar SiTdn §1 IR IoTH TrafHe G9ros & Tegdl H ¢ | Ig HISH
AP 40T e § e SR FE P W w e A (gi,@etence) g1 ST
2l

1. 3H YR e AT & §1G T T THeIsH &l AL LIP & 9fa ddeeTefier 7T
Tl § We 366 TO 3T Fadhi AT PR 4 ¥ & i gfaferar s &1 g

S 81 ST ¥ (S TEe A o 3R T G e o AT <)
2R () wreTeat @ Sl 8) aferer wrd vee Ad aRe e

, %\T % WOT & 0T gfeeHT (Ear Vesicle)
pidermis) fa&fe & Tard &1

$r fafRrse AT & 90T & Ui 9=

afSaeaT & ST Y TP 7 Qe & o 7
I O @ § & 38 YeR A€y ey
FFEAAA: HOUT & G §9 § IRaftd &t #
HEIIAT T AT 0T o Fclh HET /I e h SO &
foT Hacelier W ar arareRoiiy ROl A1 36
3raTATT IRFEATAT & FRoT fahaat 8 10T 3rad e
IRadeT wET|

FREFHT & ATy F1 T & g RS
AusErT A yefid e & foae it v
I T WG 9N Foa oh FHT ST I=T 8
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1. SHBT ATTAT AT o U ST PITRARIIT ol fordl Teh AT 9T AR Fled (&helet) T T F & 1 Teh IR ol
Teh HTET & gohel W S o bl ARG 2Tt TR ST 81 Sehall 3T YR Teh IR IR0T & 9319 & Teh
PRI fordll T &9 &l ITee oXeh &1 @M | 37k AR 56 AR W U a1 51 & a6 38 [T e
e ShT TEHTGAT T 81 STl § (e SHb IS 3T Yo besTdt d Fellfaidar & EATAT 7 gl |

2. 3T T FI AT FT TS PABC ToT: HAT-3HAT AR (I12F 9RoT F) W sl §f wavet § aur 590 wR
AT Fa fafderar t@e arar spor - fafaer sifRraai gaa 8 smar 8

3. $H THR AT TacagsH AT al HISSH AT TesISH AT dfeaehiT HAahr3T 7 faanfed gt @ &

4. WO & foar g 3T SRt (Epidermal Cells) & deael (Ife A TS Sde 398 gl
UgHe HIRAATE Ga: e, FHofgfeent 3nfer el ver At o fasifea & weheh §1

5. affvedt & ITER W Ygrd ot 3ifaflree (Nonspecific) BaT ¥ Weq 38 faflreedr (Specificity) Hifrhrr
Fred A FAereh ¥1 st 3 o @ v T R 39 SRR & WA UF 3T qaTe ROT Y Hehel §
Trfer Sen aifaferse gia § e argfonan faftse Rl & aeiieh 1 56 g IR 1t el ifRrer a6t
gramfaa Awif & A R v ARt W gdhear B

TS & o1 IR Igare ST Tohd -

(a) AT fafdrse @ErLd (Cell -Specific Competence) - I 15 fafrse ifrer el o 9 eI forar
EETT AT FIRAFTT AST A 38 FAepT FATRISC ALY Fgd & -

(b) 3ra¥yT fafArse ALY (Stage-Specific Competence) - 5§ 1 e fafrse yoi sraear
9T &1 9T &Y Y 38 rarr-fafdse areed #ga £

(c) shfa-fafarse @mere (Species-Specific Compet@ ST fay T FRARTE 9 Tha & ufa fpar

gty § aY sifa-faferse @ s 1 o
<

< O
@éﬁ@@%@ >
P

Aadhar Institute, 27, kisaan Marg, Tonk Road, Jaipur Phone: 9314503070 [42]
in case of any doubt WhatsApp us at 9314503070



RPSC College Lect.-Zoology- Paper-I [UNIT-4] Developmental Biology

et ZTgafiTr (Rana tigrina) 3 STefel il AlTEe AT a1 F # Jos A FHawa” o TS &1

STefe] el oh GRTeT 7k Haeh & 33 e, I HY+ Iefedr (copulatory pads ST S | 6 g 7Y HI HIEl
1 S I ofe ST & | Haeh & HYHAT 3797 (copulatory organs) el TR & HY T Tz Ay

(pseudocopulation or Amplexus) Fgd &1 O
ST HTET T aTeh IV GaRT Eafel 3cosT Hh <&

X d ATET SaRT Teh HIY Tl (ejaculation &T9UT (oviposition) @
] |
. <

IS & Teh Tl H 3000-4000
=e-f@eT 81y &1 I8 1000 & 10,000 & Brar &

reteh & TIAROT % JTUR 0 - Temeer dieeht
Had oh ATYR T - 31T
IR F YR W - AU

2. f9= (Fertilization)

#Haah Uah 37USH (oviparous) WTOfT § @ 3T aTed faS=e (external fertilization) 9T ST &1

SHH AT 3TUSTEROT & &9 A Sell g1t STl §, 36 araisye sTed oS orar S €, aifeh o] Siell & fofat o gd
2 R T &Y ST §1

ST & IRF H 30T SfadIY 3ATSe HTEAT H 91T AT 2

YSHTO] HhT ¢a (Animal pole) & HIaT Farer e &1

9eeT T W 0T FONHTT o EHT0] & TTe-ATe AT T FA §, $Y e 71T FIST s &ar ¥

forSreret o Tt |fshar ¢a 1 3 fagarw 3@ (equator line) TR Teh gooh 3 3T 1 To1aAT ahT faToT gl & fordr 3 fovdioe
(Gray crescent) Fgd &1 $H 1T SaRT HTIST H e T (blastopore) & Y& 37153 (dorsal lip) T THHATOT grar & ST 3mY
Tolht HIEISH g Actenls T FaATor e §

VEGETAL

ot % et oot o Tread e §

(i) dreR Treoll T 3R 3641 & 3708 &I gUT (Lifting of vitelline membrane and rotation of egg)
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RPSC College Lect.-Zoology- Paper-I [UNIT-4] Developmental Biology
(ii) ot il &1 fRHTOT (formation of fertilization membrane)

(iii) aRwreraet faemmaTet &7 ot g1 (completition of maturation division)

(iv) 3STATAHOT (amphimixis)
(v) gfaured FAATT T TUT9=T (Bilateral symmetrization)

3. fagersT (Cleavage)

o ¥ae H T ¥l 1A fagere (holoblastic unequal division) STIT ST &
o  Hawm H |19 facee GHAE 1 § 9 5T 91 3TTATT [dcolsl IRFH & ol &
o YA e e & ST 21 HUe 16 YE g gl

i feem | feemaw g {é> <t
T ‘
&)

<

1 |Ist Yaifes wq@m o2
(Meridio < %‘

2. |lInd @ wmﬁm%@és
MEridional) 8

3. mras

yﬁ%@iﬁn m(Vert M 32

.|V (EEd) Iv fagem 15-20

(Lattltudmal) e I

o VTV e @i algt (double) B0 &1

o Il FoEE Wi & horeadd A ¢a #1 3] Y HReh (micromeres) d 3T 4d 1 T & R (megamere) F fA#ToT
B ST gl

o V3 fagee & ae e 3ifafad g Sird &1 Sgshien 1 3K
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4. R (Blastula)

o Tl ST # FHEST (morula) 3T 3URET Bl 81

o FRH U W 31g & GATA ThT &1 $HH I S el T[T 1 ek T (blasto coel) Fee §1 T8 6T Hihd a1 3K
gt ST &1

o Hah & PR P TFHIeAECAT (amphiblastula) FEd g1

5. Fegehel AT AEcansrad (Gastrulation)

o Fogwa # e E IRade @ §
(i) TR faehTe fcat gaRT aftet Stefel Eer o1 fAAoT ghar & o g 3o feiRa wemet o) oga Sl 21
(i) TS (archenteron) [T & AT g 21
(iii) SR T[ET AT faeiTt gF ST &1
(iv) Srezemsrast & SRt st Tae fasre aifa arehr el €

!
v v
REATTE FATRIRY
(Epiboly) (Involution)
Y
v v
IR Ay
(Invagination) (Involution)

(i) 3TEARIEOT (Epiboly)

. Hﬁv‘q?ﬁqw(micromeres)ﬁmmm%mwwm?ﬁﬁﬁmﬁl 9 T Fl
IEARIGUT (epiboly) e &1
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o TYHNE AT T TFISH §| $H THR UFEISH HCARIEOT ZaNT FT 30T H1 e orell 1

CHORDA
MESODERM

o g HITRAHT B &Y T T A &

(ii) 37=ddele (Invagination)

o USRI 3R g IR TEIe TR FIRIAT HIeT i 3R G ool 81

o Y TEATe (archenteron) 3T fAHTOT 3IRFH & SATAT ST & | AT o F8T &lel o TRLATIHRP I[aT BICT gl Sl 8 I
37 # fae[ed g1 el &

o RFegIe TUSISH GaRT HEART &Il & | $8H AT Fr HERATS 2

(iii) SeTareg2reT (Involution)

o HeH A Heddole & HIY-AIY FoAalog2reT el AT (FREHEISH) T FASHT FIAHIT Feled
(rolling) T& e sl & rfRvArait & a1fg & 7g =8 & gt $TTc oaer e 37947 & o adel
(rolling) & oIt &1 @

fa—24.5 FagYW

o Sofdlcyee H &l =0T I ST §-31TAETT (convergence) 3TTERTT (divergence)

. mammﬁﬂﬂ%mﬁ?ﬁﬁwwmmm(convergence)WT—!T%IﬁTcF
Wﬁmwmﬂﬁﬁﬂmwgﬁ:mﬁ{ﬂ?@{{mm%l@W(convergence)ﬂ%ﬁ%‘l

o FNE @Y F I3 TS (dorosal lip) T Tge FRSTHEISH HIFAHIT THAT gl § T SeTalog2let GarT Hia) Jaer e
1A (archenteron) T fAATOT T E |

o HREF WY F HR F U R HESH FIRAAT Ui el & S gevateg et g Siiaw vaer T S 1
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difficult to figure out the restriction map. By randomly breaking it into smaller fragments and mapping
those, a master restriction map could be deduced.

24. Shotgun sequencing: T& larger DNA fragment @ sequence &I IdT o1 Sl & | 394 larger fragment &1
sequenced clone far Sar & fR smaller clone @1 sequencing @ ST 8 | S S8 & UaT &x& oT8t subclone
overlap &=d £, larger piece @ sequence TaT @ @ Il & | Note that some of the regions will get sequenced
several times just by chance.

25. Solution hybridization: 7) method RNase protection <1 81 8 | 36 method =1 RNA @ complex population
# EK specific mRNA species & level Tar o= Siram 2 | s9+ i specific radiolabelled probe @1 RNA % hybridize
FHRamET S 7 | fiR single-strand specific nuclease enzyme &7 U3 #xa 99 gV unhybridized probe 3ik RNA
Pl WA P faar S 21 fR protected probe &1 35 mixture ¥ 31T &) forir Sar & fx i radioactivity ferd
g d@ mRNA @ amount & sXTeR €Kil € | U8 9gd sensitive detection method & |

26. Stringency: TIE term hybridization @ Reftr &1 avi= #=ar € 1 399 Rafoar aRafiia #=@ (salt concentration iR
temperature vary @) probe &1 39& 316 complement & hybridize w=arar wiar 2 | Temperature increase
PRSP AT salt concentration decrease #x= W hybridization reaction @7 selectiyi
stringency aREdT Jet 2|

27. Transfection: s59@ gRTexperimental DNA @I cultured mammalian cellsd
coding sequences 3R control regions (promoters, etc)
TN J&T: a’s’maﬂﬁzﬁﬁmﬁmwéﬁswcloned

IR & 27
28. Transient transfection: Cultured cells ﬁl 2 3 days T& 98 $& Thdl & g9 dI§ I GH &I
ST ® 1 59 2-3 feAi 9 DNA funct|onal ure ¥ 39 &< functional gene express @ WM BT &
Investigators take advantage of th} tran pression peri test gene function.
% FI part “upstream” FE 8 A
5 Bl show #=aT 21 DNA # % situation

duplicate gram 2| g¥ifew 5’ to 3’ ends
enome # 2 adjacent genes 3T T—3TelT strands T

4N opposite dlr@\o ' GE
Upstream \>\/<y - Downstream
5 end 3 end
[
3 end $ 5 end
Downstream Upstream

30. Western blot: & particular type @ protein @1 size, presence, abundance 7ar &=+ & method. I8 Southern
a7 Northern blotting St 81T &, @ifés g (1) acrylamide gel W= protein mixture electrophoresed @=ara Sirat
2, 3k (2) antibody, "probe" & @R W use &I ST &, ST radioactive secondary probe (S & 12°I-protein A)
g1 follow &1 ol & |

SOUTHERN HYBRIDIZATION

39 technique &1 A9 3@ inventor, E.M. Southern & = ¥, derive f&ar T &:

e DNA-DNA hybridization S @& 3maR =1 2| I8 Southern blotting it Fgamar & «@ifd gel &
nitrocellulose filter &8 DNA & transfer @ ufsari blotting & w9+ 8Kkt & |
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g technique RNA (northern blotting) iR proteins analysis (western blotting) @ fog extend @1 7 ¥ |
J 9 Pad I&old 8, i.e., Southern &7 reverse, northern 9 ST ¥ @R f-r historical a1 functional
significance @I reflect =&l & |

Southern hybridization # 31T 16T sizes & fragments Y@ aral DNA sample &1 polyacrylamide =
agarose gel & 79T 4 electrophoresis & 3&fis fasar ST @ | Fragments generate @<+ @ forg DNA sample
%I mechanical shearing 3 restriction endonuclease digestion faram Tar 2|

Agarose gel ©B hundred & 20 kb @& @ size & DNA fragments &1 31T &= & fow Iuarft 2, rafs
polyacrylamide smaller fragments @ forg u=i=s fdam Sam @ 1 1000-2000 kb & & 98d long DNA fragments
®I pulsed electrical field @ field inversion gRT agarose gel # separate f&ar rar ¥

SO

stack of paper towels remove nitrocellulose
a paper with tightly bound DNA
©

nitrocellulose
paper

A} unlabeled DNA
cut with a P
restriction 5
nuclease A&~

B)

labeled DNA
of known sizes as
size markers
agarose
gel
DNA FRAGMENTS SEPARATED SEPARATED DNA FRAGMENTS BLOTTED
BY AGAROSE GEL ELECTROPHORESIS ONTO NITROCELLULOSE PAPER

in buffer

¢ N/ 1abeled
DNA probe

LABELED DNA PROBE HYBRIDIZED

O COMPLEMENTARY DNA BANDS
SUALIZED BY AUTORADIOGRAPHY
® positions
of

|

\

9'Iabi:llucl
labeled bands

markers

Gel polymeric molecules @ t& complex network Sueier axar g frd@ gRT DNA fragments ity a=ar 2,
g I@! size W AR F=AT1 T ok U electric field # g1 & @if DNA molecules negatively charged 8 2|
Smaller DNA molecules, larger ones & gaHicid w0 | o1 T 3R 2 |

Known size & marker DNA fragments T® separate lane # SS” 9d 8, I8 interpolation §RT unknown
DNA & size & A& feRT BT T=1q ot 2 |

Gels 37 intercalating dye ethidium bromide ¥ stain far Smar & S UV light T gel @ illumination ™

visible fluorescence <dT &, 39 dye @& WIRT | U& band % &% A &7 0.05 pug DNA @1 Y detect far S daar
g

Ig approach SUArfl & 19 e o as @ §w DNA fragments @1 gords fham Srar € SR steae+ fasar Sirar 2 |
g approach T& single DNA molecule @& closed circular (supercoiled), nicked (relaxed) =T linear
configurations @1 ¥ gI& o AT 2 |

P situations ¥, T sample # DNA fragments &1 ITd &1 iR UgaT™ &A1 BfSH 8IaT &, S <1 773 DNA sequence &
fore complementary ® e.g., U # f& A transgenics # gene & SuReIf &1 goiv @ fow, RFLP (restriction fragment
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length polymorphism) &1 =@ @&=71 & faQ etc. I8 Southern hybridization & grT Ut far siman g, Sist FriferRaa
steps fa o 2 -

1. Agarose gel # Suferd DNA & restriction fragments (electrophoresis @ €15) @ alkali treatment @& gRT single-
stranded form ¥ denature f&ar SITam 21
2. fix 52 & nitrocellulose filter membrane W transfer f&ar mar 8; 98 wa buffer & saturated filter paper w®
gel &1 Rerd #=a fdrar omar &, v gel & ¥fif wR nitrocellulose filter membrane &1 @1 e 8 8 eraa: g9
membrane W §© dry filter papers %% St 2 | Capillary action & &RoT buffer bottom filter paper & gel & gRT
move &Rl & 3R gel # SuRerd denatured DNA &7 30+ 11 of <Tam 8; DNA nitrocellulose membrane % w3
ST 8, S 8 buffer 39 gRT oRar 1 9 kAT A1 blotting @ET iram ® iR u® Ui B H #E € ofr 2|
Membrane = bands @' smer Rerfian gel @ @vg €1 81l ® 3R resolution (sharpness) &1 minimal loss 8T & |
3. Blotting stack ¥ 1@ nitrocellulose membrane ge1 &3 ST € 3k membrane &1 in vacua (m‘rﬁ frafa # ) 802C R
bake wx® DNA &1 permanently immobilize frar mar & |
4. Nitrocellulose filter membrane & 31U single-stranded DNA high affinity <=aar ét\%'%
RNA # =&l 8Kt 2). safery baked membrane @1 T solution & ¥Tef trea
artificial polymer), poly-vinyl-pyrrolidone 3R bovine serum a 2% &l §; 39 mixture &I

f& g% affinity
icoll (sucrose &1 Ud

JTRIR T 3T nucleic acid @ A supplement f&am Siram 8, o t { ment). I8 treatment radioactive
probe #1 nonspecific binding @I prevent &=dr & (ST next st (T STTOeTT) probably membrane @7 s+t
free binding sites ™8 macromolecules &I SiIg {3 7aT mixture hybridization reaction % JaRfRG
BT 2

5. Pretreated membrane @1 T& U sol i , single-stranded DNA a1 U&

oligodeoxynucleotide (v& DNA seﬁé};ﬁ%ﬂ nucleotides 3 v@gar 8) =4 probe wer S
g, ¥@dr & | Name probe 75 DNA molecu ane ¥ W DNA fragment &1 detect
3R identify &3 @ %T;us\&\ﬁv‘g‘{\ﬁ%n % \—rfr probe P m(h}mkmentarv'él 39 step & A ﬁ@qﬁm‘sﬂ? YHR
N o ® % probe \ﬁ}

1 Refoai\# fasam ST 2; 78 increasing stringency @ post-hybridization washes @1 & series 3 STJARYT BT
2 li.e. higher temperature a1 more commonly, lower ionic strength, related sequences & radioactive probe
BT pairing el &= & oIy § 3R Bacdt e complementary pairing &1 &4 & g |

7. Hybridization reaction @ T, 3IeTT f5¥ T probes EeM & foTT membrane @1 wash far Smar &

Membrane 3@ T% X-ray film @& w1 fAde T @ # @1 91T ® 3R 3fesd period & forw incubate fam omar 8, 98

radioactive probes @I film T images S99 & forv Wer@® 2iar 2 | Distinct bands @ ek #x=1 & forg film &1

fawRra foar Siram 2, g€ gel % DNA fragments @1 Refoal &1 uelRfa oxar &, S srggd & ford g fha T

radioactive probes @ folt complementary 2|

o g faAIe # 3@ oA @Ry s sheared am restricted DNA @1 electrophoresis T &/eT 911l €, ST&i fragments
ITP! size B FFAR U sikger # fIaRd 8T 8 iR #1E 3o bands 7Ef 817 @ | Distinct bands gel # suRerd
e a1 B fragment sequences @ 72 selected probe @ hybridization reaction ¥ S 81 © |

e Southern blotting technique 9§ SaTaT sensitive | I8 f&¥d genome (even man &1) # U& single copy
gene sequence @ IRl XW restriction sites T map &A@ foly SUANT @1 1 Adah g1 a8 DNA finger
printing @ forg, RFLP maps & Tl & frg, transgenic individuals # transferred genes @& sd &%+ 3R
identification etc. ® forT SwAT &1 W 2 |

MY BT 1 H, B T membrane materials, e.g., nylon membranes fd&fad fd I & S ffaRad sz features
G 8: - (1) T nitrocellulose filter membranes & J&Tael 3 physically #oiqg &, (2) UV light & brief exposure & RNA
3R DNA SHI & cross-link 8 a8, Ig (3) in_vacua baking & fou snasgs \# &7 g@7am &, ST nitrocellulose
membrane & case ¥ 3MITIF ¥, 3R (4) same membrane blot, e.g., T& membrane 9 W ta gel & DNA/RNA
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transfer f&ar a1 @ 3R UV-exposure & cross-link f&m a1 2, U &1 RI1GT probe @ @Ie & fog SUanT @ o1 Faedl
8, afe g™ ¥ probe T high temperature a1 f&%0 TR denaturing procedure 3 remove X faT WIF; S8R el #
nylon membranes f% 3 &M & oiF AT |

NORTHERN HYBRIDIZATION

39 technique # gel electrophoresis RT 31T f&d T RNA bands @1 ta Iugad membrane W transfer fam smar
g e.g., diazobenzyloxymethyl (DBM) paper a1 nylon membranes 3R immobilized f&ar ST 2, bands @1
radioactive single-stranded DNA probes @ hybridize far S & @R hybridization show @= aret bands @1
autoradiography gRT S1d foar ST 7 |

W% w9 ¥, northern blotting hybridization, Southern blotting technique @t
fr=fafaa e welRfa &=t 2: (1) Southern hybridization # gel electrophgrasis &= DNAs ®T e fhar S 2
Srafds northern blotting % RNAs &1 3reT farar Simar ®1(2) Tah qﬁﬂ@ % %‘i

gt DNA @1 denature faar sirar 8, siafds northern hybridizatighd ap & Iazgdar Tai 8l &; (3) Nitrocellulose
membrane SaTGTR northern hybridization & fag SwarT 7 7% Southern hybridization & forg sraeR

2 af northern hybridization % RNA : DNA o
nitrocelldose paper with

tightty bound nuclesc acids

unlabeled et
RNA or DNA 4

PAPER WITH SEPARATED

NUCLENC ACIDS HYBRIDIZED
WITH LABELED PROBE

staled
NUCLEIC ACIDS SEPARATED ACCORDING SEPARATED NUCLEIC ACIDS BLOTTED ONTO P— plastc
TO SIZE BY ELECTROPHORES!S IN NITROCELLULOSE PAPER BY SUCTION OF 2 e,
AN AGAROSE GEL BUFFER THROUGH BOTH GEL AND PAPER

AFTER REMOVAL OF UNBOUND
PROBE, BANDS COMPLEMENTARY
TO LABELED PROBE ARE
REVEALED BY SPECIFIC
DETECTION OF THE LABEL

positions /
of

labeled

markers

- , detected
— bﬁ"d’

Initially, northern blotting @ fog fa¥ w4 & s=rar T paper (diazobenzyloxymethyl, DBM, paper it
aminobenzyloxymethyl paper @ diazotization ¥ prepare a1 a1 ) SUdIT fhar Tar F@ifds RNA nitrocellulose
membrane 3 bind =€l %=1 | RNA, DBM paper 3 covalently bound & ST 8, faa &Rvr 3 blot transfers reusable
gIar 2 | DBM, denatured DNA 3 bind $%1 & v ¥l 99 wu ¥ y9rdl 2, 3k small DNA fragments ¥ bind &1 &
forg nitrocellulose & SUTRT |eM 2 | 3791 el fadRAd nylon membranes DBM paper & STIFT &7 gl g 8, 9 Aorqd
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2 3R gmarh 7 3R UV light @ brief exposure & RNA & bind (by cross-linking) @<t 8 | Northern hybridization
RNA @ identification iR separation & forq useful @ <t U@ specific DNA probe & fog complementary 8, 38 &
DNA sequence @ transcription & detection & foTg sensitive test & ST probe @1 TRg SuaRT far ST 2|

WESTERN BLOTTING

Protey
st Frotains of
hlegathe
? @ elechnocs
Profteing
| m—
saparate
— o basls
sped fior peotesing - et . of sire s
et rdoiesg 5 — e
— efeCincal fiekd

Western blotting #, proteins @1 & polyacryiamide gel # electrophoresis f&ar Sar g, nitrocellulose a1 nylon
membrane (RTTRT I strongly bind @=a ) W transfer fa=m Srar 2 3R protein bands @1 antibodies, lectins a1 §¥R
compound & |1 I8 specific interaction & ST a1 SIGT © | §9 technique & &3 steps A= 9 T 7 -

1. Polyacryiamide gel electrophoresis gRT protein bands &1 3rerT far SITaT 2 |

2. Protein bands @I & nitrocellulose a1 nylon membrane W transfer faar Sirar 8, wRe # I8 Southern blotting
(capillary blotting) @ =g capillary movement & W< QT o, oifde eToidhal I8 AFTaa: electrophoresis
(electrophoretic blotting) @ grr fasar ST & | Electrophoresis Southern 3R northern hybridization @ blotting
step & forg ¥ o] fasar i 2, 397 cases # low ionic strength @1 buffer (electrophoresis @ &7 overheating
P avoid &= & forg) @ik nylon membranes (@if% nucleic acids @ad high ionic strength @1 conditions # &
nitrocellulose membranes ¥ bind @xa 8) @ Swanm fear Simar 21 Proteins @R nucleic acid gHF @
electrophoretic blotting capillary blotting 3 g1 o1 ik FHEI 2 |

3. Specific protein bands @1 &g @®! & identify f&ar ST Faar 2: -
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(i) Specific antigens &1 detect &1 & feg antibodies @I most commonly probes @1 g use far T & |

(i) Glycoproteins @ identification @ fog lectins T probes %1 TRe SUANT fawa1 SI1d & | A probes e radioactive
8 |Whd & I 39 Ub radioactive molecule tag fhar ST AdhdT 81 FRR U @ Ufhargsd ‘sandwitch’
reaction W eTRT BaT ® |

39 UHR B approach # T® species-specific secondary antibody a1 Staphylococcus aureus &1 protein A (protein
A IgG antibodies ! B subclasses ¥ bind &=ar &) a1 streptavidin (I8 biotinylated antibodies 3 bind &=aT ),
protein bands % bound antibodies % bind &=7 & Y START fHaT ST B |

I secondary antibody molecules radioactive, enzyme = fluorescent tags ¥ labelled &1 w&d 2; 37 labelled
molecules @ T® single preparation @ 31T 31T probes @ foTy general detector @1 kg &M # forar o Aaar 2 |

COLONY HYBRIDIZATION

7E technique T& plate # S bacterial colonies &1 UgaF= & foy SR & SRl @ S v specific DNA sequence
& 81 A bacterial colonies S bacteria & gRT ura @ el € R 1 sequence genetic engineering & gRT
URT @1 TS oY | R T' sequence hybridization experiment ¥ & # forar T probe & g1 welRfd T ST B |
Colony hybridization @ procedure @1 17 wféra gqoi9 faar T 2: -

1. Transformation & foTT &M ¥ <t ST arel bacterial cells &1 t& ST 4 plate fwar e 8, 9"
master plate 21 &

2. Master plate @ colonies &7 T® nitrocellular filter me ica plate f&arm AT it agar medium &
@1 778 2 | Replica plating @ forg, master plate @ ferg &% ddel &I a1 cork @1 block velvet cloth
3 & fear ST 2 1 %9 block @ sterilize fovam Sar3 ster plate # 1 9 o ST ¥, 519 d@ velvet Y
colonies @®T touch axaT ¥, block @7 &er

velvet ™ sticking bacterial cells q’\ft fer 21 < &, @w P B o 39 master plate &1 W &
VA g1 1T 2 | Master plate 3iR a plate S Wt refe ROt SFITAT ST § S 918 H ol a1 &l
JFR T e 2 | ®
3. Colonies appeaf Bi® @ 3 actérial cells @7 lyse &%= & forv alkali & @
treat foar Is & released D ure IRl B |

4. Filter . &7 W%Ttreat@_“ﬁ prete igest far SIram ¥ 3R remove f&an ST ®; denatured
ilte u

fix &< & oy filter o1 219 80° bake f&ar SITam 8; 7€ w9 relative positions TR bacterial colonies
A-print ur @xar 2, S master plate W colonies & forg ¥ |
6. Filter @ 2@ radioactive probe @ wer hybridize f&a1 S €; probe transformation & forg used DNA segment
@I represent &xar & | Unhybridized probe @1 R R 919 & gRT remove f&ar rar 21
7. {31 colonies @ DNA probe & <rer hybridize 81 S0 8, 9 autoradiography @ g1 detect &5 90 &, Saat A
colonies autoradiographs # few@rg < ®1
Autoradiograph % fa@rE 371 arell colonies &1 positions @ masterplate @ Ter Joim &1 WA 8, 99 colonies &1
TgaE R & forg DNA segment &7 3@l 2 | Colonies ®I 3FT aeddq & foy SoT foram SIam 8 1 39 Ufshan &7 Uah 3iR
w4 phage plaques TR ¥ wa foam SITaT 2|
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1. RNAS) &7 W@'ocellulose filter =} dots & w4 H transfer
e sample DNA a1 RNA ©s individual a1
2. I v& H g Y B 1w 80°C UR JepT ST
: 'Iteraﬁ G Y D A pretreat fHar Swar 2
3. Rt H Sferd radioactive single-stranded DNA probe @ warer
Pl 3T R GRS STl |
4, a1 RNA sequence & drei d oactive probes @ w1 hybridize @ | 3 dots autoradiography

RTSTa fhd WT €, autoradiograph # dot @1 <fiarar sample # DNA 31 RNA @1 A3 BT yef3fd oxar & |

5. Autoradiograph # faw@rg a1 arel dots 39 individuals 3 tissues & fawar 8 R probe @ s7aR € DNA a1 RNA
sequence Wf3fd &t 2| Transgenic individuals @ case #, Southern hybridization @I dot blot positive
individuals & fo 3R @Iffe T&F TFGERT U &x= & fog ST fhar <7 Aaar ® f ue= # 1 718 sequence
genome i integrate g € a1 &l 3R Fl integrate Bc € |
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HINDI MEDIUM [BIOCHEMISTRY]

CHAPTER : 5
CHROMATOGRAPHY

Mikhail Tswett 7 1906 # discover f&ar f5=8M plant pigments @1 separate a3 |
Archer Martin 3R R.L.M Singe @1 1952 # partition chromatography @' uf&ar develop &=+ & fog Nobel Prize
et |

figr:- two phases- stationary & mobile — Mass distributed adsorbed on material particle or absorbed into

pores of particles.
- Rate of travel of individual solute molecule through a column or t% of /sorbent is directly

related to partition of molecular between the mobile phase and stati
Rrvalue = Distance traveled by solute front )
Distance traveled by mobile (solvent) front.

Partition Chro@m&g}wﬁy (PC)

Partition coefficient: 7 phase # solution
Partition chromatography # mobile phase (s
|Ifd solute &1 AR partition coe td 3

Partition chromatwamé\{@

Stationary phas{ \\ (\ w Mobile phase
>

1. Water Alcohols — (n-butanol, 1sobutarg
ali Hydrocarbon

i e Ethyl acetate %
' Ethylene glycol mo ]
¢ lycols (ethylene, propylene glycols) <\??

Compounds ! Jg9rH 3R vy & s i
Coloured components @7 3R ¥ 3@ T

3R J &M 8 a UV. Lamp gRT|

Chemical treatment (phenol may be developed by ferric chloride and vice versa) ¥ |

Viscocity, density 3R Refraction index # 1 arel uRac=i &1 vgar &< |

Radio isotopic <& 9 |

=

A

ADSORPTION CHROMATOGRAPHY
Stationary phase solid 81T & 3k mobile phase a1 @1 liquid 81T & 3T gas components &7 seperation differential
absorption @ &R BT & S distribution coefficient R iR =ar 2|

Amount of solute per unit of stationary phase A

Amount of solute per unit of mobile phase B

JE SURRR substance 3 temperature 3R concentration W depend & 8| A 3R B @& = @far mam graph
HRed & linear 81T § SRR I8 concave T convex I&dT § | ifd adsorption coefficient R fr=1 &1 W gsar
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a. M arel substance ®) concentration
b. System # THE components &7 M4 |

w=ayor® adsorbent & fog smaggean:-

1. 9% examine & drel solution 37 elution # TART fad M solvent # gerefiar &1 8 =Ry |
2. 98 e BT A1 |
3. Chemically inert T @112 |

Because adsorption coefficient is affected by %@
1. Concentration of substance sought.
2. Pressure of other components in the system. O\ é %

Requirement of satisfactory adsorbent are:-
1. It should not be soluble with the solution under ¢

2. It is desirable to be colorless. <ge\s 3. Sheuld be chemically inert.
$B U9 adsorbent = Sucrose, Cellulose, Star:

ch, CaCQO;, CaS0O,, Ca3(PO,),, CaO, Charcoal.
Mobile phase @ @& &1 & Uger e TRy

1. Solvent should satisfy th€ practical\factors such as suitable viscosity, stability comparability with detection

&}
& \
" narticle size

}. Adsorbent & activity 4. Column
~"Solvent @1 quality 6. Col

Column chromatography & | = 8:-

a. Adsorbent T nature ; nt T nature

c. Column # solvent & flow @ &= d. Column @1 dimension

e. Adsorbent @ particle size f. Seperation @& SR column &T temperature

ADSORPTION CHROMATOGRAPHY & & 3R &

a. Partition chromatography ¥ easy 8T 2 |

b. & T solid 3R & mobile phase use @1 ST 2 g@foy I8 A SamaT uniform iR reproducible &Rl 7 |

c. U® o molecules & mixture & seperation & fofg Jg A &M # ol SIH 7 |

d. <arer A # sample @ 89 WR I8 partition chromatography ¥ SaTaT suitable 21

e. 9 components @ mixture @ seperation ¥ use @1 ST 2 S polarity 3R structure # widely differ @ 2|

PARTITION CHROMATOGRAPHY & @™ 3R &fHal -—
1. Adsorption chromatography & =it resolution < 2 |
2. Mixture & low concentration & fog use @1 STl 2 |
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3.

Ff molecular weight # &9 = I partitioning @1 affect &=ar 2| $9fdT homologous series & seperation @&
fo ' wa e fafr 21 Adsorption non-polar a1 &# polar molecules @ forg use far ST 8 Tafd partition
polar molecules & forg |

Elution:- Columns &9 @@ai ¥ elute f&3 o 2:-

1.

wad simple @& # UH single solvent column # wrmadrR flow @xar ¥ I8 ion exchange 3R gel
chromatography # use faar Sar 2

Stepwise a1 Batch elution = Preparatory purpose @ ford & # forar Simar 2|
o SIrer & ofR 39 v RufoRll @1 arrange f&a1 Sirar & f% @9 volume # +t materig
Gradient elution = 5% ar @ <7 solvents &7 ratio change f&ar Srar
T conc. TTTE IT 918 Sl 2|

Support of columns and its character sties define the type of/ina
described as mesh size. Size of particle that can pass through sta
50 — 100 mesh = Preparative application @ foq hi .

olume ratio I & SITRT BT |
ation &9 BT Hifd mobile phase & molecules @I stationary phase &

Procedure = paper ™ drop <Tefl Sl 2 37K close chamber # mij @ ;
Chamber ascending 8 — mobile phase $R &I TR®

Chamber descending @ — mobile phase #r2 &t
Chamber Radial & — T central spot & aTex HI |

R¢ value =

= I8 99 §B paper 3 capillaryaction & HRT BT 2 |
Distance traveled by component from originline
Distance traveled by the solvent from originline

Aaakar Institute

27, Kisaan Marg, Tonk Road, Jaipur-302015 44
in case of any doubt WhatsApp us at 9314503070



HINDI MEDIUM [CLASSICAL GENETICS]

CHAPTER : ©

BACTERIAL GENETICS

TRANSFORMATION

Transformation % U& recipient =1 f&& 73, free naked DNA @I donor 3/ 3<% W80 IR o<l ©| I bacteria # genetic
exchange &7 Ugell example o7 | Ugell IR 1928 # Griffith & s WIS wu ¥ Rig f6ar on| s=i+ arn &% R Preumococci
bacteria # capsule B & ar smooth (S) appearance strain @ 1T & 3k f59 pneumococci # capsules =& g ar rough (R)
strain 77 ST £ |

Rough {R) non capsulated
Type Il strain " o Mouse
—" — s Q. —_— S survives

Smooth (S) capsulated
Type | strain

N Mouse
-— @ — —_— dies

o

Heat killed Smooth (S)

capsulated Type | strain . . Mouse
- & — & survives

Rough (R) non capsulated

Type Il strain
o Mouse
—— .
Heat killed Smooth (S) N — dies

capsulated Type | strain j,

Smooth (S) capsulated Type |
strain isolated from blood

ii.  Type I/Smooth capsuled pneumonia, virulent a1 Sear Ul M 3R $@ infection & mouse @1 Fg &1 Wkl 8, W] rough
strain pneumococci (type Il) gFRRETad T |
iii. Griffith = 72 +ft urm f& <19 mouse # live non-capsulated (R, type Il) strains 3R heat killed capsulated (S, type ) strains
BT mixture inject far Sar 8 @ mouse @1 death & STt 2 |
iv.  3WR 39 &M bacterias ®T s inject fHar ST & @ mouse @1 death &l BRil TRg T mixture B B & | Capsule &
1y B live S strains @1 isolate f&ar mm, animal % blood # 1 fS9 o & % dead S cells & & factors R strain @1 S
type # convert @* <d ¥ | Factor @ aoie 9 I transformation gam a1 DNA 2, 3 Avery, Mcleod 3R McCarty & 1944 #
EGIRIN]
Transformation & U&R &1 gene transfer & i & donor cell 7 f&& 71 DNA @ recepient cells gRT uptake &= @ aog &
BIT 8| B bacteria (S0 Bacillus, Haemophilus, Neisseria, Pneumococcus) environment # ¥ DNA o 5a 2 iR forar mr
DNA recipient @ chromosome # incorporate & ST |
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FWR &Y gU Transformation # 3+ steps fifed arcfl &

1. 59 Donor bacterium R SraT & 3R degrade g+ @rar 21

2. Dead donor bacterium &1 T& DNA fragment (S1eR 20 genes long g1 §) DNA binding proteins ¥ bind & Sam & Sif
component living cell @ cell wall = 3uRerd g1 & |

3. f%< nuclease enzymes bound DNA @1 fragments & ®Tc <ar 2 |

4. U strand T X & WA & 3R g@ recipient bacterium ¥ YITT & o7l ¥ |

5. Rec A protein, donor DNA & fragment 3iR recipient's DNA @& = # genetic exchange (recombination) 9grar Iam 8 | @B

bacteria, naturally € DNA o o1 €, W=g ¥ bacteria 3=t growth cycle (log phase) @ particular time ™ & DNA & ¥&d € 1@

a1 T& specific protein competence factor ST &< & | Gram positive 3R gram negative -1 DNA @7 uptake different g 2|

Gram positive bacteria # DNA t& single stranded molecule @t @vg foram wirar 8 3k complementary strand, recipient # &

g S 7, w’eg Gram negative bacteria # double stranded DNA & feram S 21

Recipient cell

\
A /g,v/ F\ ﬁ"ﬁ} <\
/:( ’? E 14\ fb € %
Cc il Q\ a 9
gom— c '\\\\ - ‘9,\ y
B . / _
e
DNA fragments Chromosomal DNA

from donor cells

€D Recipient cell takes
up donor DNA

—
# B/ y c ) Y
i & d) )
LY
A/ 2 e Y,
N\ =/
©) Recombination occurs
Degraded between donor DNA
unrecombined DNA and recipient DNA
=T,
3~ c \ \"‘(.
(| d’ ;/‘.
: ~ «Aa e, 4‘”9'
‘Qc:(“ s an @;:""0

Genetically transformed cell

Mapping by Transformation: Transformation mapping @ =&Y & &4 known genotype @ bacterial strain & DNA @1
TR known genotype @ strain # Sired €, g I 379 2 a7 ST loci W different allele 1| &7 fiR <@ % donor allele @1
recipient strain @ bacteria ¥ W (incorporation) & W&ar g @ar? fmer =, 2 loci & alleles host # |mer—arer wmaer
(incorporate) 4 € a9 & waT ¥ loci TH TR $ UM BT 2 | gifery &9 index of co-occurrence Wit f map distance & @rer
fauia Ader 7 &, BT SUANT IR Wha 2 | R ST co-occurrence BRfY, SE ) uTeT 2 loci U 8 |
1. 99 ugdl, & DNA o1 gFm— &9 3 el ores ¥ bacteria isolate @’& &x wad 2 | Transformation §RT mapping s+ Rerftar
T 9 9l & SEf% conjugation AT transduction gRT IF FHq T BT |
i.  Donor DNA &1 f@re @x purify @<a fragments ¥ TSt ST & ST recepients & W1 incubate =7 R IFH el ST
2| 399 donor 3R recipient ¥ ga™ W A7F phenotypic (genotypic ) 3R i d B |
il. "R DNA fragment 3R SR recipient chromosome & #12r homologous recombination &=aT & @ recipient U&
A7 phenotype &1 feGTTT fORY TeRT 3ol testing §RT UaT TR ST Ahell § |
2. g cells 5= t& ¢ DNA 9 expose a1 S & S9&1 9ga &4 uferd €1 complete transformation @R ar 2 |
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Recipient DNA

=== .. Double-stranded
donor DNA

W it

il

One strand of donor
DNA enters cell as the

other gets degraded
¢) o
4 \ \  Formation of
\ m’n) a* triple-strand
w7

Recombination
(strand displacement)

by double crossover
', Chromosome
al) at ?‘9““" with segment of a*/ a
"t, / heteroduplex DNA

/ Hepln:ﬁhou

w X

Wy atlat
transformant

Wy ala
nontransformant

3. Transformation experiments ¥ g &= & forg g o 8 &

e genes linked @ 78 &

A.  Transformation 8¢ DNA fragments 5% §& & genes 810 & & W1 HaW 371207 HM G B |
B.  Co-transformation & genes & U& ¥R & U™ 8M &7 indicateon & 391 TRRI w9 & analyse fam o waar

gl

A. Trifre wU | T genes IR 9§07 U © 1 co-transformation @) FHTEATY EAIT Seral ¥ o Sarar 8nfi
B. af@ co-transformation T rate genes @ 3felM—37a transformation rate & SRWER 2 T $HHT Facd © &

genes linked 2|
o  Genetic map W genes &T order fTetT

1.5 f& <1 genes (p+q) co-transform T € 3iR linked ® 399 & U& (WMT q) gene o0 & WY co-transformation
show @=ar & @ 3@ &9 @1 distance 37! co-transformation frequency & 3WR analyze far wmar & 99 f&
gene p 3R o rarely co-transform 817 2 @ gene order EFT p-q-0
2.3 p 3R o frequency co-transform 817 & @ gene order BT p-0-q
e Genes & 4/ & map distance recombination frequencies §RT &1 ST © |

Donor bacteria _
4
y

Extract DNA \\f‘

donor bacteria;
DNA breaks
into fragments

from population of _' i

Donor DNA

> )

CONJUGATION:
Bacterial conjugation, DNA &T U@ living donor bacterium ¥ living recipient bacterium 3 transfer &1 #&d 2 |

Leiderburg and Tatum = E-coli @ & auxotrophic mutant &1 JaT &< §U conjugation @l @IeT a7 |
a) Strain A’s genotype met bio thr* leu* thi* o1 |. 78 methionine 3R biotin §RT supplement ¥ g7 minimal media w

grow W oI |

7 Transformation
»t genotypes:
i — Pt gt o
qqn o* -
| m DNA fragments P gt o
ot used to transform 5
u p g o recipient q ©
o bacteria

b) Strain B’s genotype met* bio* thr leu thi o @8 thrionine, lucine 3fR thymine &RT supplement %3 §¢ minimal media
W grow HxdT o |
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d)

strain a 3R b & mix f&ar TaT @R minimal media W plating &%= ¥ 1/10° cells met*, bio*, thr', leu”, thi* phenotype

Tl TS §S |
AT strain a

3R A7 & strain b minimal media & grow &R FaHam o7 | 39 Rig g3 & I= 71 phenotype recombination

BT gore A UaT gamm |
a) Davis 37 58 Sifa @t f& cell to cell contact & sazgmar € a1 81 |

9% oy S strain a @ filter & U T 3R strain b ®1 g9 @%b @] 29 filter & AR IR molecules 1 ToR FFH o

AfP cells 7|
19 cells @ minimal media W plate f&ar 731 @ fHA T 31 prototrophic colonies U & g% |
Tatum and Lederberg 1947 Davis U tube experiment
1950
(a) Demonstration of gene transfer (b) Conjugation requires cell-to—cell contact
Strain A ) Strain B
met™ bio™ thr* Mixture of met* bio* thr= FCOTTOH Medium moved
AandB leu™ thi~ [ PlUg  through filter

leu™ thi*

No growth met ‘* *thrt

& Using pressure
or suction.

Strain B

Aﬂermcubatlun cells
plated onto minimal
medium.

feu™ thi ~ cells — —
grow into colonies Mo growth No growth

b)

Plasmids double-stranded circular DNA &7 T small autonomously replicating circular piece = 2|
Conjugation # plasmid &1 & donor bacterium ¥ recipient bacterium # transfer 211 2| Gram-negative
bacteria # plasmid @1 transfer bacteria @ same strain T closely related strains # & 811 | §© plasmids
@1 F factor (F plasmid, fertility factor a1 sex factor) @er oen & a2ifs $7 V& genes 8 € S gg & transfer
¥ 758 A 2|

F ceII

o

Fertility factor/Sex Pilif conjugation tube
factor/F plasmid

F Zell Feel @ Flen Fiel F Zell
Bacterial O O O
chromosome
3
Os o4) s

Transfer of single strand
to recipient cell

@ Fieell ® Fieell

O

The recipient cell now
O O o become F*

O O] 10O
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HINDI MEDIUM [CLASSICAL GENETICS]

c) U cell ® F factor ¥d= w9 ¥ replicate axdr 2| ¥ genes sex pilus 3R S enzymes & Y code o= F |
1 cells # F plasmids, F+ & 2 @ male 8% & 3R donors @ TRe ¥ & &1 R cells # ¥ plasmid
JruRerd gam 2 @1 F- (female) &0 € 3R recipient @1 ovg &1 @xd 21 9 4 plasmids, R aorg & S+
host cell, conjugation & R donor & @8 F¥ I &, A transfer factor FE €| & F+ Gram negative
bacterium % 1 %1 3 sex pili 817 €, ST f&F recipient bacteria W SuRerT fa¥Iy outer membrane protein & s &
3R mating @ gweTd a2 | R sex pilus, amow €4 fomn @rr @ R SFF bacteria U@ # o W € iR
<1, cells # W1 envelop to envelop HU® & @ 2 |

d) Gram-positive bacteria # g fufu surface molecules ¥fa B €, St f& 1 bacteria &7 9= (contact) #
@ €| Gram-positive donor bacteria, adhesins produce a=ar 2 ST f6 I g®HgT Ran & IR 39 ERM sex
pilli erf¥er =Y g1 | = DNA, donor i recipient # JeraRd g1 i 2|

e) Plasmid-mediated conjugation, Bacillus subtilis, Streptococcus lactis 3iR Enterococcus faecalis # Tran e
2 3k Gram-positive bacteria # Gram-negative bacteria @1 e &9 Ul 9T B |

F+ conjugation:

9@ I8 ¥ Ua F+ plasmid (ST R% sex pilus & fofg coding @=ar &) @1 donor bacterium ¥ female recipient bacterium #
RAIARA gl & @ifbs chromosomal DNA @1 =i€i| Plasmid @ <ii strands separate & ol & iR u& strand recipient
bacterium ¥ T3 € Wrm € @R 52 9@ 3’ direction ¥ 9T AT & Wf+ b strand donor ¥ & Y& &1 < donor &R
recipient cells T § complimentary strand S2eifid & W §| R recipient i v& F+ male 59 a2 3R sex pilus a9 e
21 Conjugation & &R faw DNA & donor ¥ recipient ¥ pass gaT 2, 1 f& cytoplasm a1 &1E cell material.

Mating pairs @1 force gRT 8 31T fdam S waham & ORI conjugation w& ST © 31T mating pairs 950 oIS W9 & folg &1 s

v&d 2| Conjugation & 4T, cells 3T &1 W 2| 3R successful conjugation g & @ recipient F+ &= iram 8 3R donor F+ &=
& 2

Hfr (high frequency recombinant) conjugation:

a) <@ f&d recombination event @ gRT Plasmids, bacterial chromosome @ Wl integrate & AT 2,

b) =€ integration M DNA & &1 % homology TR iR =ar 2| Integration & a8 a1 plasmid 3R chromosome, T& single
unit @1 e replicate ¥ 2| TF plasmid St & chromosome 3 integrate(Js) T # We™ 811 & S9 episome F&d & |
3R F-plasmid chromosome # integrate(S[s SiraT 8) 81 8 &1 S Hfr cell w&d 21 Integration @ 1<, @i chromosome 3R
plasmid @I recipient cell # conjugally transfer f&ar ST &t g1 3= Hfr cell Sifey wgama € @@ifs 9 chromosomal genes
31 high frequency ¥ recipient cells # conjugally transfer @ Ja&d |

<+

F~cell i Ll Hfr cell Fcell
™
Chromosome U
—_—
—_—
F plasmid

F plasmids spontaneously integrates with . . _

the chromosome thus converting F+ cell Hfr conjugates with F~ cell

into a Hfr cell l

Hfr cell F cell Hfr cell Fcell
The transferred
chromosome fragment ’ [
exchanges genes with J—
< = ~
chromosome of F-cellby <
recombination and confers
new propery.
N
Recipient cell receives part of One strand of the episome
plasmid and chromosome moves to the recipient cell
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HINDI MEDIUM [CLASSICAL GENETICS]

c) DNA @ origin of transfer W @rer fdar wirar 8 3R ik DNA replicate g/ar 21 t& DNA strand, F~ cell # cytoplasmic bridge
% ERT pass Bl 8, S8 complementary strand &7 deaif¥d g 21 Integrated plasmid @& wrer &1, chromosome 1 F~ cell #
ST 2 1 91 & chromosome @ transfer 89 & 98« & bacterial connection T ST &1 $Afeg F+ plasmid &1 g=m gam &
% & recipient # TI g U@ & | SAEIR Hfr chromosome & @rr w11 plasmid &1 R t& ®ier 2= €1, conjugation &
2R recipient cell # transfer 8 & | 39T recipient cell I1 F factor receive T8 &R ddl |

d) Conjugation @& dre Hfr cell, Hfr & 3= & 3R F~ negative cell ¥ F+ F&i 99a1 ok F~ & 1 <&an 8, W_=g transferred
chromosome @1 fragment, F~ cell & chromosome ¥ recombine & S & i@ aote | recipient cell 3 ©B 73
properties transfer & ST 2 |

<19 chromosomal material recipient cell # 817 &, dT recombination 8 ST &

» Recombination, double stranded =raT 2 |
» Donor genes, recipient cell # recombine g ¥ |
» Recipient cell @ corresponding genes, chromosome @ aT8x recombine 810 £ &R i cell # reabsorb & ot &1

Interrupted Mating Mapping

1 Conjugation start 8 @ wrer & St genes origin of replication site (replication @1 fXem #) & gy g € a1 pili & & Fa9
Ugel move B 2 |

2. u& settime & 9IS, conjugation @wE B WICT 2, ST genes origin of replication & close ¥, R® 92T conjugate & | e
TR GHA, IO B SATRT 9! conjugate BT a1 ability M|

3. Notice @RI f& P9 & genes recombine gT, 3R ST genes recombine gY a origin of replication ¥ X distance (conjugation
time-distance) @1 g W Rerd i |

a) Progressive transfer of donor b) App of donor g
genes to recipient during Hfr X F markers in recipient as a
conjugation function of time
Minutes Hfr F o2
after W $;21oo
start 4 aze = g £ asik
g N\ okt tew thr* s : g 80, tonR
- o * -~
8 ne 2Nt l'|“ 528 60} lac*
> - - "
W) : Break T8 40l ——
NE W = apart § €3 o .
i 3.2, 20 gal
ton® g2 9 /
% -~
lac i |: é“_ ! [. 4 ! i ;
g\ ke e the H 10 20 30 40 50 60
L". leg® "'.- ':"': leu® . .
9 et et/ Y - o Time (minutes)
10 \\__tod® v Break ..*
= apart
tow®
la¢” it
thr $0 N\t 1w thr*
lew® < tonR azi® R j..*
VI o ¥ 7 Y, A
- ) “" Break .k
Lo apart

gor\ — /)t tew

the* thr*

D ‘r;/. A L tod azif ton”leu*
16 R N et gy
: &//,,,,- Break ;,.* azik
tow®._ lag¥ 4o apart
ton®
lag ®
the'  gal \ - //uu' lew
lew® o lac* ral® s
3 AN LEA Lk K- e
Break la* oz

s
ton® = () % ah apan

F-plasmids & different strains 3R interrupted mating technique, SUaT @%@ &H chromosome W genes &1 7 uiRd & dad
g
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ZPHIcIT dUT TS UHTF (Ecotone and Edge Impact)

IPICI 98 VI § STeT &l THe 3oy H fiieid § JuT U gk § UHIfad & 81d & 39 &7 § 9Fi THe™ & BR&b
IURYA Y8d € T 39! aredfer +ft ST & i ureft STt 31 SR AR 9 Ry Se et fad § 981 & ureu
AT § iy o S § 53t voR ugTs! @t R1s & H +f fafdy yeR & urey fired €1 geieH § e ard urey
3HTH P =P W 3 e T SIHIo Id §1 37 &1 § Ureul Bl TRe WHga: M fyadt § o feradies
(1933) § A TS UHTG (Edgeeffect) BT A feam| soieq H 3ifdie e & Uil o IufRyfd 38t TSl UHTE & BRI
fard @Y M| U (Patton) (1975) & AR 3TBT YHTE S} GG & FHF (common) & &1 Thalld, TS d
UPHfd W FR a1 §1 FAW SR (Canopy cover)- T8 THH W Ufa=d U H UIeU gRT WRT T R FH=T
PHEATA ¢ TE T TRTT 378 (Leaf area index) GRT feTel ST B

L l_@ﬂﬁuﬁmﬂa(@mﬂu 1)
A AR o &
_ Total leaf area (one surface only)
- Unit ground area
S RRIYdr Ga@i® (Biodiversity Index) {&@
T B oid fafaedr o gR1 9 AR gr1 3ma &t ot § @
(i) T fdaR Ydidh (Shannon weaver index) O%%
ot 5@
n

T H-Ta S @1 fafauar geeie & %@
OO

H1 = T& SIfd Bt Je 1 97 %
n = Tt SRt &7 ot T Q@
(i) WW(SimW @

D=1-S Z(pi) @

D Jadi® W&, S | Bt T p i &l T SUTd Tfe foblt T § oiifcl A & 4 I
g qur 1 ar

(iii) 1% (Odum index)

T4 § SIfd D FER BT T_R
Tff orfeal @ wewl B [ w=AT
fafaerdr &1 siiwa (Measurement of diversity)

forht TifRufaet d &1 fafaydr I1d o & o Tauy ol Tduyy e & urey Sfadl &1 Se &I
1 R & qUT TTed ebTerd & Jeayrd Q=
fafdear 3= 39 YR FiepTan o b g1
qiRRUfd® 0 I | 10| 1

(1) BT S 30 | 80 | 2

(2) T fRm Sfd 20 | 60 | 120
(3) <TRITRMET STIfd 10 | 60 | 60
(4

Odum Index =

) TSI Sffd 40

dgddl (Richness) | 4 3 3
LISl 0.92 | 0.88 | 0.99
fafaerdr (H) 0.56 | 0.39 | 0.47

H=— 2 pi log pi, pi = n1/n ST8T n1 T ST T Icd qUT n G+ Sfeat &1 o B
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ECOLOGICAL SUCCESSION

ECOLOGICAL SUCCESSION IN A COMMUNITY

Hult (1885) 7 </@ Southern Sweden @ communities &7 31 fasam @9 “Succession” @Y term &1 Ugell IR
TIET f5aT | However, succession @ authentic study @1 Cowles (1899) 3irk Clements (1907) =¥ America #
I fbar |

qRHTT : fBel & faviy 4, va AiRed w99 & forl JTeRT o1 USTiol &1 Yo Hdg $%dell &I succession Had
gl

SERE: g plant-succession &7 favIY ISTERYT & | ¥ea sere &I plant communities &1 sfEaT & 3eIIT gg oA
PRAL |

As: In water - Hydroseres;
In dry condition Xeroseres;
On rock surface Lithoseres.

Sere w5 plant communities @1 sequence &1 auiF &= & &M AT 2 | Ecological succession i awfRrd
Ayl g

Important General Principles Associated with Ecological Succession

1. to faf¥re v 3 @9 A1 yonfa disje =4, I8 a8r &1 physical environment S & ¢ |

2. Succession community =i 8ar ], T succession 3m WM @ physical environment @
modification & environment &I 9gedT &, d1fd environment Idd™ community | Ud 1elf T community
% forq favorable & 5 |

3. Ecological succession directional g1ar ® - 3R gaferyr predictable grar 2.

4. Succession U@ 1fud Yolfd # @ 81T &, o1 ecological climax ®@gd & | 98 &5 fdey & physical

environment & & equilibrium # 81d1 & 3R Yg BT ReRr wgam 2|
B NN NP

e MU area @ external disturbance, e.g., fire @ avig ¥ 98 area Ugsl &I successional stage
# e e & | Ecosystem @1 g stage ,Sigt ar equilibrium % 21, # 327 ¥ tendency
Homeostasis (developing 3fk maintaining stability) @1 38T STT=RU B |

5. f5a+ sarer diversity Rt SaHT SameT stability gFft
Types of Ecological Succession

1. Primary Succession: SH &3 H 3% Bl 5, Sl Ugel Bl ST | 9RT g1 T8 i, e.g., newly
exposed rock. g8f ®I$ a1 7&! il | 9a1, I g8 dceMi + organic matter (humus 3R small living
organisms) &1 511 2 | 927 biological material & It Ter AT primary succession 9gd €R R 81T 7,

2. Secondary Succession: 39 &3 R Yw BT © S8l Usel ¥ & T community &l o I8 Ugel I eM1fud
soil TR g% BIAT 2 | 9 primary succession @1 =T 3 biological material @1 SwaTe 987 SAT&T B4l & |

Ecological succession % progressive development &' /1 ¥R sdr ®: -

(a) 9e1 4 9= w0 A (e & IR, TS Bl 961, Plai-d e $T de- AR T T Fdel & e &
geT 81T 8 | Plant communities @ strata # origin, height, massiveness & differentiation ¥+t g ST
2|

(b) e_Tae & Uil &1 B dedT © O IS H microclimate &1 S TS @1 fRmamRt | §@d aRd 7 |
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(c) =7 species @I diversity simple ¥ complex (in early succession) a1 richer community (of late
succession Ir mature) il ST 7 |

(d) Pioneer stages @1 population iR density 931 & Wmr space & gradient @ 1T AT gadl T Y&
2 | interspecific 3R intraspecific competition & HRT & AN &I replace FE © | Succession & R
replacement @ rate ¢fiH1 Kl ST &, 39 U®R smaller & ephemeral (short-lived) pioneer species &1
replacement larger & longer-lived &1 & ST & |

(e) s aRum WwY, communities @1 relative stability & STl 8 3iR final community 51 ‘climax stage’
PEAE |

PATTERNS OF SUCCESSION

Succession @1 habitat @ type & moisture &1 37T T AET & R TR 17+ YHR I qRATRT &d 8: —

HYDROSERE: 3 pond % g% g1 &, a8 $B phytoplanktons & colonization ¥ g% grar g, forad ferns
pioneer community gl 8 3R 3= I forest AT climax community ¥ terminate 8 S & | Hydrosere @1
3T 37T stages 1+ =:

(1) Phytoplankton stage: 3 pioneer community ®! 991 &, pond & primitive medium % &® blue green
algae, green algae, diatoms 3iR bacteria ¥991 Uzl colonize &= 7 | Soils & pH 5 & 31fere dF &H a1
BN B A B I D forg multiply & grow avd 2 |

(2) Rooted submerged stage: Death & decay @ uRumd Wy phytoplanktons &I composition 3R 3
9T &I fT A I aTel rain water 3R pond water @ wave action § S9! mixing silt @& 1 & S 2 |
Y T B A A soft mud & WU H BRI B 213 T AT A 2 Sl 8ol ST © MR S8l YHrer
M & ydw A& wx Ahar 2| ¥ rooted submerged hydrophyte @ faw @ forg Suyed 2 | O -
Myriophyllum, Elodea, Hydrilla, Potamogeton,Vallisnaria 3R Ultricularia etc. & plants 3T death
& decay ¥ substratum 9914 2 | 39 habitat # 7 plants @7 replacement R Y&R & plants & ST &
ST floating-leaved types @ &t 2 |

(3) Rooted floating stage: 3@ U @1 Tex1E T 2-6 feet 81 T WY rhizomes & gRT 3 habitat #
colonise 814 & | I 4 rooted hydrophyte & €, i@t gt gkt o=t &1 dag o= o=al ® | Example: -
Nelumbo, Nymphaea, Limnathemum, Aponogeton, Monochoria, Trapa etc. % free floating
species 914 Azolla, Lernna, Wolffia, Pistia, Spirodella, Salvinia ¥t rooted plants & wTer F=frd & Sd
2| 3@ U B FAE 980 HH 8 | ded AT 8 WAl & | 9 Ul @ g ¥ decomposing organic
matter 9T B 8, ST fb iR 3T substratum S99 8 | 39 YR, 39 &3 ¥ X dTell Yoiifa orfl a1 918 §
faqqe &1 oIl 2 |

(4) Reed swamp stage: 531 amphibians stage it &&d %, 9f& s plant community rooted 2Kl &, &
ST SATGIAR 1 aTell I (assimilatory organ) ga1 ¥ expose BiaT & | 39 Reifa # dier 51 % Scirpus,
Typha, Sagittaria 3iR Phragmites etc. 8 2 | 77T rhizome 3161 TRE fAwfad g1 & ik I Ta dense
vegetation 99T & | 3@ U &1 WK AR SATET FHH 8 & HROT I 3a: 39 amphibians species & fa&r
% forl Jgugad 81 S & |

(5) Sedge-meadow stage: Substratum @ 3R 3T TR @R UM & WR & AR HF 89 A 39 &9 |
Cyperaceae 3R Gramineae @ species 31 & Carex, Juncus, Cyperus 3R Eleocharis etc. faaRya &
ST 8 | I d1ad @ 19§ 39 branched rhizomatus system @ &R T STl Wil vegetation a9 |
RO IqH, ATIHS BT &% SAT&T B9 A UM &I TG 69 Bidl © 3R BT 1 B dlers arg B 3iR
expose & Sz |
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Hydrosere

Photoplankton
stage (Diatoms,
green flagellates)

Submerged stage (Hydrilla,

Floating st Nelumbo N h
Potamogeton, Najas) oating stage(Nelumbo Nymphaea)

\

Reed swamp
(Typha,saggittaria,phragmite

\A
Climax forest (Oak, Woodland stage(Cornus, Marsh meadow stage (Caltha, Juncus
. <« <«
Elm, Fir) Popullus, Alnus) Polygnum)
LITHOSERE
~ >

Lithosere: Wefl TcerHi Wk &M arel Biotic succession &7 Lithosere @&d ¢ |

1. el aceH R fid 89 dTel ugdl o 2 | lichens, ST acid AT @xd 2, S a¢e™ @l |dg &1 &RoT dxdl
2 1 Organic remains etc. & 7 T W S+ ¥ substratum &1 W91 § chemical 3R physical aRad=
81T 2 | Pioneer lichens, crustose lichens (Graphis, Rhizocarphon) & 8 | 3 Crustose lichens foliose
lichen (Parmelia) %1 uftrenfad &1 9 8, 991 Fce™ &1 98 TG &ROT BIeT & |

. Moss stage: Foliose lichen, hardy mosses (large sized, gregarious plant bodies, 59 W rhizoids
R S 8, rocks ¥ SITGT MERIE T YIS BRI ©) Bl T o ©, S SATET JaT 3R organic matter ThEd
Eaci
gRum W@y, substratum oW F9T T@ T BT & 3R A FCCHI BT &RV YH BIAT o | I§ I (4
next invasion @ foTg QIR 8 ST 2

. Grass stage: a9 g & IR mosses &1 o oIl fragmented rock & Iw AT 8T €, Taia w9 4 1
B ST 2, 3R 319 $9& 918 99 @ a9 3i@Rd (Poa, Heteropogon, Dristida etc.) 81 9d & | $9@1 oI
A # TexE db Tl O g, O @R M fawieH BT 8 | wurer T iR el & 9w & 1T next
succession @I stage 3enfid @1 oIl & |

. Shrub stage: Xerophytic shrubs @ d= rhizomes, grasses (Zizyphus, Rhus, Rubus etc.) & @& gt &3
H 939 R 2 A shrub 7818 9@ penetrate &R €, Y @1 980 SAT&T fa@ed BAT & |

Y area Bl IHhd &, SUBI AT 3T 991d & 3R trees 3R WX organisms di MR B 2 |

. Climax stage : &3 hardy 3R U&RT @ #77 &+ dTal trees, shrubs ¥ @@ gV &3 # oM o 21 9R
&R QTTERT g8 79 R BRIER 8 Al & 3R climax community &3 H $d Sl & |

PSAMMOSERE |

T sand sere 8: - Sand substratum @1 T& environment 5 W ecological succession grar & | Most
common psammoseres, sand dune systems &Id & |

P Sea-coast psammosere @ Td typical succession #, organisms S sea @ a3 U €, @7 salt tolerant
species gl 8, Wi littoral algae 37k glasswort.

» inland @1 iR W gU succession # meadow grass, sea purslane, 3iR sea lavender, afffera g1d & ir
& typical non-maritime terrestrial eco-system # s+ faefi= &1 90 2 |

> Psammoseres dd @& derdl & o4 dd b a1 Uab climatic climax =R 9g= oY, S {6 s+ oak trees,
8T ® I O & O I} &7 high water mark ¥ ¥ geid &I €, @ U &3 characteristic features i
2 S change 81 Wi € &iR dunes &1 natural succession ARad F37 # FErIdr & ¢ |
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6. cAMP Regulation of PKA = Activation of Protein Kinase A (PKA)
Protein kinase A faftd THR & Had! 3R T USRI H cAMP I Inactive PKA Active PKA

wmma&u%l EREARIN: R R R ] regulatory subunits CAQ/IP a
T (TS a1 ) Ieuce ISt (IIR®) Jegfe 3@ B | + o) > +
regulatory subunits qus pseudosubstrate@lﬁ:[ ﬂ@'{ﬁ? °,0
%W@ﬁqﬁﬁﬂﬂ?ﬂgl Regulatory subunits %ﬁlﬁcAMP% _

EIT%'E@T@ pseudosubstrate e‘lﬁﬂaﬁmﬁuﬁaﬁ:{am%ﬁﬁ Rseug;lljitl?sry CE atalyj .t!';' Pseugg;l;?;trate Catallyhc
URUMERGET 3§ Hfehd PKA SRS JGg(-cH &1 disassociation

BT 81 TfohT PKA 3F TEH WIS BRBRISAC HR THT ¢ Glucose mobilization & IH Ha—A & HUR
IfcRad &) @&l & S1QTdl, phosphorylase kinase, G?I?glycogen synthase, PKA Ao WW&W%@
o lhl%l‘blilsac HY Hohd %I _s':lff protein phosphatase-1 (regulation of glucose metabolism), heart muscle

troponin (contraction), myosin light chain kinase (muscle contraction), phosphofructokinase (anaerobic
metabolism), and CREB (transcription factor) %I

cAMP & Signal Amplification

a @ Each activated AC 5 i
s @ generates many cAMP Amplification
cAMPA JACAMP molecules
CAMP™ y y 4 "cAMP
CAMP_, 1 1p CAMP

cAMP molecules

M stimulate PKA; Each _
PKA phosphorylates Amplification
many kinases

Protein Kinases% 4 ’ . 4 ™Protein Kinases
Protein Kinases * Y 4 “Protein Kinases _
Protein Kinases  Protein Kinases Amplification
Protein Kinases Each kinases
77 R phosphorylates more
Ay A targets (including kinases) SN
Amplification?

2. G;: G inhibitory

g adenylyl cyclase &7 inhibit (i = "inhibitory") #=ar 2, cell # cAMP @ level low ar & | Goy somatostatin &
receptor ¥ activated gram 2|



Lumen

= - e, o
/Choiera toxin # Pertussis toxin > \
A; subunit '\ A subunit 1
/

L e

" «
ADP-ribose 4\

ADP-ribose

Cell NADT
membrane

Adenylate
cyclase

Cytoplasm

ATP cAMP

Hormone —  Ri

!

Inhibitory regulative G Protein (Gi)

l[nhihit

Adenylyl
cyclase

PP,
cAMP

» Cholera toxin, Gs & covalent modification @ catalyze @=ar g | ADP-ribose & NAD™ & Gyo @1 GTPase
active site W arginine residue W mHIRd fhar srar 8, ADP-ribosylation Gso =T GTP hydrolysis Jiear 2|
Stimulatory G-protein permanently activated g7 & | RvTRGwY cAMP &1 AR high levels intestinal
epithelium & cells ¥ salts &7 JAR™E JHAM B ¢ | RS AT H water 0smosis & AT TR e &, Rrad! gois
¥ diarrhoea & S 2, St fatal 81 |1 7, 3R salts iR water 5o replace =T f&3 S @ |

P Pertussis toxin (whooping cough disease) ADP-ribosylation @I Giq @ cysteine residue W catalyze a=ar 2;
o™t inhibitory Go GDP to GTP & exchange % # srq#el g7 &ralm § 3R Inhibitory pathway & wmar 21 ADP-
ribosylation T& W Ufshm €, RS9 980 9 proteins 3 activity Fafid 81l 8, eukaryotes (including mammals)

3R 7't 9@ fF prokaryotes # i |

3. Goyg

7 phospholipase C (PLC) & activate &RaT 8, St second messengers &1 UaT &xal z:
e inositol trisphosphate (IP3)
e diacylglycerol (DAG)
Gag, G proteins % UrT ST €, coupled to receptors for:
e vasopressin
e thyroid-stimulating hormone (TSH) 8k
e angiotensin



signal molecule

e G-protein-linked
W receptor activated
phospholipase C-p

Pl 4,5-bisphosphate
[PI(4,5)P2]

diacylglycerol

“Mactivated
protein
kinase C

open IP3-gated
Ca?*-release
channel

activated Gq inositol
o subunit 1,4,5-trisphosphate
(IP3) K

lumen of
endoplasmic

reticulum ¢ @@5@@@6533 ) ®e° e@

Phosphatidylinositol signal cascades:
1. phosphatidylinositol-4, 5-bisphosphate (PIP,) e @<= & forg Kinases Pi @7 ATP ¥ inositol ring @ 5 & 4 position
B hydroxyl group W™ sequential transfer @1 catalyze &< €, |
2. PIP2 Phospholipase C ¥ cleaved BT 2|
» Phospholipase C @1 /T T isoforms # faf=T regulatory domains 810 € 3R $9 T8 1T 3Tl signals &
forg respond & €

a. & G-protein, called Gq Phospholipase C @1 T&% w9 &I Afhd &Rl &1 S T particular GPCR (receptor)
activate &IaT &, GTP, GDP & fofv 3ne=—g & el 8| fhR Gqo-GTP Phospholipase C &7 Afsha #RaT 2 |
> Ca%, it Phospholipase C @1 activity @ forg =nfey grar 2, negatively charged residues 3R phosphorylated
inositol @ phosphate moieties @1 active site @& W1l TRER fHaT HRal 7 |
3. PIP, @1 Phospholipase C gRT cleavage ¥ 2 secondary messengers WIal &K1 2: inositol-1,4,5-trisphosphate (IP3),
iR diacylglycerol (DG)
4. Diacylglycerol, Ca?* & 1 Protein Kinase C @1 Wfsha &_ar g, S s cellular proteins & phosphorylation @1
catalyze ®X®, ST Afbaar 91 < &
5. IP3 (inositol-1,4,5-trisphosphate), endoplasmic reticulum (ER) membranes % Ca?* release channels fshd &ar

21 ER # stored Ca?* cytosol # Haw BIem ¥ | W&t ¥ calmodulin ¥ g8 w&am ® a1 Protein Kinase C @1 @fshd &) Aadm
gl

Protein Kinase C (PKC)

They have following features: -
+ 3 Ser/Thr Kinases &kt 21 S f% Ca2+, phospholipids and diacylglycerol (DAG) gRT ¥fshg & 2 |
* WS A cytosol # W § wfdw Wi 89 W A cell membrane W ugg@) &% substrates B Phosphorylate &
2 99 (e.g., Myristoylated Argninie Rich C Kinase Substrate, MARCKS)
e & A $ AR maeEd ufharst § I learning & memory, cell division & cancer # # affaferT ax 21

Signal turn-off OH, Ca**-ATPase pumps 3R IP; degradation & cytosol # ¥ Ca?* &1 removal nfict #=ar &: IPs

(inositol-1,4,5-trisphosphate) @ enzyme-catalysed hydrolysis gRT sequential dephosphorylation & inositol urer

BT 8, ST f% phosphatidylinositol @& H3e¥oT &7 T substrate 8T 2|

a. Kinases, 5t P (phosphatidylinositol) @1 PIP2 (PI-4,5-bisphosphate,) #ager €, inositol ring @1 ATP % hydroxyls
@1 positions 4 & 5 ¥ phosphate &I transfer &= 21

b. Phosphatidylinositol-3-Kinases S/fd catalyze phosphatidylinositol @T inositol ring @t 3 positions R
phosphorylation catalyze @=ar | For example: phosphatidylinositol-3-phosphate (PI-3-P) . PI-3-P, PI-3,4-P2,
PI-3,4,5-P3, 3R PI-4,5-P, @ signaling roles &1 € |

Activated Protein Kinase B (also called Akt) 987 ¥ proteins @ serine threonine residues @ phosphorylation
catalyze @=ar 2| $9@ metabolism, cell growth 3iR apoptosis T &S ¥4@ <@ W & | Protein Kinase B activity &1

downstream metabolic effect glycogen synthesis, glycolysis @I SfRTd &1, 3R gluconeogenesis &1 JwT Y
e B |




Ca™ Signals
Modulation of Cytosolic [Ca**]

» Cytosolic [Ca®'] =m™=ad: one micromolar § %9 BidT &, fh<i 3ik endoplasmic reticulum (ER) membrane # #igig

Ca’'- ATPase pumps s low concentration ! s+ 3 8, Ca®! @I cytosol 9 X cell & arex ar ER # transport

BRS |

» Extracellular Ca®" level mammalian organisms & millimolar range # gdr 8 | Plasma membrane Ca** channels
@I opening Ca*" signal 31 Y& a7 91 I el 2 |
» Ca’" ER # Wi oA ®U ¥ WATaT 8IT 2, Sit Udb major internal reservoir @ oXg &1 ol 8, SR 3 Ca?’ signaling

& aRM cytosol # Ca’' release 8Idr 2|

» Mitochondria 3R lysosomes i & uRRefidi # Ca?’ release I=d # 3k Ca?! reservoir & &R &1 Hvd & |

Na*-driven
Ca“* exchanger

Caz+

CaZ*-pump

2
Cac* plasma

[Ca2+] =~ 103 M membrane

—

[ADP+P

CYTOSOL

[Ca2*]~ 107 M

Ca2+-pump in
ER membrane

Ca2+-binding
molecules in
cytoplasm

Ca?

calcium-binding

molecule

CYTOSOL

active Ca2+
import in
mitochondrion

plasma
membrane

mitochondrion

» ER lumen # Ca?*-binding domains free Ca?* concenteration @7 buffer @< € ik Ca?* storage & fory emar 91 <d
& ER Ca?*-binding proteins # per molecule 20-50 low affinity Ca*-binding sites it €, acidic residues consist

Pl € | Examples:

# Calsequestrin SR @ lumen # 21T 8, [muscle &7 specialized ER:

sarcoplasmic reticulum (SR)].

folding ¥ +f qffer forrar 2

Cytosol a1 other cell compartments # Ca?* concentration
indicator dyes a1 SH proteins & monitor f&ar ST &, S A
luminescent & a1 fR Ca?* A4 5s @& 30+ fluorescence change a&x
o € | Fluorescent indicators confocal fluorescence microscopy
¥ use 89 g, high-resolution imaging 3R cells § Ca®*

fluctuations ®T quantitation provide &= &|

Ca?* (cytosolic) # transient increase one a7 Ca?*

Calreticulin — non-muscle cells @ lumen # 8T ¥, protein

-release a1 Ca®*-

cytosol

signal Eﬁ)ﬁ

Ca** =) calmodulin

Ca++
-

C

outside
of cell

Ca++
ATP ADP+ Pi A activated
WCE’ ATpase__‘;hm_el
Ca'QQ'

Ca**release channel

endoplasmic
reticulum

jIlCa“-ATPase
P ]
ATP - ADP+ P

signal-

entry channels @ vicinity # localized fowar i waar 2 | ¥ localized Ca?* "puff" a1 "spark" S+ effectors @ activate
oAl ¥, ST additional Ca?* release induce @< &, =1 cytosolic Ca?* # more widespread increase grar & | Higher
cytosolic Ca?* @1 T& “wave” neighboring cells # +ff %a da&d 2|




Ryanodine Receptor:
% Ca®* Release Channel

Sarcoplasmic reticulum (SR) @ membrane % & large Ca?*-release channel, ryanodine receptor(sd®! plant
alkaloid ryanodine ¥ sensitivity @ ol ) ®Earar €| o1d SR lumen & cytosol # Ca?* ryanodine receptor @ gRT
release 811 ® Skeletal &R cardiac muscle &1 dqga |fka gar © |

T tubules muscle cell plasma membrane @ &= & g=et €| T tubule membrane # voltage-gated Ca?* channels
closely apposed SR membrane # ryanodine receptors & R foar #=el €1 T tubule § T action potential gRT
voltage-gated Ca?* channels @ activation ryanodine-sensitive Ca?* release channels @I @ierdr 2| Ca%* Tl
ryanodine receptor @ transmembrane &% & @@= 918 # ryanodine receptor's @1 cytoplasmic domain ¥ 8T a1 SR

lumen 3 cytosol & ST 2 |

¢ Ryanodine receptor cytosolic Ca%* & micromolar concentrations TR @/ a4 & Ak 8IaT 8 | 3¥d: cytosol #

HH AT § Ca?* &1 yaw, further Ca?* &1 Had dar 2|

¢ High (e.g., mM) cytosolic Ca?* ryanodine receptor channel @' fAf€pa @=ar ?, R signal o & oI 2|

IP; receptor Ca** Release Channel
gga W mammalian cells # IP3

(inositol-1,4,5-
trisphosphate), endoplasmic reticulum & Ca®* release
trigger @xar € | "Second messenger" |P3 S &Ral g, SN
in response to hormonal signals, from the membrane lipid
phosphatidylinositol.

+ IP3 receptor U@ ligand-gated Ca2*-release channel g, 5t
endoplasmic reticulum membranes % embedded &r@ar ¥
718 ryanodine receptor channel % distinct g1 2, tr=g partly
homologous 4 grar 2|

¢ IP3 receptor @1 cytosolic domain = Ssa1 &, channel
opening &I §eral 21| IP3 & regulatory phospho-protein
IRBIT &1 fSaffa@ &xar €, 51 f same site &R bind &=aT 2|

¢ Ca%, IPs receptor & ligand-binding domain TR g & 3R
channel opening @1 dgrar & | However, high cytosolic Ca?*,

St f&% channel opening @ @1 fdwfia gt 2, channel closure
BT gl B

(a) Voltage-sensitive RYR
(skeletal muscle)

A Voltage U
Dihydropyridine
receptor

(b) Ca?*-sensitive RYR
(cardiac muscle, neurons)

A Voltage
Voltage-gated
Ca?* channel

receptor

Sarcoplasmic
reticulum

receptor

Endoplasmic
reticulum

3ra: IPs-activated 3fR ryanodine-sensitive channels ST low cytosolic Ca** | |fha 810 € iR high cytosolic Ca** ¥

fofspa & 21

High cytosolic Ca?* gr1 Ca?* @1 feedback inhibition, Ca2*-ATPase pumps @I activity & <1, signal turn-off #
contribute @ € 3k Ca?* concentration ® observed oscillations ¥9a s91d £ |

Some Cellular Responses Mediated by G-Protein-linked Receptors Coupled to the Inositol-Phospholipid

Signaling Pathway

Target Tissue Signaling Molecule

Major Response

Liver vasopressin

glycogen breakdown

Pancreas acetylcholine

amylase secretion

Smooth muscle acetylcholine

contraction

Mast cells antigen

histamine secretion

Blood platelets thrombin

aggregation




