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
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=T,
3~ c \ \"‘(.
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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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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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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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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
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F-plasmids & different strains 3R interrupted mating technique, SUaT @%@ &H chromosome W genes &1 7 uiRd & dad
g
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Direction of synthesis
on leading strand
Single-strand
binding protein =

Helicase DNA polymerase 3

=~ 9

=

/’

— Leading strand

Topoisomerase

—

RNA primer

DNA polymerase
Replication
fork Okazaki fragment
Primase
5

3 Parental DNA Lagging strand

A

Direction of fork movemenﬁ/\ <
=z

Eukaryotes # primase DNA polymerase o &1 R4 57.2) 310 nucleotides 3 RNA primer \¥eifid

complex &9 & & T8, primase (or ) E1@% primosome I ol &, oIl leading strand &
replication @T initiate &vdT & @

[Helicase doublm g9 _single strand ¥ bind g § 3R helicase @ specifity @ 3FRR,
polynucleotide & = 3’ — 5 or 5° — 3’ Rem  amt_ e 2|

&

o 2se g)e E&D’G\K(Hﬁﬂw‘éﬂ 1 1) g 199 99 6 B | m

adi rand & 1000-2000 Nucleotides replicate g9 & W@n d = discontinuous

and HYAYYT BT U TRUT YE & AHaT B | D

e 35 DNA pol Il complex, S leading strand weaifya \a strand @1 Il extend x4 3 |

e  Actually B subunit S strands ™ %rﬁ@%", 2\a\s s, v subunit & bound it 8, St fR B
subunit & bound &K 2| O

e IEf y-complex &1 ygd &1 B-subunit | 3R 9 UBR template ¥ enzyme & s AR
g @ Efd a=ar 81 a8 function T=1d: lagging strand replication & &#d 3mawad 81T &, o9
enzyme repeatedly Okazaki fragment @ g% 3R o # Jed 3R ged 2 |

e DNA pol Il 3R primosome @ ART (FTeH) &I replisome ®&d 2 I8 parent DNA & HTef W1 3 dadT
2 iRk 1fdeR replicative & T T 7 |

e U Yok & dIs, &% Okazaki fragments @1 Sirsar replication Hf$ham &1 QT -1 fawTd 21T © | <fdT
@ Okazaki fragment &1 RNA primer S9 S8 TR SST 81T ©, St ligation g1 =f2Y, 3k 39 DNA pol
[l T g 98l ST |adar (@ifs a8 5’ >3’ exonuclease Tfifafr 781 <xgan) | siifery DNA polymerase |l
lagging strand & 8IS a7 € 3R @ W18 Pol | of ol &, T primer @1 g<I adjacent fragments &1
template & el TR ¥ g 2|

e 2 Okazaki fragment (77 weeifdd) &1 DNA ligase gRT phosphodiester bond & Sirg faam Sirar € @ik s
&K lagging strand @ S 9T region @& replication qui &1 97T 2 |
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RNA DNA polymerase III

primer Lagging
Okazaki fragment
Template
5

DNA

SSsB
protein
5" Parental
3’ DNA

Template DNA polymerase III

DNA Leading
strand

DNA polyrxieras
limen A\ L
R-subunit sliding clamp \> ~
< Single-stranded binding proteins

Leading strand template

Helicase (DnaB/Dna

Lagging strand templat

The Eukaryotic replication fork:-

o Iz onfl I& wrifud &1 8 urn 2 f S9 4 helicase nwinding & forg fFHER 2|

e RPA (replication protein A) 3feiiT 8 ga Polyn ides T R I S+ | AH © |

e DNA polymerase o RNA primer &1 H¥ifid 1 &= |&ar & 3R 39 30 nucleotides 9 extend 1 &=
|qHaT & | dfed g9 sliding clamp @1 i us™ &=+ arenn war@ &1 grar (Pol I & B &R Pol 8 &
PCNA & 9919) | 39t 39 &1 replicating enzyme DNA polymerase 8 ¥ 93T Sl 2 |

e E.coli polymerase @& y- complex @& %R multisubunit |&™& protein (replication factor i
Eukaryotes # @garar &) grrqut fam S 2 |

Removal of RNA Primers from okazaki:-

fae * eukaryotic DNA polymerase # 5°—3’ exonuclease fafafy 7€t gxft 2 | 39 &m # FEN1 (flap
endonucleases) g=1 @1 41T 21 I8 adjacent fragment & 5° end ¥ primer @1 degrade &7 & forg
DNA pol & complex & HTeI =T 1T 2 |
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(A) The flap model (B) The RNase H model
New DNA Next Okazaki fragment New DNA Next Okazaki fragment
5 N ¥ 5 N ¥
IRRNERARRARAYRRERARRRRRRRAREN IERARRRARRARAERERRRRRREREREAN)
3 5 ¥ 5

DNA pol 3 l l RNase H removes the
ymerase . . ; .
 helicase push L FENI cuts at primer, up to the last ribonucleotide

aside the primer the branch point /
SEERRERERARENN "lllllllﬂﬂlll@

removes the kst

O ibonucleotide, plus some
% of the DNA
Missing phosphodiester bond @

—

|28 | o

two DNA fragments

</

FEN1 o'-' @ extreme 5° RN W ribonucleotides @1 =&} geT AHhdr W cleotide @& wrr 5°-
triphosphate group g1 2 it FEN1 &1 Tfafafdy & srawg o= <ar %‘; % ;
1 -

Mode 1 Helicase — Pol 8 Primer &1 grerar & — FEN acti A Sirg ®R Phosphodiester @7
FIe <l B | <
Mode 2 RNase — FEN1 — FEN activity RNA-D osphodiester &1 Hre © |

e FEukaryotes # @I replisome &i 811 &, afcd replication 5 eMfia enzymes iR proteins nucleus &
IR B! TS WA 991 2, TS H 100 9 1000 srer—arar (fAafkre) replication complexes 8 & |

e Nuclear matrix & d1 J¢ &M @I ao8 9 I WA = eril 2, safe’ly DNA molecules S—s
replicate 81T &, 99—a9 complexes & 99 H | Yolkd & | 59 W31 BT replication factories Fs1 S
gl

Termination of Replication:- Bacterial genomes &aa U& 9 & M fawmsii # replicate 81 2|

Termination sequences “Ter” (7 @1 W& #) &I a8 W 3feT—TeT T F o areil 2 replication forks

faema diagonal o9 W fAerch g1 Ter sequences, sequence specific DNA binding protein “Tus” & fog

recognition site @ & &M Hxal & | Ter & bound 81&R “Tus” protein replication fork &1 @aat va faem 3
TR <l 8 SR faudd fawm # omr ge | Adar 2 |

Double helix @R Tus protein @ orientation & MR W I¥&! directionality T3 8Kt 2|

Eukaryotes # termination & 9R % g0 &9 SM®NI SUa © | I8 possible 2 & replication forks random
positions ©X meet BT T |
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A oriC B Tus
. . Leftward fork
progresses

Leftward fork

terH blocked

ter)
ter!

terG l
. = e Rightward fork
" converges

terfF terE

terB terc  terA terD

Telomeres

Telomerase protein 3R RNA & &1 2@r 21 98 RNA 5’ end W human telometric repeat (5°
TTAGGG3’) ¥ complementarity &dm 2| I8 RNA U&& extension step & oy template @1 @8 IUdnT
g1 7 | DNA synthesis enzyme @ protein component gRT f&a1 Siar 2, S reverse transcriptas

END REPLICATION PROBLEM

5
3

& Leading strand

> 3
5

lfagging str#z \‘
¢
AN

A\
l Removal of RNA primers and
fill-in synthesis in 5’ -> 3" direction

7 (e ,
\RS/eaeN ” . 2 QO
o - b o
O gging strand / %
Extreme 5' end is not replicated

5 Leading strand

3
= Telomere @ @w1E telomere binding proteins (TB@ gIxT =
= Mutation it TBPs @ DNA ¥ binding &1 &<l &, ‘ :

SITET It vl 2 ar telomere shortening g1t 2 |

Telomere Replication: -
e Eukaryotic chromosome # linear DNA @1 replication Y& \#=r 9T &=l € | ST bacterial circular
DNA molecule & replication # =&} gl 2 | DNA synthesis @1 M= ufshar # lagging strand @ 3’ end
&1 replication =&l 81T € | 8 chromosome & 3id R U& Rad WM I~ &xdl § IR 39 UHR double-
stranded replicated portion @ BIeT &xaT & |
e TP 3RRK T8 BN f chromosomal DNA U@ replication & dTg BIET BT ST, 3 AHRAT BT T B
% forg @8 ufesard fdefia g g 1 &3 Sial § chromosome ends (telomeres) &7 replicate &% @ forg
telomerase enzyme ST T SIraT 2 |
e UJd telomere G-rich hexanucleotide repeat @ &3 ufodf & €, (3R Tetrahymena # 38 GGGTTG
21) Telomerase 31O+ WR@ET & A= T &1 TRe UH BIeT RNA molecule v@dr 8 ST $9 G-rich
sequence & T& 23 &1 complementary 21
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[Molecular Biology]

e Telomerase &1 RNA molecule, telomere end & H-bond &rdr 2 | RNA &I template @& =g SUART

D, telomerase RNA template @1 gfifel® q9ram €, (39 UHR I8 TH reverse transcriptase enzyme
g) 3R telomere DNA & RR W 6 deoxy nucleotides Sirsdr 2 | fiR Telomerase DNA ¥ 3Tl 814,
telomere end W bind F=aT § 3R extension AT &1 GARIGRT HAT © |

o 3if ®U | e M W UgAd Telomerase 39 UHR Adbel R Td T8 UfhaT &R Al g | a1 941 DNA

strand |1 DNA replication @ fog template @1 @&

#1d b double-stranded chromosomal

DNA &= |t | | replication )1 DNA @& RRi @1 shortening 3R telomerase & SUaRT ¥
lengthening, TF1 dfaTg A IR W Afeld BRI 8, $9 UBR Ud chromosome &1 ofdls TR aRTER

T 2

arental strand
/P 3

b TTGGGGTTGGGGTTGGGGTTG

I aacceC, . ; ;
5/~ incomplete, newly synthesized lagging
TELOMERASE
BINDS
3!
TTGGGGTTGGGGTTGGGGTTG
Aaccce

TELOMERASE syn

EXTENDS 3’ END

DNA synthesis)
L L TTGGGGTTGGGGTTGGGGTTGGGETTGGGGTT

31

strand

direction of @
=) telomere ; :

Y thesis
telomerase with bound RNA template O
(RNA-templated

i AACCCC
5’
COMPLETION OF
LAGGING STRAND
BY DNA POLYMERASE
(DNA-templated
DNA synthesis)
§ S TTGGGETTGE
| SN AACCC
O 70
>
5 \ _TI566G , Telomere Template
1. Hairpin created,
¢ TTGGGGTTGGGE RNA Primer added
) <
+—5 Y -
RNA GGGG v %
Primer 2.Hairpin extended;
RNA primer removed
g TTGGGGTTGGGG -
45
AAGGGG J ]
3. Gapfilled
5 TTGGGGTTGGGG T
)
. AACCCCAAGGGG | Y
4. Hairpin removed
5 TTGGGG
Replicated Telomere
AACCCC
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MEDIUM : HINDI [Molecular Biology]

Fig:- Replication of telomeric DNA. Telomerase has a bound RNA molecule that is used as
template to direct DNA synthesis and hence extension of the ends of chromosomal DNA.

= Theta replication: -

7g circular DNA, @ replication &1 & M= UbR 8 SN & E. coli 3R 3179 bacteria % uram Srdm 2 | $99

double-stranded DNA, nucleotide strand a=a1 &, ST template @1 TRg &9 &xar & AR 59 w® 791 DNA

synthesis g1 2 | Doble helix @ uncoiling T& loop s=raT 2 Sif replication bubble wgarmr 2 |

e Unwinding bubble & U& a1 &l RRI W YH PR I AR g1 g1 Sl &1 <l template
strands T DNA replication, unwinding & 1I—amer gerdr 2 |

e Unwinding & 98 w19 W&l ¥ single strands, double stranded DNA helix ¥ 3feT 80 & 9
replication fork & 2 |

e 31 replication bubble & T RRI W replication fork &1, @ 9 IR @1 TR aF =il # T Fgd 2

3R gHifery 98 bidirectional replication wgamar 21 ami fork T A unwinding DNA replication
FRA Y ST ged © SR 3id H T gav ¥ fAd Wi 2

o 3R R% t& & replication fork 2 @1, 98 W circle & =R 3R =W # &FT Fed gU a1 F 9, i
DNA molecules 1 & 79 & &% U&7 To AT 3R U6 1 nucleotide strand g 2

e Theta replication &1 &1 ggal UHTOT 1963 # John Cairns 1 radioactive rgle i eria
Bl grow R ﬁ@?‘ﬁﬂl AN
rigin

v

OR B

o\

= Rolling-circle replicatio
nucleotide strand # break
Broken strand & 3’ RR =

T & @i U& 3’-OH group 3R & 5’-phosphate group a9 2 |

T4 nueleotides Sire I € S template strand @1 wes ¥ o SRR
S @, template 9 € gQ strand &1 57 RT3 AR AT SHGI
qrER e Igar €, 399 circle & aRT 3R 37 RRT Exil
253 Q' ggd ¥R sequences @l

Ao # 1 gA uierdt @ § 1 Circle & a1 3R &R revolution

JadT g 37 RNT geE wEel amel
e T

revolution # &+ arel nucleotide strand @1 8@ 2| 3T # circle DNA molecule &1 gerT ST &
/99 v double stranded circular DNA 3R t& single stranded linear DNA molecule s & | 318 linear
DNA molecule a1 @1 319w complementary strand &1 a9 # template @& w9 # & 377 & 918 IT U8l
9 circle # TIE & ST 7 |
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Synthesis continues Discontinuous
in 5— 3’ direction synthesis now
on circle, displacing also occurs on
) the 5’ tall the tail
B Single-strand B
c nick occurs Cc A
A D 5
D
E E 5
When the tail is complete, The linear DNA can then be
it can be removed by rolled into a closed
a nuclease double-stranded
circle
B B
C C
P . A A
D D
D E E E
5 E 3

3' 5’ /\ @
Loop Mode Replication @@

Chloroplasts 3fR mitochondria (eukaryotic cells #) # @a @7 circular DNA 2, Sl oArST A1
3T fshaT & §RT replicate 81T €1 ST parental template strand R 2AelH

3l R origin of

replication 87 €| T strand WR replication g erar & ST displacement logp)ar D-loop wR==T a1 8¢
TN strand @1 gerr g1 Replication 99 9% @ 2 i \fhaT g strand & origin of
replication 5 T[oR MY | Replication T&X strand W % 8T & | Mitochondrial DNA # &5
growth conditions # normal Y-junction replication 2l
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CHAPTER : 4
DNA REPAIR

o SNfad SR # DNA &1 &8 I9d+e uRad+l &7 AT BT gedl 2| (7R 9@ a1 frozen AT &
DNA sequencing &= # &M B & IcgadT # 39 b Bl ol fear Simar 2

e I DNA # encode @I 7 genetic information ¥ 8 & = 2, ar fadt f Imafa aRads &t
3 forar ST ARy |

e DNA repairing # &1 I el mutations &1 4T FHR 2|

Agents that Damage DNA
» 5w wavelengths drefl radiation

e ionizing radiation 31 f& gamma rays 3R x-rays
e ultraviolet rays, @@= UV-C rays (~260 nm) I DNA gRT strongly absorb @& Wi & iR
longer-wavelength UV-B I ST ozone shield &I penetrate &< & |

P arareRer H IuRerd R —
9gd ¥ hydrocarbons, cigarette smoke % URI ST+ arell H2d | B plant 2 e
f& aflatoxins ST moldy peanuts # g=ar 2|

» @rEdR 1R Cancers @1 chemotherapy # STRINT {4 S aret TR |

» Highly-reactive oxygen radicals Sif normal cellular respiration ¥gf d& f& a1 biocherhi @
pathways & ¥ 9-1d ¥ |
L\

>
Types of DNA Dama&e \ &\>&/
1. DNA # suRerd @+t 4 y&R @ bases (A, T, C, G oIl TR covalently modify f&a
ST ST E |
o SaTeTaRk Deamination (Y& amino g 2| o1 C nucleotide U % g 51|
2. DNA replication & &R proofreading @ 8 I & SR el base pairs &1 9T |
o TR example: T &7 3 ' ine(WW:WRNAﬁﬁW%I)WW

3. Backbone % Brea O %

4. Bases & 919 covalent linkage @ &RvT Cross linking 81 STcft 2 |

o U & DNA strand ("intrastrand") o a1 )
o &I faudid strands ("interstrand") W |
Cancers @' chemotherapy 3 SuanT fd S arel I DNA crosslinki ] HRUT BT % |

Repairing Damaged Bases
Damaged a1 31T bases 3 e Uisharsii @ gRT repair f&Har S Fabdm &:
A. Direct chemical reversal of the damage
B. Excision Repair, s894 damaged bases T Ugel 8SrIT ST & 3R R WEl bases &1 DNA H3elvol gIRT 9&cl
f&am AT | ¥8f 3 aE & excision repair 81 €:
1. Base Excision Repair (BER)
2. Nucleotide Excision Repair (NER)
3. Mismatch Repair (MMR)
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A. Direct Reversal of Base Damage

Humans # point mutations &1 & &Rl w@rTae w4 I Cytosines # (CHs-) methyl group T ST (an
example of alkylation) 3R I¥& a1 deamination &1 8FT & | 3@ &RoT C, T ¥ 98 I & | SARRR 39
e &1 gRaa glycosylases enzyme gRT & &R a1 ST & St mismatched T &7 82T @& |l C &1 gaRT
g1 a1 2| var fa9r DNA backbone @1 break @x & Sirar € | Cancer chemotherapy # STt @1 S arell
drugs ¥ alkylation gRT DNA @7 &t ugan @l & | §8 methyl groups v protein (MGMT gRT encoded)
gRT 8cT fay O 2| I8 protein % T IR &M TR AHal & s¥iferlg &% methyl group ®1 geM & oy &
31T protein molecule @1 Sva 8 & | I8 DNA @7 direct reversal mechanism gRT re;alr process &1

GERICKIRACIIES

Bases &l 3l &)+ & forg Ol bR & IAAfNd GINEH! Bl 370

B B offhe
aﬁfﬁwaﬁwwwaﬁmﬁ%aﬁwgﬁé )

I8 99 UBR @ NG

Steps TB T TP &:
1. DNA glycosylase enzyme dama %EFH%‘ QT 31 ? f uE ufshar &R IRR @ =W
BIRET # g 3T § ot 20,000 < 2) SO H %9 A HH 8 genes B § S STI—3TT
affs PR B R & enzyme U fARme udHR & base damage @1 gz
eIcll 2 |
ribose phosphate @1 ge™ A & Rad w9 997 & |
OR-ERT 39! SITE W) Sl 2 | 78 DNA polymerase B iR e &1
ea aﬁaﬁsﬁmw%lﬁenzymesmmiﬁfég q’\’ﬁﬁ'\fao_\’ﬁ%\'l

4.
® Damaged base ®\>\)
Glyc g
AP site
uclease
EY OH 5' dRP
Long Patch ] , 1 Short Patch
1 \5' dRP lyase
dRP
Polymerase OH P
(displacing synthesis) T T
L
Polymerase
Liiaiaai (nondisplacing synthesis)
Ligase
Flap endonucleasel — —
) W N
TTTITTITIIrT
ALl Ll 11l
Ligase 1
TTTTTTTTT
ALl il 1l
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Thyroid Gland #\ disease 3R Irregularities

Basal
membrane

Apical
membrane

Hypothalamus secretes
a releasing factor to
the an terior pi tui tary

]
®
2
L2

Thyroid\prodi
xine unb
ufficientlevels

r 1. Thyroid a1 Hypothyroidism @ Hypo-secretion

P 3 genetic disorder * & @  or food # iodine @7 T or urine # iodine @ Af¥F AT F excretion FT T T
f &1 R B

» 799 3, hypothyroidism Cretinism cause ®®T & 3% 51 a=a & cretin Fd & 3R 3 thick lips, protruding
tongue, swollen belly, ill developed sex organs Si¥t e Rt & | 9o dwarf 3R ugly @ S 2| g7 BMR
heat beat @ rate 3k body T temperature @+ gX1 & ¥ sterile 3ik mentally ill @l & 21

P adults # hypothyroidism myxoedema cause @var & arel @1 e, loose 3 swollen skin, adipose fact 3R
mucous @ deposition skin # @if¥ & body obese @ WY blood pressure & & WK @ patient cold ¥ wagTeerdT
SR I wfad @1 @ geRid @war #1 Mental, slowing, bradychordia, sfik weight gain 41 & e 2, adults %
myxoedema & ¥ Wit symptoms 813 2

Simple goiter: 3 food # iodine @ deficiency @1 @& & rm &, 59 colloid goiter #fi @& &1 Swelling 1 awiE

¥ thyroid gland €Y & S 2, @fT A B¢ genetic disorder & 2 | Neck ) Tt wirelt ® 3k Bier @ ave fawrd <o

2 39 frd @1 &4 sea food 3R extra iodine ®1 3 diet ¥ wfier F¥d X I FH 2 |

Sporadic Goiter: ¥ disease genetic disorder @1 awis o &7 &1
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HINDI MEDIUM [ANIMAL PHYSIOLOGY]

P Hashimoto's disease: Hashimoto’s disease # thyroxine @ @gd wmer & @t 2| @@ af @ antigen a1
medicines, disease @ IR & forg a1 WEF @@ & thyroxin hormone # < &, @1 @1 # poison @1 =E &M &l &
3@ AfifHar # body, antibodies ST Rt 2, St ot @e @ thyroid gland #1 T @¥ <t ¥ g9 disease BT
suicide of thyroid ar Autoimmune thyroiditis * &e & |

2. Thyroid ®T Hyper-secretion ar Hyperthyroidism

B microbe infections T genetic disorders @1 awie ¥ gland enlargement show #war & 3R ¥ enlarged gland ga
&t A # thyroxine @7 w1 e &, fr@ ao ¥ BMR, Heart beat rate, blood pressure, intestine # glucose @t
SO SiY oxygen @ @Wud g W & | Mitochondria ¥ agd wuTeT energy Sw et ®, St ATP & &0 # wafa et
2, afes body & heat & w0 # released & W €| g9 oTe ¥ patient # growth & T s fersferer, o
f@ré &0 21 Excess heat/calorie/energy formation @ a5 W patients wga v Tequ o< # |

3 disorders body # hyperthyroidism @ 2:

PExophthalmic Goiter a1 Grave's disease a1 Base Dow’s disease a1 Thyrotoxicosis: % disease # eyeball & #a
mucous @ deposition & Wt 2, fmrd TRV wawT eyes 91 ik I g (bulging) fiaré It 2 W eye socketd
arex Frel gd feamd A 81 S patient BT ve SwrE SR gRaT g AT ¥ 39 R # @ gland neck region @@ @€t

SR @
» Plummer's disease: & disease ¥ thyroid gland ] blessa thyroid & =T Tew
buds & SI¥ BT TR & ST £, T toxic adenomné%?gé yperscerel

tion & W thyroid gland, TR # a7
(swelling) et 2|
<

< Antithyroid Drygs I

P&&\e«ate, periodate, bi»iom T perchlorate amd | Thiocyanate 3R g@v
Ay gl

indide « transpart ) \wd 2 @ d @ 31X concentrate T8 #¥d ¥ | Perchlorate
anate @ 1Q oM @ B\

idcarbomides, S # compuun% O T ¥, 98 thiourea & W 81T 21 A coupling reaction #1 3R
ing) @1 iodination &1 W& T 1

Normal individuals 4 iodides 71 large doses thyroid & Hux T sRR et ¥ | R hormone weemoT sremdt &
W FF A T % | 3T wdEc BT Wolff — Chaikoff wia @& & 5 iodide @ transport g wirar & @@ Wolff — Chaikoff
effect T 3¢ wurar W @@ a1 8 IR I8 ao 1 8, % 9 patients R thyrotoxicosis 81T 8, I normal T @t
o # iodide @ frg et AT B1 & |

meneiodatyrasine {iodide @ organic bin:

Naturally Occuring Goitrogens

Thiocyanates #1 @% aR 415 & @r A Te0T Bt & 3R HO HiorT F WHdw BT A TR A AT goitrogens B AT
WA # 9T W ® | 99 Brassiceae family @ vegetables ¥ w9 % rutabagas, cabbage 3R turnips # progoitrin ram
ST 2 | Y@ substance 1T & Sit compounds @1 goitrin # uRafia @wd 2, S @ @ active antithyroid agent &2 |
Vegetables # progotrin activator heat — labile €xfr & | @ifé, Fifd intestine (presumably of bacterial origin) # %
activators €10 & | 3R &4 vegetables @1 cooked ! &% 3 ®, @@ 4 goitrin ST |

PPara follicular cells or C-cells:
3 cells thyroid gland & stroma ¥ Wl @IT 2 | 3 cells endocrine nature @ g1 & | 7 embryo @ fifth brachial pouches
¥ St ultimobranchial bodies st 2, S+ a9y &1 & | 9W: para follicular cells, endodermal origin @ g1 & |
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HINDI MEDIUM [ANIMAL PHYSIOLOGY]

A cells, thyrocalcitonin hormone @1 &i@ @ &, R iodine =& €IaT & | 78 & protein g1 8 | Thyrocalcitonin,
bones @ &xvT (destruction) @7 #H @x T ¥ 3R urine ¥ Ca™ @1 excretion &1 ¥ ®T Jar <aT & | 3fa: extra cellular
fluid # Ca* @ W@ B HH FX I 2| T8 bones ¥ Ca™ ¥ deposition BT g1 <aT ¥, R bones solid ik strong
it &1 @ hormone, collip hormone 1 parathormone @1 TRerR R (antagonistic) 1T 1

Parathyroid Glands

=

Laymit

Parathyroid
+ glands

gland

Trachea
(windpipe)

Caratid artery——

R m ¥ ST R A e

. yﬁrm e J\zs 4-6 mm @ A ¥y

ranchial pouches 5§ epithelium 7 glands @7 a=rct 2, S 3

577%1 Collip's hormone a1 PTH + @&d &
ones proteinous nature @ & €|
J Parathormone blood & PO, )b number @1 FERT @var & ik g awig & A body @ internal
atmosphere @1 YFHTAT T maintain oxd £ |

o Iblood ¥ Ca*™* =1 HEw F 9T AT ¢ IR PO, & T BN HH G 3 € |

e Parathormone AT PTH nephrons iR intestine % Ca** ! Jraraziior 1 9eT < &, S urine @1 pass #Rd TH1
F Ca*™ % loss BT &7 o=l & | Urine #§ PO4 @1 excretion @1 der a1 ¢

e Vitamin D 3R parathormone cofactors #! og % @~ | Vitamin D Ca** ®! bone 3% teeth 3 ST @var
¥ 1 & < hormones osteoclast cells a bones @1 e & fg SAfdmT @ < & | 31 ¥ asymmetrical bone

@1 symmetrical bone # uRaftfq #x < ¥
o A cells (osteoclast) bone @' remodeling Sl R @va &, fad oRemRawT Ca™* # amount normal
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HINDI MEDIUM [ANIMAL PHYSIOLOGY]

conditions ¥ blood # Rer w&dt 2 |

e T 100 ml blood # 12 mg Ca** &¥r 2 |

e Ca™ muscle contraction, impulses @' conduction, heart beat, blood @ clotting, formation 3~ bones @t
modelling 3k ovum @ fertilization @ forg aga sredl 8 1

e Adult man # 1 kg @@ calcium drrm ST & | Body # fira 1 minerals ur ot €, 991 w1 % Ca™ &1 AT Waw
e A

e Parathormone muscles @1 activity @I maintain @xar 8| @& &% faudd, thyrocalcitonin hormone
vitamin D 3R parathormone ! iRl &wt & forg twe faRef @ awar 1

e urine # Ca"* @ excretion @I @@ 3K bone @& e ®1 &H Hxa Thyrocalcitonin blood # Ca** @t #r=T &1

FHHR AW R
1. Hyposecretion: PTH a7 parathormone @ hyposecretion @1 awig & ECF (3% hypocalcemia # @&d €) 3 Ca** @t
HST FH & A & 3R PO, B A 7@ S |
e Blood # Ca*™ @ %! @ awlg ¥, muscles 3R nerves unneces: Q% T Wl ¥ iR cramping T
shivering g% @< At & | @fi-aft aga @ % 2id veel 21 g9 disease @I tetany
FEd & |
e IR 7E tetany diaphragm siR interc &? @ Asphyxia @1 a8 ¥ animal R ST 21
e Parathyroid gland @ &em | g% TR el fatal state/lethal condition i &
2. Hypersecretion:

ersecretion 1 397 ¥, oste& cells ¥TTF BT W bones B e et
r‘g@f brittle & @ ?I sv Osteopornsls = Osteititis fibrosacystia @&

quantity ECF % 3 ve\ & o &, @ 9 condition @1 hypercalcimea
\; %I € | 34 condition & R%ﬁ% sdlsorder%ﬁ PEd F |

*  Ca" @ kidneys 3R gall blad ss deposition 1 awTE ¥ stones a7 W & |
Control of secretion of parathyroid: Parathormone, TR & |74 wAfad 81T %&ar & | &9 blood # Ca** @t AT
BH B W ¥, 1 59 e 98 Wil § 3iR vice-versa g9 ovg 3 direct feed back control #ar ® |

Calcium Metabolism @I Hormonal Control 3k Bone @ Physiology
Calcium @t metabolism @ forg 3 hormones, §&1 0 & fieR &t €1

1. kidneys 3i liver % successive hydroxylations % 1,25-Dihydroxy-cholecalciferol steroid hormone &rar &, St
vitamin D a1 8T ¥, 6! g B calcium @ @ @ intestine ¥ @1 & BT g ¥

2. Parathyroid glands, parathyroid hormone &1 ¥1a &¥el # | $8@T w1 &7 calcium @1 bone & mobilize @
@1 3R urinary phosphate excertion &1 a1 < @7 8T & |

3. Calcitonin, calcium ®Tlow &< arem hormone 2T &, Wit mammals @ thyroid gland @1 cells & grRTEfad gran
2| 7§ bone @ (FF:YW) resorption F A& @ B |

JcALcium & PHOSPHORUS METABOLISM]|

Calcium

e Adults & €% % 1100 gm (27.5 mol) calcium (body weight &1 $g ) € 2 1 99% calcium skeleton # arar
IAE |
e Myoneural junction transmission @ s/a%g B 3T & | 91 extracellular Ca?* &% & W & | aifteT A IR nerve

Aadkzr Institute 70

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




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

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

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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UTGY §THI (Plant Hormones)
Exd q@ 'e!Tlﬁ:f (growth hormone), q@ IRRELD (growth regulators) Td q@ ety (growth substances)
% AW I it S ST |
3 ec;, BT IYANT JaUYH TIFRAT (Starling, 1904) = fawar o1 forgest 3ref € IEid =1

s wd RA (Pincus and Thimann, 1948) % AR UTGY MM (phytohormones) TTGY §RT 3ff &d
mjﬂﬁiﬁ;mﬁwwd%@&mﬁWwﬁgq@@mmﬁaﬂm&ﬁﬁﬁﬁﬁaa
g |

mﬁ%a@ﬁw (Characteristics of phytohormones)

1 T Jftrepizra: ga M, wRie < sruar gof =i ur Ixafta 814 &1

2. 39¢d B uerf B B

3. SN Id geu A € vafw gt 1

4 Y 3fd &H R=g M Tigar & g g st o= wraf &1 ORa 7 gHIfad &vd § |

5. Y GT WY P YA T | g 3T THTd STerd! © |

TP # U S UTey g & G U 9 U IR ©-

ATRIT (auxins), TR (gibberellins), EIBTZAT (cytokinins), SUTSEH (ethylene) Td VaRIRI® 3

(abscisic acid) |
S UTeY g Bl &) Ig! H ieT o JahdT §
1. q’@uﬂ%m (Growth promoting hormones)- T U1y 9 3% fafia &Pﬁﬁqﬁﬁﬂﬁw %‘ S
Sifer, forafem, araciese anfgl
2. §fG HeUP STHI (Growth inhibitory hormones)- 3 BTHIA TTGT 3{4dT 3 3T H g &1 Ahd 3rar
Tehd A § ISTeRvT- TaRiRie 3R ABA

| 1. ATFRT (Auxins) |
3 9 e el gard ot ga td W™ & Y R IUTehT & Beaey 397 8d & auT e
HIfep1 efferzor & forg wuraRr efferor & & giar g ST (auxin) H8ATd g
TR AT B (Kogl) GRT fam T o1l 39 @t Iaf Wi Weg Auxin I g8 & orger ol § gfg S
(to grow) |
SR &1 @il (Discovery of auxins)
fafte uTe gTEil 8 & FauyH Sifed o1 @ie &1 Tt A | 39 61 TS o1 99 URIE Sitd ot aredd sTfd=T

(Charles Darwin. 1880) CARSIG %‘ ﬁl@ﬁ FA8 grg Balkw Wﬁ&l’x‘[ (Phalaris canariensis) *
UigR 914 (coleoptile) TR TB WA fHd &1

I U fob UigR et 1 Ueh dRWT UTRT o TR 3 ThT 1 o= b 3R T3 S1d & | Uigp= 9t e &1

TP 31 X S(YAT BIE 31 W 3 UHR BT UHTR B 3R aeh T fears =gt ¢ar srufeq wige o &1 =M
BT B TG HIP YT T SAUBIRIT YN A SRTAT g B! Ufed wrar g1




[

coleoptile bends tip removed tip removed coleoptile tips
on agar
— -_— - —T
fji\li \
N
top of coleoptile gelatine inserted tip placed on tips removed
removed (no one side agar cut into
bending blocks
light-proof cap bends towards bending in agar block placed
on tip (no bending) light absence of light  on one side and
bending occurs
(no light)
DARWIN BOYSEN-JENSEN PAAL WENT
(1880) (1915) (1919) (1928)

T S99 (Boysen-Jensen 1910-13) 3 Ui d1dt & MY &1 PTe o= aftg | faife &1 Ue s @
PR U ORWT UhTR &1 TR UM % 3 UehTe I 3R IS ol &

G TANT H I5H G b TG Th IRWT UHT ¥ UEIW 91 & alag & 91 ardl S1d HRT IR WigR e
& 2 & 2 314D B e (mica plate) T € S Ol TR Tt U1 BT 3R TeT Godl 81 g 59 &
ﬁ'clﬁ?[Wﬁﬂ%&ﬂmaﬁWﬂwwaﬁwmﬁw?ﬁﬁmm(phototropic curvature)
yefRid Har gl

39 ¥ g g1 8 % usrengad ahar & fow SEiv sriar SEius yerd =i @ srmr w9 & R
AR g1 B

TS (Paal, 1914-1919) 9 39+ WaNT § qardr f& forafes & RIM W SId] ge3, IU® YT @iead
P We HTYART FI1 W I HT MR 81 gid1 4fa IHaa: g Ieius yerd oa d faaa
a?n%lG@%@%ﬂgﬁﬁﬁ@a%ﬂﬂﬁﬁwﬁwwﬁwﬁ@sﬁﬁwwmﬁmwas
M bl |

de (Went, 1926, 1928) 3 W5 & Wip TId | WY Bl g1 B 3R & Th WS W PO o & g ¥4@i|
R U =% & e B & MY g WP W AT Y F (asymmetrically) 38T o ITH DR T
1t a1 US|
o ITH 2N B THHId SRIER YRT H BT PR G B A1 STA-3HTHT R P ghe W d THARBI
UG T aUT SR faaRur &1 uefRid faram UemT=r &t 3R 27% TUT SUdR BT 3R 57% ST
e g3l
o TR 3R Y YHIT I H AR Wt & THH A & Sife uran |
uﬁm@w (Occurrence and transport)
JET: Tt & it off i F offeRi ot JufRUfY 81 wahclt § fopeg SiTfarasT 1 g ey S i famg ot

S TR 2, Bierest, iR =ia, Tl <, gfger) wd, Y1 v sie ganfe & o e 81 gef Y M 5
BT RIFARN 30 HIT & 3R 8 Srar 2




FW WENT (1928) 7 3iTfRI & Ydig RITTaRT BT UeRiH fHar| Siifes &1 RyTiawor ga=m g 9

YR P TRE g1 Ba1 81 IR1g H I8 AR Y F 2 F1 3R srufa aafHam (basipetal)adT

7@ 2 A SR F 3R 31 s i (acropetal) BT 8 1 3 UHTR BT RITTRUT YA RITATROT

(polar traé\sport) PHEATdT ¢ | I8 UihdT A==l Uqurar (concentration gradient) F faudia fa=m # oft
Tl g

P (Jacobs, 1962) F IR URTS 7 fanfdd SHaw! & e @ T Ya (polar) Td ML (non
polar)ﬁWﬁm%I
HATT: TR BT RIMRU AYATg g 31al Yde- gal & UReT ggdd! SIkiereil & arey 3
B 21 39 Yo F oo qu 3R & Tfeha WFTRU &1 IPIehR0 3 &
1. SR RIFFRUT 1 T fawRor gRT Tt 1 & e 10 A1 § off oifis gielt 31
2. Wgﬁ%(concentration gradient) & fauRia SiifeRr= RIHiaRor wfera fafd grT g Imia g
godl gl
3. SR RMAFRY & TRfHR0 IuMg=d R FRar td ATP & ol & Yere! of Iufeufa o
SR RIFTFRY & FHHt 1} 37 Tfohd RIFTRU &1 Wobd < B

US (Lund, 1947) & TR TR HT AT Iggd faud (electric potential) & 3R gRT ffd g
B TS & WP A BT SMYUR, THaWh! YHTRT I Tei Y T ST ard & a7 afaet fa=m & 3@ T8 wigR
e § el Tde ereerd i 4RI Bid § aUT ST 34 3I SR 71 Fvd B

Apex
Cell wall IAA~
IAA~ \)
IAAH

Influx pH=5 0J_| 3
carrier =
(AUX1 ( \\ E.

protein) IAA‘ e
W
T 2
l
IAA~+ H* =
Plasma pPH=7.0 =
membrane o
°
-
IAA™

Efflux —
carrier
(PIN protein) IAA~, \/)

sy

Schematic model for polar auxin transport

MY (Goldsmith, 1977) 7 TR & RIMFRU & 0 IWAA-RRROM GR&HT (Chemi-osmotic
hypothesis) Tdd 11 3TRGT P YT RIFTRY § ATP B TTZTHAT gl 8| PIRbT RBreett FmRRE
IAA & Vacuoleferl 31 TR gict § 31a: IAA ST Rl ¥ weRor (Rfspa o) gR1 HifkieT s
A Ufay ST 21 91U € ATP & SielTuged d UIe SHoll 1 SUAIT Bd g H- 31T siaged & iRl fifRy
T RFFRT 81d 81 3P BeRd™T HIRABT G BT pH HIH 8¢ ST 8| (cytoso pH = 7.0) T BT iy
T pH HT (5.5) ST 8| HIRABTET T I pH W IAA H- TF IAA- 31T T d SI1dT 8 IUT ST & Faad
BR TR ATIT o IAA(IAA-) TTE D HIHH & HIRTHT & S16 ™IFMIIRT 81 §Id & | 39S 1Y € 2H- 3




1 Shager ¥ PRGN & RIHARd 81 o § 1 SRRy & 3 A9 pH (5.5) TR 1AA- TUT H- fd &%
g;qé%ﬁm IAA 3] T § ST bR ¥ Foerelt It o 7aw #%d §1 59 UPR SR BT Ydid RAHaRoT
|
%qmwﬂiawmmm, O., TEATHY, T AT f7-5: 3R BT di RIFRU 31fe ¥ gHIfad gidr
|
T fa® SiTfea=T (Natural auxins)
3 gl & Uipfae T Y U W 7
o TII9 - 3 TRIA® 37 (Indole-3-acetic acid) Taife® UTaT SITaT 1
. '{——sﬁ?—m m (Indole-3-acetaldehyde) Td '{%ﬁﬁ-&'ﬁ'm (Indole-3-ethanol),
Indole-3 pyruvic Acid, Indole - 3 acetonitrile *ff TR 1d 81 39 ifafad reut &

I F JHH YHTE STAA aTdl AT 4-30R) Fe1d TRITe® 3R (4-chloroindole acetic acid) dYT
s Ufifed 3T (Phenyle acetic acid PAA) B
o miﬁ&ﬁ?qﬂaﬁ AT H (free state) HUAT T G{WW (bound or conjugated) 3TaRIT
|
. TG i o AT & Tewdeh 9Y gRT 93 64 7 |
e IAA T@®IITSS (IAA glucoside). [AA SHIRICIA (IAA inositol) TS 3MTaG TR & $S IaeR0l
T 3 TR P T 3q™e I AR Gad 81 o 3 |

. mlﬁﬁﬁmmwﬁm%*@ HARIHT §H TR STATIge GRT SR Jad 81
TxAfa siifRT (Synthetic auxins)
TR F GHM PP} GHTE T 3 IS AT s T § 5 Ixaid Siifead ®ed g
$Tb $B 3aTERI 6-
(i) NAA = Naphthalene Acetic Acid :- Its common name is "Horotomone"
(i) IBA -Indole Butyric Acid :- Its common name is "Rootone"
(iii) 2-4D = 2-4-dichlorophenoxy Acetic Acid
(iv) 2,4,5-T (2, 4, 6-Trichlorophenoxy acetic acid.)
(v) Picloram = 2, 3, 5-trichloro- 4-amino picolinic Acid. (Tordon)
(Vi) Delapon = 2, 2-dichloro Propionic Acid.
SiifeaT &1 fa=m=r (Destruction of auxins)

e (Went. 1928) gRT {3 T2 7T & FTR s & ot ATTRIA 84% & 1T § 389 Il & b 3 3ffa
TV 81 ST § S1yat sy g1 ST 81 S € R ¥ 7Y 81 Uhd §

1. TISH 3§ {TEHHRUT RT 2. UBTRIT HTFHRUT gRI

IAA BT T-SITSHT STRIBIT IAA TRISH (1AA oxidase) & HRUI EIdT 3| fafte ureti & 1AA iTRiSS
F MR TN WA &1 I8 WIS (peroxidase) B a8 BT HIAT & dUT 1AA BT STHRIHU HR Th
CO, 3{U] G FdT § 3T UHR 1AA Tfchd Tt 51| TS MR 1AA SRS F ufer ufery 1 g §
3d: T TolsH I 35 Y ol [odl oI FahdT|

IAA BT WIS UHT (UV light) TUT 3MTA-IHRI fAf0T (ionising radiation) ¥ HRUT STRIHI0T
g1 8 a1 ag ey g1 oirar 31 ug ufthar yereitg sifwfievor weard g1

STRIT BT G THTIA (Biossay of Auxins)

ey gfg BT &1 IufRUf welRfa # & ol fhd o arat Tact Sfds usieror (biological tests) Sd
SHTHTYA (bio-assay) FHean %"I



SR & 99 = & o PR <0 aehdl URIE0T (Avena coleoptile curvature test) far wirar
2 T IUaT wduyw AT (F.W. went, 1926) 7 far uTl

q% Sifafad 4a i Term fafd grr o snfdaw &1 59 smoe fasan Sran 81
W(Mechanism of action)
SR i TRl R w1 B IHhd 71

1. 9 Sifiaafd (Gene expression)- S DI & IR 3iifdd Wafdd o & sroed
(transcription) P URd #Rd %"I iR Y gt YT IUYd fAfepg G-I'jﬁ"@l:[ PRSI (transcription factors)
& Y IS IR I8 Tohd HRS (active form) T aRaAfTd &R Td & SN SIAaH (transcription) &1 IRd HRd
T | MAA ) ST 7 e 7 9ig & T1Y mRNA B AET H gfg qur Ui i (anti auxins) &1 SufRfd
A mRNA & F1f 39 7 &1 310 X4 &

Z.ﬁﬁﬁﬁmﬁq@ﬁnhanced enzyme activity)- &ﬁ%ﬁqﬁﬁﬁmﬁq@aﬂﬁ% Jydd:
3 faax & Ffepy ey &1 uRafid F 38 Ifhg ad |

TP U WY (Skoog et al. 1942) 3 G fb FHad: 3R TT~IgH & U § &1 &d ¢ Td g
! fafId B e T & I #Rd B

3. BIFRAPHT IRITET (Cell Permeability)- SHTTaT PIFRAHT et # SURIT H- ATP TS UielH U &1 Jfhd
PR A © qYUT D! TR P! 96T od & | S PIABT & TRIERUN gRT 5 a=nyor F g gt § ot
HIRBT Bt Jfe B TGS giell ¢

SR g1 Uik fafte ufsbansti & 599 § U srar i ufohary <nfiret g1 a3 |

SHTfRTT T YfAPT Td UHTG (Role and effects of auxins)

1.3f¥ WY (Apical dominance): T&Id: UIGU! &1 1% HIABIST (lateral buds) BT fomar s Hicra
Wﬂﬂﬁﬁfﬁ?ﬁ%l = fufq & e oy srear yuIfaa (apical dominance) &84 81 2 &feiet & gem
TR U1ef ierepTd digdr ¥ gfg Hat § | 39D Jiel U8 Td T (Thimann and Skoog, 1933) 7 1 | urgf
PIABIY IAA & HRU BT A4 § Hag= A (vasscular connections) TaHRIA g1 B UTdl 3(d: I3 DicTad!
9 3T uRkasd[ gq difesa uves uerd aifesa Aaen & 6T fira urd | s9% sifafved st uardf &1 areH
i & Ffd S & SR B SR Sra1 81 3 HRU UTd Hiras1aft 1 yaeH Tt g1 urdr|

2. BIFRABT FIUTSH (Cell division): TgaT THT (cambium) T HIRIHT FAHSH Bt R IAA Td ARt fopamait
-a(as_[egsonal activity)gRT Fifd 8t 81 S JATur (grafting) Td &fd & GRM FHaw AT IAA & FRO
|

3. SIfRTpT faae| (Cell enlargement): 3R &1 TH Uad gHTE HIRIG13M BT Sefferzor vd faae (cell
elongation and expansion)@ﬁT%WWﬁW@W% Wﬁ@@ﬁ?ﬁ%l HIFRHT reffemrur
TRIRRY 5T & de, [T a@ &7 g1, Ry @ a0 & ufd IRemadr & deq, iR [k & sifdew
fmtor ud siffre Wi (plasticity) & HRUT ST 8|

UIEY HIRAHT BT faaed Ted: &9 SRl 4 g 2|
1. ST faHa & SRUT STeT BT TR Sa=TT0T Siell |
2. DIRBT FURY B Tad (rigidity) B PRI THIS ST §¢ ST 2|

3. PIRDT FURT T IMRAFAS TU F FHSIR (37 & o1 T Bl FHAGR DR °) BRI DITAD]
DI I G1d & SR TR H § Hag fHadt o
SHTRTT 37 Y B gHTfad v €
eﬁmqéiwuméﬁu@aﬁaﬁw (coleoptile elongation) agamﬂmff@?r%'l \_rl_&lﬁ?@
%mmaﬁﬁﬁmaﬁﬁmmﬁuﬁuaﬂﬁﬁmésmmm@mm?rwﬁwsﬁ
|




10. Phosphatidyl serine, an important component of biological membrane, is located in:
B efSd I, Hifds e 31 T Heayqu! ges, FRd &

(a) the outer leaflet but flipflops to inner leaflet under specific conditions.

T8 leaflet Aifdh ARy uRfRUfAl & SMidRe leaflet & foT fhUTITT |

(b) both the leaflets.

Gl leaflet |

(c) the middle of the bilayer.

ST & qA H|

(d) the inner leaflet but flipflops to outer leaflet under specific conditions.

TR leaflet <ifcr fafRry aRfRUfl H STEd leaflet & foT fheTuwRTy|

Ans: d

Exp:

11. Major disadvantage of using liposome as a targeted drug delivery vehicle is that:
TRACE 7 fEaitad vdt & U H U &1 IUTN HRA T U JH9H I8 ¢ o
(a) it gets internalized by phagocytosis inside lysosomes.

Ig ARHEH B e BIISCIE §RI S{fdRe g1 Sdl &

(b) it is very unstable and has low shelf-life.

Ug 954 SRR B 3R TUP! At AZH HH B

(c) it gets intercalated in cell membranes.

g D! el & 3oy o 9 orar 8|

(d) it's drug entrapment efficiency is very low.

D! ST TLUHC B G&l 9gd HH g

Ans: a

Exp:

12. ATP-binding cassette (ABC) transporters:

ATP-TTEfET T (ABC) TIIUICR:

(a) are all P-glycoproteins.

Tt p-TeAsHIUIEH |

(b) are found only in eukaryotes.

Had gy § UTg &I1d 3 |

(c) are both a membrane-spanning domain that recognizes the substrate and an ATP-binding domain.
I U freel-Trel §U S € St Istice 3R ATP-STE(ST S &1 Ugdd ¢ |

(d) affect translocation by forming channels.

I TR RIFRY B YHIAd B 5|

Ans: ¢

Exp:

13. All cytosolic proteins have nuclear export signals that allow them to be removed from the nucleus when
it reassembles after:

gﬂ-ﬁﬂﬁaﬁmuﬁﬂﬁ F=dh fafd Yhd 81d & ot 3= R A SHET 81 W I A FAspTaq o1 ergafa <
(a) meiosis ORI

(b) mitosis mgaﬁm

(c) both meiosis and mitosis ferfng ik IITS'aﬁIF |

(d) DNA repIication..DNAW

Ans: b




Exp:

14. Which of the following statements is INCORRECT in relation to treatment of pre-B cells with phorbol
esters?

WISId TR & 1Y pre-B cell F IUAR & Ja & Fofaied & S &F 1 HY= Tad 82
(a) phorbol esters activate NF-«xB for translocation into the nucleus.

BId TR $5d H RIFRU & 7T NF-«B P Afshd Hd 5

(b) phorbol esters activate protein kinase C.

WIS TR W BT C BT Aiohd Hd 3|

(c) phorbol esters lead to phosphorylation of NF-«B.

BT T NF-«kB & BB RISARM B 3R o Of1d & |

(d) phorbol esters remove the inhibitor from inactive NF-xB complex in the cytoplasm.
Dl TR g @reH H FAiShg NF-«xB Hirciad ¥ SaRIYd Pl geld g

Ans: ¢

Exp:

16. Which one of the following matches of oncogene-protein product is NOT correct?
fafafd o 9 SH-91 sfidToib-UIcH Id1E &1 0d Fal ol o7

(a) erbA — thyroid hormone receptor.

erbA - YRRTSS gTHM RAW|

(b) erbB — epidermal growth factor receptor.

erbB - TfreHa MY Thaex RIATR|

(c) ras — guanine nucleotide binding protein with GTPase activity.

GTPase TIfAfafl & WY ras - T3 Yfdadiczs SRfST M|

(d) fos — platelet-derived growth factor receptor.

fos - Wede-Ad Jig PR AT

Ans: d

Exp:

17. KCI (100 mM) was entrapped inside large unilamellar vesicles. A diffusion potential across the bilayer
can be generated by diluting with buffer containing:

KCI (100 mM) S8 Teh Qi arelt gfedhraf & 3fex Tl 7T AT | SISAaR & 3R OR ¥ IR &1 dailute P
diffusion potential %WW%

(@) 100 mM KCl and a protonophore

(b) 100 mM NaCl and a protonophore

(c) 100 mM KCl and a K*-specific ionophore

(d) 100 mM NacCl and a K*-specific ionophore

Ans: d

Exp:

21. Out of the following matches of oncogenes with the proteins that each specifies, which one is

incorrect?
faffad # 9 ude gr1 Ay Tida & Iry siieTsi &1 Ad §, 379 A 14 91 7Teld 87

(a) erbA — thyroid hormone receptor

erbA - YRRTSS gHM RAW

(b) erbB — epidermal growth receptor

erbB - TSHT My RAPR

(c) ras — guanine-nucleotide binding protein with GTPase activity

GTPase TIdIfdfer & AT ras - ﬂ&ﬁ?—m TGN Ui



(d) fos — platelet-derived growth factor
fos - @ede-gdd gfg PR

Ans: d

Exp:

24. Which of the following pairs of subcellular compartments is likely to have same pH and electrolyte
composition?
9 ¥ O f5 Su-SIRw FHer T 90 pH 3R faggd e Yoed g &t JUTaHT 87
(a) Cytosol and lysosomes.
IR eTEENEH|
(b) Cytosol and mitochondrial inter membrane space.

3R AP IFSad Ser A W |

(c) Cytosol and endosome.
IR TS|
(d) Mitochondrial matrix and inter membrane space.
Afea 3R gex A WY |

Ans: b

Exp:
29. The cylindrical channels in gap junctions are made of
AT SiaRHT H SRR I s 79 8 82
(a) connexin.
(b) collagen.
(c) fibronectin.
(d) N-CAM.
Ans: a
Exp:
30. A tumour suppressor protein
Toh SR YRR UIEH
(a) is one whose function brings about regression of a tumour
T e R F ufm S IR A AT e
(b) one where mutations are shown to cause or are associated with tumours.
UF OIgT SUNRId SR & HRU AT IS gL & |
() is inactivated by oncogenes.

KICAIEEANRE =]
(d) inhibits the progression of the cell cycle by phosphorylating cyclins.
IR RIATCT TSI GRT HIRIBT Ieh BT WA Bl bl g
Ans: b
Exp:
32. One population of large unillamellar vesicles (LUV), labeled with a flurophore attached to phosphatidy!
ethanolamine is mixed with a population of unlabeled LUV in the ratio of 1:5. A protein is added to these
lipid vesicles. Considerable enhancement in fluorescence is observed. This is due to
BB {efge TUHTTHTS U Js WIRIPR & 1Y ded fhU 71T 58 FHdiHeR dR¥fbed (LUV) Bi T 3MTaTdl Bl
1:5 % U & foHT A9 aTat LUV &Y SHTETET & 1 fyaman siran g1 34 fafe aReed & we widh= firamn
ST 8 | Ifaifiy # Seeiei 3fs 8 71 8 1 SUHT HRUT 8
(a) redistribution of the flurophore between the vesicles as a result of membrane fusion.

freett e & uRomRaE T ARG F S FRIBR $T gAfdaRu



(b) translocation of a population of flurophore to the unlabeled vesicles due to vesicle aggregation.
IRTF R THATHRU & HRUT o1 A9 aTel IRYH e H FARIBR DI STETET BT T AaIbRH |

(c) extrusion of the flurophore from the vesicles into buffer.

TRIBR & ARHe I TR T d18R Fdbra|

(d) formation of micelles from the vesicles.

IR I o o1 fmfon)

Ans: a

Exp:

33. Mitochondrial proteins are first fully synthesized as mitochondrial precursor proteins in the cytosol
and then translocated into mitochondria through signal sequences.

mﬁ%ﬂﬂmﬁmmﬁmﬁ%ﬂﬁ precursor proteins %Wﬁ@ﬂ@ﬂ?ﬁﬁﬁm
ST § 3R R Ry Wehd & Arend ¥ Higciditsal & giiaides fadr ST g1
Which one of the following is true for mitochondrial precursor proteins?
II'IE@WV%TIT*I precursor proteins & mmﬁﬁﬁ?mw %?

(a) They remain unfolded in the cytosol.

ERIEENIREREEIGE

(b) They form a folded structure.

3 TP U g% W S 5

(c) They do not form amphiphilic a-helix

| QTEI%W a—%ﬁﬁ:ﬂ q?}f?ﬁ'lﬁ %

(d) They form B—pleated sheets.

3 p-wfies e s B

Ans: a

Exp:

35. Which of the following is most likely to be activated in the non-canonical Wnt pathway?
gfaRaa FAdH non-canonical Wnt pathway o gfhg ?ﬂ%f Pl T 3HfYH GHTIAT %?

(a) Disheveled and GSK-3

(b) RhoA and PLC.

(c) GSK-3 and RhoA.

(d) Dishaveled and APC.

Ans: b

Exp:

41. Which of the following statements regarding membrane transport is FALSE?

AT U & ey & FEfiied & 9 &F 1 HY- Tad 87

(a) Polar and charged solutes will not cross cell membranes effectively without specific protein carriers.
YA 3R rafRrd faery fafkiy Wi arget & fomT iR fRreett &1 el 0 4 UR 781 S|
(b) Each protein carrier will only bind and transport one (or a few very similar) type of solute.

TS UIEH d18® $Had Ud (@1 $© Sgd THH) UHR P [a0d ¥ Fo71 3R ghEIe S|

(c) Sugars such as glucose are always transported by active transport rather than by facilitated diffusion
carriers.
DS oI RIHRT HT TIIUIC GHRT Tfehd TrUIE gRT fowam S § 7 i T TR HivaR g

(d) lons are typically transported by special proteins that form membrane channels.

ST DI TAIR TR IRy W gRT o S o711 & S f3reeft <97l @ €41d 8



HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

Restriction endonucleases: t& endonuclease T& enzyme & S nucleic acid @ phosphodiester bonds &1
wa internal site (v exonuclease & &l @rel Sirdl, Sl ddel < RRT # At RRT & nucleotides & srear 2)
%8 endonucleases DNAs 3k RNAs & internal bond (s @=if) @1 randomly (a1gfRe®) @rear 2| gTaife,
restriction endonucleases specific (faf¥t<) restriction sites & dsDNA & <IHi strands &1 &Ted € | Restriction
endonucleases % TR & & 3k g restriction endonucleases T restriction site & v rcdfd® fafdre €,
S SATETCR 4, 6 47 8 base pairs & 811 €| {B 3UaE & ol 91% ¥ discuss f&d SR |

Three types of restriction endonucleases

Type |

e Typelenzymes &1 IS Ugel WISl AT oI | §9d! recoghition site 3T Bl & 3R Sa@ cleage site &
BHTHT R B |

e I restriction enzymes &1 & @x & forg Magnesium, ATP (adenosine triphosphate) 3k AdoMet
(S-adenosyl methionine) @ amaegdar Bt B |

e Type |l restriction enzymes & 3 subunits &< 2| %@
Type Il @

e 3000 I SATET 3TT—3TT YHR & type |l restriction endonug e?

e Type |l restriction enzymes @I recognition sites 4 & 8 base<p g 2 sk Mg? @) IuRefa
# AT e g |

o B B IR & fow ATP a1 AdoMet @ BRI &

e  Irestriction endonuclease STETHR I site g, el 9 DN@% ygaMd & )R ¥ U@ subunit

P 97 BT B <<i§l
ictj @ey% base pairs W cut @ €|

pe Il restricti eases qY 33T nucleotide sequences

| T UgA™ T sequences ¥ 3 B §, Fife «r
s non-palindromic 3k ase pairing § td R & [JURIT e 1

pe Ill restriction endonucleases & DNA restriction 3iR methylation aﬁT’T w7 & forw AdoMet
3R ATP &) arrazadhar gl 2 |

e sequences Type

Applications

P Restriction endonucleases & wafA® w7 & DNA replication @R protein expression experiments # genes
@1 plasmid vectors & insert &M ¥ SYANT faar Srer 2 |

o  UMMI®Y W SUANT H AT WM dTel restriction endonuclease type |l restriction endonucleases |

e Vector #U®% gene &l insert &M & oI same restriction enzyme @1 plasmid DNA 3iR gene insert &
use &xd ¥ | Restriction endonuclease & &I¢ WM & 15, 3¢ DNA ligase & gRT Sirs fRar siram 2 |

e 3731 single nucleotide polymorphism @' Tgar # ¥ SUANT B Srar 2, S gene alleles & R ar
P H B AR |

e ¥t DNA &1 genotyping f39T sequencing @1 cost & allow @x \adar 2 | Restriction enzymes &7 STe
@ 91g fR gel electrophoresis &M W, gel # Sufkerd bands @1 W& samples & genotype &I Tl & |
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

e  Restriction endonucleases, DNA fragmentation & forg § ITAEY ) g technique DNA @I specific
sites R we & oy allow & 8, ST U@ fAR¥aa sequence &7 fragment # gﬁﬂﬂjﬁf%ﬁm 2 &R it
THS M FBR B &1 § | Fragmented € & a15, DNA & UaR @1 analytic techniques & forg sarar
IUYE &1 O 2 | I8 genetic fingerprinting S UfhaTall # N SUANT fban S 2

Restriction sites: o+ restriction sites palindromes g (3% same double-stranded DNA base sequence
2T feement 3 e §). SereRvr @ Iy aifted] ™ # forar S arer Eco Rl enzyme GAATT (5' 9 3') sequence &7
YgAEar €919 5'- 9 3'- g e ® 4, complementary strand @T sequence ¥ GAATTC &raT 2 |

Bacteria restriction endonucleases ®I defense mechanisms (&I &) (S: viral invasion @& favg) & e
SYANT Rl 8 | Gs UBR & bacterium ¥ 9= @9 @ restriction enzymes 3R specific recognition sites gl
2| Foreign DNA &1 w4l %0 ¥ recognition sites TR cut TR e &x fear e 2|

Bacteria 3197 genome &I, 31q= DNA @I restriction sites # base-modification ¥ (Wr=ad: methylation %) F=mam
2| 3/ USRS strain @ URT U restriction endonuclease 3k DNA methylase, ¥4 target faf¥redmell & rer

BT 2,

“Restriction” endonuclease M 3 A& fAf¥Te nucleases &1 safew fear o i gn DNAs &
invasion &1 i1 f& bacterial viruses, @1 T 2 | o {/&

Frequency of cutting: Restriction site specificity @ @RI, restriction‘e es DNA &I fragments #
cut oxar B, @ iiaa @/ TS BT Ual restriction site % SURYT base pairs @A A (and to a lesser extent by
the ratio of bases in the DNA) =rerer 2 | @
DNA 7% aRi bases &&= A= # &1l €, DNA sense 7
AT (wifdesar) 1/4 =1t € 1 4 base pairs &7 U restriction’si nce @ random occurrence

1 wifear (1/4)(1/4)(1/4)(1/4) =1/4%=1 1/4096 2 iR 8 base pairs
striction endonuclease 4,096

SRAT | A fragm
asé & forw 31 cut si

Eal IR T% DNA 66.7% GC 2 (vaerd 2/3 base pairs GC ) 3iR base pairs &1 random orientation
(feere B & o wd® A wd T 341 @ probabilities 1/6 &Y @ik G & C &1 probabilities 1/3 grfl | 3rd: GAATTC
%1 probability (1/3)(1/6)(1/6)(1/6)(1/6)1/3) = 1/11,664 =1 g, Wit 1/4096 ¥ 3T ¥ w/d T bases a_Ta 75T 3
Sufkerd o1 | rd: Eco Rl §RT 9911 T fragment @1 3ird ofwarg DNA i higher GC content & S&% Sarar g1fi |

Naming of restriction endonucleases: Restriction endonucleases & =T bacteria @ species 3iR strains =
A derive Y ¥ TR v W 2| 1% letter genus & oy BT 2 @R 3Tl 2 letters(2™ and 3™ ) species & forg 4th
strain & T 2’k Roman numeral S strain @ enzyme F! gamr 81 15 @ letters, ST genus 3iR species & fag
BT €, S+ italics # forad £ | ar: Eco R, E. coli strain RY13 & U< ugaT restriction endonuclease & |

i &1 g¢_list #, $a1 TP strand B palindrome T sequence 3T T Y&T # (JERT SHET reverse complement &
SR 5' ¥ 3' U¢ ™ R identical gmm).

Cut site @7 vertical line (|) 57 f% bases & @19 &Kkt 8, & \#=mar a1 &

Sticky ends (@ 1) 99a €, 919 T cut sequence & exact center IR F&l oTaT| Pu #deld @18 purine (A a1 G), Py
Hadd 18 pyrimidine (Car T). (A/T) widetg A a1 T (an AT base pair in either orientation).

Note: Eco RIl [T § «ifs S recognition sequence U (fA¥H) odd number @ bases @1 i 2 |
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e Aac651 G|GTACC
e Alul AG|CT

e BamHI G|GATCC
e Bglll A|GATCT
e (Clal AT|CGAT
e EcoRl G|AATTC
e EcoRIl |CC(A/T)GG
e Haelll GG|CC

e Hindll GTPy|PuAC
e Hindlll A|AGCTT
e Hpall C|CGG

e Kpnl GGTAC|C
e Mbol |GATC

e Notl GC|GGCCGC @
e Nstl ATGCA|T {&

e Pstl CTGCA|G @

e Pvul CGAT|CG < {/&

e Sacl GAGCT|C %

e Sall G|TCGAC

+ Smal CCC|GGG @
¢ Xmal C|CCGGG (\@

Isoschizomers: B ATl ¥, 2 IT ST el T—3T6H en dentical sites @b %‘ | STTT—3TAT source
(=) & 9T enzymes St same site Bt aﬁ'\f 9 = 4l ST\H% E’T 3= isoschizomers
PHEd & | Sma | 3R Xma | 51 & list 1‘-{ |sosch|zomers QIUI Ud B site BT T3 TRID
Acut g |

Neoschizomer: Us engz

ime sequence ST ORE W Hredm & | Neoschizomers
~ % |soschizomers Sma | (CCC/GGG) 3R Xma | (C/CCGGG) T& TR

DNA methyltransferases

DAM Methyltransferase: E. coli & dam+ strains ¥, 5 ...GATC...3 sequence @ adenine residues @ N6 atom
T methyl group ST 3&aT 21 DNA adenine methylase U@ single-subunit nucleotide-independent (type 1)
DNA methyltransferase & Sl recognition sequence 5 GATC 3 # adenine residues W S-adenosylmethionine
1 methyl group @7 transfer &xer 2 |

e E.coli#, efficient DNA mismatch repair 1T dam methylation sasa® gier 2|
e oriCTRYCId DNA replication @ initiation & 3 oriC = SURT chromosomes 3 segregation 3R
partition & foTy 3ik gene expression @ modulation § Y 3mawI® 2 |

e  Methyl group @ adenine @ N6 atom W transfer I T& bulky alkyl residue # B-form DNA & major
groove # v faar wimar 8, @l recognition sites # sequence 5 GATC 3 grar 2
o 3US fUT B restriction enzymes F GATC-residues TR DNA &t cleave &3 & fT methylation @t

SgTgHar gl 2|
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

DCM Methyltransferase

dem 5 ...CCAGG...3 a1 5 ...CCTGG...3 sequence # SuRerd cytosine & C5 position = methyl groups Sirear @
3R 9 UHR EcoRl @1 TRE restriction enzymes ¥ cleavage &7 Idhdl 2|

Restriction Mapping: Restriction endonucleases ¥ DNA @ a3 pieces &I BIC gdmel # areT ST Hadm 2 | Af 2
restriction endonucleases STINT &3 i €, o weid fragment St 1% enzyme 3 31 ® S9 41 ¥R enzyme
gR13IR ¥ BIC @e! # dre faar wmr 21 Electrophoresis 3iR fragments @ mobilities & g # (fragments
with those of “markers” of known size) fragments @ relative size &1 uar =reram 8 | 599 cut 9910 €, 959 59 BT
el ox W, overlapping fragments @1 align @@ ol DNA @1 v Q0T restriction map ST \ad ¥ |

Vectors: Cloned genes @ replication Urat &=+ @& fofw g77a1 self-replicating genomes & ST amawaa 8, g
vectors ®Ed € | glefife bacterial plasmids @1 vectors @) @e SUANT faar Sirm €, Siem fb =i garar 7 8| 599
AT W BS UFHR B vectors B € | Th vector # 1 properties g a1fRT:

g\:&m 3k DNA

1. Vector # U& origin of replication (ori*) 91 @12y St DNA &7 31q=amy replication
# ¥ WU host DNA grar 2|

2. Cloning & forg Swarf, circular vector @1 =1 fadt vector DNA
open &ed €| 5o forg fAf¥rse restriction site @1 &7 smavT® B le vector DNA # @adt 1 &Y
DNA linearize & wirar & | Cut RIRY

=1f2u | Restriction endonuclease ST & site faf¥re &, 4 W@u i i
B ATIE SIS W YT vector i A 99 ST 21 IBcu oreign DNA segeuence &1 3R o9 &

jction endonucleases &

v allow =& & =1, 97 circular vector |nserted uence T & oRI: T& cloned
coding sequence ¥ S &A1 wirn smazas & UHR Ef‘:vecto me circular (MeT®R) gar
gl

3. SUERR vectors ¢w selectabl uie 1% antibiotic re o e aﬂﬁ 21 31 host organism

@1 ey aRRerfaat 3

4. 9% Us second ors cIoned DNA fgd vectors & € 3R

: 1’ W recombinant clone %Wﬂ%fﬁ?%ﬁﬁ%ﬁﬁ SICRUED
ﬁaqﬁfmﬁﬁwﬂé‘rﬂw%

¢ Negative selection - Negative selection ff, Wwwmﬁmﬁl'ﬂ%ﬁﬁ
S IdTE BT IURTA H cytotoxic agent H TRafdd 81 ST, 3R URUMAGRY, T8 wild
UHR B HIRIBISN & AT BT SFTANT TeT &afl § | A Y: HAToreh el ob A
%&ﬁa host strain Wﬁ?—m\_yﬂ?m% @Tmﬁwaﬁmﬁﬁm
|

Plasmids: Bacterial plasmids BI< circular DNAs 80 &, f5=% S9& @ & origins of replication 810 g iR
bacterial cells ¥ autonomous (¥a72=) replication % @wef €1 2 | Plasmids R ST genes 81 ¥, 3 antibiotics
yferIefl bacteria 99 # Wem B0 €, ST S bacterias BT IIT &1 # W9a B € R plasmid ferar 2 | smaR
BT 89 & &R, plasmid § T restriction endonuclease @& ot &aer 1 cut site 81 8, it foreign DNA &
THHed (Integration) @ forg circle &1 open @xar € 3R plasmid & 231 & S 8 A 99T 8 | 39D Hg ad!
I modify ft fosar 5 w&ar 8 | &8 multiple cloning sites(MCS) @ addition & 9gald &) Add 2 |
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TP 3 trick Rredr S UTpfce wU W IURLIT cut sites 1 8CT a1 917 & axd & | Codon @ 3" base
F19Ea @ restriction endonuclease F cut site F1 BSIAT & | Amino acid @ T H ¥ mutations silent &
& ¥ restriction endonucleases & DNA & cleavage & W= H =& |

Subcloning

Cloning experiment &1 §a4 wa a¥iaT Sif DNA cloning @1 &8 basic vgfuai ®1 ysRfa @=ar g, cloned DNA &1 U&
vector ¥ IR vector # transfer 2, SuanT 1 subcloning @eT ST 2 | 9 U@ large cloned fragment @ short region
P 31F FRAR # St B & o1 SUATT fhar 57 Ahdl § A7 U gene &1 U TN vector # transfer &=+ & fog o g9
particular species # express &= & fory design foar a7 2| SR & forg E.coli # plasmid vectors & ##er #, i
Fa%1 = Reafdy &, ufshan &1 e =Roll 7 dffer o1 et B |

o sfBd cloned sequence Y@= daret plasmid DNA @7 isolation.
e Restriction endonucleases @ eI plasmid @ discrete fragment # digestion (cutting). : \

e Agarose gel electrophoresis gR1 fragments @1 separation.
e Desired target fragment &7 purification. @
e T&% 7T recombinant molecule 9 & foT & Y plasmid # fragment % g).
e Ligated plasmid &1 U® E. coli strain # transfer (transformation). m&%

e Transformed bacteria &1 selection.

e Recombinant plasmids @ analysis. <®@
<\ .

Plasmids: t& plasmid, bacterial chromosome ¥ 3feT Ta =1 DNA molecule 8 W1 Wda w4 ¥ replication 3R
transmission @ forg Wer 2 | Plasmids circular & 3R a1 @ bacterial chromosome 3 3reT a1 bacterial chromosome
@ ARIGS gY B ¢ | faftre uRRerfial &1 siear I host cell & forg sawas =€ 810 2 | #8 oRe & bacterial plasmids
g, oifhT 319 3 e 31fSrp 3wy by Y UaR -

(1) F plasmids (conjugation & fog STRaRY 8)

(2) R plasmids (antibiotics @ uft resistance & foTg genes @@ 7) iR

(3) Col plasmids (colicins @ foft code @=d &, I proteins St sensitive E.coli cells @1 kill (@) &=a g, I particular
colicin & it immunity Y &== dTel genes ¥l 7@d 2). Plasmids 31 @ conjugative (transmissible) & da&d @
(conjugation @ gRT DNA transfer @ #ea=adl &xd & 3R g9 UHR UH population & bacterial cells & = asit
¥ g€ P 2) e.g., F plasmids, &3 R plasmids 3R @ Col plasmids, a1 nonconjugative (conjugation =T DNA
transfer mediate =& 81T 8) e.g., s R plasmids 3R 31f&aR Col plasmids.

Stringent and Relaxed Replication: Mainly s&@ replication control system @ &R bacterial cell § wd®
plasmid t® fafdre copy number &+ g 2|

g9 de H plasmids 2 YR & B &:- (1) single copy 3% (2) multicopy plasmids. Single copy plasmids @7 replication
control 39& bacterial host cells @ @g 2, safery I bacterial chromosome @ <1ef replicate 3R segregate g 2,
39 stringent replication @gT AT € | 3@ contrast ®, multicopy plasmids @7 replication control bacterial host
genome 9 37T BT €, 91T host genome & U@ replication & oy 9 T A 31fd® 9K replication a=a 2| s
relaxed replication &= irar &/
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Stringent Plasmid Relaxed Plasmid

Low # High #

Depend on protein synthesis of system Independent (self)

(Host)

Stop replicating upon using protein Get amplify upon using protein synthesis inhibitors.
synthesis inhibitors.

Replicates with Genomic DNA Independent of genomic DNA (Only DNA Poly. Required)

TABLE: Antibiotic resistance genes found in R plasmids, their proteins and mechanism of antibiotic
resistance

Antibiotic gene Protein produced by the gene Mechanism of resistange @
conferring resistance %

<\

Ampicillin (amp) Penicillmase or B-lactamase Hydrol B lactam ring
Kanamycin (kan) Kanamycin acetyltransferase* &géw of the antibiotic
Neomycin (neo) Aminogycoside phospho transferase osphorylatlon of the antibiotic
Streptomycin (str) Streptomycin phospho transfe Phosph tion of OH on the antibiotic
Streptomycin adenylate synthe @ | the OH on the antibiotic

,Soﬁle\é\f\rﬁafgp/\sorter genes/iro elﬁ u§ed’ln RDT

M O Activity & Measurement
(\

Transfers radioactive acetyl groups to chloramphenicol;
CAT (chlgramp enlcol acetyltransferase) detection by thin layer chromatography and
autoradiography

Hydrolyzes colorless o-nitrophenol-B-galactoside to o-

GAL (B-galactosidase
(B-g ) nitrophenol and galactose (colored products.)

Hydrolyzes colorless X-gluc (5-bromo, 4-chloro, 3-indoyl

GUS (B-glucuronidase
(B ) R—glucuronide) to yield colored products.

LUC (luciferase) enzyme from firefly (Photinus pyralis), Oxidizes Luciferin to oxyluciferin emitting photons.

GFP (green fluorescent protein) from the jelly-fish

e ] Fluoresces on irradiation with UV.
Aequoria Victoria
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There are now several variants of GFP with altered
fluorescence emission to give different colours — YFP
(yellow), BFP (blue), CFP (cyan).

VECTORS

& vector T DNA molecule it appropriate host cell # replicate 89 @1 ability T@ar 2 ik % cloning & forg
clone foar S a1 DNA fragment (3% DNA insert &8T SITaT 8) integrated 81dT & | $9 TSR, T& vector &1 T origin
of DNA replication (71 ori & denote f&ar ST 8) w@+m =@fdy <t host cell # function &Rar 2| f&=dr extra-
chromosomal small genome, e.g., plasmid, phage 3fR virus &' vector @1 TR use fHaT ST AHaT 2|

Properties of A Good Vector

U®h 31 vector &I {71 properties &+ =12: -

1.

A

N G\
39 autonomously replicate 89 # \e™ g1 @112Y | 59 cloning &7 8g<¥d DNA insert @ &3 copies U<l &R g,

vector replicon @ relaxed control # 8T @12y, R I8 single host cell # 3= multiple copies generate %
| |

39 isolate &R purify T A= &1

39 host cells # easily introduce & ST 5@, i.e., vector @ A1 host &7 transformation easy g1 1R |
Vector # suitable marker genes & @@y <t transformed host cells @ easy selection @ allow @=ar 2|

19 $ge¥d gene transfer 2, s59% g &1 DNA insert ST I8 carry &=l €, &1 host cell & genome # integrate &+
BT AT BT AT |

DNA insert X& aret vector molecules & &1 transformed cells (recombinant a1 chimaeric vector) Riw vector
molecules gRTtransformed cells # selectable @1 identifiable 8 =12y |

. U®% vector &1 1fdd | 31 restriction enzymes & forg faR¥ne target sites 3@ @1f2y, Siat DNA sTaead Fraf &f

iy ford faer ST S A 7|
519 DNA insert @ expression @1 amagadar gl 8, vector &I at least suitable control element Y@= =Ry,
promoter, orperator 3R ribosome binding sites; @$ g@¥ factors # important & wad 2 |

Cloning and Expression Vectors

U@ suitable host # DNA inserts & propagation @ ot use f3 T ¥t vectors @ cloning vectors &g T 2 |
<Ifp 519 T vector DNA insert @ expression & forg a1 39@ g1)T specified protein @ production @ v design
fohaT ST 8, 39 expression vector HET I 2 |

As a rule, 39 TSR @ expression vector at least ¥ regulatory sequence i.e., promoters, operators,
ribosomal binding sites etc. T@d 2, ST g7 T host # optimum function e 2 |

¥ cloning vectors relaxed replication control & &, gAfelT  per host cell 3@ wferlt SU= & 2|

19 e eukaryotic gene &1 T prokaryote # express far ar €, eukaryotic coding sequence &1 prokaryotic
promoter a7 ribosome binding site @ 918 place f&ar w1 =@fey ®Nf% eukaryotic regulatory sequences
prokaryotes % recognize &l gt ¥

w8, eukaryotic genes, as a rule, S9& coding regions # IuRe@ introns (noncoding regions) T&d € |
Eukaryotic genes & Sfad expression & oIy g introns &1 gern ST @1fgy F4ifd prokaryotes # RNA transcript
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ovalent chromat yi

o The substance in mobile phase form covalent bonds with the stationary phase and elution is
accomplished breakage of these bonds.

o (chaer 9T & purification & fore 3u=eT fRa SiTe § S 2R TR0 & AT disulfide bonds =T Tehell €)1

« Activated thiol sepharose contains 2, 2'- dipyridyl disulfide which under mild conditions, forms mixed
disulfides with the thiol group of proteins.

|ENA —cellulose chromatoaraghﬂ

- DBPs (DNA binding proteins) &I g&RT & 3ieiaT &l & oIt 53 w1 3UANT aXal 8| foraed Afery
DNA-cellulose & =TT T §1

e &3 ionic strength aTel THR I WIEIT &1 fAsor (I3 DBPs & DNA & AT adsorbed t@
T e
FHAR

FIeH & ATETA A pass fHAT 1T §1 Column aF 3138 ME &I ge= &
AT ATl & Teh BTel & AT eluted RFT ST ¥1 & 1 ger R Sar;

w9 J Fierd g \
o Phage T4 @ @ehfAd E.Coli & DNA-binding protein T Tl oiaTleY, riive Alberts ZaRT Tgall I
3T forT TR N
Meth lated Albumin Kie: ur olumns|
AaEATEs WRA TesgAT Kieselgur ( dsorb grar % 3R FHH FiedT &1 TE single and
double-stranded DNA and RNA & df te mm%aﬁammmﬁwmt
|l
Uses:
1. MW, base

maﬁr%ﬁra:w Native DNAaﬁmmﬁ@@
2. To separate ith single-stranded ends from those without such termi
3. rRNA & t-RNAH] 37efT 9t & forel
4. 3TCTT-37CT t- RNAaﬁwqmﬁmmﬁarﬁm
faffi=1 base composition drel DNA 3i3if #T separation:- 2Y affifiit Y 1S &1 ¥ T aeft gé
TTCHETATHISS &1 STATET & & Forers] e 37 et 3% gl & sieving % & & &I

Hydroxylapatite chromatography|

« Crystalline hydroxylapatite (Ca1o(POs)s(OH)2) T adsorbent & foreerT 3uaiier Wit a1 wgfFere Tfs &
TRAOT T 37eTT & o FolT T ST & [Hydroxylapatite S1HETaITERT &1 Farr Fgca ol applications # & Tah
separation of single-stranded from double-stranded DNA ¥IDNA & ¥t T &d HIEhe IO Figdl & qierd
& et U Hisrell 3 i & &9 3 single-stranded DNA Tfeiel &9 & desorbed &1 STl 21

o SRA-ORY IO HigdT 3EY Fg 8, double-stranded DNA release gidT #1Cot analysis &Y deheiieh 3 3 caagRk
1 TIIET 3BT S 1

Aaakar Institute

27, Kisaan Marg, Tonk Road, Jaipur-302015 56
in case of any doubt WhatsApp us at 9314503070

HINDI MEDIUM [BIOCHEMISTRY]

o Double-stranded DNA & faT hydroxylapatite & affinity 3c=iY 312 & 3 38 YehR & SIFCIITH & 3uiar &
e 3% & RNA 3R proteins & gfeier a0% A gerI ST Fehell | BT IHR Tigam F 500mM TF T
elution 9T T STl &1

o 3 YRR R HIAITH F FAFH IAH TAT STgSIPINET I SUANT Feh WEN 1 ety et & fore forar
T T, S IR-ee 3 ORiE 3t i sufeufa A wdfed g1

. mggmﬁmmmxw:gm—aaﬂmgwgvaﬁﬁﬁm?%mmmaﬁﬁmqwmmﬁ

o T ST HI #, W W S greginiach & o arell & J0p3it 1 vk R fed & wrer e v s
& S ATl S § GRS HHgT Y HIEeh il § | GTellfeh, 3o7 WeTET ol gIggIhIaieh &1 A aarct AT ST
Fehel 8 3R R Toh-g@X & A interact &R Hehdl § 3 Ig IATAAHA Fethe &l 3UANT I salting out &
MR 1

@
&%
NS
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CHAPTER : 6
ELECTROPHORESIS

o ifErFier Sifae uifeR electrically charged g1 € 3R swfaT veh faege &1 31 wrer SeaT| veh faagd &
@RI T solvent & FATEIH { FUI & TRaGsT Bl TAFCIPRIAH &gl Sl &1 3791 net charge AT 3eTeh
3R & TR W 0P &1 81 aat & fw, uncharged residues a1 38 Ao 3=l vRis wRadat
T U 9T & Tow, 3R A 3morfaes genfaat & 3reer 3 & T quantitatively electrophoresis
a1 SuATeT T SiTelt §1 A veh segeie AT  Ae aTen ven o1 ve faegd o, E # 8, A & v
TR velocity & 3TY F9T, v, Sﬁﬁ{gﬁﬂ?—r Eq 31X viscous drag, fv 37'&11?.[??;!?!?[ Zant fefiRa grar
g, Toat f, frictional coefficient €, St f Eq = fv &

o TG AT @A Wﬂ‘r 2 1 velocity dleest & farw 311??11%37 ¥ 31 electrical current TFHHTOT 3 Yehe
TET g1aT &1 mobility, u, ST U TS &1, ATu = v/ E = q/ f & velocity & &7 7 oRenfa forar s g

o &ifE mobility frictional coefficient W TSR &l &, St 33t & siifcre FTUEst & & T thereret f 3,
Tgeia &9 3 u & e F 3197 & MFR & AR F STerehrdy 3= Afew)

Types of Electrophoresis

There are two Types of Electrophoresis (i) Moving-boundary and (ii) Zone.

i) Moving-boundary Electrophoresis: Moving-boundary electrophoresis #, HehlaIdle e T solution &
Rt Fiofe @it & 3R 3073t i position (AR 3, solvent I solution FT 3rereT Fe dTel HAT) THT & TH
el & &9 A e & s & ammmﬁwmamﬁmﬁ:mm isoelectric points &
frefiRor & fare famar s 1

(i) Zone Electrophoresis: Zone electrophoresis # e dTc 4T Tah d3 & &7 # T solution apply f&am smar &,
3R &UT TS solvent & FATH H T FIA & Sl oHTeTaT genm I@Efas & & fAfsF7 31k homogeneous
medium ZaRT AT BIal & S 1Tt AT Siet 3 107 i faeeroT o S &, epegeran a1 fefiRor, mobility 31
e # aRaca, 3 i & e v #e & fael

TIATT # 39T 3 zone electrophoresis TEW 3MH YHR &I TAFIHRIAT &1 FS TR & TAFCIHRIEY
supporting medium T YHE F1F AT TaL 3R Haga (convection) HI kel & H AN TRaT 3R
concentrated macromolecular solutions 3 3o T+ Al & 3ce &l &1
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Complex |  Complex I Complex il Complex IV

NADH-CoQ
oxidoreductase  dehydrogenase bc, complex c oxidase
Intermembrane ¢

ce (5
i Mitochondrial H - A
matrix A

NAD‘NADHﬂ (Psuccinat :‘mm - ,m.f\ e
o, 2H0

Electron Transport Chain

Electron transport inhibitol
Components @ order determination @ far¢ electron transport chain # specific electron carriers @ o1t several
inhibitors & & |

Respiratory Chain Sites Inhibitor
Complex I: NADH: CoQ reductase Piericidin
Amytal
Rotenone
Complex II1: Cytochrome ¢ reductase Antimycin A
Complex IV: Cytochrome oxidase Cyanide ion
Carbon monoxide
ATP synthase Oligomycin
ADP/ATP translocase Atractyloside, Bongkrekate
Components & order determination & fi electron transport chain # specific electron carriers & forg &g
inhibitors &1t 2 |
For example:

*  Cyanide (CN), azide (N3) and carbon monoxide (CO) ¥t cytochrome oxidase @ inhibit #va 2 |

I Oxidative phosphorylation ||

Oxidative phosphorylation # ATP @7 synthesis (Phosphorylation) &rr & <9 NADH &k FADH, @1 oxidation
electron transport ¥ respiratory chain ¥ g1 ¥ Unlike substrate level phosphorylation, sw# phosphorylated
chemical intermediates @7 involve & ®rr 2| Rather, t& different mechanism % &1 2| % chemiosmotic
hypothsis Fed 21

¥ 1961 § Peter Mitchell =¥ propose &1 | $%@ 39K mitochondrial inner membrane @ 3R—TR electron transport
¥ proton gradient 3T 81T 2| Sit ATP @1 synthesis BvaT & | 39 ¥&R, 78 chemical intermediate =& # |

ATP @9 ¥ fAaior enzyme ATP synthase @xar 2| SiT inner mitochondrial membrane # fRer erar 21
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R ¥, respiratory chain ¥ NADH & oxidation ¥ three H* pump (NADH dehydrogenase, the cytochrome bc; and
cytochrome oxidase) mitochondrial matrix % inner mitochondrial membrane @ 3TR-1R intermembrane space #
H* ions @1 pumped out @xd 2| [#8if% FADH. @ reoxidized ubiquinone ¥ 8 T H* ions @ pump out only
cytochrome bc; complex 3R cytochrome oxidase @¥ &, 6feg ATP & 7 @ #rar, NADH ¥ @4 ¥t 2]
Electrically charge ion @ pump @& @R free energy change 3w electrical charge 37X species @' concentration &
wafRrd @ 21 H fons & pump ¥ intermembrane space # H*ions @1 concentration SaraT @ St ® 3R inner
mitochondrial membrane S intermembrane space @ 3iR =1t 2, positive 81 @Il & | 59 U@, 977 electrochemical
proton gradient o ST 2 |
ATP synthase protons @ fk & mitochondrial matrix ¥ yarf@q rar & aik ATP synthesis @1 @i & | ATP synthase &1
1o proton-motive force #xar 2, 7€ pH gradient and membrane potential 1 T 8 2 |
NADH @ per molecule & 3 ATP 3R FADH, & per molecule ¥ 2 ATP generation =T &, &< & & 78 A7 747 © &
NADH and FADH & @@ molecule % s#er: 2.5 and 1.5 ATP &7 Scare & 21

AP

N

w2

R

Matrix
side

I .
WL

cylosollc
side ATP

ATP synthase as a rotatory engine:

. ATP synthase, inner membrane ¥ 7GR SUR & w4 # 81T 8 | mitochondria & fegrif® REed & W,
sub-mitochhondrial vesicles st 2, & arex @ 3ik ATP synthase & spheres e &1 8|

. 1960 ¥ Racker <1 9aar f g7 spheres @ g<ram o waar © 3R f@rel g0 spheres ATP @1 hydrolyze oxd &1
39 UHR spheres # ATPase activity (called F1; ATPase) &l 2 |

. F| ATPase ¥ 9 waR @ polypeptide =TT & | Stripped sub-mitochondrial vesicles # electrons T transport
ol 81T &, but ATP @1 synthesis =& 81T 2, ®iifs 3303 F; ATPase 7€ €rar € |
. 3T @ g€ submitochondrial vesicles # ATP synthase & q@vT w1 2w coupling factor O or Fo particle

2T &, Fo U proton channel 2, it inner mitochondrial membrane # &1 T 2, Since ATP synthase 3 ar
major part @ & RV $ Fo FiATPase 4t @&d | Fo and F1 & a1 @7 o &4 sfiRax polypeptides @1 &
o E|

. Electron transport & @1 complex, energy @1 Swara, ATP synthesis ¥ @var 8| Safd 3rbar, Fr component
T electron transport @ coupling &, ATP @ hydrolyze @war 1
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SEeRiSTd wa ¥, ATP synthase @7 F1portion Ta rotatory engine (gRfe €or) 2, Sit ATP hydrolysis 3ik ATP
synthesis @& W y subunit & gRT subunits (aB)s @ G # rotate T ¥ | 9 A TR F WA VIS rotatory
engine 81

Coupling and Respiratory Control ||

Electron transport, ATP synthesis ¥ tightly coupled (351 Te & Ffad) ¥ (i.e. electron @ flow.exygen r &M W

oxy,

RYAR &4 & Sl 2|

&, ADP & phosphorylat\on ¥ ATP &aT 2 |) 9% R W, proton gradlent%iﬁ w & ATP Eﬁri / H
it

gen consumption ¥ g AT & 3R WE Wﬁ ADP &1 phosphon/latu:u'(\A>

I Ud respiratory fF=vr ufthar €1 39 yaR, ATP synthesis @1

high and ADP = level low & W electron &1 gRas
glycolysis and citric acid cycle @ inhibit = 1|

Uncouplers:

1.

Some chemicals, such as 2,
2, <if electron &1
agents, lipid-soluble i i

ionophores 2 |) iofis @ = ¥ mitochondrian # @ & sﬁ’\’ proton gradient @ formation @1 e 21

e prof «Q & T & ATP 4 =& 991 €| 319 I, electron trans \e oy BT release, ST &
w9 ¥ B < )

S & ST BT nonshivering thermogenesls Eb_sﬁ ?

IEEEEEUE]

i _.*_ruk. sue mltochondria, inner mitochondrial

For brown adipose tissue % uncoupli
membranes @ protein thermogenin (or uncoupling r‘@ H

Thermogenin H* ions @1 sate i 31 mitochondria 3 fRAMA W\}tﬁase # enter fb3 2T ¥ | W UPR, 7€ electron
transport and oxidative phosphorylation @ uncouple v, S8 U&7 Fvar ¥ | Brown adipose tissue body @&
sensitive area WRIdY &3 § AT I ¥, T8l ST I W 30 # X& @l ¥ |

SRY: - B ad animals (including humans) 3iR hibernating animals, brown adipose tissue @ 37, thermo-
genesis & gRTbody T temperature maintain #7d 2 |

SHUTTLE SYSTEM |

Reoxidation of cytosolic NADH:

1.

Inner mitochondrial membrane, NADH @ e s | 5% o, glycolysis & cytoplasm # @ gg NADH @1
reoxidation 7% membrane shuttle ¥ €11 #1 5% U% enzyme @T combination, membrane @& impermeability
barrier I bypass @ 1

Cytosol 3 dihydroxyacetone phosphate @ reduction glycerol 3-phosphate 3, 3k NADH @7 reoxidation NAD*
#, cytosolic glycerol 3-phosphate dehydrogenase @ &R grr & |

Glycerol 3-phosphate @1 diffusion inner mitochondrial membrane ¥ g & 3R again dihydroxyacetone
phosphate # mitochondrial transmembrane protein glycerol 3-phosphate dehydrogenase @& &Rt convert &
i 2 | Dihydroxyacetone phosphate cytosol 3 gaRr warfed & T §1

S0 NAD' @ 5T1e FAD @1 use enzyme glycerol 3-phosphate dehydrogenase @xdr & =T enzyme-linked FADH,
(E.FADH;,) @ reoxidation, same inner mitochondrial membrane @ ubiquinone @ electron & TRas & &ir & |
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e

Aferd, s cytoplasmic NADH @ transfer electron transport chain & &rar 2| 9 NADH ¥ o< two

electron, electron transport chain & FADH, & gRT Ja9T axd & |

B

Glycerol Phosphate Shuttle

{1/2) Glucose

Glycsraldehyde J-phosphats

Glycerol-3-P FAD
G3PDH Glycerol-3PDH Glycerol-3PDH
HADH FADH,

1,3-8PG Cytosol

Inner mito

Pyruvate
membrane

#@ shuttle heart 3R liver # @ir 8, R malate-aspartate shuttle @&d 21 Cytoplasmic malate

dehydrogenase, oxaloacetate ® malate ¥ a<err & and NADH @ reoxidation NAD ' # @xr &1 Malate
mitochondria # malate-oi-ketoglutarate @ wiag & W% @~ar €| & f& inner mitochondrial membrane # grr 2|
Matrix # malate @1 reoxidation oxaloacetate # rar & 3k NAD" I NADH a1 2|

Oxaloacetate inner mitochondrial membrane &7 IR =&l @~ HadT & | §9 UHR, T8 aspartate # transamination & gRT
gRafdd &1 S §, S mitrochondria ¥ ¥ fder@ cytosol # gaRT oxaloacetate # transamination @ gRT convert &

S R |

186

9 cycle 1 net result electron @ transfer, cytosol NADH & mitochondrial matrix NADH &1 &%+ & |

MALATE ASPATRTAT SHUTTLE

Intermembrane

Matrix
u-llﬂm‘.llnhrnn
-} transpor
Na: e Vel MO
NADH NADH
Oxaloacetate Oxaloacstate

Glutamate
a-Ketoglutarate:

= Asparate

Glutamate-asparate.
transporter
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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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HINDI MEDIUM [ECOLOGY & BIODIVERSITY]

CHAPTER : 2

ENVIRONMENTAL FACTORS

Siat BT UIeT AT AURET HY A YIS e aTel Bk BT environmental factor &ed 8| 3 IR YR & & 8
1. Climatic a1 Aerial Factors:

i. Light

ii. Temperature of air (atmospheric temperature).

iii. Rainfall (precipitation)
iv. Humidity of air (Relative humidity)
v. Atmosphere (gases and wind)

2. Topographic a1 Physiographic factors: 78 &R gedt &) wrmiferes Rerferdl & wwafa 8 21 @ﬁﬁ 2-

i Altitude

ii. mountain chains and valleys @1 f&emy
iii. Steepness and exposure of slopes etc. O
3. Edaphic factors: 31 5a1 & i, I|a! physical 3R chemical 3 BRON B AER W BRI

PA T

4. Biotic fators: ¥ a9 & faf~ YR &1 T=RER

el & @1 STefarg 92 WU A AR gl
evaporation rates ¥ ST &I T A

ts, animals, microorganisms etc.
elati umidity of air,%gmperature, wind pressures and
I B 3 fafde @a@ 2l
o\

N Ught Factorc @ WISY)

ABI species & A e@ta Mﬁﬁﬁ?ﬁmﬁﬂﬁqﬁ i \>
Lightinrelﬁﬁnt ants: U3l & g1 Y BK o TR w0 W 7 gepR ¥ y9ifad g e -

1. Chloro hvl roduction: B &1 Bl @, edling
3iR algae, =i light & 3T &% 81 WA @, STQTIaR WiEl H chlorophyll @ fFsfer 2g UTer maedd 8ar s |

2. Heating action: Y& # 319 &1 Ulbi &7 A9 dedl 8 | R Sqa! grfaa foham yifdd 2l 2

3. Transpiration rate W J99: 319eT U A U # YH & HROT A9 g8 | drdicdwid (transpiration) &1 &
AT B 2 |

4. Stomatal movement: U®TYT ¥ stomata & QT 9 95 BT AT ST 2 | $9 UBR, Tg arIIoiT 3iR ST
J TR 2 |

5. Distribution of plants: Pole & earth @& TR f2%f W light condition /eT e 2 |

6. Overall vegetative development of plant parts:

a. Heliophytes: 9ot yae # Haiad fdem 8 |

. Sciophytes: I8 &H UGS @ dgdr # Harad fdeN FRd 21 §B heliophytes ST y@mer # A 2] W A
o § ) faefig 8 9 81 99 il @l facultative sciophytes ®gd 2 | 3¢l R facultative heliophytes
#, 91 5 w9 Mg § e axd g1 g A I yere 7 ff AR 8 9 2 |
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HINDI MEDIUM

[ECOLOGY & BIODIVERSITY]

ITAUNENE AT YRR T SRR gt T gerar (Comparision between Heliophytes and

Sciophytes)

YRR AT A9 AG (Heliophytes) BRIREN (Sciophytes)

1. | @ QAGFd, FOR, AT, 98 B TUT HAF AT | TAT AHENA, FIH, TIell, I T T FH
araT g 3 @t aTelT g

2. | T3 GiAehiA oaT 3ifeeh ArEG=Agerd gicll 81 TS 37cY TAhTAT TUT e AMGeT JeFcT Gl

gl

3. | ufert 8, A&, AFYFT a9 WFR F WHER T | gferat 3, el Qe aur R F it
HHIoT gl B gt 81

4. | 9frat 7 SEgcaar A, AT FIFIFd T | IR FT SEGcdar  ddell,  gdell
FARICATES T 3377 BT & Fgfehegdd I FoRICAECFd gicl &

6. | IRl T HIRFRE I, FifRT AfAT A, Toet | gt fr ARERN 59, ‘
Fecsh HH TUT W 3 (pallisade tissue) 3TeH | TcTell, TSI Fecleh
T FUX FI 3R AT ST 3R 978 ST B A AT F
3TedRTeRTRIT TATA (intercellular space) BIC 810 ¢ Wﬁﬂ@\ﬁﬁ%l
JifA% (mechanical) T TagsT Fd (vascular tissue) | i G 3eT [T e
31T8reh fah AT TUT Fgcdeh T AT F gIch ¢ 1 %@Fﬁ%l

9. | Gl gse g SeTehT 5o 8T (dry weight) ém QS YT oF AR JAATCHD HH

gl

10. | DT gou it e A T e P\ > | et F s a0 @ ) ¥

12. | FrefgSIe/ATSC It Hﬁdqlc}@@%g%l Hﬂﬁfﬁg@;@@&jﬂ%\wwmm% I

13. | 9l gsaar (dro ction) & 9fa- X FH gar gl
qﬁff‘;ﬁ? (resistant) - (su< ; ; (Elephantopus),
flower) 7 "\ Q A P& (Picea), T (Abies) |

(@) THT ar (Duration Wmd)- SRIRT ST 3afRr b et S gefer T
o9 T TG 93T g1 I aie T STfedh GITeaehrel (critical photoperiod)

gred glet TS g Jeiel giell 1
YT T 31T & TR W) gie &Y [Fe<T goif F Sfer A g

are yerreftr 9ier (Long day plants = LDP)- 3 die fSieg qou=T g faviiaes a1 sifeden diftaerer
(critical photoperiod) & 3ifeieh 3rafer &1 eprer w1fed, 3=¢ e yehrelir e gt &, SHA-gohee,
&TaeT, A, oI |

3req yaefir gier (Short day plants = SDP)- 38 adT & dleif & Aviaes Qiftashrer (critical
photoperiod) & & 37Afe T YehlT UICT glel TR IS &l §; SHO-Fd, @rameier, sifeerre,
T, AT 3T

3req-&re FHFIAT 9 (Short-long day plants)- 58 A0l & Giel T goueT ] F& THT deh 37T
EIfTeThTer T S8 TR &re SIfCcienTel h 3Taedshal 81l §, SIA-31g, ISITeras 3|

drd-3req yHIRAT i (Long-short day plants)- 3% 98 & &d &iftashier dur §1g # 369
SITCARIS T ITARIHT gIdT §; 14 sTAIftheed (Bryophyllum)|

feaw facder dier (Day neutral plants)-- %o el # qeueT qR EITHRTT T Te7Td 6T BT & STH—

13

Aackar INstitute

27, Kisaan Marg, Tonk Road, Jaipur-302015
in case of any doubt WhatsApp us at 9314503070
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[ECOLOGY & BIODIVERSITY]

A, THTE, U I |

Light necessary for

germination

Light inhibitory to germination

No effect of light

Nicotiana tabacum
Alisma plantago
Capparis spinosa
Colchium autumanale
Lepidium virginicum
Daucus carota
Ocimum americanum
Anogallis arvensis
Taraxacum officinale
Sueda maritime
Nasturtium officinale
Lactuca sativa

Salvia pratense
Phacelia sp.

Ailanthus glandulosus
Aloe variegaa
Ephedra Helvetica
Lycopersicum esculentum
Primula spectabilis
Tulipa gessenreiana
Nigella damacaena
Cistus radiatus
Hedera helix

Mirabilis jalapa
Ranunculus crenatus

Anemone mamarosa
Cystisus nigricans
Datura stramonium
Hyacinthus candidans
Linaria cymbalaria
Pelargonium zonale
Sorghum halapense
Tragopogon paratensis
Vasiccaria viscose

x&@&@

AV

Light in Relation to Animals:
1.

YT el 2 |

Vision: Highe

Pigmentatio

Metabolism: U&Te1, Protoplasm @ ionization 3R tis

o ST

@\/

s%@!w Kl animg‘cﬁ metabolic pathway &1

2

%ﬂaﬁmgﬁwlarvaeaﬁ

=

ight energy @ gRT wararax chemical uRad= 81 €, St & pigments & 99 @l aoig & BIAT? |

Locomotion: & lower animals # fd @1 gar, yerer 9 fuiRa exht 2, s Photokinesis @ed 21 o9 &
mussel crab @ e larvae W Yo &) figar e W gA@! T A1F & ARl &1 g ohar # afa @1 e werer |
fAuiRa g 8, 39 phototaxis @&d & ik v wfafafdat @1 phototactic #=d & | Animals %7 Euglena, Rantara
etc. TFI positively phototactic B 21 I UHTe ST B RG IfOEE B 8, Sdfek earthworms, slugs and
some zooplanktons like copepods 2nfe Tt negatively phototactic g1 7 |

Photoperiodism: @t light period @1 y¥Td gonad activities, reproduction, metamorphosis, migration etc. &Y
ysdl & | Animals @ daily light response @1 circadian rhythms @gd 2 | iafd annual rhythms @1 circannual
rhythms &= 2?1

14
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HINDI MEDIUM [ECOLOGY & BIODIVERSITY]

Temperature Factor:

Effects of Temperature on Plants and Animals:-

1. Effects on metabolism: Temperature & ¥ metabolic processes gIfad & 2 |
2. Effects on reproduction: Thermoperiodism & gR1 Ukl # flowering & dUAN wwIfdd &xar g1 a1
temperature ¥ plants @1 rhythmic &f& fluctuation &=ar 2 | Animals # gonads 31T sex cells &1 maturation iR
gametes &1 aa H3T faRI¥ temperature W &1 BT &, ST 8 species H 37T BT |
3. Effect on growth and development: Wit & A& W 980 SUQT &H AT SATGT AYHM BT IR g97@ I 2 |
%9 a9 9 cold injuries 9 f% desiccation, chilling injury 3R freezing injury g1 9Tt 2
4. Effect on crossing over: Fruit flies a1 Drosophila spp. # temperature & gRT crossing over 3iR gene &I
somatic expression y9Ifad &raT |
5. Effect on sex ratio: Marcocyclops albida % 99 & 9 WX males @1 =1 W1 9 Sl & | 3T YBR I T BT
f=g plague flea Xenopsylla cheopes #, 9gi R males, females ¥ HE AT 81 O & R w0 & 39 fa=i 4
STafd mean temperature 21-252C & A &1 |
6. Effect on coloration: t& & TS & 3v8 A1 TH Tolarg & doid T iR TRA SToarg & nt dark
g oar B, o % @ insects, birds 3R mammals, 331 Gloger rule @&d T | Frog A d toad
Phrynosoma ¥ &1 dqd= | ShT T T&-T 81 Sl © |
7. Effect on morphology: Bergman’s rule & 38R dUHM I {9 &1 A5 ‘r 3 IR 3T 3TerT Rl &1
MU TUTd &M FIfId 81T & | Birds 3R mammals # T &3 & Ioi SRR BT JMBR g1 8IaT &, but
cold region # poikilotherms B¢ It 2 | 3o &= § TH sals Fxail, snout, ears and legs BIC 81
g, I% Allen’s rule @&arar & | Rensch’s rule & « oS A H BT 3R ol U@l arell Bl
2| oafs T g # ¥ A & 9T 21 Jordon’s rule IR G SMETTE TR BH dT9E @ aolg W Asferal #
vertebrae @ number ged 9T 2 | OO
=
=
£ 60 1
g
%, 504
o
B
4014, y=255x +51.1. r =607 (p<001)
30 . _ y = 584x + 296, 1 = 649 (o <.001)
g0 T . - :
g £ 10 ot 20 40 60 80
Latitude (absolute degrees) Latitude (absol ute degrees)

On the basis of temperature conditions divide world’s vegetation into various classes as:-

1. Megatherms: S 9 99 % S=d d199 8IaT ® 31K tropical rain forest @1 aaaferar wrd g 2 |
2. Mesotherms: S=a dIYAM & d1g =1 AmoEE &R iR 9 S QoA VAT 8iar @ 31 tropical deciduous forest
BI aevafcrar wardr Bl 2
3. Microtherms: Sigt fi= qTo® 97 38T ® iR mixed coniferous forests type @1 aaafa goTdT B 2 |
4. Hekistotherms: 957 &9 TaM 31 alpine g=afd wardl eRft 2 |
Aadkar Institute
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HINDI MEDIUM [ECOLOGY & BIODIVERSITY]

1.0 -

Thermal growth index
=
T

. @
10 0 10 20 30 40 @%
Mean daily temperature ("C) %

In Pond aquatic system there are generally differentiated three diffe n\/
1. Epilimnion: IR & 1 &1 3R &R IR AT gU qmog &1
2. Thermocline a1 Metalimnion: BT &5 |

N

3. Hypolimnion: d@&<! arem g gver fewr wigt E&ll ECAN emperature gr@i & UTT S

R

of vegetation:-

Effect of temperature on distribution of animals:

1. Homoiothermic a1 endothermic animals (warm-blooded): 59 uférai sk mammals # ardm@axo™F qUH = &
IAR—TGIA B TR W D! IRR & TUHN B U6 FREd wWR IR 91 @7 T 96l § |

2. Poikilothermic I ectothermic animals (cold-blooded): Reptiles, fishes, amphibians # araraxofa aome #
IR 89 TR 396 IRR BT drga A FIR T B 2
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HINDI MEDIUM [CLASSICAL GENETICS]

CHAPTER : 1

IMPORTANT TERMS TO LEARN

Few Terms to Remember :-

1) Karyotype: Metaphase Chromosomes &I 7@ MEHR & Hed HA H # aRerd owear fora#d Wi homologus pair dS ¥ BIC
@ H9 A FaRed el |

2) Homologous chromosomes: 3 chromosome same size, same shape 3R same Wi #U (gene map) @ B & offh
genetically same 8 SR T8I |

3) Genome: f&¥l organism % haploid set @ F=vf genetic FIAN

4) Gene pool: f&=fl population @t =l genetic diversity S+ &t genes 3k 37 allele wnfie 1|

5) Gene: DNA &1 98 fewwm Sl f&¥ft particular trai @1 code &=+ & ferg functional transcript (RNA) 9T 2 |

6) Allele: T& & gene @1 37T 2 UHR St gene pool ¥ U SN 2 &R 79 & @1 1 &1 (I W& & & ) i diploid # orft
SIS

7) Allelic heterogeneity : -U& & chromosomal locus W R SH dTel gene # 3T 2 mutations fSiF@! asie ¥ same
mutant phenotype ¥ & |
locus hetro genity :- 37T 2 locus W IR WM aTel mutations 7@ phenotype same 3fd &1 |

8) Isochromosome: - chromosome f5=@! & arms (p and q ) SRR TS @ 8 3R IMT &R genetic information * same
=l

9) Non-disjunction: -Meiosis I a1 Meiosis Il & &R chromosome IT chromatids &1 e &% <1 & 1 & a1 egg A1
sperm chromosome @1 copies &# AT TATGT Y& I 2 |

10) Uniparental disomy :- <@ f&*f1 chromosom pair & <Ml chromosome T® & parent ¥ inherit 8 & (98 non
disjunction &1 avig ¥ ST BT © I)

11) Pedigree: - f%) TRIR & wReg &1 3fder &1 ffd g

12) carrier_:- Recessive trait @ d heterozygotes Sif characters show T& @ 8 oifd recessive allele T sFTell generation
# inherit FX FHd 2|

13) Locus (plural Loci): f=fi gene @1 chromosome W favIy %< (unique position)

14) Multiple alleles: <9 T& gene @1 &1 ¥ SaraT allealic (Tefiferd) wu foedt gene pool # Suerer & |

15) Hemizygous: Homozygous 3R heterozygous 1 37 condition ¥ SRR 81T & Safd M AW & chromosome TN
& dfd XY chromosome Si¥fY a/azern # genes &1 hemizygous &8l ST 2 |

16) Dominant: d allele ST 19 M9 &I heterozygous condition # fawrdr 2|
Recessive: a1 allele ST heterozygous condition # 319+ amg &1 faw@m =& urm «fd= % homozygous condition ¥ & @g
B fazar | 2 |

17) Incomplete dominance: 1§ heterozygous intermediate (§/91 &1 ©® M) phenotype f&@mrd| Mirabilis # pure red iR
pure white & pink flavor a7 |

18) Co-dominance: @ hetrozygouys # I allele 3@ Mg &1 48 e 9 ¥eRid &7 | e.g. ABO Blood groups # AB
Blood group

19) Monohybrid cross: Single character (gene) &1 & &9 3 @1 WA |
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HINDI MEDIUM [CLASSICAL GENETICS]

20) Dihybrid cross: a1 @& (genes) &7 &9 # @1 W |

21) Test cross: 3=t Unknown genotype @1 homozygous recessive parent @ W1 cross ®HRardl I |

22) Back cross: Offspring iR &% #fl T TRE @ parent & 19 H BRAAT A |
Out cross :- 3= genotypes darel offspring ik homozygous dominant parent @ dr@ cross @<arr S |

23) Epistasis: 59 T% gene @R gene & expression H ®dHET B A |

24) Linkage: I gene St &% 8 chromosome TR U UK SUReIT &1 &R U WTRT & 3NTell generation ¥ S &1 tendancy &
=l
Crossing over :- 31 gene ST Udh §¥X 9 g9 WX Red &M &1 aois 9 exchange #%7 &1 tendency 3T & |

25) Independent Assortment: Sl genes linked 71 8 (FFRI: 3felT 2 chromosoms W) 3iR normal probability & rules &
¥R combination T &1 |

26) Linkage mapping: 31 gene Tdh §@X ¥ oo g3 8N AT & ST S §19 crossing over & chance 81T| 9 TR %
recombination frequency linkage & map unit @ S & S S genes & d/d @ I @ dule 4 ol o9 50 %
recombination = 50 map unit

27) Autosomal traits ¥ trait sex chromosome @ &f@mar S9 chromosomes §RT a8 ¥ W § ST male 3R female # same
g B

28) Sex linked traits: @1 trait & gded X a1 Y chromosome W 9RI ST € |

29) PLEIOTROPY I single gene &T Tdh | SATGT A&l I YA Gl |

30) GENETIC SUPPRESSION —5/d double mutant &7 phenotype, single mutant & &#uiR fawgdr 81|

31) GENETIC ENHANCEMENT — double mutant &1 phenotype & S 2 single mutants & Ga I ¥ 1 SATET AHaeR fa@ms
Ell

32) SYNTHETIC LETHALITY or unlinked non-complementation — 31 mutant 3/&T 2 locus R BF &1 aoi8 4 TH gAY Bl
complement =T FX U |

33) INTRAGENIC COMPLEMENTATION, allelic complementation, or interallelic complementation - < mutation ST same
locus TR TR ST 2 |

34) TRANSVECTION I8 U& epigenetic phenomenon & @ awig ¥ e allele S¥X homozygous allele a1 f&=fi 3= non
allele region @1 activate T repress @x < | I T homology effects & s=wia 3mh |

35) THE PSEUDOAUTOSOMAL REGIONS, pseudoautosomal regions ST A SAfely sl Fifh g 49 # SURd gene (39
% @ad 9 genes Wiol 5 8) autosomal genes @I I=e & inherited BN &1 Males ¥ @& 2 copies &Rl 2: b Y
chromosome @ pseudoautosomal region 3R & X chromosome & corresponding portion W il 8, Ay male T&
gene inherit H=aT ® S f a<a # S¥@ father & Y chromosome W @1 female U@ gene @ inherit &= & S ar<is
S9a father & X chromosome W present & | Pseudoautosomal regions &1 &1 98 & f& 3 X @1 Y chromosome @7 pair
I, TAT segregate B # (meiosis & aRM) & forg allow &= = | Pairing (synapsis) X @21 Y chromosomes &1 @
crossing over (recombination) & fefg pseudoautosomal regions normal progression & folg male meiosis & SR SRavl 2
grefifas, f5 cells # X-Y recombination 72 811 9 meiosis complete & &= Uil 8| Structural siiR/a1 genetic dissimilarity
(hybridization a1 mutation @ @) X @2 Y chromosomes & pseudoautosomal regions @ He& pairing @I recombination
T disrupt &% & ¥ 98 HROT male infertility 1w |
»PARI &R PAR2 X, Y chromosomes @& nucleotides @ homologous sequences 2 | SHOX gene (PAR1 @) &ad T A
gene © W human disorder ¥ associated | @+ pseudoautosomal genes X-inactivation ¥ escape @ il 2 3R gafeT sex
chromosome aneuploidy conditions (45,X, 47,XXX, 47,XXY, 47,XYY etc.) & gene dosage effect @ candidates 2 |

36) PSEUDOALLELE allele that is functionally but not structurally allelic, that is wild-type recombinants can be
recovered by intragenic recombination from heterozygotes containing two different pseudoalleles.

37) Pseudodominance: Hetrozygous # dominant allele & f&= 1 goiel & function T &= UM @I aol | recessive
phenotype fa@= < |

38) PSUEDOGENES: DNA @& < parts Si a1 & o code &1 T8I #=d iR I #=d & 1 &l functional &1 8 |

39) HETERODOMINANCE @ heterozygotes @1 phenotype &M ke & homozygotes SiI Sa1&T 8 o S9 overdominance,
superdominance 31 hetrodominance @& ¥ |

40) POLYGENIC INHERITANCE W9 %T¢ character U& 1T %% genes & product @1 aoig ¥ regulate 81m 2 | S height, shape,
weight, color etc.
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Human polygenic traits include

1. Height 5. SLE (Lupus)
2. Weight 6. Eye Color
3. Intelligence 7. Skin Color

4. Many forms of behavior

Many disorders with genetic components are polygenic, including autism, cancer, diabetes and numerous others. Most

phenotypic characteristics are the result of the interaction of multiple genes.

Examples of disease processes generally considered to be results of multifactorial etiology:

Congenital malformation

Cleft palate . Congenital dislocation of the hip
Congenital heart defects . Neural tube defects
Adult onset diseases
Diabetes Mellitus . Cancer
Epilepsy . Glaucoma
hypertension . Ischaemic heart disease
Manic depression : Schizophrenia

41) PENETRANCE AND EXPRESSIVITY

42)

a.

b.
1.

Penetrance: - f&¥iT gene a1 mutation T population & level R phenotype @@= @1 &wam (3f a8 100% & &9 & o
3 reduced a1 incomplete penetrance w&Ed 2 |
Expressivity: - & @fad § @1$ genetic condition f&¥ R TF express HR Tl o |

Complete Penetrance
Most dominant 3R recessive genes homozygous conditions # 3iR &g dominant gene heterozygous condition #

araT complete phenotypic expression <<t 2| Ut genes &AM expected phenotype S &=cll 2 3R complete penetrance
show &= 2 |

Examples of Complete Penetrance

1.

2.
3.

Red flowers & g pea # alleles (RR) &R white flowers # alleles (rr) homozygous conditions # complete
penetrance T 2 |

Drosophila # homozygous conditions # vestigial wings @ recessive allele complete penetrance i 2 |

Guinea pigs # black coat @ foflg dominant allele ‘B’ homozygous 3R heterozygous &M conditions # complete
penetrance TIfaT 2|

Incomplete Penetrance
B genes # homozygous 1 heterozygous conditions # 3= complete (cent per cent) phenotypic expression

provide T& gKi & | ¥ genes incomplete penetrance S & |

Examples of Incomplete Penetrance

1. Polydactyly human # 7Tdl gene ‘P° & @rer #xit 8 | Normal condition # & limb # five digits recessive genotype
(pp) @ &1 S B 8| B heterozygotes (Pp) # polydactylys & uig Wikt 2 g@fery @ifds g@at penetrance 70% &
P 2|

2. Man ¥, diabetes mellitus (V& condition f5&# blood # 3@ sugar present gkt 8) @8 genes & gRT FRifya erll & wafe
w1 diabetes 1 gene carry &=+ arai &I diabetes &l 8kl & $9dI HRYT 41 incomplete penetrance & T |

EXPRESSIVITY

TS trait penetrant 81T © UR=] SHST phenotypic expression variable 8 |&dl & | T& penetrant genotype @ gRT produce
@1 TS degree of effect @I expressivity ®&d 2 |

Example of Expressivity: Man # polydactylous condition left hand (6 fingers) # penetrant &1 #aci & Safes right (5
fingers) § 7€ a1 ¥ feets # penetrate B Wil 2, hands # & |
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