
NmfqÜNZVlGu

CHAPTER: 1

JOE FREDY (HST)



Nm­DSlÞl¡lqÜamVlgkityVu

flGil²l¢VlZtaiVy®rZk]¼

Nm­DSlÞlKtr_Hc̀ lqciûkfZG¾zt0.0.qca

iVy®rZk]¼D·kZnrf¼Gkºq[Ül̀º*qN°l\

ºDSsStZD°lfº[ l¥n,DNA l̀qcNmZnGdl¼

? l̂c|Um̀_k̀ _kÞufan©n°Nm­DSlÞlKty[

yGl̀ t̀ztyGlit[ºGkit(CRISPR-Cas9) D°

ikr VlGflXwGq>© l̀VlZkUt[naitGkau,AVtN

ZlVGrakILlGlÏ l̀cnuGk­iºLlGlÏ l̀cnufl³

fGa_k̀ [nrakIVlB>kznq_°ty[Vm|lzn°n,GmQ

¡qd̀ nurakI¡qd̀ nuy[VlrakYlzn°fldG¾fl

Gil²lzkZnuAVn[Galznu,
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DNA ǹqQJQZ
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DNA ǹqQJQZ
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Å/731¼qǸ luitfkQtiUnuy\k­ilityGlznuDNA ǹqQLn

ÞnrIkfUl_kVpG(Double Helix Model) ?fVal²l¢n,

Årbkicl­Sty\kKt{l­*r_kbmitfl¼zl­it*D°lfanqQDGtit

rb[RZ¡qd@it[X_kzl̀kUtBL? ǹqQJQZqǸ luit

fkQtiUnuy\k­ilityGlznuZlºrXgl¢Vt,

Årbkicl­Sty\kKt{l­DQn© DNA ǹqQDGtitrbSly\k|

­LlyV¡dl¼y[gitV_k̀ %r\kr¥k3/%D°LlyV©l¼Zl°k

UtAsGq>©clZlQ̀kzl̀Zlº̈ k̀Gflfa¡¾ĉl¢Vt,
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Å/736¼rbkicl­Sty\kKt{l­15@uf̀ Äl¼?®al¢n,

ÅDNA ǹqQLnÞnrIkfUl_kVpGGq>© l̀VlZtqǸ luit

fkQti¦*y\k­ilityGlzt*r_kblitfl¼zl­itD°lfºzt

/740¼q_SlilZn¿rZk]¼i·kZuĉl¢n,



rGkgu Zwo{l̀it

ryGk_riku

Sl,D­,D

Zwo{lr̀kriku
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AeG¾8[£ika*r\kitr\ÞtD°lfrLº°n>kGn°n

[QlG¾8qqZyQN­]inGdnqQrNkSl

Sl,D­,D

ǹqQ

LnÞnrIkfUl

_kVpG

[£ika

V±kyV

V±kyV

r\kitr\Þt

JOE FREDY (HST)



G 

A 

C 

T 

G 

A 

C 

T   

?SlZl­*qqV_l­*IxkZl­*qqirÞkil­

qqZyQN­?Q¡l̀@¼zclix̂kf_n¿iùnÚu

qqZyQN­r]inG¾rNkSlG¾@ l̀GkUq²Qn°n

?SlZl­qqV_l­&V·l¼a>tqqjySN­r]k>nG

¾rLº©t qfzn°n'

IxkZl­qqirÞkil­&_o°tqqjySN­r]k>nG¾

rLº©t qfzn°n'

qqZyQN­

r]inG¾

SlFkGtilqqbr]kit[£ika

3Gkº]¦[£ika

Zwo{lr̀kqqQSnGqd[ait[au

]Îl²lzn°nr]k>nGdnqQ

ao[mGaU©l¼[q Qnzn°n
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ikYkaU[£ikànu

DNA l̀qc[£ikaV

±kyV̀nuDy[Gkaufw

Vwkiq²¥alzn°n=

ikYkaU[£ika qqbr]kit[£ika

ÅqjGtrikit[£

ika&@btGkº]

¦iùnÚu'

Åq_Þkr]kdli©l

coqQBsºNuZ¼Gn

°n

Åq[rÜkit[£ika

&?£tGkº]¦

iùnÚu'

ÅSlD­D̀ nqQ̀nu

@ºD­D

ǹqQ̀nuZq¥½k̀l

_kbn°n
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]r̀kdNl̀lqc

GU{t
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üFkrakryGk_rik_lqc̀nuDNAztEGrXgu0A£t&3cm'Zmd

_n>kGnu,

üFan_ZnhwrGkg©lqc*24ryGk_rik_nGdlqc̀nuDNAG¾

rLº°k¼EGrXgu4?QlZmdufanu&0m',

ü_ZnhwgamauyQlcw¦&Fanc|urGkQl'GUzlZtrGkg¡dk¼

Zlº·lV_kUt,

üD½krGkg©lqc̀nuSlD­DGqdGo¥lr̀kNl²l¢k¼?VtE

GrXgu45]lcw¦&/]lcw¦;/..rGkQl'qq_¼fanu,AVt̂o

_lq̀a>tXgc|©lcYlGuVfULnÞk­[awk[tV_kUt

DNA ǹqQfcn²u
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ÅSlD­DrGkg©lqcZwo{l̀ilqÜ@Gk©tGkUq²Qn°n,

ÅqǸ luitfkQti¦*y\k­ilityGlzt*r_kblitfl¼zl­itD°lfºSlD

­D ǹqQLnÞnrIkfUl_kVpGGq>©l

Årbkicl­Sty\k­{lqÜDGtitrbSly\k|­LalyV¡dnqQ?QlitWk

©lckUtLnÞnrIkfUl_kVpGGq© l̀Vt

ÅSlD­D ǹqQLnÞnrIkfUl_kVpG̀ l¼a>ty[YkZ k̂I¡¾GkUk

­ikYlzn°n

/,AeG¾8SlFkGtilqqbr]kit[£ikà nu*r\kitr\ÞtnurLº°Vt,

0,[QlG¾8qqZyQN­r]inG¾qqjySN­r]k>nG¾qGk>t]Îl²l

¢lalzn°n

Sl,D®,D(DNA)
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ÅFkrakSlD­D ǹqQ̀nu?QlitWkZJQGuZwo{lr̀kqqQSt@Ut,

ÅSlD­DLoan¡lryGk_rik_nG¾@fn°n

ÅAfq̀ Lnan¡k­ijk̀lzn°ry[kQmZnGdkUtjlitrÞkUnG¾
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SlFkGtilqqbr]kit[£ika*r\kitr\Þt*qqZyQN­r]inG¾

D°lfq̀ Fan_l¢tZwo{lr̀kqqQStD°tfldlzn°n

ÅSlFkGtilqqbr]kit[£ika8?£tGkº]¦[£ikaV

±kyV

År\kitr\Þt8?Qn©n¿Zwo{lr̀kqqQSnGqd]Îl²lzn°

qqjySN­r]k>tao[mGaU©l¼B¾q²Qn°n

SlFkGtil

qqbr]kit

[£ika

r\kitr\Þt

qqZyQN­

r]itZwo{lr̀kqqQSt
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ÅqqZyQN­r]inG¾8

qqZyQN­?Q¡l̀@¼zclix̂kf_n¿ iùnÚ¡¾

?SlqqZ­*qqV_l­*InfkZl­*qqirÞkil­D°lfqqZyQN­r]in

GdkUt,

?SlqqZ­qqV_l­rNkSlGqd]Îl²lzn°Vta>tqqjySN­

r]k>nG¾

InfkZl­qqirÞkil­D°rNkSlGqd]Îl²lzn°Vt_o°tqqjySN

­r]k>nG¾
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DNA l̀qcAeGdnqQD̈ u 0

AeG¾Zlº·l¢lalzn°V±kyVG¾ SlFkGtilqqbr]kit[£ikar\kitr\Þt

[QlG¾Zlº·l¢lalzn°V±kyVG¾ qqZyQN­r]inG¾

flflYVauqqZyQN­r]inG¾ ?SlqqZ­*IxkqqZ­*qqV_l­*qqirÞkil­

[QlG¾ao[q²Qn°flYu qqZyQN­r]inG¾rNkSlG¾rLº°t

qqZyQN­r]inG¾rNkQlrLan°

flYu

?SlqqZ­*qqV_l­D°lfa>tqqjySN­r]k>n

Gdk¼]Îlzq²¥lalzn°n

IxkqqZ­*qqirÞkil­D°lf_o°tqqjySN­

r]k>nGdk¼]Îlzq²¥lalzn°n

Zwo{lr̀kqqQSlqcV±kyVG¾ SlFkGtilqqbr]kit[£ika*r\kitr\Þt*qqZyQN­

r]it
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DNA l̀qcAeGdnqQD̈ u

AeG¾Zlº·l¢lalzn°V±kyVG¾

[QlG¾Zlº·l¢lalzn°V±kyVG¾

flflYVauqqZyQN­r]inG¾

[QlG¾ao[q²Qn°flYu

qqZyQN­r]inG¾rNkQlrLan°

flYu

Zwo{lr̀kqqQSlqcV±kyVG¾
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Å6jlitrÞk¦ry[k¥m­jlitrÞk¦FÈk_bk̀l_kbn°n,

ÅSlD­D l̀qZfc̀ uqL̀ n°n,

ÅAfSlD­Dq̀ LoanGlryGk_kÞlStNkclGao

[q²Qn©nGr̀kryGk_rik_nG¾ao[q²Qn©n

Gr̀kqL¹n°n,

Å_ZnhwrGkg©lZtEGrXgu03qq_ryGk_mÞºfwki_n

>t,

ÅFanrGkg©lqcSlD­D t̀ztEGrXgu0_mÞºZm

d_n>t,

ÅjlitrÞk¦ry[k¥mZnG¾0_mÞºSlD­Dq̀ Loan

GlGnb¢t03qq_ryGk_mÞºrGkg©l¼B¾qzk¿k­

ijk̀lzn°n,

ÅjlitrÞk¦FÈk_bnuSlD­D ǹurLº°tZwo

{lr̀krik_k̀l_kbn°n

Zwo{lr̀kriku

&SlD­D)jlitrÞk¦ry[k¥m­'

jlitrßk§ry[k¦m®
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ÅryGk_rikuSlD­D ǹujlitrÞk¦

ry[k¥mZnGdnurLº°VkUt,

ÅSlD­Dq̀ LoanGlryGkr_krik_nG

dkGk­ijk̀lzn°ry[k¥mZkUtjl

itrÞkUnG¾,

ÅryGk_rik_lqÜ_YŵkIq©

qi­ryQk_l̀ºD°tfldlzn°n

ÅFanryGkr_krik_lqZqi­ryQk_l̀º

fel]Îl²l¢lalzn° k̂I¡dkUt

qyGk_kÞlSnG¾

qi­ryQk_l̀º

qyGk_kÞlSnG¾
ryGk_riku
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qyGk_kÞl­NkclG̀nu

ryGk_rik_nuV·lcn¿

]Îq_®t=

rGkgufl̂Nlzn°VlZt_n­r[Zocnr[kqc

GkUq²Qn°nAfkSlD­D ǹujlit

rÞk¦ry[k¥mZnurLº°Vt,D°k¼ryGk_

rik_n¼ao[mGal̀q[Qn°VtrGkgufl̂Nlzk

­VnQ¡nr¶kdkUt*Loan¡l̀SlD­D

ǹujlitrÞk¦ry[k¥mZn_kUt
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G 

A 

G 

A 

LlayVmGUu[oº©l̀kznG
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G 

A 

C 

T 

G 

A 

C 

T   

LlayVmGUu[oº©l̀kznG
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ÅDNA q̀r³kqc_qßkanZwo|lGt@ilSkUt

RNA,

ÅAf̀nuZwo|lr̀kqqQSnGdk½Zl»̧lV_kUt,

ÅFkrakZwo|lr̀kqqQSlcnuFanqqbr]kit

Å[¤ika*Fanr\kitr\ßtyIo³t*FanqqZyQN®

r]itD±lf?Q¢l̀lal{n±n,

Å?SlZl®*IxkZl®*̀nbkil½*qqirßkil®D

±lf̀kUt

Å RNA l̀qcqqZyQN®r]inG¿,

Å_l{RNA {nuFalèkUnÀVt,

RNA
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AeGdnqQD̈ u
[£ika

V±kyV̀nqQVau
qqZyQN­r]inG¾

DNA

RNA

[¥lG[oº©l̀kznG
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AeGdnqQD̈ u
[£ika

V±kyV̀nqQVau
qqZyQN­r]inG¾

DNA 0
SlFkGtilqqbr]kit

[£ika

?SlqqZ­*qqV_l­*

InfkZl­*qqirÞkil­

RNA / qqbr]kit[£ika
?SlZl­*IxkZl­*̀n

bkil¼*qqirÞkil­

[¥lG[oº©l̀kznG
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ixao[ryGk_rik_nG¿

(Somatic chromosomes)

gkamalGiflrghVGqdZl̀ȳl{n±ryGk_

rik_nGdkUlf,Aan[ªla>trNkQlixao[

ryGk_rik_nGdkUnÀVt,Fanr[kqc̀nÀa

>tryGk_rik_nG¿rL»±VkUti_ao[

ryGk_rik_nG¿(Homologous 

chromosomes). Af̀lqck±t_kVkfl½Zl

±nu_qßk±t[lVkfl½Zl±nuĉl£VkUt,

cluIZl»©̀ ryGk_rik_nG¿

(Sex Chromosomes)

cluIZl»©̀ ªlZnGkaU_kGn±ryGk_

rik_nG¿,Afa>nVa_n>t,X ryGk_rik_nu

Y ryGk_rik_nu,Y ryGk_rikuXryGk_

rik_nGqd?r[}l£tfdqaqLbnVkUt,Y

ryGk_rik_lqcSRYNmZkUtŷoUªl½fph

U¢dnqQflGkiªlZtGkaU_kGn±Vt,

_ZnhwalqcryGk_rik_nG¿
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ixao[ryGk_rik_nG¾

(Somatic chromosomes)

cluIZlº̈ r̀yGk_rik_nG¾

(Sex Chromosomes)

ryGk_rik_nGdnqQ

D̈ u

Yº·u

ry[VwGV

[¥lG[oº©l̀kznG
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ixao[ryGk_rik_nG¾

(Somatic chromosomes)

cluIZlº̈ r̀yGk_rik_nG¾

(Sex Chromosomes)

ryGk_rik_nGdnqQ

D̈ u

Aan[©la>trNkQlixao[ryGk_rik_nG

dkUn¿Vt,

Afa>nVa_n>t,VryGk_rik_nuW

ryGk_rik_nu,

Yº·u
gkamalGiflrghVGqdZl̀y®lzn°

ryGk_rik_nGdkUlf

cluIZlº̈ ©̀lZnGkaU_kGn°

ryGk_rik_nG¾

ry[VwGV

ÅFanr[kqc̀n¿a>tryGk_rik_nG¾

rLº°VkUti_ao[ryGk_rik_nG¾

(Homologous chromosomes). 

ÅAf̀lqck°t_kVkfl¼Zl°nu

_qÞk°t[lVkfl¼Zl°nuĉl¢VkUt,

ÅYryGk_rikuX ryGk_rik_nGqd

?r[|l¢tfdqaqLbnVkUt,

ÅYryGk_rik_lqcSRYNmZkUtŷo

U©l¼fphU¡dnqQflGki©l

ZtGkaU_kGn°Vt,

[¥lG[oº©l̀kznG
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NZlVGJQZ
@qGryGk_rik_n

GdnqQD̈ u

ixao[

ryGk_rik_nGdnqQ

D̈ u

cluIZlº̈`

ryGk_rik_nGdnqQ

D̈ fnuVafnu

ityVl

[nanh­

44+XX 44+XY

[¥lG[oº©l̀kznG
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NZlVGJQZ
@qGryGk_rik_n

GdnqQD̈ u

ixao[

ryGk_rik_nGdnqQ

D̈ u

cluIZlº̈`

ryGk_rik_nGdnqQ

D̈ fnuVafnu

ityVl 44+XX 46 44 2; XX

[nanh­ 44+XY 46 44 2: XY

44+XX 44+XY

[¥lG[oº©l̀kznG



ryGk_rik_nG¾rNkSlG

dk̀lGkUq²Qn°Vt

D®nqGk>t=

_ZnhwºB¾q²qQ̀n¿_lzNmflGdnu

Slr³k̀lSt@ V̀lZk¼ryGk_rik_nG¾

rNkSlGdk̀lGkUq²Qn°n*?Vk̀Vt?f

t̀zta>tqiÞtryGk_rik_nG¾B>tFkrak_k

Vk[lVkzdl¼Zl°nu[ka¶aw_k̀lĉl¢Fan

qiÞt,

JOE FREDY (HST)



_ZnhwGkalr̀kqqQ²t

&FanrGkg©lqcryGk_rik_nGdnqQ[oº̈ IU©lqÜ

Xpgwy[kVlZlYw_kUt'

ixao[ryGk_rik_nG¾
qqcuImGryGk_rik_nG¾
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[lVkfl¼Zl°n¿Y

ryGk_rik_kUtcluIZl

º̈ ©̀l¼y[YkZu

D®kUt=

Gn¥l̀nqQcluIr̂XuZlº̈ l̀zn°Vl¼[lVk

fl¼Zl°n¿YryGk_rikuZlºUk̀G_kUt*

GkaUu[nanhflGki©lZtGkaU_kGn°

SRYNm­GkUq²Qn°VtryGk_rik_kUlVt,
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fwVwitV

NZlVGJQZzn¿

Llc

BXkjaU¡¾
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Å22)XX*22)XY D±lfikYkaUNZlVGJQZGdkqU¡lcnu*

Å_Znhwal½?rZGufwVwitV_k̀NZlVGJQZG¿GkUq³Qn±n,

ÅAsfwVwitVNZlVGJQZG¿fwÛlGdnqQ

ÅgkamalGfnu_kZilGfn_k̀flGkiqªixkYmZl{n±n,

ÅcluIZl»©̀ uFani¡m»©_k̀y[yGl̀̀ kUt*AVtNZlVGJQZ

Gqd_kyV_¾*_ßtJQG¢qd̀nu@yg̀ l£lal{n±n,
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yQl²l¾DGtitil­rySku

22)X08FanX ryGk_riku_kyV_n¿ityVmG¾,

AfºQ̈ºil­rySkuD°?fitẀn¿fakUt,

Q̈ºil­rySku

22)XXX 8_o°tXryGk_rik_nGdn¿ityVmG¾,Afº

yQl²l¾DGtitil­rySkuD°?fitẀn¿fakUt,
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qq{­q\¼¥ºil­rySku

XYY il­rySku

22)XXY 8a>tXryGk_rik_nGdnuFanYryGk_rik_nu

B¿[nanh±kº,Afºqq{­q\¼¥ºil­rySku

D°?fitẀn¿fakUt,

22)XYY 8FanXryGk_rik_nua>tYryGk_rik_nG

dnuB¿[nanh±kº,AfºXYY il­rySkuD°?fitẀn

¿fakUt,
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NZVlGJQZ cluIu iflrghV

Q̈º

il­rySku
ityVl

ÅFanXryGk_riku_kyV_n¿ityVmG¾,

ÅityVmG¾ztityVmqqcuIlGkf̀f¡¾B>kGku*

D°k¼?fal¼Gs_kakaû©l¼ityVmqqcuIl

Gc|U¡¾flGilzl½

yQl²l¾DGtit

il­rySku
ityVl

qq{­q\¼¥º

il­rySku
[nanh­

Åa>tX ryGk_rik_nGdnuFanY ryGk_rik_nuB

¿[nanh±kº,

Å[nanh±kºzt[nanhqqcuIlGkf̀f¡¾B>k

Gnu*D°k¼?fºityVmcluIc|U¡dnuGk

Ulzku,

XYY

il­rySku
[nanh­

JOE FREDY (HST)



NZVlGJQZ cluIu iflrghV

Q̈º

il­rySku
44+X0 ityVl

ÅFanXryGk_riku_kyV_n¿ityVmG¾,

ÅityVmG¾ztityVmqqcuIlGkf̀f¡¾B>kGku*

D°k¼?fal¼Gs_kakaû©l¼ityVmqqcuIl

Gc|U¡¾flGilzl½

yQl²l¾DGtit

il­rySku
44+XXX ityVl _o°tXryGk_rik_nGdn¿ityVmG¾

qq{­q\¼¥º

il­rySku
44+XXY [nanh­

Åa>tX ryGk_rik_nGdnuFanY ryGk_rik_nuB

¿[nanh±kº,

Å[nanh±kºzt[nanhqqcuIlGkf̀f¡¾B>k

Gnu*D°k¼?fºityVmcluIc|U¡dnuGk

Ulzku,

XYY

il­rySku
44+XYY [nanh­

FanXryGk_rik_nua>tY ryGk_rik_n

GdnuB¿[nanh±kº
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Å DNA l̀qcZlØlVZwo|lr̀kqqQSnG

dnqQrygUl̀kUtNm®,

ÅNmZnGdnqQZl»rXg_Znial£tZl»̧l

{n±ry[k¦mZnGdkUt

Åix̂kfiflrghVG¿ao[q³Qnªn±

Vnu*q_ßkr]kdlGty[f»ªZ¢qdZl̀

ȳl{n±Vnu,

Nm®(Gene)

Nm­

Nm­/

Nm­0

ryGk_riku
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0,yQk®itrch®(Translation)

Zwo|l̀Ål½Zl±nu

qqbq]krik_lqcªl̀mRNA l̀qc

ir°g_Znial£ttRNAG¿(transfer 

RNA)ZlØlV?_lrZk@ilSnGqdqqb

r]krik_lqcªl{n±n,qqbr]krik_l

qÝ k̂I_k̀ rRNA (ribosomal RNA'G

dnqQy[f»ªZªk½?_lrZk@ilSn

GqdGo¦lr£»ªtry[k¦mZnGqdZl»̧l

{n±n,

/,yQk®ityGl[th®(Transcription)

DNA l̀qcFanZl»XlÞZwo|lr̀k

qqQStrygUl̀l½&Nm®'

Zl±tflflYD®qqi_nGdnqQ

ijk̀ªk½mRNA (messenger 

RNA)ao[q³Qn±n,mRNA l̀½

ry[k¦m®Zl»̧kUªlZnddi

r°gu?Q¢l̀lal{n±n,

JOE FREDY (HST)
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ÅyQk­ityGl[thZlcoqQSlD­D l̀qcNmZl¼Zl°nuD­qqi_nGdnqQijk

r̀©kqQmRNAao[q²Qn°n

ÅZwo{l̀il¼Zl°numRNArGkgyXfw©l¼D©n°n,

ÅmRNA l̀¼qqbr]krik_nG¾f°trLan°n,Af̀l¼rRNA GkUq²Qn°n

Å tRNA mRNA ̀ lqcir̄g¡dZnial¢tZl×lV_k̀?_lrZk@ilSnGqd

qGk>tD©lzn°n,

ÅA¡qZqGk>tD©lzn°?_lrZk@ilSnGqd[ait[aur]k>nG¾qGk>t

r̀kNl²l¢try[k¥m­Zlº_lzq[Qn°n&yQk­itrch­'

ry[k¥m­Zlº·kUu

JOE FREDY (HST)



y[yGl̀ RNA Yº·u

yQk­ityGl[th­

yQk­itrch­

[¥lG[oº©l̀kznG

JOE FREDY (HST)



y[yGl̀ RNA Yº·u

yQk­ityGl[th­ mRNA ry[k¥m­Zlº·kU©lZnddir̄gu?Q¡l̀lalzn°n,

yQk­itrch­
tRNA Zl×lV?_lrZk@ilSnGqdqqbr]krik_lqc©lzn°n

rRNA @ilSnGqdGo¥lr¢º©try[k¥mZnGqdZlº·lzn°n,

[¥lG[oº©l̀kznG

JOE FREDY (HST)



_kVk[lVk{dnqQLlciflrghVG¿ī kZ¢dl½GkUn±lr¾,AVl½Zl

±nufwVwitV_k̀LlciflrghVGdnuī kZ¢dl½GkUq³Qn±n

Å_kVk[lVk{dnqQiflrghVG¿ī kZ¢dlrc{tfwk[al{n±VkUt[k

a·awu(Heredity). 

Å_kVk[lVk{dl½Zl±tfwVwitV_k̀lī kZ¢dl½y[GQ_kGn±

iflrghVGdkUtfwVl̀kZ¢¿(Variations). 

_kVk[lVk{dl½Zl±tī kZ¢¿{tĉl{n±NmZnGdkUt[ka·awu*fwVl

k̀ZuD±lf̀t{tGkaU_kGn±Vt,NmZnGdnqQGq>ªclrc{tgkityVqª

Z̀l£LalyVfelG¿fdqay[YkZq³¦VkUt,

ix̂kf¢dlqcik_wfwVwki¢¿

JOE FREDY (HST)



[or®k¥©lqc

NZlVGgkityVu

JOE FREDY (HST)



JOE FREDY (HST)



ÅNmZnG¿*[ka·awu*fwVl̀kZuD±lfq̀{nbl£ty[Vl[kXl

Å{n±gkityVgkH̀ kUtNZlVGgkityVu(Genetics',

ÅyIlI»rNkjk®q_®S½(Gregor Johann Mendel) rVk¦³̀»

ÅqLQl̀l½(Pisum sativum) ZQªl̀f»Ii¡aU[am}U¢dlcoqQ

Dªlr£»±ZlI_Z¢dkUtNZlVGgkityVuD±gkH̀ t{t?Qlªb[k

Gl̀Vt,

Å?VlZk½?r¬jqªNZlVGgkityVªlqÝ[lVkfk̀lGU{k{n±n,

Å?r¬ju/625½Fan[nrakjlVZk̀l,

Å/63/Znu/631ZnuAQ̀l½fl̀±i»fGckgkc̀l½rL»±t̂sVlGgk

ityVu*IUlVu*y[GpVlgkityVuD±lf̀l½[RZ¢¿ZQªnG̀ nugkityVm

_̀k̀lSkßflgGcZuqL̀ n±VlZnÀitßkßlitßl{½amVlG¿_ZÅlck

{nG̀ nuqL̀ tVn,

JOE FREDY (HST)



Å/634½*q_®S½VqÝ@yg_ªlqc[or̄k¦ªl½rVk¦³̀»qLQlGdl½

(Pisum sativum) [o{dnqQZlbu*flªlqÝ@GpVlVnQ¢lEen

y[rVwGix̂kf¢qd?YlGal£tf»Ii¡aU[am}U¢¿@aûl£n,

Å[am}U\c¢dnqQflgGcZªlcoqQFanix̂kfqªZl̀ȳl{k®Fan

rNkQlJQG¢dnq>±tflgXmGal{nG̀ nu?fq̀ y[VmG¢¿B[r̀kIl£t

LlyVmGal{nG̀ nuqL̀ tVn,

ÅNmZnG¿D±tAr³k¿?bl̀q³Qn±VtAsJQG¢dkUt,yIlI»q_®Scl

qÝZlI_Z¢¿[ka·awry[hUZl̀_¢¿(Laws of inheritance) D±

bl̀q³Qn±n,

Å[ka·awqª ǹufwVl̀kZqª ǹu_ZÅlck{n±VlZnÀy[kW_lGNZlVG

ao[raH̀ kUtAsZl̀_¢¿Z½Gn±Vt,

Å/643½VqÝGqªcnG¿y]oUlqcZk£nb½jlitßblqikqqißl̀l½?

fVal³l£n JOE FREDY (HST)



Å?Qnªf»hu*iiwi¡aU¢qd{nbl£nÀ[am}U¢¿D±r[al½

y[]Ïfnuy[il­mGal£n,

ÅD±k½?{kcqªgkityVi_ojuq_®SclqÝGq>ªcnGqd?fI

Ul£n,

Å/662½yIlI»q_®S½? āl£n,

Å/7..½*?r¬jªlqÝ_aUªlZt/4f»h¢¿{trghu*iiwgkityVÕ

ak̀jworIkSlyfmit*Gk¿rGkb®it*DblGtrfk§qh»_kGtD±lf»

q_®SclqÝIrfhU¢dnqQy[kYkZwuVlal£bl¥ n,ArVkqQ̀kUtNZl

VGgkityVuD±gkityVgkH̀ nqQZl»©k̀G?Qlªb̀k̀lq_®Scl

qÝGq>ªcnG¿

Å?uImGal{q³¦Vt,flflYgkityVGkaanqQ?ZfYliûkfZGdlcoqQEß

fnufl[nc_k̀gkityVgkH̀ k̀lNZlVGgkityVufd»±lal{n±n,

JOE FREDY (HST)



r_krUkqqjy]lSt

ryGkit

JOE FREDY (HST)



Åq_®S½@XwuFanrNkQlfl[amVInU¢qd[alIUl£kUt

Åf»Ii¡aU[am}UuZQªl̀Vt,AVtr_krUkqqjy]lStryGkit

(Monohybrid Cross) D±bl̀q³Qn±n,

ÅB̀auD±ix̂kfqª[alIUl£tZQªl̀f»Ii¡aU[am}Uu

q_­SclqÜ[am|U¡¾

InU¡qdZl̀y®lzn°JQG¡¾fl©lZn¿l¼B>kGkuD°t?r«juBs

jl¢n,B̀aznbftD°InU©lZnGkaU_k̀JQG©lZtD®k̀lalznuiû

fl¢l¥n>kfnGD°tGq>©k­?r«juF°kuVc_nb̀l¼ĉl¢qLQlGqd

ix[akIU©lZnflrỲ_kzla>kuVc_nbiiw¡qdB¼[kXl²l¢n,

JOE FREDY (HST)



X _kVpiiw¡¾

B̀auGoQl̀Vt

F
°
ku
V
c
_
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a
>
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V
c
_
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565B̀auGoQl̀Vt

055B̀auGnb¤Vt

InU¡¾V·lcn¿?Zn[kVuEGrXgu18/
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F2
(Generation)

/.42

qLQlG¾

JOE FREDY (HST)



B̀auGnb¤Vt

B̀auGoQl̀Vt
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JOE FREDY (HST)



B̀auGnb¤Vt

B̀auGoQl̀Vt
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B̀au

GoQl̀Vt
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JOE FREDY (HST)



Å_kVk[lVk{dl½Zl±tix̂kfiflrghVG¿ī kZ¢¿{tĉl{n±Vtclu

IrGkg¢dlcoqQqqG_kßuqLºq³Qn±LlcJQG¢dlcoqQ̀kUtD±tyIlI

»q_®S½?Zn_kZl£n,

ÅAsJQGZwo|l̀ilqcryGk_rik_nGdl½GkUq³Qn±NmZnGdkqU±t

Gq>ªl̀Vtq_®SclqÝGkcJ¦ªlZtrgh_kUt,

ÅFanix̂kfqªZl»©̀ l{n±NmZlZtfwVwitVVa¢dn>kGnu,

ÅFanNmZlqÝfwVwitVVa¢qd?cmcnG¿(Alleles) D±nfldl{n±n,

JQG¡¾

JOE FREDY (HST)



ÅikYkaÙ k̀lFanNmZlZta>t?cmcnGdkUnÀVt,

Åf»Ii¡aUªl½B̀auD±ix̂kfqªZl»©̀ l{n±NmZl

qÝfwVwitV?cmcnGdkUtT, t D±lf,

ÅTD±?cm½B̀a{oQnVclqZ̀nutD±?cm½B̀a{nbfl

qZ̀nuioLl³l{n±n,

ÅFanNmfl̀lqcix̂kfªlqÝy[GQao[qª\mrZkqqQq³±nu

(Phenotype)AVlZnGkaU_k̀NZlVGJQZq̀ NmrZkqqQ³t

(Genotype) D±nu[b̀n±n,

JOE FREDY (HST)



ÅFanix̂kfqªZl̀ȳl{n±Vta>tJQG¢¿rL»±kUt,

ÅFanrNkQlfl[amVInU¢qdf»Ii¡aUªlZtflrỲ_k{nr·k¿F±ku

Vc_nb̀lqcī kZ¢dl½fl[amVInU¢dl½F±n_kyVuy[GQ_kfnG̀ nu

_rßVt_b¥ lal{nG̀ nuqLºnu,

ÅF±kuVc_nb̀l½y[Vw}q³¦InUqªy[GQInUu(Dominant trait) D±nu

_b¥ lan±VlqZIn[tVInUu(Recessive trait) D±nu[b̀n±n,F±kuVc_nb

l̀½_b¥ lal{n±InU¢¿a>kuVc_nb̀l½y[GQ_kGn±n>t,

ÅcluIrGkg¢¿(Gametes) B>kGnr·k¿ix̂kfqªZl»©̀ l{n±JQG

¢¿GoQl{cakqVrf»[lal̀n±n,

Åa>kuVc_nb̀lqcī kZ¢dl½y[GQInU_nÀf̀ nqQ̀nuIn[tVInU_n

Àf̀nqQ̀nu?Zn[kVu18/@Ut,

q_­SclqÜ?Zn_kZ¡¾

JOE FREDY (HST)



?

?

B̀azoQnVcnuB̀aznbfnurLº°AQ©auB̀a_n¿iiẁ_n>k̀l½D

®nqGk>t=

y[GQInU©lqÜ?cmcnG¾B¿r²k¾?VtIn[tVInU©lqÜix̂kfq©

[oºU_k̀l_b̀tzn°n,?VlZk¼AQ©auix̂kfInUur[kcnuGkUlzl½

F°kuVc_nb̀l¼y[GQ_kGk©InUua>kuVc_nb̀l¼y[Vẁ

|q²¥r½k=?qV¡qZ̀k̀lalznu=

In[VInU©lqÜ?cmcnG¾_kyV_kUtAf̀l¼GkUq²Qn°Vt?Vlqc

DflqQy[GQInU©lqÜixkYmZuAfqQA½,?VlZk¼@XwVc_nb̀l¼

y[GQl²lzk©ix̂kfq©a>kuVc_nb̀l¼y[GQl²lzq²Qn°n,



FanrNkSlfl[amVInU¡dnqQry[hUu

?r«juZmal|UflrỲ _kzl,AVtqqS

qqjy]lStryGkit,D°bl̀q²Qn°n,iiw©l

qÜB̀afnufl©lqÜ@GpVl̀nu[alIUl¢n

qqSqqjy]lStryGkit

JOE FREDY (HST)



TTRR

ttrr

TR

tr

TtRr

B̀auGoQl̀Vt*Ban>fl©nG¾

B̀auGnb¤*Lnan¡l̀fl©nG¾

B̀auGoQl̀Vt*

Ban>fl©nG¾

JOE FREDY (HST)



TtRr
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JOE FREDY (HST)



TTRR
B̀auGoQl̀Vt*

Ban>fl©nG¾

TR Tr tR tr

TR

Tr

tR

tr

JOE FREDY (HST)



TTRR
B̀auGoQl̀Vt*

Ban>fl©nG¾

TTRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

TtRR
B̀auGoQl̀Vt*

Ban>fl©nG¾

TtRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

TTRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

TTrr
B̀auGoQl̀Vt*

Lnan¡l̀fl©nG¾

TtRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

Ttrr
B̀auGoQl̀Vt*

Lnan¡l̀fl©nG¾

TtRR
B̀auGoQl̀Vt*

Ban>fl©nG¾

TtRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

ttRR
B̀auGnb¤*

Ban>fl©nG¾

ttRr
B̀auGnb¤*

Ban>fl©nG¾

TtRr
B̀auGoQl̀Vt*

Ban>fl©nG¾

Ttrr
B̀auGoQl̀Vt*

Lnan¡l̀fl©nG¾

ttRr
B̀auGnb¤*

Ban>fl©nG¾

ttrr
B̀auGnb¤

Lnan¡l̀fl©nG¾

TR Tr tR tr

TR

Tr

tR

tr

]mNrGkg¡¾

JOE FREDY (HST)



ar>k?VlcYlGr_kfwVwitVix̂kf¢¿GoQlr£anr·k¿

?f̀l½Fkrakix̂kffnu[ait³auGoQl{cakqVixVȳ

_k̀l?QnªVc_nb̀lrc{tfwk[al{n±n

&FanNmfl̀nqQFanrNkQl?cmcnG¿_qßkanrNkQl

?cmcnGdnqQrf»q[QclqZixkYmZl{n±l¾',

q_­SclqÜ?Zn_kZu

JOE FREDY (HST)



D½k̀r²kenuy[GQIn

Uu_kyV_krUk\mrZk

qqQ²t@GnG=

y[GQInU©lqǛnuIn[tVInU©lqǛnu

?cmcnG¾F°l¢nf°k¼y[GQInU©lqÜ

\mrZkqqQ²t@fnuy[GQ_kfnG,D°k¼In

[tVInU©lqÜ?clcnG¾F°l¢nf°k¼

In[VInU©lqÜ\mrZkqqQ²t@fnuy[GQ

_kfnG,?VlZkcD½k̀r²kenuy[GQInUu

_kyV_krUk\mrZkqqQ²t@fl½

JOE FREDY (HST)



q_®SclqÝZl̀_¢¿NZlVGgkityVªlqÝ?Qlªb̀k̀lan±n,D±k½

NmflGdlqcix̂kfInU¢dnqQqqfflYwqª[o»©_k̀lflgXmGal{k®?

VlZtGel¥ l¾,NmZnG¿*[alitWlVl*_ßtJQG¢¿D±lfV̧ lcnÀi¡m»

©_k̀AQq[QcnGqd{nbl£nÀ[l½{kc[RZ¢¿q_®SclqÝZl̀_¢

dnqQLlc[al_lVlG¿qfdlfk{l,AVtrZk§q_®rScl̀®A®qjblß®it

(Non-Mendelian Inheritance) D±@g̀ ªlZtVnQ{_l¦n,

rZk¦q_­rScl̀­A­qjblÞ­it

(Non-Mendelian Inheritance)

JOE FREDY (HST)



ÅLnf°[ofn¿Zkcn_Ulq¢Qlq̀ qf¿²ofndd

Zkcn_Ulq¢Ql̀n_k̀lfºIi aUuZQ©l̀k¼[l

 t[ozdn¿qLQlG¾B>kGn°n,

Åy[GQInU©lqÜ?cmclZtIn[tVInU©lqÜ?cm

clqZ[oº̈ _k̀nu_b̀tzk­ikYlzn°l½,

A­Gu³mÞtqSk_lZ­it(Incomplete dominance)

JOE FREDY (HST)



rGkrSk_lZ­it&Co-dominance)

ÅLlcG°nGkclGdlcnuGnVlaGdlcnuGk

Un°rbk¦rGk¥t

Åa>t?cmcnGdnqQ̀nuc|U¡¾

Frai_̀uy[GQ_kzn°n,

JOE FREDY (HST)



_¾¥l²l¾?cmcliu(Multiple Allelism)

Å_ZnhwZlqcABOaÚyIo²t

ÅaÚyIo²tZlº̈ l̀zn°NmZlZt_Zn

hwIU©l¼(Human population) a>l

¼zoQnV¼?cmcnGdn>t,IA, IB, i

D°m_o°t?cmcnG¾aÚyIo²tZlº

¨ l̀zn°n,

JOE FREDY (HST)



r[kdlNmZlGtA­qjblÞ­it(Polygenic inheritance)

ÅVxzlqÜZlbfwVwkiu

ÅVxzlqÜZlbq© Zl̀y®lzn°VtF

°lcYlGuNmZnG¾rLº°kUt,

ÅAf̀ nqQy[fº©Z\c_k̀lq_ck

ZlqÜB¼[kXZ©l¼B>kGn°EÞ

znb¢l¼ZlbfwVwki©lZtGkaU_k

Gn°n,

JOE FREDY (HST)



y[Vl̂ki©lqÜr[at GkaUu iflrghV

A­Gu³mÞt

qSk_lZ­it

rGkrSk_lZ­it

_¾¥l²l¾

?cmcliu

aÚyIo²tZlº̈ l̀zn°NmZlZt_ZnhwIU©l¼

(Human population) a>l¼zoQnV¼?cmcnGdn>t,

IA, IB, i  D°m_o°t?cmcnG¾aÚyIo²tZlº̈ l̀zn

°n,

r[kdlNmZlGt

A­qjblÞ­it

JOE FREDY (HST)



y[Vl̂ki©lqÜr[at GkaUu iflrghV

A­Gu³mÞt

qSk_lZ­it

y[GQInU©lqÜ?cmclZtIn[tVInU©lqÜ?cm

clqZ[oº̈_k̀nu_b̀tzk­ikYlzn°l½,

Lnf°[ofn¿Zkcn_Ulq¢Qlq̀

qf¿²ofnddZkcn_Ulq¢Ql̀n_k̀lf

ºIi aUuZQ©l̀k¼[l t[ozdn

¿qLQlG¾B>kGn°n,

rGkrSk_lZ­it
a>t?cmcnGdnqQ̀nuc|U¡¾Frai_̀uy[GQ_k

zn°n,

LlcG°nGkclGdlcnuGnVlaGdlcnuGk

Un°rbk¦rGk¥t

_¾¥l²l¾

?cmcliu

aÚyIo²tZlº̈ l̀zn°NmZlZt_ZnhwIU©l¼

(Human population) a>l¼zoQnV¼?cmcnGdn>t,

IA, IB, i  D°m_o°t?cmcnG¾aÚyIo²tZlº̈ l̀zn

°n,

_ZnhwZlqcABOaÚyIo²t

r[kdlNmZlGt

A­qjblÞ­it

VxzlqÜZlbq©Zl̀y®lzn°VtF°lcYlGuNmZnG¾

rLº°kUt,Af̀nqQy[fº©Z\c_k̀lq_ckZlqÜB¼

[kXZ©l¼B>kGn°EÞznb¢l¼ZlbfwVwki©lZt

GkaU_kGn°n,

VxzlqÜZlbfwVwkiu

JOE FREDY (HST)



VxzlZtZlbuZ¼Gn°y[YkZfº̈G_kUtq_ckZl­,q_ckZlqÜ?dfnuVa

fnurLº°tVxzlqÜZlbuZlº̈ l̀zn°n,FanfwÚl̀nqQ[oºflGºEVt̂o_l

gkityV[a_k̀y[rXg©nZl°kUtf°VtD°VtVxzlqÜZlbq©ixkYmZlzn

°Fany[YkZJQG_kUt,̂o_lgkityV[a_k̀ fwVwitVy[rXg¡dlqcioawy[

Gkg©lqÜVmyfVfwVwitV_k̀VlZk¼*Fkraky[rXg©nuVxzlqÜZlb©lZt

?Znr̀kNw_k̀NZlVG_kÞ¡¾iûfl¢n,ioawy[Gkgu*̂|Uu*flÞk_l­Sl

D°lfr[kcn¿[alitWlVlJQG¡dnuVxzlqÜZlbq©ixkYlZlzn°n,_Znhw

akglNZlVG[a_k̀lfdqaqqfflYw_kº°VkUt*VxzlqÜZlbu?VlqÜFan̂k

Iu_kyV_kUt,

ZlbfwVwki©lZt[l°l¼

JOE FREDY (HST)



VxzlZtZlbuZ¼Gn°JQGu

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Zlbq©ixkYmZlzn°&[alitWlVl'JQG¡¾

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

JOE FREDY (HST)



VxzlZtZlbuZ¼Gn°JQGu

q_ckZl­

Zlbq©ixkYmZlzn°&[alitWlVl'JQG¡¾

Å[oºflGºNmfl¢tAan°y[rXg©lqĉo_lgkityVu

Åioawy[Gkgu

Å |̂Uu

ÅflÞk_l­Sl

JOE FREDY (HST)



hyXnbm\ § Ä¡v

ImcWamb 

P\ XnI 

{]{Inb I Ä 



i_ao[ryGk_rik_nG¾&FanNmfl̀nqQ_kVk[lVkzdl¼Zl°nu

ĉlzn°i_kZ_k̀ryGkr_krik_nG¾'[ait[aurNkQlrLan°n,

ryGk_rik_nG¾rNkQlrLan° k̂Iq© G̀kit_(Chiasma) D°t

[b̀n°n,AŝkI©tf¢tqyGk_kÞlSnG¾_nbl̀n°n,_nbl¤ k̂I

¡¾[ait[auqqG_kbn°n,

G̀kit_

AsqqG_kÞ©lcoqQ*?cm¼[nZviur̀kNZuZQzn°n,AVt

i®kZ¡dl¼[nVl̀ix̂kf¡¾y[Vw|q²Qk­GkaU_kGn°n,

cluIrGkg¡dnqQao[q²QclZtGkaU_k̀rGkgfl[NZamVl̀kUtBsẐuIu

ryGkilKtFkfº

JOE FREDY (HST)



ÅBsẐuI©lqcFanry[VwGJ¥©l¼qf¢kUtryGkilKtFkfºZQzn°Vt,

Åi_ao[ryGk_rik_nG¾[ait[aurNkQlrLan°n,

ÅX @GpVl̀l¼ryGk_kÞlSnG¾GoQlr¢an°nAVlqZG̀kit_D°tfldlzn°n,

ÅqyGk_kÞlSnG¾_nbl̀n°n,

Å_nbl¤ k̂I¡¾[ait[auqqG_kbn°n,

Å?cm¼[nZviur̀kNZuZQzn°n,

ÅAVti®kZ¡dl¼[nVl̀ix̂kf¡¾y[Vw|q²Qk­GkaU_kGn°n,



NZVlGGJQZ̀l¼@Git_lG_k̀lB>k

Gn°Vnu?Qn©Vc_nb̀lrcztqqG_k

ÞuqL¹q²Qn°Vn_k̀_kÞ¡dkUt_worÞh

­DNA ǹqQAa¥lzcl¼B>kGn°V

GakbnG¾*Llcy[rVwGakifitVnz¾

(Chemicals), flGlaU¡¾

(Radiation) VnQ¡l̀f_wor¥hZtGka

U_kGku,_wor¥h­NmZnGdl¼_kÞ_n>k

zn°n,AsNmZnG¾Vc_nbGdlcoqQ

qqG_kblix̂kffwVl̀kZ¡dlrcznZ̀l

zn°n,Nmf[alUk_©l¼_wor¥hZnG¾

ztfcl̀y[kYkZw_n>t,

_worÞh­

JOE FREDY (HST)



_worÞh­D°k¼D®t=

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_worÞhZn>kGkZn¿GkaU¡¾=

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Å,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_worÞhqÜy[kYkZwuD®t=

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,



_worÞh­D°k¼D®t=

NZVlGJQZ̀l¼@Git_lG_k̀lB>kfn°_kÞu*AfVc_nbG¾qqG_kÞuqL¹q²Qn

°n,_kÞ¡¾NmZnGdl¼B>kfn°n,

_worÞhZn>kGkZn¿GkaU¡¾=

Å DNA ǹqQAa¥lzcl¼B>kGn°VGakbnG¾

ÅLlcy[rVwGakifitVnz¾(Chemicals)

ÅflGlaU¡¾(Radiation)

_worÞhqÜy[kYkZwuD®t=

NmZnGdl¼iûflzn°_worÞhZnG¾Vc_nbG¾qqG_kÞuqL¹q²¥tix̂kffwVwki¡

¾ztGkaU_kGn°n,Nmf[alUk_©l¼y[YkZ[ tfjlzn°n,



NZlVGgkityVu

qVkel¼

ikYwVG¾
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