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rbIÆÅnaT lYaberFrI ŸCaFgeæp Kub VeQepr saeT beliCeln Vmaedr …† ŸpaRaedeS
ib¯aniSQa He¬C pƒuiTBQn-Haet naet iSQa ba prIQalÁ iSQar wpr Vmaedr Caºedr ib¯aenr
iBi¹ otrI Hy na| Plt Vmaedr ˆpmHaedeS ib¯aen iSiQt AiDka„S Caº † Vsel ib¯an …b„
DàmgãeÇùr meDY paàTkY kret AQm-karN tara ib¯an …b„ DàmgãÇù ˆBy muKóù kereC prIQar jnY|
…mn† …kjn ib¯an buJet sÚpUàN bYàT Caº He¬C rayHan …b„ …r Pl÷rœp pÁit …b„ sUeºr
meDY paàTkY na bueJw gada§e¬Cr ob¯aink Se×r mSaladar Apib¯an raÊa ker, inejr Deàmr
ŸgOrbgaTa Zaca† kra Ÿs AbYaHt raKeb| kanmel idey …† sb Bul§ela ŸdKaelw …kbaerr
jnYw ib¯aenr b† pReb na-br„ ˆleF …ƒeR tàk ker inejr A¯anta …b„ BƒaRaemar Vera
ibraF pãman Ÿdeb| ib¯aen sÚpUàN Baeb A¯ Heyw, ib¯anI tTa ib¯anelKkedr cYael‚ janaena
rayHanIy mUàKta AbYaHt-tar Bul§ela Direy idelw Ÿs buJet rajI ny| maen inejr Bul§ela
ŸbaJar mtn saDarN ¯anFuk™w tar Ÿn†| ˆleF Ÿkanfasa Hey ib¯aenr peQ Taka Ÿlaekedr
saàkaesr Ÿjakaerr mtn beº¡ai¹¡ kreC| Vim …† ikió»et Vbar pãman idi¬C ib¯aen iBt kt
duàbl Hel Ÿlaek ib¯anIedr ŸB„cay|

rayHan Amâtbcn-1:

pãTmt ib¯aen Deàmr Ÿkan óùan Ÿn†-ib¯aenr kaj prIQalÁ setYr AnusÉan| ‰Sÿr VeCn ik na
VeCn …mn Ÿkan ob¯aink Ÿppar Ÿkw ilKeb na|

ikÇ¼ Dàm ŸZeHtu ikCu Anumaenr wpr dƒaiRey, ib¯an Deàmr saeT sam²sYpUàN ikna ŸsFa iney Dàm
maTa Gamay| Deàmr ibSÿas iBi¹k dàSn ib¯aenr ŸcaeK Bul-ta† ib¯aenr Ÿkan Ÿppaer† Ÿkaran ba
ba†ebelr óùan Ÿn†| ikÇ¼ Deàmr pãcaer V†nöa†enr ˆi¹¡ ( Bul ŸkaeFSn) …b„ Apib¯an pãc¸
rkm Baeb bYbHœt Hy- karN Deàmr imTYar ŸkLa ib¯aenr Ÿtaep ŸBe– pRel DàmbYbsar Absan
GFeb pâiTbIr buek| Ÿkapaiànkas ba bã›ena ba gYaililw sUeàZYr cairDaer pâiTbIr Guànn Vibïar
keriCeln-caàc …edr Vibïaer pãmad gen-karN taedr ˆenMaict stY  iCl ba†ebl iberaiD| …ra
stY Vibïar keriCeln-‰Sÿr Ÿn†, ba Kâñan Dàm Bul …mn beln in| caeàcr Haet mâtuYr Veg bã›ena



ìDu beliCeln Vmaek ŸpaRaena Zay-stYek ny| Ÿtmn† harˆ†nek Vº¡mn keriCl …b„ kreC
caàc| harˆ†n caàcek VGat kern in| ib¯an stY ˆenMacn ker setYr jnY-Dàmek pa¹a ŸdwyaFa
tar ˆeÀSY ny|

Zui¹¡baid VeÆdalenr mul lQY caàc tTa smó» DàmIy s„gfenr …†sb Apib¯an …b„
Apib¯anIedr ibr›eÁ lRa† kra|  k™s„ïar tTa Dàm pãcairt ZabtIy imTYa …b„ imeTr Absan
GFaena| Vr Deàmr imTYa …b„ imT -ib¯aenr saeT Zaca† na krel janeba ik Baeb? ib¯aenr stY
Vrb ŸTek Vemirka sba† maen| manet baDY Hy …r stY inàDarenr kifn mapkaifet| Vr
Deàmr stY? ba†ebl ŸpaRaena Hy ŸsOid Vreb …b„ Ÿkaran FyeleF PçYaS kra Hy Vemirkay!
karN inejr Deàmr ba†er, …†sb b†§il AnYDeàmr Ÿlaekr kaeC AsÚpUàN …b„ V„iSk stY ba
AstY kTn - taedrFa† sÚpUàN …b„ crm stY! ta† setYr ŸrPaernes Ÿlaek ib¯aenr kTa
ìnet ca†-karN  stY inïaSen …r ini¬CÅ …b„ onbYi¹¡k pÁit|

ib¯aenr dàSen muel VeC PlisiPekSn-ba ŸZ t¹Ô dƒaR kraena He¬C tar Bul Hwyar sÝabna
Zaca† kra Hy Veg| ŸZeHtu ib¯aenr dâiñet prm setYr Ÿkan Aió»tÔ Ÿn†-pãitFa ob¯aink t¹Ô†
…kFa samiyk stY …b„  Ÿkan ob¯aink t¹Ô† Ÿkanidn prm stY Heb na| ikÇ¼ pãitFa samiyk
stY† prIQalÁ pãmaenr wpr dƒaiRey-geæpr wpr ny|

…bar rayHaenr mUàKaim  lQY kr›n| ib¯aenr AsÚpUàNta ŸbaJaet pãTmt ' PYa¢' bel …kFa S×
bYbHar kreC-†„erjIet Za 'iPkSenr' ibprIt| AàTa‡ Za GeF-Za s„GFn Hy ta† PYa¢| ib¯an
prIQa inàBr-gæp ba iPkSenr wpr iBi¹ ker Ÿppar ilKel ib¯aenr Ÿkan s„óùa Capaeb rayHan
bel Ÿdeb? ib¯aenr jaànael Za Capaena Hy ta Pa¢ na, …r maen Hy, ib¯aenr jaànael gæpw
Capaena Hy!  HƒYa ib¯anIra tTY cuir kern beF-ikÇ¼ smeyr saeT saeT ta Draw per …b„ taedr
ib¯aenr duinya ŸTek ibtaRnw kra Hy| ib¯aenr jaànael gæp Capaena Hy …mn ô™p inˆjFa
rayHanek Ÿk idl?

Vsel w sÝbt ŸZFa blet ca†iCl-jaànael Za pãkaiSt ta sÚpUàN rœep pãmaint ny| ba„la …b„
†„rajIet duàbl bel ileKeC BulBal ikCu S×| t¹Ô maº† AsÚpUàN| ŸsFa ifk-ikÇ¼ icrkal †
te¹Ôr öaFas DàmgãeÇùr mtn óùibr Taek na| tar wpr prIQa Hy-º›iF inàDarN Hy …b„ Vera
sifk t¹Ô óùan dKl ker| ib¯aenr dàSen óùayI t¹Ô bel ikCu† Ÿn†-ikÇ» tar maen …† ny ŸZ
w§ela sÚpUàN Baeb Bul ba Apib¯aenr ibr›eÁ bYbHar kra Zaeb na| ŸZmn Dra Zak BYak™yam
…naiàjr jnY Dra Hy …† mHaibSÿ AsIm Si¹¡smueÅ BƒaseC-…† AsIm Si¹¡sagerr ˆ‡s ik ib¯an
jaen na| ikÇ¼ janar Ÿcña calae¬C …b„ gebxnapºw bar He¬C|  Aenk t¹Ô† bajaer VeC …b„
Zt prIQa inrIQa Heb Vmra janeba sifktr t¹ÔFa ik| ikÇ¼ tar maen …† ny Vim Der Ÿneba
‰Sÿr …† AsIm Si¹¡ sâiñ kereCn| ŸsFa fak™rmar J™ilr rœpkTa| …mn fak™rmar J™ilr ‰Sÿer
ibSÿas krel ib¯ancàca kreb Ÿk?

ib¯an ŸZ kKena sÚpuàn Heb na …b„ t¹Ômaº† AsÚpUàN, Vim ikÇ¼ Vmar Vegr ŸlKaFa† beliC|
Vbar tuel idlamW



…b„ Vpnara ŸdKeCn rayHan …Fa peR in ba ŸbaeJ in| karN …† b¹¡bYr peR Ÿkw gaDar mtn
ilKeb na ib¯an tar sÚpUàNta daib ker| Ÿkaran, gIta, ba†ebl AÙaÇ», stY …§ela  Daiàmkra
bel-ib¯anIra bel ib¯an  stt AsÚpUàN ta† Vera prIQa, Vera tTY drkar|

…bar mueKaS ŸKala Zak Vera ŸFkinkYal A¯tarW

bÉ™ra lQY kr›n …† HasYrsW

(1) pãTem bel ibbàtnbadek …kFa saeyiÆFiPk PYa¢ bel pãcar kra HeyeC Zidw Aenk
pãeSÈr ˆ¹r  Ÿn† …Kena!!!!

rayHan ik ib¯aenr …kFaw t¹Ô ŸdKaet parebn Za sÚpUàN? parebn na| karN ib¯aenr
dàSn† bleC ib¯aenr t¹Ô sÚpUàN Het paer na|

gt ŸdReSa bCer ibbàtenr ibr›eÁ Ÿkan pãmaN pawya Zay in| ŸZsb AsÚpUàNta iCl, ŸjeniFk
†nePaeàmiF¤ …b„ intYntun Piselr Vibïaer ta º¡mS sÚpUàN HeyeC-Zidw …Kena Aenk pãSÈ †
Ajana| ikÇ¼ smy Zt …egaeb Vmra janeba| rayHan …r Veg †ÆFarenF ŸTek cuir ker pãman
krar Ÿcña keriCl-ibbàtenr ibr›eÁ Aenk pãman| º¡mS ŸdKa egela, Ÿs§ela KãIñan weyb sa†F
ŸTek ŸFaka kt§ela ibkát kra PeFa-Za KãIñan Apib¯anIra bYbHar ker Ÿjenisesr pãmaenr
speQ pãcar calaet |
    AiBij‡ …b„ bnYa ŸdiKeyiCeln rayHan ikBaeb Ÿs† tTY cuir ker  …b„ ibbàtn na Ÿjen
cYael² janaet …esiCl|  cuir ker Haet naet Dra pRar prw …t bR glay ŸZ Vbarw Ÿs†
…k† pãSÈ ker, Ÿs Hy inàl°, na Hy ntun ŸmaRek Deàmr pãcaer ŸnemeC, ba häag …ih¢ ( tal¯an
HaireyeC) ba Dàm …ih¢| Dàm …b„ häaegr ŸnSa …k-ŸsFa prIQalÁ stY|



rayHaenr Amâtbcn- båa†¸ …b„ rYa¸mens kTa duiF ob¯aink Baeb pãman kra sÝb
ny!

pãTmt båa†¸ kTaFa ob¯aink S× ny-w Za ŸbaJaet ca†eC-†kuYyal …pãaeyarI Vsl ob¯aink
S×|

…bar ŸdKun Vim Vegw beliClam w sUº …b„ pÁit ik ta† jaen na rYa¸mens iney ŸcaÀpata
ileK ŸPlela| ŸZ ekan Ÿlaekr cQ™l°a Takel rYa¸mens iney pRaeSana ker, rYa¸m S×Fa
ilKeta| rayHaenr cQ™l°a Ÿn†-sutra„ Vbar rYa¸mens iney ilKet bsela pRaeSana na ker†
…b„ …kFa mngRa kTa sMaàFil bel idl!

- rYa¸menesr ob¯aink pãman Ÿn†!

rYa¸m pãess Aenk rkemr Hy …b„ Ÿs† pÁit rYa¸m ikna ta bar krar Aenk Aenk
s„KYatai¹Ôk prIQa ib¯aen calu VeC| öaiö¤iFe¤ ŸZ Ÿbisk Ÿkaàs ineyeC Ÿsw …Fa jaen|
rYa¸menesr meDY Ÿkan ŸhFariminijm Takel ŸsFaw s„KYatai¹Ôk pÁitet inàny kra sÝb|

rYa¸m isgnYal iney kaj krar smy, ibSâªKla ŸKƒajar jnY Vmar inejr ipãy pÁit iCl ŸmaemÆF
ŸmTh| … ŸQeº pÁitiFr mUl man ŸTek ibcuYitr wpr Aenk Hayar wàhar ŸmaemÆF iney, nana
…legairTm idey pãman kra Zay pÁitiF ik Drenr ibSâªKlay BugeC|  …† jenY† s„KYatai¹Ôk
pÁitet …eseC ŸmaemÆF ŸjnaeriF„ Pa„Sn, kYaer¢airiñk Pa„Sn †tYaid|

AàTa‡ bYaparFa dƒaRae¬C …†- rayHan ib¯an ba giNt na Ÿjen Za KuiS ileK Zae¬C Ÿlakek DaÑa
Ÿmer Fuip pRaenar jnY| AtYÇ» nIcumaenr Ÿlak fkaena| …† zp ,maen ŸSãP cuir kret igey
As„KYbar Haet naet Dra pRela| Vr daib kreC Vmra Ÿlakek fkai¬C! AbSY Ÿcaerr maeyr
bR gla HwyaFa† ÷aBaibk|

ibbàtenr mUel VeC imŒeFSn-Zar rYa¸mens iney Ajsã ob¯aink kajkàm HeyeC …b„ …Fa
pãmaint stY imˆeFSn rYa¸m pãess| …kFa inˆi£wFa†h Ÿkaehr pirbà¹n Hwyar sÝabna
10-9| …r meDY sb pirbàtn ibbàtenr kaej Vseb ta ikÇ¼ ny|

ibbàtenr meDY ŸZ ŸhFariminjmFa Vmra ŸdiK ŸsFar karN -…† rYa¸m imŒeFSn§elar meDY
Ÿs§ela† isel¢ Hy ŸZ§ela pãkáitet Ÿbƒec Takar jnY suibDajnk |  …Fa† harˆ†nbad| sutra„
rayHan ŸZFa daib kreC ib¯an bel pãakáitk inàbacn båa†¸-ta ib¯an daib ker na| …Fa wr
janar Bul ( Vr kt Bul Dreba dada!)| imŒeFSn rYa¸m-tar iselkSn ikÇ¼ Hy pãkáitek Ÿmen|
…Far meDY ŸZ ŸhFariminjmFa VeC ŸsFaw …kFa VepiQk ŸhFariminjm karN-pãkáitw rYa¸mil
bdlay|  Vj ŸTek s¹r imilyan bCr Veg …öareyh Daqa maray pâiTbIet ŸnemiCl tuxarZug|
ŸsFa iCl VbHawyar rYa¸m pirbà¹n-Vr taet† Hairey Ÿgl ha†enasrra| Vr Vmra -maen
ó»nYpayIra pâiTbIet inàbaict Het laglam Å›tgitet| AàTa‡ pãkáitr …† rYa¸m pirbà¹n na Hel



manux† jnMaeta na!

Za†eHak Vim †i¸yana ibSÿibdYaleyr …kFa iFŒeFairyal …epnihe¤ idlam bYaparFa Vera Baela
ker ŸbaJar jnY|

 rayHan ŸZFa ileKeC ŸsFa wr maTa ŸTek Ves in-As„KY weyb sa†eF ikCu iº¡eySinñ Apib¯anI
…†sb BulBal ileK ŸbRae¬C| ib¯anIra cYael² krel †ƒduerr metan caeàc zukeC …b„ Vera ntun
…kFa Apib¯an iney ib¯anIedr ŸB„cI kaFeC| …† †ƒdur ŸbRaelr ŸKla ktidn cel ŸdiK|

rayHan bcn-3

…bar rayHaenr A¯tar Vera ikCu Amât mÇùn kir| tar DarNa iB¢r iöäªgaer mtn ib¯anI
manuxek Ÿbaka banae¬Cn! Ver Ba† tar Veg …† ibxy§elar wpr pRaeSanaeta kr!

ŸkayaÆFam PçakcueySn prIQalÁ stY -Za ifk na Hel ŸkayaÆFam Ÿmkain¤ † Bul! Za†eHak
ŸmaFamUiF ib¯anIra iniëct BYak™yam PçYakcueySn ŸTek† Si¹¡ …b„ bó¼r ˆÄb| tar pãmaN
pawya ŸgeC kYaisimr …ePe¢ Za pâiTbIr nanan pãaeÇ» prIiQt| AàTa‡ prmìnY ŸTek Si¹¡
…b„ bó¼ banaena ŸZ sÝb tar prIQalÁ pãman kYaisimr …eP¢| teb irnàmala†ejSn s„º¡aÇ»
Aenk tai¹Ôk smsYa VeC-Ÿs§ela º¡mS Vmra Vera janeba| AsÚpUàNtar maen …† ny-‰Sÿr
Ÿjagae¬Cn …† AnÇ» BYak™yam …naiàj|
pdaàTib¯aenr mUl sUº§ela ik Baeb …l Ÿs† ineyw Aenk kaj He¬C-iöä„ iTwrI ŸmaFamuiF
Ÿs† peT† …egaenar Ÿcña kereC-teb ŸsKaenw bYàTta …eseC seÆdH Ÿn†| ikÇ¼ tar maen
…† ny, Ÿs§ela ‰Sÿr baineyeCn-Aenk t¹Ô, Aenk mehel …sb ŸbaJar Ÿcña cleC| Vera
Aenk bR Ÿkala†har drkar …† sb prIQar jnY| ib¯an Vera Aenk …egael …§ela
º¡mS Vmra janet parera| ibgbYa„egr pr iPije¤r sUº§ela ikBaeb Veó» Veó» …ela ta



iney Aenk gebxna HeyeC-sbikCu† prIQalÁ pãmaeNr jnY AepQa kreC| …rmaen ŸmaeFw
…§ela Bul ny ba …Far jnY ‰Sÿerr pãŸyajn| br„ …edr stYtar º¡S ŸrParans ba
smaÇ»ral pãman Ÿdwya sÝb| ikÇ¼ ‰Sÿerr Aió»etÔr AnepQ pãmanFuk™ Ÿdwyaw sÝb ny|
pãakáitk inyem pãaeNr ˆÄbW
 ojbrasayink pÁitet pãaeNr ˆÄb iney As„KY gebxna …b„ pãman ik taHel Bul? ŸmaeFw

ta ny-ib¯anIra lYaeb ŸpãaiFn Ÿýpyar otrI kereCn| Zidw Aenk pãSÈ VeC tbuw ib¯anIra men
kern …† pƒaciF Daep pãaeNr ˆÄbW
1)Plausible pre-biotic conditions result in the creation of certain basic small molecules
(monomers) of life, such as amino acids. This was demonstrated in the Miller-Urey
experiment by Stanley L. Miller and Harold C. Urey in 1953. 

2)Phospholipids (of an appropriate length) can spontaneously form lipid bilayers, a basic
component of the cell membrane.

3) The polymerization of nucleotides into random RNA molecules might have resulted in
self-replicating ribozymes (RNA world hypothesis).

4) Selection pressures for catalytic efficiency and diversity result in ribozymes which
catalyse peptidyl transfer (hence formation of small proteins), since oligopeptides complex
with RNA to form better catalysts. Thus the first ribosome is born, and protein synthesis
becomes more prevalent.

5) Proteins outcompete ribozymes in catalytic ability, and therefore become the dominant
biopolymer. Nucleic acids are restricted to predominantly genomic use.

 Aenk prIQar pr dƒaiReyeC …† t¹Ô| Vera ŸbSI prIQar drkar| Vera sÚpUàN tTY jana
pãŸyajn| AsÚpUàNtar  maen ‰Sÿerr pãaN sâiñr kaibYk kæpna ny ba pãaN sâiñr jnY ba†ebl ba
Ÿkaraenr gæp§ela† ibSÿas ker samÇ»taiÇ½k ŸSaxn AbYaHt raKa ny|

t¹Ô AsÚpuàn bel Zid ob¯aink prIQa Taimey sb† VLa/‰Sÿerr †¬Ca bel namaj pRet Hy ba
pueja idet Hy-taHel ib¯an Ÿkanidn † …egaeb na|

Vnihja†¸ la†PW
      sâiñkà¹a ik †i²inyar? ihja†n kereCn manux …b„ pãaNIek?

       w ta†!

       Ÿkmn †i²inyar itin buJlam na|

 manuexr ŸcaK ApiFkYal †emij„ ihBa†s iHsaeb Kub † duàbl-ŸriheySn ŸýpkFäaemr …k Q™Åait
Q™Å A„S (400-700 nYaenaimFar) maº ŸdKet pay| ŸZekan  só»ar V† Vr kYaemraw manuexr
ŸcaeKr ŸTek Aenk ŸbSI Si¹¡SalI| Vr ob¯aink kYaemra Heleta kTay Ÿn†-manuexr ŸcaK Ÿs†



kYaemrar …kekaiF Baegr …kBagw kàmQm ny! na ŸýpkFäaem, na irjluYSen, na ihöFYaÆF
iBSen|

kan?

Aihw iheF¢r-ŸSanar ZÇ½| Vim lYaeb ŸZ †eka iheF¢r bYbHar kir-ta manuexr kan ŸZ duàbl S×
ìnet pay, tar ŸTekw Hajar §n duàbl S× ˆÁar ker| manuexr kaenr Ÿceyw Aenk Aenk
ŸbSI Aihw Ÿýp¢äam kBar ker | …b„ manuexr kan 1/10 Ÿseke¸r meDY bla dueFa S× Vlada
kret paer na| ATc Vmar Ÿs† só»ar-k™iR hlaerr iheF¢riF 1/100000 Ÿseke¸r meDY bla
duiF S× Vlada kret paer|

ilñFa Aenk lÜa Het paer|

Za†eHak iZin …t Si¹¡man ihja†nar-tar ihja†n manuexr ihja†enr Ÿceyw St-Hajar§n inmÈ
maenr Hey Zae¬C!

Zidw Ÿmenw in†, sâiñkà¹a† ihja†nar-taHel …Faw manet Hyú, itin manuexr ŸTekw AtYÇ»
Karap ihja†nar ba †i²inyar| iº¡eySinñra …Fa manebn ik?  ŸZ  manuexr smtulYeta dUerr kTa
manuexr ihja†n ¯aenr iCƒeFePƒaFaw taedr prm ihja†nar ba sâiñkà¹ar Ÿn†?

tar ŸTek ihja†nar Ÿn† bel ŸkeF pRun na-‰Sÿerr †°t bƒaceb!

ŸslP Aàgana†ejSnW rayHan jaen† na ŸslP Aàgana†ejSn kaek bel| smajib¯an,
AàTnIit ib¯an, pdaàTib¯an, rsayn …b„ pãaiNib¯aen ŸslP Aàgana†Senr t¹Ô sàbaiDk
pãitiòt …b„ saàTk …b„ sàbaDuink| manux …b„ pãaNI smaejr ibnYaesr ˆÄeb …† t¹Ô†
sàbaiDk sPl| …mn sPl …k t¹Ôek ˆÊttr kra† Zay-ikÇ» pãkáitet … t¹Ô bûl
pãmaint-ta† …ek baitl krar icÇ»a ib¯aen A¯ta| ŸslP Aàgana†ejSenr wpr inecr b†
dueFa rayHan pRet paern| AbSY taek ib¯aenr b†eyr ŸrPaerns idey† ba ik laB Heb!
VedO ib¯an pRa ba ŸbaJar Qmta  tar VeC bel men He¬C na|

Lee Smolin, The Life of the Cosmos Oxford University Press, 1997
Ricard V. Solé and Brian C. Goodwin, Signs of Life: How Complexity Pervades
Biology, Basic Books, 2001

Za†eHak, ŸZ bYi¹¡iF nYaRa ktbar Ÿbltlay Zay pãbadiF ileKiCl-Ÿs rayHanek ŸdeK in| ŸdKel
ilKeta ŸZ nYaRa ŸbaeJ† na Ÿs nYaRa-Ÿs barbar Ÿbltlay Zay| kanmel rayHanek Zeta† ŸdKaw



Ÿs A¯, tbuw ib¯an iney sMaàFil Bul hayelag  Ÿmer Zaeb†| Ÿs Zak- DàmaÉ Vr mataelra ik
ŸbaeJ Ÿs ik bkeC!

bnYaek pãeSÈr ˆ¹r bnYa† Ÿdeb| Vim ìDu men kraet ca†-gt Agaeñ bnYar saeT ibteàkr smy
rayHan ÷Ikar keriCl Ÿs ibbàtenr wpr Ÿkan b† peR in-ATc †ÆFarenF ŸTek ibbàtenr ibr›eÁ
Zt iº¡eySinñ garebj ŸpeyeC Fuek ideyeC| £aS ŸFen Vmaedr ZtFa ibbàtn pRaena Ht,
rayHan Zid ìDu Ÿs† Fuk™w pRaeSana kreta, bnYaek …†sb HasYkr pãSÈ kreta na|

Vbar men kraet ca† Vim lRiC Apib¯aenr ibr›eÁ-Dàm ik ŸsFa iney pãSÈ krelw  rayHan
ikCu† ˆ¹r idet pareb na| Zara inejek buJet, VtMdàSenr jnY Deàmr càca kern, taedr pãit
Vmar Ÿkan ibeÃx Ÿn†| br„ Baelabasa VeC| ikÇ» Zara Deàmr pãpaga¸ar jnY ib¯anek ibkát
kreb, taedr pãit Vim inàdy|  Dàm iney ny-Vmar b¹¡bY Hl Deàmr jnY ib¯aenr ApbYKYa
kraFa ApraD| ib¯an bad ideyw Dàmr bYaKYa Hy| ikÇ¼ Deàmr speQ b¹¡bY raKet igey Zara
ib¯anek ibkát ker taedr ib¯aenr ihigã ŸkeR Ÿnwya ˆict| …Fa Vim Vegw daib keriClam|
…†Drenr bó¼baid By maTay na Ÿzakael ib¯aenr naem Apib¯aenr càca rayHaenr mtn
DeàmanMadra cailey Zaeb|

BibxYetr pâiTbIet Vmaedr ŸCelemeyra Zaet …† Drenr tTY dUxenr jnY Qitgãóù na
Hy-ibSÿibdYaly§il …† bYapaer icÇ»a Babna ìr› kr›k| rayHaneta ba„laBaix Apib¯anIr …k
sYaÚpl-ŸgaFa †ÆFarenF Bià¹  †„erjIet …† Drenr Apib¯anIedr gebxna peº| pãitFa
ib¯anmnï manuexr kaeC Vmar AnueraD, Vmaedr sÇ»anedr BibxYetr kTa ŸBeb ŸJƒiFey ibday
kr›n …†sb Apib¯anI iº¡imnYal§elaek| …edr ib¯aenr ihigã ŸkeR Ÿnwyar jnY siÚmilt
VeÆdalenr drkar|

kYailePaiànya   12/3/06

Appedix-1:
From Indiana University:

http://www.indiana.edu/~oso/evolution/selection.htm
Natural Selection – If Mutation is Random, Why Does Evolution Occur at All?

Every time that scientists have examined the process of mutation, seeking to learn if there are
recognizable patterns, the answer seems to be that mutation is essentially random. If we
think of the causes of mutation, such as chemical mistakes in DNA replication or repair, or
physical damage due to cosmic rays or other radiation, we see that there is no reason to
expect mutation to be anything except random. And yet, evolution has produced
highly-complex life forms, with a great many specialized adaptations that make them appear
as if they were specifically designed to live where and how they do. How can an apparently



random process result in apparently directed evolution?

This question is one of the "logical" problems that many people have with evolution. It is
simply counter-intuitive that a random process can give rise to highly-ordered structures, and
to adaptation to specific environments. Perhaps the best way to address this issue is to
provide some examples in which we model the process.

Example 1: using colors to represent individuals

In this example, we consider two populations of 10 individuals. Each individual can
reproduce, but because of ecological constraints (food supply, for example), the environment
maintains the population at a maximum of 10 individuals. Using random choice (throwing
dice, for example), we have assigned different colors to the 10 individuals--and we use the
same colors for each population. The two populations look like this:

The left-hand population is in a cool environment, then individuals colored blue, green, and
purple have a competitive advantage over the other colors, with purple being most

successful. The right-hand population is in a warm environment, with red, orange, and
yellow having a competitive advantage. Red is most successful. In the next generation, we

have this:

In the next generation, we have this:

And then this:

And then this:

Each population changes slowly with time, from generation to generation, as some
individuals have more offspring than others. The two populations began with identical

genetic diversity, based on random "mutation." However, the environmental conditions were
different, so selection was different. The cool environment selected for the cool colors, and
against the warm colors. The warm environment selected for the warm colors, and against
the cool colors. Mutation was random, but selection provided a direction to the evolution.

Example 2: leaf shape

In this example, a species of shrub has spread across a valley, and up into the mountains on
either side of the valley. As the climate warms, the shrubs lower down (in the valley) die out,
and the shrubs higher up (in the mountains) survive. But, on the north side of the valley, the
shrubs are on mountain slopes that receive full sun; rain water dries rapidly. On the south
side of the valley, the shrubs are on mountain slopes that receive little sun; rain water dries
slowly. Thus, one population is in a dry environment, and the other is in a wet environment.

Both populations start with identical genetic diversity, resulting from random mutations that
affect leaf shape. Some leaves are wide, some are narrow, some are in-between. They look
like this:

Wet environment Dry Environment

After a few generations, the distributions of leaves in the two populations look like this:



After a few more generations, they look like this:

And, after a few more generations, they look like this:

Wider leaves lose more water during the day, so in the dry environment, wide leaves are
selected against. Narrow-leaved plants produce more seeds than wide-leaved plants.

However, wide leaves can carry out more photosynthesis than narrow leaves can, so in the
wet environment, wide leaves are selected for. Wide-leaved plants produce more seeds than

narrow-leaved plants.

The genetic variation in leaf shape was determined by random mutation. However, the
environmental conditions determined which variations were more successful, and provided a
kind of direction to evolution.

From these examples, it should be evident that the random nature of mutation does not cause
evolution to be random. Random mutation simply provides an array of genetic variants for
selection to choose among. If there are genetic variants that are successful in the particular
environment, then those genetic variants prosper. They produce more offspring. Eventually,
they become the norm.

What if there are no genetic variants that are particularly successful? What if the
environment changes rapidly, and there just don't happen to be any mutations in the
population that enable any individuals to do well? Then, as has happened over and over
during the history of life on earth, the population will die out. The species may go extinct.


