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result or the lletP'Y oJaa1n s1d. tob,. a ef~agle :tdtotyptc 

4etermlDant ( .auttgea 1d.u.tU.q pol''$lon), ie associated . ' 
ft ' 

sgco•sstvely wltb 411tet"ent effector sltea (co•••·~~ 
. . 

l"f&loa) to p~eduo.e first lgJt, theu .laD 8!14 Joter 
. 

I~G er lgA. At til'••• each of tbose pftteias are 

. espresae4 aa 1101tWa.ne lJoamd prototas and tbea, 

tluaJ.ly, at termtal 41ttel'eilt1attou of B· oelle1 as 

aacreto17 pro 'lelns. 

llea17 obaiD. GWitch fro• IsM to lg&, I&A or 

lgB ts norm to bf •ctt.ated by tr'anslocatlou ot v8 
regtoa to a 4tetat:tt Ca .-eaton de.letiD.I tbe twateraetlate 

DNA fro• tbe &OIIOme. tnaslooatiou at DNA level, 

howeYer, c'aD aot pplala tile awl tell ta-o• I&JI to lgD 

'beoaase b&tll be protelas •ar be •stresse4 sl.allltaDeou.slJ" 

l• a 8 e>ell, Vhile 1ibel"e ls oaly oao ta.DCiioJ»al ,_. 

for tht se lJI'Otet ns. N e baa tteen tbolfibt to be 

l»roQiht about 'by al'teroatlve apltoing ot a oomaoa 

JmA transcript (a&). JaM llt14 JsD ootlstall't reatoa 
seaes are d.taceut to each other, eellfl.rated by oillr 

a small leagtb ot DBA. .A transcn pt i.e pJ:04aoe4 vitb 

a react-throqll to tbe di sta1 XsD ead. this IUIA 

transcript bas tw PG·lyatlellylatioll stgaals 1DS14e 

tbe epaoer bGtve•n.l I&Jl and lgD and at tbe et'lcl of 

J:gD ( see t1pre' a). 
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. ABSfaACf 

f!le dlscoVel'V ot higblf abundantc a.ad wi4eapreadt 

· raenood1¥J3 DIA, ia tnlkaryotic genome s poses an 

intriguing problem :tor t ts evolution. Bspec1ally1 

preaenc• ot ·t.be class ot no.I)Coding DBA elements, 

tound. inslde t~ genes and teme4 as t.ntro:ne •• 

aost dittlcul t to. up lain. fbe prevalence ot 

tntrons ttaottg most ot tile geues ot 411 tbe elJkcryotee 

suggests that they might bave beeu preseat .slnoe 

the ortgln ot eakaryotes. !be p:re.aent uaderetand· 
m 

tag ot oYolution ot ettkaryotea • atemtag troll 'the 

work ot Woeee all4 collaborators, states tba.t, . 

eaka:ryotea origlJaateG toaet .. er wttll prokaryet6a 

trom a co•oa auees'$or almost lme41ate1y atter 

tbe ortgtn of cellular life.. It would t.Je ot great 

interest to sec whether the traueltlotl troa -~.,~ . . __ ..,." ... 

preoellular evolutioa to cellular evolut.lon oan 

lea« to tbe evolatloD ot split getuts in et~karyotefJ 

and eonttmoUG OtlfUI tn prokaryotes. To accomplish 

tbis the state of precellular geuomos was 

appro.xt.mate4 ustag tbe tlleol')" of lrror Catastropb 

ard Bype:royole pu.t tonard by ligen and Sc:.buster. 

All Jiypotbesls ts .de'Velope4 about tb.e atecha1l1SIJI ot 

tld.a traDsltlon Wb:l.ob Sllggeais that, 1.a one of tbe 



three ltaea ot 4eseel'lt _,split geu orsatd.zatlo" 

can tldee4 resttlt, wbt.cb would b&ooeae predeoetso*" 

ot ot&tcaryotes. The bypo'tbesls, trapltes tbo.t 

proeet'lCe ot introus iul4 sft'eral other seeaii)Jly 

uare1eto4 ieatllres can ·be Uaked wi til tbe &:JOSt 

importut attribute O·f eukar:yot.ae. tbe Dlolear 

euvelopo. Onee origioate4 t.u auob a way, it ts 

4lscmseed tbtt.t tbeF wonl4 sllrvlve and prevail ill 

all the akaryotes given tbe. ep11c1Dg •aebiUM'F 

••• the ftQClear envelope are present. Tbe 

llypotkesia __ farther Implicate the reasoat fer tbo 

absence of tataotas i.D protaryotes. 



D~IODUCtiOI 

•fllo ltne ot demaroati.oaa between . euttaryotlc 

au4 prokaryoU c cellular orsant.zatiou is tbe 

_laraost a.n4 eost profo\Uld GlDgle e-volutionary 

t'lteeon.ttuut.ty ita tbe oomemporary 'bio16glca.1 

world." (t). fble is tbe most tundameutol ancl 

nattn"al 41vls1oa ot tbo .liv1Dg systems. EUkal'yOtee 

dtt~teir :troll prokal')1otes in IUlW:lg their genetio 

m.aterial euc.losed iu ~be -qucleuo, la presenoe 

ot mOJJ'braue bcu:n.dt DlfA COl'l,aiUq su.bcellalal' 

orgaue.lles• 1t1 details ot tbe mo1eottlar biology 

ot pr&te1tt an4 DIA synthosls arut, p.robabl.y, 111 

the regulation of gene UJU>e&s!on. Recently, 

the tmprececlen~e!! developments 111 tbe .molecU:lo.r 

biology ot ettka.tt7otes ba'fe tlCCo~·•:~'&tl ouo mor-e 



'baste dtttereuoe f)etweea' the two groapa ( e, ')' 
Host ot tb$ eukaryotic genes are :fou.ud spll t, 

. t..e., they possess DBA,wb1ob le aever 'traoslatt47 

t ns14e tbelr coding reilons, while the pro.Uyotlo 

genes are oollttgaoua ac4 an colilleU wttb tbotr 

protein pro4uc'ls. The noucocUng latervening 

sequences ,also called l.utrona, are toaftd not oaly 

ie proteiD coding acmes bat ln the geMs ot talA, 

I'RBA alsoe. the llnketi co4lag portions., called 

uo.Ds ~~ar be loaftd separated fro• eaob other bJ' 

tbOaaaDtls ot bases pairs. Ia. addition to tbls 

IJO&do oraat~atloft ei genes, eakaryotio gel\Omes 

art t1oo4e4 wttb otbor kl.ms ot non-coding .DBA, 

like repeate4 aequeaoea, sateUi te DNA, ilOD­

tanctioual genes, e1aoere1 etc.,, causlag wbat 

& s oalled tile C.value paractoa*. 

latnu, ae a rul,e, are tratuacrl,be4 utth 

the fellow eo4tog portions • tile esoas, wt the 

tormer get splteed out an4 do not appear ta t:he 

fi Dal UA tl'al'leed pt. It they do taot code tor 

arw tuucttoa of tJle cell, why 4o they aiatt 

. The lack ot oorrelattora betweea relative 
ge11etlc eo!lpled.ty au4 DNA content il 
ret erred. 'to aa the o .. value paradox ( '). 



Wt&p ~ave tbey evolved.? Because their tuoctlo'A 

i.s 110t clear. their evolution is esoteric fUll 

tiUl o.dg:t n• dtfttcult to esplalll,. They •lgbt 

ve17 well have a C.l"f'ptic alltl at yet UDIUJOWO role 

iJl the lite of a oell. Or, alteruatively, they 

ue 'primitive featlu!'es• abd are yet to be 

e1i.Umte4 t:rom the etakaryotto eells. fiat.& 

dlsserta.tloD is totel14e4 to 4lsouse these qoentone. 

lat:roas are so w1ctesprea4 tbat they 

constltate one ot the raost tnmamental attri'butee 

of the eukaryote.e. Can there be uy re.la tton, 

esiablisbed · betwo~n tile mosaic geue organ1aatloD 

and other .features of ouk4ryotes't As discuaso4 

later, a aataral an4 direct rela ttonsblJl can btt 

concelve4 between iat:rons and, tbo uucl.ear eut.10P1l• 

A bypotbeti s is ctevel.&ped in or4tu... to d.lacer~ 

the orlgia o1 introns. 

5 



111101s u nnsncma 

Bo oubarpote lac's tntrous. Split senea 
llave, beeo toulld ta organiems as dt.Yerse ·as yoaet, 

&1 lme 110lds1 lbSeots, aea oN biDe, amphtbt.aoe, 

•urmt.ala (S) and ldgb.er planta (6). fheet are 

llOt ot\ly protein co<li'D.£ senes wbtcb bar'bor I DtntiUJ 

bot tbe .ribot.Omal (7) an4 the tranefer RNA (8) 

sen.ts have also been totUld to coat.tJitt them. Tbe 

mRI'A aenee• tou.td splt tt represent a wide apeotrWll 

o.t proteins t speo1al1eed groteltls of dtttorontlate4 

c&lls·-..globlfle1 crystaline and 111lm®O&lobu1iDJ · 

honaone tntactble proteSns-oW'albuldn, caaalbumi.a 

all4 lysosyme-J erabJ70D1c• o( ..... tetGprotoln; stnctaral• 

actta e.l14 collagetJ.; hono:ile pro tel ns • i nsulte af.ltl 



srowtb horatolle ete. ( 5). lnterteroll and bletoM 

do not possess ay tatro-ne. 

fbe ·ruuabe.r o:t 1 ntrous va.rl es ·vs ~b. gene a, 

.· iroa two ( ~-globie) to J3 (vlto1eseu1n} aid St 

(collagen). · Tb.e. letlfltbs ot latrons also 'Val"Y tma 

lew taasoe to several ld.lobases. Somot1mes, the 

eo41D& pc;rtlon mq be Just a Ill nor tractio» o1 

tile total geae a 90 per cent o~ c{- tetop•tetn 

alld 20 per cent of oollasen genes are uoacodlag; 

11lterveld.Qg sequences. 

fbe latrons O!ln be :fOU1l4 at a1lY pos1 tl Oft Of 

the gette e. Tiley oen occur be tween two oo dous or 

can split a oottoD- They oan exist 1n the eodlD& 

· frame or eaD. laha'blt the leader seqaenoe. ln eorae 

geaes tbey are tound betweeD· tlla;~"regt.oas represet1..,_ 
'·' 

ing two aetlve sites ot tbe protet.a, vblle ia .other 

proteins they sever its active site (9). 

111 tbe oourse ot evolatloa. 1ntl"Ou mtgllt 

stick to thatr post tlons relative to some residues 

of the prote:i.cs or translocate to some other .vosttloa 

ia tbe same sem.e or leave it altogether. "In case 

of IIDU:lt1&etle tam111es, the introit:: stays iD the some 

po.sltlon amot;g difCttrent members ot the f'amtly, but 



oocasto»ally it is tou~d to bave wtnader~4 a 'bit 

1a some genes (10). 

1l'be process which removes introtls · :tnm tbe 

p.rtmary a& transcript ts to.naally called spltctag. 

Generally same segments would alwqs be recogulzed 
' 

tua ln,rom. Blat in several case& altenative spltc. 

t-s pattems are observe4 a dlfteretlt portions ot 

the pri~aaey traneortpt are t~e11tltied as l1ttroftS. 

fill$ ts geDerall.f obsel"f'ed i_n· ealtaryottc aaclttar · 

·viruses (11) 1 arrt lllC\anoslobttltn aeaes (41;scoesed 

later), SJllolng 1& very accarate, acou.rate to 

the btUifh Bat some times tbe .seque,Ace at the bolD14arle& 

ot tatrons .are repetitive matclag the apltci.•; POJJlt 

4egeaerato. For exeiaple, tt ts possible to sp.J.loe 
. 

tile ,.,..,,..A of figu.re l at tour 4ls ticet cattt2ag 

. poet tlotm, all et•laa rise to tl'le same qUA (e)~ 

2. t Iatrons do rsot CoclQ to.- atl7 ProteiD 

Siace .t.at.rous at"e spliced tnm the PI'O•mBNA 

before they ha-ve a Ohanoe ot getttna transla~ed, &t 

le bellevea that they 4o aot code tor any protetn • 
. ' 

fhte, bowov~r. does hot exclud.e the poes.lblllty of 

t.helf' c.-anslat1on • se~&ratl&ly from the fellow exons1 



table Sa lam'ber of ··t:enla~at1ou oo4oas 1D ·some lati'OJlSt 
111 all the frames. 

' ' ---~--~-~-----~---------~---
Xnsu1111~ amall ·lntr&A 
•• ax get'le ot nat 

Ittslllln,. small i11tron 
of au s·efte ot aa.t 

JllSlllia, · bi&aer iatrou 
oi Ruman sne 

Iasulta; bi.aer iAtn• 
ot Rat geD.e · 

~-Globin, small tatroa 
ot Mou.ee 

J 

1 

1 to x ' 

, 

' 6 iS4 • S 

lt 7 t68. ' 



But no traucrlpt cor.r~spond1ng to any intnnm ls 

tolind ill tile qtoplasm. A l'lwnber f tnt101l$ whi.cll 

have beeu sequenced• termttaatl.oa 

cot.tons ill almost ali the frames ( t le t)., ThU$,: 

tbetr translation becomes 1mposslb Alty base 

seque11ee ubicll codes t,o,.. pro tell!$ e s not show 

very treflueat d.ele~oaa abel a4d1 ti · ns of polfl;l.Uo1oo­

t14ea which are not 1t:l multiplies t tbree1 because 

sucb deletions an« additioDo chang tbe ll'ar:ae of the 
., ' . ' 

maNA, refl4er1ag lt tunctlonless. at when some 

homologous iatrons ot ditt•rent sp . le s were cor.apared, 

several such delettolls/additlons w re tountt. A geae 

evo lvbag umter some tuuotlonal co ~ trai nt shows a 

so.ppr.essed rate ot ltaee substl toti u because a 

considerable tmmher of mutattous a e 4eleterlous 

and can net 'be tolerated 11l tne P«> ulatioth On the 

coutraq, introu ~·ba.Ye beea fotul c.baegt~~g quite 
''/ . 

freely• suggesti.ft& tbat they do ao bave aay oonstratnt 
I 

oporatiDg ()ll tfaem. the a.bove, there 

l$ olle more evidGttce, d.eveloped f m the tleutrality 

theory· ot eYolatioD. ( 12, 1'), that 1Dtrons 

do oot code tor allY proteiD. 



At the tt.me ot r.pro4Qot:loa1 ne m.ata tiona 

aro poured ta:to the getul tool of a pop latio*l• 

lui t.ially, when a auta·tloa enters into 

pool, lts trequenoy is ver:v low. It a bave •• 

evolattou..-, slgmticctJ.co only it it l reasee its 

lroquenor stea4lly a'Q4 altlmat oly .. epl~ea ttu\ · otber 

a.llelea (~ aatatl·O. u at. the. same. poli uJ11) oqmplotely. 

This ls called the •t.lsation' ot a moJtlon. · 

Aocol"\Ung to tbe .DarwlDlan tllet>ry ot s lecttou, lt 

the •ata.tioll is lun:mtitl it would be e bat 

lf it oouers soma adaptive ad.Varttage 

it would ttJCreaae·tta trequencr all4 ae fta:ed, . .'Just 

.because lt ed nlter the reprodaoi.'b.t.llty or lite 

·•Pat! of tlie ituU.vldaals llar.bGrt• 1 t. Bat moat · 

ot the mutattons aro awitber dele•enou
1
s flOI' u.sel•d .• 

11. thor .. ·· they are synotJymOaa atat1olls (atlot leadl~tg 
to aay cbauge ln tbe aat.aoaoicl) or occu at some 

noDtostratoatc place whes-o a ohong$ in t · e amiaoaoid 

. eaD bo tolerated, Selectlou tbooq doe aot say 

aqytbtng aboat tble class ot iuutatlol'lsj at lean1 

thei.r fQtve ln the popu.1attcm ls eot · :ae14ered 

very br.tgbt.. Ma.tor-tty of au:tattoDS e1re of tbis klD4 

aDtl are oalle4 silent or ae.utrtaJ.. atutatt.+us. Aacordilig 

. to tbe ebampioas ot aeatralt ty theory o~ molecular 

In 



avolaUon, llllllt:ral ntationa oan also be -f1¥otl, - -

ev.en in the use21ce of allY rseleot1 a pro sr.;are, .tast 

by ' rai'Hlom drift ' • 

It call be easily sllod that aeutral mutatt.oas 

aro fixed with the •ame rate with . td.oh they appear 

111 a pepala tf. 0!1• Co11slaer a e~ot:h ge'IIOl!le 

( ~109 bp)J .the mutation rate ts J~U!7 lov ( ~ 10•8 

per base per g811srattoll), _ IPl4 eve~ base bas _tile 

same probability of mutatlti~; thus·, t t call be 

assumed that every matatlou oocars t a 4lftereat 

s1 t~:i , ·L•t N be ttle average populat on .size and Y 

the mutattol'l rate ~er genouae pe.- . t tlateJ d110e 
\ 

two gametes mate o:ne iadl.vldual, t total mmber 

ot .matations tatro4uced into a popu atlon 1a oDe 

aeneratloa ls equal to fiJ'v. some o these mutations 

would reach ·ultimate ftzatloDJ let u be tbe probability 

that a slagle ~~tataUon woald reach 1xatto11. ftum 

tile rtlte ot tlxattoft 

At tb& time ot reproduction, a neut al motattoD bas 

en equal chance of getting lost •r g\et.UJJ& «uplt.cate4 

4epeadifl& upon the tate ot tile sameJe wll~cb carrie& 

tt. It tbe gamete torms a Z)'gote l.t woula propagate 



otlterwtse tt ··woul4 be lost. S1Me ~be ••tatiOll is 

ooutral, the pt»~ilittes ot its be1J!I lost ot 

carried over ve equal. !bus, the proliabiltty of 

any IDe .b•l-.g toulld lD tile tqtwe seraeratlota ls 

tb' sarae. fb-.s. the probability that a particalar 

gelle ••14 be tise4t ......... 
fliere1ore, k ~ "'• t,.e., rate of base ftxa.Uoa ta 

eqaal to ate ot base aubstttution ( t'). 

Gilly the llaett mutatlou bave evolutiot14&7 

importalloe• aM f.t follows tro• ae a.bo1'e that It 

some :ruocrtlona.l oonstrunte operate ou a eyet·em; 

· lt.s au:tatton fixation rat• woa.14 bo slowed 4owil.t 

the traction of t.be silent st.tee beir;g smaller; 
I. ' 

fb.eretore, ma-fuuctlonal DNA eboul4 ohartgt laster 
. tbail ttae tuQ.Ctlcnol one. Wit.blc a aeae aleo, .J.esa 

Ool'let:rat ~ed portions shon14 Cbaase taster. the 

·tblrd base ot e-ve.-y ooilou bas o s:r.eator d.esree of 

tree4om tban tbe etber two bec•s• ot tile 4eaeaeraoy 

·01 :tile genetic oo4eJ it caa chanao without leadi1'18 

to any obange lB the correspotldt ag amtDo a ot4. ·Vlle11 
\ 

were eo•pared, It was observed bat the tb1r4 po&itio• 

is more Yariabl$ than tbe 11rst aDd seco~4 ot eacb . 
ooctoa/(t.lf). However, 1t two raNA; tRBA or aoa-oddJ.q 

" 

I~ 

I 



fa~le I; DlfteretJCe 1 n tlle change ot baees ia 
Bvolctlon 4t Ptret, Seoon4 ll11d fbln 

·/· - Post. tio~ ct the oodeue 

lusu.lta; Co4lbl 
rest•11 

lllsalt.n, . CocU • 
.region 

lllsnlln, Small 
Jilt ron 

Insulin, blsger 
latroa 

~ •alobt.D, smaller 
111tl"'il 

~ -globia, btge:r 
.tat ron 

Coaparisoa 
between 

Bat I & Bat l.t 
.ge.ms 

.Bat I A Buaan 
geme 

Rat I e Bat II 
sene a 

tlumac a. Rat II 
s•••• 
HoWJe l Babltlt 
&elles · 

·Rouse ·a 8abbtt 
senes 

tO it 
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mtA1 llke tlaDid.!Og rostcme of tbe se:aes• are ootJapare4 

110 sua pattern tlloul4 be expeotett. Stmilarlr1 ID 

latroaa al$o tlls patten •tsott14 aot ·be observed 

11 the int.-ollS ao 1Wt bave a oodi111 tuactloD• When 

some ......_logous tatrons were ooapa.re4, all the three 

toalitons showed sltdlar Yarla'b11J.ty (fable t). 

Tilts proves tbal tile uolear iatrou do uot eotle 

lor aay prot OiDt 

Al ibougb 1 t ls aot ueoeasary ior ~•et'Y bit 

ol DNA o.f a pllOmo to posaess a taDCtton tor tJJe cell• 

· .:ae there oa JJ& •ans tJr wlllob oertai~ DBA eleaeate 

can ensure their Sllnival in the IOtlOIIe wt."thout 

co4lag tor any loliCtloa (15, a6), JJt.tt the aearob 

tor ltniOttou lor mw senettc elemeute1 wbqse 

tuectloa I.e aot appareat, cau aot be abal'14ouect. 11\ 

ease ot iatroaa tllso, eoae raeobatt iattl& d4 proefisse• 

oa:a 1Je OODO!Yed whlcb can belp ill their preaervatlott 

all4 perpetoatloo ia a geno11e 41lr1t),£ evo latlon 

(41soussed later), but there are Ye17 importa14 

tuDCtions iatro• can pt:rfoftl 111 the 1tte anc1 

••olutloll ot a ·,oell. Most ot the tu1110tiot~J ascl"lbet 

to iDtl"ol'JS are ot •-.volutloftU'F a4aptat1ooe• type, 

- ' 
\3 



· ~~e. , they facilt tate genetiC rearrang em en ts there• 

,_y ,i1'1Crea.sing ~olutio'Qary yersalfUty (2,:St9t17). 
. . ~· I 

·.~ · ;'·;:Other,dls-ect {heDO'tfp1o tutlcttons lla•e also been· 

;:.-'r attzoibuted to them, 'but they are in the prelta-.ry 
-· 

''•, ".' 

stage of verlt:loatiou. 

2;2.1 Pheuotyplc 

The splf. t gene organization ca~ -.aakd lt 

possible to produce variants ot a single protein. 
' ' ' 

'by dlf:terential splioiag ot _the prtma.ry transori):lt• 

Bakaqot:lc DNA n"ses customarily. use these .metbo4s 

to pro4uo e a large nu.PJber oi. .prot e:l ns trom tbell" . 
2"" . 

petite genomes (to, 11). They use the apltcl.ng as 

~- oae of tbe meam tJt regulatlou ot gene espre.aslou ....)_ ~~ . r , 

' 
(18). One primary transcript ts spliced ln a number 

, r \ 
1 

,. t ~ . 1 
A .':}•;" 

of ways, using different aegments as pons auob that 
I 

.J0' f l 

•any· k1Dds o.t )II!IUIA are produced. lo. "Vertebrates, 

the best examples 01 dittereut1al splicing ate ~odd 

111 the expression ot tbe aatlb~~Y aenee (19). 

During the B lymphocyte ontogeny, which 

produces antibodies, some· sequential changes take 

place in tbe 1mmu:noglobnl1a (Ig) •olecules.- Heavy 

cbat'tl swl tcb artd tranel t1on trom the membrane bouu4 . .... t . ! 

to the seore.tory Ig are amotlg these changes. As a 



: ( 

result or the lletP'Y oJaa1n s1d. tob,. a ef~agle :tdtotyptc 

4etermlDant ( .auttgea 1d.u.tU.q pol''$lon), ie associated . ' 
ft ' 

sgco•sstvely wltb 411tet"ent effector sltea (co•••·~~ 
. . 

l"f&loa) to p~eduo.e first lgJt, theu .laD 8!14 Joter 
. 

I~G er lgA. At til'••• each of tbose pftteias are 

. espresae4 aa 1101tWa.ne lJoamd prototas and tbea, 

tluaJ.ly, at termtal 41ttel'eilt1attou of B· oelle1 as 

aacreto17 pro 'lelns. 

llea17 obaiD. GWitch fro• IsM to lg&, I&A or 

lgB ts norm to bf •ctt.ated by tr'anslocatlou ot v8 
regtoa to a 4tetat:tt Ca .-eaton de.letiD.I tbe twateraetlate 

DNA fro• tbe &OIIOme. tnaslooatiou at DNA level, 

howeYer, c'aD aot pplala tile awl tell ta-o• I&JI to lgD 

'beoaase b&tll be protelas •ar be •stresse4 sl.allltaDeou.slJ" 

l• a 8 e>ell, Vhile 1ibel"e ls oaly oao ta.DCiioJ»al ,_. 

for tht se lJI'Otet ns. N e baa tteen tbolfibt to be 

l»roQiht about 'by al'teroatlve apltoing ot a oomaoa 

JmA transcript (a&). JaM llt14 JsD ootlstall't reatoa 
seaes are d.taceut to each other, eellfl.rated by oillr 

a small leagtb ot DBA. .A transcn pt i.e pJ:04aoe4 vitb 

a react-throqll to tbe di sta1 XsD ead. this IUIA 

transcript bas tw PG·lyatlellylatioll stgaals 1DS14e 

tbe epaoer bGtve•n.l I&Jl and lgD and at tbe et'lcl of 

J:gD ( see t1pre' a). 



It the ttmer pe1y•A signal. i.e recosatzed. 
' 

lgH aBIA. ts pnduced; tt $em1al poly-;A alaaal ts 
j 

reeogOiaect a oompotd.te INA .ts 1144• tna wldob Op. 

ou spacer can 'be spliced out usiq tile • splicer 

ettetr• filldl.cated.tn ftsure a, eee the neat ,eecttoa) 

anct a eoilttattous IgD-11111& is aeaerate4 (su.). _ 

Altbougb tile tl"atlsittoa ton ~~e~~bralle b0llli4 

(H) to HOI'e,tory type iam.um.oalo1tulta does not llave 

&1\Y direct 1teartns 'apoa the above •eobtllliemt it eaa 

al&o 'be aocoaplt&hetl ·by altena~l•e spltci"' ot a 

CO&ItiOD pzt-JEIBI'Y . '118DSCrl pt ( 88 • 8J) • fbe sinoture 

•llich -aakes a proteta,mQJO'bratJe 'boUd 1 ia oaUo4 the 

etsaal peptide. It ia a bigbly bJ'Ciropbolito JepU4e 

ot tratuJiiMJ'brane .Datu.re, foa11d oa the c Ul:reical of 

some •embraae bou~4 »rrteias. Cor&ouslr ••ouabt 
• 

etgnal peptide lli taM ts Cl04ed by a sepu•ate asoo, 

A putative poly-A slte a~ splice sites are foal4 

sa tbe lat.ron •&tveen .,., exoo all4 the sisaal pept14e 

exon., Whetl the o.ell wants to make seoretery laM, 

tbe poly-A slte recogatzatlou is 1llhlbtted •. uow 
/> 

sp.U.oe eite eaa wrk aD4 oflll .jolD tile sig11al eua 

wttb ille mat·b body ot *be •RNA, vbioh ctm -•• tor 
.a, mem bra~te _ btum4 prot e1 n ( 211) ( see figure J) ._ 

r6 



Alternctlvo spltclas bat beea found 1D 

generate: prote~a pol,.orphf.sll ( produ.ct~ota ol 

tvo sequel'lCes of the same pmtelll 1a tbe aaat 
. . 

celi), ta O.omuooSd protelas ot ohlcaa (85)• 

lta ad41 tioll to prov1d11J8 tbe opportunity· 

tor cU.tte:reottal epllotus tor Yad.oas parposee, 

1 ntm11 llf.ght llal'bor •• types ol r·e&ulak.ry 

etgaals (as alreaa, 41scassecl about poly•A elS\Oal), 

tor the · ezproaaloa of aetie. It Jla s beeD sbown · ta 

lew oases by ocn1stncUon of cld.maono genes tr 
maaually 44Jlet1ug tile tutrou aD4 tbelr apJ.totag 

.tunotloas, tbat tbey oau 110t make a'Dy atable lilA 

l.t the tatna is ab.sent :from the gene ( 86). 

fke obsenatloo that generally the eequ.,noea 

ot t:l'lt.t'n~s ·are !lOt trery t.mportaat ( beoau.se tbor 

keep obal\giug t.a the OODrse ot . wollltioa), ba'i 

leqtlls ve, slt~ee there is no treud abow1eg 4eonase 

ID their length,. leads to a very attraetive apocu.lattoaa 

. the prosetace ot iutJOns cau tacllttate aeuetic 

raarratigd9nts wbich woalct lnoreaae evolutioaary 

••rsatil11y (17). the preseace ot extra lengt.b 

of DNA tns14e a geWJme or a sene would lac:rea•• 

n 



the rate of recomblaation, since the :trequenav 

ot roo011bl1lt.\U.o11 is tU.reotly pmportlou.l to the 

pllysloal d1ataflCe betweeD the two portions ot tb6 

aame atae. laoreaee itt reoombil)ation treq_ueuq 

.ts 4eslred 'because,. eukaryotes laot some of the 

mearae by vldcb lower orga~~iS~s oaa sbuf.fle their 

ae:nee ( ltke ... orlaoatal transfer of taforamtlot\ 

ete.)(l7). Thls apeculaU.o1'1 oan Yel'f well u 
test·ed lJy compnr.tng Vat"lallility of Yal'lott.e genes 

'"' witb rotere=e to tbe Dabe.r atl4 leagtba ot latmas 

tlley possess. lt iol.J.owe lrom thla bypotusts tbat 

slowly eYolV.lllg gcmes would llave smAller d4 lesser 

lltutaber of I. •tro;ns. the obse...,.aUon tbat lalstoue 

&4!5D(Hlt Wbtel'& do QOt ba1'e Gtl)1 illtNOS (!8) ard SbOW 

eatreaely slow rate of evolutiotl (10) t is ooaetetent 

wlth tbis bf'pOtbesls. Bowever. DOtbitag 6lrl be 8814 

ab()llt tile eonverse because ol tbe lack of lUorma•ioa. 

4 •err elegant t4ea was put torw~ae« 'b1 

Gllart about the evolutioaary elgrd.ttoatlOe of 

1 ·.at rona ( 9 ·• i5) 1 wblcb seem a to be coast st ent with 

a awaber of experiments. AocordilJS to tllla thelis• 

some proteins are co~aposo4 ot aeYeral st.-actural or 

tul)ctt.oftal tltd.ts, called 4omaitl8, wh&oh· are. mor• 



or lese, oontiauous stretches ol amiaoaotd residuea. 

•'hen rrtnoara,lt a domain oan 'be reaar4e4 as a 
' 

pan o:t -a protein lhlecale wblob !orms a eoapao~, 

coat1aaoas alobolar region, aepara$od .tram tbe 

rest of tbe a.leoule. It tbe 4omat J& is a :tuotloul · 

om, it woal4 ·.repro,ent a oollecUon ot residUes 

tormtvg an active site or an ettector tuaetiou. 

tnvolveA in a parttoalar tutle)tton ot the llOlecnd.o. 

•tntrou are tbere to 4elioeate atraotqrnl o_. taoctto•l 

(;) toma.tu Ina each other• • tbe hypotbesia suggest•• 

tacb domain sboa14 h coded lay olle .sejerate eaxs. 
fbls ld.d of organt.eatlon can give rise to uw 

tuuttona, Jast by reeoablDil\1 parts ot alrea4F 

e~ia"lDA ouee (·9). 

-· orgaal•atloa of lgG heavy obalu coDatat 

( Cu) regtora geaespves a etJ!ot\& Sllpport to tbte 

ttlea. Ca:)~ ca• be 4lv14ed ln'to three well 4eflo.ed 
/ ' 

·domaiDS; Cut• Cut aid Oa,• eaeb made-up of allout 

st• aldaoaoi4s. Bach domal .. bas Cllfterent etteotor 

tucttoas. Ca1 contnba'f,;es to Fab portion ot aa 

antibody with light obat.s ooraetant reaioD. c0 
wo.rlls ta coraplomen.tftaauon. o8, ts tlWOlYec1 .la 

oell. e•taoe trateractiotts * lhe fourth Ol'lt; 6 f:Jllalltr 



4omalD t.a tbe lli2l&• region, _passes 1Dionaatloa 

11"011 Pab to rc, ill Ol)mplement fixation ( ••• 11pr• 

··~'). Jt ls atlown t.llat there are four ~exo~as in tbt.s 

seae * auc secaaenoes of i f.ltron-•so• .:t•nctto~~a :reveal 
. ' 

that ee.cb. 4omata of the protell'l ls represe1lte4 1lF 
. ' . . 

aa ozott t.a til• ce• (a9)• 

It bas ~teen sbown tbat doll&ln l'ecraas.•ent 
bas ta4ee4 'b&e.a takell place dartq evoJ.atlot\ ot 

immtmoglObaliU (JO). 

Jt l.s possible to correlate aou with / 

structural alld tuuotlonal 4oma1as ill hemoslob1a 

proteins a1ae (Jt). Ill& 4oaain patten .ta b•aoslobt.a 

ie not obftot&s. the three dimentional stmctura 

4oe s not. ebov ver.v 4iattnot 4oqf.na. Bovev.,_., 

4lqoaal 4:tstanoe caps 4ravn from tts tbr4*.e .UmenttoDAl 
I . 

stJ\lct•f)• sbow, th4t, tbree subdollldcs or OOGJPAot 
e. 

.stnotures cau be C01lC1Ve4 to enst iii the mo1eoule 

(32).. Vhea 1ll01u4ed ill the dlagol'lal plot, exon 

boudadee ueatly 41vt4e these sttb4omatns 1 with tbe 

exoopttoa ot tbo large c eutral exom which show two 

aub4omalu (alobitl baa three ••ua). It suggests, 

lf tbe hypo,.hesls ie asauue4 correct, that tbis 

esoc ld.gb.t be a fused. product of two exoas wl tb 'tbe 

/ 



· eleud.llation ot thO. interveaq sequence. 

leQrim.bly GDOUgh1 in legllo.uaoglob1a gene, at\ . 

analogous-plaat protein, tbis eson ts spll'& into 

two 1 tbe· eztra lntroa belag at the ••• place ao 

precu.ctea. by eubdoaat·a a'Mlyds (SJ). koJl J&ttern 

can t»e correlated wltb tuuctlonal doaatns dso 

( JIJ,). Hoet ot tbe resl4uee ia contact wl til lleaae 

aad o(_ 1 peptide .. (l 8 peptide o out act oorrespo:al 

to the CeJltml e30ll aud 0\.l fept14e ·• {S 1 pe~tl48 

contact red dues to tblr4 esol'l ( "). When tat 

ptptt.4e oo.rrespoDita.g to tbe central exoll was exclle4 

troa tbe rest ot ibe protel.a end tested for lts 

activity, 11 was toua4 to blud witb the b.em• 

. tightly alld speo1tica11y (SJ), All these ·ollservatlons 

11:dicate tbat oxom oor·respotad to stru.ottlral··aa4 

ttnaottot:lal 4oaatas ot hemoc~o.bih prottlaa. 

Boa lysozyme, whose eaoa patternia Jmowll, 

shoue coustderable boliOlogy with some portions ot 

~'t lysoZfll•• A.l•boagh la*"&e p.arta ot '' lysoqmt 

-do Mt laave any corJ"espolldeuoe ill tho ben, end 

slmllarly, some pcnlona ot btn1 lyso&J'Ile do aot 

ba'Vo ally parallel ta 't• bat a ?S ard.aoacl4 t~treto 

ia common iD both of thea a4 this Is where the 



active sites ot tbe molecules lle. ate etretcb 

is cocle4 by two oentral exons ot tbe ben lysoByme 

·gene ('G). Tht.s,observation mlgbt appear· elreuluJtaa. 

tlal., lmt &t · eoDa1aered in detail alld ben lySOZJ"'H! 

ts OOlDJlar".-.t wi. tb other lysoraymes, it wou14 eapJJ()rt 

Gll})ert*e llypotbesit.J. 

lu case of aloob.ol d.ebydrogenase enzyme, (3 
two domains oal'l be det1ne4 • oae 'binds to tht 

ooe1lzym.e · while other is resPoDsible for 811 batl"ate 

epeo1tloity. Olie of the lntroae deliueato th••• 

two dtea while otber oile tDtenupts one et,.te (35). 

A fA.Id.lar sltu.attotl t.s tealltl tn the ald.okea ovotflucoi4 

cone, where three iDtroas 4e11aeate three tuaettossal 

doaati\8· aid one stsnal peptide, wblle anotlter eet 

oz lntrolls spllt tbe•e ilollaltas (aS). 

l~l tb•se ideas ar~ correct, tbe11 1atroD& can 

play a veq iepona:ot role 111 evolut1oD ot big.hel" 

orgald•s• For the evolution o.f new turw tlorm tt 

was believed that after duplication ot a gene, oae 

ot the daughter Jroducts becomes Do&-tt~nct1onal ad 

41vorge.s treely trom tts slater gene.. Ultimately, 

1 t is poeetble that it a.tiatDS a eequenee wbioh le 

capable ot. perfot"ml:tl/& some aew fllDCtio:QS. liow, 1110re 

e:ttletent meftU e,r.e &'f'a.,lable with tbe &1lka:ryotec 



tor thts. falte olil! tullCtion from oae galle• a110tllett 

from solllewbere elac, noombll» tbea ad get a 11•• · 

tuut.t.:oth lntrons are there to tactli tate this 

proee&l'h Por Mample, tor tbe e1'0lutlon of kemogloblJI. 

• ltke fallCtlon 1 it would be coDVenient to take a 

lleme b1a4lte 4omla, (roaa a more prtud.,lvo proteta 

l:lQ oiitoebnae aal noo•hiu. l t with an uoa which 
__.. I 

coal4 glve rise to a J~&tdii1Gataly heaogloltlll llOlecule. 

fh1& typo ot e•olutl.oa may be a vel)' sl&ntfloa.nt 

feature ot (nlkartott~s 1 tile '.II J!.les• recombtna.Uon• • 

~one ,more evoluttouary tuact1oll bas heeD 

tt.ttriW.uted to int.rous a· il\CJ'eaetas tile rate ot 

illvergeD.Ce aao• so• aeJObere of mal t1geue famll,•a• 

·lt baa b~en obsorve4 tD the case of the taHeti 

mu.ltisene t.-ues that ditte~m •embers of the 

same taad.ly maintain an extremely blah degree ol 

homolog with each o~er. 'Fills .hoiiOlogy :ls tar 

ll&re tball ·what is· expected from tile 110zsal rate ,ot 

mutatio11 ('7). This Jlas beetl thoul)1t ot as occ.~bg·; 

beeatase ot • concerted e-vollltloD. • betweeu various 

aaembers ot a fwnily, i.e., $bey keep correct11'1& 

eaob otlltu" • s seqaeoee by matcli1DJ them. fht• 

1 uvolves mechrud.su 1lke ge11e c;,ouversloa a·Dfl IUltQU&l 



•ftu:Jf41\ioYer1 both ot wblcll ere types ot homologou 

,J"4U1om.bt-.U•• (J?). Sotae memt.ers of tbese t&S1iltee 

•eed te 41ver&e tutor. au cet rl4 ot tile dtsoipliAe 

of tbe family. l~ttrot~S eat1 kelp thea t~ tld.s per•ult. 

fhe. variabl(t leagth of tatroD would 4eoreate,tbe 

bomoloav letweea two membore tbua .• sappreaatq 

kolllologoas "ecombtl.latton.. thu.s, ill thls way t.atn•• 
mq belp the outgoStlg auemlmrs ot anlltlgeue famtllea 

lt'l tbelr de:P~rture. 

J t is olcar tb~t pre •enoe of latrou gl.vea 

eukaryotes a protoDD4 evolati.omq ad-vantage o"Ver 

pro&aryotes. ~oluttom.ry nraatill ty ot eukai'J'otos 

woa14 be eabauoo« because ot tbem. fbi a vlow ol 

evolutioDo..., adaptation bas been crltictled ea the 

grourul that tbi.s is not afl adaptation :ll'l the 

Dar-wlrd.all sense and 4oes not cont•r a..- a4Vo.r&tage 

to $be oranntau ill its ll:te ttme ·or to &ts poPf1latloa. 

But St tile exletel\Oe ot tbose elements ts &nPttetl 

bJ't aa.ft eelf·P~•nt.aa aftcl ;perpetaot1D& meobtuttaaa, ··-
tile desoelliets of tbe poJillatt.ou posseeetas iatroas 

would aata more 41vers1ty and .beue; more OllaHos 

of sur"Vtval ita r~atural ca1\aetroph1cth so evee 

witbOQ.t helplr:g 11\ Dahlnlaa eYolut:lon; 111tnrss 



oaa sappOrt 81'1 1mmetlao amount ot d1Yers1ty i.a 

eu.karyoter:a. 

Dtlriag i:raose&"lpttoa• a eontiauou.s INA ts 
mate trom the aene, Both iatroldc aftd exoid.o DliA 

are represented iu tilts. However, he1'ore tra11slatioa 

iatroaas .are talloro4 ott oM eaorJ.s are ~ot.ae4 

precisely. This process- te torma1ly called 

&pl-.ciug aal alway$ talles place !Uslde tile mtcleUSe 

Splici.q .bas to be estremely acoupte, beoaase tbe 

Ill stake of eve-n one· base would ohauge the wbole 

fraiile alld reuer a IJlatiA trmctio~ess. Rowover. lD 

some oaaes, at tbe junctions of iatrob, redal.llenoy 

is observetl wbtch oan allow tbe c11t to be iaa4e at 

. more titan one place• tbe.reby raaklag the reqatreme11t 

ot accu.raey less strliigont. Splicing ta oot dNA 

specific, t.e .• • 4iffe:ceut type oi JilliRAs 4o DOt 

have 4itlerent meebautsms tor 'their ep11ciq. Bat 

-extst1Dg evtdencos -e sutticient to •v that tRIAs 

are sD11oet1 dlt;f'erentl:v trom •mtAih 

is 
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a.J.t Splioiaa ot pre-tBtiA 

Yeasts, XtllOIUfPt DJc!l&stellgm_, Qra,§otld,la 

and silk-moth all Jaave been tound to contain llltrona . . 
in their iBIA genes. The ira,tro~ location ls conserved. 

la most of tho caee•• the i.ntrol'l .is toand one base 
y . ' 

1n the 3• 4treot1o.n fnm the antt.co4o:o (eee tigu.Je 

S). Intron size ao.y vaq from i3 to SO baee. 

Presence ot intron 4oes not alter lte overall 

eeoolltlary struotare, only the 01lt1oodon loop is ttase­

paired 'fi tb a eomplim.otl try rosie= of tnt ron. SplioiDg 

meohazd.ms ot tRNA is well cb.a.raeterlzea (Sh spltctag 

ftpparatue is loca-.e4 ill ~be nucleoP~--- ( 38), atcktq 

and ll&.atton tuncttous can be uncoupled,. spllc1DS 

aottvi ty requires AlP arut Mg, RNA species correspon4lq 

to cu. t fragments of tiNA at&t2 tot ron can be located 

(S9; ItO)~ 
' . 

·fhe .mechanism o:t. tRNA spltciDg ts taGataentally 

4:ittorent lrom that ot JdNA spltct~, a yeaa• mllttUlt 

le keowil wtdoh is 4•teotlve only ln tMA eplicing1 

wblle miNAs are spltoed 110rma11y .(,1).1 iat'd.ca.ti­

tbere are two-separate mecbanlftlls. Tbe 'boundaries 

ot lntrous 4o •t show any r.cesemblenoe wtth consouus 

sequence of mHN'A intron ~unctions,.neitber 4o they 



o'bsene AI 1 Gf nle (see the aoat seot1oll). A 

tRIA precursor matateCJ at tbe splice s1 te :ls 

spliced accurately (liS), while 'ibis is tlot poad.ble 

wtth llitNA ( '') ~ Pro'ba1:.1y, the t!UfA ep11o1 q 

raaohiury reooaatzes the overall secoldarr stn.C)tare 

ot the tBNA:; eutt.lng ot anytbtog that bulges out 

from anywhere• Tbe seqtu;noe of tntron is DO·t 

important• because an iuertloa ot polynuoleot14e 

as big as tile Lao operator does aot. bam per tbe 

spltclag ('It). Fortuuately, tbe Lao operator sequeaoe 

tonas a perfect bairpu and tbus 4"" s not llltcrt4•• 

ill tile overall oouttguration o'l tRIA,. Spltctns 

macblaary is ccttsenell over a wl4e ra:nae of oq·aal•••J 

tRNA troe yeast and bumnns oan 'be spl1ce4 tn l,eaoauo 
a.ll4 yeast ean be· ep1ioe4 tu humans ('J). 

Me•seager SA spl1c1tag f.s 110re coapla than 

the tRNA epllOirJ&• fbe StCOn&\17 ttl"llCtU"I) ct.tet"J.a 

can taot b.; ase4 hero, 9lt1Ce IIRNAs are so di•erse 
~ ' so 

and ta.trone -~\l; · are" td.s atad lltUiei"'ils; tba't eveq 

,pre.dHA would Gbow • dtfterent base patnua patten. 

Iuetead: ot ~:~ecortaa17 etrac ture• tbe 'boua\aries of 

totrotas at the escnt Jauvrtlou are more tmporiaut l:ltl"th 



All tile t:atrons sequenced bave GT at their J' .­

aDd AG at J' ontt (t,6). i'be eetueuce IJtslde la t»"t 

· always the .same tm11 somt Glllount ot aagrement ls 

observed. Tbe coraset~sus .aeque~oo ia & 

. S'h (;3 67 S 7 (oo 
~t-{,1 

file su'baoript ot each moleot14e repr,aeat per oe11t 

oeovrettce ot the •ost common baee ( *7 1 ,s, \9) ·• 

file aequeDce at the Sl' ontt ot tile tntroD i~ oallef, 

5' spliolng •equeaoe (S'SS), ana at the '' eao, '' 
apliclaa sequence (3'SS) (ljJ). Sp~1c1Q& eequeaees 

are .so crucial that a potat mutation G ~C a.t 5•ss 

can stop tbe spl.iCltll OQaspletely (SO). 

Small naaclear RNA a ( SllBBA) 1 generally touacl 

lat llO$t ot the eula:ryo ttc uaolei$ 1 bave been tdeftt.1tl•4 

as the spltO·er aliA. As first. suaaeated by MorJ7 a.d 

Bollldq (51), o11e tt tbe SftllNA, tbe Ut aNA eontat11a 

a contiguous sequence, compltmeataq to 5•ss an4 

J'SS t• saob a wq, tliat lDt.rot~ Wbtcb is fla.Dkod by 



tne• is looped eu:t and tbe exon eu4s come ia 

4•xtaposttiou. In tills condl t1on1 the en4omaclease 

an4 li&aee caD do the splicing (see ·figure 6). 

The SdBA.s whtdl. ext at tu tbc lltacleae as 

rtbomtoleoprote&u particle a (PP) t a.-e found to 

co-ee4lmet'lt wt tb the large ._.As (usually eoll$14ere4 

aa pre•miBAs) • • Ill e. 11atant where \ll RIA bas lost 

the aequellCe compllaetltal)"' to s•ss an4 :s•ss. ·-·$ 
co.se41meatation is 110t obeerve4 (IJ8). TMe euggeste 

that SdBAs .fDaY indeed 'be the splicer HN.As. Spltoer 

DIA seque aeee are conserved over a wide ra'bge ot 

eukaryo tea ( #j8 t Se) t and '' SS ad '• SS o.t mftNAs 

~re also eoa&erved (as discussed before). Tills 

suggests the presence of a general mecbaalsm ic all 

the orgAnisms. A olliokea ovallntmln gene is correctly 

splieed an4 e:preese4 ln troa oocptes ( J:J). A 

ebf.maoric sene, coostructe4 fft!ll a SY40 eh·a d4 

. s•ss al'ld aaoase p •slo•t• exon and :s•ss can set 
correctly sp11oed · ta IIMI!I oocyte ( SIJ). 

Bot b. tbe spliolag seQ.ueftc es at-e •er.v small 

ad it ls ·veey likely that tbey would be loun4 

elsewher$ also. on raildom a.sslgtrnOllte, ;•si 0~·£;, 

,-;~-:equ~il~~;woUl4 occur at fl'le'rl' 2000 bases aid :s•ss 
~--...... ~- -- >:.'1-~· 



at eYeJ.7 '00 t.aaes. fbey have llldeed been touat 

iuide eo;ae tn.-oas and iaslde sou exone too. · A 

J*SS Sa found 6 bases tnstde att uoa ln ovom.acot.d 

gene 1 atut the oells uae tilts ss oooasstoaa.lly aDd 

prottucp a llliiA.1 6 nucleotide short ill le:ngtbJ a· 

co.rrosPOildlng protetli shewtq a delettoa .of two 

ami. DO aQ14& ls also found tn tbe cell ( 115). The 

.superspllt ae•, oo11asea. contatm.ag '' iutrons 
possesses, a tUDber ot pu.tative spl.tctma .... e1toe1 

ias14e ·81'1 tctna. Tbe$0 e.leo bave been toun4 to 1Mi 

,employed ta splle:t.q, stnco tmA.s of tatermeliate 

leuath$ have been touad. Ail .lnterestlD& 'Ud.f@ about 

tbese f.t1ternal spl.leiug sequences is tbat they aro 

loan<~ 111 pairs; ta nell a way that wblcbe..-er setu.eDOes 

are cho&t11 tirst, for splicing, tbe rea 1 taut 

trauecrlpt also possess spllC?ilC sequences, i¥Jl:llob. 

ean bo recogatzed a&*11tl la a second spltclDg ovea'; 

'he ttzaal spltciag would reGJove ·the wb.ole intrea. 

(JS). 
I 

s's~ 



If onl7 tile ss are Ulport.ct ill. spliolD&t 

tile poesltd.llty ot two splicing sttes ot two f.lltroas 

gotti»g ••ooard.ae4 ODd e1d.ppiJ18 the POll lla111Cd by 

theus caaut be ruled· oAt. fhts ooc 'tie avoi4e.d it 

splt.ctq is proocu-,sive. i.e., starts trott ae ooe 

end of the script and. .moves o·a to the otbert a.pliCiJII 

the tfttroas sequantiblly. 

Splict.as appaJatue Call be collCeived as a 

ribosome like entity • couat alq; ac RNA alii eo.-o 

pi"Otoin •leculos. The mtA here would wodt a• a 

fttler, ~~Btcht.Dg tbe splicing sit.os aad pn,e1Ds 

belplag te th.ts, ant oica1r~g an4 lf.gat:loa. Probably, 

t t wo.uld be 1ocate4 at the aacltal' membrtute. Pre­

miRA would. enter troii oae e14e ad tuanel tllrouab 

tbe ap:paratu&t ~o tile cytoplasm. fhis speoalatioa 

does aot ba'f'e any ba.s1s escepi tile observattotl 

that liO ~~atare transcrlpt ls tocm4 tns14• ·fbe :GlClettfh 



'· MIIGUCI or Jlfi'IOB$. 

A eomp,lete explauatf.on -~ a phenotaenon 

as common and witiespread as 1ntrons should• Dot 

ollly lttvolve a mechanism tor their orig1u but 

al @O. a mt~cbanlsm tor the1:t" suc~esotul maintetnenoe 

and prc-PQge.tion during· evo!utt.ol1. Tbe mach1QP7 
I 

ter ep111S:i ng appt·~rn to be tUd.versal.a yeast taN A 

precursor oa:n J:e apl:toed ln. man (ItS) atd ob1cken t e 

· ovalbwd.n gene Call 'be expreased iu trog (5,). 

Thi.t!l suggests that t;lle 1.1Xi(HHJtgrs ot eukaryotes 

also posessed intron~ aud bad devel.oped meoltanlsms 

ter tbe1r. spltci ns. T.he tact tbat prokaryotic 

gor&es anl1 some er..tkazyo·t1o Olles do ·not co1ita1tt 

1 utrons,. does n~t tlecessar111 btdicate that split 

\ 



geaes arose troiQ ooX!tiauoua auoestral geDes. l:n 

fact, theories have been put torwud suggest1D~& 

tbat apltt gene orga.ni.zatton ls a primitive 

feature al\4 prok:aryot•s. represeut compe.rat1Y'ely 

more evolved organlsms, which ba'Ve got rid ot 

their lntrol'JS (:;, 56). Bat there is no reaeon. 

tor such an a priori assUIIIPtlon. Aft llypotbesis 

is deYeloped, wstemattcally ,.tn tills chapter, lD 

order to explalll the evolution of 1 ntrons, wbicb 

addresses ttself to the question of tb.c ·ort&tn 

an4 perpe~uation ot 1utrons separately. 

Untversali ty of 1=-trons 1n eukt\l"Yotee 

Sllggest• tbat tbey arose wi tb the emergence ot 

the eukaryote.s. Considering th~ currently ao\lepted 

view ot or1g1 n of eukaryotes and prok~ot~s ( !17) • 

and a wtde ly appreciated mechallism ot preeellula.r 

evolution (58) 1 a b.ypotbe$ls .,s made to explain 

the origin of lntrons. Following are the postulates 

of the thesis, eaCh of which is dlsouseea in 

detail 1~ later sections or chapters : 



s. Prokaryotes and eukaryote& share a oommoll 

ancestor, the '.proaet~ote state•,· mtller 

than eukaryote& bavlng a pro.karyote type 

predecessor. 

' a. The lo~ tl4!ell ty ot. early replicase a would 

li~t ·ibtt: leqtb. of. the primeaval :zleplicons. 

Thus, ttu~ genomes of the progenote•f eXisted 

as sma11, 41st1nct tragnents of ttucleic 

actd. 

s. 'The fragments' were circular ll1lcle1c;:-~4 

molecules, contaild.ll& o1'1e or few· genes. 

fhe dlatlnct circles were lillked with 

' .. 
each .other only by a •tunctlonal• link. 

Wheti the tideli ty ot replication 1ucreased 

after a period o.:f evolution, longer 

seqt.tences were ~termltted and integratio1'JI 

et the .fragments were allowed.. Ru.dimenta'"f . . . 

•tllegi ttmate reoombi•tt.ons' and corse~th9· 

·J.9Vers would ~ediate iutegratton of all 
~".$ 

the fragments into one big •chromosome'. 

!J. Integrations were pl"'bably rantom u4 

wore target u.nspec11"te at this early stage 

. of evolution and would I. rlf'ariably :result 

'33. 



tn $Plt ttlng ot goues wl th a minor 

traottou ot integrations between the 

genes. 

6. Transl tton 1rom the RNA genome to the 

DNA genome took place at this stage and 

two (probably tllree) (59) lines ot escent, 
, I 

diverged• depending upon their strategy 

to overcome the problem ~1 the broken genes. 

The orgautsms whtch were to become 

prokaqotes, seleeted genomes with intact 
' 

geues (lntegrati~n between genes) •. Tile 

icd.ivtduals uhlcb could use :integrates 

with broken genes and splice tbelr broken 

messages With the belp Of the copies of 

unsplit nNA fragments, developed a nuclear 

ewelope to separate the transcription 
. \ 

compartment from the translation compartment' 

and became •urkaryotes• the predecessors 

of, eultaryotes. 

1. Development of nuclear envelope• which 

was a necessity tor an efficient ase ot 

'broken sene s; allowed, furthe.r prevGleuce 

and expansion ot the split genes and the 



sp11c1eg mach$aery wbicb .1u turn llelped 

eakaryotes io acquire the i.IDDlense amount 

ot d&ptald.lity., 

''•.2 The Pi4ell ty of 4\eplioation Ltlllta 1'flbe Length 

ot the Hesaage 

Tk6 seoo:nd stattment o:t the hypothesis 

follows troa tl• ltehariour ot eusemble o1 sell• 

_.epltoatl~ 1llfo.rmattonal •oleou.le.s. It ou be 

.4ertved. quite ·-.turally tbat the nWiber ot 110lecular · 

sylibols o:t a selt~repro4uoible u.m. t .is reatriote4 1 

· the 11111! t bel cg t nversly pro po.rtl.onal to tbe 

average error rate of the qmbol .reproduction 

( '8; 60, 6t),. An .bypotilettcal evolu.tlollary 

reactor is used 111 order to show tbls, 

Cons1.4er tb.e reactor in tigare (?.),. 

There are D apectes ot po.lynucle<ttide 11 , 1.2, • • 

• • • 111, 1il the solutj.on, each detlne4 by it& 

length and its sequence. Po1yQuoleot14es replicate 

using eaer~a-rtch mate.rials as substrates alii 

themselves a,s templates. Total ooaoentrat1on of 

1UlCle1c acid 1s kept at a constant level by a 
. . 

tlu• ~ • BQel'gy .. rloh materials are co·nstantly 

added to and energy poor ~terials reaoTed trom 
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the reaotor. 

fbe replication wldch •7 be oatalyse4 by 

a11 enqme, replicase, is as$oo1ate4 with a t1nite 

•rror rate. fhe probability that a aucleo tide is 

repllcatett correctly te '\ (asstt~~iDg that tt is 

tile earae tor all :tour ot thea). It the Ltb 

species bas Vt 1'1U01eotides, thea the fl"obablltty ,. 
. \J(, 
e. i --:=. q, . 
(asaumlt~g that the errore are irldependent ot e aeb · 

other) 1 vblch me act that traction ot oorreot poly. 

aucleotb\es proctucetl ~;y Lth. epecies 1e Ell. . 

Tko rate ot ebaage o:t t'tb speeles ls of 

the tom l 

d 'X'l A i CXi xl - '] i 'X.t + L.k-:f=i wac. 'X\c. - ¢· - t 
dt 

' wbere • l 1e the .matag iDttex, t,a,·'··· ... • •• 
attributed to all distiftpidlable sequeaoesJ a1 is 

the concentrattoa of (til species; ~l ts the 

fr-.otlo~ ot oort'ect sequences Jroduoed 1Jy i; A-l, 
• 

is the adlptr,d•lilt.y ot (; tb aetuenoe to the 

re.p11caae and depet14s opoa the conceatratloa ot 

ellergy riob •aterials tooJ J)t Xla tbe spoataneou 

,-

[l] 



. 
decay rate ot ~ 1 w i \t. 11 tile rate ot reveree 

mutation from k to l.. J ~ i, is the tlus of 

t eut of tile reactor, 

· It 41::. is the total tlow out ot tbe reactor• 
. 

the flow of t voald be 

~· -. {, 

'X.' L . [:(] 

Ia. order to sat1&ty this coastrai11t, 4 t bas to be 

ste.adliy regulated to compensate for the overall 

excess production. 

E k. can 'bG oollB14ere4 as the "'xeess produc111vity. 

From equa t!oa · [I] , 
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~ £\(. 'X~ 

~ ~ 'Xic-

On the substitution of ~l equation (t} becomes 

. 
Xt 

.. 
X~ 

ubere, ~\.\is calle·d the selective value of l ~ tlt) 
is the average excess productivity. 

If equation [ ll is represented in matrix 

form ~it and Wik ,oan be su.mme4 into 01lE: matr~ 

w,, \.\)~\ .. . . \N" \ 

w \:t "'"~< w --
' 

' 

and 



therefore, 

X =- \N X - E\ t:) ' X 

Let Y -= KX 
-\ _, . 

k '( :::. \< \<. X 

X -=. ( ~-\) y 
where• \<.. is a · nxn matrix 

'j, ";. o<, ''X., -r o(,, 'X't. 4- - . -. . 

~ .\.. = ot ~ ,'"P<- ' +- 0(.~ :t. :x, + - - . 

From equa tioll [ 41 , 

U< _, ) 'Y -= \N i' " - Elt' v:' " 
y -= \<. w K"' 'f - £~) '< 

\<.. w\(1 -=- w A 



.· L~t .K be the matrix that d1agonal1ses 'W • Let 

tbe eigenvalues ot W be ~' , >. <. , ~ • . )\" • 

E.tt)remains invariant after the transtor- -

mation, and its value becomes ... 

-

" 
because, 2::: ':J k -=- 0 as t be condition of constant 

" 
total concentration dictates .. 

Equa tlon ( S ] tells hov the reactor would 

behave in time. Each species and a distribution of 

closely relative species, derived trom it by 

orroneous copying which are similar in sequence 

and adapt1bility to the enz,vme would act 11ke one 

type, called a •quasispecies.' A quasi,speeies whose 



A is below 'E.lt) watld decrease ite rate or·. 

production and ult·li.Jiately 4le out. the oae wltb 

A higher than: Elt) would grow but slmulta'&leously 

help th~ El~} to increase. E..t±) would stea411y 

1uorease ~nd tbe 2:lt.mlber ot quasi species w1 th 

higher than t t would decrease. Ultimately this 

would result~~ tbe selection ot.only one quae~-

spec1es which would always keep 1 ts ~ bigbel' 

than Ettl . 

To calculatt!f the value o'l A~)l in terms 

of known parameters co11Slder the mat"-x W . Its 

staucture t.s such that t be d1agoql v..l lt elements 

do have some tlld. te value while tbe non-dlagot:lal 

elements bave magnitudes vbicb ditid.Dlsh as one 

goes away from the diagonal. 'l'hls is because the 

p.robablllty that distaut relatives give rise to 

by J>el'erse .mutatiou ts very low. Only those elem~nts 

would contribute to \ which are in tbe llDfl'lediate 

vi scild. ty of the diago.nal. El.genvalue s ot au.oh 



a matrix by second or4er per-.urbattoo theory can 

be glven as .. 

Assumlq that tbe secollll term is very small as 

compared to \Nrt\m(tbe assumption ls 'fa114, as 

shown by the steady per.tormed by Bigec and schuster 

(58)~ • aut can be ilttmertoally neglected:_,, 
~ -, 

Frem (61, 

E \<. + W\ < 'W rv'\W\ 

-h-t, V1\ [ '31 

E\{ '*-"" L.. A~tXW\ - 1) W\ 

--
\ - " 



Equa ticU\ t 11 is ar. important general! zatlon. 

"fhe number'ot .molecularse'f;to~~ {)fa self·r~prodaoi;, 

ble _.'Dit is :restrlc'tedt the ltmlt 'be1ug twersely 

- proP!rt1onal to. tbe averye e,..ror rate per ~!f!bol t 

~~ ~ '\. h (SS). This theory is- oo~slstent with some 

experimental observ-ations. 'lbe RIA nruses, prokaryo-
~· .-, 

tie and eukaqotes possess replieases (DBA P,1)1'11leraee 

an4 repalr/reeombtiJatton tunctlot~S)'• ot ditte.-eut 

,t14e11 ties., The1 r genome sizes ne'f'er exoee4 the 

tbresho;Jd predicted using tbe fidelity ot replication, 
~ 

·In case ot the 9.. ~-pbas~~f;aenome, tbe size ls exaqtly 
·....._ ./ 

·the same as ,>Jpredtoted, because ot the optlmiza.tlon-: . . 
• 

. _, lnvolYed ~~- ihe ,phage cycle, 4emall4s more and more 

genetic material while accuracy of the rep11oa.ae 

(--~)li1111ts lt. In the eYolutton experiments v:lth 

, replication system, where ,!J! v1 tro self-replication 

is pertoi'Jll)d oa the lines ot the reactor 3ust ~.,, 

discllssed, a1l)7 .sequence leada to the ee1ect1cm ot 

a quastspecies which f.s always the same tor the 

:replicase ase4 ( oa). 

Fidelity ot tbe earliest repltcases must bave 

been very low because ot obVious reasons. f.bl.s wo~14 

limit the leQgth ot the distinct sequences. A:4y 
• ael.f•81lstdbll\i, self-replicating system has to 



have a mtfd..anam ot few genes. i.e. • tor translatioa 

and repl.icatio~ .ftutctions. fbls wot~l4 demand eld• 

silence ,of lora,ger messages or many. smailt distinct 

messages. As we bavo already seen co•pet.ltt.ou eaa 

allow o Illy one seque~D e to extet. 

J ,•J Small Seque110 es of Diatibot Me.aaages can co-extst 
. . . 

II Lt. lllie4 Through a:·~Bypercycle : 

We are t~ced with a cUlemma that the length 

ot the genes/genome is restricted because ot. the. 

accuracy of the ntpltcase• aDd the accuracy ot 

replicase can aot lte i.aoreased vltbOut tncreaetns 

the length ot the gene coding for lt. The pro'bltal 

however, oaa be ol'ercome by tlltroduct q some 

Oo()perat10t1 'betweeu distinct qu·asispeciesill lt- ean 

be shown that only a second order,. autocatalyl.to 

an4 oyollc cooperation can br1 ng stabllt·ty aM 

oo•xtstence of two 41st1act rnaclele aold. sequences 

(58) • On iatrodtlotloll ot a secoa4 orcler, cyeli.c 

cooperation term into t_s) ~• 

t • 1,2,3, ••••• 1 .• 

I '*' 1 a 1. 



fb1s type ot secon4 or4el' cyeli.o co·operatton bas 

been termed as 'Bfiercycle' (58, 6o, 6,...65). 

Bypercycles cons is t1ng ot several me•:Jbers ba1'e 

been .studied at.~alyttca.lly and 1t bas beell sho• 

that b.yperoycltc oraanizatto». call. ensure stablJ.lty 

ot luget quantity o.f i.ntomatio", using a llJA1te4 

accuracy of replicase (58). 

wtut.t caa be the physical source ot oooperattoa 

between two mole1c acld sequences? For the purpose 

o:t lllust.-ation, let us coasider a two atember 

bypercyQ.le. . 11 ,and 12 are tbe two nuole1 c ac~t 

species vbloh co•taiu as mach itlfo raat1on as permtt$ed 

'ranslatloli• produces an enzyme s1 whicb replicates 

l 1; 12 bas a told1 ug pattem wbic b make e!!' 1 t au 

~cteal substrate tor s1• 12 oan produce replicase 

B2 which helps .111 the replication ot a1• 11 aM ~2 ·. 

are the ag;ellts ot cooperation and work either by 

1Jil:Creas1ng tbe rate ot replication or by re4u.ci~ 

the acoessibilitT oi their target nucleic aci~) 

towards hydrolytic cleavage. This is the ldrul of 

organization moat pria1tive kind o~ hfpereyclos 

would have (63). 



Ia an aclvauoecl stage of preoellular evolution 
/ 

ube n replloases had gaiaed a t14elt ty of the order 

of .1o•3 or to•'*• the tndivtdt~al sequences c.,uld be 

as big as two or three rudimentary genes. These 

sequences would prol)ably be circular molecules ot 

••• Here; ·both the points deserve some elaboration 

because of thel:r pivotal lmportauoe 1n the hypothesis. 

Molecular evolutionists tavour RNA oveJ> DNA tor 

preaordlal genetic material on account o.t two 

arguments. P1ifstly, oxy-suiat's are more readily 

:formed tban deoxy-$Ugare ln the simulated prebtotlc 

synthesis experiments at'ld secon4ly, RNAs can become 

more di't'erse targets ot selection at the genotypic 

level also. Whether a oucle1 c acl4 sequeme is 

selectl4 or not in evolution would depend. upOn 

the proteins lt makes, but it it is an it can be 

selected or reJeotea by the virtue ot it.s tol41ng 

pattern also,, which determines tt,s suitability as 

t omplate for the replica tl1.1g enzyme. Folding patten 

ot a RIA species, also determ.traes ita 4egra&itioll 

rate : more tbe aumber ot bases paired less liable 
·,s 

it is to the hydrolytic attacks. TbtsAcrucial tor 

1 ts survival ia a population of selt ... replicat1tlg 

molecules. 



The asse'rtion that these fragments were 

circular 1 s made again tor two reasous. Tbe 

c ireular molecules &re more stable an<l can w1 thsta!ld 

rigoura> ot hydrolysis, There is no tree end:t 

l'o remove a base two bonds have to be broken and 
. • J 

two stacking _interactions have to be inte:truptcdJ 

while in tbe U110ar DNA, gradual chewing at tbo end 

1s very easy. Since the eame replicase has to 

replicate both + at1d •. strands, botll of them should 

have a toldlng pattern recoantzable by the enzyme. . 

Symmetric Q.rrang~ment of the recognizatton sites is 

.responsible for tilts in the RNA pbaa;e, 11keB8 • 

It ts easter to have symmetric organization it1 a 

c 1rc11lar molecules tban in linear ones. 

:J.Ii Increase ·tn the Fidelity of Replication Alle»w 

Integration o:t Fragments toto One Geno.ae 

As the hyperoyclic precellular systems 

evolved, the tideltty o.f replication improved-

This could have taken place by sorting oQt the 

'»est sequence for the basic replicase and by 

introducing one or aore pro~Jft;-log tuncttons tDto 
l;i"' . 

the enzyme.. lttcrease ln the tideltty wou.lct permit 

existence ot bigger sequences. The structural 



integration ol tndi vidual fragments woalcl become 
. I 

permissible. ~s can veey well take place by 

1uslon -Oft otherwise hypercycltoally linked circular 

frasllents. The tus1ons would be probably random, 

and metliated by rutimentary, '11leget1mate' and 

non-homologous recombination events and by uaequal 

orossillg•overs. As discussed below, t11~ 1s the 

time when tbe t~anst tlon troll a single .strandGd 

genome to a double stranded. ge110me wculld take pla.ee, 

am thus, above processes would 1le possible. 

It they are random, most ot the integratio• 

would take place inside the genes with a minPr traction 

goltag between get)es. This would resal:t tn gatnt 

chromosomes, wit~ a DUmber of genes broken bece.nse 

of the presence ot other genes in the•• A small 

traction o.t J.utegrates would, however, ha.ve ~11 the 

genes lntaot. This would oorrespon« to the .:fusions 

takeu place only between the genes. 

Integration ot small fragments inw one 

gail'lt chromosome would be of immediate advantage jor 

the system. Xn a bypercycl1o organization, the .segre• 

gatlon ot genetic material at the tt•e of d1v1e1on 

of the cell wo·l:lld be 't'ery illeftioient one. 'When all 

tbe members ot tbe .bype.rcyele are multiplied, they 



woul4 dGv14e, and very seldom both the daughter 
.>;;' 

cells/would get a full cOJDplement of the genetic 

aaterial. Host ot the time one daughter ceU woul4 · . . 

:receive all the members ot the hypttrcycle, and other 

oae woo14 laok soate aembers aad beuce woul4 soon 

di•t.ategrate., Tb.e lntegratlou into a etogle 

replteatloa unit would solve this problaa where 

all tit\) members ot t.he set are etrueturally llbkect. 

This is the t1111e when transi tlon :from INA 

to DNA genome wodld take place. Tbe argument which 

.suggests tbts is as ttollows 1 The selection operates 

at both phenotypic and genotypic levels in the 

byperoyclio state, Ati RNA species is selectet both 

because ot its tran(flation products. an4 t ts target 

tunct:ton. 1'he former being all indirect •~ffeet• of 

the sequence .o1 the gene aed the latter .as a direct 

manites~ation of its ,sequence. Tbe target lu~ctioa 

means how efficient a S1lbstrate the aNA ls as the 

template tor tlle replt,case produced by ~be previous 

me~nbe,- ot the hypercyc~io:#~f This imposes a restriction 

ot dual functions oD the evolution ot tbe sequenccu 

. it has to work as a target ot a replicase and bas to 
r· -- .. :~-·:·-·- -- ----
t produce a·-rep_lica·s&;. A mutation which can be 

.-..." ~ ..... ·-.. - -- _,.... -------~-



a4vantaaeous :tor the ·trauslatloa product would not 

be a11ove4 3uet because it m.akes the RNA a less 

efficient target tor the replicase. The single 

.P_.ed nature of RNA generates myrJ,ads ot to141na 

pa tierns~ However, when the :tragmeuted genome ls 

struoturally integrated tuto a &oint obromosome, the 

hypercycllc couplitigs become tUspens!'ble auct beo.o& 

single stratule4aess is not required allymore. The 

system would readily turn to double stranded. genora,e 

and shed ott tbe t-eetr1otlou o:t the •semtypic 

seleotloa•. It ls kfiOwa that DNA is a better .tom 

tor the doable strands tbatl RNA, so a transition 

from DA to DNA wou.ld be tavoared., But itii ti all,, 

the system au&st baYe ltla13a&ed wi tb BN~ dou'ble stra.ucts 

oDlf atlti later gradually sbj.fted over to DR' A. 

fhe dottble stranded genome wou 14 be favoured 

beoau~e it call help in increasing the t14eltty ot 

the replication process. some of the correctioD 

mechanisms like post-replication repair, etc .• , are 

possible .only with the double stl"at'ldth In such 

p.-ocesse.s it a mism•'kb is encountered by the repair 

enzymes, the erraneous nucleotide is removed w1 tb 

the proba\ll.lt ty ot o. s. However, it a repaired 

strand ts subJected to homologous recombillatloa; 

So 



the chancb of tbe enaneous tlucleotide sur1'1ritag 

ia the progeny is redu<U!(l to only 25 per cent 

(because t-here also tbe oorrectiotl ls done w1 th 50 

per oent suri ty1 see reference SB). · 

file preblotic tran sla tiou mechanism would 

also tavout" the differentiation ot the genetic 

materials into the· bereditary an4 the messe!)ger 

molecules, tbe later bel tJg re.sponsible for pb.enotypic 

expression only. ·Tbe .models o:t prebiottc treuslaUoll 

(66), propositJg the concept o~ the static template. 

surfaces for translation ( '6;, ~7) • are particularly 

rel.evant tn th1.s eontext. According to t.bis model 

a messeng.er molecule is perma:nently occupied tty the 

the adapters (proto.$RNAs), sttch that it is never. 

'free for replication. For repl1cat1on, a dltterent 

IDOlecule ot the same *quas1spec1es' is chosen. It 

mealls 1ohat two diff,erent molecules of the same 

· ; sequence pertorm the tuncttone ot the bere41 t7 and 

tile pbe.,typlc ex.=esstou :trom the vezy beglant.Qg. 

Xt wo ul4 be h-ighly advantaceous for the sy.stom ~~ 

tbe molecules are adapted to their respecti-ve 

functions, w1 thout Ohangin.g their sequences. Bere­

di ta.ry material must be very stable an4 1t Bbould he 

possible to achieve high f14eltt¥ ~~th this• the 

5' I 
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~J . . . . . 
4ou.'ble stranded DNA is a powe.r.fu.l candidat~ for 

this. The: )messenger function can be perform"d 

only by a single stranded nucleic acid= lt facilitates 

decodiag and bigb stability whereas, htgh tidellty 

is not at all c:ruolal :fo.r 1 t.. Thus, RNA and ·uNt\ 

dit:terentlation sbould take place at tbis time. 

DNA is for more stable ·atOlecule than BNA, 

tlrstl.y because it is double stranded (Vel)" tew 

groups are exposed tor by4rolys1 s ). am second:ly 

the interucleotidal bonds in DNA eanmt be brokea 

easily in alkaline medium.Jwhile m114 NaOB can break 

dowu,RNA into mottomers. 

3 •S the D1 vergellCe of Pl'Okaryotes and Bukaryotes 

The postulated bypercyclic organization 

represeut the •progenote state• (see the ne:;ct 

chapter), from which the prokaqotes and eukaryates 

have developed. A.fter the spree ot integration J 

two types of chromosomes would result: with $pl1t 

genes and with intact genes. Inl tially• these 

ehromosom's would coexist with their ~ragmente4 

coanterparts (all o~ them do not g.et 1ntegrated.) 1 

the single stranded RNA.s. The 1Udlviduale (cells) 

wbicb bad chosen the l:ntact chromosomes became the 
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ailcestor ot prokaeyotes,. Others which bad chosen . 
their genomes .1ronF'the iDDense variety an4 quantity 

ot cbromo somes w1 tb split genes became the o.X\cestors 

of the eakar.yotes •. IDitially, the second line of 

asoent •as extremely 411't1cult to start, 'but once 

1 t took ott it would enJoy the boaDdless amount :Of 

adaptab1ll ty o:t:ferod by eukaryot.J. c organisation. 

The tnitiatton is 4tffloult because it require• ihe 

emergence o:t splicing as a precondl tion. A tentative 

nle:cninisiiL bovever, caa be suggested taktrsg the 

advantage ot the pot:Jstbtlity. that unsp.lit tlldivldaal 

RNA tragments also co-existed w:t.th the gatnt 

chromosomes of split genes. The aesseqer transcript 

produced after the transcription ot spll t gene woald 

anneal wl th unspll t INA fragment 111 tho reglo ns 

corresPOil41 ng to tbe codt.ng portion. The extra• 

portion would loop out an4 coultl be cut and tho ends 

be ligated (:figure 9). 

~ 
Tbls is a scheme dltterent 1'rom cont·eJUpo.rary 

.splicing apparatus, whtcn iQ case of t~1A utilt;es 

overall secondary stntctut'e cf the pre-tPJ:A and in 

case of mBNA, tbe boulldartes of the itttrone. This 



mechadsm bas obVlo·u.s advantage over the one postulated 

tor the premor41al splicing. which uould bave ,tven 

uay to ttl& contemporary one quite promptly. The 

contemporary mechanism set tho coding portion free 

trom tbe conatra1Qt of the splictag 1'unction. wblle 

tie · pri110rd1al aechafliam demands 'that co dt I'll sequGtlCe 

must 110t be too dltterent trom ihe splicer RUA. 

The onset of spllc1 eg bas to be as eo ct attd 

with the localtzatlol'l of the genome i'n a separate 

co.mparatmeut • fills ts necessary bee au se in an 

one coapart111ent sretem (like contemporary baoter1a) 

translation at1d transcription take place simultaneously. 

The intronlc DNA would be trausla ted together wl. tb. 

the codtttg one before lt bas a chance of getting 

spliced. With the lineage leading to taacterta, 

however• there 1 s no problem. The problem o:t 

col!lpJ4rtmentatioa 1s discussed in tbe !\ext obapter 

1 n greater detail. 

3.6 Perpetuatioa ot Iutrons 

Dnvi.ng described the mechanism ·Of origin. of 

introtls, one bas to consider tbelr maintenance too. 

Cells certa.tllly bave some mechanisms .tor the remo'Val 



ot its extra DNA, tor- example; some times in 

somatic cell dltterent1att.on. so•e specttic eegmenta 

. ot DNA. are deleted troll the genoae. Bo trend has, . . . 
> bowtWer, 'been observed, in tb.e direction ot 

decreasing the amount ot •ou...codlng intervening 
r . • ' , 

DBA. Once the splicing macbiJaery 1s established 

allcl a nuclear euvelope 1s formed. introduction ot 
new lntrons would be tolerated. Iatrons JQast be 

continually added to .the system. The .total DNA of 

a oell ebould represent a dynamical eqaillbriwa 

state o:t deletion and addi t1o'n process. Occassion­

ally DNA elements can prOpagate in a genome even . 

1t they do not confer any phenotypic ad•antag• to 

the system (1.2). Soae o1 such elemeats (Sel.t1sh 

elements) do this' ei tber by biteh•hick11Ji to some 

cruotal gene or by possessing a pro»erty ot self• 

propogation (like transpositiou) inside a genome. 

Xt all element confer some selective a4vanta&$ ot 

• evolutionary adaptatioll' type and its delet1o;t. 

meoha.ntsm is not very prompt 1 t would spread 1u 

the population (t!J. 16). Introns probably represeat 

tbts class of DNA,, they are 'tightly bom14 to tbo 

gene they 113b1 bl t, tbey collf er evo latlomry advanta .... 

ges to the whole geno~e and to the gene (see 

5'5 



. Section 2.• 2. 2)-. 

Two types o-t mechanisms can be conceived 

tor the evolutionary propagation of ln\rol_ls, whloh 

are ooaslatect with some observations. 

3.7 Amplt:ttcation ot Already Bldstlng lnttou 

Prlaordlal cells must have bad exeeecttagly 

low number of genes, ae compared to the ao4ern 

cells. ·The additional aenes whleb are see'il today 

have been derived from the arcbaio ttock. And it e . . 
'the bypothesls that predecessors of the eukar,rotes 

lia4 their genes split is correct, tban tbe genes 

which are de.r1ved from them should also be split. · 

Conventionally ·t t was believed that new· 

genes arise after duplication of an old one :ollOlf$4 

l)y a drttt ln its seq11enee by muta·Uon and recomblna• 

tion.(;S::JJTttmat-ely.,~·:by~chance 1 t attains a sequence 
.!.: • -_,.. __ ....,.. • ..,_-'' 

-~-~ . 

which ·on translation can make a useful protein. 

This process is highly implaus1 ble, strace the 

number ot sequences ,a ttomal gene longth can atta.ta,. 

appl"'acbes astroaomlo.al :figures. and the . meatliqtul · 

sequences are a "Very minute fraction ot that numb·•· 

Resu.ltantly on the evolutionary tlme scale a poptlla­

ttotl will ~ver be able to teat sufficient nw:aber 



o:t them. Tile more tavoured idea of the £!! bloc 

reoolllbinatiou ot already existing functions ie 

used to generate new tunctions (as cUseussed in 

Section 2,.2.,2). This method of production ot new 

genes would inevitably give rise to the aew 1-trons. 

' Following processes can generate and at the same 

time lead to the or1gl.n ot the new introns. 

1) When genes 4upl.lcate by usual methods ltke, · 

unequal cross:lngover, etc. • it is blghly improbable 

that duplication ts exa~t, t.e., no ... DNA gets 

clupltcated b~tween them. Some spacer would lnevt•a· 

bly appear. It, later in evolution, the .spacer, 

together wtth tbe termination signal of the first 

gene attains a sequence ot splicer sites and the 

Jol:nt product o t the two genes makes a meaningful 

protein, the compost te gene would become tunctio)lal 

and the spacer would be established as an intron 

(ttgore 1.0). 

The structures ot 1m:ruu:logloldJlia genes 

suggest. that this might have been the first step 

in their evolution (29). 

a) Insertion of an exon with its tlankll'JI regions 

(parts ot introus} • inside au intron might prove 

r;7 
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ltentaftcial tor the constl'lletton ·of a ilew gene. 

fhts process refl&llte i·n the formation of a -aew 
!" 

1ntron (figure. 11) • 

. HeDlOglobln gene could very well have arisen 

by sueb a procedure 1 the exoa~ corresponding to 

heme binding portion beiDg reomited :rrom a gene 

like cytochrome (see section 2.2. 2). 

') · An exoa within a geDe, on duplication with 

it~ tlankltag regJ.-ons •uld generat-e a new sene, wt~b 

an additional intl'On and aou. One possible 

mecbau:l.sm may be the unequal crosstngover.•edtated 

through respec$lve elements present inside the 

1ntrons (68)(s~ figure ta). 

This dupltcatton can take place by oross1n&• 

over between the two exons also, it any hoiiOlogy 

exlst between them (tigure 13). 

Several genes could hnve evolved by this 

mecbanism. Collagen. gena represents an interesting 

case strongly euggesti:ng the occmrence of sueb -:~' 

unequal recombination events in its evolutionaey 

history. 'file gene bas a total ot 51 tntrons. The 

lt1ddle t4 ex:o1ls, correspot'lCl to a region ot protein 

where three o(-helices superco11 to torm a triple 



helix. ·( 69)( soe Lehinger, Jioohemtetry for the 

S'tructure of the Protein). ftis region cotltail'ls 

repents of amlDOaOid triplet Gly•X•Y• where X and 

Y are oiten proltM and hydroxyproline., Bach 

elron 1.n this region is a multiple of 9 bp, which 

code tor tbe repeating triplet. Out ot 11! exo11s, 

two contain '' ••• teVG» contain 5\ •P• three 99 ;· . . 

bp, and two 108 llp. Lar.ge aild small .1Dtroas are 

alternated ta a pattertl a 99 • .ftS ~ 99;..5'i-. toe • 
516 • 99. .Aforesaid typo ot duplication must bave 

take~ place tn this gene, sinoe unequal erossingOVfr 

~etweea ditterent exons vould be a very likelY 

event (bec.ause ot thetr homology). If reeomb:lmtt.oa 

.between tWo exons at notl-tdentlcal post tlou takes 

p.lace tnstde the 9 lJp repeat, tt would result la 

cU.stJiptlou or the beltcal structure ot tbe collag.en, 
' and tbus be deleterious.. Tberetore, exon si.ze wou.14 

always be kept as maltlpleo1 9 bp (69). 

A set of exone can set au plica ted together. 

This bas p:ro bably takotl place :ltt o( -retoproteili atl4 

albumin genes. ubere • set ot If exons have trlpl1cate4 

Jointly ( 70) • Structure ot conalbumin gene, is also 

suggestive of a similar du.pl1cat1on : it can arise 



' . 

by a. till plication ot an ancfestral gene already 

split tn sev~n or eight pteces (71). The 

OvomucolCl gene may also be a product of an ancient 

i ntraaent. c dupllca tioD ( 25). 

'•8 Insertion of New lntrone 

Net in all the cases is 1 t possible to 

explain the existence of int:rons by 4upl1cat1on 

· or contilll.tatton of already ex:lstt.ng ones. ID tbese · 

cases. when homologous genes are compa.red· it ts tourul 

that 1ntrotlS posi tiotls are 110t conserved or sometime& 

&'D intron t.s ld.sslta~ or bas been added at a new 

position, For example, in actin gene tamtly,. introns 
~ 

1Qterrupt •artous genes at different post tions aad 

genes trom di:tt erent organisms also show sometimes 

d itterent locations ot 1 nt ro • ( 10). 1here ls no 

obvious domain - eson correspondence ln this protein. 

Tb•s .can only be explained by ranto,m ·deletlotl O!" 

insertion .of a .few introus. In .other genes also, 

vhere tntrons are rando~Gly arrataged and ohaDge thelr 

locations, it may be necessary to postulate tbe .- ' 

1nsea:-t1oa or deletion ·of lntrons. 

This_ ktl'ld of 113Sertlotl can easily take place 

through a !lumber ot illegetimate recombtna tlon 

f 



methods, me.diat;ed by transposable elements, DNA 

viruses, or retrovirases, etc., (72, 7J). Stuce 

many copies Qt the genes e:dst, insertion or deletion 

1~ one gene, woal4 not be lethal tor the ind1vtdua.l, 

immediately~· 



ji 

ConTentl(l-lly it was lie lt.eved that 

eukaryotes arose from ail aacestor1 similar to tile 

contemporal'fl't!G.kai70tes, tu1te recently la tbe 

eerly preoambrlae epoett. De aeswaptlon waa !Qada 

bas1c&lly because -ot the ditferellCe ot tbe level 

ot co•plext. ties ,of tile two elaseee. Sicoe tbe · 
"' eulcaJ7otes bave more complex oe11u1u orgauteat.toD 

au genome, they ma&t anse frora tile proka.l'yotee 

wld.oh ue staple (7.ta, 27,, 75). flats view of 

early eellttlat E!O'olution is an46r,olng extel'i;.;tve 

.-ev:l.sione (75, 76, 59, 17-79), Woose, Fox a.tl4 
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others bave pzopoaDfe4 a theory, tbe three llue 

descent iaeory, that botb eakaryotes aid .pi'OkaJ'fot•s• 

arose t.ogetbert with a tb1r4 group called 
c? . 

'Arellbactetla' • fro• a ooauao• anoeator 't'ery early 

ill tbe history ot lt.fe (,9, 11t 78). the aDOestral 

t~rm . wbtoh was :tar td.mpler than atlf ot the prolrUyote 

!tvlq today bas beea ·eallecl aa the tp.rogonote atat·e•. 
the tllree groups W.toh .represent tbe ••• :tundansental 

c... f.... 
trtohOtoll)' of lite are .. the arobbacterta :lnolu«n•' 

metlulaogenes antt b41obacterta., the eu1»aoteda1 

tuvolVJ.Qg ooaaon bao'toria and oynophytea all4 tbe 

· euttaryotes.. In the be&iantq, ettlcaJ:YOt•e laad o~ly 

tbe aucleus as tbe attrlblite o1 being eakaryoti~. 

fllls :tol"'D baa beea teme4 as •ulcaryote•. fhe 

cytoplaemio orseaelle ove their ortslu to tho 

ltne~e oi ~haoteria_,some •emllers ot whtch 

established eym.biotio relattonsbip with the JlUCltar 

boa~ and Ultimately become aD muaeparable COIDpOJtOftt 

or the eukaryot1c cell (figure it). 

De three line 4esceut theory, uu11k& the 

conventional view ls supported by eome experim(tnt.a.l 

evtdeuces. ' Tile primary struct11re o.t rt.bosolial UAe 

trom a laJl"&e uuttlJer ot organisms &lld orgaoell·es have 



bee1'1 Characterized all4 co•pare4. fte ·eompart.soaa 

were 4oae wl til tbe o11aoauoleo\14e sequences_, 

olltdud from the tl en4oDU.Ol~ase digestaUeD ot 

rill A.t ratber thall w1 tb the complete eequecces. 

the oompari. so as reveal that 'the aequeDo•a ola•ter 

into tbree eoneptcuouely d1sttnot aroup$, Vbi.le 

the members ot· the some group are est:remelr el.mllar 

to· . ea.ell other, the clltferent groaps sbow eucb a 

vast 41tterenco tbat they are called, tbe three 
.1-t.-

prt.mary. ttlagcto•s• fbey correspond to areb'hotena, 

eubaetel'la allt eutarrotes. tills otsei'YaU.oa llaa 

~eft explnluett by the hypothesis -

ttfhe tbroe litleases 4:1. verged at a 
presuma'bly W017 early stase vbeo ~~- t.to 
orgaatzaUon and. macb1efl.l7 tor sene 
eapreasieD were ull4ergo11JS rap14 .Dan~id.aD 
evolution 111 tbe 41reotioa ot iuoreaao4 
e.tteole=r aatt acou.raoy. fto protoatl4 
dUt:-.aoes between these liaeasee are 
beet 1a.terprete4 ae itlde.~~eatntly 
achieved solutions to the pmhlems ot 
bow seue s aboulct beat be orgardz.ect aut 
.Spr•sa~d".(7J). 

file ttme ot divergeuc e oaa be assuae4 to 

be at leaat S blllioa y-ears or •ore because tbat 



ls wbea ea,.llest ltlue areen alsae are touud. (80)• 

In a(Jdi tlon to these genealogical eY1dert.ees, 

di:lforeuoe at tb.e pkeno'&ypic leiV'el ·between 
'· ~ 

lU"ohbaete:ria• eubaoteria ad ea:~ca.,-otes e.re ooaapell.t~ 

eaoqb to ~~ake u postulate the three ~t• 4esoent 

bypothesl$-. fbere are strong reactiom to tb.e 

t.beory, but most ot tbem are semantic tn aataro 

(Retere.Oe 81 is a aon serious crttio1811)-. 

':• I fbe Bypothesls 1e Consistent wi tb tbe Iaroe Line 

Descent flleo'7 

Otle ot the 110st ii:Dile41a te lmpl:lcatioaa o:f 

the hypOthesis prc;,seDted 11l tbe preVious oba.ptor. 

lor the or1g1a ot tutrous ls that tho euktn7otes 

and proka17ote.s arose siwltaueou.sly tro• a ocunmoa 

ancos'ktr. As i.s ol~ar :trom ·the previous eeoUotl, •. 

tbe tbreo line 4eecent theory says ex.otly tbe 

same. At tile 'ime ot trans1tto11 from 'byperorclica11y• 

orga.Dlze4, trtiPlonted geume (RIA) to aa tntegrate4 

se110sao (DNA), tile ltttea.ges ot proka.ryotes ani 

eakaryotee t.o•k ott.. Tile llueaae of the anoes'&ora 

of eukaryotee (the •rkaryotea) ha4 1tlirona1 splloi~~g 

maoblnary a1l4 the auclet.ts, wbtlo ·the protraryotto 

lilleage bad a --.l"e olla.unosoae td.tb unsplt* Sdee. 
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If trae, tbte bypotboGls tbn·•• soeae ll&bt 

oa tbe ••ttoal p~aeuete state. Tile early selt­

replt.ca'tiU& systems vi tb llypercycUc orgaaizatt.o-o 

ean be coasi.d•r•t1 aa tbe proae110te atate. !bla 
. . 

atate wool4 be obaracterlzd by, trapeute4 nt 

bypenyolioally liokfut genoaes, e1qle atrmt4e4 

(otroular) DNA aa t.be geaetlo •atertaJ., a ncU.eea,arr 

oell'm••••• ad aaaeroblo lle,erotropld.aa. It is· 

coasl4ere4 anaero'b1c beoause, uo 011f'8A was Pr•eent 
ill tho at•osphero llfttl ketorotroph 'beetm se it COtl14 

utlllze eaergy rtcb atODomeJ's ab:lot.ioally 81Dtbesitse4 

by tbe aotioD ot UV, eto. 

of contemporai'J' llvtq betqs, like the geutto 

eoae and traraslatloll apparatus, etc. • auet baYo 

evolved to at least their rucU.meatal"l' torm ta ·tbe 

progeDOte state. This 1s expected tJocause ol tbe 

. unS.YeJtsaltty of th6ee features la all tbe tuee 

group~· fhe rost of tbe features wbiob 4lffer 

within the groupe bo.Ye been aoquirtd later by tbe 

1 mU.vlctilal lirJ.ea&•s• 

at!- ' 

As tar ae the origin ot archbacterla is 

eqacerne4., tt can eaetly be speoalat.etl tbat thq 



belong to tbe sanae etootc wbtch selected uuepllt1 · 

i ategrated cbromoso;aes but beoause they ba4 olloten 
' I 

tbe anae.ro·bto b.abltates th•r 4tverge4 troaa the 

-otber JJI'Obi7otes. llotb orlcarvottc a\14 prokaryotit 

oqaDtems aust .bave cont .. ibuted to tbe tranet t1on 

ot the re4uo1t)g at•ospbere tftto an oxf.41sin,g one. 

1fbe &radual traueitlon would d1m1n1sb tbe l'e&tons 

of lov o:s.ygene-otty tddob t.tl timately wou14 get 

restricted to plaoes lllte ma.,-abes, etc, !bas, tbe 
o..£.-. 

sphere of arcbbactorta would 'btUJome 11Jd ted to ach 

babl tates. fhelr i l'ldopendeat eYOlu tloo would 

sba.po their bloclleflll.etry toto its present mtc:e.up. 

SJtoul4 the •rs;aulsms representing tbe proaenote 

state, be touwl today? It is ve~ unlikely. lt ta 

&bllkely, since b.fporoyollc orgaD1zat1on OdD not 

compete wttll stru.etilrally 1itlktn1. genomes, an4 woatld. 

attenuate to oblivion ( Ji). 

'·' 'fb.e laclear Eavelupe 

AecordiUS to the bYJOthesis, developed in 

the proYious cbapter, tbe .surVIval ot gaint Cbromosomes 

vi th spllt genes requirea coevolution o.r an eavelope 

a.-ourd tt. It ls necessary ·to separate the ·, 

••arasortptlo'ft cotllparime1lt from the tratlslatlou · 



OOIDPJI"tWGllt. If tbe spe OOIIpaliaollt ia lt8e4 

for 1JOI1l the prooeesee, tranalatloll wou14 etari 

while t~atletriptioa Ia etlU goiug oa; ftlli tile·· 

t.atnc voulcl lle traliela\ed e'teu betore it 11\4 a 

obatiS• to aei ap11eed:. Dlzarn tran~tloll pro4ucta 

vou14 be tol'llt4. Str:d.lar tbiq woul4 llappea ~ 

n. bosOB*al at\4 uauler RBA also, tor uample, '$.f a 

rBRA cets •ea.erabled l1ltO a ribosome; vt!i!~· ite 

latna ill, the roslll\ant ribosome wou1a h tunotlolk* 

le sa. 4 •latt..on .of this proble~~ ls • sepua to 

. the coaparttaent ot trudatioc troe tile ooapanmeat 

ot tra•scrt ptlon, wicb •• eaal.lt be acbtevea lJy 

OO'Dstnctlq .a11 euvelope aroulld the tnnserlpttoc 

site. To gene.ral!ze ; •tbe oompartmeat of turaotl.o» 

must be separateG troll the comparttaet'lt of toraatton"• 

ODe ot the lJI,»lloattou oi this l4ea is tbOt 

eYolatiec woal4 aot 1$-Yoar 1atmus ta ou oo•panaeat 

eyate~~s. *'Abscmce of oompariaumtat1o~ meaD abseaoe 

ot tetaa. tt fbis Me 1Dd•et lieetl obeei'Yo4 t ao 

prot.,.tes, u Cllloropl$et aid 110 mttocbofu,ria;~ 

bavo lutroae iD their aetUHh (tho ese.ap1e of 

Gl tocuoa4dal cyto•llrome 0 tatrous, dots not no1ot.e 

tills rule as dt&ou&se4 1a eeotio1'l I!.S). lllel'f> ave 



aome BIAa, wlllob do not code for atlJ' protei..ll o.­
c:vtoplatmlo ~At ttu,t lnstea4 work 1•s14e the 

acleas only. Thls olasa of RNA wldeb never lla.ve 

to 10 ou.t ot tU nucleus are called small ,liUCleaJI' 

RN.A (sa RIAJ lwolYed in splicing as itdleated la 
seottoa a.,.a). Acoor4lag to tno prlnot ple .stated 

abo1"e their genea eboaU DOt possees latroas. 

Portursatoly, a SGDI tor oDe ot tbe So fGA, the UX . 

UA haYe lteea ebaraottrlssed atd be.Ye beea &howe to 

barber ao t.ntnas (SS). 

taoe the splteil'i-! machinat7 is etl'tab11sbe4 

au4 tbe elWel.ope lt tor~:~ed • pre.senee of 1ntroas 

woult1 be coasoli4ate4. Rot only tne already split 

genes would remtdrt spltt, sp11ttltl& ot tbet aew 

gene& woalct also be fovou.-ed (by tile ~oce$eeea 

aesc:ri bed lll sectf.otl 3.7 aid s.e), because tbe 

mosaic o .. gantzatlou ot genoaos ccu•ter several 

eYoluttonary actvantaaea ( disou seed in tile soctton · 

2.2.a). Presex.ce ot naclear envelope uouGd the 

aonotic ~ter1.al stipulates con4ttlotts, very dt.ftveot 

.from tile proka170ttc orgatlt ~~ati on. For ext1Jllp1e1 

·· horizoatal trauster ot tntoraatton cani'lOt take place. 



J"oculatloa ot gou apreaeiou is altere&, mote of 

the dA o,tillzation ia ,41ttereat aa.4 lle)nooletroe:l.e 

trauscri.pttonal a1 is arG neceeeary. 

111 prokaryote• a oell oaa recei Ye afd 

utllite, DNA frQm cells of tbe same species or e. 

re1ate4speotee1 t• tts lite Uae ,by the proce:~ses 

ot traoduott.ou., co-.Jqation aa4 traoetor"'att.o~a • . 
Tills process, called borl zontal t.-ansfer ot iniorma-

, 
tiou (27), ls. posalble here because DliA baa to 'CU'Ots 

oaly 0110 ban1.el' that ls the cell D!lmbrafle to reaob 

' to the seaoce. fbe honta.ontal transfer ie uot 

attllzed naturally, la ou.~otea because of tb,e 

t~ecollil barrier, otterett by ttio, DJ.tclear.•nvelope aat 

the bostl.le eytoplQ,·~· fh&e blocttaae to a,.,., 

important source· or 1"ar1attlllty ts oompeuaated 

ill 8ilk&f10tef lty meoba'lllsme tlke 8 !tUR reet;te:binatloe 

assiete« by tatrons as 41 &Oilf.ISecl earlier. 

lbd.st.eu.oe of the ao.loar eaYelope mooeetate 

tbe 'Use of mRNA to n dt:tterent tttlY• Tbe ,vrotcaryo(lo 

ld.NA ls ld.&hlY uaeteblo.; sometimes• eV&Il betore tbe 

eoapletton •t tranacriptlon 1t starts 4l$l~toara•'ll• 

lbls llablli'ty ie eseeattal because t.t makes tile 

traDscrlptlel'lal r•stllation Ye:tT effective. f~:~lf 

7o 



the ·llalt-lt:tie. ot mll.iA is very Slllall• the rate ot 

pJtOtetn synthesis oan be changed by merely altering 

the rate of tra.nser.tptl9D. (st.:). However, aucb au 

unet.able dNA cannot wrk f.~ eukaryotes prllliarlly 
!-r:,:)~ . 

becausC), t,he transcription an4 .t·r.f.\ttslatlo%1 is =· 
.cou p.l.e4 • tiy the 1lllclear eave lope. file euka17otic 

' .. 
llRNAa are· bigbly stab.le (be oause of tbe cap a!l4 -

the poly-A; tail), t#ld hence· t.lle ret~lllattoll at trans. 

latlon becomes stgtd.t1cant. Bestdes this• tbe 

eukaryottc ~11~ ttop proY~des two additloal 

le"f'els fit regulat~o1l ..;. the spl1olte C1J!$ transport 
'1 

ot #~RNA aoross the ~uclear membrane, 

' 
!be. J!IOnoqt.e~t'tonio :t~ature of the messages 

in eutaryotes uy also be a •onsequence of nuclear. 

envelopth In the prokaryotee where polyclstrontc 

meseeg~s are toulld, the ri bosome.s draggle behind 

the polymerase and the ribosome 'tlearest to t~e. 

- polymerase molecule is almost att$Ched to it., 

Betweeu eaCh gene ill a polyotstromo mRNA, ..-e ~,eak 

t.-anacriptton termination signals. fbese signals. 

are eld.pped tt the ribosomes keep fol.lowi:Qg the 

polymerase., If, because of some J"eason rl boaomes 

are u.nable to follow the polymerase, the trauecrtpt. 
' . 

. loa ttops at tbe first tei'Dllna.ttotl signal enooutttere4 

7/ 



(SS). the reason tor this is •t known, hut tllo 

tact·: that :S out ot ·l.t JQlypept14es o:t 'QB aNA ... pbage 

replicase' belong to .boat translatloo syst01!1. (avro. 
fs aDd Sl) ani cme of the ac'tlYator• ot aranal DBA 

POlymerase the . t_p tao tor is .,_,u ot the tranela tloa 

. t)'stem• 11141cate a tigbt co upli It&· between traaelatiO'Il 

and -.ranaoripttoa. . From these obser•atiou, it we 

. aseu11e that tbe coupllag betweeta tbe · rilloe.o•es •DI 

RNA polymerase ~~ essential, tor aa. uah11l4ere4 

transcriptioa of polycistrontc messengers, tbe 

nuolear envelope would aot allow t.be exi s:tel\oe of 

polyct.stnDio oporous :J.n eukaryotes. ftle e.-elopt 

·s.ntwsects tlle traasoripttoa tJ:-. tbe traaela.tt.o•• 

t.lf lbe Bxtraataolear Compar-.nts 

At the ttane of tratlsltion tnm bypercyclt.o, 

frogenate etato to eellular organt!iatton, dlfte.r.;tDt 

fates awaited. the metal:traQe aysteas olf tbe ~wo -~or 

liueages. Prolearyotes developed a ull ou.tsl40 to 

tbe1r oell Glembftlile whtle ~~embratJOa ot urltaryotea 

gaiued the properties o~ exocytosi.s/etldocytosia 

and exteaslve 1uva&iDation. Tb~se are the pnpeJ'tl.ea 

wh1eb Cal\ be iastftlllental 111 the developaent ot tlte 

nuclear envelope (and m1tochotdrta/cblorop1ast as 



well)( 87)... fhe nllOlear envelope wblob 1s a double 

11embraue, ha.e been consl4ered. as, coalescnce ot 

iavaginatlag cell membra·,... fbeee foatves ef tile 

membrane would .allow tbe urkaryotes to 4e'Velop 

the mechal).istl ot CU14uJ.lflq particles ot sapramolecular 

at. zea. file i titenal mabraae system would. enable 

them to iDCl"eaee the total vo~u.rae ot the ooll 1 wb:Lle 

tho proka~yottc cell$ would be captivated in the / 

liotuldartes set by tbeir cell wall (P.-okal'7otes 

would ba•e to· ltv• UJIO$l o'Dly tile dlttu.aable too4). 

The selt .. replt.catl¥18 systems of tbe progeaote 

.stat•, presumably depended upon the sapply ot euergy 

riob moaoaers statheet .• ed ablotlcally lu the eUYlrou.. 

lient by the a.ct1o11 ot W etc. Vlttmately• tb's lla4 

to be replaced by enctogeuous pro4uctlon1 biJ udaa 

. the solar eaergy or by ostdtsf.DI tbe reduced mo.terio.la 

o'btaioecl trom pl()cytosls or 41ftaelon ase1111lat1ot~ .. 

!hi$ wou.14 be accoapltst:t.ed by the dovelopmetat ot 

tbe eleetroa tr{tllsport cba1 ns, the vectorial tr.a:ospon 

of proton aoross the oo11 aembnfte aat tbe 4fP 

sYflthesis apparat\'lG .• 

Coatempon'l'y oells pro46lOe t~lr ATP bf two 

prooesses, the .substrate level pbosphorylatton au4 



the electro• tranepor~ sy6tem, tbe later couetttu te 

.tb• ma.jor portion of cell f e ener§ produetl'on. fbe 

mechanism ot ATP synthesis through oleottozt t.r1Ulaport 
• i • 

systom is expl41t:ted by widely accepted ollemtoeomotlo 

theonr (881 89)• Aocort.li~tg to this theory, whett 

electrous tlow1 dOwa the olectnA transport ohalllt 

located. 1 n the o ell me1abraae ot baot eria or iilner 

membrane of mltoeben4ric.; tbe protons are traatlooate4 

aet'oss tllo membrane trom tbe tnstde to the outside 

mo<U.ullh Thl.s vectorial tratlslocatloa ot b)14rogG1l 

lou leads tu establlsbment ol • eleotrochemtcal 

aracttont across tho memwane. The eleotroehemlcal 

gradient. 'tben is asecl to 4nvo the Al'i' syntbee1a 

(sa, sg). 

A:s tlle size ot cells t.acreased Ill the UJ:karyotes. 

tile amatkU' of eleetma transport obalns vot.tld become 

taeutflcleot to establish gradiants strong enoup 

to 411.\"e the ATP synthesis,. fbe ruatber ot electroa 

trauspurt ohatcs can tncreaae· oaly to a 11ad.te4 

ektont, tb.e llad.t belng set ll7 the surface area ot 

t.he membratie. ibe volwne of· a cell would increase 

wt th the tlttr4 J()lfer o:t 1 ts ractiuo1 while the 

su.rtaee area. wl tb oa.ly tbe secoad power. fbei'Otore 1 



it will aot be possible to accommodate su.:fflclellt 

naaber of eleatro1) transport chains it:a tbe cell 

aeabraue ( 90) • 

A. soltatlou ot thla problem is to make MJl&\'Ate 

co11partments for energy trans4ucl ng systems. As ia 

clear ~rom 'tile· .requirement of pro ton gradient for 

ATP syathesls,, the compartment must be a close oae. 

fbe uatare of the tunet1ona these oomparOueuta 

ba'V'e to per:tom, la SllCb 1bat they should contain 

thetr owD DBA and protelt'i •YDthetto maohiaary 1nst4e 

themselves. . this requt.remen.t is :t'leceasal7 becauao 

so•• proteiDe must be inaerte4 i-nto the membrazte 

oAly fnm tns14e, to achieve the required a.symmetry 

et membrane for vectorial fanotions. bu~ evoluttu 

ot the chlompla.st atld m1tocbomr1a was ·an outcome 

ot thie requiremellt. 'fbere are two coatraattag 

vi~ews about the or1gla of tbe t.vo organelle • tbe 

autogenous OD4 the symbiotic hypotlle$1~:;. Acccrdlq 

to the autoget1ous evo lu tieD theory ( 27, 81, 91., 99) t 

.t~vaglnatloa ot oell aembrane around a plasmid or 

some otbor DNA elfYJDOnt .• .formed the first mttooboll4rta., 

But the endosyilblottc theory aays that, tbe pao-aryotlo 

cell wbiob bad aequ:lr~d tb.e ab1llty of ptnooytosts1 

{5 



· engul.teti some respiring bacteria; which instead :Of 

becoming the tootl of the cell became· a symbiont 

(79 1 271 7J). This idea owes its origin to the 

immense amoet ot slml'lar1 t,es between tbe bacteria 

$Ud lJ11 tocbo ndria I obloro plas t: st mt lar elec*rotl 

tra11BPOrt system; at•e and orga.ntaatton oi genoae •. 

aQ4 proteia syntlletic UJachitlaty, etc. When tile 

chloroplast rRNA sequences were compared 'd til rest 

ot the organisms, they fell into a groap which t.s 
otherwise made up ot prokaryotos only (77). Stmi.lar 

analysis has put mttocbo!ldrial rBNA also into the 

group of bac'toria (9'). These observatiolls point 

towar4s the hppo'Cibesis that at least the geaette 

material of ,chloroplast and mi. toch-ondrla, .ts 4ert ve4 

from tile bacterial pool. fJds, h011ever, does not 

cot'lstitnte an evide:nce 11\ favour o:f the orthodox 

endoymb1otic theory, sine~ the membrane system, 

still can very well be supplied by the recipient, 

Al~hougb neither of the hypothesis can be 

.accepted conclusively at th:ls stage• tew tret'ltls can 

be Cotlcet-ved about the early evolatton ef mttocllo~a 

and chloroplast. Ge~mes of the symb1ot1e bacteria 

or of au.togenously developed pro;tomi tocbondrta uould 

lol)le genes wbose tancttons can be all,..,ed to express 



'by ibe 1Utclear gertoJDG•_~.,..for example, the genes 

·wboae proauc ts co.u be 1ueerte4 fn• outside ix.to the 

aaenfbrar.ae • This ta"etat'l would be favoured beoauee it 

reduces tile aatooomy ot the orgaue1.1e aD4 allow tile 

.host to ttave eollplete collt.-ol over tbe dttp11oaUoa 

ot 1Utochollflrta/Oi11oroplaet. Des14es thla, aoae 

chaa&e& .OQ14 be ueceseaJIY 1n the b1osyatbet1o a11Cl 

metabolic macbinar,r ot tbe orgoaelle,. to a~l4 

ttm44llng ot oytopl..,_o tuGottons with orga.t1ello'a 

fu'ftCtlol\8. . Tbtil')t ••14 be serious problells, l.t 

oytoplasado l'!lBNAs onn aet ap-•sse4 ill mttocllodrl.a 

or mitochocttrt.al oaoa io tile cyto,lasm. Proballly• 

tbie ts tihat led the llitockorKII'ia to develop a 

modtft.e4 getJetlc liode (tfl). 

Aeoord1eg to the ~•tbos.ls o1 compartments' 

ao latroas sboal4 be· toullil ll). bacteria or mt tocholldr:la. 

fllat bas6,ll1dte4 &enerally beea observed but aeveril 

genes tu lower· ~ttkaJ70tea llave beeu tou,td to ooDtata 

several lntrotlth Apooytoohro~ae ge110 ot yeast (9!h 

96) and ot Aep&..-gtllas (97) co~tatn .five to a.wea 

art4 olla lurol'(s) reap~etlvely. Theee 11f.trone, eobatder• 

ittg their spllc1ng mecba.ntsa, 40 not violate the 
. I 
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baaio pJ'emises ot the hypothesis propOsed 11l tb• 

earlier' ••ctt.ons.. ,organlzatlo• of those genes :le 

eucb tbat tinal product can be •ado ealy aftet the 

removal ot ·tho iutroae. Removal ot 'he 1 n$nas 

employe a. ~~acfd.uaq ra41cally 41ttereat troa tiJe 

sol ear ep11c1 'OJ• fne Fto•edlng -.ntna aaake• a 

proteta ln collahrattoa o~ a eaon• tbe •t.arase1 

tdllcll' remtvea all tbe iatroaa from the BRA trauso .. t.pt. 

Tbe final tracalatiou. eaa take place oraly in the 

processed mmtA. fNllslatiou Sa separated fi'OII 

transort.Jttoa aot tbrougll a spatial aoalra•• b.ut 

by a laDCtlonal barrie_.. Moreover, tlletie latrotte 

are mt obligatory tor t-be survival ot the mt tochort41"1a, 

mutants •re lmowl'l where all tbe tutrot1s are a:d.esiq 

aDd apecytoobrome pro.teiu ta 10at1e 1'10nJa11y (96). 

Host of the tutrcnrs are as tttable at~ exou 

1 n evolution, b\tt ocoaelttJnU.y aoee of them ar-e 

touud leavlll,g tiutlr genoe. file 11ocb~:lsms 1fltieh 
I 

doscrthe tbose deletio~ does not okall•nge the 

gol'le.ral moehant • pro posod tor ihe ,ort ata ot 1Dtroaa. 

'Orl'& ot tbo oC•like globla pe-eudog•• has 

lost all its tnt rolls (t&). file 4elotion la so 



' . 

a44ed lnto •II• rea<d.q frame. S111llar plle120me110n 

laa8 lteea ·Observe4 lo:r a psewtogeao ot bumau 'I!UIUtlO• 
ClObUlta (99)• h'OJt tho Or&allizatlon ADd eequao• 

of these ,.,,adoseue, :i.t atpears tbat th~y ·•• 

reYerse transcr1pt:lo1l products of a tull7 paeeaa•d 
' 

IIRNA, whiob ba'l'e beon cou•eyect ~tack to tile Obromoaomt 

t..y '80110 retnvlna like eleroeut (.too). There an 

lew observa.Uons euggestl~e o.t '&b1s t paeu4ogene 

bae lteen tratual•oa•tt to a cll.ro110scule tllltere'Dt tro• 

lts ltltlily loeatiOllf tt ooutatus J"epeat aequtncea 

ltke ihe retrovirus te:rmtr.aale; a atretcb of po1y•4 

is tou:c4 at the cut ot the geao (991 tOO). l t wou.14 

be tulte an aelt.betloally appeaUD& b,pOtbecda that 

a retrovirus ld.dr&apped tbe AR!?A ard lusertet Itt 

JNA cow at a ran&ua site. 
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I Jat:nD (Bxcept figure 7,8) 

~a Bepeat leqaeDOe Inside tbe latn• 
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