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tlnrv!n•• ta .o •U utdtlt._. tbat 't !s sms.u 
to tt!!m ct eftl&ltfoD acopt ttl tei"'H or •lltettoa tor •••S.a
'hla ~nr--r!llt!:ea ~31 -'11nates•ota• ee••• tJnJ teo'"'a'!eal 

~e•JD~at• ~ no the ae~atta1 .. ,_,.,. of protft•raa ..S 

t~ hc1p~rtatt ot t~ G~\Wtto t;.ofe haw ~· r. 'ftllo!'t elHer 

,..arrdn~te ot evo11ttoMrJ pr-ooe•tt po~utible• Patt•rne of 

evolattutuarJ cb~n at t~ phlmotwto ~.-.1 do Dot ~---tsr 

flPPlr ~ t~ £eDOtJP1e ,,,!i.f •Jttcu1~ ~'1""1. ttDI • MW ru»• 

~~ to be f\l!"fUlnted fA vftler to tulleJtatoDI tbe patt..,ma !11111 

4)'JltfttM ,,f molreu1~ f!'VOJattoa. 

~~ e'Wolf.lt!oa ,.,.. •rta the lttwei'P~ tD tm c•• PMl 

ot poiQWttJft of ora•~-. fhts 1'8.alte fa 41tt ..... Btte1 

ae~etton, bJ dttfere!lt!sl npr~ . ..aethla of cartte •••atto• 

!n t~ Pl)t:ukttoa eo.-r~ r.~ nltlo te!llllta i'ft r:G1a p.-tte 

drut. 

\r.-Jaet.~w ""fDJQ.ttoa., on the otl"'er ~nrd ta tM .Wr 

ot tbt ohM~~• ,., .. ,.., ee,. tleattftftt at tbe -~Nlar 

tll\!'fJ-athO la'fft1 at lttteNat po1ab of thtt Jhr~t~e.nte 

•,"1111- of on•t- (ltto.ehetlteal •wlatloa) • 

~w111ttoe th&a hp1tu e!'·...- •'t" rftttrJJt.,. to ''-• 
bUt a foftllll'lttoa (r"'~p.Wit.alMrtt • liCIJ • >\JP• 1) at•• t~-' 



• 

• 
t~ popaJ.,~tton nruttaa ~.eatant. '!'tlta P•-'• •• .,_..,._ .. M 
"aolwd ,, ut~~lll!JIR tM t•top u roreae that •t&M .,.., 

tN't ee!llttt.o eqF.tllfttrt•• ~ tottr Pf"01!18••• !a ewJaattoa .. 

l"tJ.tattuD, ..,_.toattoa, ~rrAllll'~toa-' taowtoa. 

1taSatle1 

~ ftrat t!lpona treto• of •wJilttoa ts tMtottoe. 

!t ~r~ peblled "' (t,..:se• narwta. BeG) tttat ..., attallpt to 

uulerattJliJ tl'le .eoheat• of eYOl.lttoa ·ftUt~t aten vtth • 

llneattet4fe~t ot ttJ- tof.lreea or h...aSt•r ••tatto• 
ADI pova l""tt to a ot orrss1. ~~ tn t'lat'.ue ta f!IJ apt t• to 

the t!90D ftft'f!a-o.-ma1 st~ettoe i11 ~:teh tt tto!a ''•lf• A 

r•..,n opet•• of OJ"'aD~au or n ~'·•n pont&~toa oetQP••• • 

eoo10rte~1 a!obn1 tih.,.f\1: t• d~t~mt • t~ ._ tot'11 or aU.,, 
canv!ro~ntnl tmp.tletc em t., oreB1lt-. ~ teli!·~MJ tor a 

poptl-~!OD to ·~~~ boaoaJC_. Od lHt ...... •Ataptat ..... 

Atnptftttoa Mrws tM V!tu.be!IW ot the IJHtd .. :ar • JM1 
*'-' tt. .,trQDUat n_,. (!Out_.. f!w at&attr ot tt~e -Jilted . 

...... ...... tW ................. , ........ ---· 

11d •Dih Jtpalettta haw u. telleaor et ~ tbdtnan .... 
I eel 

wh!ob to aiM,.,._. • •alapt!latl.ttJI• Wit .. thaa .._,to 
tht pMlMtt .,... ta tM .._... of .,_S.Iltt11 tt a ,.,.wit• 
hna to ltt!lllteta ,.......,..., ?be gemkUtet's aDSWII' • 

~~ttetaa. ta.tll ,._.to -' •••-'- Ma •W.•ate -..., •' 
eatUe• wi'U (0....,._1 • -0) te•aM \!lee aatntt.a 

prowtaea ttse rav ••~tal to• ••s.&ttoa. ft •ppl!ee tbe 



tanet!e V•WicD to fl »otulat!oD thnt ~s poaafbl6t the Dew 

f!~aot~s that "nl be MOIMnrr tel' tt.e ewlltlo!tli'J ..,.. 

or th., popa1attoa. 

The .. l.)J.IJ)- dtotlt tbt .... tt, to• ••ll*f1'''. 
n. et~'f!lpelll~for.& tor eJW!rolla!PlDta1 ch•rc•1 tt aottreet, e tw• rs. 
to mx;tt·or cp~ulttou. Row s!&urttteeat mtllt!on w!.U be tlt the 

tfM of eJWtro~ntal o?>nteet ,f~Jl ~to t~~s, ~to tt. 

1t\pol't~ cf .atattoa 1G tbl\t ~Jtnttoa t13oDt ta fM;.aft•oteat 

Mea.uae n~;ont~J.e r!Utatfoa •ataa ~ 11'!!'1 lov. (10-e pel' JoNe) 

"td !'Qeh o:: law rat., ts t»t ~11 to be aalttefent to Df'QVMe 

ttl') mce••r Yarit'lttl~tr nt th"' tiM •t !a ~ ,, tt. 

popu1r:tlon. ~~.&tatton dues .a>t not aJom, t~ t~ •conS taotor 

tmporttttlt tor eYOJat!oa. a~~co~':rt'1tton• f!l.ld ~t1M tM eo•S. 
dnrett. !~tltatto~ \ .. tth t!wt .,t~~Jda uP a WI" atozrebvJM of 

Ynr,.attoa. Re(X)!Jb!n~~tt.vn of th~o grraet1o Yar!,.tlon pro'ftda• 

t~'ft 'In~ pcoctbla aeDPtJpea that !!l!tM •• the d!J'taJ'IO,_ 

bfltwen ....,t9al 8111 .ntMttoa tor a rtwa poJRlatiort. 

~Jatt.t•al .. 1ttetloa ·~ be t.tt.t • ,.,. •tttere- ta 
... poo18 ,_ ........... to,,. .... "-1tltto .. , ...... 

at tt.e ~!tte"at »wlll (..orphtJHrt•~lt tuttto11a1 aal 'Mh., 

vtc11rn1) rtttU1ta ti'Ofl tlwt prooe•• or Datuml •Jeettoa OJilt"'tiJ 
t!'rfJ~h -'-'1• ehn~n ~n 1lt?A.. ,....,. at tM •- t!Mg doe• 



r.ot !1'10'"11 th~1t an or •• •voJu.ttonarr c!!:nrcea tll Ut~ll'\ ta 

D~t~•~tlV 4ta~t to tM> .ctoa ot newtaimn ~nl ·~etto• 
~~ t1ea of aeJaet!.WOl$ M;Jtl'ttl etta121ft t1t tM W~NW 18Wl 

t···tl~ Dat ~·'"'·r.t reet!ib BIIOf'Pt.d bp ·~ claa~!eal ~w~tfoJ~f.ata, 

P"r!Japa Me~" of t.M pctn&D!,.D8M ot the ,...t!l•te thl~*• 

C'?'!-n !a t.li'A -' PJ'Ot811lt t~Ma it 1a t~bt or, "9 ltatW 

to a rftDPI)D11M to atttt'f!tiea ftt a !ttgbrlr 18..,,_ ( S!'IPGOa) '-' 

~""'Mftt. \littb tht~ RO'temeat vtU •aft thot ~:nr.'\ ,. n p•ttw 

eorrter ot tt-~ eYOl.it~rlt"f'J ••~c~. ~YOJatt.nue, o~ t• 

•t ~..,a atOtl ")~\ fr.;~ \t1thiat, :It •'•s fltof!l w!tb!n. 

~.nt:.u-~1. ~l.Bettoa m t~ e!!.tol' J"!"?fther -~911 tha e.l!lp)lll!tl' of' the 

tnM'tfe MR~$• ;,)M t!l'tftfrt t~ edttor does ll)t :1~ t.e 1:. 

~.,., e~nrc~• <Jtt1ch tt •• ua"'':lle to peroeiw. 

ft!Jie., or tbt toa ••Jatt.adr proee••• bl\18 -. • 

.,.._ ... ttrtots.. ~ton r•tae t11h .,_ tw..&ntl, 1M • rtnt 
a.tw a .,..,... ,. ... ,.,.. .. _. -.DMtvtat• .. rtMa tt 

............ 1 .,. ..................... tw ... .. 

..,..,.. .,.. ... •• • _.., ot t.._ .,...,. Melll•l!• 

JOJIQJ.IdtDa ,. .... ..,...,..., l8te tw w ... "prott.aettw1r 

u.wre ...,.. •••• _.., __.SIIJ.rt .,._ .. of »-PIS. 

tlo!Wt tiiiO ... _,._. beNlD tte• .,__. t• lf11lW u 

P"tteatld !a .....,. "' a roPHtt••ttt tsoldtlll ••~•• 

or ~-- '' a ... tutld of ••nl rMakae!•~·· 
(Dolta!tatSSkJ .• 1970) 
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G 

-~_,., t!l t.t.a to ooaatriolOt pt·,Jecenettc tMe•• ~t •• 

t'!Otd ttibutttattoa tle~ftCfea •~raot tva :h·-t:toaau.-1 tttta wnr. 
!'ht n!u~ baM: •~•• •tb«! JOOI'lr ~tlreta ..._~, _, 

nlao ~atf!lates tbe totl'll .-..r or ttsatloDS 1Dfttl',... 

~ pt-<yJatte tata. 

rtr.l'8 !~ 80. 1CN8Mftt twtt-~n eot!OD N~MU 

tad ••• ae:td Ot:lbetttt&ttoll r~. Protetn •~Jattoo ~. •re 

r" ~tntl to pro pert teet It Ute~~ bat-.n sattat !tta.tecl -' 

~..t'bat1tattrc •tao ec!d t~• to !\l tJrlor! prohDhtl!tJ' tor 

r.t'n!fl1Utlw code• o!'!~a. ~,~ b~ c.t~••• dl.lG to ~ 

•"nl ..S repUcnt.lon erl'O:M e¥1~••11 OOGIU' naJ ~ bebM 

on$' otr. is f'!M t.a tM JOpa1.1tion; • tt.nt eutattona ~ ~»t 

tttro~J.r IOJactt:Kl bJ tho don t•anatomntfona theg "~•• 

~ t:t'fDSl&ttoa ot ,._loeou po~~Jeptide ehatM ta 

at~W b7 eclf!PUtna t~~tlao act! -~-· ta the peJiplptMe 

ehf!l!a• of ereplfla obtf!i!llA4 f101Jt t! trr.~e• ...-et.,• of U"• 
.,. .. !_... 'rhe ••-• ~ a.UI_, •r plaetac t.tteattoal 
.... ,. ... a lt&ft.,.aSttoa, ~ tbl _.., tal ,,... or ..._.._ 

eal _. ttl,_.. J~eetlqoa eo..... Jnt. •M• .,. M 

..,_., t• -. ... ot tt. t1artto .... • t~at the '--llcr 
1181' tNt ...,..._. ._._.. tw .. ~pttlct oba!no o't'-r '){t tbl 

I.II!IMr •t •• aetd 4ttteNaee• or tl'!e fl!l!D!IA'!t ~r ot -

e!·oJt~•• !a t'ht O.Mtte a.ttt aeoen•r to oor.rvnrt ona ohata 



., 
!ate thJ ott.r. ~~t"' ~dtaots "P"'••• ft1!102atto:va-r 

cht~metu'J !a n~:A t~at ~ ~DOtJPt.enll.J uprea.a aa ot'aft888 

!D. prot& ... 

Let u~ reoomnct the pbJJqe•tte vee tor a ctwa 
ol,cjts ot prote!.M1 l-nw!l(" !12 "!.!a! th•a 

(t) !t fa ffttetoat~ to ec!$orn n ~~·•tto t~ ttedaa_. 

ftom tht atr.Ktr of t-..mcttonau, ~-- t~Glttecaw 

sprte:ld c~.t!. C::)'tcc~ c ne.) 

(ll) to.,~"""' tvo p,..1Jocr-uet!e t.-a eorreiiJOtd41F. to tw 

dtffftJifillt el.t¥J!:) of protef,as (r.~yto~ho• c l!d'd 

H..,.glob!a) 

(!.It) ~ teoo~Neht! ---~otttHsot aDOtUtto• ··~\lenoft8 Vbteb 

•fl st atft(!Jld) Sa to tht ospes-f.,..Dtt 1'!!_, ah !b !t certata 

"C\llar'ttlb8 ttllt M'" • lt.n!f,..r app~Dt tn orotetll of 

t~o P".a llvtaa ap-:rctea. 

'l'bl aalq\MtBNs of tbe UJ018ft7 of a Oe•tte , ... 

~-'"*' flo1l a a twa _. of ...-••ur .... lta'*l ,.. ... 
.. ,aa..,.a b4e Mt ,., ..._ 1>10_.• 

rM saee8!1 IIPI:ftaeh to tt. ewr of ..._._. ,... 

tot• ta a ....._aS. ••• foqetttll tt. qt&@llttoa •' pnteta 

ovoJ.atfellt •• od toaaa t'M ....,atoa oa eot11.10a ,_.. •• ta tt. 

ctr~et~ Of faetfoMU, tscn•lQpOtl8 J)IOtei•• 1\tt•J!Itft»B •• 



• 
tMt laM •• tM 8buetve tol'£'l)tttac tm ~~••,.• D&at thu te 

!lOt tbt dl ot ol.lr w..rtt. tet ;J.~ ~ *<~r to tP..~ •*al a!ll 

of ov •* YU. -n. !fttonattoa n..wr•. 

Btntiii.JJI 11111'18tlal 

tht •Wr of •wJattoa aat or be..Stt>J' tlenla vttb tM 

iof.~DOt of ...-.~e• ot Jallt ..-sa os the ,...... n.re 
et!U af.ttb • eo•td_.Je W~~MI'tatdJ eht~t tbl applfedilll 

or !afon\~ttoa ,.,....., ta '41o Jee-r. At ~"•'* att•attoa 1• 

c!U.et.a to bfdtykfa•l eattttee a& ptOte•• oJwo•--•• ,. ... 

etc. 11'ftch the -. of tatoawattea ,,...,, • •• .. tw at 
no• ,._. ot a.n v..-at of ttte .,.._ ot ua•!••to• or 
~tob the• utb .. '-t tM ,.... 

caa IUtedtoa ta tbe •-••ta et W.NPAtea ,._ 

'1lbt1 to lllld (Callllor • 1110). A Ml-tealtla .,.._ ••tete 
., f!ft ,.... ( •••••• \M) 

t. Aa w..-att.a .. __. 11thfell ,... ... a -• •• ...... 
er -••• to t. •-ttW to tbl ,.....,,. tentaaS. 

1. A .,.,...,._ e1eh epettatea •• ,,. M~Mat• ta .- _, 

t4t ,..._. • •trMl•t••~~ tea- tiW --tutoa ow• tile 

--~. 
a. ~ •-1 .... or tt. ... ._ ..., to ••-s• u. •tcMl 

>hoe--~--· to JlftO!ttw•• 

l 



• 

• 
4. T'hD .. .,.,.,. o_.fa:;aatlJ porto.- ttw tD'fUM opftl'atfoa ot 

. ttGt l!om ,, tte •~~• .. •• l"ttao•w-.aettllf! tt. ••• 

h'oa tht !:liglltlS,. 

Thlt pro\t~tt fb• t!wJ bto~tftt ta to QM the ., ... 

ot •~'e,-.ttoa t"'-rJ to tseatttr .. 18,._ of thea ttw 

·~• !n 1t•'nr eyne•• 

I 90\~He., M•U81ttt ~ E...au I .J ,..,_,._ l-I PJ 1. ., 
sttu» 

• ~ 
~ 
P, 
A 

•t• • • • L 

31caaltl 

-- ··---- .DHo~• ~ 
(aNe.., [A 

~ rt 
.. -.. , ~ 

• 



E1'01atfo.a 1a n cetatbatae PI'O••• &it• ia ~coati. 

!lUl.RI at ....... A eptma t.a a eolle2.Ctloa or thtcs ow ••• 

oodat.al(f ""tb . .- a~e.ttitd tJoul..,. ••nu htueJt ta •• 

a •.t"*llt 01,. . ..,... PI'OP'Jtb a -..,. ... ope•r~ttW wlftltte a 

ll.lpl SJC'tMI • tbo ~-llro-att ~ MaD theM f1J!Ift 'ftPtlt8 

(laloi'Datto!'l. OJ! BOt• tO! •-J')• rro. 'OaD thin aM oatptlte 

(taro~t:lrs, \Qflt or So••• • •t• eto.) 

b JOpaW!oiJ of J.t'ftlll Ol'lr.ta~ ,._ eomp1te~ 

Opt';fl ·1J,Ot-.~- t~~ 'llabttnta a btah 18W1 of NI•IHI aetl'fltp. 

tt;ev JtHmt ,,_ wnaeaer to , ... _.. tJJto t•ll' .......... . 

,_, fo ft ttr ., .. ._ et t!w Jllltpenw• ,.._, "'nW ot .... t•tt~~t 

*•'- ., Mtlal f.IPIIl lMao. ••-' of tatotutto-. fM 

dftfQoaoft ...................... t be\~ '"·· 

..,s • ..-~, .. the ._ .. ._. ... _. ... 01'14 •" tlttte.M 

... tto&IIO .. (Yo- • .. ). ,. OJ'IaBt_, l'M!Ulb tat- 't.r ._ 



ob!UtJ to toUt• c~-7~ !a tM ezwtnJ~MDt, e•c~ f!tOI be 

.,. .. ., aa t~ SO-~.&r• of tutoaattoDe. 

tlltofllatlon !ft MJ CJ)'atiJa _, tMt 4ettaed M thr& 

teat~ Gf tt wh!eh ~dlla U.•taat -.. •-eod1,qr• 

(Sbamoa • lie) 

t•a,eh Sa:l~vt6~~1 eta twt eoutle.,_, M ~ M~be tb.t 

~•••• tbe• c?:.~,.·• t»aaeldtla t!wa tato n oot1ed wntan 
rA1 tr.-tt• tbm! t~~h tt• e,at«ts to effector l\tADt•• 11'!Me 

!e~e tte ••~~ ttl¥! protta• aD epproprt~• aett>D 'lpoa the 

tra¥tro .. att 'lh!•ch 'o tha• tM dettttaa.ttoa. ~ t"'*~fore ._.. 

to •~r t'- tlra ot ....... fft eaoh ad ot OJI'dt-• llll 

~~ .. ttow tt.r .- .. ..., to •"- ta the ... ta.11111tt 
-.! how \heJ ,..,.. ..,,.... ta tt. Wte•• 

we _, ••r• that •~17 toJIIWfoa of •l'llllf8M 

.,.. .. at ellllh ._... ehr the tatJae ... of t..,.._ ooueta 

of taro..-S.at •-11tlll tM ••• •t ft.t._. hehrw-.a 

s. ,....,.. ttl u. tato,.....toa PN•..., 1tr the ••ate ta ..,. .. , ...... 
a. """ B bfoNatt.a ,...._. ,._ .......... 

•• .,_..,. M tbt taroJUlloa th!lt eMh .,..,. haa atqetNct 

_. ... _. Nt.JII 1tl4t tt.. 

Aar ftYIJto .. atal ebat~~• .., .,...... •"'~ !8 tbe 

or&taat.; "' •~» tttrendtora of ~ttr ._..... that eel'tata 



•••t~ur ronettw potatJJ ~ rn...,. t~or ••al!p~ plr-ata 

?J~ c"'~nph,JU wh•ob -ts aet1Y.:..,. '' 1tlfht• 

~ Olld1• t~• •~eta ttl,. ••c~ to M ,,..,._ 

.,~tt~. ,. ora•.., fll!f! tutJr.l~noel tt1 ehfJII£•• ta the .,. 

9bo~. ~Mil' ••~sttono PJQdiloe• tf!~•• ta ttm tJJftnet.• 

c~nta, \tttnh ill tua aee opoa the ...... .., •• 

E~llt8 00~ arour;:l JOpc&btloft Of' OJ'Cd!atltl 1l!ifit M'ft 

~~twf, ~ ded br tl-e'b tntl;le~ Qpoa c•rtte ~-t--. 

seleet!on .,_,,... '"at tbo ce•• ot • po:uL~tfon fnolt.&do ttso• 
tteu that b.., PJ'tcl(.lCJil'fd -.vtfal QD.1er th&. aet of ooa.,•ttona 

tt>at thO popaWtoD ~- flltp&l"te..a. fD thta -~. the p

tllffiJ o eeeo, ,~-bleb atanla tort atrtata tedQrea of ~m~at. 

we •e.r •ar that tM ht.xJftl mto"t'!tt, .. n f~ 4•eo!ttd !n ·~ 

P•rattoft bl tM prooeas t't"at !!Oi'8 OD ta 4ft..,~JIIf'Dt .a 
tm£J~hlut tbe 1t~ of d2 kdSv!4~aJ.. 

the ~,ateo.o,_.f,ef'll ,.._.'-• lMtwe• •Min--' 

a.,*l! Cftf!tfttM Jft.aft ft 110P OP 1Mt1 ..... lilt ... aat.oa oa tbe 

eet!Y!t!es of tt. letMr• '!'bta oo_.ttaea a eoted ..... •• 

-•r ot tte teto~ttoa .......... At= • l'fteaJ.t of ttts. 

ataptAtittft .,.,., oJW.a• ear ... § • _r, of tte 

feedf!M ,..,, llb!•h •ne• ae tt,.... to toreeaat tbe 

t~ttaN. t'Ol' Gd!'lPIPJ 'f e. plst tea •eoet't84 relattWJI 



• 

14ttle v•r or m -~1 1'tt~ .:.•~•• tt ldU. bn provMet 

v!·t'' nt..'l'lt•u ~ roots or •" ~lobJa. 

11M •atroP7 or n '171"\ -~Oflle (na !D t~n»6,..toe) 

!'l rt $•WtCt!t.tD of cort'ttT.arnt!Da Us --db'!~ b •• rt~~t ord•N4• 

~ _,., Up?"eatiM4 f!'.l the ~lt~tfoD k Ill~ D• (.fc: '!0 '\\lt&MIIl 

eoftdt!d tfJ' D tn a-~ ot ato•t~ dbo*l') 

a 
S • • r! E s.e Pt 

!• 1 

• a.aeh thnt I: Pt • 1 
l 

.._. 't. to tm nwt• ~btl)tUtr t.Jt tb' ''" .,., ... , 

r'f:'tftllt~ bJ n oouce. 
Tb!t ~ftfor~ntt.on ClO~'Bt ~ conespcns!~ to a !IPJI.Mr 

r tbtt•) • "'• r1 

.,.._s. vt.tll .. .,..al (e) .,.., t,.., 
• 'I (btt) • -. • • • -. 1ft • 



Aa !ftffto aeM •ttf t. ooa••ftll .- f"'ft'fflll ""atonett.a 

roateat ns t~at of a wr4 .:t a protein f!11 that of a,.. .. ...... ~ 
rM b:nl!d .- ot \be to" eubopJ ta • a ~-tt ... 

tt~ -~ of tt. ,..at or .., .. ,..,. tta a •JOt~ o• c'b

n,etna. J:\Opt'06aoU, tM ¥!4tw of sehl'ot!Qpr (11411)& 

ttz.!te .,... to 'M ol'tle.., tDi 1awt'~1 bebnYiotll' ot 

~r, tJDt b_.. eaeJwtt•J.r o• tte torlleaor to co ow;r tJ~M 

oJ!II!e• to f!DoJ\1el't bo.t bMd Ptttt1J oa oxtattJJc ortl•r that t• 
npt tiP• '!'hi .itt .W1atlo~J pneeaat 'both OOSII!c 8111 

owraatc !a o•·· 1'11 tbe ••ran lta~, ••to _. btolalteal 
ewkttoa ..-lt fa a .__ of •at10pr ., ,_.!eW ,., the 

••• 1.w of .._,_.,.. .... . 

tD the ,.,._ ... thlat It _. M o»• • to t.w tl 

,_late 1)QiedNPft wbt-' ta a. dttt•P'_. Wwea the ....... 

_. tt. M#._ .-eenat•J' at a rtwa Gc eoJt&Oaltioa1 \t tt. 

.,.Satlta •t .... -. 

••f•OAGfCAOfeAO···· 
••.. 1 11111111111 
····A GfCAG,-CAOYG···· 

!bta ••- .,. at ttJe ••• _.. teo.r kmta of 

at!al •••• ~ etl'opf ot tbl •• •JB •ttL&•JSOe coW 



b)' ,,. ''(ll\. P thul ~'q low• h" ~COM~ t~,a,t tt1-U 'l')l'!A · 

baM se<\l.lft~ beknca to tJUct. ~•he• eYQJattof"~J r"1dt ,.,,. 

anr ••t•t~ oJ'IaDte. (smttb. 1JG9) • 

.'7ucln$ tt. tato,..fonol. ~na!.t*g or tnronnti.lnnl 

~rttrop:J H !':'l ~afl'l'dfld sa n ••~ ot ewoltltfoa. 

~ orte!nal Wlteoa.r.Jtfel: ._.,._ ot I'Op1fonttoa t. a 

~!-corlle""''!" oDD• o:a ~or dt.aOWJttfcn ~ ... lt wtth 

t~ vroer~~ of a)"'ltt:eata ot pnte!D M t!frotftS bJ tt. !Dfer-

motton tt~ f.tl ~ 1"1.-~ nn~P. om ••• •t the rnto .. 

~n\ton Dontttat ot ,,_ tl'W\ ot tm eo!te !'OJ!t ~-tte tfttol"ft~toa. 

fJ'h!a .,.,~ tbat t~M ta a ~~!ftc aet of 4iJ~eetloDII 

a'fa!21tl,_ ta the •~ of t)e t'mA •J~tmlea Wl!tolt 

_,.tttf'tu ._ pnetM p!ltftiRJ nn~ of •••r P"'-ta 

ayntbeatal t.r tM .--.w •U t~nelwa. 

A ,.talW ~ vtU f•U.v Ia .,.,._. ehaptq• 

?be ge•..U.attoa vtU 1Mt ... that patlllarr 1•• entoa 
eoMteta ot tht v_.s,tiDa of .,_ _. ..... ,te wo...-tn 

ta DrtA tMo t~ •Do poJIDM18etYe ._....,. ot •!14 _. the 

.,.Me,.. tra1t91att.a of tb!a Wort~dtoa. ~ta !a •• ,..., 

ta tM tear laltMr dpb._t, A, u, o, _. c et mRH4, tato 

•,ootfte ~tm acta·~---. 



~ C.•t!e r;o«• t.s ~l'lR•• btat tt. ..,~_, • .,, 

!a mt OfftnlJ t!fatr1b"~1. !bt tt~nl CAMtfo coae with .. 

b~• trtpliftt ~~&ehaat• ~pro~• retl'1el'k-rb1J' o~ae to v. 
cpt!JN,-, ("Q!tt-. ~h"• obaAn~!on ~!l or atta!f~efUWA "*U 

coM~der~~ ,,._ evolattotl of t~ de by na..,..rtl Mlaetton. 

A ~~" cf !ftOJ;»ef !n prt•ar:r att..aettll'~ f!l'fl~f' 
t~ta poss!b1e: 1t1 probelb!l<!.tJ lf!) tm r-v~dMSen to• OMIIIOft ortgt.a 

!n the o~ ot mclaSe ac!4• a1 prmtn.e. 
A J)ftlt~!e rr--~..,*ct aee tM repl..acM•l'A _. ~f~ 

s-oJ..-1t~ nolelr to tt.ancttoo. ~ estua"\l netona of the 

prvu'!.n !IOJIOttle ere JAas reautcW to et:~qre t:t:a.u ~tho 

ftsternr•l "o\'.u•, ~~~c~ !!Q.at be oeet~pf~lt b)' byl"pl»&te •"

O!'~!D~. <~•!'tnift rfut1tli.liHI -~ !hrter1tmt btteatdllt tMJ f!tll8 

fut~nt!el to eMJildfo t~tJCttoa. !t ts tbe ... ,..,., ,..,. .. 

tteo or the PJOtota tbnt flietatea !ta .. -., atnetue. ftt.l 

vtew 'hn'!ln to pa•"' DHA • -tht dl'tYlal toNtt& ta M01atfoa tJiill 

thttb~...a. 

fM MectJII Yfev Ia thae tbe ..... tD •JfJatia t• 80D

ttJMaUf et.l'Jit .... bf lUtat .. llftl eb_.a NaaUt• ho8 b

su~stU.tfoM aut ott.• t10.tattona1 •~e• ta 0114. ~al 

M~otfoD .. 8qt tteee 0~..... tt ..,.. ••• tbe •ftlllotl 

-~ of ,.tM .a\attDflll prt.art.J.I eat oalr ••••1 of 

proteta f\&Mttoa. 



Mo ~clfta tbat ooou taa 11:tftJB Ta.._r bna '*'• elaMS. 
ttod late t~ Crt~ftvtti«t!t, aocor4t~ to tM 6lcno to wbtob 

t~ a~c1t!o t.ftroJ~Sntfon ~ntn~d 1n ~-'n oqaa!• Ill MtlloW 

1n t'- (Z.-.I'aJJ1t •-d Paalf~ • 1008)• 

~ ""JitCGltS ean1 the lllfo~tton of t~ ae•• Ol' 

e trt~!pt tteteot. f'bl cesa tt.s!!tlfto ·:r, tt. pr!~f 

sewnanttaea (1tmo.r •nae o••r~ a~u). MRr!A..,. aeeont•r 
o~-1!' rJl'l1 ~~~Me '*'J.e«~ln _.. tent.r ....-ntYM. 

,..., _,,.ea~• ~ oy!ltt81-' taa!e• ttJe oollbol of 

te.-tt~J setMt*!itf)S• All IDk.MleS \ibtet! M'C! ball.t br •• ,_ 

!n t,_ ~:te(t or a ~!\Pltlte .. ta thta •Sass• fht\llb tt..r 

to 110t _,.... '"' tato ... toa oaateat of the ....-Ye•1 , .. , 

_. a pi'OCJIMt ol tbta tafo__.to .. 

(e) ._ .. tiiii•JII 

bM •Ja.aMe _. aot proct .... '-1 ttle 011~

..S eo <!o st .. ,.. •• , .. ,,.._. ataotll •• t.alt ... tu, ftDI' •t 

tbt tefol'llattoa tbet t.lde oN•'- ••••• 

fht eftlattoo or tt. oeu. Ia ,,_ !tteaphtre "'• 

~nvo1.9!"d a ooettD.Jeun ehUaiiiOll• ratn f'lll~ JDae ot proper-



• 
e~cort.Jst to ''~lS tm .,_,,_,r.lll •••~•r of eeu. ta Giet«tnee. 

'f~ue • tM ••tn18tat eh~f.l!dt tt. ae'Voltattton of •• 

propeJ'tf~O bJ oeJ'tata Ol'f!nll'hll!t& Vntl enentftd. tor tbt &.lnf•al 

or ~u otl"er 1""'..., to~. ~ia 1bm1f ..,t t!cvn !n•ttataa 

m.<!tllf '•r.tepe!del'lt J01ntfonAJ• 

wtt~ the ntst~t3C'It'J ot enelt~Md "etonn !~.ftU!!W Ia 

C11'0~tcs1 OO!tJCHift!ott tree th!ti.l' (l'lfiYbo1Mfttt rJtV YnJt,etfea Of 

,.~..,·o~1 reaettono ~nt!Om poae~llt. ,._ o:t t?-4 prhtttfw 

C£~aataD pnW;tf't the aynthea!a ot t'+•ttt uvn eoftL'It,tll-nh 

frvlll ethtr ~rtoln aYa~~Ja 'h1 t~ su.noardtqrs. Nhil11 

tbtM obJaota '"" to a ~nata •S.• tbtr twteo• t~!Jitab)t eDI1 

~tvMe«. 08:rtata sorts of •J~tea.)la aJd an ... attta .. •Je 
to auY!W thl -.toet•tti&fea ot the·"--~- OftfroiiMid Ml 
II'CV at tM Rpt- of tbe ottte ... 

A part ot h 1tlolqiee1 •• .,...,,, • .._ r... 
11fle:rtt-., P-' fNII t!ltWMt.,• of * .,. .. ._ vfth fte 

entJro .. et• ta ol!hr to ~lltlei'Mdll tM •Pat- •• · 

fi'O•Ide a •U vtU. t• ,..._.. OJP ,.._,,., w •• ........ 

tbl ......, of •11 ._ ... t,r -' ,. ........ 
Fon•••lr .,. .. ta ••• ta Bt.wrt 3-' • ,,_. 

ta t• ~1RI'J't rt:,.atoe _. ._.,__..,.. !llfoi'Wlattoa ,_., 

... w _.. to ... , ,._ ..... J.ate• et rw~•ta. ttto1att1 111 

_.ht_.Md. r.,.. taro...ttoa ,..., ••••~a•• thl 

~~· ta _....,_ v1ttt tlw •••--. ,,. ••

H,.tht•t• Old the C.•tte o.te. 



"-· Tatortt("ttton ~., beU£ dtae .. ua~ f~ b ... ., oa 
ramt .. atal .....,_eatfon1 tt:.•o:re.e aDI oe tte tb'at pr•netplN 

of !~le-w "Dfololl• tt cna •r~ to - aD tnatr~tlt ., 

~!eco•>rr ~81 eyaJuatto-. !rtle Olt*a1 dopa na~ t~ -~,_ 

f",,rpothtata oataOt ... ..,. tbe ._. _ _.. of ••to• Ia 

p~teta et•bl•:ta• 

~- baWt t.l_., theM ••~ ._.. eo11(110pta fn a ~~J 

Dft'taatnl wrtJ to oal.ot.11ate the !nfon,_~ton <»•nt ot tM 

btoc~!ea1 toctt.oa of l!t.tte"nt ~tot-. 1hU k.DJ~Jedp 

"""t!Onbftw.to f.a a 'betttr :nderstnnS!• ot tNt ur!«•D of ltte 

~ ot ••Jt.ttto-. 
~ t.e .. tltt oW.ttt•• 'ltattotaa o~&ma1aaa tJito 

~va~ •• ..-. •• ~~ OWI'lapptt~r ,..,.._ 21» e)'toJattrtn 

labelS e'ldSN of -n•tNetue-•• ,. ehMIIat croilJtl 
•t.e•lfJ• ot etlll1d ~ _. • ... ttaovW,. ti'U 

.S.Jitw tM wa•t.aa1 aason-8 ot tltotuttoa tnto o*•ir 

• ..,.. ,.... --~- .. -- .. Be·•Q.'· of' --... ,.. 

.. toal swr of , .... 11 ..... ,. .... of •aU -~-

- thell' 1Udoa to toa •PMttte •"~•••• ot ._... .a..--. 
•••• 
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A!lfil'Jsea, c.s. t~S at llltril• 'lltl. 9£ EDJISJII• 

wUDr1 •• York (1110). 

AnfiAS~ftt e.s. t 1D "fofoft,,tlonr~1ltM.._~eaJIIII, 

H.J.Vot•lt V'• ~1A1l eD! ,.£•'~;• Z.rapq ( .. a•)t 

.6tltllll.blat t\)tw 'fOrt C Jill) • 

Aptes·, "•J•, a4 '• lf(JipiJtlt J• ~. IJtl-t 8,DM (Jt(S) 

Dob~tm*,, ft-._ m Da,Otldiii.IC.tlaldll•a.~&e~~•• 
Co~ta J»twrsttJ PJ~e•• t1tv Yon ( 1JJ'10). 

I·ah~t v. ta 618 ,IJI:~:JIII!aiJI 11.1-IISUJII• w.A. 
~n.! -~!a -rae. • fltt·} lbrk (JNI). 

:rutGs, T.R. fa r•atlilfl.ild ,I!JJIIJa• {l:il.lllb1a Ja!wnttr 
Y1l'GB:'lt ~.J lbft (lDIG). 

i<:t:c, J.t. n!d ~.,. Jtt~a, JSSIW• w.:rae C~~~t>. 

shnmoa, c. ~ W. wea•• •a ttl, t11Waldlll& f!ltil' " 
SGIIISI.alltl• aa'w•s~tr of 1'Utnota ,. .. , arb.., 

ru. (1.9e). 

sst•• "·F••,.. llt,aatn••• •• 179 , .. ,. 

w._ .. l.o, ta llaa.J•ISIIIIIII SII.M• w.,. 
.. .., .... -·· .. ~Ilk (lllf),. 

z.-. .. allllt e. _. r.. P.a1t.111 ba 1•111• ••• 1'11 bdll•• 
A.._te ,...,., tlhi ton (1111)• 

tl&tJIJiaa..J•II.ilaf.l&lt ,__,t._e r.. Se. A"!lttt•t 

w.R. PN•• ftl'd eo. l'Jaa Fl'dOfMO (JJfiJ). 

~ -'le»a br crtett, MoU.ri !HMIIItlllt .,_,,_, 

e1d CWk awl M.-tr. 



])d to tm tJtn;ftl potat adop'*'• tt 'o oot\9'le'•• 
(I' . ._ • '1160) to t1eptrt rn. tbe u•nl PN~atAtloa ot the 

$1..lbJeet. A eod- :;~·:Jbtna ia •oU!ed br v~qw'D£ the 

Pf'Qto•a't cf ~ uJ'It'll~- (et.hot!Wif a ~U) M a ntopo1D-

g!or..U11!rJtat tat• tc • -·~ ~••• alPbrMt • tbat te 

-tm stanl~ •t {}t ••• aeM••• ,_ e.at ts •nooa«J II& 

t~ ·~ ct JUCJoott&ut to tt-. topolorttr,'!11Y lt•• 

,_Mlt!targ ~JI'fe-aloe~, o·f ~'";~ (tafoftllltfont I*'!J't1o •te.). 
l"''o!"l t'~'··•o • ··"!-~ ~:not'"f}af!l• t\JI'!ek • tmC) to Una tht 

• t:U:c1'ap l~b~ a !"ow ta thfJ (,)t~Jt ted (th! 'Y7. rueJftottde 

•"'~\lenel t.r:•W~d tato t~ otkt-' (th!t atraltll'ft of fbe 

pro~!u) 

tn 'V!"t~ of tt·~ ~f.gft tht.tt t~ proteta •• a 

topotoe'fet·tUJ 1'!~,,. ~at, , .... atnetuN ...,.fftrrAi to t• tt• 

pr~p .VJ.O~. ~~· ~ton 1a Ji.t•tU!~ !.'Jfuee tM 

tert!ai'J atN8tU'e ut Pf0\41lntl •'•• illl t~ ta;.lat tf:!\-.ftb» 

ftotl. 0!1 ••JWetto at~ potat .. 3 I) oont1r:r.arr~tfoft aD! """' ... 

• SQJp~at., tatoJ!Iatltu•l hpat. !h&a protet• oa he taw 
11th,.,.,.. ,,. ........ , ltJ • ••tro .. ata1 ~rtlltbatt.a 

t•••• t-rofttftW) utll, oa ".to•attoa of tM orictaalooolttto• 

spont~toualJ tcttan to tht1Jt o•tatnal ooDf':rilrtlttoa. Thta 



EttQf.Yal~tl.rt U'OP th:ll apeak ot t~ Cft~ wbteh 

t*lllratelf tM protA"'!l ten trU'I tbe r.uelltottde alpbat. ,.._ 

a~" spe.ctl1~tt"' vt~w po!at 'but juttt!d bJ the •~•' 

kDCufWp of tbe •tealat' basts ot •wktton ~ t~1»11te 

elaH!tteattoa, tm ut ot au protet11 .. n 11 eo,_,._,_.,, 
nt:r:.~~\1 tato aaba.ts ,., a ... ._. ot ttltftert-lttQmt at the 

'!J\td'Jol1et phplolor!o~1t of'laa!•te1 ta110st\Sto ard ••• 

ttcnt~1 ~1"'1. ~a ooll \be ••~ eJ Ad~ gf tht _,. 

!n ~lat!:Jn to thesn aaltseb ~ Bl'Q&PC of a®Mta eatl be 

q~attoutd• 

~ "S4t~li1~~ HJPOthftat•• ta et~JP~net bl' tbe 

"C~utral ~a• (cr!ett • SD70) .,...11 the tm pttoteta tfln 

!S at~». ~'!a !apltea t":e l.lStlel. foftt.&WfG,_• t)~l\ ta •Jt 

np1!~"c~tt~ wtt~ 'lf">J:J leu u~tptton UNI' fJO.f!aMJ• 

tun~r t'hti tar~•~r t~f tnroAdtoa h'01I \l'l'l\ to PtVteba t.a 

O%J' ua1• fl'!'• •a• tt!at a ,_..-'tatloa ta tt. .,..._.tat 
enanot bn c..-ttttt4 to s-aoe••tar ••--•to• tbl9clt a 
pstOtlttD to ')~fA tnforlatllta Wa_,.•• ~!e Mttu .. a vttb tM 

Meaa ot _._.,. eoett.attJ.., of ••~&~•ten 8IJ • 

aQe.'hastte se~~Mtttoa ,.. ..... 

!heM .. ot two •• tne• • 

1-ttta ta u- ee•tt.e •••tal oi' ~3u orr~•!.

exeept Mtrtata (R~tl:) .. ~. tt e••Sata of tw ebaw wild 



aroe1 eaeh otMr. E~" t"rbata eoututa of aeox, r!bo• (ftw 

t'UJ!'boa) -sara 11~d tar 5'•31 pb;,>sphr~tn dtoder hutda. ~-
c. ytosi "P''e 

·tAt~ tUl'!t h.f\9 ~'b.- (et.tbtr r:a p.uti-.e;-.r!!3! (C), or 

~!f\'ttfW' (~)• or n pntm11tm-Atentaa (A) or &sa~tae (G)) 

ntt·-cM1 to !t - tbt 1t oat"laolle 'la8!18 oppoattct to e.tl 

~thft" on." .. t\10 c)',~~ft)"l a.n 1Jo• topthtr wtth ,,. (A;wf) •• 

t~ (<Ef!) t-Jt!rorn boft!l•• !1tte patrt~ ~. aoe&W~tttsr 

tolJoV"f! to m aeeur_, of oPNataatttS, 1 f.n • 7 ttGplfeattona. 

~ OOJf ~Pl$f'>atiDe --~-~- alfetS.Je «• to ttr•e •ll!totf1e 

p~f"t1nt r.a» ~· olt'f!c'.lD ~ · !Mol-.s t.be aett9ft' ot •lr •• 
CtDIJBt• r:'or eamp181 D~s~t po~wa•• _..,.t! to ton tbft · 

e;;valttnt bo!tl:1 or t~ h~tc bo$ bf.ttl~Ma C!Jaetftt meJHt Meta 

(ba$trl•SYSaf*Pb;lfPh• a1.te) OD t~ n.wlJ tor.tbr atrdl. 

( t) ~,,. (-:!) t~ repleett 'br JJtae!l (J) whteh ~urera 

fro~ f bJ' tm Jot)·') or a. eethll. rrout. 

(t!.) ~ bee'ttboae .-..~ ta • ._ .. lllll1~ ~ttte"...,.. 

de.osr-•Ao• bJ the .Wttloa of e. ,,."•11.._ 
(OH) tD p)Ma ef a bJ\ti'OPD atM (I) (Off4B) at tbe , ......... 

CUt) ~ •nal•et--atllla til •bll«t Btl',..,.. _. 

tma a -...- I.J.h t• ta •t• ._ to t~ PN•
efttepedattw••••• 



tatt•• 

,_ '"'-"" ts tm •Jlii'JO~bc ot poi.Jpeptitt• t!htda 

se~a!.lMa siuoe ~ protetM attt as..-.JIWI trott tvo or .,. 

Mprtrdelr arathee!_. po1~pt!&t et!atna. :\ po~pt~cte 

e!"nin ~- 1l --~ of t.fti.m .,,,. !ffl • a . c~ ~r- g 

ts a sf4e a••ll ~tfte~ to• ••" •M• Tt .,,., .ltft .

elk71t pMDJ1.t .,,elfc poap or a ~IJ~tltttm ot th!t•• !baa 

tM »~" ot t,._ proVt"n teat ~ .-s. aott~a. 
~- •• aoMa _.. 4t9fded tate a etaat_. •t of 

twnt, am!!» aoM• t:"JJ! a ac.tpat•a&-.ar7 set vt thO ottwr _.._ 

aot4e ~1 !D nateal -Jnepttfa.. n. utterS• to• tb!a 

tU.v'!atoe 't.Oftt 

(a) fht n:atno acMa ot tm ntmt~.a aet oGCQ't ta 
on ~,»~ptYea uetpt to• atatuttfUll tJaotua,lo!28t I!Ud 

(b) ~·be proa~ of ll!fDO acl4a vf t~ 8·.1-•lll••~r 

•t Jn PfOte !us ta 4;» to J:IOSt sratb!ltto ••Y~~atte ~ttteattne 

ott~ at~m~ tnfao Mite ubtctt ore tht oalr ••SJ that _.. 

t~orp~~-1 4~'• arathe•t.11 ttMlf. !baa .ProJ.t• a1d 

t~t• ., !U~ .,-.. ,....,.._. to• •U..• •JMhMfa '* 
tMta- _,..~arr •• .._...,.... t .... s,.._,l hoU. 

.a ~fd"**J. z.rss., wtoh awe tbt aetu1 ooeunlatl • .,.. .... 

tnoo~ 

~• dt•t•to• toto • ._._. •• _, •pe•-••r 
set b "ttleetlr ._...,._.. tt tht _.. ta to t'l.., a atltpll!t 

an~ ~at.,.al ltluetua. Tilt• alM '""*• a elft,.-lr 4Attall 

al;ba'Mt ro.. the •st to bn ueow. 



A• tt.- :~~Pl• ut ,,,_. eb~r fa to prtt.,Dt thl 

eo~ m,'J ll.mf;:.u.-~ ut t~-t"? ,,., _, t:m eeoaral •e,.·te•• ot 

transWt~ •'1•~ tcfvnattoa tn u?» polp'WJt fl1to tM 

so,~,...,~ of aotM:r 11 bAtrc .... n.s 't'Ar1 brt-.tl.)t. 

ftlto 111 tM ~a ot Dr:A f!t;,tplfel'ltSon. '!M ••··')Ill• 

sep~a• ~ a aew nrd !d ....-Jet o:t eaoh p_.Jit atr814 

b' eomple.1tlentar, ., .. patrtrc. 

""''• ta tM p!'oit&Ottoa et IIRnA 1t7 tM f;.;."I"'Ultloa ot 
a poJ.nfbo aaelt'tot1de (wttb f~U) n Ollf!J of t,.. '1"1A ob1at•• 

Re" •• stallt• fof' .a••r1 at_. tt fa t.t-~• t102lt1NJII 

vh'eh eanrtea tatoMatlell tJro1l tM p•tte .... , (DNAJ to the 

traaala\toa etto (rAo-). !'he tolrJitptf,. ta ••atf.U, 

oo~ et tbt rDo••• TN •ehllat. ta cata eot~J:a.
•••' boM patr•~ (A-a1 f•At .., G-C)• Tbt •• ,_ \1M 

fit RNA poS,.Jt-• 

'rt:ta t• tM ...,.. .. 1fl•J18b1 tht tatonntt.• Ia the 

tiRNA bellO ---- til --~ tnto the trttfto acta -~-
or the zo11£>npttde chat-. ,. tt. .nt1.\ baana tatA 1D ~•ai 

l 



tllg ! . Seke.~at~ dL.agrca"" oj- a~ C9??\L~e- ae-yL - t RNA 

l.t2."'~ skaF . 

AMINO A.CIO 

( DHu looo 
B-12unpoma:J boSQs> 

THE LUMP 

T unpaired bases 

ANTICODON 

T~C loop 

c T unpaired b..;ses.> 



~neapa~ltl o!i' fo~t»r t!a~p]ft.:tft1l '.1i~tt·, ~t~» a.f"fM1 s~; "!l'l .l!nt('r

m'l.~ ~a~ aSapt{.fr ""lltrulrt "'1 re "':I"~• ,...t$ i~ tln¥t1"e:r ktn.tl wf 

RNA,t"'·"' ~snater fc~l~-r (t.R ~~). E.aeh '-R"l~ .o~eale hell a 

neq.teno~ ;,.;! t~ ttQPtt•~·1 ~--· (allttco1ou) vhtct:· ,~~ to 

f~'"n st&J4oe~~fc·'l .-rn~~~= of t~ ~lftf-';.tll\ U'f' r..an'f-,:.$$\1 

ailaptfltt! o;.at of all t~ b~O •n t~ t.Rnr- t..J t•t to a !J~etf!e 

BeT,.t~~ or JUeJitot~dct!l (eo~O"!) Oft t~~ •R'":h b, t~n I!I:JnJ. b.,.. 

p~·brtuc ~e'hal'l'S'!'l• Oft. t~ ott..t\r f',eDJ t•re u1ata eDJ.tY"'''• 

(a~f-...yl tt.;;'fttheS~JSf 'i,1,.~•e~ re~ ompeb~ or neorn"s"~ a~!tie 

~-!no *''~~ o~l t-i :~''' ·· :1":, 'h•rr1~nr t',. t'.Ja t .... ~t•'f!tr'• 'Mw 

I>HU JQop (f!l'• 1J 4 '1 ,1\i~~; ~?:t t'* h~"'- •nviJ1-~ •n tt··1• r·,eogat. 

ttco. 

A""~ift» Aey1 
I If llfl Ill. 

·-1 It WI 1· 

s~-nthttsa• 
(MS) 

AA V'\ AMP + P ""'P 

M""A'#.P + t RNA 4~~:! AA~t RNA • llltP. 

!be ee•reltad •'-- tor tM tat-•-'to• of,._. 
•artoua .oJHaw taa!ts !s ~hvvft tbp.-a'tteflllr ta rta. a. 

Aa llfH1Q~at or tht •tt.•• 41ed to ant.- at aft~~ 

8tAn1'~ of t~ re~tlll """"'an!a ~'-t;.&Jd be _.,._lrlltftltb'• 
y~~ ~et:-:1~18 of tt. prooeaa .~ aUo a>t 01\taVal to baato 



DNA 
I I 
T-- A 
I I 
A--T 
1 I 
A--T 
I f 
c- -G 
1 I 
T-. -A 
I I 

G- -c 
I I 
T- -A 
I I 
C--G 
I I 
G--c 
I I 
T-- A 
I I 

G- -C 
I I 
c--G 
I I 
A--T 
I I 
c- -G 
I I 

C- -G 
I I 

DNA STRAND 
I I A--u 
I I. 
T- -A 
I ( 

T- -A 
I I 

G~.- -c 
I I 
A--u 
I I 

c- -G 
I I 

A- -v 
G- -C 

sTRAND ... C -G 
SEPE.RATIQN I - I 

-A- -u 
I I 
c- -G 
I I 

G- -c 
I I 
T- -A 
I I 

G- -c 
1 I 
G- -C 
I I 

NE.CLEUS 

oj. RNA. 

a1-A-C-C- · · · -G-A-U-u-C-G 

<TA-C-C- .. ·- U-G -A-C-G-U 

~-A-C-C-· ··- G-A-G-C-A-u 
~ ... A-A-.C', 

./ 

a; 
I 

A 
I 

c 
I 

\ c G 
\ c 

' \ {J u .. u ,-
(, \ I -

.. ,..... 'J:Io.- ,b..- .... 

' . .:::I 

• 



il!ntoMttt!on tJt~nater pr~.-a \:~·e~ b~~cnll$ •nvol'M oft'11 

b·~ pafr1Q'! (.,!l<i, • "!f~"!,-\, ~'~~~ • t R"1~ n!ll ~ioo n~i~ .. t ' ·14 

~oon•attun)t !t ~• ~-"''h:r ma18c~~. ~~f'd, t~ att•Dtton 

_,9 "l" !~ e:.:.,nfll!•~ tQ thn -.tbo(ta. aeett to ~i'fft at tM l'ft~1t• 

tl.l :'OI"t~M tM c~••••••t•eo of tt.q ~ aa t'!tfJn ~. 

Sastcul.J t~ •tl".ct!JJ of ~d& c.rMt.t•JW tnU 1nto 

t'JV ce~vr!e•• •n vtvo ~1 ~h'3 v•tro stu41es. ,, •-., fo.-r 

p·r.;.:>V~~· •crf.l~.~tton on t,.'-·~ mt;JM ot t"'ft eodo \..t ... t~ ''- latter 

!o ~ J.•f~.a1 4 n •rr9tnJ:t•a~~t!te tl"~ a~dan..m't» f.!ftl'' naa1,eu. 

!Y'nt~. ~,.._ bo apL)~tlO~D t 1-lltt:t compkattftt •ach ot,..r d 

~;..;llJt oe' t~~ e-~ift• o pr~l,~(':rt*t"J'-1 ;r~ tlttduefblA fro• tlat.a 

o.-,t•·f~ "'' etth-.1"• 1"1;-~ ft"ov; eofttra11~ctto~G re"lntatQr ~ 

'he.~ Ctt\fll,,fl.y 1'0':1a~S f?8 th-, unffer•St<>t1't! '!t' of t"- p-~tttzt8 

e'\}ntl';.;.11'-~ '~~ f:.JBCt!i;iD"~ ot cell f~t!t. ('n w!bo) at:.at!te8 

.. "'"~-. 

rt•• l'ftU ott two ttte~'llt ~-•· 

( t) tltt•t1e 111Appt_. ~tthc tM propartr of •ero!\J•tftr 

ow•• (t"'at '• tNt b'Na1rl!llltt a!d t•notib,eatfoa ot a-t•!w 

"~-"--•>• ,,.,,. leada to ces -on-.-. _,. the breelrtlll 

fMq-..-aeJ betWOD t• £4! .. \le llael! ob'fioPll a.J)'I'atO Oft the 

tttat-.. betwea tbes. t~·,•a al,_,• t.-. eonnr,.letf.oe of a 

a~nette _, of 1Mtt eottt1'o11illr 'lar!ou.tt !t!et!aet ti.Uletlona. 

( tt.) ~n tatdoe, etA41es .... 1+ prutt~t1., !l't .. :tet'J.r'ft 

~{;;:l'f'"cf1t1! ... n "Y ~tatto~ g Yartous ~~•tto J.Htt. 



• 
om • tw <"llt~:ll" e;Jt ~tzpert•at• w111 bn r-teJUW1~4 

~n ene.., .,..... sueh t~tt; n•-r.-a ;·:e:,.,tt t~ .. .,_..,.r'Df!! vt tt·e 

rr~ttttana or t~~~ oo1'!ne•'t'• o..rb;pp~, eod•ze rattu1 tate .. 

f'__.fon pJno~t~t;in ~i 4ege.MrM:T ut tht tth.:d•• ~r:g,~ upert•at 

1s t«tl1 contt,_. hr ot~•• 4ata. 

~,:aaofstrr at .11 ( 1967) date!"',,.il tt. loe~~ttons ot 

tr!'l» ne:td Ptp~tWtnta ~n n •~ntF r~w tr~~tno aett! ~""ttl• 

of A pr*'tt ot I• aaJl ~r]Jptopt~an ~,_~ • .-. d~ t~ •1tattone 

"D tl~ eor,eapcrrt-tDP ~Dlt ~?*•A_, l.oe,·ttons WJII!t tlet«t"f'*' ?11 

usu.al Pf!Mtto mapp!ue teebll'fq"••• ~n ....,'!', .,,_. tM -..ttttt.o• 

~M arrntt~ed to tM SMt~.t •ct""_,. folD t~ B411ltt 1c t~-:~p -.. tbe 

a!DO actd l'ttp.S....sta tn t~ prvte1n •~;.~e.,... ~t·• -ttat..,.111 

•• tbt two tMpa a. aot ..,..,.Ill •• to ttftAI'tlatful 

pnb•JUtt•• ot en.u • .,.. at -.-..So:.&• loett. z.•r tbl 

-~- •f aU,., •t• ae!~ia bt tht! proe.1a wae tte-..f_. 
aD! -~- 110M "'l,aee--· atatn COI'I'C!J.atQJ.! -~-ftt 'ftlll vtth 
tt. co~spo-'ttt~ lfltlt~to• (Ftc. a). 

A23 

Ge•tte M. '\ .... '- ~ ADaa ~ AJSP ~ 4
169 

. p 
1 J .. , 

I • I 
I • I 

I llltf PI ..... ,..,. l.li bf .u •• ..., li If Fl I ' 

1 I I I I 
f t 1 I 1 I 

.._._ I I I I I 

PJlO.- .wl ' I t I I I 
I I ' I I ..... 

233 2M 
• t t I 1 I 

~tao .. ti-4&~---~-~-·-···-1-UM ........ ii--IFJ-'t•·•·--·-·--····-··~-·-··-·-'l __________ __ 
...._. rl4 W6 182 210 a12 

A ..... ., '>f aftttl.~ u;,_r'•* •PJOtt tM •

eonelJaatoa. 



• 

AD owerla.pptar, ~ reatl'teta the poa"lfbltt .,, • 

.f:l Mi7:.lf'Jftllt!t 1a prv~'!n."• f!"~ r-nrtcttv.ro1 ~-;~ . .altt &.rid oa 

t1 t~.(".l ~r~ or 0'¥\trl.ap., ~·'OJI u~J;t 'ta a tN"P'If)tf!\l? owrbppt,. 

.. / tripSrtt ~ 
I ' 

'1 
l 

,: 

j / 
I . 

I I 

.' llr· • 

/Ina 

l.~-111 I IJ l 1 At It II 2 ll l 

I I :!a.lilll ( ld •t lEI, 

N ~ 
0 4 

N -----------
I 

.J 

'. ••• 111 ·••• •:;;;u r 1 1 ,. I 

t~1 e~li bP fullO~ on11 by t1D mtao tW-tfl wfth !12 "h as the 

t!rat t\;u Jstt.era Qt' ~ttt codon. 

con-~~~- !'Je'ht.tY!Jiiill' aiiOJfr tht ••~ lklttMD•Ioa lreq~.aeuete•• 

Me~ tao 1 ot tlw fotar ha-'ted ,_,!blAt ~ tpept~s all btat 

bMttr t~ ?!aw ~a focal to _. • .._an, (wh•oh tDwlw 

tM raf'(!l' •t• aa1da •.e • .,.,._.., .. or Matbtoa1ae). 

Fa'Pt,...rt •'otto• Pl&alll ~ o•l.J•• •• •M 

•e.p1aeeaeat •attter '"• tt. SGW•al vh"eb \10tali lte -~•• 1.

t'-o •~•til of ..,.. o• ,..,...., b.... ''11!110 at"'t~ rnp1aer•-. 

~hs !~elfN Meealc vsna (TH\1) ~ ~-.... ~ by wtttua. ronr 
o..., tMte tudil'*' ta•f• HI'"'- oef .. ., ,.. a e.tttf'en, ela-.a ...,. 
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spoataP'*s• AIA&Jat aU 211'' to s1~~ -.at .. "tt~~;l w •• of 

t*~ ,~o~tr; m"tntty~., '-tt'l't'J atJMetlt• !'M TrJPtop""d. n~,ht•

~.ttatta1l f\l(ptr~Dt:4 AU ?tft oau ~ s·~~ rep~--. 

At:u·twt aq.\l•nh t--., a mta!-..m ~""o!~ ll!rcth ot 

a. A t ..r.tr "''~• co~ will. r•••• 4t lOt Ci4t ••• tor 
nttWlfttt t~..~b~t, trS,Jit etc. •ttP~ o~a. ~t.- ~ 

e~:tftO M'f~l~ r.'l'.l~t b& ~f!t :10 tM !!Stat- O~OD lPDeth S. 

'· 
Vtll'lo~rl ot~pto to dotentM tto eodbr ratio ~~ 

e~~.ust~t.r t~ rJ~t' ..;f mtao aoM ropJ.aM~Dto fn1...-4 bJ 

aat•~•, '!,td!i'Oct ~pl'!l'faotW ot .nm itttWtb atd .-oteta 

c?'~•n ~~tb etc. t'q., bha ~ bttt 7fGl:L1 oJS17 appr•taete 

~an'! bl.o"tt., •~ rem:atta. 
~ bf!et rf!l'ttet IM!.tbo4 a.te.-!nsttoa !a '"at of 

R~!eh!trfm (1964) ta?ltnp tM Seh1lttlt TobQeeo N&ercata Ytna. 

8de11!to vhaaea oo.n aaltt.pJ.r oa1J tn ·tht ,. .. ,... ot ot"V 

..,,_._.. n. t.p1thttoa t.t•• tttat atMe tt.u ... ..a 
RRA eolltnt w ~n .. tt.r ~ ,.,8..., •17 tMtr ...a ,....ta 
etebots <•• e!llboa oodea t• •• polfptptt&t et-.atn) aDI 

Mqatle tM otdroae of ottwr •Sn•• to -oapltab ottw• 

taM-. R4ttek11•• ff.Mid that the "at,....,. eodat_. 

400 •ts .,,,. vld.S. t'he IliA ~~~~th v~ of tb!t ordor ef 

UKJO IIWJeotU... CWit (lfMI) eoattNkl that thte r.!fA •W 

pr!l."l01pal.1J ro• eod Pl'otetn ~n 'Vttn etw!t••• "'ta tttd 



near8 • 
~alCJ .. tp .... 

c A. ' a A r c A Jl 0 A 7 c A y c A ,. 0 AT OA1' 0 l\. ,. 

• 118 II II ,, ''I , ... ' ... ,.., 
......... .... 
0 A ,. 0 A 7 G G A. " 0 A 7 c A J' 0 A !lOA 7CA f' c A • ' • 

(4) .... ..... 
c 4 ,. c A ' 0 A y c A y c ' c A " c A ~ p A ,. • 1\. ,. c 

I ' .I • II PI C1 I •• I 81 1 l If t-s I j s I ltl ... .-.a,b-~-
c A ' 0 A ' • 0 A ' 0 4 7 A tt c A " c A " c A ' 0 A ! 

• • t • I I ·r.s If I t:.s s ·-- ,. rm c2i 
. tPII II 

~-8119 ..• p 
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• 
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• cod!ns ,-atfu or· exaot.a, tkffm. e&-tek a1 .&J. (1061) S.V!' an 

fttt~n1c.n.tc 4e~r:strattos uf scaYQal ot tht f!t.rrre1lt111 ~t;W 

toat~n. A 'b.:t'4f(tf .nerw.mt 11 ~ 't\e'!Jf r~ven. Tt.1 afl·?.J~tl a 

triplnt or 'l!Ul.t!-t.r~pJtltt e\t~oa:, t' D:~a.overlnpp1.rr tte.r,tU'J'\t-a~ 

ov3e l'Or:d t~ e ft.d R.~tQ! pg!nt u~t!": DJ "eo!!'nr••• ....,.,,~ 

~l.'lie·n that ~ at'!tt ~n ~t tre potat w~ld e?'!*'t!Jf!ro the ~r_., 

~ ''\.l"'ll()t1• sa~ a tmtft '')~t.}l;' be ttffl'letf\ftllQ prod.!~d bJ tbn 

•nonrtfcn (+) or 4elet!on (•) of a eude (~ ~. 4). 

···t~e rerd'l~ traM W!l·Ja be· reato..._. br tilt! fneertS.n 

(•) or ('t ... "V/ b~ 'n ,.., to•!~1on -~~d'f~ the t•••t ~llttton 
nstor1~ t~"" ortt!!l"'l «tt1oa · ,...,,.~ """' •s•pt 'fletwna tr. 
tuo tnt&t~ !una. 

Part~~t~ !t ~~ ri28~ t"''1t tf t,.~ ~~.., 3 n ~~--• 

(n c '!,, o, ••• ) •n t~ eo1on, t~~n 'f 3 n ~Jtnt'! ..;ntt or t~ ·~ 

lilft we~ •~t~Ot!i1 t""nn t~ aorr•~ w.;.J11 .. "" ... .,n 2n"lbtnd 

"':~oept ~~n f:~~41 ~•rot rlrl ln:~t ~ati.J:l!t t>~~lO vt"~r·w•!JO 

t"·~ wb:>JD SQr,:flhMn j..:~.lt-1 ~"~•n ~-er,.~lnd. ···U tho• oomla

e1.~no f1"1t-~n! atr~~11 oD t~ as•~ttono ~. 

~~, t~n per('~,..a apertaeuta t.lSbr .1\mtYt• v-llDw 

n~ Protlavt. , ...... u.. ~pled aa de~ttoa.tnauttoa 

.atap• to etadr stetlona tu tN D otama of tN'+ rrr "CloD 

or t~ &. ..U Bl8terlo ri'"C"' r4• cOIIbtDatloaaot 4eJetlon-

1!!S•rttoo. (cf•l) spoataeeoas rrutatto!l9 WG" stutttMJ ,, geaette 

MaPPtnr teC!k•t.-a. CotibtttatloM of 8 + • s, 3 • • St 6 • • s 

ate. wete sl1owa to rerwodlle- ,, <>Jift!~l phe•tr~ (na 

~'"st1~,J~shtd bf sh~ •to.). ·<~:"::a othor co"'!f)"Jl'''tf..um ~Uo 



t~ ._,~lta oo•t~t ~·t~" t?·1a -~too. ~,..,. ~~~.~lts 

~ not ~fl'Jg reprut!~ t:ol'ft, "!lt the aoMli.l~!t~n ot • trtplet, 

eoenalen co:J• w1t,.. at.t.&!tttta.tn~tfoe ot rct-'!11' t~t~-., 

~ td"ttra to be oat,t.lbl~at.!• 'bia fa *&ppor~d bJ an otNP 

evt&use.,. ~, ttothtre~ ••'~~ •~ttnr t~ Yi"u t"~ 

tt'*" ·~· two tft!t8~ of trrm n"'!ft '\'.ltatton nD! thet 

pa'f~• +•t -+ of t~a~ .-~l.tml ·h.- t~ op1"-ifnnl pheaot1PI' (wtttl: 

eonm!a ~C~atrtettoM) nn! that 8~'1:!2..9 patrs (++ t -) tllWl' 

M<'l'l.ll.Mt! !11 ~ NWJ'taftt p~tp. 

,._ (G) + (C~ ~nt~ of ')~11\ from 'ffll'i . .-.!tlt vl'f!1tl"

Ye!ea aa tl tracttoa ot tot~l b$118a • tr~ c.28 to 0.71. the 

ft••ce eoepoattf,cua of protf!t '• ~"'~~• Yar1fta wrg ~ttt~ 

!':~heP.n w!del1 !1tttereat oqd!-. Tht• a"""ett' B\Jireata • 

trtr~ dt!~l'tfJ• or .., ..... ,. a,oa eo•t&.l'dtoa or YorSotaa 

ot.he• poH~~ e-....a •e" • Jette• ooeee witt- r1" latter 

OQftoDG, 'falttattoa ia v ... sptton nk•t aa.outw .. fllttJ ot 
thf1 _.., • ...,.,., .. Drtl. , • ._ • .._ ear M ellllt~ 

Jedtll lhi••••J • tht 'lflft plausft~ t!!lltltrMtWll. ftt• 

ts _,,..... bf ot,_. tata •tr:J tlua lap1tea '"at ..,..,.., 
t• to a eo•ttte••J~t edttae t!W01'9lll tttlfll"• ce&ta ~n.• 

eottPO•lt!oa •atM• thla Jt&R ••- ,.,_tattoo. 

~~-r MMalll'••• 
Moat "'~'*• ~ ot •S.Jt- c1nttm aott• ant! aboc&Jr.1 

.,..,.to ... res41t rro-, t~'"' J8pJaee•• of' Q~Jl\lt bt\IM (tl8 a dftlatt. 



or tnlfttt«<l w~...ll~ se!J'~~l.f't t~ J'Oftlt., tralfiU ~~m ~'~ 

P!'Obab'!1"tJ Of o1J,_!Jt !!~ fftUtdlc..lM 19 ~~b lo-t t'haa 

tt;nt cf l!l!..,lc!. b~.- ~p~llta)• rtnt11 o'hae.rwd 

r~p~~Dt• ~ fHlPn to M IJ'Klt"'h uea tn~ftt t"an at~Ja 

tl~ ~t.-,tto• 'lm"ottt!rc &.a•-.aer. ;ltflttette!ll eat!matea 

of dAe••••' "'aft twt~n ~ b7 c1atlatty!ne the pp~ata 

fnto l~rntlt~f.t (aohie•a't)JIJ by ai._ll.t 'baM sf.lbotlbttJ.lD) ani 

totb•A&tn np~m atd cvap-ar~ t~ ttnown rep~at -

trery~••1 l~nt u!t!·· t"'~ t~ol'tttc~l om e•mr~ hg -~fl!tq:r 

a pttt'ftitttt(l w.-tt!on ~... f.kl oltt~tms 76 pctl"!"J'ttted 

traMWioDG wh~~ eot~D_.. \¥t:tg t:~~.~t11 wtt" \M 76 pMd!eW b' 

tNt 11cttonatt1• 

""a• fn vl•· •t:ho4tt prtrm!t t~ t~e•r~1n'1t!oll ot an 
, ... ., t••ral teat~+! ~t t~ ~. rt ~~,fD11 to det.!'"'!• tht 

.eta.nl f»601t 8Utt;11 .. Uita. 1'bla •a M•t am aoat edt lY r1o• 

br ,.n yftro ll't'th:ita atr! t.._a oh!tctfll• v1tb ta •t• .,.._. 

?t!tt.-. "•' oD eapar••• e.,.t981ellt to the dbteet 

!a wtw eaethot9• to tteter~dm ,,.... baM -~_, ot a eiat&toe 

a~')! tM eoa-rapotd !• •t• Mid -~·'*' in a poJipept We 

ehn!a. "- 1rt YIW •tllod Ia qalt• ulltfeaafblat '- to 

teehc!e~ldtttt•ltkt-. no.""• tht dtMow•r (!ft .. ..._. 

-' Matt!aatt • 1161) ttt•t tl'le 8Mtttoa et ... f.!TfA (a,.tbetto 

or ttatual) stt.late1'1 the taoorporetton of trt1no aeY 

!JPCNP80M (the !ftOO•pornttoa ta 4etaeta~llt ~•lr bJ ~-



traee• of ltb"u.s cnf~X> ne"~• aa ill 'ftt:ro ay:~t~.,a are ntu 
"P*r.Y ~rt,r-!Pftt ou!llpc_..,., · tJ!t,_ th~ oonesr~!r'!-!te •u vltD 

OM8)• "'+.~n 1~!~1.? ~~ tap t,. pcuael4b•1"tJ of ~Offl't 

SJDthtttc ~J~~ of trJk>\~ b~ ·~..,. to PJ:o6:~ polJ'pettcte 

~-r, f.!'-1"8 "fo ev1&1t'ltl.Y ft1tdYalfimt to tt-. tlfl'f)et •th>tt nn4 

tent'ftitt11111 t~!ltple• 'r'.ab techs •cal eeh1~Ye-.aftta ,._.., the .,.... 

eon~!tto~ or t~~· w"•r.:•••• 

Ra .. rfbo mcloot!&l po~" t..at! ""a reaftlr 
n'fr.rf).d)Js •·~ Gr~-Mrr1 Manaro ard Qef»ets tttoeo.-rr fa 1.a 

or t!1A •• ,_.f\'Jl;rJ.lcJitotttte ptaa,..rrJaM. -;1-· ~ ••• ,. ee 
ental,.a tba tonnttol& flf po~•• ot Mowat .. • ti'O'Il 

1Uekoatde utptoapbatH 11tthltat ~Jttt~t• a tt\ap~. n. 
t..- eo~~Pt•tttea ot tt. polfatr "'~~' 4eftt•at oa tbt 

• ...,-..-~Qa ot ,......, ... a'fatla'JIJt aat tha -~- 'MtJw 
tt....SO. (w!tllla t~attoft!l)• PutMr •~•i8a-llt• ta Plli-

!Qe'Jfilottte ••M-•t• •'"' •••- vtU M M._ftted wftb thlfat 

'"•to• !~nil•" vhtllt ott.ent• ,,_ !MJ01'

porattoa ot J.e\M1lef •'• •M• ta a..__.. pP~P.otpt.t_... 

-er trteJDro -•te aaH <• p,.,..,., ot PIO'hfna) ~-' 'Mea 

t.tDab~ to ..,._ tmeattaatS.M ,_ t. .,. .... tut"'.b'l''' 
a:rtafac trofll •-•·~ •t•a~atfon _. _,_ h•ttwattoa. 



,.._ l! !ff*Ct.alt!ea _..., o1f'!~ br :t~rttd:te-w d AI.. 
(lOOt>. ~~, ,.eptll'tlf a wrt~1t' e. £iU ~u ~ e,et~ ,. 
toWWt 

( l) D•srttptla of rtftlla by £l'fn~!D£ w~th allatllna. 

(U) Eatraot'kia ~<~fth hut~r. 

( f!t)OUJV1~tltloD to ~Yt\ S.brit d 1fttMlt ~11.8• 

(!9) Jltr~!ltrtt4efltlun t"v oeparotf\ rfttoao~ aD! fl\lperutS'd 

(t.RNA alii ftU~a). 

(Y) D!all9to tlttdmt btlfter u._ '!!e•fJP or Ynrto- ~11 . 

atseo t::.) stpal'ate o;Jt t-RRAs Oft;1 tnfno•aoJl ft!'l~~s. 

M~Hts..t1Jo ett-~1 ~to battnr attl)!l.,ZI!a t'C•po~ta 

~trl ~~.., Jov .... ~~ stor•~ pou!b»a 

(vl) A ~~ of vmt~ tibcHJ04!PO (tbto •v••• o;~t thft 

a\taot.d •RNA ate.) ~ t.fn., waa bactt.wt br • m 
ge-.atto• eptew ., ao 1*•Uid amlM ..... 

~~· .,.._. waa ebltt to tnoorpora~ label»t! ..,._ 

_...,. tato ,.J.IpeJtt&l of';~t•• NMtttoa ot D74 ~JI11f.al 

_,_ .._,..._,.. ... otoppttt taoo•porattDa tap1.rtw tbat 

,..~A was be!al oout•tll depftlfad aid .-eW "•val "' 

s•bt•t•• .f'tna11rt a!aftton of eate•~~a1 •L!14 hott YaJtloc&o 

so..,.a, aatval eat sJDth.ttte, ,.a..a a -seft•al bt.&D!"' 

toJa tt'lCoreP•atloa rate ~..-. Tt \If• ..._...,. .. ~.~ •nt ..... 
t~at • a1lelfta1o .. pneees vall ••t• ,pJaoe 1>1 dQIIODStlfattiW 

that 9fPIS. eoat PJOteta eha!.• 111C!J'Q ,s,..taest~ c&pora aat•ttoft 



3G 

or YtralY~-ftM .. tt>nctt\ ... m to,._ '• JiU CAll trfl,. a,?llt .. (aJAio 

8apportt~ t~ !"JPOt~st!\1 ot eocte. t~af•••dttsr). 

T~• •tbut!!J ot ~tae. W1'fJW a,s..-.tto po~••• 
tUt tr! all'f o1tf:!o (r~'*) tueteot~~e.,. vtu a:Ju bft d~•OL18•tt 

"·r1~rJ.y. ~,..., fnU fnto he •t• ot two elo8•• .,...,., 

to wf\ether t'-'~ ' RHA- F1'bo~ "faJCtar or pol$Jrpttc1e ettata 

~~postt1on !s at.t(J!"tl nn~ ¥Jt·ot•~•r a t-~O'A or t!ftti~ 

"'lcJ~~ nacleotl!dtt'll at'<?. u~~. A t!t_.taton o!" .,,,brtal:J 

~~1 -.thoda (EJeetropbJJ'ftata1 Pnper ~~.-~~,, JY 

a~etroAeopJt n_. PJ't'Pal'attc. •to•) wtU al.M t.Mt Otlf.tte4• 

(t) The ortatnc1 Sapetwt ta thta wboll!t tte1i o.- • 

•atto•~ h«t xn.od!Mttt ll.IIJI w•k (•1)• ~r teettar 
that thl .,.._ •rW, lMV _... fOIIUI'tfJUe _,y 

(UlJU •••• ) to tbl am-. 

ft. t.te"le.,..tle aota ''•'-'•) tnaola•~~t tr.nM 

eoatahet 800 twa • -.fib l.IM1»f PMarllllt. aa fa * 
.., ..... or JOlr u. ,...._,. '"- '•'-'• ... tetttHI tt. !1811al 

ten• wbfeh wo;.1J4 'be _,..,.,..,.. tor po,.,._.,~,..t•• ot•• 
••• •"·~• tt4 •t Mttpoa! atptfle-'11• 

B7 a.e!• a •tt.~ of 'lil1~ht111 rft»oao•• 011 '!flU,." 

,..er to .. ,__.. tboeo had w!tb t.fr.1.\ fl'O• tJ..-n rttto.,..e1 

Mah)\ao! IS..§~ (\162) w" .,. tJo sl!ow tbat PheQlaW\1,ftkt 

RNA•T!bOSGft'lO Cotap)eXt S _.. fo,_a .. t•Jitl8r11a.,_'tt ta tM 

sY1Steata or po18p~ft11 ~t• i e tt. Pl'ftOODOA .Jt poJ.sr \!• 



s~tt:·;rl.y t~u t11-~ £'c:u.m1 t:l'l~t JOI.rel'tf~:;tll~ Mf4 

pronotnd poJ.r-pro1fne !~r.POI"t\ttona. To V!fltv ot tm f:t v1vo 

··ecaua .. u!""e~ ·~ a~u''l'a.Ug tmo~n, t?-n oa•"rrneat 9t J>ht ~ 
J,TJ Mr] pttO ~ COO 1IQ ~ nntl.Utal. 

(!S) !7ttst m'.-n\'1 raa1~ copo1Pawe •~ \&M4 to ota~!l 

rr1!tto ot:!'1 tnt!orpor~~!t!urJ. tnr buth t-K'!'t" ~'!n"•nr end po~ptl«o 

mtno net"~ contf!tnt mot!"..;,do• 71'e• ro~• ~·~ two or""" 

tr•nda of baaeo. 

~:,~ 02PO,!~nt «fmtintet ot ttt~~ttng 10 •C"'l.-1• aD! om 

•mtt (labelled) mfm no!:1 to o cell tYen a,at•• ~JI:mr· v'ftY, 

t*'~ ropo~r (tt:t~ e~~n t~ aYa!ltb'l•tg or tpc;.anora 

fozt nU tXHJOth!A pol;;~ptf'lea). ':M dlf'Jlt~Mft~ tn "lnnlr nn1 

• tt~po~ tmorporntto'l ~ htn~~~ rates t~n telJa :J,Ct 

w'··~tt~:r tt·n eopo~?' ~'1 d:!rect~~ !.!1e(.lrpornttoft of t~ ••• 

no~ ·1'!) vr not. ~·\let !X!.rnrflerr: ll.gl. (1.1«!) obtn1mt1 t!atn wb4eh 

f·, hrJ!tr repro1..a.M1 beJ.awt 

1 a 11 111t11••n ru 11 · ' ti' 11 r ••ur mIll u 'IT au r • ·r 

,_, .,Ytttoa 

4•' PQll a 
4.7 pot? \II 

I •• Ill I I Pll Ill I LJIIII •• nu 

t-fltlA •out eM JM
~ •~~t•) t n~A 
C · Pt.arl 

L • SSM' II ............ ----··· 

• l tt I llliUkl .• ll.lil¢ Fll 1 l'lllfllll IJil- lltiM.IPRI I I I 11111 .. 1 r•ll I IFIIflbllt ..... 



,.. oht~tt _,trr~oJltf~• ert~ ~ to f'!yrii'Of~JD btn:ttag 

"~t!'t.er ba'~a t1ltf .. l'ttnt e"'afa1l :.r~ bfttw~ua batf9s an t~A e!M 

el":ertn. :or exfspllt1 p.~Ja .J au~ poly A ~:116 •t•ett to eaeh 

ot""7'-trt Pvl¥ (All., (.VAJA ••••) !:" -'~fy, n'noe !t !Sv:~b'Jita 

to MU "'otrti!Jf• 

t.ft1e1encJ 111110 &tpntde on ot-~'fn Stt~tl1a ( Jtmr JJP 
weJI'c.;t'f.S. eupo~ra tt~et synt,..ea1a- .ac, M._l' thS'l ~ 

o • 1\ ~Uewtl~e oM'l) ed t1ocn~s •np~dlr ~!tt· tf• diM to 

pul:~, ~r-•ndattou bJ ••Jmfl•• 
r<O'"'""' o~ tt !c ~• t~nt tneorporttt1on o~•• 

Matrict!ona oa t~ poea!bllt eo&.• to• tM Mt1ao notd .., 

~dt.dell be t.p--'• ft•• de of two tJpo• d ,.,. '"' 

tlli&eta-ated ,, ....... . 

(t) ••sr u aWJ hlr a • w:>t ttreet IDooi'JO•ttttoe ot •t• 
aet4 & 'bat poll (ac) toea. ,_..,. .. 1 ._.., be .w bat 

"' a ..... or a - c llalea ( !,ualttdt¥!!) ..,..oaett). 

(tl.) quaat;ttatt•• t11 ~ ••"~ oopo~•• 

FM1~1Me1 Of blp)llt 111 • P~aet of -tort ~J of 
ht~f.t6aal ........ . 

~~, tr Poll (~) 3t1 'fa 1lhd, t~o ••tteattr 

""qt~Hf!J uw. (1/4)
1

• 81/&t 

13Nt11Mil0f trJG • C:V4) I 11• • tt• 
FNqtieiJCJ GGV • (1/f.)l (1/4.) • 3/M, .t 
f"Mq~De1 OGI • (1/4>1 

• JIM 



~·• a~~ ~,;n. kmu JJJ to ~ tor ~·~ny1"'!.""\•tP ,., 

t"t3p&tct QtJg .,t ... ,.., ®tkt', ~, a JlG, ~JU ~., ar to facorr...orate 

!o n ratS. va, vo. 1/Z'I to tt">t\ 11.1e0.rpcr~t~tl ot r~~~n.v1,!•· 

rttJ~n i02G • UGG-1 GGUt GOG, nn1 tJ;.. iafvf'<!W: tton vn _.,o;.&~~" ~• 

r .. ¥n'tt. ~r'• to t:..a~~r obt~\!!'l"~l,q frQf!ll t'Jt . ..a<'J•ea :.a·'~ pu~r· 

•.t4ft!'·- ~ ~rft-<'t.i'*"' ae:-t'**~ 
• • ito'"" \""~~... \·(~--~· 

so• P"1tmtft'~g ~•• on •er»neea WI'«" obt.,f-' 
br n ~tar~tto.n of r~ntlv" ~o~r aDl! S'!fa:~ ael1 rt'Pl~:~•• 

tnt~? bllt t..._• ,.,., !.~Jftt~ .file! t'<t! 't.Q MJn. .. t eum'!rmattora 

'br • Yra;. .. ~:n aeq;atu•ce8f ~thJda s!~ a r1~ .-•rl'ftftftt of' !'t 

Ci;!~Otl tiJ nt UIJOSt Otr Ot' t\JO ~U loet1ft•1 (e•"l!! rAPlJ~r·ltS. 

l'11 other ~~m ac•1e) mh1o racd'~~ wa111 MCJ''l'"'"'• Thi$ .,_t1o<tQI! 

(~~'"1e.~ tq;ry~ SOMt '1.060) !o ~#t ~llaRI' 'ttl~ all ~·~D 

~loVt 

-~u: paM t'?"'' t~w t~r":t \bl .. GUA an-1 GCA 8 rlY n!\"1 r,.'\ ~ rlll. 

''"'·l~n !f va\,.. rJ$ ntr1 'VfJl -+ r3a ~ v?»M~~. t?''ttl tlll ++ 
GAA on~ r1V ._. GGA ~4tat1'tlg t'oUcw h1 t•~ :.tStlt1l tthrrllt ':taM 

='~P~nt erct.t•nt ( 'J ..,.. ~~, ;; -+ o respecttYAIJ). 

"- peptf&J boal toreattoo (pepttaattott), cliir!JII 

pol.rP'ptttle •yDthettf!J eon btll bloo~ 'bJ oetttiJW peptidJl 

ft9Dater-asGt GfP·ATP @tu••et!oa IIJ'8t:A-.us ate. ~t• t.Rr1r\ 

b~tt,~rtr alol&f) "flY t_,..~n be staaw. 



~l!Mn!l~s-s ~Leder (~ d~lot~d e. -.t!n'! tD 

\tb1eh ,_n·ti\ or 3Qat 3 eo,,:loM •" u•~ to t11nct t.trrA. 

btft1!tlt to .. ~-... Tteg ettp~t! poS, JO ~!t~ p,n·k' ltwr 

f\~olA!aDI" r ty•r.ag UGt GUt GUU. UGl1 flh:'- UUG m<tat'iANS• IJ.aptr 

et··roMaturraF.Y n~ pnpett f'leet.-opho"a.,n WN ~it •n tM!ft 

t() Mp.'1Jt~~ t1nfl ptar•tl' tt~• trnetto!tfl. -~ "~' p.a't:t _. 

c.ttma~ 'r9 .!~n1tr v.att .. p~at!c RNA~ (1) ~'1 ~ . 
1 

RNAaM (2) tn nlteretton. 

P"ov os~~ • 

un~;!) !,..U u u~ t..! + :t w~.- z • u 
. (U) . X + r u,._., & a GJ Y c tl 

(AI) ... I .... 

(61'1) sot I I , I + J% vhlM I • Op 

(!Z) •• !~. , ... 1' + Z wt.., !' • J, 2 o J 

~~ PMP~4 trt aae~ot~tte• wre """ t"'aa ~ 
PJP'• on eo!J1~ttag at• aerl t rur."·•ftlto-- tttDHar _.,. 
with •,.Stoant.- ,....,..,,.., '~' ebtat.-. tM •ata tfwa 

,.~ .. 



.. 1)1 I fa I I l ltUUU 71 I !IFII1 If IHI 1· I I It II inlll111111111 llflilllltJU llll 111111• 

At~ 1tton, ot 
copo~r 
(..,;J aoJD ot 
~:>.-"•"•> ............................ , ·----· ........ -lilillll --11-llllllillll--l 

No tddft!oD 

4.? GJJ 

4.7 ooe 
.. , tm 

01 1 I F f lflliiJU 1 I 

o •• 
o.ar 
o.11 
0.16 

.. klbiiF 'II!Uilllld.l IM&tlilllllll 111111'.1 IMI 

•• 

11111 ObI 

'!'h!t~ !nt!,entea olerl'lJ t~at CJJ !ta a eotlteu to-. fa1fatt 
1if''!2P UUG ftll1· OOG do t»t C',:;~ to~t J':fh«<DJ~fM• Tl·!s •tho~~ 

'UbfJD 'VI".rU d'tl't'ot ~ leal to enora ~- to 'f:·~rloQa a-eat1011a. 
For urnp1nt JJC to aot a fAUOflte ect!on (Ml:.N\ 41 ruv 4). 

Ff.n.n.ur f!!ft:~~otf!te~ ~~ ao 4,,,..,_. tit ~u tn.·Hea'fDI 

atr!.pW ~. 

Thta !a tbe •n tteltab~ ta Ylbo •thD-1 ot 

aeeotttc, bow•r tt fe eot aJ;wap app11eabt.. ?hilt ...aor 

aeb!~Yecat of the teohl!~ oa \A'I<teh tb'!a !lftthol ta b.asotl 

a !a tM eotJstruettoa ot pot.Jpe.ptta.t• wtth a J~epeat saqLte

sY.eh ae 



!haM ..,.. .. te~ to 88 poJ.p.r-.ABt pv1.:1-r-II'C ea 
PJ1fi.l'*·"~l l'(tapacti'fftlr• ft. •tW of PHP•ntton ..,..,,.. 

ot the P"P•atlon ot 41 or bt aac2Ht*•• ,, a~1Ct11 
.._tboda, ot ff'ft,._r t!"tt ttbo or teoanDG ton. Tte• i"ft ' '

po~•!ald "' aat.~ a r·~l~» pabMI'- oa ttw o1!1',or1"\ozuolltottle 

or ~~ a~ttW a trtA po~rOJIO to ton a trlA •t:rGll{t tec!l ' '

MpJttW tf):tn ;.U>1~ a fin4 poJI'Ml'eae w!t~ pretOtaraora tor oal.r 

oM or t~ two atrde to eMQN ttutt •1111 oat ~• eop!tNt • 

.,,,. p~r wrk ttl t~ aM of euch etudm u• t!o~W~ b' 

r~t.rr.aa ... al ( l.DII)• -

( t) ~ poS.r :f{~JVJ:~JOOC •••• (poS,.r.:JC) wfth ohata 

2r ~tt! of t~ or6er at 1.11 .__,. wt!tt ...., to m 'fu ., ... 

i& Qwlt o,ate• :srd t4Q11.1 to ~tMet tbt •Jt~tlweta o'' poJ.rptpttt. 

chn1.n VJtt!l an altemdllt .. _. ... of !JUt. 8t1d I.'JtaoiM• !hu 

•queuco -.-. •••liaed flow thl • 

(a) 1•1 •J.e? •atfo ot the •Y• 
(b) ~t~ acHe ,.,. •qatMt t.• ._.. ... 
(a) Aeta hJinlPt• a.- • .,..teaur ..,. •tptpeYe ..... . , ...... i., ... c ......... ,. ta .............. . 

bJ~ .. U.ll- (tlll)t tMJ-' poJr.r•AAI to etfiM~ 

,..,.,. .... ,. .... .,. ,.., -.. a ftfllttran pollfiiP'* .. 

.. ~~n·•· ,.lr-.. fatne .......... ~ ... ,. .... ,. 
;ft. tiNt ..,....._t tlapUea • 1M eoaa •t.M _. 

...... a ~ri,I;J111' eta 1t•• aca alii oao • the eodou• s._ 



ucu t.r!plllta p~L~t~ Ml'- t r 71·~ '"'tl'''Drt GJc_; ~ l.Ptlt a oon
ella!on thet e'}tll.d not~ reacted"' tm tl"!pJR •tbo6• 

~ MOVDil upe:rmnt c.nt~ onl.V be asplr.dneS Qstft£ • 

tr!p~t, mn,,owrlert)!trt eoma,.u eode ttltth 'fn• t' ~1 pu•nt 

~~n r~ar"l'lf ':ftM on '",_~ oa!lltl-tpttona t~dt~telr rt.'lfttJ 

All3t ACt'\t 0,'\A all tt~~ t'!d'GDO ror t~ 3 ~Ma. AAO ~ ~. t 

C~~t\ 4-+ rla g"'fGtJ AOA ... OliJ ~ OOlU'tL&O!oD uh'c'" ("~tl1_, not 'M 

renehld 'hy t~ vt.plet ' r,;"l\ bbyl•• ••pert•ulta wh•e~ (': 1'W 

AOA_. nap• 

,J~!rJt: n a.H1b!l'latf.oD ot the d'low t!Wlthuda, tt<n t..-b~ 

3 t~s ~n ~-8 ~n •r!Wd ~.. "'t ODlJ ~ina to d'IICWNI 

p.anet~ttltton .u~J Wttwnal•t,. Tht node ~JlS ~n eatem~t•J..J 

cvot1~t! ta vtw bg ~t.,.nta oa rJJ!!1llO aetd rf*'P~~u, 

~a cooon roc~!natton, trf'l!l'/f ab'R ~lltatton eto. 

~o oonff.D' t'M f11-..aatoa to a ,.~_,.la -~ lftd 

t't~t'JI'I pt.~QdW:ltioa !a •tt11 a !ldte• ot eeatte••» lt•t&MtDat 

'M-DO&t a a.tetW eoe•t••atiM or u,_.--...:l,.aalh Ia 

e..U.S to.-, tt •r eJen eat ,.._,. ta to ._.. "-

"•Jh tow 'farto•• t!Jft•taatteu aJe staW ••tetlr onJ.r 

w!th SG Jft'-'*tCJ• to ...,..NMtw•-. 

( l) Tbt eodo• UMt UAOt UOA ba'M befm ahown eot to •de 

tos- at1J -- •M aD4 .. bt_. eal.W DODM,_. OOdGoa1 Oil 

t~~ o~aot ot ~ a eo!OIJ uaaslattoa J..alta eat tbtt •RNA 

to nlea ... ~ r""o--.. ~"-• co1ons thus t@etfoft • 



etf~ett.• nop nf«Dtlla• 1~r,' ta a v!h .,. .. ,, ot fn 'I! YO _. 

tn v!t~to ••t••~ to CNpport thta •taw• !1\ta ta oau.d 
c;.tenfa!:!l ~t.oa mt1 !a tatrlJ wu QDt!e..noot. 

TN pro!)lma ct: ~ Ral't etaM1 boW\IItt- at!U I'Mrltae. 

ftl!a !.0 a G~flf&tJ'oblJ !!ION ~lea .ttt!\JI ..S wbf,Je b1 WIO 

t'Nf •~rattl!1 tD thft Jowr (pn'-JOtie) otec!•a waa tatrS, 

t~ll. ~rstoot, but tt!ftt ta fltllt•s-tte o»at~~tt~~U~ ,. ntn 
sh•ou~ !n i!1ff'nltffl.u. 

~ pottltlw as ~.aa pnker•• fs en toUo•• 

~t 1oi·t'-~ f~Jft:~ t'"nt 1n itt liJ& J!'t)tetu a OO!lft.Y&Jtl',..bllt U~l' 

~tr84 (bfltl .. \t wtth •teft.ttGB!nl• }t~r -ft Uf)S fOtUJI t~d 

~· .IIJil O·d fonJlatft tM r.r.t•r.to CHQP of Htt"'ton'an '4"•a !t 
ts attne._, to om of t~ two kttda or ~t-t f:1'1 (t) yJrr4f:o,. 

ta ,... ... ta ...U.r .->at• ttan th't other ('!Itt). ll~t tt 

,._..., •f -- I"•P "loctklqr 110 ta1DJ ~1d OM p~CM!e 

tonrl MathteatM ta • •• ••• aectll•-• hti'IOft ~t ta a 
•aatJ......, ..._.... 5MB p~etetaa _, biiW tt.tw ..,_t.al 

,....,1 Methtoat•• ..-.a \\r ... ,.. ...,._, to• ''* ..,. ... 
Tbl• ta sappo.W "' ftldtH of •aa••tpttoa of wS.al•MAta 

Ia Q,. .11M ta vitto .,.~, tht •nbol •• eett1a _.. t.-t 
t1 M N.t.ftJlme' al~h tbe RattWa'l paotele ._._. foU.WI 

t~t• ,...,_ fhttl ta upJ.at_. ~»r ,,_ Nao'fal _,_ thN•r• 

""' _, 1Mt •W ttlat • *b~ •tao aeyl t-RNA• a _. 

toad tn ~!• •.r~t:ft•• fartb.tr fft'lll8tftr,ttona ~-- ahota 



ttrJt t?'~ Mlthtoame ooi!on AUG I"'tt.Or,taiaaa tol'f'l,.Yl ·~ifhton,n- ana 
t~nt at leaat two otM• OQ!$otm GUA md GUG ~ altao o~pn!t~ of 

dQ!nf! t•:,~'ll nt •an !!1 e,. 81.1• ~t~ prob~a ot tt.tr d:.1al ro18 

(~1 altlo cotte tor Valfat) otJD at Jtt•t be tor'tnll8 mauete4 

ttsr tho ,_.gpot~••'• t~at ~""-" ~ MGf! • etet otcnrtl.S onl? tf 

t~ ~~it-. •'••1 fa a DAUM'ftae or stop eotto11, oth"twt• 

t~y ~ ft~ ~.JJ tnterMl ~ttou. ,.,., "r1Qf'ly t~•a e'tl be 

at•d •• A ~-tonsrl '-"t t.r"'il\ caD oceupr tM o'te P on the 

!?«bo_. Ut'if!D !t '# ~tg d~ to thl ecet~rNlJOA of ~ tu.lft•DM 

e-4on t~t tt~ ;JJ!tA'fi\/;J.G ptJattton tm~ th!a m•t.Snho tm synt~ ••f• 
0? a M\f po~ptf.do• i!.oWWl't ttlft wl»~ mattett &W!l 'D 

§.• SJilr& '~" eoMf~rsbJQ atrn e~~,Je• tmd Ctdlftot bo 6~~ 

t.~e. 

~~~t! pL~ e..Aoa thP•••Jt tba .. ~ ot oBJ.r 

ac-e t-RRAs aa oppv..S to Gt .... --., tM "eor.:attiCM 

'hJI pue t-RNA' s ot M11Ptta1 eodoaa -4 the OMU......, of UDI ... l 

,._... to t.RNA•s be-. alJ.Jalat ~ ,. crt,eJtt• Wobbla 

),JPQt,.•t•• ""1• state• ..,at t'- b- ta the 31'd po•ttfoa ot 

tt. adfeot'GD (51) !:a aot a spattalll eoattamt • the ~

hi •"' th•• al.Jowa tt to ton a tt,.tolea bond, wttt> .,. th• 

- trtm of ....... Ce•r•Ur .,.,..,. pqrtae-pnt•tttfne •-

patrt• ta rawuetl. ~ "" ~·•" ta to1lo\~~ttt ••• 



'l.- 111 Aat •-eo&a 

G 

0 

A ,., 

q- fn eo4oa 

u •• 0 

G 

0 

A or n 
At U ol' 0 

Alth...:~b thtis J:MU.·~tte OM b.- to Roopt• M'fla-al 

otf'<era1 tbt b!!tl:t»t, ott!e1ee•~• «t•plel a •P"t¥!• Th.t• ttt1a 

~t!-"l"lftt""' ·~·~ ~ tnvot.,.tJ to rat~.! ooaboJ. 

TM tbat app10.,., ta tt. e•aee ot "beet ••Bt to 

h n.IJ of tt. ••Jattoa of,,_ oote a&a't Dftt~.Wn1~ 1»e a -·--- ......... ,. .. ,_ •' ........... . 
'"'"• •• ,.._. hall *• pule,_. tn a _... ot 

•-• _. the eeaeJzaatoa tW * •• Ia et•••~ ttl ..,.,, •• 

ta aU ,_, o• or two tetatS., fhltM •tWa "" Wlllfa 

(8) cell fltM .,.... tMo~tpo•attoa ett.Jate41 t.r tr•wa • .,. .. .. _.. ....... 
~) Protem .,..,. ••• ta .,,. sna~_. "' to,..t«a :'>PIA• aal 

(•) A\1118 •Y Mplaee•at .... 

(a) spt,a»- IS .IJ..(~ tmeattc.W •thar ul'ltm1ml8 vt• 
uasual DNA OO!Ip08'ltloa eM,.. l!UteMat eode1l, A 0811 firM 



aratem teo• .AJiulJat•l 'i8tllil <• o.c) wMt uecJ to teat 

12 triplet• and fotmt! to al)fto111 the •- •illo actde. 

Maraball ( UJfll) teated the Nadtlll• ot SO eodoM f.» 

eeU tJree aya._ prepste4 fJO•l• a.J,&, I!DU!IIft ••1&• 
(atoal) aid gutata p!s ttartQH. Y:n the la'rl• ma.jorttr ot 

c •• o~Sl.f ~ttatt1lft dttt•wencea (bla:J1og ett'!cteaoy) ,.,. 

oh•zt¥ed d theae ._,. 80d 1t.kelJ t1t1e to tbe 1tmttatSona of 

· t!'it ts-tp'Jal Mtl»d• fM !'l'laJOr d!ffeJ'CUtOIS fOUD4 ,.,.. 

( 1) OOA • ttol'liJfU'J.. tn i.· au !a f!yat1M t.n gal•• 

pte aD! ott.:r wn.brah•t m4 

( !1) wnebratea laCk a codon for fortU1 -thtoftt •• 

(b) O•mttc Ject!. !IJll be trnnaterred be~n apeotea &111 

vbtlaea lr.tttodtleOd tllto t.Uilllaal bona. !n eae'h o.- tnw1tt. 

eottla tba tztnnaff\'\z. te ftmcttona1. stoce d,ttereBt codon 

eHtam.nta, but n ebltlar ecda aetue woa.l4 Janel to ehaoa 

dae to tht P""~ CJf hod t-RNA the vt.Na \Willtl haW to 

apecttr t-RN~ deBr,a'!tc •• ,... aD~! epeettr !ta own t-RNA• •• 

Yhttl 1e dtff'ie~~1t ln 'tiow ot tt!e •all abe CJf moat Y!Jtal 

o!wdoao•• (DRA or Rl'4). 

(e) Tbt •t• aoW NPl81MaMata Ia Hoh wtd•17 dlWI'• 

Ofldt.. *lch .. !• 8J.It tiff (•at ptOtefD) oJJd ,__. 

(h••al8ttta) ftldteate RMIII- that the oo~ 'lftl '! • tbe .... 

..-• tta aov trr to .ullP• •• lattoa !a tb!a ooaten. 
theN aN ,., ota •paeta te oout•• ttd.aa 



• 
(a) DNA ~tt·t•o'l ....,1.&1t1o!'l• 

(b) T~ .,., ~.u••oft c~ t,. t04• •ta-'lt • 

(a) ~~ ~afn t~~J to ,_ ~-~ tor •• tM vta-. .._ ... 
t1'0D '!'l ~A eo ..... t~Oft ~ d<tf~t ft~C~A8 m~ t'- ftJI!d 

t"'~ w,.t~Jn. a ,.• .. rs tnJ'CmO•fe ttlmt~ tt. .,..~icm •• ••t~t 

s-!a1J. ··;t.,"!t ,.tfAet• !f,Jr!~ ~ ,...,!l'ftff.,.J ~ ft'JJ.Io O~!!tll',..._.l't• 

•hu.tt t!t "''P""r oJRaa!na (btlt not ~Mtftt-fn) ~ .,.,.~. 
~· l'ftpen~A up to ufS t._.. 

~ ~ ••'atton ot (C.C) «mttwtlt rm"" 'fJW11t~.,.-. 
fa IJ!"!t~\lt tl..,.. OO~Jk'H'I•t•oft ~·- e'JnM•.-t ---~-. 

Iflve~!'tratd at-ow a ~,..~ ,_.,~r lfar!at•• fl-o- M-4GfotJ 

H·'r~• plaftts nl'ft •~*" t,;a~ at 401&, ~ut vft"" ,..-..t"!' 

•~att~r t~m t'n!'tA'hntett. A1r.• tt..- · fl """'- (Gtc) ~~-at 

(50.70$.) w•tb ft ~. f!~Qptt o~ lo•P .-o~t. n,a.,t •-..outt •Qt 

e:runUS 4n· n rtDB"•• 3Q.SB'• ••• so.~. Proto•o• _... 
~f'Sg o~ sou (G+C) ~.,nt"ftt w•t~ a t~ .,...,,,.,. of._ • .,., (~C) . 
eonttmt. Baetftrf~ •• t~ •-' 'J'et~attk.Sb"' 191'Pea4 tJo• 

28-?5~; tM ~ ill •r r'-'t .-..-atf!lt ·~ rlto~t •mat 
•weept _,_. tht.,_ a- PfOIIO•-' ttpe at ._tel, EB~. 
''"'•• ''•••111 ... ..,. :s.•• t~ eo.c co.e). 

Sileetra (118\) -' PNesa (till) ,.,_..... 'PO""__. 
stoe,ante t'-ort .. ,_. n tht ••""Pttoa f!f.tllt t._ "'-
. eo-•ttt011 o,_,.•• •Jevlr • • e_..~ of ,._..~ atfa.-'Jit 

ba• ~JU~atto'fttt w),•o"* ,,..... to I'P~lftft ,. Mt'"lllat•• 

effftet.. ~11 sueo"• 8ttt,_tH tJotftt. •r trte .,_•t• l"l1 G+C· Mt~ 



•11/'d tiD Ae14 

!\.lntlmn 
",Jigintne 
11.npcrestne 
r.._(}pe:!'tf.c J\Ctd 

t:sn tmd/or hfiP 

cyatetae , 

n ltatmtae 

r llltamte Aetd 

<'2ft d/or Ol.Q 

03lctne 

!':t at!tl!.ne 

Too leu me 

Lflt.tC1DfJ 

LY•ine 

!1tJtb10Df.DA 

Pbmllalallt.Jte 

ProUn• 
S.l'!ae 

Tbnoatu 

fl7ptopb• 

Tyndae 

Val! a• 

Ttne Jett.-.r 8Jih1 

1\la 

~ 

r.sp 
1\D 

eya 

('\Jn 

t11Q 

GIS 

0)1 

!1!8 

!le 

Lea 

LYtJ 

Met 

Pbe ,. ., 
-
ftp 

r,w 
Yal 



I 

c 

A 

• 

Pbe 

Phe 

t.eu 

Lea 

t.ou 

z.w 

!18 

Met 

Val 

Yal 

Yal 

Ye1 

; /('£"" 3 

R!s 

PI 

II ::1 : :: :::: 

a 
0 

c 

u 
0 

" 
0 

" c ,. 
0 



" traettoa •• f-'.30 rft~ A~~ GO tu. • ,_.,_ 'Qtntton ••• " 

t•••ettoa)t '"" •t •ltlV'\ P•.ft t~n tltotlt to' P'Aft•l'd~,. ,... 
"~'"' to P_. fi'01I '• • o.a to '• • o..a. 

ror b..,._rta vtth a an~ttattoo. ,,_ ot oM hlloll't tt:ta 

eoneapOD.to to 2COO sw••• wbt Ia v!th gttauatt\G t!• of oM 

~-• tt !a 80 .,,1Uoa ,..,.. Th.aa tt toUowa t~at b_..ta 

da:rttfta hom ft tc.!tMQft mneatol'* waJtl ·~~~· SD lrl.A OOfiP08S. 

ttoa T!ileh more Jteptdlf thta •• w.-.bratea. Ttl f-.,t J» 

pre4!c\a ttw OO!IpO&ittOD heteto~e~~tltl l'ftmtU!nB to be 

~ • (~d~ &trt9"attoa)
8 

• ,f.~Jls-·PI'Dtt!mok•• 

~t• bJw••• etw• toe -.11 a •all~~, eftn for 

baoterh, bat ~ tatrod~1 Sf'tW'Pnl bro~fn8 et'teet't• "Catll 

t.t.le~ etcu,,,..ast!o t~rtee _.not b~'- t.alt "''"• bt&t tM 

~atton of))~~ J\Q.tewr_.,,, ta thl eofttllft ot tato,..tta 

Thlorr wtU be ooae!~ ... ta - ,.tatJa. 

atiiSIII •C \II Mil 
• 

,.... ....... •allnt , .... to .,. ......... , .. 

_.. eote ta ••1e a. 

(1.) ft t.e ettwett•J.r •i....S. 
(t.t) rt .. tlt!ta a ............. , (~JdbeN -' WfttM • 

lteG)• fwtoe .......... wl'4• <•tDo eDI4 or teN) .. 

el1 of the fo ..... •• lib .... !"vU tS.. ........ 

Bft\tlll aeYa 1\a.,. foJNJ.a abxt ~ X Sa .,, b-. 



10 

Aq!a!*'t !.ot.totm ~ SUtne nft aU 6 det8MI'at8• 

Le~ltlt htlO eot!una ClJl d vJ •fM.• Ar£!ft'DG baa 

e«!QBO CGl md AO. PJ.l'fM• fbaa bot-b bt~ tM to~m 

tb PQI'tM. 'iOJtfM Oft tM ot~l' ~-~ ~- JCl ~ ftJ 

pntatdtne. 

C ttt) ~" are d.,tfntte eonelatlona betwets a.fDo actlf 

e~..,!ea1 ,struct~!"ff' ~ ~on rmtteta. 
( !¥) ~r.M ftf'e two &~pt btat 

(a) ..,.,,mtm.rso~t.m1 vt.l!f' ,..,,.anfM !a 3 "•--• 

w~flt! H•tMoame 'a oat «JStt 'J'a-gptopltte. 'l'•r.ttnattora (UGA) Mtb 

of ~b*eh aN ao~enct•at•• AS. i.JJ4 is tt-,. in pJOttar:JQtea 

br1t c~tzo tu ,_..,rate•. 
':"t ~t\1 ~ts Uli.MII 'bJ Cr1ett tbnt t:!~ AD •d,jtl!a.._, 

<t!ottortnrJ no oh'1rlf!a !n tt !a poaolb~ aa &. otJaftCe 4a eodoa 

aaetcrneat vol;l.l:! npl:tee ota etno aett b7 nDJtl·~r to an 
prote1u ill vbttfl the tint eo,_ h l.la1 to •P'oltt? tt. f'tm 

emflao •Ill• TJtte tNJietoJe po-••• a btgt: PIObabtl•t, of 

~tbalttr. Qr&llfttttdtte eett•••• tDtol•trc ""* ....... ..,,. 
~nttlateo em tbl ,....,.tJ.ttr of • _,., aeH oeey.antlc ta a 

ertttea1 Jocua saaa .. swaotS.al eal'tatatJ or tt.e ltathalttr ., 

atots.,_., oha111H• so. eoatwowHr t• poar~tb~ eapeetaUr 

ta Mlattoe to tho • .., ~t twttda atacb .. Het~tola!Mt 

Tl',.,.,aflt cgstebll el! tM •a" tefttad eot1oa uc.a.. rtua 
nJe ( t.Y) ~· to ....... tte •JSelt.lelcm t,at llf!aOI' eha111H 

1D'f0 1w codon spl ''ttt11 tot- ·~· 



/ 

~ /:P'te\7 I Ill 4 

~ 4 ~ • ~ 
00 0 4. "rriPJ 

'rN• eo&m aplfttfnam ~ oonun~d a!nat~ !'Jle ( ~) ~·• not 

a£1!flJ to -.aob eo-. as w votald aprtor1 upeet. T'•rrt tiN 

a3llo d"ttenaoes tn atop at~ •!!Dflla. ror •X~aPS.t .~t·\ ta 

c:,a 'n ..,..br••• 1\...xt tlou a.ot eode tor to"11 Het!;1ontmt fa 

Wt'hbttatM• 

Thds, a 1 tttle c!:!1:tta~ ~~JI b!tn!l p~ tD the code atnee 

it V!¥1 •"*l'ahtlJ, e'i tt ('.,.lpeaP to be a fta,•tea pro4~t. 'rt 

t·~ bMn qceato1 t~at !'a eatebl!8:~t VflS wfth tM 8YaJJdfiiD 

oft~ ol'fstnnl....tnbolte a,atf!tm~ fl'Oll ena~J.2ofl tc eattl~ 

one•• 
' 'I'keol'tfta of eodtt ewJi&tli:>11 (tMOhanJst!e ana stoehast!o) 

a!) t~1 aUt t~n7 ... tlft,hl.J &lbtoaa, ..-•lattw IDf oall 

om etYPl'O~,.. (Goltlbefl -' wtttn • 1166) vtU ,_ a • .,...,. 
~fa tbaor7 .... to be tatrll eobt ... t •wa II Pllftlr 

foRaS. " 

''- patten of ~~~au•r Ob.....a • ootltae4 altow 

( t to t'f) t• ..- • to sta•t• thl •JeVt.cae ett.ote ot 

_....._. ?"•' ta tM• tnwlw• tile •se~otilll 'hJPOtbeet .. , 

tbet tbe to• of tM _.. w• .. ,,.. • '' 8ft • oP'fllllb-'tdt 

proee6u.re atelattt'e to •aato• ttaM ebalp rJUtatto•• "* 
Gollbell -' WlttN polat od tttat .._ ood• fa aqeh a1 tt 

tnerease the po1.t&ttt1!tr tbat a hU~Je pab eltaftl• wtU we.so.D Ia 



• 
e ~,~em ~;),!!1Jlr. tor tt. ·~ •• acM. '""* oae !IQJ' 

etfP!'d pe -+ par ~i!'J moP 1fte1J that~ ,_ ·-+ PYI'• "'- twiN 

~ene•ttta SMbo aelcla .,. ~eotfttt b, tbtl't ·place I'Gp~te 

put -+ .P2 Ol" PW _,. DJI'• Sft!!ltlarll tbo 4 tG!'! a tt•e 

ttacenvete ~fllo actds (u~ ~~~eh tbeR .. _. 5 1#1 a Nspettl•lr) 

.-e eompllttell anartcaotf.t\1 by th!J'd p1aoa replaoaftQ.'flta. RovtYW 

tho latta, 6 t.te&eaet-ate !c 1n¥ftt'!arat tJDder ewa •n replaee. 

~e.nt .. 

~ tb!I'S p~ &tetm•racr "'- setYara1 aavaotc•B • 

trmtslatfon errore o~ !10!)t tn~t tbure QD5 ettrm2 the •• 

pati-!D£ at tbtt t~~ p1~, t~.-e utata a poa!lfh.,l•tJ of 

wefu.el:al tt. _.. .. or t-RNAt s me&.;' .~ ao oD. 

F..t,_. G•--.IS A} (18G6) •t• ttt~t tM aode ta 

awth that attatto• teat te ,..~_.a alldw at~Sno eeY to 

tt'n oM o•ta!MU.r eo ... ,.,., ttu ...,_._the PI'Olttlttl''' of 

a ,_thalo'-lle fll paroteta t••,..) oo.ro~~~~attoa aDS tMMfCJ118 

ta tt• MtbttJ• A ..,.. tate..nltll bJJittleats 18 tW ot 

N>o9o (II&?) 'ftaiMlJ.r tW V811Slat1Da »atKtt thM a1tata.a 

eno" WC!N ..._,a ,,. tiM!. ••JA'Io•a•r E>Jttat.zats.. ot ttJI ., .. 

so a!; t. wd&M~e tt. eft•-' of eno" ,....,.a !lJ tM pattllttlw 

V .. Ja'IDa .. l't8at• Wtft .... !laW bMD OD~ fUetloaa1 

..., , ..... ttl• -- ... , ... ,.. ............... en.• ......... 
• ••• 
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Grtmborc ... ·"!mco, M., .t"itll s. Oebta. ie AW. lbllt ·.p;., 
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............... _. aaa ... llda. ~·so., •• •1 ,,..). 

SQeOcktlf n., .: •. aa. 1111- a, at C1181) .• 
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wataoa• J.n. tn ~-IAOli:W 'JJ.o1Gr1 ot tbt o~•, w.A. 
neaJ n!lta '*'•, ne·.-; to•t ( urt& *•) 

woes~, c,R., Dll&,liiiiJR, 4aa.91 •. !liJ. DIQJrt 1• 1t11 
(lWI). 

Ynnot•tt• c., ~- ·1trtJ~ 8)(! Proteta 1tl'lletve•1 
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1' cas• ... , "YhG "ltoJorrto~ \.ae• !To.tb rolJ.and, new York 
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f•GDOQ t• t.be •tnnce of o1aaaffJ'fD8 .., .. tatll 

enapa C'-a) aeeortt!aa to 4Qal.~tauw o.- qGaltattw asa. 
lu'!ttea or d~u!m!Wtt1•• aamr ,,_.. ~deal,__, 
aa tM fttfM'l qpata, -~-the q!Uilt1tattw •tl»d• ot 

el.aaeftittfttloa. 

~denl ~.,. •• , ..,_, M ht!ned • thl DllMI't-Hl 

e901attoa ot tt. aft'!D~tl Ol' eta! 1aJt! ' ' be~ ,,.,... 

etta md tbe older!q of the• a•ta tato t•a on the b.-fa 

ot thn11' etf'fn!t•e•• :tt ia the at• ot m.&J!Ml , _ _,to 
6ewlop •tbo«s !), ,.. ... of w!J«eh lf~tfuet* ae!•at ...... 

tcrtdtt~ Qll'!i:A !nhpendetlt, w!U-' I!MSt •rf'Vf' nt ia.ttteal 

ott.-a ot tbt ettta!tJ 'Mt•• two OllaD,.,., ,..1w. a. 
- ..,._..,.. oa wMalt tiD b- tllet• ~*-'•• 

c~ftentSoa !a - of Ute ,_, __ tal ._..,.. 

•t ....... Feet• ed o1t~eeta -· M ...... '• e ..... Jtt 
, ....... '-lo" .. , .... ,,... pdMlplll QaD " ..... ..... 

_, ....... u. tteata ot ,...,....._ M•r pts•••••• ••au 
ttl s .. -.tetr .d ,_fatdoa tflat .~e .. SOM .,. ... U 

ON.W •ltll thMI hJ ••Y tte •1UrelJ to pJIO'fltle •r M.,.! 

tatoiUiltoa. 

-.. 



II 

lltftrs •. bllla SllMIIfJitUAI •t lltiUt&aUU 

'Wbta a •t ot UDOJI4eft4 •~J•eta baa lt•a cfOIQMMI • 
tbft baa1a of ltlle prope•tt••• b!ollctda oaU tMa clautft. 

cottoa. oaoe n el&Hf ttcattou baa beea Nta'bl• ehttd tt. alJat

e~ttoa of a!ltttoftr:t1taicteat1ne4 ob3ect• to tbe eoneet o~ 

fa talowtl as !t!edtt!oattoa. 

~ puwpoee ot t~J fa to £JOGP tr. olt.J..U to 

be elaM! tfet1 Into -.ntart!1 t•••• 
till ldla ad ti:UU.UI•.a' Q]MII,IteUal 

ca> :a. bla 41lta 

A JOpalat!on cona!ata ot e~t., eeob ot \~doh .. 

be lad'!'V!.tltaa11J de•Cit!lled bl nte,_flft to a P"-4eteJ'Idllld Ult 

of :nle,..st ewaotel1atto•• !Ida ,.,.~a,,_ ta .._dtvtaee 
tato sets of ·~••• rbeae sots to• ... Slib-tfYIIIl•• abodd 

ttalttU eanata "•••-'• -. •• • a e~ttt-'t•• ,. 
NCI'll"••ta .. l 

(t) Httlda •• or tbe .. , ........ ,, ''-" .n M 

atlltad- otbeJJ ...... vll!eb s'ha~ee at Ja.n-

weJQYa8 ebattaete.,s·uo _., ... ,,_. ••II •••• 
(!S.) 2\t be tbe .... of a ,_.,.,.lo-' ta aot .-ld .. NC1 

to • a Jellt'fat .,.,.-...s.ue. 
(ltt) Ed ,.... of OM •• •-' •s~ttt• fH11 a •libel' •t 

-.otber .,, br atllt&n oae "JAt••' ~baract•,..dfe. 



,. 
I 

/ . <'l ~aU:IJaSls II\ tlkN!tSIR Ql•'DIIllsl 
( .. 

t'l.Ma! t• o4~ttona buad o• _. or ODlJ a rev ol'la'raete•• 

en f!!tmf~J~allg enlle4 • .,.._otbttte•. !'Ma ••a that aU 

t'N ob3eets allooatelf to OM olaaa 11lU't ~ the e'ht!Jtut.r 

"' etu....-n ••• eona!.&IJ'attoa. . 
Claaa' tteAtf.ou b~ en 'llllJ ebaraeter1 :.tf ea ~ 

Cl'!~ .,.lltbattc•. 'fl'»7 1o uot N(JU!n m7 o• charactu 

or propHtJ to be •'•ratt.l tor a cw•• ta .auch et'\Ma a 

l!''fea -r-a• or e~9 !o eattll1iahlcl beeaa• !t ooatataD a 

Stlbat.st!.al portion ot tbe chaJtaeten eaplo)184 !a the et•••· 

t!cattoa. AU!CJM~~llta to tm ,_. •• aot on tbe bM!s ot a 
a."d 

atneln prop!trtr bat oa the •c"late ot pJ'Opes-tt••J•J patr• 

of ...._,. ot the nlaa!l'l td U not MoeltMI1 ~ ettae ew•r 
oh ....... 

ftle 1taaie ..-f_. aa tta-ee abow hf!M a )ate 

...... of S1UIIl8tfW e,_.,ttenttOD8t .... t.aee a ftanhqt 

.. ._at 1a _._. t. s.JHt IN• ••Mil tbte. ftr.ta tt• 

to be doM fa sl.lOJ) a war that ttttt••--· ,tlda ...... 

.. ,. ........... -- .,, ............... ,. aN " " 

rftai'IJII..S. 'rbeN aN tw .... of .. ial tid .. 



(1) A ttmct!on of the releYAllt charactel'!attoa fa aettnecl 

between pain of e1maonu. 

(f.t) An elel:leDt ma)' tie eitbtr a lfllttlber of a population o.

m enttn eet. It !t t• a aet; then th!s set may be 

Bef1ned by •1 one ot !ts ••u• or by aU of the 

members or bF • eleMDt oon~ !':rom aU of 'Ita 

Mlbere. 

(l!t) seta ore to be conatraoted so that tbe ttmetfon ta 
I 

~nimtaa or rsatf!U8 within tbera, •m•...am or rd.Bil'll8 

b•tvaea them or botb. 

(1) A ftaet1oa ta d•ttMCI betwa pat.n of zrel8••' ebaJt•te•• 

ove:r a ctvea .. , ot ••:r•• 
(ll) A cbuaete.Satte er a IJ'OUP •' ebuactenattca !a to_. 

foJ' llbt oh tbe faottoa OJ' a .. 1'1 watt we ot tbe ttmett•a 

ta•a:ataal. 

(!lt) seta et •••r• _.. &ttmat tn nlattoa to the ehuact.»
tattea ao •Jact.a. 

Sokal a:ad Sllea'th ( 1111) •eepW tM •At--t.•• 

poftl&late that •••1 ch•-'•• ta ot •qaa1•!cht. 
Tn coltplltiq the e!llllutt1 between the tw , ........ 

entities, numerical taxonomy treats all taxonomic characters 



• 
ao of eqa.al YnlUA d'lt1 "!JpOrttaoP'• "' one cdRIOt death 

txtw to wt.~b the teata"•• oae MftF gt w thnl ett&aa1 •tcM1 

tllll.aaa one propoaea to all8eate w1 ght •• 1. l'l'fttloaal aJOWJJa. 
~ 

Fo~ ewa~ple, e1ea it the ettn •••tfe eoaatttatloa of a 

tom WN bows tt voak't be taapos.,bla to .r•ad a ~aata tow 

vetgb!Dc tbJ •••Ue ta1ta siaee thtJ bfMt • tfx .. tldapttw 

atp!tieaoe. N'o1. tb!tr eal'& o11e •tth eba:racten aocozdllll te 

tbetr eoastmeJ wtth n oertatn t••• beema.ae tbe~• ooanaor 
eaDDOt be 4ehmatt4 et!1 oo• baa delia .. tbe Uatt• ot 

ta10a. 

T!'ua thn ate of ttaODOilJ ! a to .,-•14 ta110aate 

ltotlps \/Met! 'brtq toeetbetr OJ'IIIlf- w!tb tbe b!1heat , ... 

po•tt• or stmtw at~batea. 

,.. ..... , ...... " ......... ,_ .... , at-

"*' ... Je to ........... *' ., deafNd 1e9e1. ,.. .... . 

taaJortr of utethl .. .seal•tt.d• .. bt•••thfeel ta 

aetae. Row.,_ tt t• peaatlt~ tl'lat .- ltw1 !a antet•• ta , 
•~eetated 1dttl .. ,..... wlstch ahaU tall • tbe hsu...-r ........ 

G!Jmou baa d!olll8•1 tiM ,..,_.tea .. the .. ..- of 

clon!tteattcm \ll:'et) ena tJe n80111ta.a • •.._al. SIMla 

elaaatfteatSoa• _, 1lNt hJ!IMd • reaual !11 atatt-'lla ta 



apoe1a1 eW.ftteatton•• !bta !ttpU~• that fa coiJIUt.leUIII 

s:e:aerftl. e1aaettteattoa.s, eheaet••• haw eqaaJ.wtattt, .a 
that tawa tlftt beMC! ott. eonelatlo• bftweeea tenta..._ 7h•• 
two :xu1m1atea ae col.W •Adat~soa!ca•. 

Metl.tbeN of a aatual t- _.. mtaall.J •" btcb" 

Mlatn6 to •• eotber tbe thftv are to 110a-.mber .. !b!a 

1Qa.1a oBft to tn to deftae vhd te10aotdo nlattonaM.pa ..... 

OOD..,.t!ottal tawonott!ote vts~ to eqaah t.-motd.c l'ftlattoallttpa 

vtth e¥01tttfoaar.v n1ntfCDab4pa, 'bat l'ltller!oal taxonolltna 
.. 

bava potuW oa.t t!!at tdot'l_,o nlattona an of tbl'ft 

''"a. 

Pbeuttc J~elatfOlUih!pa Oft b~ OD O'ftl'&U atld• 

ltwttr te!'l6 the ob3ects t» be olaH~ttod. 

l'liiODOldc J~Glattonabtpc 8l'e to be eYaJAaW pue1J 
on the battto ot tbe N..-,l.eDoft uiatbta Ia tbe •t.dalat 

!let. 4J'tlo relat1oaaldpa •• tbantou atatte or • Mt ... • 

aa~ them "Pbeelette•. 'fbeJ a. Mt t.lDI tJJtD .._., ._ 

!I!!O!e ot oJltata of tiNt obae..a n ... 1a•• ol' "- •• at 
vbieb IIMilarellllllltS.Ma baw taon-' •• a.cnaMc1 ta the , .... 

1M """ettoa ot t•aulllo ,......,.. to ,._., •• 

e't'fd•ce ia •••••r tor tbne tfattan reasout 
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(t) Phrloaeaette apeculatton !a mt e»mpettb28 V!tb v. 
stated at• ot obJoett'dtl cat't repeatdt!1tt7• 

(!1) fte A'fa!llbla· toaat1 record ~· ao trc-.tur tbd the 

tlh7lol•r of tbe "'--' t~Q~or!tr ot taxa ta taktlote. 

(tlt)~.o:a, e1'811 vben the toaa!1e'l!deaee ~· ll'fallalJ1e1 We 

e~4aoe auat be ftnt SBhrpnW 1D a abtetlJ 

p'heaettc llal!l81'• !be ortterta tor chooatac the ••nral 
tons !!l a pbJ'Jos•r _.. pbmlet!c crt tel't a ea:1 ftN b.-d 

on the pb'eettc .-.lattoD!Ibtp bet ... D pgtatt., tiDOUtor 

an4 ... .,...,. 

cled!atte NW1ollabtpa an balel oD G0\'80D vaa• ot 

<1eseeut. Cleee cW!nto Nlattozaatpa ~ f.llpl!u o2D• 

ptumettc atmtlattg b~&t th~• ta aot tbe tmM al»BJ~J. Tlttf'•JI8bee 

'a eYO lattoaerr rata• _, at • r! • to 1tatttC«b; that <11 wraet 

Jaae _. 1Mlt appear ., .. atatw •• a .... _..lr ttt•flel 

pat• ot n-• oae •• '-tit of wteta "• ta4ei'IO•• •..U 
•• liltS... 

cwtnt .. tawl•• .. r..-lattoa ot hJPObat• ., 

-~~I•Mte teWSoallld.p ( .. ttMd llJ ftll1le1 •t eo .. a 

•ee•to•r)• It-- to t,_t!fJ etate.r ...... !••• t•a osa 

aeta ot tat., vhtoh an elltMlJ nS.W to •Mh oth8r t• 
ettMI' ta t. •1 othft ,_, _., aU ••• _.et._attoa. 
oaeraUIIdatu ••• _. patre. fbte ta • •U.do~tseal 



(t) * '•• ader ooutd•att.on .. two apeetea .tdeh 11.,. 

• saeeator • a.aeeraacat Mlatt.odldp md blaee .. •' 

Ub atateJ' apee!ea itt the •Utet. -• of • ...,]D. 

ttonar7 bt!Uroattoa -'le• 
(11) tM· '•• ••• eou•t4el'atloa baw eJD•• 101atl'fH 

cabown to tM $J'8•attn. 

state.ata ot NWS.a 'b-.d oa ·ttrta appa-" .,...._ 

tteallr a'I01t! ftlO quelltSoa of ....-. • &....a•t nWS.... 

abtpe. ~~· te •' of cou• • •ar that ....-...... _.., 

nlattcmabtp Ooea DOt aid • &7 tbeoztr ot ewoktt!o_., 

Mebt'a!aM tltdntataa tiler lllllt. a&t pb,_esette att1a!'' 

etA Ollll bft &l!.ttl!r~ oa tbe baa!n ot the e..a poaMMfa 

of &Jr!wd ebaradett .tate• . .,. at•t8l' ,,... He .. Njeet 

a t-a n.a m •••• ••11 tf tt poe•••• at~Mt OM .... 

._.. lpe8taUaatto.. !Ida ••• -.. the eWtatte ••• 

of •.W• 1881• to a a.teNiaattoa et nWtoaald.pe ••81 
'•• lll_. • v.tr eb_.. ._...., ••-"• • .,..,.... .. 

et aSIIla.ttt•• 'baud • •••••lRtattou •• eoawl'l••• 
••••••••• h, ........ , ...... ,. SUit .... "'"' ....... s 

a atat.Ml statn•t *tel'! .... •' .-... • ...-........ _. 

~tall•• ,.. 1111teh t• .,.. to teat tUo&~~ll .... ._.,,.. ..... 

et •~'• •• Mqldett~ •t aev ••• oa ....._ ..... 
diawt.Mtlaa•••..,_,• 



1 

TIME ~ 

T a X01\0mi.e 1"2-f at~s h.l.pg vl.e.w e.t! ftt>~. fh.t"tR.. 

asr~ts. 



cbroniat!c o:r ~fiPO~JnlrektSonabtpe ~ -.q •artou 

.,voll.lttonuy bronehea. Cbl-on!attc relattona!'rfpa tor IIOd 

organ' &1!1& &rft kMllll eo~ ly ! t at aU, n!d are eenettall.y 

! nterred hoe pbenetto e'V!c!ena.. 

fbt~ ta yet t110ther cl&Ui.tteatton which m.ate • 

•fbe Ph~lDcenet! c CJ.aMitS catlonw.. 

The pbJloaaet!c clafrs! t'l eattons ot eollvellt1olla1. 

tarono117 are a.au.alll b.._. on Gll tttdef!ned ·llbtun ot pbtm•tte 

et1 eWtnto H1at1oaahtpa• rbe7 often repn•nt • ow•aU 

e!mtlal'!ty amonr too ola.aa!t!eB oqen!ams dtagat..a tn .._ 

latlono.ry temnoJeay. 
fauBOatc nlattollllbtpa oan he ¥t...a fi'Oa thNe 

41attnct •peeta. WI tb nfeftlleft to Pi I• lt we haw the 

"lationehtpa •• 

(1) Pheaetleallr the oawea1n B ta •n ellt•ll Nlattld te 

•11•t• At tba tt ia to c, eYea tboQib o ewlft41 •cb 

_late .. t~ A .. a lll'aeh·or at«~ I. 

(tl) cwtetteaur tbe ••••'•• 1 ,., c ue •~•• t1 eMit 

.,._. tha •ttht• t• to A, •••• tblr haw • aoe••• 
• 1• tr.t eo.-n beton ef •~• hall a eo .. a aaeeator • A' 

vttb "' 
(111) Cll"a!etteaU, the OJllflli_, A, B ant C an olo•J' to 

one aaother tban .,, ot th!us t• te •B•, etaoe tbeg 

OCCl1P7 tbe ... t1M bortaoa.. 



FJ'O!I tbe aboWt m.erst!oa84 t"...ota we Mn that ~-.l't oa1 

raaonotdatn propoM to ha.Dft oluo!f'toAttons e.Dtfrfllr on 

1'8881lblmetlt d&fta!ug natual olaaatfte"1t1on aa ttloae Jteldtng 

tnan uboae eodJera a:re tn some MDN IIDn dat1~ to oM 

mothett thaD thftl ~ to Mmbera ot oth&r ,..._ rbas the 

elao.-. f! cation baMC! 011 a variety of cb'11'aotera w1 U h of 

eeerd Qt11't' to b!oJoar NJ a tft>JAJ, ""• a e1aalt.ne4'1\ttoa 

rt!Gtiae on onlJ a t1n1 ct....oraotetta •• te• Ubl.v to be c•••~ur 

t&Mftll, ucnpt tor t~ apeotnl pa.poaea MleYatt to tM 

eboaell cht.eaetua. 

ft3e eat~ of S!~la»!t, !a ot eourM a ttDI-ata1 

probl~Jt'rl of tawmom~. f'h1a ODctent pM losoph4ot'l1 pi'CbleJJ 1'!.

bneoM ar:u~ !n a. Yal'fetl ot f'e~a becOWM of the tnbodmettoa 

ot at.tto~ata tor cslaea!fteatton ana !&mt~t!eattora. OM ot tbe 

r.arderJI'fJJ~ prtaetpl8e ot nw.r!eal ta:woaomJ fa that q~tt.

catlon ot deereea of at.t.Jert'' ts ponfblat. st!!d.la'r1t!ea ea 

be eatttJUahea o111r oll tha btra of ho•JDcowa or eor"ttpOildtq 

ebaraoterm. Ho•lottJ • iaha-pntea '' ... rte~1 t•••S.ta 
ta tile utathl owr all atetwtt7 ta .~ Pa.thel' ttt• 

•tatlutt)' au to ..... saMIItrrt altbDf.IIRb •~• MJ oftea 

be tt. _,••llbll ...... ,. "-1'11Nt saeb ••••ttal ahdl.afttr 

~tle to «t!'SD •••torrt OM ..... to~- tt Oft,._,. .. 

*Wl1t eba••ten• of tt. atnetGN• to lMt OOfiP...,• "-•leal 

7n110aCMdm ,..._. •tt ••..-r• aa tho• that ._., M 

su,.tt,'fl1 .. tatt 1a«tea11J •• ..,t.seeur • .,._..., ••,.'-•• 
Th"a ta a COIIP~2 dJaet, s!nM tl'wt s .. Mt of 1ttoJtrtta1 



• 
obnJtaftei'B ee,. t!e11Cl'!bftd ta '•-••~a sl!ahtlJYarrtaa 

W818• All tl'leae -1eacr!ptloll8 t!JQ aot tte Pld, Jet OM e .. t 

.evo!lt l'C2dzfdlOJ bJ ebootd.ag the Mn .... 

AaotMr problM that art•• :to bow tltllr obatlliiMI'• 

h~ to be ehoacm tor 'lltt~~btat pbeMtte a~mlarlt1ad Ia 

there • aeJMPtllttte a!mlarttJ AIIDDI OJ'IdllMI8 that 1• 

ftPPI'Oaobeti 'tllum en ma t»H ch•••".,. •aat~I1J1, or 

w! U each a34i t1onn1 •t ot eharaete" coatrtbuh a ftft 

dtMs!orl to etfd larltlt maktq the ,_,_!de atruotu.n ot 

n £JOGp •Dblren.tlg ••telt~t 

fbe pbll.oaop!l!eo.J. OJIIJ!Da of tht P"Nilt dftftlo-' 

ta t.-mmJ derlve tftm tbo Sl'k ot *MSc'bl1 Mmson• • 

e!~btefttb CGntt~rg ·~nacb Dotaldet~ a re~ected a priorS. 

a•~tton on the tmportmce ut c!l!tteNat ohol'neten _. 

propo&ea bat~!JII uatual taQ on bta • .._u.u, pb-tte 

eoncept of aff!altJ. 

ftte ob3ecta to be e~a!t!.a flftt oa111Nl "()pHatS.aal. 

!a'\IOnomo UJd.ta•. fbeJ _,be 1ftdt'fi4gaJ8 • -.aoh, t~tat.,!ha\ 

JePPIIIfttbl apeetaa o• MINJl r•trtac .... _. .. "'_.Fa• 
•• at-.tUM of plata alii --~· •• na\Sattea1 abet•.,. 

tiou of tbe Mabel' •allrl81 '-•.t• •••• 
Clt~Nffto!ltt.a bJ "-1'1•1 ,._.., _.... tt...a • 

._, DW~DI'leaJlr .,...,~ ol'l••••• ,_.. flt'11 M 

............ ,. that _. appJOp.S•lJ •~>"••W ~•aUrt 

or.,.,_, be oot .. !ll •• a wnJ tba' the atrter.,... l»eblla 

tbtm artt ptoporttoaal to the•r dtaatrdl.OI'ttr. 



tn olteJ~ to eatimate ....-ldlee ~ Oll•!

om Mta ap a tribS. of dote m •Ut• ton. 

, ... ~ 

' 
I~ I r :n lllllffl • 1 1 ••••• 

t 1 a a • 
1 • a 9 7 8 Qhgaotua • e • D • 9 8 • 
3 • I a 1 a • 
4, • 6 8 a a 

' 8 • & 8 I l t 

• ' ' I a 1 • 
Otlaaa _. e. oJ~~•t- to t. !awnt1ate1 

aa1 JIOW - tM .......... 

CJ~•aete•• howyq shrnall h talt ebu•te•• •• tf 

tber ae •lttp~. tbel aho.a14 tMt brone i,att fatt -. ...... 

taatt •••'-•• •CO' 'be ttenn..S aa •• .,_.aetera t!Mell •-' 
be tutl\et t1t•tW late ~ateaU, ol' •IIPfl'leeU, t...,.a•t 
ebaJJaehN. 

!he I'Ul.•ac ilea Mb!&a We t• that ...- .-.- ••M 

eoatl'fbcl'h •• aew 1t-. of Sato ... ts.a. 
SHoDttlrt ,,. .,, eb .......... "• ••ttCfal. 

One et.aV aro!d 1Dtr!ea1 eol'relattou alii--' tulate lllJ 

pzropertJ wlrtcb '-• a Jop,!eal eon.....-•• ef ,.,,.,. •• 
I 

ror ••~• bOtb tm «t..t• • wu • the r.S'u ef a 



• 
C'!l'et1W OJ'Id'l u!U be ot no nae. Part!al ttepmldeee of 

eboracte•• mat cleo be !oc1t.ld4NI. 

~. tt one he& the e"ttderlce that IIOH th• oae 

taetar ~neo tbe two oo~nlaW, teatueo, w'het~ _.. 

eY!c!enee ecMs hom vtth!n the na.tr or wft!'.lcut tt, ne 11011111 

t~o be tnc'Ju.6t ~ beth character•• bu.t ottJe~• oa1r ••• 

Amtber vap ot npreMDttaa atftltlartt, !• ~ dtn.• 

between Ql'tr• s !D a f'Slltt-tt!twJftatonal epaee. SClppoae tbe 

atftdlorttg betw4'm oU ZJO•a1bla pet•• takea trora tour ob~eet• 

!a to be enteote4 oD the ba.sta ot three ohnr..,...... ,..,. 

ON !s pJotte6 Into the tt-..JttM t!!t~M~atonral apaae aorco...Uac to 

!ta atato or Ynlt&e tow the thJtee e!'!OI'aehra. !bo• objeeta 

ttat 81'0 wttr atmtw W!U be pJ&tttet cJaee to eocb otbe 

tlblJ.e the c11aabttlar oues v!U. be ccnstt!er~lr tiiS'thw •-'• 

the oomputatloll ot hob at•at1bt uu d!atmoea ! • Qld.te 

atmp~ tbeft. rn mr Hal _.., llo'tiJG\f2JI bn 11111 ot cou• 

be more tbm tbe• ~aotua 8118 a !lll1tf•iltMDalonal .,.,. 

wuld be _...,.,. 

n. a-esulh of a maal'toal elaa!f!eatt.oa .. 

UflhU, NP1'11811SW bf ••• ot a pbenop.;a. "-• ... 

ltk• a!IP- todteate the at\llWitr ttetw• cmJta •• 

steM ~ •re tba oaa otV alltlll - lid-. -

Jbeaoe•ta~~ eolJap• •1tt-dt-•toaa1 Jleldtouldpa tat. tw 

tH .... stoaa, tbere t• an ..,..ettibl.a •tdontoa et .. 

ortctaa1 relatlouMp a~ •• aJao 'be .... tna a 8llllladtr 

matm. 
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Fl9 2.. S t._."'_a_.o..~ Ot"" be. nrrese.?\t~ a !f.· -lkll 
d t5t&?\CR.. bQ.tw«.?\. fktZ. otjlets to b.c.. c..fassiJUul 
e.atleJ 0 TV s ~ c9 ?t\.1.\f~ dL'?l-\t?\gtnaJ ~f>4U. 
1"" tf.U.s .e.xa:m f ~ the. s C:~i LA h.l_; 1:, ~t w~e.?\. a II 
flOs.st.f.>IQ. pai.t-s , .J-ake.~ j~ .f£'u.'Y o(,je~ts 1~ 
~tL?'katQ.J ~ flL ~~ts 1 thY£ft c.ka\'"ac.f-t~.., 
~-te" aft 1"JQpnst."'t,uJ. by tk~ ik"n.t fo-GYJL
"1\G\te a"" X, Y s~ ~ . S~;,l~~ o~jfets an 
p'dtteJ efosL~ ~D cJh.e. aN>~e.v ~ ""il.t. J ~ss i _ 

~:M.t~ Gl\~ • 



• 

(t) ooetttet•t ot enocdotton • ftler ftfer to eb•..._• 
~!'fttec! !ftto 01117 two elM••• aueb aa po•! tt • _. 

aecat!Ye cbnreactu.. !be data CUll h tal>t.aWea ta 

·-table. 
(It) conelattoa Coetttoteat UJJed )J 91b1-' MtelteMr 

(w!U·be d!aowa..a latett)• 

C!tt) A th!.zft •tt.aoa ''acu....a br ~tal.._..,.. ,...., ... 
df•t••• It G8U tbe OOtlWDUol'l ot a mltt. 
411M11dotta1 epn• _, tb ou dtMDat.oD. tow eMil 

c.,orectera. (ftc• I) 

( e I 8 I 
l> M • <sa .... , • <Jt • '•, • ,._ • •; 

Jlla«QII Ill 

A deadol•• ta ..., v.e 1111a •tasl'• to• ,..., ..... 
.. ttDI ~elatt.olllldpa ......... •11•1-, ,.,.~au-, 

epeet•• ol' otbl~ 't•1DiteaJ.••t~t~ta1 o.r. ~.~~tu. 1M 

dentoa•• tuelt •t- tW• a alai~ ••• •• ••' _. 
b•l.llllebe• PI'OII'eMlW1J .U1 tt tentaatM tJa a •UHU. 

•t W•• ee •• ._.,.,., om. 
Eeeh 1lOD root.pol'* hM oae p_..t-' 111 tM 

c1ala of ta'1ltoarCJna each aa.tftldoattq po!at bas aaetll 
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~t.j 3. A .b€?\dogra~ . 



• 
tw ott-aprtu,a. ~ .. thHe neloaa ta a ,....,,. .. 

enuloa-, tatertol' ... ... .... • .....Sor t• the ... 

of aU «mteMJO»U'I O,.n.tf.ou1 7-...t• Datta. !be not 

be181 tM •at ••ma1 po!at ou tM tledoar-. !be 

mwS..• fa b •• of all .._... ... JOtat-. '1Mb ...,_. et 

the ....S.Ow h• aeetl,v OM t_.tate -•• (or p,..t) 

nD!I • ,.._..,.. !he '"' baa aaet~ tw !aaedlate ••• 

..,.,. mtt 110 .....-.... slllb _..,. of tM !lltedor bM 

exaetlr 0!18 paJet .a tvo oftap~taca. A d•to••• vt,• 

• •• -...,, O!tfe alwo,_ tt• •• ""'• • eneno• potate 
dk1 -.a 1ate.SO• ,.tat•• 

1'MN are tw theor!ea .tlf ch - be Wlel! to• 

Neoadr,JOtlDS tbe ph,_., of Ofh - hnve .- reeetwl 
I 
~conu ~attea1 to_.attou. the ttnt ~• a,.._., 
Of CeM!D end SOka1 (J.MI). !he ealltU.• ol tide ....... , 

• •dtf~na ttr .. ...-.. ~c <1111> <• aaw .._ ,,..., tte 

..,.....leal to_..U..) .., M SiWI.t ... • teU.wa 

(t) ................... ... .... Otv ..... .. 

(tt) the _..alo .. • ot •••••• •• "WI• ,.SIIltt._ 
.... ,.,...._ ......... t•teao•-'1• 

"""''~· 
(ttt) • aut- ••••twa1 ..... ,.,_.. •11••• _. 
(!._) ewlt.lttoa t• *' pant .. tou • JONibJlt• 



~~· hJPOtMat, hotMYAI' eanot be III'Pltetl to .WS... 

ao~Dg tDJeealar cllaraeMr state• ta etch pft1JoteJ !a 

!afei'Pd floa adao aef.l! •q.aoe, n.n.A. h!ibrtt!aattoa 

etc, a!mpS., beeaae tbere ~fa "ar61r ,., MMOtl to lttt11ew 

tba.t •r HeJeoUdo ~· tllbtutcallJ .,. pr!td\!w tba 
J "> 

motile!" ta the sense tt-.at cme eac on. oJtda.- tbe ttpl'!mtttw-

aeae• of e1Malea1 ~»I'Plto18ctotd. ehaneten. 

rbe ...,Btl t!w.tol'J (Moore UWU poatta1aw• ~• v. 
•re ~c!at the .. ...,. caceatror tol' a pld• or O!Va, tbe 

ere•te• !a the ~reaetto 4tetaJIO.'It to~t tbat pfd.l' of oma. 
'Jba•• tile deaNe• or SI'!M·eclt! 8eQt1111'leett l'loliOlaeJ _. 

HPHNDW hom kDowledre ot the aeutte code aa ftl!rd-. 

su.tattoD d!otte~a (F!tcbt MargoUeoh • JDfrl). tf •JHaS. 

nYOl!lttoa baa o~ at a ta!tor.a ott Mal'~ •tfoN ?ate ta 

an 11.voo of deaoeat, the the aawtabW p~tt PGIIP ••• 

of SOkol ca Mtehe•r ( 1181) 1 tM oot~plet. l.mkaae eott»t 

of SOI'f!ll80D (1M), the ldftlla Uai&C8 -~ of SUatb (INI)t 

tM d!Y1•tw autt• ot Moo" (liPI) ef "'- areJD-.att'f8 
..... .,.. ,_,.,. eoneet ••~ct••-• that '• pltJ111•1tle 

, .... 11o11 as .. ttdltwltr ...... -. 

ffter , ....... a ~ n.n, '-r ttJa ••ia'hW peb 

l_.;s _.... •staa the tSMIIdlutt' atatttta of ndft!ftl8 

tltltattoa dtn ... • ,,.,. aU patrvtse ....,_t.,. ot a1t8Did 



" 
Cld.Do ao!la tM\"fWI'lC8S tll tbe Mtt tbJD tbttae OJ'fCtl'lal !apat 

m:..!.- !lrlW!on 4!at..,.a .-. "a.Mit 

( t) to ut!t~ate bow • J.tae .. a 1.._a!!q t1011 a .., ... 

81lee!3Wl- ••r CIIOIJI thellN1h8t w!th Na;Mtd to tbe 

a.tat of satattou1 •••• d 
(!1) to calcQJaa a teeoaatnetea aatat1oa 4tateee toz-

eeeta pt.da- of 01Va m the -'• 

ftleft tile l'fteoubc&eW attatloa diet-• _.. 

eompnl'~1 to tbe tapu.t mtal .. •tattoD t!illte• aad • a 

____ are or tbe de94att.oa ,. .... -~ .. l'f)'COllftneW •• 

oP!etna1 d!at__., thl ..,. •• per eet • ._._.. deY!attea 

eoetffe!ent of Fltcb fJld M_...Uaeb (1NI) ts dete.-ta .. t•• 
tb& etlt1.M -... 

!be nolD.ttot'l&rJ hJPttlletda 1ddeb ._ .. a e~• 

r~DtJrtblt!llae to Wlbat 4fa ~!118 ta the ta'a seto Je tM 

.,.dtttw hJPOthefds• of cawaW stowza _. 'llv ... • (SHI). 

!he aMtttw bptbtda aWN tllat ia a ._ J)lJlla•r• 
then !a a eeftda plae ••lltu of •tattoDII llll!eb aN tiM 

betw• •r t.l'aoh potat oa h phJlDI...Ue tHe ..... 

or tta t•ettate •••-••· ,.,.,..._ .. )._ -l'lMl 
Yalae tD a ..,., .. •WI• • ....,.Dflnn to .,. peS• et 

eoBtempo•atl ot:J ta .-,onto!Wl to the ~ ot •'attoaa 

ttstta stnce tbe tt• tbose tw cm1a sbaHtl a conn•• -s••• 



.,. 
Bo~'ftl't fol' aottaa1 adiiO ac!d .. qQeaM td& ..Ut 

the a&!!tlw bJpOtbtsha ft8181' bold• !ft the n.tct ..... 

r1Ht1Jt tMte•• •1Up~ mtatlon.a at the - auleotta. 
·poa!ti09 1!lne- tdth t1ae ted s!nee the• tM~lt!pJe 

ehnqea eM aot nwalet by tbe pa1M.• CO!IparS110a• ot 

fX)tlt8pol'nl'l' dl!ao actt! •~J tht st..a!'flllll mtottcm ft• 

tecea ,.,..._. ••r ••'•tlf separ.W sa~•• d 

ore scb mon Bto•ll' unc!ue•ttu.tett (tellon ad ~U• 

~·hemoelobta eba!.a), the betwea •re reeMltlq MP•aW 

Mqq.enees <e•l• attob aa between diftt~tNDt ,.._1•• ,/J

MnDIJob!Jl · ebatu)• 

U olaiNI!ftc5ttou a.e to bo aatabl,•bld on o•AraU 

Slt1!1.~t1t Utllftl'!eal ta'lotao,J !8 Pqtdrea to put h 

proeet!ana on m operational at qt&atitatt ft b•t•• R-t 

C!eftJAipmest ot rtufttrleal faxoDnr starta 1d tb tbe ftatJ.t._• 

pu'blieatton ct p.,." 1t7 Pete• a.,._ SHdb a Br! t1 e .. .,.. 
b1olq!et md br char'-• b. M!eblller .a '' V.lMt•t R. S.kel 

Sa UWl. 

"1le mattar --. •• ot ..-atttattft eliiMttlMS.a ........... 
1. 1'bt G•C. ,. .... ._. of the apeel••• 

a. "-n• "'- ltJttli•t•att• ..,. ....... 
a. ,_..,~, r.._.et .. •t o.rt.A. •~eet&lHt _. 

4 Aid• .Mt• .,..... of pi'Oteta .. 



"- p~aotple tatdttr11!q thlt elaUitJeatSOJS ,..., 

on tba o-o ~ ta that OJ'I•'- •• cn.o g Ue vttlsm a 
oeJtta!a at'biberr r-.e ton a INIIPa A •rtoaa • ..,._. 

of tttto •tb>tt ~ • that Gdaee •bft e .. o eonteftt of baetel'la 

era Uo -~en betwe a&J' at .,,. apPft'xfllllte1J1 ou eta 

~r•t aa~~•loQS, groapfug (••«•· a plant e{J a 'bdeli.• befJII 

aroQP84 toa~~er). 

~ •t:ho4 of n.n.A. hJbl'ftltaauoa :ta to take atqJa 

sbaaBAt ot tbe o.n.A. (olltatc .. 'bl ·anatt~ftt!oa) ot tw 

apeefes d to ntw!J the rate .S a., ... ot "••etat!ea 

t"fa.faoelat:IM would •• that t• a • .,t.A. b.,. n Jzas• mt•llr•• 

ot ~\lcl8oi:l._ HqQ8loe• !a •-• .. a '*'• the he •et•• 
---c:S.aeJ.r nlaW. 

ta,;;h •*• ulal ••~t he~et•• of ._.._ 
' 

J).N.A., tMDJ.ecPlMt ... t,.. of tllalllfe ....... 

ie> 1M PJ'faelplll ..... taaW Alla111d•t -' 

(') ,_ CJIMitu Aaalflll•• 

I dad$. Slldllllt e&ll'll 

1M tda ot prtaetpJit ..... s.ate ~~· ta tilt 



74 

ft4uoe a avntet~ of' a po!ata !Jt a a. \1111ftDa!ona1 ap_. to a 

8!'/Dte• ot n pofnta 1.D a loVf.tr d!Mnatol'Ull. opooe wttb tbft 

fl"dll!mm naotat ot Jeaa ot ! ntoJ!Illftttn. 

C:laatel' rMlalfatG (SOkol. aut SMath • 1113) ta ..... 

eemed w!,tb a aroqp1JII of the ••teat at'h!tltadll .. kteU.. 

a !awl oa t!le seale of S1!dlal'lt1 eoettto!et tor tbe 
pld .. tns ot two spee1ct•• For u .. Ja, n• ooald pa!l" tw 

epee1ee tbo:t hae tb& tda!I!UI ~naee (ta ._ efta) 

'betwcm them OO!JPM'~IS to aU. otber poutble patr.. n. aut 

atep ~.a to oalolllate tbe «!tat._ bet'tJMa thte pair tmS a11 

other epnetna a,td t!I'OQPa ot apeote.. !he epeetflla (or 

Cl'OQO of opec!ea) cJo••t to tt. pair wa~ tMn be ~ 

wttb tt. pa!r dlif eo •• 

"tD tM claaa!tten'tton h.-d .. pi'Otefaa tbt ..t• 

r.d4 •tJMD•• ot t~ b;)•llJttOtll pJOtetaa of wa:rlo&aa .,..t .. 

(f••• p10tetaa that an •- te all the apeetea) .. .-. 

cae M&eb pJOhla who• ..s.. aetd ••-- bra• bMa • ...._ 

13 ahetl to• a 181• IUIIllber of sp"t•• la the p~roteta of 

C)'t:Oeb.-e Ct a enplla ... , • .,. to* !ll tba esUa• 

•••Qlea • tdtoeboatl'ta ta MINI' plaab _, aai•a18, 

Vbe" tt pleJe a 10)1 tn •tolHtea1entattoa. 



,. 
me dtateDoa .betvMD. .... ! .. t• def!tM4 fQ ....... 

of th't adeJt of eb~D~•• !n the naoJMth .. • fa tbe ••• of 

one ot the OJ'IC!.., so .as to piO\Itaoe •••tten1 pJOtei.U. 

TheH dtneoea •a the a....a to elaiMU~ 'he OJ'C&f-. 

ta e11 the abow ••••• tM Nlatioa tMttwea Yfii'Sou 

ape.et •a f. o utJ1,! ted throta~b -.bat ta taaow aa a p!t~tte 

tne. 'ft'lts !e a dttel'• OODatat!ac ot _. .. fJld ._.., 

vhtte the mdea tepn.-.t poiata ot «fWWlattoanrr dSY!at• 

ot two speete• ~ a .,....,. •ee•tow QDtl tlw laJWtb ot tile 

brrecbes (!n •• wdta) "pNszat the depM or 4!w••--· 
For aug 8fleb tne tbere !a a .. tnt of l!arlieot Tt•• tDt 

~1attag fJtom th!a po!st1 tt• !DON-• alA£ 1trdlehea, 

w!.th ptot&tn ..._. ... ffta .,.._, ._, •ll•t- at ... 

e113o of tbe b~t•.._ tt. 1oeattoa ol tbt "PDiat of eeu ... 

t1•• • tbe .... ett• to tile trait of tM .._ •-' M 

!atened tt•et~J fi'Oil .. ••·•Y .. _..e .. 1M&t .,. 1Mt 

••t••ktl ,.. ...... 9! ..... 

la t\ha nm .._ •u.t•1 * el•ettte~tn t• 

..... the S.Wl•l .... A. .a. ...... ·- ..... , .... t. 
1ew1 • ta tM ,._.. ...... sta• l;)•N•A. etoNa •• 

t!lfo,..tto• tits tM patetu (,_. ol U. tato..-toa te lit .. 

"- to .... ne,.., et ..,., _. sta• part ot the l>•lt• '"

•Je.a'Je !e uel to• eod'D£ t.R!IAt .. D._H._At ete•t the f1rR 

thno •t11of• .. •" .att•Ja fol' elaaetfttett-. 
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~· Nu•~enl f-a•y '• tte qu-'ttnUw os-t

nc~tton of' Ortta•ama tDto 8l'C1IP8• Clan!ltoatlona ee btt 

perfo~ at t!Mt lnel of JNte!a (tt• dl1ao ec!f sttf!QMlM) 

814 at the level ot the n.,. A. 

(a) !be prtae!ple !'Jeh1.ot tlr'o •t~~oa uae4 ,, 

"f!ttcb d,1d M8l'I011-b (tN7) eal 'be cadedtood 1»1 COIUI4 •• 1'fltl 

thno bJpOtbet!eetl p~etetu, At D •• c vtth tho toUrndq 

mutatloa a~., ...... 

A 

B 

I C 

84 • 

a a 

ttov, tldeb patr .,., ..... to be Jo11M4 ttwatt "' •t-... 
r!ir ~P~DV> that pa1r ub'ch t-.aa the !!1nf-.• •utattea 

d'~t~ be.....,ft tbe tw 8bPt fD t.be ·- eBM betwea 

A at! 11. So _. baw a bM •!a JMu Ulrea 

A c 



~e. 

':'bta Ot.fi M do• 1t7 ao1'ffDR thf.t. a!IIIP~ e~oua • 

atb • aa, •• • as, btoo • aa 

£'t'V!al a • 10, • • SAt •• c • a. 

Whn. tato...Uoa of •n thta t!lhe pJOtetu te 

uttu..a, the b.-io pJOee!ue ta tile.-, exeept tbat 

!af..t1a1Jteaeh p10tetn tona e 8tl'bMt of tta ow. On.e .tt.a 
\ 

a!ep~ ~fu tw -*•t• to ereat• a afJIIJa 'but •te 

eo~tprehtft&l'ft *lbMt• A phJ~ttaette VM fa notb'ftl ~Nat a 

trapb!e~l NpM .. tatta ot t'be oJt•• 1a . ..,oh the a.a'Uda 

aH .to!oecl. 

('b) ADothll' alhlftdftte •-.a of .-fllli81 p10tetaa 

to Mta A .a JJ •&~14 be to.._. .. a -.t.Uoa lfat ... .tdelt 

ta Mt , ..... 'bl - -'-lt•a:rr •••t thal1 U. ldat

•a•attoa dfd_.. _. th11a •• eaa aet • alte•dt• 
phrJoa-tt• ,,... ,._beat, ... i.a ... llldflh b• tM atat-

P~Z~~ ... , .. _._. dewt.U. .. n ... '' 

2:: [ (I! i) • (~ . ll J• t. ...,, =-•• r .1 unu X JIC!I 
' (t, J) 

._.H (1, J) t.a ttJe tapat tUWioa dtn•• • ..._ tlpMI .. 

t •tt Jt -' (~, tl ta thl 1111tat1oa ttst ... otttatael filii 
the tne bJ fteO!lfJtnottoa. 
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1'7\ tkl.c. dug~.a'1Y\ U.<t pn?t~i.faL ~F~ B!Xeg a...e 
y, a?VJ 'Yz.. .few ~t swar?n of . poi.?\t$ w~tJ~IJ. o-rt.~Uvd 

Co-orJt.Mt€J: We.'t"e gi'V"fl"" as X, a?\GI X. a. 



Oenata anot~alf"'!1 WM toQ"ftl.1 ta tbt M•lta ef tM 

nbovtt •~'b•t •• 

1. OM waJt tbat hit the i'HqLMDe• tUI of the e:>~o• 

b~ll tmcwa, a ... tlOC'".ll'&te ed!llate or the DltAttou , ... ~. 

1110uld haw heMl obtatD.a. 

._ ... l•..._•J.•. ·' .. a·'Utl 

fhts !a b •tl»f b7· vh!ob a tata ea h o'btata.a 

bJ Hasu"ne the diOtmts of • apeo!ea tra each of n •-.Ja 
taito 'b7 a sc~• d!cr• ot D potata a • •. dt-•toaal 

eo-ort!m~ traa. 
ftle eat strl.deht to.._. •tt.4 ot ortt~htatt.oa t• 

to pro~eot tbe onataa1s-spaee •••• ap.ue of' tewu 4i,.._ 

et.oaa !u su.eb a war tbat t• ~ ... •••• of tile poiat 

Silfte.ra the ~ .. , poaat'bla tltatoJitta. 

S1appoatq that OM hall to p•Jeet a .,... of potat• 

'ft tbe plaM tato a Un• to "''a!n • UMftiJ ol"'tatttton. fhl 

ttatontoa v!U be a etataa ft the UM .,. or1eoW • • to 

pN•ne ae far aa Pf••U•le tbe .,aei111 of tiM ,.~at•• 

For u-.18, Ftaue (4) •• ..-.. 1ta tttat 111t"llt 1Ht obttda .. 

bJ Gaf1Plb8 q•tattoa _.. o ef •Jr two apeetea of 

plast•• !be potata tePH-t tM cpaatt.t1•• of apeet•• 1 

(•~ al8ag the •1 dlta) Cll4 of apeet•a I (oa tt. sa 
awte) ia eaeh of a ~ sn qq-'rat~. file odata ot the 



-;-1~· Y, 
I 

1 
I 

f"t9 4~). Illustratl.l»\ ol "}3.e.latLAsktr 
a""'ahZf tkt.. Co- ord~t\tfl a.xe£. 
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t'.;.Q~~""t*, •a ~ (11, iu)t ~~ -.an tJL&cttt•~• of ~ 

ttrlil~• 4t'"l a•r'~" o'fe:r nU ~laal'mta. 

A an o•tto~ga»tl..,D •'it obtt~itl'MfJ tty s;l:tJttot•ac tM 

aa• ~ t:..s a p-1JT!t! nt1!1\t!on tbro:Jrh ta ~11-1 •a11eaW fn tM 

ftt r;~ !')tJ t~ r\ rf)d 28 ,_. o• ,_. t~ Nl eat a 'a t~ l•.ne 

Xl/Cosr- ¥2/Cos + w'ketta 4' • ?Ya • e • (cose~ Cos + 
~ ~ t!4 reett\AS ooo'M~ of t7:4 U•)• 

l". ~JOtat '*''tb eo-orj!nate• <•11'• ._, nw, .... to 

t!'lf' o'-1 •tt• 110w ~- eo-or4tnat-.us ''-' P.») flftlatf.-. to h 

n~w--. .1\ 1~•• ortl~a""':ttoa o.t t~ po~at.a '1!~7 1M o1tt~_. 

by proj-et'-118 t~ on tt~ 11 -~a 1"ft·~ oao. ·~ a· ... ~., _,nt t:M 

t!"•tort1on prott:~ !If~ ofll•n·~,ttoD ~!S len~ w'• t~ ._ 

or •·'!~ ot tt. r1 valacta ~ ,'!_ t• ".,...._ n. 
•t .. 

aon th'-11 • a to tfad o;.at t~ • ••• et o ...,. eh wt 11 n• • 
tb~· ..... 

~attftl'tq tta 4(1t), the l»fDt r· ~- ......,!aatee 

<•s.• •._) !a e. o.tataa1 ... .,.,._.. _. (lu• Jat) '!l tM 

or!t'*,ta~1 -.o.et••• tee '"•' r._> ta h ..ev ... 

(OP)I • ... +.:, • ,;, • r:., 
• • • • o•EJ& •&~ .. ·E~.•E~ 1.1 , .. , .. 

!t elaD toUMfe. ~- IIi .. the o .... fa _. tM 

eo••td ot trw ...,. ot t»'"'-. tN~olo• 
•••• (ll 
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·~ • Sll' Q)O & + Xa. S!fJ 8 tD1 

• 
r.oa e ~n • 
S~D 8 r·os 6 • 

••••• 

when 'J • Q)a e sm e 
-sm e coa e 

,•. •u. •u • ••• •• 
.. 1 .. ••••• •aa 

t ru. '• •••• '• 
Jill ,. ' ... , .. 

'T/! o altlo o•ti'Qaonn1 t••• tf · .tt•It. 

a • 

(2) 

-:t 



I 

~ •• +" xl •..!.. • 

• iJ'tJ~ <•t> 
Cov <•t• aa> 
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~ .. 
1 1Jt 

Q:)V (&1t •a) 
Va-r (Xa) 

(3) 

'l'!A !'-as to ''•d oat t~t YolM of e whl!eh wtU 

~-a ~1Jt • D VaJt (It) a _.,,.... Fto!l! equ.atlol& (1) tt 

f.s obY!o-.s t'!"at astldabl far <r1) f?~p1'4aD .-n!atztq 

Yatr era>• 

... 

• 

vor cr
1

) C»v ,,1, t8> 

tbv <:~1, 'a) vnr Cra) 

'1!ae 

aooe 
c.ae 
StD e 

(4) 

(I) 

k~JtA for oon~·~ne~ tM (bn) 4nt~ t:!atr'X •a repl.Aead '-1 

~n vector (a1, .. , 

r10ua atp&attoa (l)t ,_. <r1) • x! eo•1 e + •1 •a ~au e 

•-: sta
1 e 

~ eun'1"t!oD •• Yar <r1) to h .-18.10 •o 

J; vs cr1) • o 



t.e. (• ~ + .a: ) coo e S!a o + a1 -a cos a e • o 

F10ea eQWlt!on ( 6) ! t '!a aJJto clear tbet 

a e . a a 
CoY ,,1, fa> • (-x1 • -a) ooa e stn s + a1 ~ (()a a 9 • s!.a •> 

• (• a; + X: ) coa e sta a • a1 -a t:.oa a e 

'!'!-tlo Yar (11) t~ a ....., .... BPd Y• (Jg) n mn'!DI 

vl\tn e»v tr1, 1e> • 01 the aew ¥Mtatea r1 ODS 'e an ws

correlntea. 
i'!"~e~tore vhtu. 'far (Jt.) -ts a fltSI!SIIt er.pattoa 

( 4) lmoo.,a 

iz-: -;t ·/! ·a ,.t .. -:~-: . ~-: (G) 

wt-el'f} ~ i • Vnr (.J') tor 1 • lt a. 

(1) .A1 ea la ,.. t~ ldeDt nota ot the .,..Ute 
... ,.z .. 

(I) TheJ ~ the 100t1 ot tN .... nd .. ta1 equUoa 

l1x :trj • 0 ___,.. 
(3) the ~row ot a _. tM 1a\Mlt weto" of~ x. 

,.., f _.., 1Ma toad "' solY!Dt, t~ eq&~at!oa 

Y• ta1) aoa • + cov (a1 •a> Sta • • ~1 Ola • • 



ttov, 1a8tead. of rt!ef"a~nr nnr po' at '-'' tt. eo

ol't!,adft• (s1,a,.> • eP'tl treat tt ~• tb- ,.,., (r
1

, r2> 
\there 

"-• tw DW fti'J.ate!! ale tbqa a ltMAI" .. !aatloa 

of tbe orf£!Da1 Ye.rlatea ('!18~ ..-atttt .. of the apaetea). 

(1) 'ftwt.., Yattate• ,_.. • deltaed that r1, ""ob fa bto\8. 

M the tfMt prtaolpal ••-'• h• a flald!IQII 

ptUtltJa Yefl ..... 

(2) 7be bMt 11Mal' ort!ta~!oa of the pe•at• 1a otltat_, 

"' paJeotiaa tbe 011to tho r1 c•• tht ft,rat Pl'iael.-1 

-''• 
(I) na tMa ••18 tw ~u .. atoaal._ tM ••,.ett.a ot 

-. "- •• (th ... aa prtMtpal Ida) ta atwa ... 
... of ... ftm ........ , •• tt .. , - ....... 1 

.. tt. 

a.•t•erflll a a • dtMMtoaal._t tile o'bJeettw 

uo'*Jd be to t•llfl the ..Sdl 19tnttoa ot * o.Sataal •es• u 



·~!Yawtlr ttt- J..hwnr ••ta~ttoa ot the ol'fp!nfll..,n. 

v"J.ae• (b ••>• •at wtn Jiolt! &.r!_, v•atea ,._ 

,. •> ""th ~ toU.VJfftl ,.,..u ••• 

(a) ~._, •• of Jt• !a to be • e•nt ae po•n•~• 
(1t) ~.,.~--of the ra•• ,. to- na arent. JOaa!'ble, 

_.,.1f'Ot to tbe ftatr' ottoa that tM Jg awta ~at w 
odhopu1 to h r1 m•• !'he ._.,_.. '1 did rs .. 
Qfl•COI'MI&W• 

(c) fM Y'lJ,J!_.. of tbe ,. .. ,. :te to M ae r,11tnt ata poaatt•~• 

atlb3net to •~ reatr1otioa tb&t tM r3 .-t• ~t 1Ht 

ortttoeocd. to ~ r1 _. r1 •e~. ~rtt aJ'tl!t ao 
(tO~l,.,UOn,tt alQJ • 'hrr!ate .. 

(1) te1 te CD• 

(C) ~ fi.aol .-1St tM Sl •1• ,. to M Ol'tlloi0Dt)1 to .U 

b (s.l) Qtas ~J.fetttr ttsed. 

tftle • tS4 MetS.a eoe!Ha of • ..., ot tN • pl'lnoSpal 
-+ 

~s _. stwealtJ the·•~••• of • sa s Mbta tr • (llfj) 

"'"' •• .1 • 1t a, a •• •• •· ,... • .., 1Mt •• ,,. .... ,, •1.t• 
--+ :--'t -+ ~ 

ttte ...,. ... eqqtta l£a • • 1\ (ellllw u ·~ fQ 

.... 
nen ..! • t• ttw a • • eow.sa .. ..vts or , ... a• • _, 

-+ 
1\ Sa ttMt \'!t-•1 •'"• wn e~ta _. 

~ 

Aj • •• c,.1) t • It •• a ••• a (1ateat Nota oft w) 

'ftw dtNOtloa •du• of tt. ,. prtao!pa1 - .. 
~ 

tt. elitf~Mlta of tbe 3th JOV of I (t••• the jtb Jateat wet.• __,. 
of ~x.) 
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In tems ot the original coorttnatea, the Y3 a;~t• 

(the jth principal exta) to the line zl(a31 • •a /u3~ • •••• 

• sa I t.a38 
The jtb derived variate ta 

Thas the coo:rd1Datea ot the rtb po1nt (r = 1, 2 •••• n) u-e 

g!ven by 

V jr " u31 xlr + l1.32 •2r + • • ,• • • • • • • • • • + tljs x• 

!hen depenat qt on the information of the ortg1Da1 

data, om can disregard the Yer1atea ftc..l' 'Ja.a ••• '• (t.e. 
those ~tb 111eU 'far!atee) tor aoae choaeo k md retain onl.r 

the k va1'1ate• wttb 3.ar!eat 'Variecea, the data c• be 

er41nate<1 1n a apace of k dt•natcna. In general praettce tt 
' ~ 

haa been fotmd that the firat few lateat roots of£ s accotmt 

tor a large proportion of the total variance. 

(a) OrlDc1 (1966) ••11•1na a data on the wsetatton 

of aand dtme• ed dUDe alack• con•1c1ered the D:>at 101 frequent 



86 

spec1ea, fotll'ld that the t!rot tf"t.ree prS.nclpal components aocot.lll

ted for mre then «>f ot the total variance~ 

(b) Likewtae, Greig, smith Austin and tihttmore 

( 1967) preaentec! a three d1mena1ona1 ordination of forect 

twes in the Br1t1ab solomon Ialands Protectorate. 

In botb tbo example a qqotec! 1 t was fotmd that cluster• 

of potnts recogntaable m tw or three 41meus1onal plots of 

the vegetation aaap lJta eoaltl be aasoc1nted w1 tb environmental 

differences .• 

g~!,t£ 6P~•tl 

For a precise cl.ds1ticnt1on, a var!et)' of !1tmJer1oa1 

cluatertng procedures ha'M been d~veJopea, md these are 

carried oat on tbe eomputer otter the s1m118r1 ty matrix has 

been oalotllatea. !'he ea1va1.a be1DI clone tor the olaas1t1-

cat1on of specie• tnto group•. '01tterent methods 3'feld 

different reaulta depen4tnc on the qnderlliftl •atmflaritJ 

atructa.re• ot the objeota to be cl.Uate:red. rheae M9ftra1 

tMtboda 1nvo lY& two eona14eration• eaeh. 

1. A llea8t1ft ot tnter 1!9UP ltkeneaa 1a defined. 

(Tbe 10 calle4 at~tlartty oo-ettioien'•l• 

Stlppo• two groups 1 ea 3 fuse to torm a •lncle 

group kt then oao Cllll hllft thr.. t)'pea of ••urea • 

a) (1) • •••ure• tllicb define a property of a groap. 

b) (1t.1> - meaaares wh'ch define a reMmbleee or difte"nce 



f1l 

betwe '- e::ro--. 
c) (!,j,k) • aeaauaa llb'eh dtttlae •• t!!rt.,._on betw• 

ttm or!s!De1 tuo t:~t.JPit -.mdutaa jo!at~ mtt tW 

tomes bf the!1' fwdoa• 

tc1Jowa 
{))t:Udder!ng ,,_ •diPS. ot the &Qbs.t m.-e! .. 

mtJ tbe oJ1,fliDal1.0ttU --'• 1a vhfeh the •~ta ......-• 

\t"t'V!at!ons of tbe (lOQblet tnpncrt• hom l'ttado.. fMII the 

"lt'tQatea Euc1f4•~ Dtateee betvMD two • ., •• t .a ~ '• 
aotin.t •• 

(6) 

2. 14110114,, tbtt ot»aen ... ,. ttns to 1Ht ta••••• 
!Dto a ._.,116 .--..,- Uhenb7 ewQPa of e~ta .. 

MtJtnoW• ataailft!De tvo ("IOQPO ( _, , mt1 ( 3) \f4"' Dt mt 

114 ft~ ~~!lt!J .... ..u.u - W!th • !ale» fti'OQP tt,at ... 

.. <•• ~) ..... a.ow br •t.t• 

1tap10a!al tl\at •tJ !a the ..u.at .,.... ..._. •• ., 

!ft the.,... to be .,..,....., .. ,,.. (t) tltld (~) ,.. .. 

ton • MV IJOQP (k) w!th '\ • <•1 + a~) e~ts liS4 

eoaet,_ a tM., liMP h. 

,_ '~* • tt 6 t • ~, •3 • 1311!3 • 

., I '\t • ~bJ I ,.,, 



• • 

wt.rft ttr pg.,.,_.. oCt 1 oC 3 t f3 •" 'Y &tt~nt• the a.-.. 

or tt.. son!q •••tecJ. 
'~ental at•••' tt.t fa tnMI'tlltd .. ,. t.• the 

tlet!ble aon!Dr otJtatel7 of t.au.oe a~! L\t.llUSJ19. ~· fa 

the .,.._ 4ertW4 tro• esa (6) b7 the t;~Wibt.lpt. eoaatn1.at. 

at t .... ,(' J -+ p; 1 .i ,t l : "j ; p < J. ; ) = 0 

~ tlM!b!U.tJ U•• in !ta ap- atno.ttae .,... 
D(ts-t~r-a del)fttd'JJI upoa tbe YalM of fo • 1n old•:r that the 

otttatet:J be au ekl~ to epoee eoaso~Y'Dt na poaetbM fo 
!o -~to btt •OeBS. 

~tt• sbtc • c.GU ( ... + <~_,~) • o.ae .!t3 (8) 

~cee 6M• dh! oa1 s13 _. aU tato•, dhk em 1M oa2ecalftW. 

~ &tWlo ot tt. ..tt»a ot otttata!JIB a t1eeaot•• 
oe t~ ttr,aple or u fiPiot•• b-.d 011 tt. lD 6ocahJ8t '"••et• 
WOQ)S tbe'r1 bft ... tJ!fBt .. foU8Wt 

tbe ••'- t• .,.. .. ..., to oaleGlate t~ atat••• 
MM• aU. pout~Je peba of •tttlea tD tbe ·-~• 

!be ....... Htpat _., ... of • (U • U) 

ar..-.so Mbts of tH.e-- lllewa• aU poMD'Ja pain et 
cmtitS.. !bta ...vt• .., til' ta u.at!lfM! ealftti&U, _. the 

-.u.at 41atmee !ft._. eollal te •tee• 



.. 
Nov tt lt • MD:~• that •ar •ua • a

81 
ta ttJe 

amalleat dtn•• ta ti'.A tuat t• oo~. !hta IJid'S8 that 

apeo!o 1. !a ell._. to apeo:tea a tb• to •r of the othl• 

ageet•.. ,.,.ton, apeo!•• 1 ttl« a toN a RIOGP 1. lt 

the e.- '• -- tor .. otbel' pwa or epntea thM1 ~

ptdre alaO ton '"_.. U1 o~ epeeiaa •i.w t1o raot taU 

!nto NOb pet~c ..._,~ ~• tt.1 .,. w!tlloat toP~tlllf cro•• 
"-act etep 1a to eoruatrr.aet Matrta tr •• 

e~te "PI'*-t 'fat•• IN'IP ~,., • .,., 1.-ot~P •~t 

at•••• et! tbe tate• •JMeat atn--. ~ tfrat no 
.,_. of •'•••• ure _,_laW fJH M:t P'ftl «&ut!oa 

(8) .,.,. .. ttJe w.a ,,. ot a! at- .-. ... aQjM. aa ttter 
... ta Mavta r. 

tceta tM ..u..t d!at•• ta •• -~ of Jlftt 

o.Te .S.rUMd _, HW ,,._. .. to,... Ia tw ,.., 

( t) ltr thtt fcldea ot tw •J.e•••te, •• 
(li) br the,. .... ot .. ., ......... ,late - alrMir .. , . .., ... ... 

,..,, ................. , .... ,. ........ .. 
ret w.uta nt •• • • _. • ro.- attl a11. •Je••te .. 
• -... or .. IJOIIP •• tbt .-.,.. 

,_ ftael.., ta C1Ute• ••Jva"s ie the ........ 

tloa of the •••••• ••• t• .J•et a ft1Wt1 • ..., ot ...._ 
t!lat apeei .. 1 -' a •••• at a Jne1 ot •t•tluftr 
"P" .. w '' tM equMtt euelft!ean.. ft.._ .. 1Mttw• ,,_ 



8.9 

Man 
r-----------+-Calf 

Salmon 

Yeast 

B. cereus 

E. coli 
S. typhosa 

L---------5. morcescens 

.._, ___ ---12.6 

A. faecaHs 

Rh. spheroides 

M. Jysodeikticus 

1.0 0.8 0.6 0.4 0.2 0 

Squared Euclidean Distance . 
5(a). J>e"'dogra?\'\ of the. sa?r\ pfe ex ih2. bast.s 

:Delta a 1~ ~:1\.t" '\'eol as de. vt..att6hS of the, 
-t'Cl'?\.dO"M e~peG1ati.Ol'\. . 

oJ d.okbf~+ J~~t.?\.ciu. 
dO"tAbl.e.+ ~'Ye.Cft~""eit.s h~ 
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ed • •• fbe 4eadocrnma b...a oa doaltld dl4 eodoa 

fNq\lelletes an ahowa ta the neve (h) •d (8b) nttpMtt•lr• 

The ~b of U. hon~emt.l U..m .. ,.. •• , tt» ctt•'-l

betwea apeote.. !be -.•• of the 'fUttea11.ilaea haw ao 
Mf!\ldllg at aU, 

ttw• n.alta ot tM CJuter Aaal.pta ,_. n Mtb 

the eo~oa fftqllmcfea -~ tbft htlliJat heqcamet .. ebov • 

IDOUJ.r ta tM tact tt-.at • Ql£111 fa.Ue f.nto tM ... IIOtlp 

as the •~1 rattle• th• betaa '"apecl vttb the ltaete.ta. 

fhoagb •'-•1~ablet th!s .... 11 !a Mt attftJ;sr -peoW 

1n 91•w of the ootultder•~ nWiber of e.Uaptlattoaa, 

aaatli'Jl)ttona, 8!'PIDa!l!lat!ona att eattM\loaa tbl'tt b.-..._ 

!latle !n antvtaa at •• of the aata ...e. 
fbe data tor both •tt»•• ot eJautt1eatS.. ,. .. 

~nte•ftd ae d~tY!aUoas 0'1 the .... '"••••'• o~t a.•~at 

fNqi.Mtlldes fi'OII r_..• .,..tatt.ea. 

!be ..... .,. • ., aiietat IN...Seu , ... .,. vtn 
••tt_. t.• •• tt• te ... •ttl a ... ••llltltette tt.•r• 
ot .,. • ...,. -ptt111 •• ta ••~eat flroe 'far!ou aehN18 

baeO•a eft4tU..... fh4t ftW:Iatt• that the •IIPClMJI t.u 

'"•"' fa .,. • ..., baa ••• jut ...... 

coau.wnr lid _._ ••• -l'!ot1l t....-tN 
-' ..,. ... .,. ot tJ' .. ftSHal ._._se p•aet!•• -' ,..,.-..,~ •• 

ta tho eorl.Y ••• or Mo6tra setea• rc~ e'fJ'n to4!'\Jt \he elull• 

f!oatloa "• b~ ou a at.qrJe '"""' Ol' eharMtednte1 the 



.... I 
1.0 0.8 0.6 

Man 

Calf 

~-Salmon 

r----- Yeast 
'------'1 

0.4 

.__ __ B.cereus 

I 

0.2 0 

E.coli 

S. typhosa 

S. marcescens 

A. faecalis 

Rh. spheroides 

M.lysodeikticus 

Squared Euclidean Distance 

Ftj 5.(b) . J)e~Jo go.ra'rr\ of +hL sa-mrl.e. ~ f~JL b,:ts'ts tJ.t Ct>d6"Jo\ 

tYeV"e..?\.ata . J)ata a-ye. e""t~eJ. as d~Zvl.aiiOl\.S of ~4.. 
Codtrn ~'Ye'frt:".c\.2-~ ~'YO'"h\. ~an cA (nn.. t.."Xpe..c tat .:.X. 



ebo!eo ot vtdoh ttf.sbt be qntt• ub~u•r• ro» •xiiiPlllt (!) 

~trt.l.O be1QG di.Yit!ed tnto conduotora fJb!1 noa-corKI.!Otorat (ft) 

ora•~-- !Dto •toeua~ o•u• aa1 •WoeD.lJ.ar oa• 

eto. 

*"~· atruse W" ao ., vet l'm'fa •at~~&H• of 
at.mt la!'ttr 'betwan tJtft•rt~St putto ooda11, • an toStOid to 

reat to tb! srpbo1t111ea1 t.a4 rJf"o,atoJDste(ll. eharaoten aplo,.., 

tn eoa'Mflttonc1 '••n•Ot!W• &eomtlrt tt ~- be.a to&IIM1 that 

thourb 1!ttetrent tgpen of ebattachra ta a ,_,80\ltc atlllr 

MOl be eone1otedt tbfe corNlatbll !o *'' &lfttot~JI na:w 

for a olitaaitteatten baaed OD one •• •' oharaeten <•••·• 
~xta11.ull obuaoter•) to atStM ftl1J.r vtttt a o~ttfe&tSo• 

tt...a oa a ••-' •t (!atenal ebarneten). 
m.trioal 4f....Set• vol'ktlll ta Mo-teaJ. y _ _, 

_.. eoDttD~alll ...,.s_. •• t_...... '' the .,uea'htUtr ot 
tbt!• Pl'trudpJaa ta ft-I'Ou.s Mt•DMa 8DII ott.r tfeJia ot 

has• -'19ftJ. ftta lleovladl• ta .,....1111 thlot.telltd h 

bto11at!ea1, _,teal, BeoJDrtftl ad •••a1 act•-• .. •11 

aa the b.--' tle.. The broad ~etl"WW of app11eattoa ot 

Ntl••IMl ,._..,. ahoald •' _,art .. , -..... ettu aU 

tt ta "tbo ,...s .• oatteonaattoa ot •• _,.d•• *feb 

ta oM ot .,_ to_,atlou, to• ta eet•tttte _,.ret..U111 

of tbe ·i!ttmfyerse•. 

• •• 



• 

DeU.tt, A.l•'>•t ia 1111..1111-t fl'lt VII (1187)e 

D87bott, M.o., •·· •·• aat, rn (Ja~ lilt)• 

Fttcbt W.M•t -' c. M_.,.ltaabt if1-t Wt 21e (llfll)• 

G111Joar, J. s.r.. • ll&nt 2:19, »10 ( 1117). 

Gt•u, .r.s.L., •aan1 168, 400 (1111)• 

Goelt N.~., J• TMoa-. Mol., .J.I, fttO (111'1). 

nnnr, I.Et.t t.M ]),e. ttosh1mld, J••, L URI. ISI&tt 
eo, 617 \uriO). 

baywtettt, A., ant1 '•'• SJMtld..rtt, it ZIIMia Ill&.• at, 30S ( 11f8). 

I.•ce• G.w., .a w.!'. ~1.111.-, ltLtMt• am, 111 ( JJH). 

Ptel&ttlt s.~fa •tabo~Qottoa to Matbfttttt.ea1W.lotJ•, 
· aMitll!llltSIIII (1118), PP•- aeo.•• 

Sl8&tb, P.r.~, - R.Ra !Jok&l, lldlillt l&tt 855 (1161)• 

Slltalt ~R.t •· ........ , ....... -.,. 

M"Da a., o.1 '!•tol'el !butel uas..-tr et .. ......_, ,. ...... , ... ••t mu. 
/.fttt.e thHia ._. tbt .sa. UlUatue •-1Wt to• a , ... ,._..,w ....... ., 

IBIIIM .... ptlllll• .. tw •r ,. ...... , ... _. ..... It 

•••• 



.. :: 

t;xp lol"at!on ot t~n prae~ eol mtt tl!tlontf eal aonae-
03encmo 2A1· to tt!e d!aoo_, tbt1t btfoe~enl apee!tlo!tJ of 

vrotoAnn ia Cr?l'r!ec! bJ tho uaot oft!u ot twentr cdao ac!4 

real~aes. !be tn~m!:Htton of' wataon tDt 011 ck ( 1Dt33) t:~,.at t,... 
e~et!QQJ.tn.tonsattoa ta Ofi'IT!td br the uaet uJICI•r ot rou 

t!~n~o ot nuelaotttJe patre PJOVlka a • Jaetalar fttr.' olft tor 

t!~o eout!o eootN1 ot prot.tn apeet.ttoltJ• tfttentatS.oa 

rboor' !.n tta a!aplen ton !s tbt at<t1J ot --'ed .,. .. ,. •• , 
tho ~SSQfle be!DB tb! eo41at~ ot tbe Defd~ •• acttt 

ae!lilMMD tor PJ'Ot\t!D OJDtheD!a. ft1e !otomatton eon.teot or , 
TT!h Ol" b e_o~e tw renet!e fDfol'tlatloa Me aM that tbtn 4 • 

a apet"!tie "' ot tf'tNotfotla dd~~ t11 tM abuotue ot 

trl'A m38eca~•• whteh llp801t!• the p~.., .-.etue ot •wn 
pi'Ote~e GJathHtll!let! ,, tile perti.O«a:a.. •11 t11w1.,... 

thl c.t•al _... a, ... ,. ... ~~ate ot MtJMaw 

!toloe, IOWfta the •toNI-. b•atw ............ Of 

~Jd'ollltltlca t.a U!IA, M'A •• pJIOtd.. tt. -'l!llllattMl 

6!•olpJ.!M that .... lW fft• tba tfhl'dd• ot 511••• (1NI) 

ft fft.ad a aetSDi ttoa t• tafoJ~Mttoa tit llM• .. Iafol'llatl• 

n.owr. !be • .,._..eal tbtoNM ot rar .. tt. ftleoitJ b.,. 
... 

QJ:ready bee,,..,.., ••ntte~ !DfoNAttOD ,.._., ta 

rJioloeJ hQ.tl a eb••• ot !ta ow. 

·•· 



(A) l'Dtormattor.t "-•r ftata tta plaoe tD lttol.llled 

tho~a~ttt tbroQ£h tto tf>!UtJ to dea1..-tltattw2J wttll 

oq.Uat!oD-' epttettteitr. to.t Ke~a eattt tlkha 

JOt& Odl Maoutt \fhat 1011 f:ft cpelddJII dllottt., QJN- it 

fa e--., rou tmov aometb!ac ebottt tt1 but wbt!a JVa ·-• 
•aaue ~ t !n ~ftl'8t JOV kDowWB• ~· ot a •acN .S 

cmaattatect.on ~ua. • 
!M ftJ', ttJtat thble to be ... tJJ tatonatto• 

rhnol'; ~· to ellooae a ttatte eet ot .,..,,.. \ft"eb .. ea11 .. 

alp~abeta. Flom tb!a alpbettet, the an ot all po•tbla 

eel'!ee ot Jmsstb s otloatm at •·-o!o• t.a aeeoJIIenee vfth a 

11.ftft fta.t!fttca1 ft!uobn !e OODStNetetl• Caob etleb .11 .. 

ta a "'*'•~• !be atatt.•ttcal atnetue t• HfJaeW ~~ tile 

toot tl:to.t •• _,.2ll ~be e!»aera •n often tb• ott.n. 

So• ~18 aav oftlat or a1vco'• M toU.wl 1t1 eertata 

·o~•"• !bta ••u, that tt.ft .., 'be • ta- .,.1 
tntltaeDee 1il1_., .., __. •• at • .._ ...... tbt -.~ ... 

ftlta ••loa M~etS.Oa - _.., He- _ .. t. te tile 

Se .... a,. ...... • ..... s.-.. .... ta • ........ ..,,.., 

.. ,.,..,.. • GMt oJ!Cie-. of acaelNtt•• o• •• _.... fte 

prote!a •.-••• or ~til w, wsett • ..., ..,...ttettr, ... 

enboddeci ta tht .... Je of oU ..S• ..U ••- er 
2e11th N. !tNt ._..... vt:!eb ._.., ...-rtettr ... • ttar 
fttMttoa ot the •••1a• 



• 
oa t1te othe• halllt the C.ta-al ._,_ ,..._.. tile 

, .. tto .,.. .. aa o •--•enttoa _.-. •• • te • ta 
opes-at!oa ie ......... Sow .. eoa•JIIIId wttll the.,.._ 
m~ •ts !b!l!'J' to t•cttoa. "'' the.,..._ eaa HeOitt 

tltnnatu, .-p1teate ete., mv r!9MS .. _..,. eboHD at • ..-., 

., t Ortl tl1ao .;!fo the - to I' thoae .. ,_ ... tbat etsnJ 

epeetttottr. we tmow OD\f tbe atat!d!Ml sbJ.1etue 

or tbe • ...,lit of 1eqt11a•• .a DOt tile os-cl• ot 

the ,.UOIIlar Mf!QIBO& betal ---l"-'• the .,.... tlhoa11 

t:owwr hatle •r MtJQ8Dee of the ....-Je. ftrt• wrr 
· naUaatSou ot aealtae V!.Vl the atatltttloal JNIMlrttee of tbe 

aJa ~sa ot an poaatbl8 ...... tD o"'-• to deal W!tb 

•• tev Mllben or the ....-Ja wbtflll do .,.., epeetttettr , .•• -wt-· (U.), .... (1181) tad ,....._ ... s.,.a 
,, Sh.,... , .. ). 

O-w (2111)- ltGwYe• tbe ftNt to- tflat tid• 

:.ette• eocle• !haa l»r toUMI .. thl JNteal •••...-•• ot 
,...~ tttoJatteale• ,...,,.. 'Meeh1.ae.J. ,..-~ - ta W 

ftftet1r te a , .. ,. pueJr mtdt:•-..tta .._...._ • 

.... .. -· "Yl" ...... ot taro ...... ,...., • 
• !eh b.- ,_ 11'Plt .. JftYio•J.J ltr .., ......... , tl 
the ....... .,... •• ...., " the _ ..... .. _ ..... . 



IG 

eweat At uhf ob bu 1>eeD. mt!ttea "' the ocea.J'J'Wlee ot saolhel' 

o~t D Mte:mtd to u • C'lf/8J• 

!be !utuMet:S. ot two neetll A te4 D NPI'M•U 

th& prob•t.utr ttlat t.otb ot tbem oeeu. 

<., tt • ttao • ....- an taa.,.a.t, tb1a • CAJ. 
•t:DJ. P CAn Dj 

Cb) tt tM;v Bn not !ut~~aent• tbea P("'Aj. Pt:e/AJ • 
•.t:An eJ a1ao tteacnbeo the ecm.a!ttcm!\1 pntt•11.tU. 

Let theM be a nouee s .tttbll x1 •'*J.e Wlth 

pJOblb!Utr P1• thm !n aocoJd•• vtth tbl nrttd•_., 
tbo.t m i~~probd.tle ••t'C& bu a Mrh !Dtonatloa eoateat 

ens 'fl ......... oerto!a qo•tttt•• haw ..._ .. n.... o. 
tlbosld ~•r tbat 3o'flst tato~~~attoa !a aldittw wltt2a 

tro'b•t.utr t• m1ttpUeattw. 

(a) 1M ~Mit Jatoa.atloa ~ et • ewat •s. et paro1t.M1St7 

Ps. te ,.tJa., • •t <•t> • • •a's *" ttw ,._ • 

••••sa•• the •''• !he •t .. •' *• n.ns.oa - tt. 
l»tll., dfltta, M.,tMI r.• "'"-tattoa of a 1twa 
ewat, ~ an oau.l IUW. lbt •tt ta a teelllteal •tt 

of tbe .,., ot IDtoNatS.a 8Dd aot a ••U ,1 ... •t 

!ftfol'flatto•• !M •tt ta •1W aat -.. the Jet ta til 

the, .... 



(lt) '1u.a»ft dl4 ltl!eaer (._) detta.a b..,. •• tato....-s. 

oontlet per •J'l'llltol of a OOIU'Oe S • tM l'llto-.tla. 

nmettoa. !t:la f'.metion aboaJa eatt•tJ tbJrM pnpentHa 

(l) n utr!eh te tile •~ ot tDtoN~~tt•• i• eoatta.u 

1D ••• 

lit) Tt t!Mtre an a Ps•• -' !f aU Pt • 1/111 tbeD H fa 

!aereutxae !a D "'ttOIItoatcaUJ. 

(!!t) tt t~ ollo!oe •a eoapotll4 ot .... al...,.H•w •"••• 

the oa-tatual H ta ttMt wf«hW ._ ot tt.M ebot .... 

~D (UNa) boa •tto• that h oa1r flaettoa ot 

Pt 11l! eh aaUattea tbe• OOllt!!t!Oila !• It ( '1) • 

n 
·•~1 's Jo£ 's ••• <U 
when P:: !a a pcat.tt"" fJO!UltaDtt a to the D-.1' ot •,.» 
•s wtth probab!ltti' , 1• H tow..~ s~eatu t~ or 

eqt~al to •••• rt w •t 'C • 1 1114 take the JH to thlt , ... 

It we bale 

••• (I) 

-A.t •s • '.t' \be-.~ .. ot ttat• ttaetloa H =:t.g • •• I 

...... ·~ (U .a (I)• 1t t• ela• ht • 

.... , .. a1lat wttll .. 't "'-•lVH· ., ..... with • 

taett.oa ot 't' vh!e~ !a....,.. MtDI tM ..-l'tllllt 

• .-~ ..... ,...,u .... -1tatta ., .. ·-tt• 
rwte•ac• .a •tch !a proporttona1 te tht 11.etttJ of * , .. ue 
...... tt. eoa .. n¥1t!'fl9 rDS •ttsw pnpeft!•• ot n,.. 



• 
the fact tbnt 1t Sa wU ~ett=ea .u.a tbfa CJMttttr a uetea1 

t'llner to thft Pf.U1lOM of Cltl•ttfv!DC the aottoa ot tftfol'tlatlca 

in ''o1eetlw ntoJDar. 

a. ,_ 00Df!tttono1 prdbeb•lttJ that •Vt~~Dt a oeou• 

e•vt~ln thot ,, • •••• oeet.a.ro ,., deaotett • p(Jr/Jt a • • .) • 

pes, '• • ••• )/p(sr, •> vbue p (a, '' a) ta the 301at ,..._ 

bll:t!lttr or a, r .a .. 

As the !lltonnt!oa trenater ayntem ! • DOt befltl 

oonattereG • e vtJos-1 btlt onll 01i enor tHe v•sJ.attoa 

!e -~• berloe o !!eto!l$6 o.:ma!derat!oa ot tDfollltltlal 

Chameld ta be~ omttt.a. 

t~llllt! faBIDI 

A !~.-v proeeu ia a -~•1 eh!Jt.,...,.aatloa 

ot a •rt•• of 4epttnl•t bt~. !h&a • •ttt •rd•• ,...._. 
eovoe t• .. _.eat thl '"blltt1ttr of .. 1£• btal 

:tittli'!Jt8 oa a gt.u •,..._1 ·~ te dep•'•t • tbe otat••• 
or the pnSowa • utaJ.a. 

!he p .... t• ... , .... , u .,.j(k)~1(tt.1) ••• 

:m (t-•)J !a w.,..eeat of tt•• 

(I) • • •• tlata te a ..... .....,.. -

(ll) •·• 11 wa ooi'J'ftPOlll• to ..... , •~a~t~ov ....,.Wt• 
(dotabJAlt fftqi.IMlCJ DODI'tadoll) 



• 
(ttl) 11 • Gt •eoad Deueat D'l'&bboQit COJINletfOII e....,._ 

c1!111 to tnplAtt frtJQQeetea (DO'DJtMIGM)• 

uaaz .lit .. asaaz 
(a> tad Wdll UAIDI Qtte11 

the f.ntormntloDia!Md on ID'Ifl!l oae •tip ..,. .. 

hom aWe As. f.a 
q 

D • • £ P13 :lela 't• 1-1 tJ 

' • • t P< ay'fit) ••a P(•/•1) 
t•1 

1a tb!a ebnpt.•• ve .. lldalr ecm__.. vttll .tioJOt&• 
tteYelol)tWlt ot tllt01'88tta fMo•r • appUea to trrA .,. !ftA. 

ftlta wn _. !a!tt . .W bl oatUnt toU.~III APte•.,. 



~Span• a ettteal aunoy ot PtntollS atte~~Pta to e>Plr tttu 
hebltqae. 

1\fter tad tttlpan (llal>• etttes-1 eu1tu _....,.. 

ot Deeott ( Uf88) -~ Rewn ( 1N1J Ia tbte tteld aa t•1tr1 

••tacJMo .a t.t91al. 
ear1to R«Yen (1161) bat ••tt.-.. tbd theN wM 

9 
31JD b-n ta .._..al.t_. auelMa (11'14). Aa theft.- feu 

k!ad• ot eqtl!pnbabllt b .. a, eae'b b- e_.!ea n • f p1 181.,1 

R • f i lola i • i 18•a 4-

• 8btt.. 

~· thA total !ntol'f'Jattou eat tent • o G t. »' ,, •• ftlt • 

eat!-tn ~o completeS, a1'b"b•1• 

Js1coft ( 1083) .,eoa1f'W oa ~ rd'oa-mntton .,_._, 

eton~!ll tJroa entmateo or atpttteet -~•• ol'leatatSoM 

•••• no ant¥84 at a • m1 '''• ot total tatonattn eont.t. 
nete h ob~eetSoa !a 11ataet tile •t• et 1M ~catldllll 

lt1Dolta1 loa- •• 0011~ ••• ohoHe e1eotro11s .a parottM t1 

oaleala .. tat.Nat!oa per •lamia. 

,._. Rawa• • .. tt•te ta ... 11 ttte ....S.. t.Jsft._ 
9 asattoa ...,..~ ta a a a 11 ~•• • .,.. .. of roe Jetten 

vtth ecpaal , .. ., .. suu... !tala •• ,_ettoa .t t'M •n • 
• _,.. ,..a to tt. a••h• ot ,.. ......... 



JD1 

1. taronwnttoa fbaorr to a•ttl1 on,."'*' tato...U. 

StoJtal~ -~ tJtaa•ft.tl" ue a ebnlleJWO to the Oflt',Al-8 

eaptiJ!11tt ... 

Sa Oft)~' tbe ffttOrntltlO'D eeo«.a fa Mle¥*tt ataee 

onlv that !a ta~l•-' •D the dtU'aetu!ft!eaU, •U..w 
PJ'O••• !tMlt. 

a. ~·!btn eon~!4•rtl'J8 tafonattcna ..... ill ~-«\ ... 

!ctomctlora tJtdletatoo ., ... !a itaceuralttJ ta aot '»till 

eoMttlorad belt oDJ.r ttte eoco6!JII ttMII. tt. qi.&Uttoa ta 

e1."4'1V ot twt~~eWton eat! 110t ot !DtorrMt!OD vra.,er .a 
-~-. 

A l'fiOI'Olltl app1!cat!oD of IafOJMHGil fheowr tO 

, ....... ., _. eto'Ja.tt.ODnrJ probllaa w• •• br Gat1ba 

( 1166, S881) • S'he took fDto t.eftOtat tb8 wtta tJorae ' ' lo

ll aJ. (11GU 4ftd KtaeiJfn (liS). Sbe noop!ae4 tbe •-U. 
of the ••••tttoa pJObrb·l-~.tr r.tat~sa (MeNst •1eltlov 

expel'!tWJDte bf Jo-) vttb the M_..Y SolU'oe €ntleNe 1tl!a 

eaab1Jas a oalANJatloa of tbe tato,..eloa atat.t of lPfA pu 

.,..,1 tow a dfta •A. 7hte ,...* ta a -J'Ihloltedll 

Of Ol'88n!SP1J!J• 

We .,. .aet• GatUa• • •ws.a to• ooa~!• ... 

AlpbiMt A • /:At t't Ct GJ ..... eldta •-a-• 
,~, ... 1 ...... 1 •••• ) ., .,..~ .,. - ,._ 't• 

tt .,.1e IC ,1 •t..a at ts.. t 1 (t a lt a) 

tt~ v. Mt ot aU etae1l soq(!Qnoe• ctetSMa a eru.a •• o et 
lefllth ft (!;.teeflta. Ja). 



lll!lt • c • <•t-1• ·- I Attt c •• Gt:tt ........ ) 

when ~,1 .,.. the Ho~t!al ev!\tbolll .a a • a. 

For a et 1'flD ••• ,...,., tQUDdu c baa- a df.'fflltte 

pnbabfUtl of emtaatoD p(C)a• 'f;!ytdeatll V'eN a1e i' 
CJ1!ntten ot ._,b •• !'be etlopJ of each o 011!-'• ta 

••• 
fhe eet ot aU CA !'ftttenut seqttellatte ot laltb a 

ot tile ll»w ton det!ttes a set of e2errteeta17 e.,.b oa a 

· ttatte)l aaatttw pa'blll»tUtJ .,.... ft1e .... ,, ot qell 

a Ht ta t"-

~ 
tt • • i; p(O~) 1e8 p(Ct) 

ft f-1 A 

..._ .. n.- • 11ta
1 
I' • 2n. 

GatltD baa ..,_. .... d!lte.-t b- ....... -

at.ttaet. Bow.,., thte pttllt ot fl .. 1d11 llaw· t1 1Mt 

,...._. vt*l tlda ••• !• ftfta., ta Nla\toa " • 

tba dftlatloa ot .. _... ... .watr hM maat'f!HUft 

... nasa" ,.. erUlldv ta w~ut ~ !'e-'S.• _,.,. 

.. • ,.._. ,lit. ....... .. X.. 11. • "a --... ..... 

•·• ebtlldoael a-:- • Jq ~ also, as our tmow1!41ae 

!ooSaaea • oenette OCtde _. hence ..-.... • -..~-



rt ta aqalltl tbot t1011 the potat or Y!.ev or tbe 

He41tiftr, ). ta a. •.an of' the aft••• batoftt"tton ...,.. 

pes- CJ1fac1e•• the aw•c• tntoJ~t~att.oa pu ayal)o 1 of tbe 

cyUD4er t• tbeft \(B (rnt. of tator.lldtcm Udlllt~tt pu na9 

of aeot!!lfl)• 

lfiJ b 1ftCftaMOt \a ~ ~DCNaaeD t.fid - ljlrl 
eGDWJies Jl'ap!dJI 09 n !DCN-8 •• 8PPIOaaf'se8 a DOD-H .. .. 

Gat1tn tktt!nes ra'!ooRJ'n s R ~ souee EfttiOpr 

The Umlt n-+oo Js 3Q8ttfSed o!lll tt thft eoa...,.eaee 

to tfdr~ rap!4 oo tbat fnttolte mA obaln• aH DDt •••••• 

~m!larll' l.t l ht!! ls :'loUOII !ftfol'!llftt4oft pel' 
n-+eo rr-

n. awr•• etiOpJ pe •1•1 

'it • • t , p ~. , ••• • •• t• ..... V!Ulta 
~k ~ Jk fll 

ttte 11fA • atw e tato.-ttoa •••• pew .,..,., of r,. • 
olts 

·" M 

tt) !he fi'Obabf11tr ot a ftwet o .. u •-• eru.a•r ot 

Jengtta • •• rt a> • ''•1 ) •<•{-.> ''¥r .... 
P( ... ,~)• 



n. vcatt!oaa1 pl'Oblbt1~tl llab11r •• be onJ.fJQ. 

laW hom h ••"' aetgbbou data. ._ atwa • ••Je 
ot ·u. ealcQlatton• ror tai212W9!ml £zasa~Sk$1QU u!:a! tbe 

data of J'oese U Al ( lfMl) • 

ftm.~ 1 

l11
"

31' 'IBI:I:ff:lillrltli'll'" ., 
• A 7 0 0 +--G!'left Base 

l .,us. ,. Rctw Sta 

A o.ou 0.081 o.orJ'I 0.048 0.14'1 

1 ' o.ou o.or1 o.OGS 0.013 o.146 
0 o~o• o.oeo oua o.a o.aat • 
G o.oas o.OH o.111 o.11a o.aM 

C»1wa ~P(A) 
P(f) etc. o.w o .. w o.aat o.aM 

,. t .. atttea pnttlltt lttr t• ealet&JaW .. .C.S/ ,> • 
p(a, r)/p(J) aa oalr oM strand ts retdt vlth the pro9tatM 

that tt 'be Na1 oalJ fJOII I' tl It • ttata ta M-N tbe 

data of lo- bt!tft the ct.- b .. (1) a1wap ta· poatttoa •• 

~'• eonaapoada to flit! pgaU.1 MA cl1a11'l9• 



A !' G A 0 ' till It • • II • I I • • 1111 

e' a• 
• a ,t, • ,Q t. !i ... 

•••• .3'- 5"' 

rrov p(f/0) • p(t, 1)/ p(O) • .011/.aM •• 1153 

~---

a• A T c G GS. yen Base ....,__ 

31 nov .. 
A o.s o.• o.ut o.ao.mo 

Ot .. t tloftall tt o.ma c.ur o.n o.JII o.• ·- c o.a54 o.341 o.ase Oe393 t.IU 

G- o • .-o.aeo.NI 0.316 1.48'1 

C»S.. .. 1.00 \.00 1.00 1.00 

!baa tbe eoJmm ma !s 1t bee..- f P(S/.J)•l .,_,.. 

noww• a at • P ..... t .. of tht -'da ts 1111aUd 

tat It waU •• £ P(I/A) • 1t ._.iob WJ -. fs not,,... 
s 

the -of the ""• !adteate ttJe Yaltclttr of tlsta p»tat • 

• M .. • •!;1 p (Cs,) 1ft~ f (c;_) 



!) ftJe o1»M....a ua .. l'te:b.JftJ Qs!ng b- do•~• fNq..aet•• 

4 
R1 • • £ p(c1) 1e1

8 
p(o1) 

S.l 

.... c.o'JII lala .ou + ~018 - •• oaa ... j 

• a. ?f!'l 1\t u 
a 'a. Jete. 4 • a.?l71. el71 lttta 

!114 t,/1 • .871/8 • o. JaR llt ta . 

tl) !'o ealcJ.aJ.at. t:(l ete. the PN,aM1!tr of the triplet -' 

1ae o.-~aw. 

,. .... ts.a .. • .. t• .. ,.lt .... 
,. vaatt._ •••••ut, 'pc • CJIIlllttMat. ,...,.tutr 
ot tc at.,. It wt aa ta 1•- et a~.aata, tiM 11wa ,_ 

te ~ ta tile • JOattt•• 

~ ·:·.a• . p ,~..,. 

dtd.WJ.r 
' ' l 3 ._._ +--, <•, •••• , •• <•l) , (•1 .. , p( .... ) 

. . ~ . 
, c•1 •1 .,, • , c .. 1 .. , ' c-.~&JJ ' <•~ 

....... +- +-
,.. • (GOA) • p (G) p (GC) p (CA) 

• ,...., (.atl) c.uu 
.o.-.a 



'Jifl 

et.- 31 3• ..... 
::111\d larlJ p (ACG) • p ( GCA ) 

4-
• P (A) P(AC) P (CG) 

,_ H3 • • J:.CtiiSIA ~~~ .ca4 ..... • M tl'••J 
• 5.584 btta 

Ana r3 • ~~a iJ • s. 534 • a JGc8 a • s.SS4 

• as 2 • s.ss4 ~ o.412 "'"' 

AM tzt3 • o.l37a b! u. 
est t10 on d • forth. 

!tl) ftnaU, lif • •· • P'M 

·~NIL • ~ 2 p p t Sat p 
' · _,M J•l · teat ~ 3k a ~tt 

lfiii~SI• , A tJPto~l result ottta!.Mt Wd na at.w tor Mota• 

~,.. DNA. t,/a va• to.a ta 1M ltotaaBed atoft bJ '•• fbe 

... uau1.ta ._,. .... .,., "' •••• or t,la ... r1 e .a Yws •• 
V»J -.. fo-' to II'OliP ' ' t-Mt• ad attdlast U'ttlla-ta. 

ttte ••evftal ,.. tnari•t 1lllfetlnu t.,/a ... •-'• (FII 1) 

••• 
eOIP 

.oil 
-.ou 
eOlA 

.oJa 

"•· 1 



1M ... pll)tt&1 ca!altt c.c --at tlon. ,. 

po1ata tor the baotmal da'a tell oa thA eu.ne abote 

beJ.)w. ~~· ta ~ut the £~Ual It ...... (Fta. I) 

na.a 
llfiDIUia £ill!a1.JI&B,- . .1!8 <M'td 

t) Pol' neete..sa o.o .. _. .. tJM 2~ to ?&g. 

U) GatUa (llrl) hM •• tMt to• --~ .,..._ tbt ..... 

toeJ.et '"""'••1 Js 4 U•aw toMtt•• o~ o.o •lllpMttt•. 

P ~~~ • o Ill . A 

ADd _... thta eoa4ttl•• tile ._..lial..,.. ••M 

beft the, ... 



• :1o18 4 • ·~ P 
1 

o~k 0 Joe~ •:\ JDg c~ 

·I • 1 • {i P 3 o3k ,\ C»a>. + lo~ cj.,;! 

~QB e.t ~ tmt.IOP1t ODI abotaliJ CPt 'lfft'!!ftn 

/!!lfomatton ftl'):! ao an. 1!!' • fa a Ya11d potat. 

ttl) Froo the aboWt 4el'1Yatlons, tt em bf! 'utened that at 

8DJ ~'-•n ba88 CO'ftPOS1tton, th4 !Dtorrsntton •IJlltU'e 1nduea • 

ol'd:ermc amonc u v! ~ orcau1na w1 tt tbe eheaoter 

t,.n> \aet > ttnwri beoaaae ~t retJttet• •••c• ~!lfort~aUoa 
pe~ .,.lt 
1t the teow _,to_, ...aiM are ••tou ataee ltaatula 

ue ''"" a htcher poattf.oa the ............... ftl ........ , 

et .the a•etto eote t• aot '*- tato Meoat alai at •1 tt-. 

~ _..tte •••• an 1M - ta ftlattoa te tM ftaottoaal 

e.trtktoDeJ • NtlMW ta tt. poJ.Ipeptt,. ••-• cad '-'• 

BQa,tn.rate eoaoaa aaat be oo.W • o•• !Ida h .. '-
'1 

1a*~• t.trea tato eoeowat ,, !IIIIth (1118). t1asalflf .a 
R.la+sawa ( twll) a1lo obtataet! •• fiiPOrt•t J'tt•alh utaa 

i 

tbftt rntonattora !heo•r. 
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a. L.t.. Oatl!a ( 18t11) ht'!l obta!Ded otl'!esa !!lhftat!D£ N•l.ta 

to• tU'l!cellll,_ o.-gcat- wb~c..'l retll!ct ~ ·~•co ot thta 

,.,c!mf.qt&O• She "oop!aet! t~o.t thla ta tMtea~• the !nter

aonewto ~ to tm!eoUuw orat.atau 1a 1ara.-, 'Wb'le tbe Java. 

ce.11tl1nr •s nes1fntbie oa comp~ to ths •rtebrateDt \11d.ob 

~ elorMlJ groqpnt'l Ol'OQflG -~ !a,\ • llttlt tb!a Yt\lae !a the 

nt'f'rc.wre ot tl'-A eomj,odtlorua or f<IJA t1011 Yrd'!oa.a •U 

orsca•Ue~ w! tb qtl!te a•ttel'f.llt tQilcttona. ;~ 110 tt. aft 

on overt!'Cn ot raot!ler oYerte• nflecta pbelao.t,pp!e charootetw 

totlc ~Ucb .,,. eradel.V. 

C! 

Ottt 

ft-J.ta tt tto'-1;; no. of bat~e!!l I 1,• 
then t~ 4atn to as ctwu to table .a. 

•• 
"• ,, 
.,. 
'1 

~· 

fabJa a 

fRCJe.RilJusiMII11fab•• 

("!!! fl-174 

0.111 II ,.._ o.Ja Mee 
0,0].(8 e0171 O.JI •ll 

o.OB48 o,JU 

~arnaea t.at tnA 
btat ttoea aot ,..,_ 
tue oe11.U. 

noa V!n•t 

MfiOh t!Nntltl' th• 
a11•f aibow. 



1U 

• 

1M G1 > " G3) JM (E:• Cblt)) 1c Gl 

wbtte ttet <& eoU))r.,, c.t> Itot 03> r-., · ca 

ftd.c ol'dea-!ne ts oar!!~ eotapMiwltdble oD the toU.villl 

eoaa!deratfonll• 

1(a) ~ b!sb \t• rt.t of ot vtnaea co.r~apont!a to the eanJl., 

of allfttote:at tntonat!ora to code tu au_.,.., ooat • 

pro~!.tuJ etc, mA ~ t\Jl'thr •JDtbdtc act~Y!t:!ea of 

bO'R ?,:lA f!!.ny be dt.aver.a tdtt! aft6 niter a allltoltle 

nt~~IHt~l' of repJO~J.ctloM tlOt.aa t!wt boat ntboaoaal ed 

Hftoebonarta1 ( 1\TP) a,etet~, tbe boat fa deatl'O,.a, 

(lt) tD ctt, 3M -' ttot ..,. ttoth -11. fbta 1.a ?lee_.. 

theJ _.. JAt•• •1t Ul'tetftllt all! I.IMII hoat J>KA to ..,. 
I 

to~ t • P.!tM eto. HeMit the• phe•• ue aoa.'ftnlnt ., ........ . 
(e) fl (Ottl) oeetapte• • tete•..atnte poattlon aD! OOJtN._ 

poadhtlS, ......... bod _,A OftlJ bat ~ea DOt 'bra ... W 

the ee11 val.1oo11p1ete11. 

(d) ftte• obee"ntlo11e 'b._ eWD •" COIIPMNIDatble vba 

tt t• noted Oat 1M (0 t) > r,. (t'. eolt) ('bJ abotat 3 - 8 

tt••>• t\8 \t MRflUtpen&de to tbe rnte of ir.aformnttae 

ttemtsston• !t ls tollowed that eYttn tt.oJrt- '"\., 



Itot (~. eou)> Itot (0 !), tbe QY! pb!W•• v111 olw~JO 
wbl.. (!h~a ts beamaM of the Ma80llable •flllliPUoraa 
or polJpopttde cbafn ~ tor at I mt! e. eo 1t). 

!hta t• ao becatlae 0!! fttl1Na 8ifthata• the!!' nctdHI 

p10tetno (e11oh as .. ,... tor oe11 wnll 4tt~MI4atton) appast-

Mt&l.r tt• tt.a as taat na ii• &:U• 

I 

• (~7WOPft of the !njee)t86 .~ U M • ea"ft NM~eat tor the 0 t 

pbccea atea4111 t1ecnaaee tG4 he1108 proYlte• all the •M 

HU01l tor them to t!!anpt the ceU a.t1d look tor trellb 'ho.U. 

Ooafttt•lr the 1- d ta httft.l' able to cOJSpete vlth tbe 

ott nrases. Ttlla orr_,eaiJlt 'fa thtaa attlbllt f10m • ewlll
ttoraarJ po1Dt ot new. 

L.L. natura t.Ut1 not take tato .... , \be· Mahlr 

degeurate aatue ot the •-tte eot•1 aiiiPlJ 'bee•&M tt -

aot bowa oo~~p:t.telr • tbat ts.. AnetMr deteet v .. tbe "" 

ot \. _. thtt lpore .. ot •at to •an-' •IINioU 
..... ws. .... 

s.tth -' OatUa boU! Wll4 ctotaltla ... _.., ••• fer 

r.eter t.a lHit 311tth took tat. ..... , tM ........ , 

of the aenette oot•• 
ltQt fa 11'711 all the ttxt• ,,.,. ttdwea w" t.rr. 

t.nto aoeoet ,., H-•• _, 1\eo• 



Ul 

tae!.d tMtQW!!IlCPt ao dac••rMtfrl ('!OdOftS aboaUI a.ot tte tAt~ • 

t!'tat!aet ·•ords 'but "CorSet! os a fl!ngJtlt wid. "• t!ult tt.ttn.el 

""'afo~~tnt1ots.nl 4.1leenefAttr- R tdl rr • • f P
1 

lor, P
1 

: ,..... 1, P1 • lt P1 ~Pl'ftMSta ~ probtJM 1" ' ' ot tbe 

1 tb em1rao ne'd• t.'U''~" or a-mher coaoa-. fte Sl.ll'\ f s t!'!tla over 

the eo4otta CORAapoD61rtt to tbt 1tb wert!. ftwJ 1 rtma cv~l' 
tbe twatr tf'!t~DO oe!."1a Md 6ehre s1 AI!'Jbft• ~~ aa tw 

atat!!lct uolda, t~nt 1!11 tD an thelft on twatr-ho t1olll .. 

rm !!lfOJI!llf.ltfon.nl 4Ma,ty ~ !I d~t111~ M 

~ oba ~ 
t. u~-~ • n • t! • 1 P

1 
See P1 

Aan'fn r:a ~ PH .. t cJQJ knowW.• tnelrlha tlte 

defl••z-•r ot tile •••• S.!tb alated that rfW'. ._., 1Mt ,.._ 

as tile m•l .. •ttopr ot a :r..aos .e~&da 1t11t ta tact tt .. , 

be 17Ja'd•taea ta the appwprtate Yal'teltle•• 

~·· ... that ..... =F 1111 ll 

rMith ooeetnet.t •th a 'R-'o• aa weu .- •PtNt 

o,.er tc_...,. 11ota1'• ........ , 
fbe ,_,.ll!tJ of tile 1* ..SM Mid betlil · .__. .. 

fos-1 1a tt!'Ml • p
1 

• i )(t) p(~) p(k) 

asro p(t) e ba9e ~tee of eotton (mae~tfle) s. 



• 

p(~) • ,• Jttttfttr epr1orl pi'Obabf 11tg; m~ thfJ -

!e oftr aU oo~oa• cot'!!nr tor thft ._. atdao acttt (tterar-rate 

co••• tor I) 
·file~ an tllJM co!labatat•• 

1) ~, • 1 
l 

B) t:AJ. C'~J• .a 
a> CoJ •CoJ 

~-le· 
P 

0
,_ • P(f) P(G) P(f) + P(f) P(G) P(C) 

• P(f) P(G) C" P(f) + P(C)J 

now A a CoJ • CcJ 

ho• eo•t&te!•• (3),~• a£•J 
•• t:•J. ')./1 (1) 

A1ata a CAJ • a C•J • 1 

•• CAJ • CGJ• 111 
u.tq ( 1J CA.J • 1 • A • t.l..!!l ) (I) 

. /1,.. -r 
•.,.. u-~, c;./a> (('1-~ • ~t2J 

-~ 



111 

aas,2d11 Uld&s sae1a 
!ho PJObt'lbtl1tJ of tht 1• IJJ!I1110 act4 'betq eo-.ated 

to.-, is ~,,.,a as p1 • d~ p(t) ,,
3 

'.t• 
W:Mre PtJ' p3k rta¥ b~ cnJcalllt-d f!S ~n .,at11a.• s paperJ 

from tteanst n•~P.~boar tn1•~ data (baM dotib2Ait). 

~n are tbNe eotltlt»&1Dto cat.a. 

1) £ p • 1 tor an t. 
t ~~ 

U) CAJ • CtJ, ,., 
a) c-oJ•CcJ 

The sam Ia asn!n o.-r tm oo40tt "•••s-~ea • Mton. 
P(t) !s the $0donts f!zt!lt latter n prlo~pobr.lttl!tl 

Pt~ ~a tM co~4t!onn1: prob. that t..te •~eoftd Jettu j 

follow the ,,rat letter t. ·~- 't~·· toJ11 m orc•t .. 
g~aetf e eot!e utaottton oatl1x. 

'~th ~a..a tbnt tbe lG e:Je._t trtCJ41tfoa utm 

· vat~ ~'edt~~ to 12 indepealtet parn.eate.r• '>r i p• 4 • 1 (4 
3 '-'·fl 

eonstra·' nta) 

Aaa1st bttera• ot tht , ... padi'IDI du to the othl!r tw 
cotulbateta, w fattotue 

DF (At A) • DP (ft f) ete. 

'lts atoh eqtaat!.oaa 818 obtataecl, ~nee thft 'b- ••~• 

ezpert.ata do not d~st1.nea!sh tttt. .. w1t~ or ct!f'da wldla ·

oae chaia •o f'fltal with detia~te polar!t7. ~-- "'ace tM 



ft.W!tber of f.., trmatt!oa rt&tr'-• par,..te..- to oaur -~.of 
vtt~eh oae 'a st!U ~u,\a Coj • CoJ. 

"'!!d.th det!n~ •rn.ronnttoaal ._ .. _t!ea• f'or doule 

att-ta!.a m,~ .. ae 

'~J- \ ·-·· • nn \: • m <•• 1\) .. 
1) !M tefeRDee po!cts na._, RM._ wen ealallaW to~ 

eae'h oa-sdli.a 1d.t!:!At~ to be ern.ual to • eJrpel'!Miltaur 

.,.~ vnlll-.. Madmtaatloll for RM ( 61 ~ ) woa doce ' ' a 

?e,ylAr eer4ea 8XpeD8!ots • a ~at-~a.ua r'*'o• Mareb .-... 
ob• 

71!1 (G, A) vas ealcQlaW fi'Ofl dotl!t'Jat treqqenO)' tat.. Jfla 

ztnntllte coDf11ft tf\e •me to:tOilomie clan-rfne bJ a&dB£ r. _. 
11 tbat Oatl!a hai &JsmstJtat.S. 

Aeeord!JJ£ to h!a ealAK&lnUoaa, ~ • •e.~ to 70.8 tor 

i• sa ph•••· 
r1 • o.o:a to o.04, •• 
·~w • o.oe to o,cs 
!baa tt •• lte - tit-* \, ta o Mhe1' •-· 

2) M8&llta to• RR ( ~) -' 1\c (6,~) aN •ob •n 

tatueattaa. Re .,__. •hat lletlt haw • llt•2aate •dt.8 at 
A a •11• !bta ta a).a. ~ YaJlaa at •seh the Yalua t•r all 

tM yerte'ratM eli&IMw. !ll!t.b tbl...apea ••ell.aled that 
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eYOlu.ttoa - to work b)' rodtag "higher Ol'ltat••• tato......, 

ttoa .,.., "etteetiwlp•, h1 'tOI'HDI towacta a •ut .. !a 

1\o, (Dt~ ). ....,. .. , t!l!a nn1t •• 110t obta!Df!M! b1 Oat1•a a 
hdl !caortd ooc!CG t!•ea•r.,. 1\11 Oflall!.,. wre toaaa to "'

Jot belcv tM !'!lari!UI tr-lttY.-a. (neter tc•a. 3) 

• • • • 

' • I 

1 •=•, ......... 
l 

' .I 

' of.s -: >c,o : H ~Y e.ac." o~.a'hi~~. 

•• 7Ma adtb tati'Ot..., sa ewJattoaarr .__. 

por-ter •• 1t1 .. ..,., tllat eYOktloa bel!aa ftom a ..... 

baae 4t•b!bdtoa, ~- tbft aot •• ·~ dmaU• 
betwen ob8Hwd •d reto• trma!ttoa MV!a e~ts, A.s 



•• I ~ ~~~ 
II G '""tJ • fti!) 

f.~ •• , •a: • I 

,_ sna.tu tNt te...,.attoe, the Me'-• •• v. 
OJitllt-. 

ca p1otttrac • ...... r tDA aD{! ~'tttll8 u. wnerate 
M 

po!.Dta to ll otra•ebt ~D·· be eot the··~ ·- fll Fts •• 

• E'1'01u· • 
ttonur e. • 
J'IMtafiQN •· 'ft ubtt,arr 
uatu 

' ' • t • t 

• • 

• The tatendtoaolU.e!tr .,.._ u. ... Jatt•aan 
-- •• tttW 1dtll , .. ~ ..... u .. ., ...__ •JMtt• llttet•or. ,..,..••••• '•• Mttll • ._, 

§lpf)'ftllll bJI 7dMt I •• 

ftlaa aU tM Jowu •••s- .,... fotDt •• tile 

Uae 'Mhfeh ,,.. ••• to aet • tt. lflllt to tl'e fufoftalloa 

tl•attr tmdlabJa bra £1.,. ••• et! (levfat!oa fto!l ._...) 

ma thta ia vhat tbe h!ghtr •tMIII 1wt8 Mbtnede 



fte arttcla ·-rbe o .. ttc O»de ad the~-.,, of 

PJOtefa• (19'18) of PaM~-. _. Y- ta the sat w11 __. 

ta~ eobeNGt of tb!a ··!"!•• ma pnaeta the •n cl8~ • 
eonaliletoDa. rtw.r ~· tbe to U.vtac •b•n,.tolla1 fl.:hat 

thft uort'! !cme pnwtota.•lr !a tb!e tteJd. 

U A• JO!llW oat eor11er ttr GeB• Wefsg (111'10) 1 tt. 

1•ette de Wl8t1 bN '!".F. ~tb (118t) Vt!ta not OOft"!'et• !ld'is 

oozu•~~ .. ~ that lJGA Cl0\1ea to• '7JPtopba1 wM 18 totar - -

. f t "• • .,.,w as a Cl":fdft telli!Dattae. OCMIGD• !ttaa fltJPt.pbee 

baa one, !lOt tw, t'Ote uolda. 1\110 etaoe UAG (oohre) 1 OOA 

and UM (ftd)er) 1 on tfutM• «ih to-. ebata te...SaatSJII 

eotloaa, hmce thor obotl11 aU tt. eJOIIf4NI aa one wit. ,_ 

Gl oofleo then de tor 11--' •' • 4ta,taet ..... 

S) hJ qa~attoMI tbe i&Se of tllloi'Mtloa ••t tr 
_... ....cba . .. . 

t • n ~··· • n 8!l 8! ewoJ.I.lt!.oearr •-.e• 
Th"!.r ob3fl!ctSon c~ be _..,..,.,a ,, tnutratt., • ••18• 

fCAOfCAGtCAI .... ~-

.:; 
ACIOAOfCAGYO--;; 

1'M •• ••111 -'• fe• tou l!llf• .etl!e at tiNt 

••• sa taet •lr tlwea .. ft1A • NJ't • ser!Mt arc • VaUM 

eac1 CAG • Gldeldae. ftl!a ,..Ill lfW a Mab ftJM et 
lllto~a.~t.on DIUltJ Y llltl h .... tt ouabt to hlMia to a 



b!ebtt• ••" thaD aDJ olstt.nc ol'lat• whteh t• •"tt•tlf 
obMned• 

• • 

• • "JLft 1o1.t a it • 11111 11 

_.,,. . 
fl- • • £_

1 
P1 Jola Pl• • • 114 lltl 7(4 

. -·· 
fhwt I -c r£- .. yPba e lolg 81 • 181

1
4 

~t!eatll wt.alflo of I ts e .-t .. • lDia 11» 11t1 4 
8 

Cb at~1'bll th••• '!t em bo ecmcJaeecJ, thnt !a .,tw 
ot th!a obJeotton, GatUD sf! S'!tttb touat.J r to 1M n ...rd. 

!.ntoasntlo•• fh!e ts bee.-, vh1S. atttWJltDC ~-~t\ttoa 

fi'OII mad .. rmeerta.tntr to be a •tllltlft of tt.. !tstol'lldtoa 
,.,,..,., to , .. JDJ.Jteptt ........ ,., ........ . 

·at ,. at'fiD A • rhu ._, ... ._ • taetdtaal .., ... ... 
obje.c.ti.on 

JMttat tor aaeb OJica!• ._, ,.__. ta. .-jeet~., lattlt 

a"•. 
~. llotb 1!--· .. 1-. ........... . 

t.t•1t • a •-.e at •wldt•• ftlta .,. aw ,_ 'br 

.SUs ._1f••• R-1•• .a ~ ..... tlbat R .. M 

nsiiJ!hd • • • .._.. ,.. •• aett er t!Mt •~etr et 

e~~IM e!Se of tM pi'Gtetu of tile Ol'l•i·-· M htaw 



Ollf!Bl- wlU. haft dt._, •• pJO~!ns f:o Olft, OQ' thltb 

fuoot!ona, bm08 '~' u111 nqdft a Jail• ••t•tr ot a• 
aoS4 •qtaeeee pe• ardDo actt! c6 vtU tbu lhtl to tbe 

.-tm•atton ot tbe ... nasn,, s.u.u .. 
ottJe• ••to•• of Sattb ta eale111atton•• •• eft211aW 

bJ Oatltat wtlo olio U'Silea to• A • as, • hfftC m attt~~~Pt 

to tUYUattg pzrotem. lbWYet-1 aoer.trltae to !le:r, the 

b!GIIed c1oob2et fM(!t8lotea ., tM 188111t of nolat!on .,. a 

c.,_, theol'ftt!onl opttalaat!cm PJOodue ro• H&Jetaa eno• 

!n a mtsy c~J. Vt~R~tlVa mt'l Yat Q~~~tattoa tMa, a!aee 

ttte coolosg w!tb h!Dt.ll "cas.,., ·• ue nh8'JDOa-*'·•• 
..,_,mol (b!~ &tiblet tre~e7 acaol'tlfat! to Oatlfa) 

to Md11ee euo• b7 ~tttaa b ... ghlJ •'• ••~ua.tto••• 

cSDl)Ot be encw to Jt1boNIR1 COIIJIR• !!latefil, tblr 
coDa!eer the bt..a 8ot1blet r.fl«1 bips.t tN~cr • btlae 

f!e!.o1 tn tccet'!l~ e ~--~•• ••t•t1 of p10tetraa. 

Etnn ( 1918) 1'8!10wd t110tl»l' deteet ot ~ W• thlorJ 

b!" &tter.l!DtDB tba b.- co•alttoa of Jttnele atr__, m

RNAt that -.,uJd opttsll•• tbe tttwnltr ot ,....,..., •tae 

eetd treQQiftet•• Aa "-' 'bl the G..tte o.t•• ... .,.. tw 

11_, a •It_..• D- ,.. .. 1•• 

wtth ,,_ abow •'-J•ettoa• ta 1dattt tt.r .ut._.. 
the •MA b- -~- .. a .._ad oJ!te• etat!oaawr W•e111't 

Cba!B• ('!'MI toot tnt etJOQat both t~ DHnd M'C~ 

end am to neo:reat aetabhtu a>.nelatfcn•>• !bel optt•lnl 



baae &.a'-~' .a bip~t tMQaenor towald• ~-.1 n. ,_, 
tlsed tile lateot ootle Cr~~tliJ a of t'tlnpter ttJ. 

J!Mif .Sldlr IIIII! Ghrtl 

Tht• -~loa ••• tbd a b.,.. pro?Jdttlttr tD 

• a trtA •qai!IM dep~Dta onll oa the pn11l!111 tw &-• 
aloac tM aut!ltd•• NJ tbta 'b .. •qunee te -~ to M 

atattonarr, the s-o'abl Uttea ot tt» tocar •- PC 1), tbe 

t!ou.blftt tre"Ufmetes !!a P(t,~lt tbl btplet tneyaMet•• 

P(1tltlr) fa vb!eb ltltfl f (UtCtAtG) ee C08atct !a er pan 
ot tbe nr.a. 

conseqt..'IM.tlJ P(I,J) • ~ PCktft!) keu,c,A,s 
~ P(t,j,k) 
k 

c~vtnn IS fD!ttpMa.tt oonaVA'htta. 

'rhtt UOI'"SBU.aotta eal4tttca 

fMJ have gtwn eqaatloa to• detu .. at.ac ••11et f
qt.aeOJ fN• tdp~t tM..-ef•• 

~ttdlull P(t) • £ P(t,.U • ~ P(,,t) ' . 
fMM .. M PlJk'att•t oa)le ............ . 

P( .t/l) • P( t t~)/P( t) 

P(~t~) • P(lt!tt)/ P(t,j) 



~ tmbopiea hnw beeD tetta.a • 

Ill 
a) BelfiA • • ij P(t,~) ~ P(tr/t,j) ~~~ P (k/f') 

t.) HH • • £ P(t) £ P.(J/f) llt'a P(Vt) 
IIR1A ! 3 

e) "!mil • • f :'(S) lo'a P(t) 

• 4) '.rhe pi'Obebt~tJ ot tt. t ldat1 of atftiDO actA P( t), 

e4 pJ'Oltttlt~"'' of mtno. add dotlb,._t It J , P(!,l) 

8'NI1YeD-

P(t) • 

P(ltl)a 

t ....... .l. ! 1.. ....... , 
So the a._,, of •• •ta •.-a• ecm••••ne 

aa a altlpJ.a ,._... .. dseln 'fa tel~ • 

Jl'AA • • ~ P( T) £ P(Z/I) S.a
8 

P(I/T) 
I. I 

"- •taropr ot 1111• add .. .,. ..... tt..a as a 

~- Cbtda ta ~AA • • ~ P( t) JDII P( !) 

1M ..,..loa ! • oyer 81 ...... 



o) !he probab11'!tN ot tiMl ratrll\ Htt~~W~• (t,J,ktlt•tn) ta ,,,_ 

bJ P(it~tktlt•tu) • P(t,j,t) P(J,,,J) P(k,ltm)·P(lt~•) 
f(J,tiS f(li~S) ,,~ , I I I db 

M 
Next1 lleM~ava ma Y.-o ..-tilt ... MM vrtJaee ltf a 

a-e4om •anb Mtbot1 !JJ tbe phaae .,,.. ., .. ., ,, the e 
tn,.penaeat P(t1j,t)•s. 

f'bl Gt 'falLifl• of P(t,j,k) an as~ to be •ado• 
Rt~~ (•1<RtJk(1l• ~ t1PP81' Uat' of the 4tap~t b 

t1eaoW bJ ~ et P(f3te) ta alleNd • ~oU.w • 

PI ( t.Str) _....,. P( tJlt) + Bt Jlc ) 

tt pt ( t tJ ,k) < 01 them RtJ'k ! a c•••AW cata 
and cam, uatt1 a poott!we ,. (13k) fa o!Jtat!Md. fhte 

procet!tlH ta ean!et! out fOJA tbt 64 P(J 1J,tt)•s ao that tMr 

aat'! atr the eonatrat.Dto ce.localat11tl tf'M • Tt th~ • 'fallae ta 

cn&ter ttts tbn prev1oua •••• thm the neu 'fal.- te 

••'*'• _.a tbe prooedQ.JII! !a npeaW. '!!»Db r.ana 

nwibere ate Wle4 o:a the oa-t1taal -lJiesot PC!t~tk)e 

_ ...... 



aat--+ 
I • I 111111111111,, .• ' II I •111 

~"•t 
( 

J r·OII9 o.oooa 0.0117 O.OBIO u 
tJ o.oJD 0,.0018 o.ou1 O.t8)1 0 

o.oae o.oua o.o• 0.0161 A 

f o.oeM o.ocs c.oou o.oasa c 

o.oce c.octs o.~ O.OCD'I ' 0 0.0 o.oJ.U o.o141 o.ooa1 0 

o.OC* o ... o.oe 0.001& A 

o.o118 o.ocae o.ce~ 0.0 c 

l 0.0108 0.0011 o.0111 o .... tJ 

o.OOSB o.o111 o.oUI o.o• 0 I 0.0189 0.01()2 o.0111 0. .. A 

o .... o.o o ••• .. .• Q 

~ o.ow o.Otfll .. ., o.o .. 0 

G o.ooa o.o. o.oltl 0.0111 0 

~ o.o1<8 o.a~~~t o.••1 o ... A 

o.orM o ••• o.oUI o.o .. G 

• ca1etllatt.;na ....... '' BtftC IOfiJGI (Uitwmtr ot ft»tQo) 
_, F~ - • S) et HokW do flll._...tr. 

nep!OdQOI(t troa Raeec.,. -' Y- • wre. 



Ftc. 8(11) 

f.OI2.~-g e " o o o o eO'\ • • !'~ ~00 
~ • tl • • oo oooo -:z-~ 
~4.81 t a • AR ~-_a . • , ""100\• '-.::J..., t e D f ~1.1 
~ t • D . tl < • u 
~·· '• aa . ~ ... ' DB Q ,., ._80 1 a o aaH-..n.a 

,. I d I 9 'I 1 I i 
0 .. 1000 Jib) 

(.SP~) 

CRep.._.. tiM n_,ava ed Y- • JIIII/J 

S. l'a ttc. l(a) -' (tl), tM pooeaa ot .-t!detq B • a 

ttacttoe ot npet1ttona "'• t.. Ill»• to•~• .011/ a. . 4 
,_ tnttfal potata wn twttn to• the '- _..,... 

a) QMiplfttelJ ~tDdott DaM ....... 

1t) Fftate Splaea •A. 

Rll .. •• 

a. the ttaal ndla .n ••.-11 ,. ....... tow .,. ....... 

tatttal eoattttM• .. •••tea ..._ 
Ellelle]BI 

Rl • 4.1'16 
M 



a:..A • t.srt n:.w •• 1.888 

riM • 1.8. 
~rtA 

P(V) • o.aca, P(C) • o.rt• 
P(A) • o.a171 P(G) • o.Ma 

P(C) • P(G) • 0.4199 • U.*••• 
!be eonupoaS!.aa trl • uoJeottcJe tnqaeOJ ... 

£'--· fD ,.Je ... 

t. file aaeleottcte fft~er ae htabl.Jt MaNI (ttble 4). 

a. !be co eompoatttoa to .f.tit t~ .,.. YalM uoet wtdtll 

v~b•ate lUA oo...,_ttoaa .,_.,.. MeaalrlfMllb tor • 

apee!ee lttte 80. 7.S to 4L&S for maiD eGtiDOatt!oa ot 1J1A. 

so tb!o l'eOQlt ~a better~ thd ot 91ltll. CIS (U.) 

..., PC!D&t ..... ( Ul'l2). 

a. fte 1alp d!tfeftllee Sa ~. J/4 S:. .. due to th!J lltall~ 

"·- tdpJat ,.._..,. 
aau. oue, CG& _. Actt .. uarl7 •-• ta •• •c-.~o 

RM nate. !h ... OJdoaa ••Jd the•elon 'e ••r .... 
sa hflheat •aw•!-. sta• ta INA o•nnts.•• "'• 
CWO. eGG, A«l _. .!" .... wltb .A, GAG ete. tl»• 

MJ \e oltMIW~t '-t t m~, cec.t .. t AS, CAl' _.. 'otlt 

.... - .. .,... btp~·· w! 11 .. ·-· 



4. R-•• .S rano .C •a> ora comp~lllc that• naqlt wttll 

tboH obta!ael bf Ooel et. a1 tot.DI od the followtlll 

a!~!!Mlta Sa -tte ot the ott~eettoaa altc.nat tbe !fta101.1r•r 

ot the data U.S .a ll0a-ta1..-eaa ot tbe •J:Jttou. 

!be• at•tl&rltt~• aN • 

a) m (Pbeltrlawme eodon) ta Q8fM1 fa ,,.,.,.. .. to ~'to '' 

wmb.t'ate•• P (1DJ) • o.02ae1 P(WO) • o.o111. 

It) rea., ear.. AC&t GeQ. ..,. •are f.a ~nob•atu• Den •t• 
fHq~et•e an 0•0081 O.OOSGJ 0•001 O.OCII napeeti'ftlJ 

01 eo~~ to 20•1 oa the ,..... ..... 

e) 'TMJ ea1euwetl the 4matloD• ot at • auoJaot!tte fMq~er 

P(13) flom random eapeotattona 

(!·'·"· • .~.S 1ii i !P • 1 P(t)p(~) 
}if 

to• ~ apJMa tYtA, i- al.l tft.l.\ -' the nM ... tlfA. 

AU «t'ftttl11• vt• the •llfJat•t•r ..... _, tt .,.. 

alae fOtaf that 

t) the le•let paten et .... MA 1a •ell ell•• tl 

" HM _._ -~ ttte tllat •f I• all. •A. 

tf) Itt pantotaw tbe t» fNq~MDer •' t.oth .. -.., ........ 

!b!a te a teahft st...a •r aU hl1Ma- at•lll _. ta 

!ate~tet•~.a • • Ndqr te taaoaee pat.lll 

4fwNf.tJ. 

7be 'bt..a .,_ eo11p0at.Uoa ta a nSI11t of ''- t.talllll .... 

!be ... ta •S.wNaU, cJqQftel'aM• 



f) LMt Al'B. ·S.. _.. 6 • De 

!t) Met ta-1 ~ .. llcm &II ..... 

ttl) four k1ad• of b.-• _. •' tlM8 • .,..11. 
!Y) !biN to a eoue1atsoa betw• ac eoatn.t ~ ••• ,..._ 

ot d-.eaer~. seta ot Gat~•• Ct••• .-, d • u,o. 
At'J ABe (•.1\,0) or .lt!W.t <"-t~,c)j wb•oh ~· tor tM 

a.- m!ao oo!tl t~tth ·~--co eoatat '-a tta tfnt 

tw poa•tto:s ero at lean to• toJft ttea-•ate. "-• 
w:t tl»tal oc orn hO to~ --~rate. 'low tbt areatu 
bfcd!.C tmel'lv ot ~ ac pat• ~ oh'flate tt. nal!tq 

ot the tbl.-4 naeJMttae fa thoee trtp~ta, eonta!a!DI 

oa)Q o and c !a the ttnt tw po•ttteu, thus nQUtdtll 

0011Plete 4qee•-r to h re14DqQ!•'-I to_.. aodoaae 

Aga'flt a.'l ~--'' vft'h hfl'.b 481 ... 1'110)' (\l'ft 00 

rtob, ~no oo'JI)Oa!tfoa abocaJd 1M ltldW ao tbat ..t• 
aetaa _. sattort~Jr at.etrt'bltW. ,._ ~ • 48:& f• optttM1 'fa 

tb!a ...... 

The 00 ...Str t• aov •••••ol • • 

AJtfa"ae Sw (C'Ct. • U, Ct 4, 0 -' Ale ( e • AtG) 

aN 6 • »WI'- .4S.t .. (Gal )t OJret .. CGCI!I) -' ••uae 
(COl) aU t.w G., c S.a t.he tt"' _. ...... poetttoea _. 

_.. ••Jr 4 J)• rt tt.r .. to • .,.. eftltllt ~atae _.. \ 

pl'tJt&:r te ue *• •other tha OGa, • tbat tile Sa!Nfftot•• 



If 

naeleo~6., o or o !lAY b8 ~:~_. ro• Ale, Pto (bee_. ot ciS 

opt!td•attoa) • 

And tor tb!a N.-Dt oaJr oc fa ..... ta ••• 

tbta ta olaarlt .... a•rtee P(CXJ) • O.OJIII oJid 

P(AOe) • Oe0371 l••• tbt~ u ofte vMJJt oae wouJI upeet 

P( OOd) • a P( Ale). 

tbt o-.rYaUoD• Oft Wl'teb•ate tn4fa •ftftl'll thue 

ODe em remark tn eoDaect!oa wt tb the cr•_. t~a' 
generates the hnetloaal an of polp.pept!tte ao..af.eattoaa. 

A oonbaf!et!oa .xtate betw8D adDo .tt •qaeoe ec1 a.• 
atwctve ., tM poteta r.ettcm. 

the dbaeee of' eJ!IdM a.ctd GOI'Nlntfoaa fa a111na•·· 

ttcntt.cm.e upto date !tJ t100t'-r -~. 
Sid th teatNt tbt pHdJ.W ad• Mit eor~e1att011 

w!tb tbft ~--· o••• PftMiteW .... ~ • 

·~ • ~ P~(t) 't (t) P (l)/ 2-Px (t) 
~· u • ' , 

wben ·~(f) ta tM ,..,llttlitr•t _.....Sf _,__,1111 
ta •- '• 
Pa ta the pohltflltr ef • -'• n.ttaa Wlttl t, P11 ta 

•• t -+ t vtaattt• •"'• •11••••· 
91dtb ltd _, tt.t ., tlttt ...... 



131. 

SimilarlY Baaegawa md ~o got~ " 4.367 an4 

a:,. = 4.376 1.e. no nearest neighbour am!no acid correlatton. 

Sle.fee 1 that all such attempt• will alva~s exhibit 

negative results since a stationary chain is ass11med, and 

the apr1or1 correlations which leri! to fQtlct1on al'e avercect . . 
out. 2h:la lllOttld b)vever 1nvo1ve a ttu tnc!epen4ent Markov 

Chain.- Stlcb a po•a1b1li ty hd DOt been taekW a.p to date 

due to the non .. ava11ab1ltty ot suitable c!ata. 

•••••• 



•• 
iltlrtiiM 

G .. v,a., \!•Slab m, a• <11Ml• 
Gnt1ia, "•'•• L lbMie lUtl-t a, ae c uea>. 
Gatlmt £.r.., £. Dtllla lUillt lOt D81 (liGG)• 

Gatun, '•'•, .Ze %"'s11 Die&. • •• 281 ( llfB>• 
Goel, N•t c. "'bbba R•t t'• !to .. , SNtna,._ .S K'fftlt 

'• :a.r. 111M ae. · 
J'o_, :., '\.~. Kat•• nntt A. 1tol'lbti'Bt &1 llele Sl!g., 

. 838, 8N (11Gl). 

'"teare~, naaeanwr -' fake-Atd.-YIIlOt Uttbe DJI :JSdSIM• 
... - (1171). 

sm~t!l, :-.r.,ldll •. lUe ;~••• •• tttJ c.-). 
smtth, r.t~·., t~attt. 1J1t itdSSIII• e, cta (JII'IO). 

w..taoa, z.~., d l~.rr.c. ertctc, illata• 171t m (Jia)• 

We!an, G,n., lpliiJt adewt 8t •1 (JIWO)e 

~~oetmr, n.P., i• liMit Ill&-• 4lt .. (Wt). · 

AafiB-t C. .. 1 •!a,.JMtloaeJ. Jlt~ldN•t Al .. ..tO 
, .... Wev •• ( 1181). ' 

G-Wt G• t •S,11oet• • ~ltletl- ftee17 t.a Mel~Wrt ,..._ ............ , .... ,.. 
z.na, '•"•, .,..liMa~• .a WWJ&attoa•, eo 1wltat a fll' wnttr ,_,..., av Yon,._.,. 
KIDeldDt ~Itt ........ tff.tf\1 FodetfotUI of 11ltoftat!OB ,_..,., to••• new York (1&), 

Ratu•1 Y • 4. t ••u.,ttoa ot '-'f!)tbtettlee .. tM llHte 
Stl ....... ltNetve•, •••• II Dill• 
:1111- • •J. a. 



••••• 



We tmov wn •11 that the tJt•at•r of !aton~a.Uoa 

m• D'1A !.a to p10te1n 1n•1W9 the lnDtlO"Mel' u.at ta ea tbe alta 

ot tllft eo(!e. ~" AM toar t.Hrt ... t tctlld~ ot t.taae• tab 

ONA t&tlecule. hae baHa det:eNne •t.-lV twaty ad8e 

actda olonr. tbflt po~4e eheta. 
L*! ..,. eorteqn~ VI. ttl h iBfo.,.ttoa eoat.-t. J\11 

boa bMD atnted eft2'11V (Cbnptu !Y), Sh8lm0n-wt••• (U.)t 

· 6ef!nett tnformattoo oaatat as the .., ... , ot M~etfft 

!nfoPMtttoa. 

tt a be c owdttof\t!on w!tb e~Jifea 1 •" 

t!St»Mnted p10bnb~1•t1 P1, t~ the 'otonat!oa eoeteDt ot 

1l ! a B••' ezsnt.t1 as 11(1'ft) en~ 's a• .- 'by 
1l 

R(m) = • £ Pl. 1812 P1 
1 

rl 

(1) 

\tbeH £ P1• 1 t ~t,e 9Wft !a OWat a11 the • cl•at-taet wit 
1 

pJObaltt Uttea P1• 

we a,_ tmow that the tt•o~~r~tea1 ooc1e Ia __ ....._ 

A ••taSs.! .,._ .. loa .._ -... ,.. ... w ia o...,w rr. 

Ooelllll (1171) ,.,., ... tt-et tt .... ,...."' .... 

jut ttaettoa• of 11fA. ooftlpOstUaet thtD tMJ haw • apeeltte 

.. 136• 



taaetfor.as. rt tbft codon. tnQUnofea of the 4ttteJWtt oJW•'

nre 110t nttFtbtltt'!bJe to •~att.cm• tn mp. eowpo••t!on1 tba 

• ecull! thtnk tbat tbe ~.,._~ eat•• haw d!ttuen• 
haotlona. mt1 10 tM eodca het.PMe~ couM alta be QMI 

to ,._1-!ea1 ~-'• ~ OO•llliJ. (1178) ala:> •aa•• 
that the aa of ooda tncpmc!ea tol' aU tM codanl tor a 

m1DO actS al't't ·~to the mt~.,.e.!ea of the lldao 

Mtt. 
~., the OJ8.Saat!on of tie C.ette o,t1• ta 

etaeb that •n mtnt!ons n•lt !n ettber a a,.aJII)WI eote 

t<Otd or ,!1 o code wol'tJ fOI' n obtot~U, •tidier .mo acld. 

!r!»Jte en herl.tnble chmcea !D the aaette matel'!olt !:ersoe 
tM mutations ,.. t..._ Ctur.ag~a :tn -. add •~nee• 

occur me!':!.,,. t~JDvlJ that ob&gea ta tota1111At. Cbt.GC8• m 
!'11A vb•cb ce.ttse ctum,es f.D po~aa _. beJ4 1ft •'** •r 
nnttu-Al ae~ct!ou to a ftW peater ,., ... .._ .. V»• tll!tla 

do aot. 

Cbe ~· !.fttan.W 1a t.M ,...._e, of •~• ol 
a!dao acta Ia the , .. ttc eode M 0011f.,.. vJtll tbettt li9&JtC• 

JrleJa !a pJOte!a•• fN cote baa 11 -'•• tu 811lao aDtt•• 

A P"tl!a vtth OU -- aefd pe• ... VO\&JI haw .. 

toU.vtBI oo.,..Stl•t 

w 4, •e• tWI11, asp2, o,.2, ••a• c1111, 

Ilia• ld•a• ·~· •e• llaa• .,, ,. •• 

'"•' ••e• thl' .a• '•a• "'' ftl•• 



ue 

r.et a aow tmow the ver ta lMeb the 80 aetta _. 

te.S.ato• .,. eoited by the aatara1a•etto eote of ~U&elaotlh 
btpJeu. tf ,,.,. .. 11 eatepl'!ea an eqal·Pftbaltle ad ••tt 
0~-!llal~. ''-

J!(J) • • ' liR1 -. 1/81 • -. 81 
~ 

!he ft&'l'!~ Ytdu of R(l) ill a pJOte!a 81t4P'JlO. 

wMR thea 8J8 ac t.Mtaatora ta 
ac 

fl(J) • • t J/80 J&tae J/ao • ~~ • ., 
I 

nov, eo.cb sdDo acta ts ded '' o vtp:..tt ot 

qaanemor1 ~!st.ta a, c, A, o. !bite ""thla 66 tt~tt•-t 
eo~.torsa, eacb re(!ll!s-!De aoae btto tor tta aptte.ttteattoa. 

!I the ~p~eattcm to MolHtlltw t.tolasr, ..__., 

t• .,._, ta onlr tw easos1 •t aa4 bp, ~ch h..- eaeb 

a tdqJe ..e-. !Ida teN ..,. ..... the ... _.,.t tate.-tloa 

._ te the oe4e ......... ,. ftda 1• tiNt lDioJ~Mttoa 116tell 

._., 1te , •• ., ..... tto• RfA to pJOteta. 

fhe -'- 'tRltae of If( :a) to• eodca• i • 

lf(Jr) • •' t/M lltl1 1/M• -· 6& 1 a 
• e htta ,. .. eoe •• 



tt • eaatc1er e giwa pate!a obeta •" theft 

~ 110 terdaatora1 tba t raa to 01 !liS DOt to 64. !'bet 

PJ. to~t thl eot!aa OMt UAC -' at-A ,.._. •t to ..... 

Jf(a) • • l V61 1118 V61 • 111a 8l 

tie ON -~t!JIIt tt. ratoRDttoa amteat (n) 

tntr!q tnto aecocat 

!) .. co ...... , (toU.vlar the .... adoptat. by tldtb- .. ) 

!t) tbe fJOtOD he~·· (all ealeaJaW • ., Go•l IS Ill.- • JSPI) 

at.GI I!IS.t 111111 

Wilt .. -- ........ -- .... 1 ,. .... w ... 
tba tatolll8tta eoae.t faro• the ta.vW,. ot tile 00 -'-'• 

w. •v that tlle 1ftA Cot lllo• e • a ... ,, ta a 

• .,~tell ....... _. .. of baN•• •r ala w •• that tile 

'"~·• •' • p.nt•w _.,. ts .._ .. * .,_,_. ., .. 
1at!!.tdaftl m.-etea of tM .... '--• "'-' .... uap .. ..... 

!Me t• •• ..,.tetlr U. ta ou - , ..... ot .. 
• ...,uoa tl!at the ,._..,. •• of ••-- eoa .. ta ~eJOt 

t•••t (ll'tA) • (lJAA) • (liM) • 0. !ft orter tD IDeOJiPDNtle tht• 



aaottmpttca • ore ctilct.alntiar, t,._ hei1M8e••• of the 66 eotaa 
tfa-st ttv tb.ft metbod .ett.onea cllow. 

!1t!JOCDt91yt • nre e1ao eaS.'J.Atitla t!Je fM(QtiW}e!ea ot 

the l'tmtdtd1J8 0\ eot!oao ,.., ... _..., "' h eltow •tlaod. 
':he ._ ot thl• 61 f'N1ti8De!•a wt U o'bvtoa~11' be lM8 th.a 

tm!tr. ~ older to !JI!dntatn tM ao...Uaattoa (SQm ot a11 

G4 oodon tncp~D.,ea obot~ll be 1a!tJ) w a•'f!tJe •-' of ._ 

tl\oft eollo• tnqMD~ea b., the .. ot aU the • 

(I) 01 aotfoa tHMti•c••• !u the fbd eaMt .a 
c tt) e1 eott011 r,._..,,.. fa the •eod •-· 

"X_,,_, !he pattat.ttl't7 P1 ot a w...t (W!d.M _.. ol' oetme 

or -.r> 'fs r• . .-n bJ thA rdlt!oPJ ~1 • P1 -{P(f.) P(4> P( k) 

where d = &taeeacl' ot P 
1 

ocba 

""-" _.. 3 eoaabrd.Dt .. 

A • l:OJ+ r OJ 

hliiO 8 /:AJ + I i:'J • 1 

• 1:47 • t:tJ • t! 
fhu I:IJ • ).ta 
tat! c-,.; • 'J/1 • /:'IJ • ~ • t:tJ 



,._ b pnbabflitl ttsat -'• add erateta. (a. 
tfq•uate) !a oau.tl for ta d'ftla • 

P 018 • P(f) P(G) P(!') + P(f) P(l) P(O) 

• P(f) P(C) /:f'(f) + P(C)J 

P eya • ( ~) ( ~/8 ) c-~· ~ J 

• ( Ia~ ~' 
rP 

en Ottte.tttat!.oa ot tM w.• of A to• tM itft•.-t 

apeete• aDdu eoJtftfderatloa1 w .,. oal.eG,..._ PeY•• Ya a 

llttdw ...... we eal.Nla~ the ,.., .. u,, P1 of othtJt •• ...... 
ftDaUJt b SQJ!I of aU -.ell J)ft'bafd V t! 88 CIYH .. 

.. ...,. ot tllfonatfoD eoatet foe that part'ellJalt epqte .. 

ftJe epee! ~• to• llll'e" tM tato,_tt.oa a.a•t hell 

1Maea ealmllaW lu tl!1• ._... ... , 
1. •• ( o.c __ , ... ..,) 
a. Cnlt ( c.c ... , • ··-) 
a. ~- ( o.c .... , • •·o.A .. 1'-' ( o.c eoat.t • •••> .. 8ocflll.ls c.ereus ( 1+0 eoat.t • :n.H) .. Ulllr••• a». c a.a .. ._.. •·~> 
.,,. ~J.II : C c.c ooat~et • tS1.H) 

•• §tii.UI < a.c ooa-.t • &e.GA 
'• 61MJJ•tl t•tllal ( o.c ooataat • ll.llC) 
•• 8Wt IIIII -•• BkDUM< o.o eoa-.t • ••n) 
U. tiiiiM- JI ... IW- ( G+C ••'-t • 70M) 



~-Y..n 
rna.. SplMD 

~. eaJt 

ilt •• 

~ •rtna 
~ 

I> c-ut 

~--isJM 
t\• lrMtti.SIMI 

3'1.0 

ae.o 
«>.a 
42.0 

so.o 
0.7 

•• o 
e.a 
f11.? 

70.8 

4.4&24426 4.2986281 

4.4632613 4.3ooal15 

4.8107673 4.3UOD8 

4.5161006 4.3l81SJG 

4.1500a839 4.180471 

c.e€8781 
4.400415M 

4..38S«<13 3.9823187 

4.17021tt1 ' 3.S819111 
-

4.06-- 3.f514C781 



4·6 

3 54 

• C C ONTINT t~, 

. FL~ 1. f<..AN .t>oM . Mol>EL . 

lhe.. C...tA't'Ve.. gkows -1"-e vari.atl.~ oj 1-f AA.-tk ~ J 

~~ e:-3('-~tateJ Jo-r Gifl t/u. 64 u,J~. 



Ft.j. 2.. RAN!:>OM 

The. Ctw·ve. 
~l e.,..tat.e.J 

!S 18 
G e C O .. ·TINt d) 
Mol>E.L. 

sk()'WS 1~e vanafit»t tJ} H ~ ~" 
07\Ly fo,- tkt2. S~?\se (~1) G,d6k~ . 

(Follow~ s~Ltk) l96V 



fhfa data 011 t!tft bsea COIIIJOtdttoa of V. wmou ~A 

m~ealea .- tM nSJ1ta of ebt""eal ~-te.,...tu!tloa (;:,)dt. 

tost.). ~,haft alao hAD caJ.eQlaW '' utar tM dot&'blet 

t..,t•u•'•• (Zo- llal-t 1H1) -' fftla 1\ao,vaat dtma•tr 
~-,t•maattoa (Go•1, ttHJ'I). 

4 
1~, A nrapb • • thtD pJotW ?.ten•• the o..c ( A ) .. ._, 

aJA tbe TllforeattoD n.atat (B). !'able 1 npNaellta tt» 

!Dtoa~tfoa n:n'lt.t celO'llaW tor 61 ooloaa .a a eo«~•• 

napeeUwJ.r. ft!• 1 ,.a "'• n repM•at• ''- •-'att.oa or 
t~ ~-.ttoa a.wt "'"' tbe , ... pei'OI'Jiltce eont.t tor 

b tw ·-· ..... -~.lr. 

C'odea ,..~.,··· •• Dlt\ ., ............. i- (the 

., ..... _,, .......... , .. Mtt..W ,, ... 1 illl .... 
,_, ... the •• oa tM d!ti(IOleo'tMa , ..... _. .. , tM 

, ............. , .. ~ ....................... tu... -.... , ., ................. , ... ,,. --
.,, .. tte~er tate ,_ '- ,.._...... ••••• '' ••M 
tNt ~..a tbat tr all llfA ta ...... to• ,.. .... , ,._ h 

fHqq~Ut•• ot tM - of ..a•• of ••h -'• eeta _. tM 

.,... ., the .-. ... fn~tea ot the oone~~pllldt81 ..... 

aetta ta pNtet••• !hta awnp ta ealeQJaW 'bJ rt¥!81 .,...._ 

l,.,,M to eaett epeet•• ot pnttta, ataM •-" ..,..t• fad •• 

the ••t of a,,,_ PJOtet:n mo!e eoneapoaaa to a 018tloll 

~- -~ 



Codon(s) Huz:tan Calf S.:'!'3.r- A. fa~- :.-.n.spl';-· v. 

Salmon Yeast B. cereus E. coli S. typllcsa --- :.:. ~"~C:.: 
Spleen Thymus --- ~~£_ calis eroides deik::ic-.1: -- ----

-----
(CCC) 0.0003 0.0050 0.0080 0.0156 0.0092 0.0130 0.0071 0.0195 0.0170 0.0270 0.0203 

( CCA) + ( CCG) 0.0051 0.0358 0.0231 0.0142 0.0001 0.0095 0.0253 0.0219 0.0267 0.0167 0.0240 

(ACT)+(GC!) 0.0511 0.0381 0.0659 O.G603 0.0516 0.0339 0.038~ G.Ol56 0.0255 0.0003 0.0 

(P.CC)+ (GCC) 0.0299 0.0174 0.0150 O.Ol.19 0.038l:. 0.0404 0.0371 0.0615 0.0933 0.0933 O.J.l15 

(~CA)+(CCA)+(ACA)+(GCA) 0.0815 0.1045 0.0991 0.1203 0.0583 0.0467 0.0552 0.0353 0.0008 O.G020 0.0008 

(:CG)~(CCG)+(ACG)+(GCG) 0.0001 0.0 o.o 0.0244 0.0011 0.0538 0.0607 0.0959 0.1231 0.1310 0.1351 

(TG1:)+(TGC) 0.0230 0.0230 0.0230 0.0080 0.0188 0.0190 0.0190 0.0191 0.0193 0.0193 0 .Ol93 

(TGA) o.o 0.0 0.0 o.c 0 11 o.o 0.0 G.O 0.0 0.0 0.0 

(TGG) 0.0153 0.0153 0.0153 0.0160 0.0148 0.01.50 0.0150 0.0151 0.0152 0.0152 · O.Cl5:; 

( CGT)+( CGC) o.o 0.0012 0.0001 0.0021 0.0163 0.0452 0.0406 0.0490 0.0600 0 .051;2 0.0497 

(CGA) 0.0001 0.0002 0.0006 0.0144 0.0001 0.0 0.0086 0 .OOLtS 0.8016 0.0006 0.0032 

(CGG) o.o 0.0001 0.0 0.0044 0.0005 0.0 O.J003 0.0001 0.0035 0.0109 0.0149 

(AGT)+(AGC) 0.0290 0.0149 0.0254 0.0058 0.0043 0.0321 0.0397 0.0157 0.0104 0.0198 O.CC57 

(AGA) 0.0330 0.0141 0.0174 0.0001 o.o 0.0036 0.0009 0.0038 0.000}. c.o 0.0007 

(AGG) 0.0033 0.0257 0.0238 0.0 G.COOl 0.0002 0.0002 ·o.o 0.0 0.0 0.0001 

(GGT)+(GGC) 0.0260 0.0335 0.0511 0.0604 0 .01;96 0.0670 0.061.5 0.0720 0.0573 0.0(J79 0.0493 

(GGA) 0.0130 0.0247 0.0179 O.OlH 0.0153 O.OlQS 0.0097 O.C064 0.0149 0.006!. G .0011 

(GGG) 0.0351 0.0166 0.0058 0.0 0.0062 0.0015 0.0083 0.0053 0.0168 0.0150 O.C406 



Codon(s) 
Human Calf Salmon Yeast B.ct:rcu.::; E. coli .§_.yphcsa s.~r-- ~-~ Rh.s'::h- ::!-..:.:~~= ---Spleen Thymus --- ces:.:cns c <:lis. ero:!.d?: dt.~ ~:- ~ s_.ut; 

(TAT)+(TAC) 0.0351 0.0345 0.034.5 0.0279 0.0318 0.0260 0.0?..52 0.0219 0.0182 0.0179 u.OF>S 

(TM) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 c.o 0.0 0.0 0.2 

(TAG) o.o 0.0 o.o 0.0 0.0 0.0 c.o o.r; 0.0 0.') u.~ 

(TAC)~( CAC)+(AAC)+(GAC). 0.0334 0.0510 0.0555 0.0 0.0101 0.0492 0.0542 0.0803 0.1031 O.l024 0.1180 

(TAT)+(CAT)+(AAT)+(GAT) 0.1334 0.1147 0.1102 0.1416 0.1506 0.0988 0.0922 0.0588 0.0278 0. )279 0 .(v"35 

(CAT)+ ( CAC) 0.0223 0.0222 0.0222 0.0229 0.0201 O.O:i..90 0.0189 0.8182 0.0175 0.0175 0.0172 

(CAA) 0.0.:007. 0.0150 0.0141 0.0208 0.0344 0.0250 0.0165 0.0063 C.0006 O.OJ43 0.0 

(CAG) 0.0006 0.0192 0.0272 . 0.0 0.0 O.G280 0.0366 0.067!. 0.0531 0 .0<{93 G.0539 

(.AA1:) +(MC) 0.0.334 0.0535 0.0535 0.0449 0.0505 0.0510 0.051.::. 0.0514 0.051.7 0. 0517 0.0519 

(AAA) 0.0485 0.0556 0.0275 0.0683 O.Oe63 0. 0!+03 0.0295 C.Cl62 0.0028 0.00Cl 0 .·::JOQ: 

(AAG) 0.0129 0.0049 0.0330 0.0164 0.0009 0.0117 ().0211 Cl.C2S6 O.GJ~3 0.0376 () 0 '3/,6 

(G.'\T)+(GAC) 0.0560 0.0555 0.0555 0.0459 0.0583 0.0520 0.0512 0.04?6 0.0435 0.0432 0.0417 

(GAA) 0.0198 0.0230 0.0303 0.0522 0.0808 0.0429 0.0337 o.o::.s9 0.02..+9 0.0007 0.0 

(GAG) 0.0345 0.0379 0.0235 0.0027 O.Cl2Z 0.0271 0.0355 0.01159 0.0378 O.G610 0.0602 

. (AGC)+(CGC)+(AGC)+(GGC) 0.0114 0.0114 0.0 o.o 0.0325 0.09'.?.1 0.1006 0.1106 0.1034 0.1084 c. 097 '• 

\T~T)+(CGT)+(~GT)+(GGT) 0.0666 0.0612 0.0996 0.0763 0.0765 0.0712 0.0602 0.0452 0.0436 0.0528 0.0256 



Codon(s) 
Human· Calf Salmon Yeast ].._s~ ] • ..£.0J.i ~.~hQ21! 

~-.mru::- ~.fae- Rh.sph- }1.lvso-
Spleen Thymus cescens cal is erniC..es de""it<tl-_~~ 

(TIT) 0.0437 0.0377 0.0371 0.002;) 0.0152 0.0307 0.0352 (). 0285 0.0001 o.o 0.0001 

• 
(TIC) o.o 0.0025 0.0 0.0299 0.0246 0.0043 0.0260 0.0031 0.0284 O.OZ83 0.0270 

(TTA)+(TTG) 0.0117 0.0066 0.0118 0.0497 0.0548 0.0294 0.0150 0.0247 0.0 0.0215 0.0002 

(C'IT) 0.0537 0.0494 0.0052 0.0091 0.0424 O.Cl97 0.0195 0.0115 0.0007 0.0007 0.0 

(CIC) 0.0096 0.0229 0.0284 0.0225 0.0192 0.0225 0.0243 0.0238 0.0557 0.0492 0.0498 

(CTA)+(CTG) 0.0124 0.0020 0.0355 0.0 0.0001 0.0144 0.0001 0.0261 0.0297 0. 0148 O.C362 

(ATT)+(GTI) 0.0425 0.0481 0.0506 0.0545 c .0484 0.0179 0.0173 0.0068 0.0 c.o 0.0001. 

(ATC):+( GTC) 0.0002 0.0078 0.0139 0.0002 0.0141 0.0363 0.0348 0.0619 0.0250 0.051+2 0. 0623 

(T':'A)+(CTA)+(ATA)+(GTA) 0.0342 0.0033 0.0429 0.1315 0.0968 0.0503 0.0354 0. 022Lf 0.0211} o.oor-.2 O.CC\95 

(TTG)+(CTG)+(GTG) 0.0628 0.0640 0.0545 0.0001 0.0368 0.0703 0.0572 0.0835 Q.1009 0.0926 o.on.:. 

(ATC) 0.0158 0.0155 0.0155 0 .Ol.60 0.0239 0.0210 0.0206 G .0:!..90 O.Ol7l 0.0170 
f' ,.. ~ ,"' ,, 
u .. J L. ... '.J 

(TCT) 0.0172 0.0202 0.0192 0.0306 0.0 0.0054 0.0002 () .0171 0.0 O.OOOG 0 r ~ J~l6 

(TCC) 0.0072 0.0137 0.0215 0.0063 0.0085 0.0002 0.0 0.0 0.0183 O.OC48 G.Jl73 

(TCA)+(TCG) 0.0217 0.0262 0.0089 0.0512 o.nJo 0.0063 0.0041 O.C/ll4 0.()156 O.>llSl O.ClOf. 

(CCT) 0.0437 0.0085 0.0183 0.0220 0.0001 0.0115 0.0071 U.OOOl o.o 0, O'J~~:' [1. ~OC6 
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I '1/\.'f$". 3 
tJRFOIM l':f!OU COtllf...,m1;Rfn!W1 FOB 

"\)eciea n.c. a:tnteat1 All the coc!on Tbe un!qae co4on Oot!o•u• ot ltnear 
p•..-at 1 heql.lellctea(49) fMQtMtnciea (26) combinaUc:aa takea 

' as eqtliprobab~ 
I ~2nt!b~o,. ,~~ :: : .I D : : :I [IJ ! I : Ial : : ::: : : :tJJ:: I ·:::::: :t= :: :: ==:: 
I 

1· .... m.o 4.?4Z1SG: 3.358005437 4.B'/1!817S • Ye.-t a.o 4.645'186213 3.742730092 4.8820781 
I 

H-. Spl.Ha e.s 4.91704!1 
1 

3.832071449 5.0311i2£8 

Sat. a a.o 4.9823085 4.U659495S 5.164&1503071 
g 

Calf T~ I 42.0 4.94a8f§3 4.036319106 s.oml1!17.a 
• 

Calt~ II ... o 4.887SBS1 4.035319406 4.911700808 
1 

~ •11 eo.o 4..9982989 a.S7aWB859 4.9178611 
i 

a. tmtau 51.7 s.0448C8006 3.934222521 5.163922 
! . ,.,. ... n.o 4r.9562515&8 3.817SIJ9l8 5.1056427 
j 

A-· tMc•»• 111.2 4.7292723 3.883791839 4.8666423 
i 

lll· a!lfm'••• •• 7 4.EB50614 3.3856)6624 4.7803Zn 
I 

!• Jzaoaetktl!B! 70.S 4. 0057.tl36 3.394741839 4.6939052 
i 



• 

Ft.j. D. 1ko. e~wt. s~wt..."g tke. va.n.ati.'"' oJ H witk ~ 
fotr jkQ c.~JD>\~ wkose !YQ.~~(!.~ ~ ~~ g~. 
by bo.a.' ·cd- cd. · 
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GC CONTINT C'~l 

FL!J 4. Tk.t. e«Yve s:kowt?\g va~afl.oh ()J U w(fk ~ ~ 
w "tl."' i"e2 c..oJ D"l\. J~~e.?\~i~ an ..J.axct?\ -1-o ~ 

' ~?\~Q.., 



tt ta clear tn• ,_..,Sa a, that •• ot the oet1• 

trequ.•eSea "ft 81'fAD aa lt'M81 eoetaatloU. lll 8hoall 

._....._r that the b!ol8gtee1 ooc1e ta tea••• .a • the 

md.ao aetd eompoatt!oa ot pJOtetae does not dt~tt.tntae the 
coaoa freqQectea ta1qae1J'. !welltp.ftw ot the tonr-atae 
eof• tnqgqe'•• nn .,,_. tld.Je the Nat (heat,.rou) 

baw be-e e!"fl!C • Uner.J~~ ••taattou. ftd•• pabablJ 

!nboduoea ta enor ~n the caloalattoa of tb8 !afoftldt• 

OODtct. TMa ala) bolda tNe m h Ucbt of the _.hellldtea1 

J'Gftl.ttJ tl'lat 

lD o~eJt to eltldaate tb1a p•ll•le •no» w baw 

1'.lat caltnlltlW tbe :ratonottoo Qtlltet (!!) tor oa]8 the 

t.-t,.tt• ... _. •'- ,...,..ot••• table a ceolafa 4) 

etY•o the ._.. ot the tal•_._ o..teat ta tttta te• * 
d!tt._, •ll•t-. ftlae 4 ..,.._.._ tbl 1._tatea1 ..... -. ....... 

Neatt ttle •••• ot tbe UM• •lltfaattou ... 
_.__. to eoabttM&t. •<111allr tu the _.. tNca-or. 

Fol' ••'let fel' "'-- flp~ ou ol the u ... •16ta.U. 

la t'!'A + Cf4 + 4'1A + Gt'A a .... , 

Tt eao1l of .,.. toe eot•• h.- .. tnbtaW 

eqaaaU,1 .,_ !'fA • Ofl\ • !\!.•\ • CTA • .,..,. 11= •00111• 
!Jl tM• WaJ w ha'M take the tn4tY!dma1 .a• ot .._ U•• 

ootlb:!aatloDa aa eqUl. eoaat1Matol'•• lt •~»•11 alai 'M 



,..5.1 • 
:r: ..., ... z 
~s.o 
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Ft.·, 5. Tk.~ Cu-rve... s"owi-ng va 'ria tif»\ oJ H 

wdk ~ , wkQ."' eac.~ ~+ ~k.e. li.?\'l_4":f ~hlt.-
--MhA.., i~. afgo CAs.~c::((l-r~ a$. a\ ~al 

Cak..tnbu.to-r (E~~rnba.~fe eoJ~,~ 
'· 
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DOted tbn.t ta twlw. of tbA l.t.lletlr oollt!aa.tlo••• 11» dtfte-.• 

!a ••11 f.a the tint nollottd• pl-., vbt.Ja fol' e. o~r 
twl•t ~.t !a !a the th!te auolftottd• poatttu. Ne , ... aJ.

ealcf.l1ate4 n tor tbe t!ttfel'et oJI•'- b...S OD 8tlcb ,,. 

of tat&. table 3 (coJIIIB .8) ''""'" h "~ ot n .tol' tt» 
t1!tte~Qt epectea tat! f!ltWe e the p..,tdeal. ~wtoa. 

Nil tf'll' .. m.el'!ea1.._.., ie ectlUIUII..St W 

('J!t.1110t &a «11 elaJIIotrteatioa 'baMd 01t either t'M o1Ut. 

analJata or ca the pdne!p18 eo-o..Staat. •eUat•• (A tt1a 

ot!ler "'..tlldt \8 ~-- ftpftld.-lf tbe n•U• ot o. 'll&ll'ba a. 
(UWU. fht phtJoa .. tte bee (t~!IQH5A, ebaptew Ttl) ta 

"aNd 011 t'M doub1.At fNet--'•• _. oa tt» ••• treQilllle!ea 

(F11UN &bt ~- ttY) areapeetsw1J. A aWJ ot the tw 

tnea nwal that e,. GWYI 110•• wtth tile •-·~ .... . 

... vStb tbe .... us.. ·- ... oeltt .... IIJl .. .. 
laiJIB ,_,. Mea IJIO.,.a topU.I'• A •IIP•nttwe .... , 

of tt. t. ttcv•• ••• tbd ta tt. •.u.t• b..S • 

..,. '"~··· ,.. •• ...., ... sa ... te ......... 
u.a to aas-. ta tbe eleNtfteatt• ,..., o• t!Otal~Jt 

'" ... ot••· eU .,. .,.... - ._., ... ,. ,.. ... .., 

.., Vlat the olaMff!eatSou lJ .... oe •'- fre~o!ea ta 

,, .. , ._ ttmt , .... •• aoa11tt ,...._et•• to a ..nasa ...... 



1be has u• two •• ,,.,.. ot dat.. TM ttm 
tJPe ot ••ta are ~tevJ ettotu• of '*'• fN:qwnse!e" troe tt. 
coneQpOat!q heqt~eo' •• eapecW oa the buf.!l of tile 

tdnt .. -.aat or At "• c and o Mqa!N4 toJ' tbe euwlY411ot 

the o~t•t-. ~ •-17 ot =.. ltaU talU., '•to the 

--.1 gJOIIJ bu hee:a ...., .... llr oluJttel' ••laa'• -' 
pr1actp1e eo..olf•ht,f\tft t.'ll'1l.laf8. 4.t tbe •- UMt •• 

ot!Mtl' Qlltt•-ta-abllt feature• hWe uoppel •• ~ d to 

•• to be ela•r t» &. tbte to ~ SmliM• 
'-

• M!alaU•I to cJoer.r to e.. C.u'l• .,til to a. 
mat~~W·e, 

.. ,..,. oa the t,e ot data ~ to •• uteftt. !hue 

..-.1u WG'Jil ha'te ••Wall !epNfttl tt the atn,.tou 
N'- tnquaete• ,.... .at.-. 

th ••t s...n•t ,.. .. ._ ta "-l'lhl Y_•., 
............... , ,,. ....... ellllWltJ. tt .... 

¥lth tbe •UHtlft ot •••• t•w -. -.. ..... •t t111 

••••••• ...., *Sell ta tt M es.atlt .. , lilt ••Jd baYit 

...,.., ....... .._._. a •• teUM.bll n.aeua~tt _. n-.. 
(SNI) • ._. of tile alaS.. •tatloa ttat-•t tt tile 

.S• ••• ......... of orto~ c te• -· ••r IPMl• 
•• .... ,._...._ _. '-•• tlda ,..uaw ..,... ta 

•t lttttq t811tW at PH••'• 
PhJ]alea!ea -' •••••lMI~~Ja pftYI ... • -1.111t 

.... , of tbe •Jaoals aspeeta et ftOlalt!a. tt.r ,.,.. 

tM •••u.._t of phllaa•l ... *• -.ur, lM&t Mt 



alwQIJ, CMe wttb tbe pbJJoceatea 'b..S • •J'fbtJaer •• 
o11hu aoa •leealalt tate. The" aM cen.ta cpa.utfofta that 

st!ll need elA.-ata raeven. t1hat _.. ttJe ftMOaa tor the 

•• ltlt!onarJ ctlt111e or t!laCJ011> lttflr..t1ut Tf a • ~CKt~ ,..,....., 

a btab1J •c• tte t..,ttoa, thea tfhr 4o•• t t eb_,. t.!l tbe 

OOUM of 1111Uou of ,..., bJ theae chegea OC(IJI;Ut 

b ap!te of • oppoaq force of seleet!oa ol' .. tbe7 tbe 

HClt of •SHUout 

Lara• awabw ot •• aetl ~ep:taeMeD ...... w. 
tu pnte!:a• 4t&l'!att fttOlattoa. fbta t.eoo•• mt•l ,.,_ 

~»•JJ)ccuaa pa-otelU !D t11fteHftt epeet•• of lfY!a6 oJW•t
ure co.,~. tbta ••••o NtJDlta twa po!at autattou Ia 

fl!A. 

the reacalt of MorsoUI!IIh .ad Ptteb (1167) !a balll 

qpoa a qa.aUWt" deteftdnatfon of ~JNtattou. ftd.a ...... 

tltet GlttlldeJI tb!a w!U be thJ) 11Dd ateQrate Mt1Jo4 of 

eonatnetlar pbuJos.aette tHe•• f?'oeae ..,., s- oouepta 

(Ida!- a.ataUoa tUat.loe) I"!Qve 'bMD used ta • •rr a.-al 

Wftl tiD ealeaJate tho tatonsatt.on amt•t ot h 'tttoehftfeal 

httct!oa of a tQid.l)t of hollololou patotetae ua. "••~~~t-.ta 
or oJteoblo• c. (lbotatr. tm). !he ••W•• ot ld'unr .. • 

amt.t tos- tbe .,..,_ .. t.ow .., wn eoatatthte • a '-"• 

aaderate4!Jl« of the olicta et Ute -' of .... Jattn. 
ta ......... , .... 1 ,. -- .......... .... 

••2:5 be ...... lllllfJ-. .. _, ................ .. 



'' hptbeata a •!.aDtt!e•t pmpcrttoa of the -.ttw •t•• 
pe-t haw arl._ bJ •.to• !Utattoa _, dl'tft• 

111 the Duwtrtte ••t. all ••Jaatto••r .,_... 
clep••• apoa aatual aeJeoUoa. 1bSa pNtteta that theft 

lllloa1d b4J • NJatloaabtp 1Nttwlft MdllO MH fHQQaeJ' .. 

the o .. u. oate. 

tt. awrc• .Sao •ta ODIIIpO•tU.a of p•teta• ta 

detentned 1»1 the c ... tte tlK1•• Aai8D aotd ec:JJII)OD!ttea !e 

a preduct ot •J~tcu.w eYOll.\ttoa. PJOte!aa vtth aoftl 

tunettou evolw m• pre-eatetmc paleiaa '' •tattoa. 1bl 
DOW1 PJIOte!aa u1ttlltlW11 Heape tbe epatrol _..._.!.• wtela 

aeternd.aes the ••• of pftdt&Ottoft of tbetr --••••• 'ftae 

aqeJIIottt• •.-soe of IlANA !a a _,,. tet.ftdablf the .... 

aolt1 •~eea of paWn•• tt 'fa nlao • enabl'.W fad 

that tbe •.-a• ot b&Po alDlll \bit polJwmt 4f.S_.a fin 

•1'1•1• to Ol'l•t.• (tNA aou•> d eul'!ett the beNdtw, 

taloMatta •• 

ODidaa 1tac1t to the ecantral id•a ot rntolllatfAna 

a.ateat1 w ~been oblll to '"' J~ttault• atlllw to •• 

obtatnel bJ adth (1961). '!'N ouwa (n..,. 1..S rll_.. I) 

.,.,.._, the !ntontat!ml ••'-' U•tta) 11etaat ee II 

eont•ta to• the a!.aty.tov _. tiatJ'!IIOJI• ..... NepeettwU. 

The ..s .. Woftattoa eo~~t.at t• at • pes- .. , cc (S~) 
eoat.lat. ftlta ia Ia ..... _ 1dtlt daltb. rt eboull 'M 

aoW tbat •• eal.Mlattou .. •••• • .... tttoaal 

•••• tMq&1180!ea (b- • ••.ttiou). 1tJI ••••• 



betvlMD tbA fntormotfoll oonteat of tht at tfeNDt oqet .. 

reYea18 tm nlllttonabtp 'b,. .... tht 1ato..-ttoa eoatftut Ctl! 

the •--.Ide 01- e'fo1lttonaJ~r e~ttea:tt.ou. CJo•ll 

follt.J'\.Ji!l, Sfdtt:, - 0:"0 1Dffll'l' t,t,at fiJWla~OD do•a codft tl!ft 

oo~ OO!Jipla orca! at s ~" etftotet1,J bJ wo•ll!far. tro• tile 

am~U~ ta H (R,.A) 1•8• t·J» Rm.doll Motlel CMI• 

We ~.a~ l.ltMJ4 trp)et ~e!e~ dl4 OOIIPtU"i ... at 

the ph1Jopaetta lftve.l. ~ &afft:raa1 paette Gf.ld• boa a 

~r,llll' bl&aed Datrlro ~ so we oe 8BJ' ttlat the MA ,_ 

DI"(].Q•cea ot b!r,hftr oramt.._ haw RNat •••t t!ea t1 eode 

vat!ou• p10 teltlo. ~ Gc OO'I'IOa! tton of t'l@le atrm,,ed l.R.A. 

!a 42 per 08nt, t'hn volan M".Jted w~eb h'CM.I' oJII•' .,_ 

elaa•r• The baao eompootttou ot •re.'bt-a• 111A ta 110t •••J.r 
t"na. t'!t1am 1 md !·'t.!lH u 'll"eh abow n "ta'I'J .. to:r R at 

43 per eent po'nt out tt-~t t1-'ttel'48t Bp~~tettJua '"'t •aJIIII't GC 

eonteat JSO•u•- atrM .,.t of Tatoi"'Itfoa a.•t. nta 

~· that ft:rtelt:rat-.• 8114 -•IIlla _, h IIOIPI• ........ 

'rhta '-••• ta aot ..... 
fM p,.U (Fflt.lN 3t Ft1U8 4-' Ftlr&M 6) a1ao 

..... -• tM w.tattoa ot It vttla ~ .... tor the eot• 

'""Q~Htea oaJ.wJ.atea • _... ' ' OMl U 1M. (llrl)t the 
.... ad to:r tM ..,.,, , .. -- ..... _, .,. tldl'd ,.. 

the tonp.oae eoctou c Uahl' ooeieatSoa• Wnc tHaW • 
• 

aoa., •UIII ot eqt&al eoab1btattllc _, .. ,. It w Mllaet 

~ Sll1a2sl• tt. !a o1l the tbNe .,...., n 'la1i111l- to• 

saJiiloa (GC eoateet • G ,.. CM~t) • , .... ._, ho• fable a. 



~he Rl'-- haw hDw-vor beetl plot~ t.r a ._.... ot tba power 

•rl••• A PaJ'abola of t'M a-ooatt ,_, ... or r • a +lta + J 
!O ntt~ ·to tb!a data. :-Ida p•allloJJe ~ 1»1M1el-

fftf!!eatea tl l~G!IIlwt at ere p8!' .,., tor i- •J&· ftda tafleatea 

tt.,.t tt.r.., "• ••tha,r so• eno.- ta t.ba ..,..s .. t.U, •1'1wl 

oodf&t tn(!~etea or Ooel U aJ,. ( 1178) or ve ea 1111r11te n vur 
er~• «••raltaattoa. ~..- em •a~ that t1te tDto.-ttoo euafMat 

'· I 

~·to ~~~--to.~ ~u at~eb oil•'-• ta •fob the co 
1 

~ em1t taaa to ~,1 tho t:r p~• .. ,. 
•t-e "llto,.tton toatAat ot tt. twat,.ttft •t• 

tf~D~ (r~la 3, eo1t.aa 4) to~ ~ •Jor po•ti• ot tM 

f-stonatfoD €batat oo cnlcal .. ~W to• the total cod'-8 
/. 

f"~"i.Mlbe"•• (fth'lat 3t eola.a 3). ,,.. •aflfJeetMu• t?'l1t we .,. 

;not eo~tt•rm 1\ 81!tl'1oa enor ia M11Nt1ar. the J!ae• 

eodt!a-:~tfoaa. ~~• ••• tMt tiM 1'•• •'*'Mtfona rwo 

P'ftQPS not P1U1W • illpOJ'ttat 1'0~ '" ••Statlea_, , ...... 
'!'he -.. eataa !Mttq eoW lt7 ttJe• .._,,.ftwe tat..-S, 

dftteNia., _. .. .,. .,_, l'llat ll'ltt r,Ja N, SWt •'• ~. 

pta, llrt .,, •• .a ..,. "-• theae e.ole te• tea or ttJe 

... ,, -- .... •4 , ............. . 

,. ... - • ---· •lr- .... .--•.ur --
...... fas NWI81 '* total. •- .,_. .. .. 

CU ~--•• ,.._.. .... <•- ..... .atha) 

(a) !hablet , .. ....,t•• <•• ...... ••••• ,...,_., .. ) 

I 

'rhft ._., ~• • •ooa~•ttoanll!otlbW ,..,.tUtJ• ,...,.,.., b•, 
. I 
' 



beea &JDttlea!aed fro~ tM !atftn~Uoa ot two .. ._. pJO'b .. 

bt11t1os, ou QDeoaf!tt!ond. m~ the other eoa4ltl•a3. 

M has 'bee ataW by ~th ear1ter, w a..a to 

caJc111ate Mabtr oJrd"• oonelottoaa ~or a •re .,,..,,. ead 

aoeuata atudr o' tb-.1 aub3ect. ~t U totQ, tbe mat.ra pro'b• 
l!ee ta obt!'dataa a good IIRN'A etnttnteal data • ths 11eedecl 

teat of t~ !n.fonatton OODteet eppi'Oaeh• 

.\ aef.at!tte theoa-v of eftJilttoa om oalJ' b~ a 

theol'f of «•~moe. t4eaUV1 we abotald tbeleto~e ""' d»Ja 

to ooapal'ft epee!i!"ta nlcDt. thetr 1!rect de~tt'fatloa, lil!oh la 

!IIPOadblet aa the 8JJ"!•• hom wb.1e!l tbe PI'•-• aN del'l .... 
haft e!V.r d!aappell'!Pd o~t have tbetuelY•• ebea&ed• ;\t tt. 

e.- M• co..m tiJMDtoJ'J mast aot be tbe •11 poadhlMt 

bada to• atllllorttr tu .mo act!! •tn~tme••• Quot'fq 

ti8Jlt01t•h .a Pttoh (1181) ..,_ protei.aa mar be e!mtlrll' at 

8. t1Wtt a1aot beC81lM httlf.IW ar'MD ~10"1 t1tfei'\Mlt dSCPdStal 

o1'11tn• tl'llty baw tdft6 tu ft\101\tfJ to a'flf 2M or 't!•ttea1 
teettoa• ta 6!U~~t~t 1'aea of e\foltlttonarJ 4~_.t eftt1 

haw tbe"to" OG~re~ the deaJ~ee ot aSftd.ledtJ of nNetcue 

Nqta'nd hJ' th!o at1111al'!tJ ot ttacttona.• 

••• 



110 

t•f•!!lltl •• I 1* 

Fl,obt W•M• mtt E• MaqoUaah, aJSNit lilt aft (1167) 

Co•lt n.s., l• %hal• Jill-• 10, .., (lMI). 

Oofllt n.s • ._ a. ~ltba a., "• lto•&c:~• 1':'111• 
~. If alltve JteJ,. • 35, ( 1178) • 

.ro_, J., h.~. l'at•r tell A. ~oat."'"• la.ar Dft1. atle• aae, SM < 118U. 

ltnS'Wfctdt A. -~ P.P. 112D'a!M!stl, It It TJatrt 1111- t 
17. 118 ( 1161). 

shsmoa, c.£., !D ttMatbttMt!onl fblottl of oo..ate~toa•t 
. tlatftr.S.tr ot !11iDOta Pnaa, Mlllat TW.DOI• 

. (J.IN8). 

s.itb, r •F • t ~IIJaa.IJI ialll.lt 4t 17G ( IM)• 

S&tbba r.-, o., f1octure1 Tt.s!st iooheiiMI' fll:fYU8lt,, 
:lew lbrk (JJrll). 

Wleu, ~. !D •c~eneti••• ..Tom WfleJ' tiJl{S Joaa lao., 
!'lew lbJIIc '""• •• JMU. 

tt ••• M., ta lllfbe 1Jtelect•al Ott••• t'lol'th Rt lJMtlt !1ft 
• ..- (1111 ........ , 

YAJokeJt D.P., L '' tlptre 1111-t flit 1t1 (Jm)• 

••••• 
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r.et qo aapJOM tbnt ~ t• a Plpta1ttttra OOIIPCJ_. 

ettl'e1J ot \be , .. ,. M ed U.t the • .,... po~MJlattoa 

coaa!eta o111r ot tbt ,._,,_ aa. ~'"-',._,• aappo• that 

the tw poJilkttoaa _. bi'O~bt toa•ttte.. _, that. tile 

faS!vtd..S. !a~Md at .. aaeo._ nnau, tt !a....,....,.. 
tbere ts 110 !dantton1 ao aeleetton t~td • .eattoa. iflat 

w!U 'be tht paotft)ea ot tm I'MU.ltiq ,.,.1attoa sa tt. _.. 

-~ !a oU tollo~lll c•--•attout Wlbat will tte the tN~.a.. 

etee of tbtt ttD ceea A md ril Tt.• tPtdloae Wft 

eawe..a br !1at'f!V• 

Hardl waa nb~ to *"• vtth ... dllpS. aJie'b ... 
t""o.t •t the 1c,tta1 tNQa.er ot tM AA ... ,,. _. ' -' St 

tM. 1att!a1 btt't~er ot u ,.. ' ad tt lMM ... tile •11 
ho .U.~• m•l"'• • ,,_ ,., • 1t U. tt ••M teJ»w 

that tht ••.-.••• ot ••••• ta u. ..n -' an •••~ 
.... -··•••• 1flU '- »8

M 1 .,_ t ~ •• .._ all the 

..... ,._. n••• .. li•• t.M ...... ftdef~taHea "• 

'"'-• ..._ • tt. Ballt.-wat...., S.•t _, it ta the 

,. .... s.. ., ............... ... 
Gent ........ ., .......... ,..t ..... ,.,.,. 

ttoa ta a sUihtlr tJ!tte.-t ..,. B_., ,..-Jaw that -

poJI&latSoa MUdeW •11 ot ._ -otJPtt Me. Tt toUowa alit 



tbat tt ooaatna oal.V of thn a•• A. A •tatw •••' •• 
1te etatea tor the .... a popalattoaa wh'eh 0011a!atet! oa~ ot 

t~ 1-tJPe - •d 80 ClllJ' ot the ... a. fM YalDM P .. 

fi .,..,.t M aNlratKt to ... ,,... but to , .. ~n..-ete-. 

n,sa ••• tMt1 !a tht tt•n popaWtoa1 t1ta ,..,_.,. ot 

tbe a-ut A • '' rod e • • !a tbt ,..._.OJ' ot tbe .U.JIJ Sa 

V. MOOBd popalatloD• It tht fMqQS~teJ ot ,_. A o Pt "-
8 

tile tNqt.aeae, of M llbotl1it tNt p a p • ' • !D a 1111.1! S. 

., ..... , he~o' of aa ai!DQJt' be t a 4 • ,a ,.., aA fd»aM 

be a • p •• :he eo.met•t e ta • ._ •• , •- tiJe1'e .. 

e. _,. tn wbtob aA OSl OM!JU Yl•• a ho• oae p.-t .a A 

ftoa the other ,_.., ol' 'fl-......._ 

••••• 
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