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FHEEHE

B AXLBECEHEBLTVALE2L 9. Lo LEGERZ OB O T T h#bIic TR+
ZBEFEALBRERRE R RV, 22 CHEERIFCRINOBE L LERBENT 2/
RS, FNEEAE% code LTW5 cistron DWEMEEHET 25821
Hl7zo ZZ Tid genetic code MBHEHICHFHINS LRFLTHERX ZEHL, £
Bla b ~THOBREY L, 20 LEME 55 codon ORI IR TH 5 AT &5
Rllco SHRIGAHL LT, BOLDEABRICOWT, cistron DOHEFEMAICSI R
BEB ORI~ OFE £ oTeo & OFERIE R OML, HTRLICHIET 5
BEFECOBBOFFEIC—>DERO LRI T 2L 41T, 177 BISHT 28
? codon DEDLNFICONTOMEE LIZo6T TSI, X bICHTE, BN THAK
B ENTWEEBOBEERFIREDERCMELHF LY GC RO EERIEM %
WEL, TNODERIC—EOEREST B LD L L TEKREE> TV 2,

17)
. ke
() F: : HEROBHOFICHER L BEE b OB IC RS L 72 o L ORI
)-2),19)
SNTHRE 5o 2 THE RS E genetic code & DEIFE B+

RAHELT, MEDNA ODEESRELMESEABE O T I/ BOBS L HBL, &
FEORBIC, WOBKIWEBFZIS2F2RLE, @ GC S8I1FZAla, Arg, Gly,
Pro OAGELEABM TS, @ AT SEH I1fc,Lys, Asp+ AsN ,Glu+GEN,
Tyr, Phe & & & ¢ EMHE+ 5, ® His, Vad, Leu, Thr, Ser, Met i GC,
AT@E@@%&%W%LRwO(CD%EMDNAmﬁgﬁW&§EEWTi/@§
BLOMOEEBREZRT INEZOKE—DFI TH 2, ) T OREOIEIR, T D1k,
Genetic Code WHESLT % & codond 7 X/ ERKLEK & DR & Ko 2 B EAEHH
B ic s & jrn e D UaL oAb 0B ROSA L, cistron & £ E & O
ﬁ%%f%@ﬁm&@okoL#%%EDNADﬂ&Umﬂﬁﬁﬁﬂgﬁﬁﬁ%ﬁtﬁ
e 6%1%,.22)7532§y§< REN, fEE, B ONTWERICHE gere DFIZHL L WE
PREEICIE N DDd B, TO Non— functioral DNA 7 DOEFE L 4 22<, KA
BLBETFEOBREMBICT 2B, FEE Functioral BEF o £ ERKEE-ST
ZhRiThiE kbl o
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Cistron MFEMEE OHEFEIE & T EEE~OH
T TEERBECEINOBEL TVWE2EHAEDT I/ BME» O UFEERE L code
LTW5 cistron DFAMEEHT T 258 EMHL, BEAEL cistron OO
MRS EBRL X9 & Lo BEORAMPEEICKHE - *NG) EnZedntunk, K6
DHEICH LT, EFIHERX ORI LBIIRENPET LZMS2 coat protein T
fT-7cZ &, ERD 120 codon FIADREL Y OFEEHEZRO TV B HICH 55, *%
NHIZ, B codon FIADRI WV ICEELRIET LEbN B codon D 35FE D
BHEXVMREENTR, T L TAMEENFATHYS GC SBCEAZ VWS
S oizix, KOFMICEL T, Computor HEM&EMNBELLAVE, X, BWHELZE
EFE»E RICRFEB S0 EFHICFEPHBELBNTVWSET, KO0O@MEL
:&kafwé:)
ZNTH, ROBHEEFRET 9. 2FREELLTEO codon SHEHEASIATH
LT 2%, £ZTHAE, codon 1FBIRU 2427 I/ BIZEETBL, code F
(Table.1) &R DT I/ BHpHiEh 3,

Phe, Leu, Ser, Tyr, Cys, Trp

S, »2EAHE (XBHEEQER) 07 I/ BHE I EONTE T2, Z O, k
BT I/ BOEE [ ) TRTL

(Phe] (Leu) (Ser) [(Tvr) (Cys) (Trp)

ZZT, Leu, Arg, Ser&ED [ a— K] #Ho7 I/ BEHH L, ROEELH
ET 55

Leu| (UUA,UUG® Leu y (CUX)
Arg; (CGX) Arg g (AGA, AGGQ)
Ser; (UCX) Ser I (AGU, AGC)

) [ ANBEROEHEEET, UTHEHSAZEER. RooRXPTHEHINL
'@\ mpcﬁ“‘bﬁfo J
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FHEEHTE
Table 1. THE GENETIC CODE

2nd
—— U C A G ! 3rd
1st

PHE SER TYR | CYS U

U PHE SER TYR CYS C
LEU SER Ochre Opal A
LEU SER Amber TRP G
LEU PRO HIS ARG U

- LEU PRO HIS ARG C
LEU PRO GLN ARG A
LEU PRO GLN ARG G
ILE THR ASN SER U

N ILE THR ASN SER C
ILE THR LYS ARG A
MET " THR LYS ARG G
VAL ALA ASP GLY U

o VAL ALA ASP GLY C
VAL ALA GLU GLY A
VAL ALA GLU GLY G

X >Tcodon 1FEHEDU OEFEIKRAXTEZLLN S,

S (U1) = {(Phe) + LLeu]l + ESer]l + (Try)+ (Cys)+ (Trpl} @

WIZ codonp 1FEDU OHEHE*RD L Y. FAKE., @ XOELELT I/
BREXK (N) T L, ZH0 (U1 ] 2#U1 LB#HL, 2% codon 1FFEH D
UOHBRBELTZ, 22 XOMBIIHBEBEEOCEH RN, © @ XiTEHE
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Cistron VEEEMRE NHEEFTEE L o FEEE~ IR
TH 5,

1
Ul = < {(Phed + (Leu); + (Ser)| + (Tyrl+ (Cys)+ (Trpl} X 100 @

TIT /I — K] 2bo7 I BEOVWTOMERN2H+. BEORELD, B
42 codon BMFHIN TV S L T4,

[Ser]l = % [Ser] 7
[Ser:lﬂ = —z“ [Ser]
. 4
[Arg][ — 5 [Arg]
J o S e e e e e e e e e e e e e e ®
| [A.rg:lﬂ =5 (Arg]
[ [Leu][ = % [Leu]
| (Leu]; = —g— [Leu] |

#R-TO® X&2@ KXKARAL

U1 = 3 {(Phed+ = (Leud+ T LSer T+ CTyr I+ [Cys I+ [Trplt x 100
@
PLF, FiEiC, 851 2o sBXikobhz, &6, GCEEBXHETSIAK
T

GC= (G1+G2+G3)+ (C14+C2+C3) +LT

GC = ?SIN-{ [(Met ]+ 2 [(Trpl+ ]E([Lys]-!- [Phe]-l— I:Tyr:l + [Aij)

B85 : U(Uracil) C(Cytosine) G(Guanine) A (Adenine)

X(Uracil, Cytosine, Guanine, Adenine)
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+ % ((Va1l+[Asp]+[Glu]+[GIN]+[His J+[Thr]
+ [Cys J+[Ser])
+ 2 ([A12aJ+ LGy T+ [Pro]) + & (7 LeuJ+13[ Arg])

+—;~[nej} % 100
S£FBEARUTFICEY L 720

[ Ul=1/N([Phe J+4/6(Ser] +2/6[Leu ] +[Tyr ] +(Cys J+[Trp]) X 100 .
Cl=1/N([4/6[Leu] +[Pro ] +[His ]+ [GIN]+4/6[Arg]) X 100.
Al=1/N([Ile J+[Thr] +[A5N]+[Lys]+2/6[Ser]+2/6[Argjl+[Metj) X 100.

| G1=1/N([Val ]+ [Ala] + [Asp] + [Glu]J + [Gly]) x 100.

[U2=1N([Phe] + [Leu] + [11e] + [Met] + [Vall) x 100.
C2=1/N(4/6[Ser ] + [Pro] + [Thr] + [Ala]) x 100.

A2=1/N ([TyrJ+(BisJ+[GINI+[AspJ+ [AsNI+[Lys J+[GluJ X 100.
L G2=L/N([Cys] + [Trp] + [Arg] + [GlyJ + 2/6[Ser]) x 100.

(U3=1/N{1,/2 ([Phe]+[Tyr]+[Cys J+[His]+[AsN]+[Asp])
+ 173 ([I1e ]+ (Ser ) + 1/4 ([ProJ+[Thr J+[Val J+[Ala ]+ [Gly ])
+ 16 ([Leu J+ [Arg D} % 100.
C3=1N 12 ([Phe J+[Tyr J+[Cys J+[His ]+[AsN]+[Asp])
+ 173([11e ]+ [Ser]) + 174 ([ProJ+[Thr J+[Val J+[Ala J+[Giy])
+ 1,/6 ([LeuJ+ [Arg D} x 100. ,
A3=1N 12 ([GIN]+ [Clu)+[Lys 1) + 1/3([T1e J+[Leu]+[Arg])
+ 174 ([ProJ+[Thr J+[Val J+[Ala]+[Gly]) + 16 Ser ]} x 100.
33=1/NM[TrpJ+[Met ] + 172 ((GIN] +[GluJ+[Lys ) + 173 ([LeuJ+[Arg])
+ 1/4 ([Prod+[Thr J+[Val J+[AlaJ+[Gly]) + 1/6[SerJt x 100.
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Cistron NHEMER OHEFHEE L o FECEHE~ IR

[Gl+Cl=GC1=1N {[Val}i—[Ala]+[Aspj+[qu]+[GlN]+ [(Gly]

+ [Pro] +[His ] + 46 ((Leu]+[Arg])} x 100.
G2 +(C2=GC2=1,N{(Ser J+[ProJ+[Thr J+[Ala]+[Cys J+[Trp]

+ [Arg ]+ [Gly D} x 100.
G3+C3=GC3=1/N{[TrpJ+[Met ] +1,2 ((GIN]+[Glu]J+[Lys ]+ [ Phe]

+ [(TyrJ+[Cvs J+[His J+[AsN]+[Asp J+[Pro ) +[Thr ]

+ [(ValJ+[AlaJ+[Gly]) + 1,3 ([I1e]+[Ser ) +[Leu]

+ [Arg])) + 16 ([LeuJ+[Arg]+[Ser 1)} x 100. |
Gl+G2+G3+C1+C2+C3=GC=1,3N{ 2[Trp ]+ [Met ]

+ 172 ([LysJ+[Phe J+ [Tyr ] +[AsN])

+ 372 ([Val J+[Asp )+[Glu J+[GIN]+[His J+[Thr ]

+ [(CvsJ+[Ser )

+ 572([AlaJ+[Gly J+[Pro])

+ 1,6 (7[Leu] +13[Arg]) + 1,3[Ile]} x 100.

i) BREE : ZOXOEPHMH L, 5% cistron DEEEFIL, FOEHMOERBED
—RIBE LRI TEBRVEB L THOTHREICRZDTHA90, BEDOLZA, B
FlE D BRI 2 15 2 EHIiX Phage MS2 @ Coat Protein Cistron7)0);l;*6&s2:>°
B> THRAEIX, T Cistrop #HL TSNz, (Table 2. 3., Fig. 1. 2)

ZORENPOLRDEDBHOL L5, 1) codop 1, 2FENEEESEICEL CE3
B L EREE L, BIC2FE KB LCRBEES S, —F 3FE RN 2EE
EOEIRE 2V, (Fig. 1) 2) GC 8&KKBALTGCI, GC2, GC3, GC
DVSH GHEE L EREL B GREL TV, (Fig. 20 3) U, A DEL2E
R - EEO—B A RO N 50, G C B—HERE<, G C ZXE CHEHT
S5, (G OEREGC OHEFEL, L TC OEAMITIG OFHEM LFEIL T

* )

5o )
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Table

2

Base composition (%) in the coat protein cistror of phage MS?2 RNA

. as obtained by direct biochemical aralysis and as calculated by

statistical analysis of the amino acid composition of the coat

protein of coliphage MS2.

codon U C A G
Expected 17.829 % 14.987 % 31.525 % 35.659 %
1 st. Observed 17.054 % 17.054 % 30.233 % 35.659 %
x? 0.615 ( 0.90>p >>0.80 )
Expected 27.132 % 29.199 % 27.132 % 16.537 %
2 nd. Observed 27.132 % 29.457 % 27.132 % 16.279 %
x? 0.000 ( p=1.00)
Expected 26.227 % 26.227 % 23.256 % 24.290 %
3 rd. Observed 28.682 % 34,109 % 20.155 % 17.054 %
x? 6.352  ( 0.10 >>p >>0.05 )
Obs. Exp. z2
GC1 52.713 % 50.646 %
0.154
GC2 45.736 % 45.736 %
GC3 51.163 % 50.517 % (0.95>>p >>0.90)
GC 49.871 % 48.966 %
Table
Molar propertiop of bases in the ceoat protein cistrop of coliphage
MS2 RNA
C A A+GC A+C A4+U
) ) — —
U C & Al G U C+U G+U G+C
obs. | 24.289 26.873 25.840 22.997 1.169 1.064 0.955 1.115 1.005
cal. | 23.729 23.471 27.304 25.495 0.921‘ 1.151 1119 1.032 1.042
7% | 0.308 3.415 0.631 2.613  — - — - -
U: 0.90>p>0.80 C:0.20>p>0.10
A 0.80>p>0.70 G: 0.30>>p>0.20
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Cistron WML OHEEHEE L oFEICEE~ IR

@l
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U2, A2
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Observed frequency (%)

10

Fig. 1. Correlation between the observed
and expected frequencies of bases in the
complete coat protein cistron of coliphage
MS2 RNA. The straight line represents
an idealized equality of expectation and 0 20 0
observation. Expected frequency (%)

The G-C contents

60

GC3
Total

GC2

40

Observed frequency (%)

20

Fig. 2. Correlation between the observed
and expected frequencies of G—C contents
of complete coat protein cistron in coli-
phage MS2 RNA. The straight line re-

presents an idealized equality of expec- 7 20 " .
tation and observation. Expected frequency (%)
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FROEESLROENZESNS, (1) 350 OHBE L EREROBEEOERK
ix, SHER2 codon PHEMHEADRFICST > TV BDITH LT, BIEPHE MS2
coat protein cistron HE? codon & REZEITHFEH L Tv‘éf}"}ﬁlﬁﬁﬁvi’o:) zH
T 3FEROARENHT], 2 FERAEEFEO—EKERLDOTHSH 29 ZFhid,
code ENHLHEHKE AL 1, 2 FRERVOEI [HEE]| LLED ~ 4;0)’6‘, e
FEENELS, PEO [HHa—F | o7 2 BERE, FNX5IRYER codon
DEAPD -ThH, BFEINIBREIIBETHIIECLI, —F3FHFVbid [ 3R
H LAWIRESLOTREEBIEIMEINED T, REPHIC codon BMFEREANT,
HEME I D codon PHE~[XE | SNbE06Th D, £ Tcistron DIEER
FUIBPE SN TR, A codonPEEHEH ORI S & ORERR > TV 20 & FEMIC
FRTHBEAENZ OHERX LBV LN B, (2) KOREIZ, #L T codon DREYE
ERB—BER On, (—RIETERE, FEROTFRAHERCENZ) TN
MS2 DEA IR CHEEHI BB THEONES I LS KTha, ZOHICHEL
THRAVCEEREENZ L, Bx FEMBRZFLERERO I EHERI L6V,
ZN Tt codon HRAICEMAE (Rias) # b7 THEERBBICE NI H R bONER
LENBIEAINQ HI1W t—RNA & mRNA L ORI\ THZ2, ZOHAICODNTHOE
KemrT e, O fFh=a— m:tmigl,fwr 1EOT7T I /BT 1RULED codex Fo,
® Z P codon DEKMEBEET I/ BICH L EAHREORL 2188 HD t—RNA
DEETIEICEKS, @ 120 t—RNA X1 2L LD codon KHMETE 2 antico-
don ®¥2o, Zhit codon—anticodon [E “Wobble pairing” &ﬁéﬁifé?@ﬁf
LB, @ AMBEOERIIN, dB{/EN 17 I/ BIHET 2EE D t—RNA
FHEI B BICEN DS, dEEHMTEFEYE O t—RNA BEHOIEE codon D 1
HESCHALAND, BICLAFE L, OWEEEBROTH 5, (Toble 1)

)
©® t—RNA O HBEH B ABRENOTIIC L D BB+ 258805 2. 4, ZONT

. ) )
) [ ORBEFRICHTSEEST L LT, Grantham KO Rall o
5o |
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Cistron OHEEMROHEEFTEE & o FHEEE~OEA

Table. 4.
Species dependent differences ir resporse of AA—tRNA to trirucleotide
13)
codons ..
t—RNA
codoen E. coli Xepopus laevis Guinea pig liver
Arg AGG +- - A+
CGG + v++++ -+
Me t uuG ++ + +
Ala GCG +— * ++
Ile AUA + ++ ++
Lys AAG + + -+
Ser uCcG - + ++
AGU + +++ +
AGC += -+ - !
Cys UGA + +-

The following scale indicates the approximate response of AA—tRNA
to a nucleotide relative to the responses of the same AA—t RNA

preparatiop to 3ll other trirucleotides for that amino acid (except
Gly—t RNA which was assayved orly with GGU and GGC).

-+
4+
_*__*_

+

70 — 100 %
50 — 70 %
20 — 50 %

0 — 20 %

RIRRICT RNE @ WKARENZHITHZ2, b L G ZOFEOHIERRENSFEETIET &

BRI L nBEeXICKwBINBEEA 5,

(bhRriz, MIEEZIZ, 16 73BT

54 9FfD t—RNA DHBEEIN, —KRBEVEHLNIZE ~TWADT, code %W
F%iﬁm?&wé&v‘ﬁﬁﬁﬁmﬁ\‘k, Wobble pairirg #8% T apticodon &codon
AXMIGEETHZ LF SIKRT L 91075, (Table 5) . MEDERES LS 2L FE 2
Wobble pairing PRHRERDHMBEDL I RFEHDHE L 20OV THOERE
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(1)

Ferredoxin

1 5
Ala Tyr Lys I]e

1le Phe Yﬁiﬁ Asp Ala Asp Thr Cys Ile Asp Cys Gly Asp Cys Ala Asn Val Cys Pro

R g

Ala Phe Val lle

T s

M = =——

Ala Tyr Val Ile

Ile Tyr Ala Ile Asp Ala Asp Ser (‘ys Ile Asp Cys Gly Ser Cys Ala Ser Val Cys Pro Ya_l Gl Ala Pro Asn Pro Gly Asp *

—_——— —_— —

10

" -_—— -

15

Val
Gin Phe Val Jle Asp Ala Asp Thr Cys Ile Asp Cys Gly Asn Cys Ala Asn Val Cys Pro Val

25

Ser Ala Ile Thr Gin Gly Asp Thr ({3)
ly la Pro Asn % Gly *

Asn Asp Ser Cys Ile Ala Cys Gly Ala (ys Lys Pro Glu Cys Pro Val Asn Ile Gin Gln Gly

===z —~- P

Ala_ Phe

er Ile Ala
Val 1le Asp Ala A :
(ue)('[y> al hle s Aa Sp(ihr)(ys(val)Asprs Cly (Asn)cys

Ser

ta(, X, s

Glu

Gly Pr lu
Pro Val (Asn)Ala(l l:) X Gin (gly)Asp Ssr *

Ferredoxin

(1) Clostridium pasteurianum

2V C butyricum

(3 Micrococcus aerogenes

Qe



Cistron OEEMAL OHEEFEE L D THABIE~ O

ENLBETHAHIH, )  ABHEL2L-6TE2 OFEEMIE Nucleotide DA4SRER D&t
Bl b, MS2IZH>NT Granthamg), Ballg) pRLTI <, Pyrimidine (C,
UsT), Purine (G.-A) DESROESENBRFKCERET 2LV SHENEETHA
¥, codon fERHICEE & ~T BB L L 5REEHE b2 RICH ORI 5B
m,DNALmﬁﬁﬁﬁ#%%%T%é$Fﬁéom%meﬁJg+ﬁATﬁt,

A; 2 GC & RRMICEM ST EWELRIALT, DNA WK OBEEENES
KELL, CCERBEOEVLRER ODBUIEIAL 2o HEDELEE THFORS &
B/ 1 cistron AR DOEI (~1000 X7 LA FFH) KE TRhILK LT - TfE
B, E coli DNA OEESHEIAF—THHN TS 2 LR Lic, RBoHit Lk
BEM L LTEKIX, M lysodeikticus, Cl. perfringens & fEH L TORNERK
B 06, codon @ 3FB IHEBMORE D AP EICE B LS (B A
LTWa, ZOMRBIEEL T codon FFHIMFEE D ZEE LD 208 O & 3 BT

Table. 6

The frequleogcy of occurrence of trinuclectide codon in HIX]A

maximum.

T A C A G
0.0299 0.0002 0.0217 0.0230 T
T 0.0123 0.0046 0.0121 0.0201 C
0.0136 0.0152 0.0122 0.0364 A
0.0234 0.0050 0.0011 0.0323 G
0.0030 - 0.0075 0.0298 0.0037 T
o 0.0000 0.0141 0.0143 0.0031 C
0.0038% 0.0232 0.0270 0.0054 A
0.0168 0.0036 0.0204 0.0000 G
0.0306 0.0089 0.0283 0.0133 T
A 0.0098 0.0171 0.0152 0.0118 C
0.0189 0.0302 0.0263 0.0245 A
0.0475 0.0000 0.0219 0.0130 G
0.0157 0.0071 0.0270 0.0135 T
G 0.0030 0.0127 0.0146 0.0113 C
0.0108 0.0229 0.0261 0.0206 A
0.0240 0.0038 0.0192 0.0124 G
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FHEEHR

AT, GC rich DNA DFEETH B, = DX 512 DNA HEDRHELTG 257+ DNA
WhOHEO 1 BRFEMTH I ETHIE, (BEX TR, EEOHEELTVS DNA
WELT), ZOREELE LT codon PHERICEL -72oHz b6 THH I X
BN BT & Sk BEAEE A 5B L A% L, BEEROISS S
HEMBREHEFT L 7co ZTDFEH DNA REHEMK, codon KHEHEENRI V1A Z5E
ZRL7 (Table 6), ZOfERLMS2 TOEENA (Table 7) &L &HET 2 &
NV O—FER5, ELICFI tchmmi@a ? RNA phage DIEIEEFID G, codon
/D Non—randomness PHEDHZ2FEZRL TS, ZTNDL ST codon DIFEFHA
BIZOWT i, EHBOHEMT. ERFIVFRA ERVIRRETH 5, HIEHE O B
HOAMBETH A9,

Table. 7

Frequercy of occurrence of codons found in the MS2 coat

proteip cistroens

U C A G
1 3] 0 1., U
U 3}Phe 5 Ser 4}Tyr I}Cyﬁ ¢
. 2 — — A
0 2) - 2 Trp G
2 2] 01yis ﬂ U
C g Leu ;»Pro ? ‘ : Arg g
0 1) 5Cln oJ 3
A | afne | glasn | giser | G
0 o[ Thr 5 0 A
2 Met i p FLys otAre | g
4 5 I aen 31 U
G 41yal 2AVNE 3 3161y C
3 6 2 o7 A
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Cistron OEEMRK OWTEELE & HFEEE~ O
Ve s A

DEDKRIEIC & » TSRS ERE, A2 LA LTHLINWD T,
DFEEB~DEA & ~Tco (HBEPEHE DS, FHIHOEESICTE, ) @
Respiratory Proteins (Cyt. C.26 % ; Cyt. C3, Cyt Css;, Cyt. by %
1/ @ EHEETI/ BEHOVRVEGIEBYL, —KBEREEREICOW T
AL TWS LW BHATRL I K OFEIBEBOFRICHER SN 5 [ REESR ] 2BV
cistron OHBEICHES < REEMIFRE U, HEERR VLI CCRROEICKES < H
FHACEEAWEL & 5 L REL, ERENERTLE, (Toble 8), GRHEK
B7 I BERICESHT, F4%, 7FECEEOHERXZERL TS, £hick
5L Cyt C. 13 0.3 pauling #/;RL, HFHEAEEZ, hoEARICHKL, BZ0E
KWBT2LERLTND, 25T, b LV DFEIEENMERXOE(LERIZLTEZ
bhhid, 7/ BEHIZECLZEL VLERFTLALTEZ25Z LAHKEDO TR
5B H0 9 KERLE, a-FF"RBFE” eR/RETZ2OT. 7I/BOELED
L, EREOBEEROFENEZVD L, FFIEZIDILEDL 6L FEAEROFHEE LR
LESELTVE,) X, #EGCCEEVNYZEMOER O DNA FHGCERL LD
BEZ:FT2058KRDK. (Table 9) ZOFE, ZhbnE GCERITEHDE
B GCERICHRNVEELTWT, Cyt C. Cistron i, EH® DNA ¥ GCEE
REFTSDNABTH2ELHEBINS, Z0HRY, GCEEBN—FE (B8
@%9@42%)Kwﬁ+5$?ﬂum?Gc@%m&&ﬁﬁﬁ42%mﬁﬂf5ﬁ,%
DY nERE THH A1, BEINLE OV, kE, BE, EHO Cyvt.C.
o TORERER R N ERT G, EMIELESD S, I
WiE EITIZEA TORWERRICH 2, ) EROREZ D, cistron KEDSWchrFiE
LR OBENSLETH 5, @ Coat Proteins (TMV, 3% ; f2-MS2:R17,
ZR, fd> ZJ 2): RNA phage BIEFHMECHEEMRNT, ERE—KHBES
DEELUED S, ThLEME PR TZRADHE > TV B, ZEF cistron KEAR
B A T N CHEEEES B 4R L. (Table 10)  ® Ferredoxin.
( CL pasteurianum, a.mwm@@ JWamwws/:&ﬁémmﬁ%m;n
COEREBOSTEAAE D D M E TSN TS, ZDEAERIEISTFN
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FHEEHRT

Table

Estimated base frequencies (%) in the first,

8

Total number

Protein amino acids Ul C1 Al
Cytochrome C v
Human 104 13.782 13.782 40.705
Bovine 104 13.141 14.743 38.462
Pig 104 13.141 14.743 38.462
Horse 104 12.500 14.743 41.026
Dog 104 13.141 14.743 38.462
Rabbit 104 13.141 13.782 38.462
California gray Whale 104 13.141 13.782 38.462
Kangaroo 104 12,180 13.141 41.026
King Penguin 104 14.743 13.141 40.385
Chicken 104 15.064 13.782 39.423
Pekin Duck 104 14.423 13.782 38.141
Snapping Turtle 104 12.820 12.820 39.743
Rattlesnake 104 14.743 13.462 41.026
Bullfrog 104 16.346 13.782 37.180
Turna Fish 103 16.182 13.916 35.922
Fuget sound Dogfish 104 16.026 17.949 36.218
Pacific lamprey 104 16.666 15.705 35.897
Silkworm Moths 107 15.888 15.888 31.776
Tobacco Horn Worm Moth 107 15.264 17.757 31.464
Fruit Fly 107 13.395 18.068 32.087
Screw-worm Fly 107 14.019 17.446 32.087
Wheat 112 18.154 19.346 29.464
Neurospora crassa 107 16.199 12.773 35.514
Baker’s Yeast (2sp.) 108 16.975 16.049 36.419
Candida krusel 109 16.514 18.043 29.663
Rhodospirillum rubrum 112 16.964 10.119 33.631
Cytochrome C3 .
Desulfovibrio vulgaris 107 16.511 14,953 31.152
Cytochrome C551
Pseudomonas fluorescens 82 12.601 18.699 23.577
Cytochrome BS ,
Bovine 85 . 16.079 17.647 27.451
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second and third positions of the RNA codons

Base frequency (percent)

Gl U2 C2 A2 G2 U3 C3 A3 G3

31.731 22.115 17.628 42.308 17.949 22.515 22.515 26.842 28.125
33.654 20.192 17.949 43.269 18.589 22.035 22.035 27.485 28.446
33.654 20.192 17.949 43.269 18.589 22.035 22.035 27.485 28.446
31.731 20.192 19,231 44.231 16.346 21.714 21.714 27.805 28.766
33.654 20.192 19.872 41.346 18.589 22.035 22.035 27.485 28.446
34.615 21.154 17.949 43.269 17.628 22.996 22.996 26.523 27.485
34.615 21.154 17.949 42.308 18.589 22.275 22.275 27.244 28.206
33.654 21.154 18.269 42.308 18.269 22,917 22.917 26.923 27.243
31.731 20.192 18.911 42.308 18.589 23.238 23.238 26.603 26.923
31.731 21.154 17.949 42.308 18.589 23.077 23.077 26.603 27.244
33.654 20.192 19.231 42.308 18.269 22.916 22.916 26.603 27.564
34.615 20.192 19.551 42.308 17.949 21.714 21.714 27.964 28.606
30.769 21.154 20.192 40.385 18.269 22.757 22.757 26.122 28.365
32.692 20.192 17.308 41.346 21.154 22,996 22.996 26.683 27.324
33.981 20.388 19.094 40.777 19.741 23,301 23.301 25.405 27.994
39.808 20.192 20.513 40.385 18.911 22.115 22,115 27.724 28.044
31.731 22.115 18.589 41.346 17.949 22,275 22.275 27.563 27.885
36.449 19.626 22.430 38.318 19.626 24.844 24,844 24.844 25.467
35.514 20.561 22.741 38.318 18.380 25.000 25.000 24.688 25.311
36.449 21.495 22.119 37.383 19.003 23.676 23.676 26.168 26.480
36.449 21.495 22,119 37.383 19.003 23.988 23.988 25.857 26.168
33.036 16.964 30.060 36.607 16.369 25.670 25.670 23.884 24.777
35.514 19.626 21.495 38.318 20.561 25.312 25.312 24.065 25.311
30.556 19.444 20.062 41.667 18.827 24.537 24.537 24.692 26.235
35.780  17.431 27.523 35.780 19.266 24.236 24.236 24.388 27.140
39.286 20.536 26.190 41.964 11,310 24.255 24.255 24.702 26.786

37.383 14.019 21.495 45.794 18.692 26.636 26.636 21.963 24.766
45.122 21.951 28.049 34.146 ‘]5.854 22.662 22.662 25,509 29.167

38.824 20.000 20.785 44.706 14.509 24.020 24.020 26.176 25.785
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Table"9

Estimated G—C contents (%) in the first. second and third position
in RNA codoens and total G-C contentss comparing with the experime-
ntal data of mean (-C contents per total DNA in a cell.

Base frequency (percent)) experimenta data*
Protein GC1 GC2 GC3 GC (total DNA)
Cytochrome C
Human 45.513 35.577 50.640 43.910 | 39.4 (Liver)
Bovine 48.397 36.538 50.481 45.139 | 42.0 (Pancreas)
Pig 48.397 36.538 50.481 45.139 | 41.0 (Liver)
"Horse 46.474 35.577 50.480 44.177 | 43.0 (Spleen)
Dog 48.397 38.461 50.481 45.780 | 41.9 (Testis)
Rabbit 48.397 35.577 50.481 44.818 | 44.4 (Liver)
California gray Whalo 48.397 36.538 50.481 45.139
Great grey Kangaroo 46.795 36.538 50.160 44.498
King Penguin 44 .872 37.500 50.161 44,178
Chicken ' 45.513 36.538 50.321 44.124 | 41.7 (Liver)
Pekin Duck 47.436 37.500 50.480 45.139
Snapping Turtle 47.435 37.500 50.320 45.085
Rattlesnake 44.231 38.461 51.122 44.605 .
Bullfrog 46.474 38.462 50.320 45.085 | 437 %ver_),
: .o varies)
Tuna Fish 47.897 38.835 51.295 46.009
Puget sound Dogfish 47.757 39.424 50.159 45.780
Pacific Lamprey 47.436 36.538 50.160 44.711
Silkworm Moths - 52.337 42.056 50.311 48.235
Tobacco horn worm Moth 53.271 41.121 50.311 48.234
Fruit Fly 54.517 41.122 50.156 48.598 | 35 -8 (Whole).
Screw-worm Fly 53.895 41.122 50.156 48.391
Wheat germ 52.282 46.429 50.447 49.753 | 42.4-46.6 (germ)
Neurospora creassa 48.287 42.056 50.623 46.989 | 53.0-55.0> 53.7
Baker’s Yeast (2sp.) 46.605 38.889 50.772 45.422 | 34.1-41.0
Candida krusei 53.823 46.789 51.376 50.663 | 38.0-39.6
Rhodospirillum rubrum 49.405 37,500 51.041 45.982 | 60.0-67.0
Cytochrome C3

Desulfovibrio vulgaris 52.336 40.187 51.402 47.975

Cytochrome C551 .
Pseudomonas fluorescens, p6009 63.821 43.903 51.829 53.184 | 59.4-63.6> 63.0
Cytochrome BS5
Bovine - 56.471 35.294 49.805 77.190 | 42.0 (Pancreas)

‘Experimental data* were chosen from the data compiled on Handbook of Bio-
chemistry (1970). It shows the mean G—-C contents per total DNA in a cell.
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Table 10

Estimated base frequencies (%) in the first, second and

third positions of the RNA codon.

Protein

Total

number

amino

acids

Base frequencyY ( percent)

Ul C1 Al Gl U2 C2 A2 G2 U3 C3

A3 G3

Coat Protein
TMV Vulgare
™V oM

TMV Dahlemense

Bacteriophage
Bacteriophage
Bacteriophage
Bacteriophage

Bacteriophage
Bacteriophage

f2
MS2
R17
ZR

fd
Z)2

158
158
158

129
129
129
129

49
49

19.409 21.097 29.114 30.380 27.215 30.802 25.316 16.666 26.687 26.687
19.409 21.097 28.481 31.013 27.215 30.169 25.949 16.666 26.793 26.793
20.253 21.941 28.692 29.114 27.848 29.536 27.215 15.401 26.003 26.003

18.088 15.504 31.525 34.884 27.132 29.199 27.132 16.537 26.357 26.357
17.829 14,987 31.525 35.659 27.132 29,199 27.132 16.537 26.227 26.227
17.829 14.988 32.300 34.884 27.132 29.199 27.132 16.537 26.227 26.227
17.829 14.988 32.300 34.884 27.132 29.199 27,132 16.537 26.227 26.227

19.049
19.049

6.802 29.251 44.898 28.571 31.973 26.531 12.924 25.000 25.000
6.802 27.210 46.939 28.571 31.973 26.531 12.924 25.000 25.000

23.313 23.313
23.101 23.313
23.471 24.525

23.515 23.773
23.256 24.290
23.256 24.290
23.256 24.290

24.320 25.682
24.320 25.682

YOI FB o uo11s1)
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CREEEEEL, BATUESLCMETER TR L LTHEALL TR Bbh s,
LEIPNE S L IMSIIC, RIEREESTRL, ZOBEN S B FerredoX in D— RS
FHEEL, SHICED LT, REST (f1, 2 - f6) , &9F, BEMSFOEL
CC BEL+HE L, BEFOEEBBIIGCEELTD LD AT REG L ~TW
KveEbnB, (Table 11) @ Clupeine (Z» Y1, YD) : Black & RUF
Fitch' I 0, OHFOREAEIE Ala (Arg),_, THO, HSFHELOBETH
EOEE - B - @A ZTBO FICR ZAEEIREN TS, (Fig, 3. 4.),
EEIH S ORTBETGCEENE DL S LB ERTIEEHEL 2o ZORE ()
KB TGC BROLBIELTHZ, (TR, DFL L0, HELX
L OEAGIE &I IEER Tl e &0 5 AR S OfEmIc—8t 5, ) () Y1z, YI
LH, BLBRE TR MLt BEA OB, (T ORER Black b O L —
FLTW3,) (Table 12) |

Table 11. Extimated G—C contents (%) of Ferredoxin cistron

and the proposed repeating fragments cistrons.

Ferredoxin | ‘N GC1  GC2  GC3 GC

Clostridium pasteuriandm :
total 55 54.545 52.727 48.484 51.919

fragment 1 (fr 1) 28 50.000 60.714 48.808 53.174

fragment 2 (fr 2) 27  59.259 44.444 48.148 50.617
Clostridium butyricum

total 55 56.364 52.727 48.787 52.626

fragment 3 (fr 3) 28 53,571 60.714 48.809 54.365

fragment 4 (fr 4) 27 59.259 44.444 . 48.765 50.823
Micrococcus aerogens

total 54 53.704 53.704 48.148 5]1.852

fragment 5 (fr 5) 26 50.000 50.000 48.077 49.359

fragment 6 (fr 6) 28 57.143 57.143 49.286 54.524
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ARRRR * [1]

First duplication / .

|ARRRR[ARRRR|* [2]

Second duplication

|[ARRRRARRARRRRARR|RR * [3]
Third duplication ¢7=

ARRRRARRAMAIRRRRARRRR * [4]
Single base changes !

ARRRRARRASIRRRRARRRR * (5]

Fourth duplicat ion/

ARRRRARRASRRJARRRRARRASRR[RRARRRR * (6]

Single base changes | 1 ! J _
Z: ARRRRESIRRASRPNVNRERRPIRRVISRRRRARRRR * [7]

1 5 10 15 20 25 30

Fig. 3 A proposed model for the evolution of clupeine Z (by. Black
and Dixon)!S). The segment of polypeptide underlined corres-
ponds to that portion of the structu'ral gene which is partially
duplicated and the resulting new pdlypeptide sequence is enclos-
ed in a box. Single allows represent single base changes while

the double arrows show the partial gene duplication.

V. B

(1) BSIpeE P SNTCEBABOT I 7 BERH, O, ZNEHRE % code T5
cistron OEEMEEAME T 2HBXEEH L. @ Z 0FHEROBRIFICH LRS!
OREF L 72 MS2 coat protein cistron 2MEHEN e @ FOkE, codon 1,
2B XERE L O—EE T Lo 3FHKOWTEHFIEIRE O—F R S d -7,
XGC BEIECOWTHEMEL MO TERELELRL, HFLVERTES, © TX,
fmfr7e codon EHZL T2 MS2 ML TOKRIECEHLT, 1, 2FPH—
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CYI :

YII:

ARRRRR * (a)

First duplication /

IARRRRR|ARRRRR|* (b

Second duplication /

|ARRRRRARRRARRRRRARRR|RR * (c)

|

[IRRRRRARRRARRRRRARRRRR * (d

Third duplication /

[PRRRRR——ARRPRRRRRARRRARRRRRARRRRR * (e

i l

"PPIRRRRR——A[SAP[IIRRRRPRRRA[SIRRRRARRRRR * (f)

A - l

AIRRRR[S——[S|ISRPIRRRRPRRR[TITIRRRRA[GZRRRR * (g

/

PIRRR—[T/R RAISRPVJRRRRPR—R[VISIRRRRA—RRRR * (h

ARRRRSRRASRPVRRRRPR—RVSRRRRA—RRRR|* (i)

1 5 10 " 15 20 25 30

Fig. 4 A possible history of clupeines depicting clupeine Z as a crossover
product (by Fitch)!®). The segment of polypeptide underlined cor-
responds to that portion of the structural gene which is partially dupli-
cated and the resulting new polypeptide sequence is enclosed ina box.
Single arrows represent single base changes except to replase R to A
after the third duplication, while the double arrows show the partial
gene duplication. The single line between YI and YII indicates the

amino-acids that compose the Z sequence.
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Table 12. Estimated G-C contents (%) of cistrons
which code for clupeines and their ancestral

peptides.

Clupeine N GC1 GC2 GC3 GC

sequence 1 [1] 5 73.3333  100.000 49.9999  74.4444
sequence 2 [2] 10 73.3333  100.000 49.9999  74.4444
sequence 3 [3] 18 74.0740 100.000 49.9999  74.6913
sequence 4 [4] 19 75.4385 100.000 49,9999 75,1461
sequence 5 [5] 19 70.1754 100.000 50.0000 73.3918
sequence 6 [6] 31 69.8924  100.000 50,0000 73.2974
7 (7] 31 67.7419 93.548 50.0000 70.4300
sequence a (a) 6 72.2222 100.000 49,9998 74.0740
sequence b (b) 12 72.2222  100.000 49.9998  74.0740
sequence ¢ (c) 22 72.7272  100.000 50.0000 74.2424
sequence d (d) 22 68.1818 100.000 50.0000 72.7272
sequence e (e) 31 73.1182 100.000 49,9999 74.3727
sequence f (f) 31 66.6666 96.774  49.4623  70.9677
Y1 (g) 31 59.1397 96.774  49.4622  68.4587
YII (h) 31 67.7766 93.333  49.9996  70.3699
7 (i) 31 67.7419 93.548 50.0000 70.4300

L, 3FEA—HLICK WEBHRE RN, ® BFELLT, 173 )BT B
B code NEBCHEFAIN TV ENELE, TNEERFMO S BATREY K31
STEDEEEF L. ® KB E LT, respiratory proteins ; Coat proteins
® “cistron Phylogenic Tree” {’EE‘Z&U%%@“&EE{@%—F%@E@%% Lo

@ EHIEHE LT, Ferredoxin K2%, 4FHRREBEFHETL, TALLR
#4700 Ferredoxin OIEEZHE, GC BEPEHOFBIIOVWTHRILIL. ® b
i clupeine >V T, BECHEHENTWBREFE clupeine 22 6HHFILELILZD
AR BESICES GC BREOBLOHEETH I, HENL IS, BHICH
GC BEOAEBEBFERDEVEVIBHEF > TV, @ X, RRShE
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BHROGHE LT, cistron OHEEFRFIVRE SN, #H codon 2% H O
F»rOENBRER > TV 202 FENKCERTHENHES.

(3B : ABEECHIY, BROVDHREZIBLTTE -HINFEHELK,
BEOERM L BRICERICRE S N e AL, S o IKKHMBEBHL TFE -7
AEHFBELICESIT 2, X2 [DFHEAEEBCET 2 v RYa—on | ICHRFLT
FTE ofr, HAEBELRY, HIXEROBEICER MDD > TF I >z ipHRELic g
BT B, EHIC, EEEOHEHELREL TF & s AR EAB IS %0

AR T2BEHET R T ERY YRS 2 — LR TRFLEZLDOTH 5, RBEFD

#6 T, jﬁ%hﬁa SHRR D ~ T 3id, YR Y a— L TOFBIPOOEEESE X T
18) :

&»67‘:&)'(&'5%& " ELTRFT 2, )
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