B FII#ET S
. L ‘

HORUCERL R Ry B 5 s A an B R
T192-0392  H L\ E iz N 1432-1
yokobori@1Is.toyuku.ac.jp
((Received 30 October, 2014, Accepted 6 February, 2015))

HERDAEM ORI E LT, BB #ICES W T
[(Z Ry EHaoL %) Z &, ThbbiRE2
F5Z LICRFEEZEZDHIREE IV RO TIE
IRNTZED D D Gy AW F ORI OWFFERCR D
AEDO—o0F, BIREHREZHE S | 4 XF TR S
NDHEERS L 20 305 Q0FEDT I VR 75
DB NRIEOT I B & DAL — L
BohF53, OMHTHS ),
3XFOHHENGRDAR 64D OB, 61
FEEO 2 R 20 FEEHOWTNLOT I /BRI
KT %, 7 XV BRITHIS LW 3 fiEHO 2 R
Tk R ThHY VU F R L ToREIZEF
O(Figure 1A), Figure 1A T8 L7-BIBKF 5 I%,
[T _C) oAy THBEL TEDNLTWDS (£
C Universal genetic code B mlE 52 £ 721X
Standard genetic code FEHEERKE 5K) [1],
LU, 1979 FIZHO TORENRH > TH D
[2,3]. IEEBIERT TR & LR DB SR E
o CWDAEYNL LML TEZ, 2 b,
WHITHE CUEEREHESRO—HNELT D
ECTHELL TAEENTHKIEZLDOTH S (Unusual
genetic code ZHIE (= 7. Modified genetic code
IRAEFEARKT 5, F 7213 Non-standard genetic code
FERIERE ), Z2<IE, 7 A A AD/hE

B. Organelles
(Mitochondria & Plastids (p))

Stop
A. Standard genetic code

Scenedesmus punctatus

U\ Mycoplasma $H72 & 0D 27 A= M oD B E B <0l A
IR BETHAHI hary RUTIZRWEESN 28,
BREEYORT ) A TH EERERE TR DR
Jit U 72 AR E B3 O 5 23 0 S 4L T B (Figure
1B-C) [4-6].

BRSO ED L HITEE 22O T
2HEORFBWRTAN SN TWD, 1 DHIE,
Osawa & Jukes |Z & 5 codon capture (=2 K %)
PLCH D7, DO TIZ, WOLHI 7Tk R
Ta RCOFRENET T EMAT, ObD
I RUNT ) A EDPBHEERTH,QF0Da Rk
fEFET D tRNA 720 LI #&HE R 7 (Release Factor,
RF) BNZDORRKRNB KDL, £Da FURIE
FBEa R 5, @QFDIEEEa R a2idid
% tRNA £ 721X RF BT 2, @FDIFHEE=
Ry D7 7 MCHHEBLL, @ THELL 72 (RNA 72
WLIXRFIZE > TS Nb L Hic72s (T
HEBL L 72 tRNA 2V LIZ RFIC X » T (i) &
na,

2 O HIL, Schultz & Yarus (ZJ % ambiguous
intermediate (ZZHHIKIE) HTH D8], =D
HTIZ KDL 727 v ATa RUoBEREN
HEITTHLHATE, OHDT I BICKHET D
tRNA IZ X > TifsE STV b a R4 5.

-
—

Ala
Some green algae (i.e. Hydrodictyon reticulatum)
Leu
Some green algae (i.e. Scenedesmus spp.)
Tyr
Some poriferans (Calcinea)
Tyr
Nematode (Radopholus similis)
Certain strain of planaria (Platyhelminthes)

UUU Phe UCU Ser UAU Tyr UGU Cys
uuc phe | ucc ser | uac Tyr | ucc cys
UUA Leu | UCA Ser | UAA Term. | UGA Term. UGU Cys
UUG Leu UCG Ser UAG Term. UGG Trp Ala . < Trp
CUU L ccu Py CAUHi CGU A Ashbya gossypii (yeast) Except
ou ro s 9 -
CUC Leu ccc Pro CAC His CGC Arg wndlplan‘a.e (green plan‘s)
CUA Leu CCA Pro CAA Gin CGA Arg Stramenopiles
CUG Leu | CCG Pro CAG Gin CGG Arg Thr Cryptophyta
AUU lle ACU Thr | AAU Asn | AGU Ser Budding yeasts Mycetozoa
AUC lle ACC Thr AAC Asn AGC Ser
AUA lle | ACA Thr | AAA Lys | AGA Arg Ala AR B Gly
AUG Met ACG Thr AAG Lys AGG Arg Ashbya gossypii (yeast) | auc ne Some poriferans (Calcinea)
GUU Vval GCU Ala GAU Asp GGU Gly Ser
GUC Val GCC Ala GAC Asp GGC Gly AUG Met
GUA val | Gca Al | GAA Gi GGA Gly U0 v | ocu Am [[oAu A Most inverterbrates
GuG val | 6¢6 Ala | GAG Glu | GGG Gly cuc va | cec aia  ||cac asp ly
GUA Val GCA Ala GAA Glu Urochordates
Met GUG Val cce Al ||cac G Stop
Most metazoans * Vertebrates
Budding yeasts
Dinoflagellate (Lepidodinium chlorophorum) (p) Lys
Some arthropods
C. Organisms Gin v Some hemichordates (Rhabdopleura compacta)
(Bacterial and Eukaryotic nuclear) ~ Some Ciliates Asn
Acetabularia spp. Platyhelminthes
‘ Echinoderms
uuu Phe | ucu ser
UUC Phe ucc Ser
UUA Leu | UCA Ser Cys
uvg.ten ) UCO:Ser Some Ciliates (Euplotes sp.)
CUU Leu CCu Pro CAU His CGU Arg Trp
cuc Leu | ccc Pro | CAC His CGC Arg Mycoplasma spp.
CUA Leu | CCA Pro | CAA GIn | CGA Arg ;
Ser cCG Pro CAG Gin CGG Arg gg:_;o:gf’:‘::pp
i 1l
Candida spp. AUU Tl ACU Thr | AAU Asn | AGU Ser y
AUC lle ACC Thr AAC Asn AGC Ser .
AUA Sle ACA The AAA Lys AGA Arg Uncultured SR1 bacteria
AUG Met | ACG Thr | AAG Lys | AGG Arg
GUU val GCU Ala GAU Asp GGU Gly
GUC Val GCC Ala GAC Asp GGC Gly
GUA val | GCA Ala | GAA Glu [ GGA Gly
GUG Val | GCG Ala | GAG Glu | GGG Gly

Figure 1: Codon tables. A. Standard genetic code. B. Variations of genetic code found in organellar translation
system. C. Variations of genetic code found in bacterial translation system and eukaryotic nuclear translation system.

Figure 1 of Yokobori et al. [4] was modified.
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TR AT I BIzxnT 5 (RNA £7-13
RF HET 2 (b AKIEa RS L, Hi-ic
FDa R 2RHET 5 (RNA BT S), @2
D RN, BEOWOT 2 BICHIET 5
tRNA(— 71X RF THED R UV)ICFRIRHIIRIST 5,
2#FaA RN LD, QBEEOBOT I BRIZKHES
9% tRNA (— 1L RF THHEDR) O— 523 F
RAMDBKbID, @F->7- (RNA(E 721X RF)
NARDOLDERAL LD THNIT, ZO—HDE
BTa RrCOFEREENEZ S, Z0#HTYH, £
a RONT ) AR TEBGFETDHZ EEE
DAEYOEFIIRRTHD EEZBNDDT, T
DLEETH. . BHRENEZ 22 FDF ) A kD
HIIFEFITA R o TVWAZENRMETH A
Do

Sengupta £ DL 2 2 L— 3 UHFFRIC LU,
o R & Z2BPRIREFR O E B AR N
FHEEZHNE T AV A X EHIEEESND
a RCOHBHEEICIV RS, I bary YT
T ADEIIINERT ) AOBE, 3 K UHE
HMBL a FUFEED e 2 &2HHT 5[9].

—F. EASX, I hay RU T t(RNA OfFET
MHFE 1 T/RLZE L D 7 Wobble rule DYEIRE % 12
22 7= (Table 1) [4-6], = DHE3E X172 Wobble rule
IZHEASNWNTEZ2HLE 2a Ny 77IU—Ry
ZATOa RVEETEICOWT. 20O LA =
R LHH 245D (Figure 2), 2 K2 3 XFHEHD U,
COaRrE7rFary 1 XFHIZG (Guk

B

Table 1. Expanded wobble rule based on mainly the
analyses of mitochondrial tRNAs.

First position of Third position of codon

anticodon

U U,CAG

emnm’(s%)U, tm’(s?)U A, G

C G, A (if t°A3; coexists)

°C G, A

k’C (L) A

A U,C A,G
UCA

G U,C, A

Q U,C

m'G U,C, A, G

Based on the literatures [4-6]. The nucleotides of codon
third positions shown in the original wobble rule by
Crick (1968) are underlined.

cmnms(sz)U:
5-carboxymethylaminomethyl(-2-thio)uridine
tm>(s®)U: 5-taurinomethyl(-2-thio)uridine

£°C: 5-formylcytidine

K’C: lysidine (2-lysyl-cytidine)

m’G: 7-methylguanidine

I: inosine (hypoxyanthine).

Figure 2: Codon reassignment based on the expanded wobble rule suggested in Watanabe & Yokobori [5]. The
reassignment of AUA codon from specifying Ile to specifying Met is shown as an example. A. AUA codon is recognized

by tRNAHeLAU. However, tRNAHeGAU can recognize AUA codon in potential. In this stage, tRNAHeLAU forms more stable
basepairs with AUA codon at the A site of ribosome than tRNA"g,y. B. When tRNA™, 4 become to be absent,
tRNA™G,u recognizes AUA codon. C-D. The C at the anticodon first position of tRNAM® ., become to be modified to
£°C and to decode AUA codon instead of tRNA";,y. In this stage, tRNAM® sy forms more stable basepairs with AUA
codon at the A site of ribosome than tRNA“eGAU. As the result, codon reassignment of AUA codon from Ile to Met occurs
without AUA codon being unassigned codon and/or AUA codon having dual meaning (specifying both Ile and Met).

48



Viva Origino 42 (2014) 47 - 49

FFORNA IZ X » Tfifae S 4L, =2 Ko 3 SCFHMM
A, GO RNEIT »rFa Rl XFHICER S
iz U (U*34) % Ff5 (RNA (FE721% C34+t°Ay, &
Ff> tRNA. £Cy ZFFD tRNA) 125 - g s
N5, Gu O MRNA X, = KV 3 XFEEM A
D3 RUbfEFE LG50, U*yy ZFFO tRNA (F
771E Cytt®As, 2 Hi> (RNA, °C3 2D tRNA)
LBECHEBR SN AR 3 TR D a R 2R
REIIRFE LB 265 [6], b L., Uty
O RNA O+ ET,. 7 oFakRr 1 XF
H (T) 28 CIZERT AR (F721F Cytt®Ay,
ZHiO (RNA D t°Ay, DIERG, £°Cy 2 FF> tRNA
D £Cyy DIEMIN LD D72 5) . Gy i (RNA
NU, C. £/ A %3 XFRICE > R
L, BRBED Cyu B O RNA N G % 3 XFEH
WZFfoa Ryoszfifamd b Loz, 275,
T a RrodElEESa ol &
WIHRT v TELICa RUOBERENELE S,
FIEEIZ, 2 R 3XFHMN U, COa R L Gy
RO RNA 2k » Tfse S, 22 K 3 XFH
DA, G O3 RUALES S vz Usy 2 FFD (RNA
Lo THRINDEEIRMNTFEEZLD, 22
T.GMR3IXLFHEZEHEDDLI T FURT ) A END
Lbhd GEsEa Rk 5) &, AR 3 XFE
H%Z HH 5 a NdEdi S vz U ZFFD tRNA
DHERBH>TH FEFREaT RALTH L ®L
IZ Gy B HOMRNAICL > THiESN, = R0
HRENREZDZZ LN HfEIN D, £72. 20l
FRITEBRA RBIENFRETH S 9,

Z D X 9 IZPLIERR Wobble rule |23\ Tl
W52 DL %5 % 5 & | codon capture i % FI-iE
RI20THNIRIERE2 FrOHBIRHFED
a RO LOBREEL (FHHEINLD 2 Fro
HBRE N DR I b 2 EIIHEEN) 12,
ambiguous intermediate #n & PR 5 D Thi
1 o0a FroZFRREOBRELIC, =2 P
DHEALDEL BFHATE D Z LIThD, FD XD
2% %2 % & . codon capture i & ambiguous
intermediate P IIARERIZEIC EE>TL VDT
ECAAAYIN

gl A scE
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