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Abstract To dissect the codon usage characteristic, our study analyzed codon usage biases and codon usage
patterns of peach genome, based on the statistical calculations of related GC content, effective number of codons
(ENC) and relative synonymous codons (RSCU) from 26 873 coding sequences. The analyses showed that there were
obvious biases in codon usage, and 4 out of 61 codons (UCA, ACA, GCA and GAA) were defined as the optimal
codons, all of which end with Adenine at the third codon position. Further analyses of codon usage frequency among
peach and other 9 relative species in Rosaceae found that the codon usage patterns in the relative genus were
similar. Our results also suggested that there was a positive correlation between the copy number of tRNA genes and
the occurrence frequency of corresponding amino acids (and specific codons) in the peach genome. These results
revealed codon usage patterns in Peach and provide an important reference for the relevant studies on codon usage
mechanism and the genetic engineering,.

Keywords Peach; Codon usage pattern; Codon usage bias
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FEAE YR R SCEE RS 550 BL [F] — 2 6 R . (HIX
S [5] SCE RS T A BB AN R, AN 0l TR
i HT S BR85S 518 A 47 P 730 4 (Plotkin and
Kudla, 2011). 2 A%-7~05 FH A0 i 414 52 21 22 F A2 1Y
S, W1 DNA & il 2 46 A7 £ (Huang et al., 2009), &
[ 5 B 3 20 (Zalucki et al., 2007), tRNA 3 J& (Olej-
niczak and Uhlenbeck, 2006), &[5l K & (Moriyama
and Powell, 1998)%5 . 2514 FH A 4t 14 2 FH & A= 1
B HRE ), B R T PR Al R A% 22 57 . BIF T35 hY
ARG I 7R DR v BRI, TN B R R DL S AR T
FASSHE Rl B HE S E(Wu et al., 2015).
It i DR ZH R RUSE I e I AR R e, 7R SRBR 22 1) 5
TEA 5 R ZHL AR BB RF {545 4 T L 3R Gt o) A AH S A i
TR T i 4 1k S T BE

Bk(Prunus persica L.)7& B )% H SRR o T3
REMIRZHE, AL R, B EIE RS
%, SO RS R L A R R AR e —. H
AR LRI ZH e A, SR JHL 2 1 ) s FH A 2
PEWF UL W ARTE . AW TG 70 M 26 873 MERE
Y B DKL () 7 B RR AR A ES R T A, R AT T S Bk
RN H B A IR 2R . BT i 45 SR it s bk R [
TIERNARMESE, WOyt — BT B 454 iy
SRR TR e AT TSR AR B

1 ER55H

L1ZBTFERSHIT

I3HT 26 873 MR K KB T3s, C3s, A3s, G3s
EEMAALIEE 75N 5.1%~70.3% (7% 38.9%):
1.7%~83.5% (V-3 26.8%): 2.7%~57.5% (*T-}3 31.8 %);
0~72.5% (V14 28.1%). ENC {H AL TE H y 22.45~
61 (P34 52.5). HI2EHI5E 26 873 NI B A A FFE
FE£ ) B8 RS 45 FH A 2 PR (R 1)

FIH CAL (3% 15 3 248 250 PEAl [F) % 0 1
FVERD Tt A8 F DS FCFR B, 45 SRR B CAT &k
JEEA 6.2%~59.2% (3 20.2%). [F I Gt it pk 3t
DR 2H 4 % BE R GC3s LA K %15 GC & &, ARk
Y B 43 N 13.8%~90.1% A1 23.9%~73.4%, “F- $11E
N 42.8%F 45.4% . it — 2z B IR 26 873 MY
R T & H GC A GC3s &8 (K 1), KK
Fah LW B GC=GC3s RI£k, IEtk®i 1 AfA —
SE R 0 1, 3X 5 TN 45 S 0 AR A ) R TR
U145 B — %0 (Chiapello et al., 1998; Kawabe and Miy-
ashita, 2003).

1.2 ENC-plot.PR2-plot 53 #i 28 F{E AR iFE

G RS T4 A A ENC-plot 7] BB W Hh
JER T R SCERSFAE AR R R, i R R U
B (A S B A LE BRI i B F2 S . ENC HAEAN T
20~61, f/MHE 20 Ko IER R AEH [F— M
5, e KAH 61 FRan 61 NS T 348 A, ENC {H
RS D) 535 A -5 FH s - M 5 . LA GC3s il ENC
FEYAL AR, ENC-plot 73 # %5 A 7~ 4 FH M 407 12 2 75 &
DT 3 AL IR AL 7 (Hh M AR I 45 R (Liu et
al., 2012), £5 R By EFGEITER BB, &
I3 B R B A A (B 2). 14 RE VIR IR T
PR AR 5 M /A7 A R 2R 1 [R] B 2 i) 5 3 e
DA (14 25 6~ A5 P e - 1

PR2-plot 7 #1 BL A3s/(A3s+T3s) Fll G3s/(G3s+
C3s) RE AR bR, 23T 500 755 3 7 b A% 17 iR B Ik
AR L, 38 P R 5 (A=T; C=G) R H R &
LR S 7l 5 ) S TR ROl B RRE . R L
T, 7 DNA RUFE I H 1t 9878 2 R BT 52 (13 36 6 /0%

®1EWTHRLAE NS

Table 1 Constitution and usage parameters of codon

ZH AT B bR 12
Parameter Variation range Mean+SD
T3s (%) 5.10~70.3 38.9+7.3
C3s (%) 1.70~83.5 26.8+8.1
A3s (%) 2.70~57.5 31.8+7.1
G3s (%) 0.00~72.5 28.1+6.7
CAI (%) 6.20~59.2 20.2+3.2
ENC 22.45~61.0 52.5+4.7
GC3s (%) 13.80~90.1 42.8+9.2
GC & (%) 23.90~73.4 45.4+4.5
GC content (%)
1

s | GC = GC3s

0.8
g 07 i
E T} N s iviels
5905 o
.Ej 0.4
o8
&} 0.2

0.1

0 : : - :
0 0.2 0.4 0.6 0.8 1

ERFHIM EGCERE
GC content at third-codon positions (GC3s)

Bl 126 873 AN fith 5 H B 51 AH B GC 1 GC3s 43 #t
Figure 1 GC and GC3s analyses of codon use features from 26 873

protein-encoding genes
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1%, A3s.T3s.G3s.C3s sk Fis{E A3s=T3s I
G3s=C3s #f3, MITE PR2-plot & Hh R B N F A H4E
3 AT b (] 3). AEIE IE X Bk BT A 5 R ) PR2-
plot 73T R BN, FE PR B R R I 25 7h 00 i DB 3
BRI 2R 155 3 A B3 1 3 F AE FE R T 1 X R
PR T b M R T 52 250 HAZ IR P M 5 AR R i)
A, NEAZI 52 o R 2R R, MR R 5

1.3 RAZFBFOH

T T AR Y RSCU A (3R 2), RSCUS1
() A S 38 27 4N, 43508 TTT, TTG, CTT,
ATT,GTT,GTG, TCT, TCA, CCT, CCA, ACT, ACA,
GCT,GCA, TAT,CAT,CAA, AAT, AAG, GAT, GAA,
TGT,TGA,AGA,AGG,GGT,GGA. H:rf 23 NLL A/T
iR, 4 AL G/IC g5 . H il P i g E5 S 1
AGA, . RSCU 1§ 4 1.85. kA4 %1 H 74 ENC
BRI 53 1 e 2R e SRR B FE 1) RSCU AL (3% 3), 1R
W5 3% Z {5 RSCU>0.08 [ brifE, L% 5EH CTA,
CTG,ATA,GTA, TCA, TCG,ACA, ACG, GCA, GAA,

m r

HRENTH

Effective number of codon (ENC )
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- FHETHEMIGCSR )
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Figure 2 ENC-plot curve of peach genomic coding genes

Note: Black scatter means a single gene, and the curve indicates a

theoretic trend
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Figure 3 PR2—plot analysis of peach genomic coding genes

TGA,CGT,CGA,CGG, AGT,AGC % 16 M= £ ik
RS, P 11 ANPL AT 452, 5 AL G/IC 452
IR = A 1 5 Ak A Y - 25 R T 4
BT, 4358 TCA, ACA, GCA, GAA, ‘B A1
PLA G,

1.4 LB S ERBHE S TR FE A nE

AN TR P Ao ) 2 R~ s 12k 2 AN R FG) o Pear-
son FHICAE I HT 10 DA 61 A3 i 15 I3 DA
i B R A A T 7 U AR . TSR R
IR NG NN TG CRR RIS P e
10.99, FAEE N 5 YRR D T AR ) (1 AH
KK T 0.95, (HIPF Bk My 5 5 JmAE (5
B ) AH Ok R A AT 075, 1245 R im)3%
RIS - Bk - 8 - Mg 7 A &R
oh, BAgJE N 5 R EY S D 148 AR LA (B 4). AR
25 LHEDSEF B Malus (W2 R M. x domestica) M )&
Prunus (W#k P. persica, P. mume) WYL & Cerasus
(I HAVELE C. x yedoensis)Z RS 18 FRLEAHALL, 5
AR Fragaria (WPB ¥R F. iinumae, H AR F,
nipponica, FOIB - BE F. nubicola, 2R )7 %% F. orienta-
lis, RBLE%E . x ananassa, FRAFEE F. vesca) BT

A —E 20
1.5 tRNA £ EE R4

A A B T A A B ) T R DA SR PR IR
LR (5, J0E S (RNA SRR & 7R
A X S (Michaud et al., 2011). BF 53 1IF 9245 Fh a2 ik
T A6 38 B 22 75 2 AN A AN A U305 71 (RNA,
EATHEFR N tRNA [F] T2 & (tRNA isoacceptor), X I
AR & LR (1) tRNA 7] T2 R gl 800 N — AN Kk,
BAPIF RNA [ T2 B2 45~47 A, 1E
A tRNA J D] (19 4508 T AR 4 b i el it S A A

a5 0.99 10.99 [0.99 | 072 [ 072 [ 071 [ 071 [0.70 [ 0.70
”":‘_“f‘_ 1.00 10.99 | 073 | 0.73 [ 0.73 | 073 | 0.73 | 0.73
ed510.99 | 074 | 074 | 073 [073 [073 [073
HAamEl 070 | 0.70 | 0.69 | 0.69 | 0.70 | 0.69
. % pedoensis prrsrey
ALt 1,00 11.00 [1.00 10.96 10.98
£ TERIH 1,00 |1.00 10.95 10.98
Lt i11.00 10.96 [0.99
i 95 [0.99
P “i‘lfv'-"’,'"fil 0.98
Fr bRy
F vesca

Pl 4 B5F Pearson AHIEME BT 10 AT 20 (¥ 19 7 F A0
Figure 4 Pearson correlation analysis of codon usage frequency in

10 relative species
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Table 2 Usage of synonymous codon

AR HHT FSCERE TN HEE Bt  @ER T FSCERS T AN E B 2 (%)
Amino acid Codon RSCU Percentage (%) Amino acid Codon RSCU Percentage (%)
Phe TTT* 1.14 2.46 Tyr TAT* 1.16 1.62
Leu TTC  0.86 1.84 TAC 0.84 1.18
TTA  0.71 1.18 TER TAA 0.93 0.08
TTG* 1.53 2.54 TAG 0.76 0.06
CTT* 144 2.39 TGA* 1.31 0.11
CTC 09 1.49 His CAT* 1.24 1.52
CTA 0.58 0.96 CAC 0.76 0.92
CTG 0.84 1.38 Gln CAA* 1.09 2.03
Ile ATT* 1.41 2.49 CAG 0.91 1.69
ATC  0.81 1.43 Asn AAT* 1.18 2.66
ATA 0.77 1.36 AAC 0.82 1.84
Met ATG 1 2.39 Lys AAA  0.92 2.81
Val GTT* 1.54 2.50 AAG* 1.08 3.28
GTC 0.71 1.15 Asp GAT* 1.32 3.41
GTA 0.6 0.98 GAC 0.68 1.76
GTG* 1.15 1.88 Glu GAA* 1.03 3.28
Ser TCT* 1.5 2.23 GAG 0.97 3.06
TCC 0.87 1.29 Cys TGT* 1.03 0.99
TCA* 1.35 2.00 TGC 0.97 0.93
TCG 045 0.66 Trp TGG 1 1.31
Pro CCT* 1.4 1.72 Arg CGT 0.72 0.62
ccc 0.7 0.86 CGC 0.56 0.48
CCA* 1.46 1.79 CGA 0.67 0.57
CCG 0.44 0.54 CGG 0.58 0.49
Thr ACT* 1.35 1.65 Ser AGT 0.98 1.45
ACC 0.93 1.15 AGC 0.85 1.27
ACA* 1.32 1.62 Arg AGA* 1.86 1.60
ACG 04 0.49 AGG* 1.61 1.38
Ala GCT* 1.53 2.54 Gly GGT* 1.14 1.87
GCC 0.82 1.37 GGC 0.78 1.27
GCA* 1.32 2.19 GGA* 1.22 1.99
GCG 0.33 0.55 GGG 0.86 1.40

e * m T
Note: *: High frequency codon

tRNA [F] L2 AR 322, 351 5 1 EE A A OG5
B5 -7 4 FH #H 2% (Duret, 2000; Michaud et al., 2011).
Gt e 2 (RNA JERI B 5 26 873 AN
1 rHORH S 22 R 1t B O B (R R R ), WL 5 3|
tRNA J R i 5 2 AT 2 26 MR IEAH OC (] 5).
T EEP R N K Z 3 RNA AT LLR B 1k — A58
f -, T R Lo 5 65 1 n] DAEAS 1 — A [F) 7 32 4K t(RNA
W, FER BRI AR e — A tRNA Y5 32 A4 3L
PRI A% D0 (R S5 /N AE 2505 1R A 20), Sivt o ik

SEA AP (RNA [F] T2 (AL R 5 i 5 s 1 2
[BIIR 2o SRR, BR BB E T, K s
7 Gt i 5 DA e HE B AR B85 AR LAY RN [A) 52
PRI Z [l AFAE — e 2R PEAT R PR 6; R 4). 2R
8BRS RN B EE 4L tRNA JE PR ) i
X RISk BT — € B

2 3Tig

TR AT 2R A, 2R
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Table 3 The usage frequency of synomymous codons in high and low genome

IR T RIE(RSCU)  RERIL(RSCU) &R T mRILRSCU)  fEFKIE(RSCU)
Amino acid  Codon High expressed Weak expressed Amino acid  Codon High expressed Weak expressed
(RSCU) (RSCU) (RSCU) (RSCU)
Phe TTT 1.05 1.04 Tyr TAT 1.07 1
TTC 0.95 0.96 TAC 0.93 1
Leu TTA 0.69 0.65 TER TAA 0.94 0.97
TTG 1.37 1.44 TAG 0.69 0.78
CTT 1.26 1.18 TGA 1.36 1.25
CTC 1.1 1.46 His CAT 1.12 1.07
CTA 0.64 0.44 CAC 0.88 0.93
CTG 0.93 0.84 Gln CAA 1.09 1.09
Ile ATT 1.25 1.26 CAG 0.91 0.91
ATC 0.97 1.12 Asn AAT 1.05 1.04
Met ATA 0.79 0.61 AAC 0.95 0.96
Val ATG 1 1 Lys AAA 0.89 0.86
GTT 1.28 1.32 AAG 1.11 1.14
GTC 0.9 0.98 Asp GAT 1.18 1.16
GTA 0.63 0.43 GAC 0.82 0.84
GTG 1.19 1.26 Glu* GAA 1 0.9
Ser TCT 1.27 1.47 GAG 1 1.1
TCC 1.02 1.26 Cys TGT 0.96 0.99
TCA* 1.18 1.08 Trp TGC 1.04 1.01
TCG 0.67 0.55 Arg TGG 1 1
Pro CCT 1.26 1.19 CGT 0.85 0.61
CCC 0.83 0.92 CGC 0.77 0.86
CCA 1.29 1.33 CGA 0.84 0.52
CCG 0.62 0.56 CGG 0.73 0.49
Thr ACT 1.16 1.13 Ser AGT 0.87 0.76
ACC 1.05 1.33 AGC 0.99 0.88
ACA* 1.15 1.06 Arg AGA 1.47 1.82
ACG 0.63 0.48 AGG 1.34 1.69
Ala GCT 1.31 1.38 Gly GGT 1.04 1.1
GCC 1 1.23 GGC 0.97 1.04
GCA* 1.18 0.94 GGA 1.11 1.06
GCG 0.5 0.45 GGG 0.88 0.81

e P A S ISR S E R A IEE SN W R A T

Note: *: Optimal codons; The underlined codons were high expression superior codons

AT R . B RS P w1 O SR
JiL 28, 3 DR SR e A 4 DR AEL Y BB T2 0 (% it
2 2015; M A SEE, 2018) . ASHIF 7035 T Bk 3L R 4145 8
IYMT T Bl AR SR FT AR AT IR . kSRR A
MDD TRAEM A TS5 K 26 873 NEEFEAG A
[ 2 235 RS 1l 4 . ENC-plot 55 PR2-plot
ST 2 B 25 R 1 i G A 52 BUAZ TR IR P 1 R AR
i P [N, e 77t T A2 A 25 AL -l e 1 1Y 2

BRI ZK . [FI, FE R A 3 IE KT R 52 0 258 1 ) i
U, FT ST 4 N R E ST TCALVACA.
GCA.GAA, ¥JUL A g5 &, R A B R T AR B 3Rk
FHOCR FEIRIT , AT LU X 1 b F B A0 205 1 AR 1S
U IIERIB R . dhah, AR TR IIPRIE R ZH (RNA
LR 2 SR R R I R 5 T A A B —
EM N, MTTE S22 R 4 (RNA K4 ]
RS 2 JE R 0 2500 7 I 4k, 12 R S It
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Figure 5 Correlation between the numbers of tRNA gene copies
specific for each amino acid and the occurrence frequency of the

corresponding amino acids

TR A F AR S 98 470 —E((Michaud et al., 2011).

BITE 2, AW — 2570 B AT Sk A
AT O 4V )V AE DR R S At 1 it EL 4 i A B
fiffo IXLEHEFHG XS 48 T Dy Ae R R ) AME RIS A &
B M (Zelasko et al., 2013). W 70 %08 F H w4 HE AN
T TG IR A BT 5 — A T AR S A
WA AU . AT 70 45 SRR IR PR 3R — k-
1 - (B R CRE, ZHEEREK) T T H
J7 R, HAE IR N 5 MAEMI(B KA, Z4F
A B AR B A FAR ARG, (B3R — bk - - Mg S
RREFMNBOR, R GHEMLE YRR KY
A5y 34 2 1 — N N, U6 BA A DU ) Bk &5 10 Fh
WU 3T 2 ) ol B R A5 P i A ARS8 P AT
FAERE € AL, SRS I BRIT , W) 85 ) (3 FH A Aok ek
FKAbho FeT L FHRFAE A M [FREAE 2> T 7K Pt
B TR AL G R . XA X S R L e AR
PN T A ) 2 i 5 R 000 DA B b il R TR e R
4L #2112 25 (Sharp and Cowe, 1991).

3RS RIE
3JAERAFIIER

ASHIF 308 RGP 96 5 5 41 (CDS) MV 5 R
%1)#) H Phytozome JGI Hdi FE3K15 . i 750 3044 A
Ppersica 298 v2.1.cds.fa.gz 5 Ppersica 298 v2.1.pro-

tein.fa.gz.
3.2 Bl FRIFES B SR

CondonW 1.4.4 (http://codonw.sourceforge.net/)
itk M bk 1 CDS #AS 7HIE HIS OL. (D)X 5
BEATBARVEAY, AT 158 3 A0 F 4 Pt A/T/

—_ ok b L L &
S S o=
*

4THRNAR L2 X RN R

= wm
*

Copy numbers of 47 tRNA isoacceptor genes
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Occurrence frequency of corresponding codons
6 HEEE A ZH b tRINA (7] 152 A 1Y) = TR 8 D8 5 A0 3 %% A
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Figure 6 Correlation between the copy numbers of tRNA isoac-
ceptor genes and the occurrence frequency of their correspond-

ing codons

C/G I H BT (A3s, T3s, C3s, G3s)- %1% T 1) GC
FEME 3 AL GC FE(GC3s)%E. (2)KH H L&
i - () AH %) 45 FH B (relative synonymous codon usage,
RSCU) X} %5 1 - ff & 11 BEAT VEAN , FREF RS v
WCE T T # (effective number of codon, ENC), i+ %
¥ i& V. 45 %0 (codon adaptation index, CAI). H
RSCU #1 CAI )i+ 5 2 Sharp I Li (1987)f1 757
ENC [#Jit-5 2 18 Wright (1990)f1 77 7%.

3.3 ENC-plot 1 PR2-plot %3 #7 % 58 F {& A AT &%
-1

ENC-plot 75 k% i 18 FH 2 5 A 2% H R
PETAZ T, B IEATAE L E R ZH M. ENC {E G
20 % 61, 5EM T 2 AR . DUHIE GC3s
JIREALTR, ENC {E A ALFRIEAT ENC-plot 1 Bl 73 #r
SN B b L/ Y R NG = ]
ENC-plot 7317 [ | 3k KUK 1 b o4 it 2 B0 30 U ith
LI oA, AR B RS TR IR 52 e R rh PR R A
SO I, X G PR] 73 AT S 2 (i 25 P30 fh 2k

PL A3s/(A3s+T3s) M1 G3s/(G3s+C3s) NHE AL bR
HE4T PR2-plot fE 0. FHiE EAA: 24 DNA XUBE
() R PR AR B AP 52 3% £ Ik ) o 22 1, YA H
PR ) H AT 2 S AR FB A A3s=T3s fll G3s=C3s (H
1 A3s+T3s+G3s+C3s=1) (Sueoka, 1995). LILiT I
9 A3s+T3s=G3s+C3s, 7E PR2-plot M iZ4b T
O RU(A=T, C=G), B 2 i ¥ F I 4F A~ 52 i £ 1% 77
M B RS R . Rz, R A S,
LA IE R R I AT REAFEAE . BT AR A PR2 [ 272
FE ST A b 14 7 15 52 I R A, e 5 s ) Bl
W37 3L [F) 5218 (Sueoka, 2001).
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Table 4 The relationship between copy number of tRNA isoacceptor gene and codon frequency under minimal potential codon recog-

nition pattern

BRI SRS T T tRNA [F] 32 AR B P #% D14 TR
Amino acid Anticodon Codon Copy number of tRNA isoacceptor gene Codon number
Ala AGC GCT-GCC 15 430 895
CGC GCG 4 60 763
TGC GCA 36 240 980
Arg CCG CGG 3 54 497
ACG CGT-CGC 6 121 369
CCT AGG 5 152 281
TCG CGA 6 62 938
TCT AGA 7 176 349
Asn GTT AAT-AAC 15 496 200
Asp GTC GAT-GAC 24 570 540
Cys GCA TGT-TGC 10 211 534
Gln TTG CAA 7 224 251
CTG CAG 6 186 553
Glu TTC GAA 10 361 155
CTC GAG 14 336 945
Gly GCC GGT-GGC 16 346 528
TCC GGA 11 219 401
CCC GGG 6 154 650
His GTG CAC-CAT 11 269 356
Ile AAT ATT-ATC 20 432 379
TAT ATA 4 149 814
Leu CAG CTG 4 152 481
CAA TTG 11 279 949
TAA TTA 6 129 848
TAG CTA 8 105 698
AAG CTT-CTC 10 426 803
Lys CTT AAG 17 362 046
TTT AAA 14 309 542
Met CAT ATG 26 263 141
Phe GAA TTT-TTC 17 473 767
Pro AGG CCT-CCC 12 285 305
CGG CCG 2 59 352
TGG CCA 15 197 855
Ser AGA TCT-TCC 11 388 324
TGA TCA 9 220 245
CGA TCG 3 73 268
GCT AGC-AGT 10 299 610
Thr AGT ACT-ACC 9 308 733
CGT ACG 2 54 088
TGT ACA 9 178 685
Trp CCA TGG 9 144 820
Tyr GTA TAT-TAC 10 309 437
Val AAC GTT 13 275 844
CAC GTG 206 903
TAC GTA 108 402
GAC GTC 126 708
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Z: M SCHR(Liu and Xue, 2005). R CondoW it
IR AR R 1 RSCU 1, ¥ RSCU>1 (%64
T8 SUNBEAIEERGF o S ARYE gL K ) ENC {EXT
26 873 NwtE L R IEATHEP , BUAT 5 %M )5 5 %15
DR 43 Sl 2H R e R IE AR IR 22, 43 7 H S RSCU fH,
2 74l RSCU>0.08 i, M 5 SiZ %S+ N #
AR T [FE R IR S (R R T A
FOR BT ) B T SRR R AL ST

3SHk S HMERRMRMYMHERARDFERBRL
287

~# GDR (GENOME DATADASE FOR ROSA-
CEAE) %1 #i# J# (https://www .rosaceae.org/) A i [1] 3
PR M S 5 b B B ) i R 2 | B DR 4 A A
AR IR T 51, ACHR b S0 T7 Vv SRR B ) 5 7
TR F Rk R R M R RS 9 N
o} # B el 2 A I A AR O B, R AR
(Pearson) AH A 53T AN [F) 49 Aol [v1) 285 65—~ FH A9 11
FHOCME, W FEAH AP 505 1 FH 2 5 AR AR R 5 1
R

3.6 tRNA EE# N S BB E A

B R B AT DI I vH 5 RNA R PR ) S a Al
SR> tRNA [F] 32 & (tRNA isoacceptor)=F &, 1]
Ja & 5@ IR UL JCE 1S 1) 1% A9 2 AH 9K (Duret,
2000; Michaud et al., 2011). ASHF 75 F| H tRNAscan,
NSk e, HRERIEFRAR RNA EH 7.
Condow 4 4 8 %5 B 5 K of 87 B 225 I 170 {36 FH A vk
(IREQ), [V 53 B tRNA FE PR 55 & 55000 B 2 R iR DL A
30 AR (R AH S

& STk

P B TR AT LI BT AN S g T AT
AIAT N 2855 B8 TP 5K/ B B B 46 2 B o
I AT, W SCHIAR B B AR B, B> Mt S 5 %
RBrvt, WA R M s TR T H Bk A R 5t
N TR B BE b, WS ESBS. &k
VR HR I B T [F) R R 25 DA

Brigt

AW I AR BB B T8 A 28 R B B 3t AR
FI(2018R1013-13) FH FK IR A 7= L H AR R 2
P4 T %t 45 (CARS—30-Z-07) A48 2 45 A b B 27 B
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