T T4 AR), 2014 4E, 55 3 %, No.9, 1-8
Jisuan Fenzi Shengwuxue (Online), 2014, Val.3, No.9, 1-8

http://cmb.biopublisher.cn

MR E
Research Report

AP GC2A W e 2 B R B

Supriyo £, Prosenjit B

AR R, BB, sichar-788011, Bp%ad)s, E1SE

EZH i@/ %, supriyoch_2008@rediffmail.com; [ £

T THEY S, 2014 4, 5 3%, 9B

Weks HIW: 2014 42 08 H 07 H 452 HIH: 20144 08 H 07 H &K HIW: 2014 4208 A 07 H

© 2014 BioPublisher =@t LTI HARFE &

AR IRLASE S R FKAE Computational Molecular Biology 2014, Vol.4, No.2, 18-25 . BUKIERBITE AR YA Y, R Creative Commons
Attribution License thl 4 Ht 4742 4, F P U R R 5463 . REXTEAEAT M5 A, BOBUITE NS VIR & = B A 5465 . W
SR R S CHRAR AT B, 1 DA SR SO

W OB RRRIANE RS2 B R 1 4D T 1) (cds) s FE AR BB IR 1 R A S o X H K 2 B TR R AR ) A AN
SE R SCERD o ARS8 BRG] SRS T ML GRS T mA% (CUB). A1 T 1E AN B RS F0r s (R ARk
1h1%) AT F GC HiiR . FRATI g BIFE P Feik (Gl T CAL I E) AUEM 1A A ALY GC &R A MM et AE# 59, BT GC2
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FEREEOT BB Z NUEATAREIES) . AT IZ A cds 90T R, R e FER A PETT T, Z0W b 5] SO 51158 =4
LB AT RELL S =M B R IE T AR, XA CUB ARG i aT LB H
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GC2 Biology Dictates Gene Expressivity in Camellia sinensis

Supriyo Chakraborty E", Prosenjit Paul =
Department of Biotechnology, Assam Universty, Silchar-788011, Assam, India
=i Corresponding author, supriyoch_2008@rediffmail.com; = Authors
Abstract The effectiveness of the gene expression is influenced by the nature of codons used throughout the coding sequence
(cds) of the gene. This is due to the fact that most genes and organisms do not use synonymous codons uniformly. Certain
synonymous codons are used preferentialy and this phenomenon is called codon usage bias (CUB). We analyzed normalized AT and
GC frequency at each codon site. We observed that the correlations between gene expression (measured by CAl) and GC content at
any codon site were very weak except GC2s showed moderate positive correlation with gene expression. We also measured the
correlations between CAIl and AT content at three codon sites. AT2s showed moderate negative correlation with gene expression. We
further observed a strong correlation between RCBS (a measure of gene expression) and cds length indicating that naturd selection is
probably operating in favor of shorter genes to be expressed at higher level. For this andysis, we initially downloaded 350 coding
sequences of Camellia sinensis, out of which only ten cds were found to begin with the initiator codon ATG, and length as exact
multiple of three bases and devoid of N (any unknown base). Our anaysis on these ten cds reveaed that the second position of
synonymous codons in Camellia sinensis possibly plays a more prominent role than the third position in determining the gene
expressivity as evident from the CUB and the correlation analyses.
Keywords Gene expression; Relative codon usage bias (RCBS); Codon adaptation index (CAl); Codon usage bias (CUB)
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WAL . RS FIASERMSRH, F
YiFhZ MARGAR R, TERELEE LR, IBHRkIE T R —
AR AN R B R 2 () 25 RS 1 F m e 1) 2 A
k. (Bernardi, 1993). LA AS T8 FH 2> Hr R BH,
WA mE EEER, HASEMAEYET
113 R 223 K 7 A 5% (Gouy and Gautier, 1982; Sharp
and Li, 1986; Sharp et al., 1986; Sharp and Li, 1987),
F: KK JZ (Bains, 1987; Eyre-Walker, 1996), & [X%H
PRIA1E 5 (Ma, 2002), £ [ JF @3 R 4L (Lobry
and Gautier, 1994), & H /i 4544 (D'Onofrio et al.,
2002), tRNA FJ¥(Ikemura, 1981, 1982), RAFHIH
1A 3 (Sueoka, 1999) Al GC 41 % (Sueoka and
Kawanishi, 2000) . GC % ¥ 521 % %5 i e H
BEEEW, SEEE=NEL LA GCY%(tHAR
N GC3 1 GC fhi#%) [ 1] 5Bk (Sueoka, 1988) .
T A 2 B TR (B T A 2 B A (0 S R A M) FE 5 = A
BV GC BRI [F] SR, X F 3T — i 1)
K%, B FH [F) S GIC-A i 350 1 B 24 [ % GC 1
GF R IR G N, AR AT 261 E 5 R R
/b (Wan et al., 2004).

%< (Camellia sinensis) 2t Jit I 5 52 il (iRt
Z—, VAR T HZFAM SR SR sRIE F it
TER, X AR 254k &l TR ERANES.
o PR KT R T8 FNVF 22 25 F I B AR 51 T R ARVF 208
B, MAJGHT 3000 CLATEH 2 IR TH 7 (Kliman
and Bernal, 2005).  fEAH HHL R I T 2 AR
W, Bl Al meEE). 4B (A,
Bl, B2, E, C). Z¥i. ¥ RMAT ¥ (Linetal.,
2003).

RUE B AE IR 22 1) LA S b B A AR A
B, (HRKIDCk—EAS /1 E CUB. 7+
REGHEDIREE T AR A+ R H 5 . B
FEVE 2 LRI ) A B R P 1A H B, CUB (IE AL
PG EHE RVE. AR, JAHERSE 7@y
M 300 F3E N AR EU(CANBF 7E 25 CUBL AT 204
FAE AR E(RCBS) . AL D 74512 (Fop) «  FHXT
[ S %0 f 4 AN (B (Fop) B 30 1S 40 H
(ENc). GC &, GC fmiAl AT fhif% .

148
11 BT R
WA ST T 20, R ST
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UE 10 N, % 1 SR T kS 1
B35 LUK M4k RCBS. CAlL GC%. GCls. GC2s
A GC3sfH . KILARHI LT H'E & A FI/EL T,
R EH SR AR, DL G FI/EYL C &5 R 1) %Ry
FAEBEA i i X A B 2 5 4 % (Gupta and Ghosh,
2001). SRTT, A8 B AT e oG 1 2R DA
AR R RN, XA RS N IX
AW R it e DR 2 20 L

12 ZWEFERARR

1E 55 = A USRS 57 B (GC39) Ab by 5 K il
(2501 14 28 H (N AIG + C)F 4y EL A T 1
iAo s SN B~ S vl Wt S T S S -
Wright(1990) 71X Nc % GC3s [ AT LA Rt A
R R 2 (8] PR %5 5 {5 FH AR 5 . Wright(1990) 1iE
B, SR DR P {5 P i 22 HL AT R BRI GC
YRR LAAN e g, D) SR PRI SE B 4 A 5 AR R
T IRTIA 2 A7 16 E AT DL FR AR M1

Bl 1 o T2 AR ZE R Ne 43 A« Ne 11
SPIEANFRE W 2218 53 00 15.2 F1 0.42637, K
SR B 22 A AR K8k . S R p 250G
T4 FH A 22 (AR AL S —AN[R] U T4 B (G +
O At —GEsE, Ml 2 s, Xebst R,
BT BRI, oAb A AT RE RS AR D -
FEP R R AR 5
1.3 RCBS# CAl 2 A% &

f N5 R O 3R O B Tl AR 2
FERFIEKF, IH RCBS 14>05 1 CAl {f>0.5
RIMHEHRIOERLFER. Kk, RAOTLEZXH A
Te B T B A RIS E & . CAlL Al
RCBS J: KR IAK T L Bon. NIERATHT,
BAICEKIMAAFEH A B RCBS Al CAl
B, BANKT 05, R SAZM I3 FE AT LA
VE R B R IA M

YBA T A EE B, RCBS I CAl &
NI (B 3) o BATTHE—20 007 T 4 X 1)K
R R IA K2 B IR R 5 LAY AR
5% (Ikemura, 1981; Ikemura, 1982; Moriyama and
Powell, 1998)—#, FRATMIEHE LR E/INST s
JEFIR D . FRATTILERE] RCBS Fifi 4 i 1) 55 115
K IR D o fE RCBS FIER [ 1K B 22 [] 0 52 2] &5
HIAAK. fEE 4, AT RCBSAEAHEEK
FE T R EL
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Table 1 RCBS, CAl, CDS length, GC content analysis and accession number for Camellia Sihensis genes

<1 Accession s

Gl content {44)

Crene name CAl KBS
no numhber length (hpp G GU1 G0 003
1 Acetyl Cod carhaxylase DOIGGIEY T8I0 0 6351 013 476 S50 423 153
3 Polypheonol oxidase (PP Flasaz2n 1800 R ES 0,008 421 523 d4bs 0 a4}
RR mRNA fur retinohlastom:
3 PR TR NA O TEMUsiom spaaress 3078 (15455 0.0252 419 479 439 371
related protein
E eve33-2 mBNA for ovelin D3-2 ABR2TIR 1114 13005 00637 43,3 a0 34,3 45,0
: eveD3 mRNA for eyelin T33-1 AR247TI82 i 05152 00620 457 530 3R2 489
4] L'}--L'l‘.l mEMA for \'.',}'f.',llT H A H24TZE) 1323 1hdiEy 110541 434 337 KLU 431
7 Stcarovl acyl carrier profem  poo4n )33 1191 03339 00599 453 S2 0 3E 4l
n’ﬁ.‘.‘tri."tr{.r.w
Culliv Longineds  ulye
% U BV Keuzusee 1353 014935 0.0529 454 S23 421 Ma
crnl-3-phesphate aovlransferse
9 rrf:'l'f;’ fally acid dessturase o i 67 1359 0 5654 0.0536 457 SIO 0 422 A48
10 AMP deamincse KOT0m02s 2571 0.5043 00298 442 525 375 A2G

C & &M E 7 LLE I 7E 30% % 70% 2 [A]
(K 5 RIE 6) 7EZ G 2 AN A W ) % e R RH 1%
RMEBEAARIF . £ AT, IR 2 My 4
1L B (PPO) B 7E 32% & 75% [ 3 AETE 2 AM
GC & &, XL RERW], fE4E T HI 1 CDS 741
H) GC & &R € LN ) R A .
GCl Xt GC & &EfFK], FXIUESE T HRFF GC &
BENZER, FHRWBTEANN GC &, WA
DR 7~ 5 B R R PR 5 AR A PR (B 7)
14GC AT 2R EERRBEAKIR AR
AT T A BT 0L AR AL ) AT
GC iR, FAT T RET CAI W& 5 R Rk A
FEATA B 07 25 1) GC & 2 [ A e M IR 5 59
(rGC1 = 0.069, rGC2 = 0.604 Fll rGC3 = 0.186)(/4 8).
BRI, 5 HAWAH T JE )2, 3 =N B
GC 75 5 A2 A5 A HH 25 DR R 08 1 R % 22 1 T 18] 1
(Sharp and Lloyad, 1993; Gerton et a., 2000; Marin et
a., 2003). {HEZ _NEL T E, GC FEiR
HERFIAHE EMR. B TFRNRmETIE S
AT, BATBEDHT T A F07 55010 AT iR, K

P AN T B R s 5 R R R IA I A
Ko
28

a2, ALY 7 RRNNRENE, &t

IR N P A TR TR R A RS EINE E- & S U/E
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[RI R o JE T 2 DR TR T2 AL 1 2 e i A 9%
PR, A ST %3 R e 2 LA A X R ]
R TR R R I BV = & . A TRER
— AN 1 7 VR SR VP AR SR R R B T Im A FR A
MISREE, 1EAHAREIRIBK TR S, HEAE
PR 3 BT HEAT 150

AHEFIH AL (@4 #T CAlL RCBS. GC f
75 GC Fr & AW 2L R I 305 F A AL E . (b)
¥ FIRSHG H R RIA A G iRIERAITEA
WA RN bR, BATAIH g £+ AN
1T CUB 7r#r. M eHERATIF & 1) perl #2177 Kt
A IEMYIIE R 21230 7 I HER S P 51 A
TAE R R 2 B ME, FRATVES K T 85T
1000bp [ LL gt 751 o 33k {8 A ER FRAT T R 1) 2
+ PERL P E A LA T CUB i
.

TE AR AL T A 5, KIFERE & AT,
HRTERS BRSO T, RARTEEE A giDIX
FLL G f/Ek C 45 RIS F5 £ S, BRAEED
O3 BT SRS 1 (R4 B (N ) SR TR 25 AL -1-4sf P 11 57
P o Nc 1~ S5 {E RS 1 i 22 43 73] 4 15.2 F1 0.42637,
W BF 25 AR P 5 DR R A5 FH A 22 AR AE IR 2 3o
B[R] 2 [B) 5 R 155 P 22 119 728 4k A 38 =[] S 58
TR BEALRI(G + CYRI oAt — RS . IX 825 R
B, B T AP, A AT BE 2 RAmA A Hh
DRl ) e AR B A - AR S

BN B P O 40 T A I N Y A R K
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Figure 2 GC3s digtribution of Camellia sinensis genes

FERFRILKF, F+H RCBS {E>0.5 A1 CAl {H
>0.5 RILHAFIMHEIFEH . RATITHE 7 ix sk
(K1) CAl il RCBSfH, KILAMH 10 /\ﬁtl g

6 M ERIAMEER .. RATBEST T GC F2Xf

FRL TR B A S R RN, B TR PPO,
Fr A HoAth B R ELAT HEAR Y GC H 4.

BT TAERA S AL s AR L ) AT
A GC AR . BATWERFE T CAl W& 2L K Rk
ATEAT AR B 05 A7 51K GC 5 & 2 (R IR AH M A
§5. GC2 5A:KFRIA 2 IEAH55(0.604) . FA1IE
W& T AEAT 2R 507 s 1) CAl A1 AT & &2 [l (1)
FHIM: . AT2 52ERIFRIE EoR 1 71405 (-0.604) .

WAL, FRATH ATt — 48 R 1 AE e FE N 3R
IR TKT B[R] SCE RS I R AN B AR =
M EREERENIEN, Wk CHAI il GC2s 2
] (1) 1EAH 5% £ £10(0.064) 5 B GC1 fil GC3 1] CAI
[ 5% £ %(0.069 A 0.187) M LL T R R . X
HUUFHESEFE: K iS5 =6 B 1E
e R RIA R FEEAER, REFMAK A H
LS AT . 554G AT1 F AT3 1) CAI FRFHE
Z%1(-0.069 F1-0.172)#H Lk, CAl F1 AT2s Z ] (1)
1o B 1 (-0.064) BE— IR SE 11X — i IX ] BE A2
HTAFRH T AoENmETY, AR EREER
CAI 1 RCBS {3 [H .
cds [ 4H 1% A 22 16 T8 B R {3 A ik O B AR
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BUELE S =R T B 1) GC% IR [ % V) 5B,
MR GC3 A%, T A LR (i B
BERRIN) RV T3 = A BT GC A
(IR SCHUAR, xRS A A L G/ C- AR i 56
TR DA IR R ) RIA R 0, TR A 1 T 41k
BT AR AR 2 R 2 0A 1 KT i A o 5T
Zar T, AT ER A1 350 M whd 71, I
AR I ods LLER IR %051 ATG HHiR, FFH K
JEE R =N BEE RORS A A5 50T HLB = N(AE AT AR S0k
#). M cds ) CUB 43 B FIFE = AN 707 1K) GC
| AT &85 CAIHZ [ IAH T i 2 0L, 453
KO, RO FERIERI 17T, ZA ) SRS
(1) 565 A B T RE R 2 LU B8 — A0 2505 7 B 5% Hh A
H .
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3.1 HIEWEE

M NCBI(www.nchi.nlm.nih.gov) ~ # Camellia
sinensis (14t 551 (cds). A T R R 2 i /ME,
BATHEAE K T84T 1000bp F EA IEFHIPIEA
LB T s> N R FNBd L) 1) cds. {4 FH
BATVIF R 1) perl H IR 7 SR A 2K 0 (1) A 7 31
wJa, EFE 10 4N F AT CUB 7T .
3.2 R

A5 FHAE O B 0048 A A N3 05 3 3 R 4
SRAF FUHE DR 2 8] 1) AR B S T FH AR K. RCBS /&
TEREMLE RS (8 PR T, SR E 657 140
RGBSR 2 R, R A DEF 5
AL S AFE S . RCBS A& Fan 3k K i AN 1Y
T RCB 52 R H [0 545 7. RCB et 72
R RIX K. BFRPRIEREH RCBS Rk
(Hertog et al., 1993). RCBS{H I 0 /R %65 1k
ZAw#e, IR A EeA A R A

BRI FRIA KT 5 H R 1) 2 1M 22 e K
1% 3 [N 35 B 7 AE = AN 80 167 5 A A ) A% TR K,
e XXy, ) NERPENE T ZBAAX Yy, 2)
PIE— RS TR . RI5, HEE P =Bk
(X, Y, Z)[IFHXT RS T2 (RCB) & SN :

Flenz) = I 20073(2)
FUx) 205 3z)

Horr, fU(X)RAEH 20O E M x H—1k
B, F2(y) R AE S WAL A B y A — i,
£3(2) A FE R 25 = AN B0 107 B A1) z 1)IH— 10
Ko P (1, 12, 13 O MNENMELTFEMES
S, IR HARER R — A R T S R R gk
17, LLRERME RCB 5% A0 U i,
DI IR 7 2o B R R K 3 - (IR, (643

A DATE 5 DR 20 R 3 TR 41 2 TR BEAT ER . dn i BT
iR, dy, BELHEMtEZEEER, HAEHE
TR DL R A R 2 . FE N R A B
N

dxve=

RCBS —{rlﬂ-d' 1

o, dyy, RERFE | NEGTREHES. L
T FE R o A
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FER RN HGE S T B SRR T E N TR
ok 52 (Sharp and Li, 1986). ‘& A il & 45 5E
Fe R B S5 HL R (R R B %Y+ IS I FEES . CAl
VBB B AR D - 8 SUONAE 1Ry P R R (1) 2R TR A A
ZH L R 2R 1
CAN T g — exp(z el 2y {ﬂ e,

Hor, L2RRE gKE, w(l)&FET clEs%
HEH (A ) I HRTERERE . AR & B X:
W, :—'f «—8eic.t,

max(f.)

Hordr, fo @27 c MR, ¥ c /&K
g i MBI, a &l c LA LR, {ClR
PR LR a A UES T4 A . L 441
FER A B Z R Rk, FRATTAT PAEE 5 5 R 2R
BT A K LR A, I A R B0 A 2 A
Ko IXAHEAFRT SEFRIE D PO R TS A . B LA
Ae:

. 1
CARA Y cxp{—Zc{_ logw: ) {H_ECI:{ logw )™

s ek

A RO T HU(NC) 2 7 41 A RS ) 3 11
() =B (Wright, 1990). Nc &8 Bl 20(H: &4
FAER R — N2 6100 T hrihg 1%
fd), o BT AR [ SO 1 LUK [F] ) A % A
FH - N &2 i [ 48 FH B0 /N R 250 114, B8 55 )
R SRS F . i, a0 bpTiR, mERIE g
DA i 5 A1 FH A0/ PR 25T 1 o Nie 1) 2 A JEAR B TR
H BRI 2 I A TS, b R B AN
AR TR 5 DA PRI R AL

TEHM T RS, ZANE ST LK
AT AR 7 AT A0 . IR Za 1
A T A A RR S, R T A I AR T

5.
Z — O*’ Z L J- :f N
[ O” _ ]
SRR A SO RS 1 L H A G R
Na =Za-1
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The value of Na ranges from 1 to the number of
synonymous codons ka (the codon degeneracy). With
equal codon usage, homozygosity is minimal and the
value of Naisthe number of synonymous codons. The
overall number of effective codons for agene (Nc) isa
sum of average homozygosities Za for different
redundancy classes k (in set K of al redundancy
classes):

Na A AT FEL A 1 3 [7) SRS 1 ka i3 H (1
fEiIE1E) . (ARSI E T, aiEM R R/,
Na PR 2 [F) U RS 80 H o R RO 8 1Y)
BH(NO)R—AFITTARIE k(T ILRFERNES K)
251 Za i S A

AT —
hﬁ—zl N, .

BAITCARIGN:

L= Z N,
kel

MR AR L A I S0, TR AR
Nc>61, 7EIXFHE O T4 H EH RN 6L W R
MR B FER AR I, WPz E B A R —IC
KRB P RERN PG, R lle &HEIRE:
RBEA =AW F TR IS ME— R R),
DU oAt T A% 2 50 B~ 8 4 Al AR L 1 Z

fan, 1R & BRI T

. Wl S e
z.ﬁ.\:l‘_i-l‘ -|_i--]} +| 2 -‘-f| )

3 Pr.‘:—'i "._Vli—d- 3_.-' '-..:L?h :).-"
R S AL R 2 TR AE K 22 i), o] DA B
HEANFERE Nc 2/, MmARRHENITRE
TP IR R

MNe = Z N

R

GC3s /(G + O)If#ix, A3s, T3s, G3sAll C3s/&
A, T, Gl CHEZ ¥ 1 [F) SCEE = A7 B 1) 4 11 (Gupta
and Ghosh, 2001). GC &1 AT s 737l & SN
DNA F4IH(G-C)5(G + CO)FI(A-T)5(A + T)HILL
% (Wright, 1990) .
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