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Abstract ;: The full-length ¢cDNA sequence of one sugarcane cytochrome C gene (ScCyt C gene) was obtained by in silico
cloning using CF576943.1 sequence from Saccharum sinense as the probe sequence. Some characters of the ScCyt C gene
encoding amino acid, including the composition of amino acid sequence, physical and chemical properties, subcellular
localization, transmembrane domain, hydrophobicity / hydrophilicity, secondary and tertiary structure of protein plus
functional domains, were analyzed by bioinformatics tools. The results showed that the full-length ScCyt C gene from
sugarcane is 1073 bp which encodes a polypeptide of 112 amino acids. The encoded protein of ScCyt C gene, with a
conserved domain sequences, is soluble and located in cytoplasm or chloroplast, and the corresponding secondary
structure of this protein is mainly composed of random coil. The function of the ScCyt C protein is mainly involved with
translation. It is highly conservative in different plants. Electronic expression analysis revealed that the ScCyt C gene is
constitutively expressed in all the types of sugarcane tissues, and the expression of this gene in the stem and root of
sugarcane is much higher than that in all the other types of sugarcane tissues. In addition, the expression of this gene is
regulated under the stress of low temperature. The results obtained in this study will provide reference for molecular
cloning, structural analysis and function identification of ScCyt C gene in sugarcane.
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fifi ( Cytochrome ¢ reductase ) Fl140 il {4 & ¢ & fb B
( Cytochrome ¢ oxidase ) Z [Hf&iHLF' | Cyr C #15
B B TE R & AR AR TR 1) ZORL A N A MIUC
{023 o 1 O SR T DR Z R E 2 B B WIS % AL NP
B Cyt € —JBE T 103 ~ 113 ANEEFR AL AL, o4y
TN, ZNHT 1.2~13 kDa, Cyt C EHEH 181
R, Jm Tk & T AR LA 100 5~10. 8, 1%
AP BARERE X2 1 THE Cy C v, IZL R A
H& heme [5R-55l1 v FC AR HY 8 2202 R 2H 2 R U A
AN 3038 1 S 2 G 2 R I 8P A T ik A SO
A A T AR R B, Cye € FEiT:
A T R R AR i 2 AR
73— BT Cye C TR b i e BE PRSP
AT TR R Gt b2, 25U E,Cy C 1Y)
M — B Z BN E YA b R R —,
BAEHREES Oy C BWTFEEAL T 125 B B, 5S¢
FE R A T S AR AL R 9 EST (R EL iR 14 2
BUERF AT SRS B 583

B, F 50 /% (In silico cloning) J&—Fh 3L F EST &%,
LD A Y PP 91 2 2 TN PF | P b AR AR B4 K
cDNA HYHAR . ZHAR T Jewlzs FHTE N | BRI K A
55 EST £ 5 M MR e
13752 N = 2 P2 ey £ N ¢ S I SR R S IS IS 4
ER C BT ERESN ( Electronic expression
analysis ) A2 18 2 B G LA A ob R R DR I A A O
FRIKFHIHR%: ( Expression sequence Tag, EST) {5 &,
T A2 PR 3 T AR DG AR L 1 — o B BE DY ik
IR HAT, AT R S T e
FOARAALE G S IR T8 e PRI 4 R 1A B E 43
Br, BRI T Z2 Mo H AR B 3k 73
B ARATE B P AR B A S

ARWFFEAF P 7~ SO R T7 25, LAH RESSAL40 Jfd (5
F C [ EST JF 41 CF576943.1 R H%r, il af B 7
REROARARAT T H BN AR C I, HAYIE B
T3 X 2 R R P 97 5 2 I A B i e
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KIRESEHEAT 3 B 5 P, 7 05 R H 58 A i
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1 ARSI

1.1 HE ScCyt C EEFFI%E
PIHRER M C 1Y EST JF41CF576943.1

IEREL 8 Blastn K2 H B EST £di 72 |, 5458
BE P Rl IR 9 HRE EST P4, il JH7EZE T A
CAP3 ( http://pbil. univ-lyonl. fr/cap3. php ) #£ 17 Hf
£, LPFHIF B9 contig B & fF MR R 41, FRIK L XS
R, HEA Y EST AT R R K P
JIr#3% contig 1 ORF Finder( http://www.ncbi.nlm.
nih. gov/ gorf/ gorf. html ) X {4 A $% HIF B2 A AE , A
2R 1) T LA HE DU Ry B PR 91
1.2 EWUEEFRESH

FIH ExPASy H' ProtParam pl/Mw ( http://web.
expasy. org/compute _pi/) 53 M 5& A i 2 4k 1 i
SignalP 4.1 Server ( http://www. cbs. dtu. dk/services/
SignalP/) 73 A1 4 A% 2 1 B9 17 =5 KA J5;
ProtScale ( http : //web.expasy. org/ protscale/ ) 43 T 2
SR E K FF Profun 2.2 Server (http://www.
cbs.dtu. dk/services/ProtFun/) Tl 25 [ W) T GE ; F|
H Psort (http ://www.psort.org/ ) 73 728 B & H 1
A E 7 ; SWISSMODEL ( http : //swissmodel. expasy.
org/ ) BEATHE BT AT, Fe )5 A Blast
AR I R TS
1.3 HIE ScCyt C BEEMRFRIEDN

K453 1 [ 1 e 51 [a] Y507 55 s 1) H R EST
FAIAE NCBI % — o s R4 X 48 EST 541 Y 6
i {7 B A5 B A7 EST 7 31 40 GUR IR, die e 3158
TEAN [F) ZH AP B 1 B LE ] B2 4% EST 7 510 2K Pk
B AR By AR A P 81 B, o B iz g T B 28
ZURE 5 P 3 35 00 FLAS 8] JB 38 4% 1R T 1 R GA

19100
2 RS540

2.1 HE ScCyt ¢ AW S

DhH BE R L4l e 2 % C 1Y EST JF 4
CF576943. 1 A%, 76 1 HE EST £40 A b L X i
e 1 R RNEM: R A H R EST J¥51, CAP3 #f
P E 4% EST %35 (Unigene ) 1Y 28 SAETUA H
EST J5 315 2 S B /F ), i@ i ORF Finder X
1 Blast 20 B tLXF, e &R 8 — 42K H
1 073 bpfy L H ¥ 51, 1% cDNA J3 51 2 A 58 % 1)
FFHC S HE (ORF,377 ~715 bp) , Zih 112 445
%, VLRI 918 — 2R SE B H RE A i 3% € 3
) cDNA JF51), 5444 ScCyt €, B 1N LT 3E e
FIRAR 0 55
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CTCGGCGAGCCCCCGACCAAACCCGAGACGCGTCCCACGAAATGCCCTAGCACGTAGCGC
CGCCGTCCCCAATCGAACGGGGCGTGGGGCGCCCACGCTTCCCGTGCACGCGCCGCCCAC
GGCTTCCTTATTCTCCAAGCCACGGAAACCTTCTCGAACCCTCCCCTTTCCCCATTCTAC
TCCTTTTCCACCCCTCGGCCCTCCGCTCTTCTCAGGGGCAGTTCCGTACTTCCATGACCT
GACGACCTCCAAGCCTGGTCTATAGAACAGCCGGGTCCCTGCGAATTCGGCGCAAGTCCA
AGGGCACACCAGAAGTTGCGGTTGGCTTCCTCCTCTTCTCCTCCGTCGGCTCAGACTCAG
ATCTCTGCTTGCGGCGATGGCGTCGTTCTCGGAGGCTCCCCCCGGGAACCCCAAGGCGGG
M A SFS EAUPUPGNUPIKAG
CGAGAAGATCTTCAAGACCAAGTGCGCGCAGTGCCACACGGTCGATAAGGGCGCCGGCCA
E K I F KT KU CAQUCWHTV DI KGAGH
CAAGCAAGGTCCAAACTTGAATGGTCTTTTTGGGAGGCAGTCGGGTACCACCGCAGGCTA
K Q G P NLNGLTFSGRIQSGTTAGY
CTCCTACTCTGCGGGAAACAAAAACAAGGCTGTGGTCTGGGAGGAGAACACTTTGTATGA
S YS A GNI KNI KAV VWETENTL Y E
GTACCTGCTTAACCCTAAAAAGTACATTCCTGGAACCAAGATGGTCTTCCCTGGGCTGAA
Y LLNPI K KYTWPSGT KMV FPGILK
GAAGCCGCAGGAGCGTGCTGATCTCATCGCGTACCTGAAGGAAGCAACTGCATAGTGCAA
K P Q ERADIU LTIAYTU LI KEA AT A *
TGACATGCCTTTGCCATGAAGAGATAAATTCGTTTTTGCAGTTTAATAAAGACATTTTAG
ACAATTTGGGTCACTCTGTTTGAACAGGGTGCAATCCACGTCTCACTATTTTCGTTCGTA
TGGTGTCGGTATTGAATGCCTAGGTGTTTAGCTGTGCACAAAAAACAGTTAAACTTTGAC
GGCTCCTATTTCAACTGCTGGAGAAATGCCAGTGCCCTATTTTTGACCACCAGATTGCGG
AACTGGAAATCTGGATGGAATGCATCCATTTTGAACAAAACAAACCCNATCTATTCCTCA
ATAAACTACACACTTATCTTTNTCTTTTCTAACACACTATCACACCCTCCTAA

B FEERESMHEHE ScCyt C £FH cDNA FIIREESHSERBFET( « ZIEZHBF)

Fig. 1 Nucleotide acid sequence and deduced amino acid sequence of sugarcaneScCyt C

gene obtained by in silico cloning ( * stop codon)

2.2 HE ScCyt C EEAMEMISEZDH

2.2.1  HEE ScCyt € FEHR Gt FEMR A — LR &5 4 T

R1 ScCyt C I—REMBI S

WIS TEL T E ExP ASy o H ScCyt C FHH 9% Tablel Primary structure analysis of ScCyt C
R FEFR AT — R T ( WL 1), AT 76 H R — LR LS 5
B Cyr C )—S5—ZR ZE R T 254 55 1 A AE HAAS G i) R A
R PR Cyr € FEFR 38 1) BRI 1 o K B0 LA (PT)
%:[SJ N A FRE( MW) / Da 12 165.9
2.2.2 HE ScCyt C 8 [ G045 M T R4 BAALATFRIE (Asp+Glu)

SEILTELEAE GOR IV X HBE ScCyt € 7B 1 TEARAERIE (Arg +Lys)
7 REE B (LI 2, % 2) | 455 R A% s Goss o Ry Orns
L7 o L AR 65.18% , EFAEAE 1 ~50aa, o- ARERSI)

5K (GRAVY) -0.651

W% 0 IE {1 B BT o A FU AR 22 AN 3 0 R 15.18%
F119.64% , o—12JEFE4EFLE 100~ 110aa,

i 07 B H (AT)

sansna o s oo o o [

20 40 60 80

20 40 60 80
2 HIE ScCyt C EB LK &Mmmm
Fig. 2 Predicted secondary structure of sugarcane ScCyt C protein
e JERERIX, TR i ; IR X S R ER X o BRIE

Notes: Short vertical bar area: Random coil; In the vertical bar area: Extended strand; Long vertical bar area: Alpha helix.
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%2 HIE ScCyt C AT REMTM S 2.2.3  HE ScCyt C 2 FUE5 BRI A5 Bt
Table 2 Secondary structure prediction of ScCyt C RRE AP 7= 5 Bk &5
sugarcane SeCyf € protein e 318 3 R 55 23 (4 b A TR L AT S
SO ES FALRRIEAE (1) TS (%) A B VI A5 0 0.110 FIS 1 A W AR i HAT
: . B A5 5 AR (50,112, 56 12 (LI &R AR H A
e HRIE Alpha heli v 18 B LA 0 I 4 0112, th T-RJGFS &
FE{H4% Extended strand 22 19.64 %@ﬁ%%ﬂgﬁﬂ*ﬂ%i@{ﬁﬁd\ 0.1 12( <0.5 ) , IJ_IIJ T’i{)ﬂ\u
ScCyt C FEH P gt i 8 AAAFAELS S IR, vz &
W WIE andom coi . SN oY r S 20 M 4—
AP andom ol K o (RAR SRR 11, 2 A 4 U AR AT
B-2JiE Beta turn 0 0 E%i@o Eﬁﬁj\ﬁﬁ%ﬁ%Eéﬁ*ﬁﬁiﬁ\]ﬂﬁﬁl‘fﬂlﬂi,
RHE I F il o GRS A 25 SR ARAE
C—score
Lor S—score
Y-score
0.8
0.6
& 04
02
T
MASFSEAPPGNPKAGEKIFKTKCAQCHTVKKGAGHKQGPNLNGLFGRQSGT TAGYSYSAGNKNKAVVWEE
0 10 20 30 40 50 60 70
Position
B3 H7E ScCyt C EHES KT
Fig. 3 Signal P-NN prediction for sugarcane ScCyt C protein
#3 HEScCyt C BABSHKEN PERUSS RN E 4 Bz, 26 107 A7 HAT feds i N
Table 3 Signal P-NN prediction for sugarcane ScCyt C protein 0‘700’51[] Bk ; 596 i B Bk ﬁ:HE—Z.lZZ ,
S fir S HIAE S MRS, Cyt C HEH Frgmid & HIF 5] GRAVY
max. C 23 0.110 {HM-0.651, HAEMH R#E ScCyt C J&—FhE/KEH
max. Y 12 0.112 0 ProtScale output for user sequence
max.S 1 0.129 . ' Hphob./Kyte & Doolittle

0.5} 1 | : | J
mean S 1-11 0.111
D I-11 0.112 x Or 1 ! }\ T
05 b+ JHh e [\ I} !j\ \/

TE: C score: JBUATTYINL G M S score: {5 S IREIZME; Y score: % f U
LA YIVIRL AU 43 (5 S — mean < 5 5 IR A3 L 9F {5 D score: 7o NIERIE
S meanFll Y—max HIACT-HIME 151 T
Notes; C score: Scores of Putative cleavage site; S score: Scores of
Signal peptide; Y score: Scores of Synthesis cleavage site S—mean :the 207
average of the S—score; D score: A weighted average of the S—mean and -2.5 g * ' :
20 40 60 80 100
the Y-max scores.
Position
2.2.4  HHE ScCyt C 3 HBR/K L/ 256 K P A T I A 4 HIEScCyt C BASREBAKML KSR
gl Fig. 4 Predicted hydrophobicity/hydrophilicity of the

ScCyt C I PR T 2 i G B R 7 91 )8 7K 1/ S5 K amino acid sequence of sugarcane ScCyt C protein
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2.2.5 HE ScCyt C 2H [ =45 i
HHE ScCyt C A =S5 45 L s
7+ ScCyt C 472 [a] 25 14 L4 JG A0 0] 2 it R e oy

E, O RIZEH S IR FORAERT Gy C HABY
=S ISR AU, 4528 R IR A = 22 W) 25
FAE DU o s BEAR AR

ScCytC

Zea mays

Setaria italica Sorghum bicolor

5 HIE ScCyt C EB =LK
Fig.5 Predicted third structure of sugarcaneScCyt C protein

2.2.6  HE ScCyt C AW IhRETM
HE ScCyt C FR T Re I 45 R 4Nk 4 Fros,
ZEAN R EETIRE N B, b —E RS
TN s A AT R R R MR AR RE R
I AWLI
* 4 HIE ScCyt C EATHEETN

Table 4 Function prediction for sugarcane ScCyt C protein

rREAE I REE
HH% ( Translation ) 6.060
52 1 55 %% 53 ( Replication_and_transcription ) 1.265
e8] AR ( Central_intermediary_metabolism ) 1.108
SR AR (Fatty_acid_metabolism) 1.101
e i BRI ( Energy_metabolism ) 0.807

2.2.7 HE ScCyt C 2 140 i 2 A
ScCyt C & [V 20 A e 4o TR 25 SR a3k 5 i
HHE ScCyt C 2 H W] g2 o T 4 B o 5l - i

T AR C 2 A — AR w EEA
FAGIBIA  FELRA RIS | AR (A 2R H W 2
TE LT 3 FAR DG AR R 42 1 52 & Wy it v, D) st )
SR IPRAHAT
x5 HEEScCyt C EAMTHAME AL
Table 5 Subcellular location ofScCyt C protein

A0 B A7 HER

AL ( cytoplasm ) 0.650

-2 A 3L i ( chloroplast stroma ) 0.200
234 A 944 ( chloroplast thylakoid membrane) 0.200
2344 P 224423 1] ( chloroplast thylakoid space) 0.200

2.2.8  HE ScCyt C & FH R A5 s

ScCyt C £ 1P~ 45 K U500 45 51 40 141 6 Fir
7~ HE ScCyt C # F41% Cytochrom C superfamily
— MRSFEHBL

Putative conserved domains have been detected, click on the image below for detailed results

1 15 30 45 60 75 90 105 112
Query seq. ettt
Super families ( Cytochrom_c super family )

Nulti—-domains

B 6 HE ScCyt C EBMRSFEMIES
Fig.6 Conserved domain prediction of ScCyt C protein

2.2.9 HHE ScCyt C H M RIIRARRRT I LT 5
A

ffiF NCBI H1 (1) Blastp #2)5, XJ H I ScCyt C 2
H AR FEFR AT RIRME /T . 1 HE K (Zea mays_
eb INP_001170028.111) \}iliéik( Setaria italica_gb | XP
_004962043.11 1) . FH%( Sorghum bicolor _gb | XP _

002439820.11 1) , B 4% 2 ( Solanum tuberosum _gb |
AFX66977.11 1) F i ( Solanun lycopersicum_gb | XP_
004230430.111) 7K ( Oryza sativa Japonica Group_
¢bINP_00105 5578.111) [ H %% ( Helianthus annuus
_gb 1 P00070. 3 | ) A1 — ## J& 4% %% ( Brachypodium
distachyon_gb | XP_003568426.1 | ) #4720 #87 , 8 1Y
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FIETR 75 AU 535 A 99 % 99 % . 98% 94% . G SR PP AR HORE L BOK SER I SE K

94% 93 % 92%H1 91 %,

R332, R @ XU A B A il | % SR H R [R]

FHERAF DNAMAN 32 B3 HRES Bk 8 JREEUR, (H A [F 9 Ff 4 [R) U5 1% 25 35 90% LA I, X
MEGHFTE Cyt C EAREERIFI(E 7)),  AILDERERIZER], HI, %35 A R i e
Frh A RAR G AR (B 8) , IIE 7 rTLAE H,  BA RSO IE, B TR0 0 & B8 T R — A4
[ J B AL B H R EOR R B . I8 R KR

FE K NP_001170028.1
FEK XP_004962043.1
i %k XP_002439820.1
JKAE NP_001055578.1
1] H 2% P00070.3

T HESEAR R XP_003568426.1

DA AFX66977.1
i XP_004230430.1
H# SeCyt C

Consensus

FKNP_001170028.1
5K XP_004962043.1
E¥ XP_002439820.1
JKAENP_001055578.1
i) H 2% P00070.3

AR R XP_003568426.1

TR B AFX66977.1
i XP_004230430.1
HJ#E ScCyt C

Consensus

&7

A RGN FCEK LEK TKCAQCHTVRK CAGHK CCENLNGLFGRCSCTTHCYSY I8
VAS H HVACEKTFKTKCACCHTVKGAGCHKCCENLNGLECRCSCTTIACYSY J3€
VAS HKGAGHKQGENINGIEGPQSGTTHGYSY
A H RGN CER LR TRCACCHT§RCACHRCCENLNGLECRCSCTTiCYSY {18
sl CNICEK LERTRCAQCHTVBKCAGHRCCENINGLECRCSCTTiCYSY I8

IVAS H Bz CEKTEKTKCACCHTBKCACHKCCENINCLECRCSCT
[VAS H Bz CEKTEKTKCACCHTVBKCACHKCCENINCLECRCSCT

[VASHAFAHECNHACEK TFKTRCACCHTVBKCACHKCCENINGLECRCSCTTAGY SY VA

=

;

/A E@ ECEKTEKTKCACCHTVBKCACHRCCENINCLECRCSCTTRECYSY IQE

f eap gnp gekifktkcagchtv kgaghkogenlnglfgrgsgtt gysys

=
V1)
9]

BYT INEKKYTECTKVVE ECIKKEQARACT IF‘YI 4
JA\

BYT TNEKKYTECTKNMVEECLKKEQAERALCT

%;E BYI I NFKKY IEGTKNVEECLKKP
BYI I NFKKYIECTKMVEECIKKEQBRALT IR YT KA TR
NKNEEVMHEEN T YR YT LNERKY TECTKIVVEECLKKEQRALL 13 YT KIA T
INKg N EEN T YR YT LNERKY TECTKIVEECLKKEQRATL 3 YT KA
RN AR E T 8 Y1 [ NERRY TECTRVEECLRKECRRAL TRYTKINTA

nkn av w e tly yllngckkyipgtkmvfrglkkeg radli ylk t

YK

ZaZ IZ|IZ8Z(I=
KRR ARR

HEE ScCyt C EESHEEYMEANSERF 5 Lt

Fig.7 Homology analysis of ScCyt C encodes amino acid sequences and those from other plant species

0.05

0.015

0.008

= =55 XP_002439820.1:0.008
0.007 | (1.

02 .
— Sk XP_004962043.1:0.009

0.009

0.007 _|_ FEKNP_001170028.1:0.019
0.007 ¥

JE ScCyt C:0.010

1] H 2% P00070.3:0.060

0.031 JKFENP_001055578.1:0.022

0.006

| S V1 XP_003568426.1:0.039
0.010 L 0.022
— LA AFX66977.1:0.020

0.016 m &1 XP_004230430.1:0.019

8 AFEMET Oy C EESERFIH R

Fig.8 Phylogenetic tree of nine plant species based on amino acid sequences of the Cyt C gene

2.3 HIE ScCyt C EEMRBFRIESH PPl Rk S HABH SRR p R s A b,
HBE ScCyr ¢ LB TRIBSR K 6 M1 PIEMMIZEP R R & AL, BN YR IK 32
B OB A8 H RIS RS AL A 25 ki KR (L 6,181 9) .
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Fx6 HIE SOyt CERBETRIESHTH EST HEER

Table 6 EST classification results analysis

MK ESTFS) AR K P
ScCyt C 28 AR (root) 7
HR 25 ( crown) 3
AEJF (inflorescence) 3
I H (leaf) 2
25 (stem) 7
A HA (callus) 1 lowtemperature 1
ZER (meristem) 4
T (developing seed) 1
I
& 28
SIS
b [
3
=2
9 &,
K X o o W o e
RIS e K VB o 8 (o
ﬁ@)« 0\\0«" X T g})\‘ A
W LT
AR

Tissue type

B9 HE ScCyt C ERBFRIENITER
Fig.9 The electronic expression analysis result of ScCyt C gene

3 45 &

FL 5 P T FL R38R R Hhy 1 L (o 3 4k
PREE L2 2 N T O H T ol i P 3k R v e I
Hk o™ H R EST Bk b & T kY
28 Ji %% EST, L& Ree Ak b 4 55 H A9 4 SE 1A
4 XU T 5T T AR TR AT R R
i B H AR LR I X LR R AT A AT I T A7 1
HEBAPE . AW 5838 i H - e R R ARAS T H R 40 i
0 C I —%% cDNA 2K F5, A=W 15 807
RS REI . HE Cye € FEH 2K 1073 bp, 4t 112
ANEIR, EATEE R E, 5 T34 1.29 kDa, &
LT IE FLAr , PR A o 2 PR A T 4 o i
PR it 2 1 o AR R K B 1, O i o
oy ) e S I W U SS 0) 1 5 e = Y e
B, orbriddEn, HEdia R C 2o 18/, %
TEHLT, B B /K B 1, X ST F WF SR 45 S AR B
A HRERY Cyt C 2R A5 HAb R 9 R R 51 H
XF, R B RSP, = R S5 R C4 BT
AR 1) K SRR = SRR R AL, 5 B A )
ChERTE T RRMER 5k 90% LA I X A — 3 2
JE LU Cyt C B AT LA 98 A4 Wit fb i 1R 35
PE M, 59—, AR H Unigene £ B 73

Prr HEEA (R C HEN B i T RIBTE O, i R 5
28 ZR [ PR = 1 EST Fpa) i B 7 H A 4
ZUA R, e A28 HR P i Rk 1 L Al 2H 21
ARy A AN B 238 W] BE 32 BRIl
AT . R ST Gyt € FER 5 ML A& R O,
TEN T AR Be EAE i SRk i A R
HLF R IR T I 4 1w ik — P il € B PCR i
Northern Z8 5 SF AR T B IE 5 563 . AT A
PP IRABETE H BRI (R C FEI R4k S H:
IIREBERE | — € HYHEA
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