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Abstract: MONOCULM 1(MOCI) ,a gene that is important in the regulation of plant tillering, which plays a
significant role in the formation of plant axillary meristem and axillary bud. In this study, the homolog of MOCI
which named SeMOCI was cloned from sugarcane variety ROC22 by a series of technologies including homologous
gene cloning method , reverse transcription PCR( RT-PCR ) and rapid amplification of ¢cDNA ends( RACE) . Bioinfor-
matics analysis showed that the ¢cDNA of SeMOC! contained a complete open reading frame with a length of 1299 bp
and encoded a secreted protein containing a GRAS conservative structure domain. The protein was predicted to
encode 432 amino acid residues with a molecular mass of 45. 43 kD and bioelectric point value of 6. 98. Sequence
alignment analysis showed ScMOC1 keep a high sequence identity with some poaceae family plants homologous

proteins such as Sorghum bicolor (L. ) Moench , Leymus secalinus ( Georgi) Tzvel. and Oryza sativa L. . The genetic
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relationship of ScMOCI1 and its homologous proteins was analyzed and showed that ScMOC1 had a closest evolution-
ary relationship with it’s homologous proteins from Sorghum bicolor( L. ) Moench , Setaria italica (L. ) P. Beauv. and
Zea mays L. in the NJ phylogenetic tree. In order to understand the sequence variation of SeMOCI in ROC22,we
cloned SeMOCI from sugarcane variety ROC22 and genetic transformed to Escherichia coli ,then 30 clones were ran-
domly selected to sequence and analysis, totally 46 SNPs and 29 InDels were identified in these clones. Among these
variation sites,one deletion and the other 4 insertion of bases were the main causes of the changes for the gene enco-
ding protein sequences. Neutrality tests showed that no purifying selection occurred of SeMOCI in ROC22. Real time
fluorescent quantitative-PCR ( qPCR ) was used to analyze the expression pattern of the gene in six different tissues
(root,stem, leaf , tiller bud,leaf sheath and stem apex) of tillering stage sugarcane and stem apex , axillary buds with
different size (tender axillary bud ,medium axillary bud, largish axillary bud , mature dormant axillary bud) , the re-
sult showed that SeMOCI was constitutively expressed in ROC22 and highest expressed in stem apex at the tillering
stage , while presented an expression tendency of “up-down-up-down” at the axillary buds formation and develop-
ment period, so we predicted that SeMOCI played a role in the formation and development of sugarcane axillary
buds. According to these researches,we speculated that SeMOCI might play a key role in the regulation of tillering

trait of sugarcane. These results obtained above will provide a theoretical foundation for function analysis of SeMOCI

and molecular assisted selection of sugarcane yield in the future.
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Table 1 Primers used for ScMOCI amplification
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SMARTER™ RACE ¢DNA Amplification Kit 3¢ 8- 1
7o
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V5191 (£ 1) P18 SeMOCT 1Y 52 B b5 X 741,
J¥ i 3f DNAMAN 5.0 #FF0 UniProt 7E£8 T H Lt
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144 Fx

Primer name

JF31(5'-3")
Sequences(5'-3")

Uik

Function

SMOC-751-F GACGAGACGCTGGCTGTCAACT RT-PCR ¥
ScMOC-1239-R CGTCTGCCACCCGAGAAAGC RT-PCR amplification
ScMOC1-60-3d GCTTGCCGCCTTCTTGAAGTGGGTC 3'RACE ¥4
ScMOC1-108-3d GACCGTCGCGGAGAGGGAGACAATC 3’RACE amplification
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE §"#
NUPM AAGCAGTGGTATCAACGCAGAGT RACE amplification

ScMOC1-446-5d
ScMOC1-803-5d

AGGTAGCCCTCCGACGGGTAGTGC
TGCCCGCCTAGCTTGTGCAAGAACA

5'RACE §"1¢
5'RACE amplification

ScMOCI1-123F CGTCGAAGCTATGCTCA ity X K1
ScMOC1-1538R TAGTGAGCGAGCCAAAC CDS amplification of gene
GAPDH-F CACGGCCACTGGAAGCA s i PCR
GAPDH-R TCCTCAGGGTTCCTGATGCC Real-time PCR
QMOC1-782F AGACGCTGGCCGTCAACT
QMOC1-866R GCCTTGACCCACTTCAAGA
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R ] LSS A G EE T EAT RN, SR A
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DNA h AR, g 15 X 42 K 51 %) SeMOC1-123F Fll
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(EARBRAE R F R a4 ) o 0 235 A0 FH 4K
- DNAMAN 5.0 MEGA 6.0 HI DnaSP 5. 10 #F47 %



4 1 ZENBIRSE  HE MOCT R (SeMOCT ) W i B 5 338 3Bt 737

NI

1.2.5 ScMOCI ERHKKARHEEE PCR Rix S
W RIEC ARG SeMOCT 751, f# ] Primer Express
3.0. 1 BE156E R PCR 514, UL H. Ling 251 % %
(¥) GAPDH 251 W1 D NS N 518, 5195
FIW, EFe 1, A TaKaRa A &) PrimeScriptTM RT
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SYBR® Premix Ex Taq™ II ( TIi RNaseH Plus) , ROX
plus IR &, &R G UL B T4 € i PCR {4
ZH 20 pL, fL 5 cDNA B (50 ng/pl) 2 plL,
SYBR®Premix Ex Taq™ I (Tli RNaseH Plus) (2 x )
10.0 pL, E F## 51 % (10 pmol/L) 0.8 wL.ROX
Reference Dye I1(50 x )0.4 pL #1 H,0 6 pL, KHMH
#3: PCR §718 .95 °C 30 5395 °C 5 5,60 °C 34 5,40 4~
FEFR;95 °C 15 ;60 °C 1 min;95 °C 15 s, B MEMIK
3 WA AELE N 3 KEARTEL , {E ABI Vil Real
time PCR System ( Applied Biosystems, USA) [ #4171
5o IJE A 29N SeMOCT AIXT R IR &L,

2 H#RESH
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ROC22 K i RNA $2 UG FL UK IR 3 FR 504
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230 7£ 2. 00 ~2.20 [a], F B Fr#E L RNA i 50 %,
BEFLERTE, 55 LmEKR (K 1A), fR5FIX
FBE RT-PCR 4™ #5543 1 ) 15 31— 2% 489 bp 1Y
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(B 1C) My 43 B 22 BRI 5043 305 4 K 658 bp
(=B 5 14) A poly A 454, S5 SAEHE
( Dichanthium annulatum ( Forssk. ) Stapf) MOCIA %
BRI IO P S AR A 53 31 5 35 99. 2% 1 97. 6% , B ik
T 18 SeMOCI 3' RACE J¥% 19 iE #i 7., 5'RACE
PCR ¥ 34455 1000 bp 247 254 (L 1D) #5143 H7
HAK R 967 bp (LBREMHTIY) , 5 &R LR
(Oryza alta L. ) /NAZ MOCIT [5) 353 R X6 R 51 A7
U 72.2% F1 71% |, 3 BA BF 3545 7 510 2 1 A 1Y)
SeMOCI 5'RACE J#41
2.3 ScMOC1 EETERBX 15

iR 3 BR AP B — 4% 1674 bp YPHET
G, FAL & Y e R T B B HEAT 1410 bp, 5 3
MOCIA FE X FE AR R ik 98. 3% , W10 3R W]
PHEM BB HI R IEH I SeMOCT SRt IX ¥ 51, 56
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W EE) ZF9)5 SeMOCT PF9m15 X 5751 Fl
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4% % NCBI( Gen-Bank 1D ;KP876558. 1) ,

M 7 M 8

E

A:1,2 2 ROC22 B K kAL RNA HLUREER B 23,4 O SeMOCT T3 4k X P HE S5 AL (H Sk P 454
C:5,6 2 SeMOCI 3'RACE Z5 R (i k6 5671F) ;D7 9 SeMOCI 5" RACE 25 E:8 g SeMOCT S¢S X 5 HE 45 L
A:1,2 are agarose gel electrophoresis results for total RNA from stem apex of ROC22,B:3,4 are amplification results of SeMOCI’s

parts of coding region( the band marked by arrow) ,C:5,6 are the 3'RACE results of SeMOCI ( the band marked by arrow) ,
D.7 is the 5'RACE result of SeMOCI ,E .8 is the result of complete coding region of SeMOCI
E1 ROC22 EXRAKAE RNA REUK ScMOCT R¥EGRAT B WRIKER
Fig.1 Agarose gel electrophoresis for total RNA from stem apex of ROC22 and RT-PCR amplification products of ScMOC1
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2.4.1 ScMOCI FHI&EMaH @EdrEdk TH
ORF finder 43 #1 & Bl SeMOCI ) ¢DNA 15 — 4~
1299 bp Y 58 & FF i ) 1324, g Bt 432 /> 2 5L 1

11 atgctcagctcactccaccaccaccactcctectectectecgac
LS5 5L HHHHSSE S 5 58D
96 accgacaacaacaatggcaacaagaacggcagcagcggcaacage
T D N N NG NEWDNGS S5 G N S
101 ggcggegteetegeggeggcggtgecgtecgegegggacctegty
G G VL & & & V P S5 & R DLV
146 ctggectgegecgacctgetgeagegeggggacctccaggecgeg
L 4 C A DVLIL®@RGDTL Q@ 4 4
191 cgccgegecgegggggtectectgtecgeggegteccegegegec
R R &4 4 G VY LL 5 4 & 5 P R &
236 gacgccgccgaccggctegectaccacttegegegegegetegeg
D & & DFRUL & Y HPF & R & L &
281 ctccaggcggatgtcagggccgecgecgegggecgegtegtegec
L @ 4DV R & 4 & & G R ¥V V 4
326 ccgggettggtegctgeogecgetacttectecgeegecgegegg
P G L V & & & & T 5 5 4 & & R
371 ccggegtegtetggegectacctegegttcaaccagategegece
F & 5 58 G & YL & F NQTI & F
416 ttcctgegcttegegcacctaacggcgaaccaggecatectegac
F LRF & HLT4& N Q4 I L D
461 gccgtcgagggcgegegecgaatecacatectegacetggacgec
4 V E G & R R I HTIULTUDTLDA&
506 gcgcacggegtgeagtggoegectetectgeaggegategecgzaa
4 H GV Q¥ P PLILOQU4ZTI & E
981 cgegacgacccggeegegggacegecggaggtgegeatecacegge
R DDP & ALGPPEVERTIT®G
996 gccggcgecgacegggacaccectectecgcaceggeagecgecte
4 G &4 DRDTULTLU RTG G S RL
641 cgcgecttcgeccgctecatecagetececttecacttcacgecy
R 4 F &R S5 I QLPFHTFTP

( Gen-Bank ID: AMB19792.1),

Conserved domain

search 1E £ 70 T i 7R HA & — > GRAS fR5F &5

B, J&F GRAS RKGHEM (K 2,K3),

641 cgegocttogocegetocatecagetecccttocacttcacgecs
R 4 F &R 5 I QL PVFHFTF
686 ctcctgototoctgegecgetacecatcatcatcageaggtegee
L LLSC4 4 THUHUHEOQIQV 4
731 agcacgagcaccacgaccaccacttcgagtgeggecacgagects
5 TS TTTTT S S & 4 T S5 L
776 gagctgcacccggacgagacgcetggocgtcaactgegtcatgttc
ELHPDETTLOSSGYNTCVHNTF
821 ttgcacaagctaggcgggeaggacgagettgecgecttcttgaag
L HELG GG GOQDETLWUSALALF LK
866 tgggtcaagsgccatggocccegeegtggtgacegtogoggagags
¥ v K &4 ¥ &4 P & V V TV 4 ER
911 gagacaatcggcegggggtttegaccgeategacgacetzececag
ETIGGGFDZRTIUDTDTLPFPQ
956 cgggecgeagtttccatggatcactacteggcegtgttegagscs
R 4 &4 V 5 D HTY S 4 V F E 4
1001 ctcgaggcgactgtgecgecggggagccgggageggctageggty
L EA4A TV PPGSERET RTLAV
1046 gagcaggaggtgeteggeagggagategacgecgegetgggtece
EQ EVLGURETITDUSLALL G 4
1091 tccggtgzggagstggtgscgcggactegaacggtggggagecgcyg
5 ¢ GR ¥ W¥ERGULET RUWG & &
1136 gcgegegecgecggattegeggegeggecgetecagegegttezee
4 R 4 &4 G F &4 &4 R P L S 4 F 4
1181 gtgtcgcaggcacggetgetgetgeggetgeactacecgteggag
v 5 4 RLLLUERTLUHTYFPSE
1226 ggctacctcgtgecaggaggegegeggegegtgetttetegggtas
G YL VQEARGACTFLGYVW
1271 cagacgcggeogetgetgteegtgtegtegtggeagtag 1309
Q TR PLIUL S V¥ S5 5 ¥ Q *

2 ScMOCI #J ORF R EHSENREBIRERFT

Fig.2 The complete open reading frame of ScMOCI and deduced amino acid sequence

Query seq.
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Fig. 3 Prediction of conserved domain of ScMOCI1 protein
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92. 87, MOE- 435K 0. 038 5;\? 0.5~0.52
B), DU L n] e R P B 1, R/ K (R 5 A
4,,\':F'§F~' 48 v ELA e i o E, b 2. 444 5K
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Ll
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Fig.4 Hydrophilicity/hydrophobicity prediction of ScMOC1
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2.4.3 ScMOC1 ESM. ZEMESMERILH
BRI FM  fdi ] SignalP 4.1 T.HF1 ¢NLS mpper
BTN SeMOCT 25 A9 {55 KR 2 LM 5, 45
R SeMOCT 5 48 1 iR &R ( Cys ) FRFEH A
B YA B AME 0. 122 (B 5) L 45 48 {7 4K R
W2 (Tyr) BRI HA s W0 45 A BT VI A543 0. 115,
55 47 {57 1 22 %R ( Ser ) BRIEHA Femi 15 5 KA
0.171; 11 THe 5 BARE 5 I R 0. 107, /T
0.5 4 SeMOCT R T 4w i 1) & AR R A
1N | N e = R E IR = o 2 e A (==
ProtComp Version 9. 0 7£ £¢ # {1t il % B ScMOC1
TENL T UM AZ ) BLAE N 9. 87, HARFRALBR T
IRFER I FRAME R 0. 12, AL B FR 738 0. 01
Ah, 24970 0. 00, T HEWT SeMOCT 25 11 %E 7 T 41 i
% 9 B AT RE PR AR K, T BB R — N TE AN A N &
PR RN T, 3T %% A RA A ENME
5 AR A B X — 4 a5 5 UK R Y MOCT
EEAM

SignalP—4.1 prediction(euk networks): Sequence

C—-score ——
1.0 S—score
Y-score
0.8
0.6
2
3
» 0.4
0.2

oo [T AT,

MLSSL LAAAVPSARDLVLACADLLORGDLOAARRAAGVLLSA|

0 10 20 30 40 50 60 70
Position
C-score ; BYYI AL E 3 ; S-score : 5 5 IKSHE ;
Y-score:C Fll S-score ZFA43HE
C-score ; Cleavage site score,S-score; Signal peptide score,
Y-score: Combined cleavage site score
B 5 ScMOC1 155 EAF
Fig. 5 Signal peptide prediction of SCMOCI1 protein

2.4.4 ScMOC1 By Z st fnhe T {4
SOPMA HAETHI ScMOCT 45 A i 2 4 ¥y | 45 St
Kl6 fn, iz 1 E 8 W o 48058 (h) | JCHLIN 4
(¢) B-HrE(e) F1 B-5EAA (0) K, Hirh o $RE i
2, LBy 48. 84% , FLyR Sy JC #8045 il (29. 63% )
M B-HE (12.27% ) , B-F5fHc/0 (9.26% ) ., i
TEL AT ProtFun 2. 2 Fill SeMOC1 2 HYJHE , il
SERANT R 2 PR, 408 =35 A B —iR o R
B 42 DI HE 4325 ( Functional category ) , 55 3B/ J2 i

%ﬁﬂk@@?@ ( Enzyme/nonenzyme) R %E%ﬁ%%%
AAKSr2E (Gene ontology category ) , 25 H: 2 1% &
FIFERES Fms g | fe f Qi S fgh & iR - m
QIR A A At A v Rk FE )RR 1 T BB 1 43 i
0.549 0. 309 0. 195 .0. 181 Fl1 0. 162 ; A i 2 Fl I il
KA RENES> BN 0. 754 F1 0. 246 1F M5 55 T
o3 sk s R e s IR R 0 R Re T
35154 0. 122 0. 051 ,0. 025 F110. 021, I &k 755 T HeAth
Uit LREFHIEITA g R, KW SeMOC1 4
[ A BB AE IS T e DL K B f A 4 B b R 43S
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Fig. 6 Secondary structure analysis of SCMOC1
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Table 2 Function prediction results of SCMOC1

a2 2 RN NG ES
, = JLE xR LR
Functional Gene ontology
Probability Odds Probability Odds
category category

FIHMAEYAER  0.162  7.360 F5HS4F  0.122  0.571

WHFEWAR 0181 2.513 Ak 0.003 0.018
240 0 B A5 0.060 0.992 W 0.001  0.206
A n T 0.027 0.373 HEKRHETF 0.018 1.314
e ERE 0,052 0.833 FiElNF 0.025 0.230
AR R AR 0.309 3.431 HsRiEFEEF 0.021  0.167

AN 0.029 2.194  HUJEME 0.005 0.249

I

TR I E 0.549 2.259 4iMEA 0.003 0.116
T e 0.022 0.135 [MHET##E  0.010 0.169
52 Ang Sk 0.037 0.138 R 0.009 0.102
B 0.045 1.013  FRBEN 0.016 0.186
Eem Mg A 0.195 0.477 &BEFHiE  0.009 0.020
ity 0.754 2.632 BT 0.010  0.220
E[QIES 0.246 0.345 EERNHT 0.051  0.397
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Fig. 7 Prediction of the tertiary structure of ScMOCI and it’s homologous protein
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Fig. 8 Sequence alignment of amino acid residues of SCMOCI1 and it’s homologous protein
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Fig. 9 NJ phylogenetic tree of ScMOCI1 and it’s homologous proteins of other plants
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Fig. 10 Agarose gel electrophoresis for the PCR products

of ScMOCI and it’s positive clones
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Fig. 11 DNA sequence similarity of ScMOCI in ROC22
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