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Abstract As an important post-translational modification, sumoylation SUMO participates in a number of bio-
logical processes, including plant disease resistance, signal transduction and drought tolerance et al. Using an EST
of a small ubiquitin-related modifier gene as the query probe to blast cotton EST database, a SUMO gene, with a
complete open reading fragment (ORF) 396 bp encoding a protein of 95 amino acids, was successfully obtained in
silico cloning and was named GhSUMQ. The GhSUMO gene was verified by PCR amplifications using the cDNA
and DNA templates from the root of upland cotton Yumian 21, which was of resistance to Verticillium wilt, and
sequencing results showed that the GRSUMO had no intron. Sequence analysis showed that the protein has a con-
served ubigitin domain, the C-terminal double Gly fracture/Connection site, a conservative hydrophobic surface
and an Ulpl-Smt3 interaction sites. Phylogenetic analysis showed the GhSUMO was highly identical with its or-
tholog from Ricinus communis, and the next most similar orthologs coming from other dicotyledons, but far away
from monocotyledons. Quantitative PCR analysis showed that GhSUMO expression was significantly uprelated at
the 48 h past innoculation with Verticillium dahliae, and the fold of relative gene expression at 96 h reached, more
than 5 times. The induced expression of GhSUMO suggested that the gene may play important roles in the mecha-
nism of resitance to Verticillium wilt of upland cotton.
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F3 A6 5 295 (Verticillium wilt) & —Fh 455 %,
BREam JiEE, & iR ERENE—
WE. RERMA LK MAE, et ERES
FREBRAEAEZERW, MBERLE S —HZH.
WERRHIL, JCHEEBHRI AT MR
AFEE. BB v AR A B A R E R AR A
FE LB AR — AN A . R BUR SR e R —
PP B 85 A RO CR IR L T 355 78 U0 i 75
R PURILEIF S RSP BR MR . AR
WEMH, th5% L2 EREMAERRELE. BT,
HTFHTER R 2 (resistance gene) ¥ 4 72 B (R #L #1
%£,2003), HTHAETUREEFHRKNE D EH
(defence gene) (Gao et al., 2006), T EL EHRES
H R I 2 A L J FE AH 5% (pathogenesis-related, PR)
HENMEEMntER RmERNE, ¥ RLELT
JR B (Chitinase, CHT) (24145 55, 2005)F1 g—1,3- i
FEVERS(R—1,3-glucanase, GLU)E:F(RFK A%, 2004).

N T FEREE MK (small ubiquitin-related mod-
ifier, SUMO) R — R LB FE T HZAEY P RA K
B, M ESEZEMPA T RY. BEEN
SUMO iR & O R Y %R —Fh B2
WEHE, TE25RAZMRIESRE, ER5E
BW.ETHEEESES.DNA G BE R AN
AR RERAEYTERESRE T HHRESE T3 E
B (R A ZE 6T, 2004). H |, A 5548 SUMO
WAB A 7E A W) Th 6 7 T BT AT b T RS P B BR .
Hanania (19997 & IR KDL, BB A RVERE
FE A SUMO M H &, e 1l s S &~ A0
RN, 3F B EEF 5+ SUMO R IEFH W
il BIX %53 IR 8 SN

AP 9T AT B B BB B 5 S PO it
¥R 21 5 SSH XFES, LiRRIE sumMo HEHK
EST 15 B, R 7 R 7%, Blast i &
GenBank H1KE1E EST $¥E &, BHEERIVE ) EST /¢
B, KB T A suMo ZEFHHRLIX cDNA 2K
%, @it PCR B LB LH, FHRHEDRE
SR ITT %% cDNA FFHIHHT T 4087, RIS
H PCR WAL T %A% 21 SAEEEREEMN AR
IR R I RIEE . hidt— SR %R
FETURPLELAI RAGIE B P BEE T 24t

145R59H

1.1 B4 GhSUMO %5 X cDNA FF 5y F ek
LLAD ) 2 A AL (SSHBAR KB I — K EF K

ik EST 415 BIREr, X fe EST 33 FEE 4T RIYE 8
RIFHI P, SRIGHIF 4 EST FF3(DW505475 Fl
TA22328 36351E AP ERIRIE EST, KE5ER
BHEFIMHUEREEY R 100%. HELSH TR
CAP EST Assembler f2/7 ¥ ik 2 &1%i% EST £ 51
HEAT Contig $H#%, 4R ETRBEBEE—NEEBHK
4 396 bp ] Contig. @it NCBI ZEZ: 54 T B ORF
finder Al 55 28 %F BT HF 2 ) cDNA FE 51347 FF s g
HEZRH 2R, R EHA e B mID X FF I P 5 HE . Bf
AR T TSI E 1,

GhSUMO

(EF-S 31

Information probe

TA22328_3635

DW505475

B 1 %48 21 5 GhSUMO R E%iGIX cDNA FIBHER R E
Figure 1 Diagram of GhSUMO of Yumian 21 encoding region
cDNA assembly

1.2 1R E E 4 DNA 15 RNA K GhSUMO &
E 485X £ cDNA KRB

BIEAS 21 B2 K4 DNA, 4886
I R4 DNA ) ODogy 14 1.87, REAEB R
T HE pE T B L Uk 65 SR R A R B (] 2), 224 DNA
ToRef®, seEEMEEN. UL LRBEEEFKERFZ DNA
A LU T3 18 suMo &K EF K PCR B . 477118
REMEEREURRENEZRENRIB21 5
BCORNA, 4966 E 7l 8 RNA [{] ODy M
ODy, 1E43 5124 2.01 01 1,99, £ H] 5 RNA 4 fF R,
vk 45 AR 0, 28S/18S Z9%F 2, AT LA T ¢cDNA
B A RS SR SR (E 3).

FIFHERF X 3 V8 GRSUMOF F1 GhRSUMOR
BIMAL, ARINHEAE 21 FKH DNA il cDNA #
ITH 18, B A BoK B —3, ¥90h 437 bp 4 (B 4).
Bl e P45 RS N EER T TE 5.

1

4500 bp

& 2 B 21 SEEE4 DNA ksl
Figure 2 Gel electrophoresis of Yumian 21 genomic DNA
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1 2 3 4 5 6 7

800 bp 188

B3 %45 21 5 RNA ks

T 1~7: BB 5 UM I 1] (h)

Figure 3 Gel electrophoresis of total RNA of cotton (Yumian 21)
Note: 1~7: The time collecting material after inoculation (h)

1 2 3

500 bp
250 bp

P 4 PCR =438 i ik A )

¥: 1: DNA 4+ 1 B4R DL2000; 2: 2 K141 DNA ¥ 38 7=4); 3:
cDNA {384

Figure 4 Gel electrophoresis of PCR products

Note: 1: DNA molecular weight standard Marker DL2000; 2: PCR
product from genomic DNA; 3: PCR product from cDNA

| AGTACCAGTCCATGCTCCGGCCOCCATEOCEE0CECGEGARTICGATTAMATCACCGAGS
61  AARACARAGETOTCOHGCCAGCARGAAGAAGATAAGAAACOCGGCGATCAGTCCGUCGCTC
M S 6G¢QQEETDEKTEKTPG®GDO QS A A
121 ACATCAACCTCAAAGTCAAAGGCCAGGACOGGAATGAAGTTTICT TCAGGATCAAARGAA
HIWNTLEKVK®GDeNEVTFTFTRTIEKR
18]  GCACACANTTGAAGAAGCTCATGAATECATATTGCGACCGACAATCTETGGATTTCAACT
S TQLZXKELMNGAYTCDR® QSVDFN
241 COATTGCCTICTTGTICGATGETCOCCGOCTGCGAGETOAGCARACTCCGAACGAACTTG
S 1 AFLFODGRRLRGET QTTPTDE.L
301 AGATGGAGGATGOTEATGAGRTCORTHCTATGCTTCACCARACCAETERTACTUTHIGRR
EMEDGTDETIOGAZMLHGQTG®GTV =
361  GCGAGTACTACTTTGCCGCATTTAGTATITGATCAGTTAGTTATGGTCTGATTATGTARG

s B3 21 GhRSUMO #:R11) cDNA 751 KA S IR AR T 51
] RAE L A L AT

Figure 5 The cDNA sequences and deduced amino acid
suquences of GASUMO from upland cotton (Yumian 21)

Note: [ : Start codon and stop codon

1.3 FFH FEAE R S 4

id NCBI #7240 47 T A ORF finder il 4%
#%F P IR1E Y cDNA J7 41 3E 47 FF Ik i3 A9 AE 28 4 #7
RIDE T AR T2 69~297 7, HEM 4w tg 954
AR 5). 7F cDNA 5' 555 69 JLAL S My A2 il
FH - ATG: 56 298 AR AL 3" o W& 1B 1
TGA. T & A EE LR )T 5% A GOR sec-
ondary structure prediction 8 [ it — 2% &t 4445 A F51 )
B TER LA 6. ZEAM RGN, & haf
TEEANEANTE o BHESH . K ERITCH N ih
My RS AR, b o BEEEEH & 42.5%, 1
¥ REEEFITCEE A B % o5 3.75%R1 53.75%.

F #% NCBI Specialized Blast # 7F 28 73 #7 T &

|

7 ,

3]

I
Nk
20 30 4
B 6 Bk 21 GhSUMO FERrft B 11 — R 45 H Tl
T ar BN b o BBEE o ¥R
Figure 6 Secondery structure prediction of the encoded protein of

GhSUMO from upland cotton (Yumian 21)
Note: a: Random coli; b: Alpha helix; ¢: Extended strand
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(Sorghum bicolor, XP_002458989.1) ) 2 2 IR 17* 51| [F]
PEPE N B, BiAE -5 LR e 3T B XGE, AR 43
B H 83.2%.86.3%.90.5% 85.1% .83.2% Fl 86.3%,
R ZEFEEERAKT LB EHRERAEMUE. F
Fi DNAMAN x4, R0 i it R 5, &
Skt GRSUMO 2R 5 BERRESRAE — i, R
B a5 A R . BARXNFHAEY T
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FERE .. ZIMR U IHZEA R BRA T RS ERT
HI(El 8).

1.5 B AR SUMO B R R & &5

KA R BE K A | 1) Column Plant RNAout
Kit $R I B HI AR MR R IS RNA, FF4f RNA
IR P B SE BEME A TA I, 45 SRR B RNA 58 3¢
FIR 755 5 PCR LI R (H 9). A i HL %

1 15 30 45 60 75 90 95
Query Seq.

o Ulpl-sm3interactionsite b dd 4 &  did
hydrophobic surtace i3 id i i

Specifichits [ i —"——"— ]
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Bl 7 %48 21 ChSUMO ZER SRS B R F 1547

Figure 7 Conserved domain analysis of of GhSUMO from upland
cotton (Yumian 21)
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Figure 8 Phylogenetic tree of a amino acid sequence of SUMO
genes in upland cotton (Yumian 21) with other species
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Figure 9 Expression analysis of GhSUMO gene of upland cotton
(Yumian 21)

Note: Abscissa represents times past of inoculation with veticilli-
um dahliae (hours); Odinate represents gene relative expression
(2-AA¢)

IENTEFE R 18S rRNA SH NS HE R, LURBIR G 21
SNSRI T BT, 45K, #556 48h J§ GhSUMO
HEFEHE FiF, 96 hikF] 5 L L 8). Fith
YR AR SR 21 51 GhSUMO R Z R EIRH
B LR, HEBNZERS RS R
MR, SHEERHRER.

217ie

HE A Y SUMO K C i3 BA R~ X Gly
MBS ERY S REREHE. RZEML,
SUMO E77 $1.7 f) 1F S e fir XR 8 2R N s ZE 1
(X, AP Gl X 38 5 5 HL AT () Gly Fi Pro, Al A EEH-
B O E AR T 1 45 MRt (Muller et al,, 2001). 7E
SUMO F R 7, N i SE{0 X 25 10 BRI 2 7
A B8 1F 3 e J M I 5 M Rl R e T IR T

A1) 2 1% (Saitoh and Hinchey, 2000).

YR SUMO BB R it 5 Ak R
LEREER, #NNSFEREOSFOETER
HI¥IRE . ZFEMATFIRE, SUMO (gt 512
FIFC T i% 12, 26 B 4815 % (Hanania et al., 1999) A & N
XHEAE P18 (Kurepa et al., 2003; Miura et al.,
2007b; Saracco et al., 2007) . I EF 5 F(Lec et al,,
2007) XA Y A K & B (Murtas et al., 2003; Jin et al.,
2007)%5 5 T R ¥ & EEAER .

B B 55 B H 22 R, SUMO 4B/ S Hi %
B BIH LB BT R . Orth 25(2000; 2002)AF 57 %
R I A9 R AR TR % ) BN F (efactor) Yopl B
A SUMO % F B v, #E H 38 i K #i# SUMO (&
SUMO 4b.) s A 45470994 7 180 S5 1 PR AR B R 3. XopD
TEIR B B G EY PR R), T AU A YR Y SUMO
SMRE, WL SUMO K, THE R A
1811 Fl (Hotson et al., 2003). th4h, B ¥ % 2 HEEME
FE+, XopD HIZKN. & B 8] BAME X SUMO & A&, @
it % SUMO 7 55 SUMO (L& MM R &
(Giirlebeck et al., 2006). SUMO %5-& B M4 R 7018
WHURPIET B EEAG. BANFAESY
4y B SUMO 45688 UbcS HIFERY), FHFRMiZE
H A LA IR 3% 524 3 46 i i % J8 [ Rep/RepACl &
9 B {E(Castillo et al., 2004). 2007 4F Lee b [FIZE
I, SUMO HH:REFRAR Ak sizl I+, KGRI
HE B AR B RS, FE, 7 F24H 9% (pathogene-
sisrelated, PR)FE N I RX EF A LI, KRR T
AR B BE

AW FUE T B % S A SE i 2 B PCR 4047, 45
R EIR, MR chSUMO BEEFEHAZEE 48h B
BB B B3R, E) 96 h ML E] 5 5L b, 9 B
SFRIL, W GhSUMO ¥R S5 T Mg Hum
2, WTREAERR AL M B R EEER . REHN
F M RE AR S AR TR AR 21 5 GhSUMO EE R
BEANWIE 4T, At — B SURIE R E R TL
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IMBERE
3.1 iR 3g w #et

HER AL S b I AR DU R S R 21
B, mFEEAE RVEEREFEYITRIEE MR
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