41 K% 1M B K FF R CERAF R 2019 41 A
Vol. 41 No. 1 Journal of Southwest University (Natural Science Edition) Jan. 2019

DOI: 10. 13718/j. enki. xdzk. 2019. 01. 006

A E LT REEE R &S5 R &R

BOH, Edmak',  HaRt, 54,
wmFEAE, e, 4 F
1. PR K2 MRS 2B, TR 4007155 2. il REIRIE 2448, W P E 615000

HWE: BARARABATERBAALARMDABRREBA T XERG R, MAEABTERAL > THER A
WHRNLEEHREE L. TARBITADELFFT RSB ER LT AMA R Rk 704, FA R EH %L
RT-PCR 3 X A B F HAAFH AN EN R X JATIRT, AWRLEFHIMNANBAER TR R2ALBAHABEHIL
TR, eMNBAA GHIS M, X0 FaZXEANT RESEMB AT LT LM, R SSIG_11212 M E 4%
G AFREES; @i E AR L P 10 MREILT BB TR, AR 2 A5 T @i mie i b.
BEMERREL TSN EAABENT RSBGETASH 2 KE, AP 3MASBEHILT g CTSLAA—%, 494
5CTS23 A% —%. thSSIG_00773 41, A4 NNANTRABAR A AW AR TFEAAAIRTAXEAAE
W, EMLTRBERAEAOTRALSEARTAR T FHRA LT,

X # W BAW; AETERHL; LT RE; AR AR

hESES: S432.474 XHtrEG: A XEHS: 1673 -9868(2019)01 —0039 - 07

WA [ Sclerotinia sclerotiorum (Lib. ) de Bary |J&—Fh it AL E A B EE YRR E R, 77 E0FE+
GRITIZ REAR Y 75 BL 278 B 450 R, h e R VR W RS B4R A 1 LR I B AR R
Tl = B PR SR, B E WA L B A R B IR A AR B IR O =T K AR AR 2 E T S
V) % 3 TR A R £ ™ R A T 2 L T OB B B VA 7 1B 7E JE BE.

AW R TEAF £ L7 AR R REM A% . W% DL SRR 2 e O e i i) 2 16 2 R 0 TR R 1Y)
FEYNRZ YRV R BRI A IR, B 0 40 RE S R 8 2 R R BROK AL B 2. AR &
b A e B0 WA 2 20 WK S T K VA e A R L (S A A 5 RR 2 0 TR A, (H B B Ty 1k 7E ke G B
VE T 7K it Tl S LD REATI AN VG R . WF 5% 28 DI G A% I 8 100 400 L S 2 el B 4 SR . JL T J5t DA e oAt 2 A R
ZBEIERAI . LT R d N -Z B D &AL B-1. 4 M em i K sk 2 By, LT
FREE A LT K A LT SERERT N -2 Bt - D SR A AR AR fEsh . M. R A g
AT RS R RE TL TS A Ty BN O 4 8 A A T R A B SR R LR R R L o I RO A
1R TR A2 7 35 15 e B 7 LAl

H R [ B (Saccharomyces cerevisiae) P JLT R EFH R CTS1 f1 CTS2 Wz ERY ) M E
oK 2 22 1) 22 IR TR DR A 5 I, V22 LA LT O DN R WS s IR AT T 2R R
AL — & A 10~25 AL T il . H 08 TR R K Mg 18 . w6208 % X B8 9800 B (Magna-

O WHBEM. 2017 -10-30
HAWH, &R M SR — B H (este2017jcyjAX0096) 5 s i 4 FEARRHIF L 55 2% “ 81357 A A % T (XDJK 2017 A006) .
EHE® A #1992 5, L&, ML, 2N FHE S TP E 2= 5T
WEEE . & W, RIBER.
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porthe oryzae) fBUE JUT 5T MG G A B HEAT 43 . 4 10 LT 0l 8 R 2R 1 AT RE 2 5 R T 19 A K &
H RS AR SR AL LT B B N R T 20 Jk i DN R R 45 O vk AT T IR AR, Takaya
AT AR B0 B (As pergillus nidulans) 1 ILT FUEERED chiA . R 22 B KA R0 T IE 8% &4
ARAE HJR G AR A B BT R RN B 22 0 A K R T B AR, Yamazaki 5 B bR A S B L TR Al 3L
chiB , & BLI% K IR R 2R XoF TR 22 1) AR G ORI B2, ADREAIE T A0 A A AN LT B O PRS2 T T 22 00 3
R0 S RNA R B L T B SE N A 0k . R B 224 K A T4 E B % . Diinkler %55 B B
R 25 (Ashbya gossypii) ) WP IL T JREGEF N AgCrs2 J5, KM IZFERB A S ME 204 K LS &
B, B2 ST B T . X SRR SE R W LT B AR 22 R LR Y A KR B AR i A AR .

TG4 1k s X A% B TR TR A SR AR e R v R OGS MR AE T A LT B S L D R T NI R A B AR U
A AR B TR IR A% BT LT SRR PR R 1 R . R R S 9Ot RT-PCR 5 25 % HAE W %
T IR A B P R R B IEAT IR DY, PSS R N IR A R LT R e M AR KR F P AR
BEE B, W B I 2 B IR AL SR R

1 #RI5F*®

1.1 & #
L.l & %

AP A BRI RR 1980 T 4 CH&M T IRAF. PDA KRB TR LR AR s W% MRS T 5
TR TR A%

.11 &K A

TRIzol 5 F 11 A6 5% 4 ) TR AT BR 2 7] 5 DNase W F K% %49 TR AR A A ReventAid™
First Strand ¢cDNA Synthesis Kit 5 i8] &M T MBI Fermentas A 1) ; 2X SYBR Green Realtime PCR
Master Mix W T A V¢ 95 AL MR BR 2 w5 HA 0] 8 (157 23 A 4.
1.2 A ik
1.2.1 BEWEREILT REERRBRT I GRREL EWEEF S0

e 5 3 A 4H B0 E Chttp: //www. broadinstitute. org/annotation/genome/Scleraotinia_ sclerotio-
rum/GenomesIndex. htmD) W B H2 45 R AR 754 H K i il 18 ZX M6 12 A Wl 0l i @ 5L 7 91 JF T )5 A0 ¢
HYE B F . TEL A SignalP Chttp: //www. cbs. dtu. dk/services/SignalP-2. 0/) #4715 5 B L ,
ProtParam Chttp: //web. expasy. org/protparam/) ¥ il T H 4 XF 43 F i & . 45 L 8 (PD I 7K M (GRA-
VY), ProtComp 9. 0 #4744 H E L, Motif ScanChttp: //myhits. isb-sib. ch/cgi-bin/motif scan) 55 Prosite
(http: //prosite. expasy. org/prosite. htmD) T Jll £ 1 25 #J 3k . MEGA (Molecular Evolutionary Genetics A-
nalysis)4. 0 FEHEH M R G &K F .
1.2.2 BHEWEHBT KIKHRNEF

A% BE TR 1980 BB T % MEFREED 20 CREE S 1 M H IR, W T 500 IR 88 17 Wi 1H
BEJA KRR 3 U, A4 A2 T K B R g W v v, 16 °C 4540 B3 H i A8 1500 i 1 24,
1.2.3 Z&WMBEILT RdeA WAL 57

FH TRIzol 37 4% Ui B 45 43 51| B2 HRURN 8 & T8 B 29 1Y T A% 5 RNA, JFH DNAse 403 5 RNA. ] Reven-
tAidTM First Strand ¢cDNA Synthesis Kit 2 5 #iF) & G % cDNA 55 —#%. IS A cDNA N, #47 RT-
PCR §"3# , i 1% % & CFX96TM Realtime System (Bio-Rad, Hercules, CA, USA). K Bi#& R K 2 X SYBR
Green Real time PCR Master Mix: 10 pL, 1E/R 051445 0. 2 pmol/L, ¢cDNA 4z : 40 ng, B . 20 pL. &
MR A 95 °C, 2 min (1 cycle); 95 °C 20 sec, 56 °C 15 sec, 72 °C 20 sec (40 cycles). 7&YGIBETE 56 °C. LU
BiBEH Beta-tubulin 2N (rub 1. SS1G_04652) N NS BEATREN LRI04 . SCHRE R 3 W, A Excel 4F#EAT
ARG r#r. RT-PCR 519 (R D BA TAY TR B A FRA R A K.
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%1 RI-PCRETAS|I#Y
%= SIHFEH (=3 I 9w 5 1RG5>3
SS1G_11212 ACCGTATCCCTCAACCCTAATG SS1G_11700 CTTGAAGGCTATTCGCTCTGC
ATTGATCGCATCGAGAAATCC GGTGTTATCCCAGGACCCAGA
SS1G_00677 TTTGATACCACAGCCGTCCC SS1G_00773 ACGCTGATTTGATGAGATTGC
CGAACTAAGCCAGCCCTCTAC TTTCCTCCAAGTTTCTTCCCT
SS1G_03420 CACTGTCGCTCTTCGTCTGA SS1G_05454 AAATGACGATGGGTTTGGGT

SS1G_05897

SS1G_08020

SS1G_08695

SS1G_11304

GGTATTCGGGTCTCGTGCT
ATGCAAATGCCCGTTGATG
CCGACTTTCCGAAATGGTCT
CGCTCATCAAGCAAACCTATC
AGAAGCCCATGTTCCCTGTC
CATCATTCCCATCGCTTTCTT
CGGCAGTAGTGGCTTCATCAG
GGTGGCTGGACCTATTCATCT
CCGTGCTTCATCGGTGTTT

SS1G_12510

SS1G_13155

Beta-tubulin

TCAGCGTGTCGCATGTATGA
GCAGCAAACACTGGTGGACA
CTTGGAAGGGAGAAATGAGCC
GCTGAGGGAGTTTCTGTTTCG
TAGATTGTCTCGGTGGTTACGG

GTGAGGCTGAGGGCTGTGA
CCTTTGGCGATGGGACG

2 HRE54HH
2.1 BEELTRERESH

Bt 12 MBEMJLT &, 28k SS1G_11212,SS1G_00677,SS1G_03420,SS1G_05897,
SS1G_11304,SS1G_11700,SS1G_00773,SS1G_05454,SS1G_08020,SS1G_12510,SS1G 13155 1 SS1G_
08695, JL T & A AT 4> F B 7E 3. 410" ~1. 9 X 10° Z i), % S (PDEM T 4. 49~8. 29 Z ). %
SS1G_11212 AHKMEEHINGRAVY {EH 0. 117) . HAE AW AFAEEH (GRAVY HAGHED. FIH
SignalP 4. 1 #4745 5 K #0043 A & 88, Ho 6 e /9 JLT B (SS1G_ 00773, SS1G_ 00677, SS1G _
03420,SS1G_05454, SS1G_11700, SS1G_08695) 7£ N ¥ H A7 $L B () {5 S K450, B 5 K T K E A
19. 3. FIH ProtComp 9. 0 XHEE Y LT Bl 47 8 e AL 0, 45 R R EAF 5 ey e JLT 5 fig Y
PETHIAN. 7R A 6 MEERILT T, SS1G_05897,SS1G_08020,SS1G 11304 Fl SS1G 11212 37 T i
Hh, SS1G_13155 & TAIMIA% . SS1G_12510 {7 T4l iz v (3% 2). X 9 LT B fig a7 2 1 4548 43 #r
GERFM 12 NE AT AR KRR 18(Glyco_18) fiEfLZE IR, Ak, SS1G_00677,SS1G_00773,SS1G_
05454 F1 SS1G_12510 H A it HA JL T Jii 45 & 45 #4 38 ( Chitin-binding domain, ChtBD). SS1G_11212
SS1G_08695 4K H /1 B A &7 4 £ 45 4 45 #4 3 (Cellulose-binding domain, CBM) (& 1).

2 HBERELTEBEREEEERIN

S Oy L L L S T S it e ope o
[igs K EE

SS1G_11212 Chitinase [l 6.9X10"  4.97 T — i 41 Glyco_18, CBM
SS1G_00677 Chitinasell ~ 5.2Xx10"  4.90 H 19 4310 3] g A Glyco_18, ChtBD
SS1G_03420 Chitinase [T 3.5X10"  4.80 H 15 43 W6 3 i A Glyco_18
SS1G 05897 Chitinasell ~ 3.4X10"  6.09 o — fita b Glyco_18
SS1G_08020 Chitinase [ 7.5%10" 8. 29 I — M 5b Glyco_18
SS1G_08695 Chitinase Il 4.4X 10"  5.70 H 22 G 1 B i 41 Glyco_18, CBM
SS1G_11304 Chitinasell ~ 4.4X10"  4.94 ¥ - Jia 4 Glyco_18
SS1G_11700 Chitinasell ~ 4.8X 10"  6.49 " 23 4 1 F A1 Glyco_18
SS1G_00773 Chitinase Il 1.9%X10°  4.79 H 18 4310 3] g A1 Glyco_18, ChtBD
SS1G_05454 Chitinasell ~ 1.9X10°  4.95 H 19 430 ) fi A1 Glyco_18, ChtBD
SS1G 12510 Chitinase Il 1.2X10°  5.95 o — i 5 Glyco_18, ChtBD
SS1G 13155 Chitinase Il 1.2X10°  4.49 Jc — A% Glyco_18
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SSIG 11212 ——11} - 634

SS1G_00677 F—_/F } 485

SS1G_03420 = 320

SS1G_05897 { F 314

SS1G_08020  —q ] 697

SS1G_08695 A —= 420

SS1G_ 11304 { — 393

SS1G_11700 7 — 437

SS1G 00773 f—_A } A\ 1708
SS1G 05454 N7/ ] A\ 1761

SS1G 12510 —\A I A\ 1 040

SS1G 13155 — } o\ 1148

7 J1TEREssE&XE ChtBD 1 GHI18 1T E# %k Glyco 18
<> HEFHEERLSS X CBM < ==
Bl ZEEBELTREREEADEESN
2.2 ZEHILTEBEXKRRELAETXRZSM
K2 12 AMEEILT Bl E A AT A2 2 K3E, SS1G_13155,SS1G_08695 Ml SS1G_11212 B h—33K,

5 CTSI AR &, SS1G_00677 58 9 MMBE JLT Bl R h—25, 5 CTS2 MPFEME . X 9 MBREILT
WG AT LR 3 AN 45 1 R AL A SS1G_08020,SS1G_11304,SS1G_11700 1 SS1G_05897, iZ W2
S CTS2 REMERE; & 2 W24 7A& SSIG_00677,SS1G_05454,SS1G_00773 H1 SS1G_12510; 45 3
W2RAVA SS1G_03420 FHH.

51 SS1G 08020 (EDN92158.1)
100 SS1G 11304 (EDN91426.1)
60 | SS1G 11700 (EDN95821.1)
2 SS1G 05897 (EDN03416.1)
o1 CTS2 (NP_010659.1)
47 SS1G 00677 (EDN91274.1)
-| SS1G 05454 (EDN02977.1)
99 4'—— SS1G 00773 (EDN91370.1)
99 SS1G 12510 (EDN97656.1)
SS1G 03420 (EDN00946.1)
SS1G 13155 (EDN98297.1)
o0 CTS1 (DAA09597.1)
99 SS1G 08695 (EDN92830.1)
TR _94[ SSIG 11212 (EDN95335.1)

B2 ZAEBELTRBRKRRGEEXE
2.3 BREFRRBRE/LTRBEREMNEKIE
SRR ST LT 5 [ 50 0 S R AR A B R VR A S 38 3 S B8 0 RT-PCR 7 A I T 8 A1 46 A% B v vl 22 /F
KEBHRETAMBEHEEXEE 3). SSIG_00677,SS1G 03420, SS1G 05897, SS1G _08020, SS1G _
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05454 1 SS1G_12510 B HEEZ FHKRH AWM B R XA E T &, M SS1G_11212,SS1G _08695,SS1G _
11304,SS1G_11700 Ml SS1G _13155 JE R 1E WA T LR W & Br Be ik & N %, BLAh, SS1G_00773 FEHAE
% 45 0 R A% T SR & B B 3Rk B LT AR 1k

20
18 F J[' S B%
16| O BiZFEAEEL
14+ i
i
K 12F
% 10F
g s8r
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4.—
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) SIFl Sl s sy NS LS
[q\] ~ < - < vy <t [} o <t < wy
— ~ o N o N < j=) ~ al — wy
o O <t o) o O o o~ ~ <t wy —
— < o wy =] 2] — — < wy o o
N < < < < < N N < < N N
] ] ] ] ] ] ] ] ] ] ] ]
2 2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3 3
B3 ZEFRRFIEHLAMES/LTREBERMNERIE
A\
3 & it

AW KL B ILT B e A7 12 A, A 6 B E JL T B (SS1G 03420, SS1G_05897,
SS1G_08020,SS1G_11700,SS1G_00773 F1 SS1G_13155) )@ T A W4, EAIMEH —MER X, BHILT
R A E LA, % 6 MEE LT R SS1G 13155 4b, HJ & 0 TMIAh, Hi I s 26 2 71 i 3 BRI IX
FEAAN. B WARR S A, BE5H - NFHERE R, AR IE 2 MEE LT lEIEE T B
W2H . AL4E SS1G_11212 Fl SS1G_08695. BATHA & &% 22 &R/ 75 % 1R 45 #4 1 (Serine/threonine rich do-
mains) ., EMEX 2 N RS T RESS G A MR R FEAE . IRy 4 AMBE LT RS E T C WA, BAE
A 20 TR K, B A — M IX A, 52T N Sl &8 1~2 AL T B &, %454 WAE A 5L
b 38 LT R LT RS W 0 S b R v A T

RGERBEW N RAZETE 12 MEEJLT FEHA 3 AN SERJLT il CTSL R —28, AU B
WL 2 DMEAM A WA SS1G_13155, Hh CTS1 5 B 2HE (A I Mt m. DF9E R CTS1 58 bk
AAEARE A B MG, CTST SEH B 28 AR R4 M 20 B R 58 4, TR B 22, Wi % B WAL T
R CHIA 5 40 it 8% 5 98 25 Y1 AH 5657, SS1G_11212 F1 SS1G_08695 7E 1% £ B ¥ Ty g 16 R 1 28 4R A
A BB TE B A% SE MR & A0 i e A bl VR 34 0 MEEJLT REES CTS2 B —2K, EEAHE
AHMCWHER, Hrh AWHE CTS2 WMk E. BERE CTS2 B[N b 78 48 (K 15 37 A B bR Ik A 22
B ABARTGREEE CTS2 BRI AgCrs2 BmEIR G AR R 1 T8 A7, SHREEML,
A% 43 TR 3 PR A T SR R TR N T A T A BN AT 2 . A LU T A ik AR b U A R T —
L5,

A5 X LT 0 il 35 R 76 TR A 7 S AR & B B 1 AR HEAT T 40T, SR R 11 A B R AR TR R T LR
WY R TG A AR B T AR, ML T RS S T A R B A T IR R R o 6 A B R AR T
TR & B B B, BT T A WA C W, WiRixX 2 AW 474 W8T SR i & b BT i ig 1
. T — 2 W 0 SRS BE R 4y ) R AT e B s UK, DA BH AT TR A% - SR T R ) T R
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Characterization and Expression Analysis of

Chitinase Family Genes in Sclerotinia sclerotiorum

DU Jiao's WANG Ya-bo', XIAO Ji-fen’, LI Xue-hua',
YANG Yu-heng', BI Chao-wei's YU Yang'

1. School of Plant Protection, Southwest University s Chongqing 400715, China ;
2. Liangshan National Normal School s Xichang Sichuan 615000 , China

Abstract: The carpogenic germination of sclerotia for Sclerotinia sclerotiorum is a key step of crop scleroti-
niose infection cycle. Studying the molecular mechanism involved in the carpogenic germination of scleortia
will provide clues to control the sclerotiniose safely. In this study, chitinase family proteins of S. scleroti-
orum were analyzed with the bioinformation approach, and the expression levels of chitinase genes during
the carpogenic germination of sclerotia were determined with RT-PCR method. Bioinformatics analysis
showed that 12 genes were predicted to encode chitinase in S. sclerotiorum. All of them had GH18 do-
mains and some also had a chitin-binding domain and a cellulose-binding domain. All the chitinases were
hydrophilic except SSIG_11212. Ten chitinases were predicted to be located outside the cell, and the oth-
ers were located in the nucleus cytoplasm. Phylogenetic tree analysis showed that the 12 chitinases could
be divided into two categories, of which 3 with yeast chitinase CTS1 were clustered together and the rest
with CTS2 were clustered together. The expression level of the 11 chitinase genes changed during the
carpogenic germination of sclerotia, except SS1G_00773, suggesting that chitinase family proteins are in-
volved in the carpogenic germination of sclerotia for S. sclerotiorum.

Key words: Sclerotinia sclerotiorum ; carpogenic germination of sclerotia; chitinase; gene expression
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