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Identification and Expression Analysis of Chitinase Genes in
Wild and Cultivated Soybeans
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Abstract: Chitinase is a kind of glycosyl hydrolases (GH) which hydrolyzes the chitin and other polymers.
Chitinase plays an important function in the plant growth and development, as well as in the resistant process to
diverse stresses. However, the tissue expression patterns and responses to diverse stresses of chitinase genes in
soybean are still unclear, which seriously limited its application in genetic improvement. In this study, the
chitinase family genes were identified in the wild soybean (Glycine soja Sieb. and Zucc.) and cultivated soybean
(Glycine max (L.) Merr.) , and the expression patterns were also analyzed. The results showed that 62 and 55
chitinase genes were identified in the wild soybean and cultivated soybean, which located on 17 and 18
chromosomes, respectively. The phylogenetic tree analysis showed that the chitinase genes were divided into five
categories, with Class III and Class V belonging to the GH18 subfamily, while Class I, Class II and Class IV
belonging to the GH19 subfamily. Further analysis found many cis-acting elements in the promoter regions of
chitinase genes responding to various plant hormones and stresses. Further gene expression analyses in cultivated

soybean showed that the chitinase genes presented differential expressions in different tissues and under different
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stress conditions. Among these genes, Gm.(01G142400 and Gm. 13G346700 were strongly induced in the leaves

of resistant variety after soybean mosaic virus inoculation, Gm.03G254300 and Gm.20G 164600 were induced in

soybean roots after low phosphorus treatment, and Gm.08G259200 and Gm.19G245400 were induced in soybean

nodules under low phosphorus condition. Gene expression analysis in wild soybean showed that the chitinase

genes presented differential expressions in different tissues and after salt stress, among which Gs.02G002604 and

Gs. 02G002940 were highly induced in the leaves of tolerant variety after salt treatment. These results provide

important references for further utilizing the chitinase genes in soybean genetic improvement.

Key words: chitinases; wild soybean; cultivated soybean ; gene family ; expression analysis
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Table 1 Identification of chitinase gene family members in wild soybean

KD G AL D SV AL
Gene ID Coding protein Subc?llu.lar Gene ID Coding protein Subc(.elluvlar
localization localization
Gs.01G000553 296 i Gs.03G008247 416 2 e
Gs.01G001524 283 ol Gs.05G011572 298 AN BT
Gs.02G002604 281 R Gs.07G017058 289 T
Gs.02G002940 320 W Gs.07G017060 341 AL
Gs.02G003628 296 (U Gs.08G021659 326 i
Gs.03G005867 289 M Gs.08G022105 420 T
Gs.03G005868 289 21 Gs.08G022109 204 e
Gs.03G005869 289 2t i A Gs.09G023118 317 b1
Gs.03G005871 289 21 Gs.09G023940 309 2 e
Gs.03G005873 289 M Gs.09G023990 299 &0
Gs.03G005877 289 21 Gs.10G027023 225 ARSI BT
Gs.03G005879 289 AR Gs.10G027869 304 i
Gs.03G005932 280 AN Gs.11G029753 294 2 A
Gs.03G008223 303 i) [0b 489 Gs.11G029754 178 iR
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F1(4)
S D G AAME L WA ID . A
Gene ID Coding protein Subcellu?ar Gene ID Coding protein Subc.ellu.lar
localization localization

Gs.11G029956 304 2 RE Gs.17G046619 384 A rE
Gs.11G030829 379 2l RE Gs.18G048250 295 (0!
Gs.11G032516 308 i e Gs.18G048257 310 (!
Gs.11G032517 263 2 Gs.18G048258 211 b
Gs.11G032669 274 WK Gs.18G048259 297 b
Gs.12G033410 114 211 Gs.18G049856 329 W
Gs.12G033411 280 i3 Gs.19G050817 316 YA
Gs.12G034517 298 i Gs.19G052278 277 LS
Gs.14G038380 156 2 RE Gs.19G052570 148 AP EE
Gs.15G039684 820 AR Gs.19G052599 196 i RE
Gs.15G039953 289 1o RE Gs.20G053031 800 g
Gs.15G040923 318 T Gs.20G054344 252 b
Gs.16G043472 317 R Gs.20G054345 333 AL
Gs.16G043474 196 W Gs.20G054347 299 b0l
Gs.16G044028 297 i Gs.U055170 762 IEZJEN
Gs.17G045193 374 Y e Gs.U055172 365 e
Gs.17G045457 377 e Gs.U055208 197 AL

WA= KOG LA ID Glysoja 465 A Gs.; R

Wild soybean gene ID Glysoja was abbreviated to Gs. ; The same as below

F2 HEXELTREBEEZREEE

Table 2 Identification of chitinase gene family members in cultivated soybean
JEH 1D HifiiE A A E {3 HHID p— T 4 S 37
Gene ID Coding protein Subcftllu.lar Gene ID Coding protein Subc.ellu.lar

localization localization

Gm.01G055200 296 i Gm.05G075000 298 AN LT
Gm.01G 142400 283 ot Gm.07G005801 78 gt
Gm.01G160100 275 R Gm.08G259200 326 b
Gm.02G007400 281 W Gm.08G299700 300 i
Gm.02G042500 320 i Gm.08G300300 245 AL
Gm.02G113600 296 i3 Gm.09G038500 317 i
Gm.03G024400 289 ol Gm.09G121000 309 Y RE
Gm.03G024500 289 gl atin Gm.09G 126200 299 bl
Gm.03G024566 289 AR Gm.10G227700 304 i
Gm.03G024900 289 21 Gm.11G146899 304 i e
Gm.03G025000 289 21 Gm.12G049100 114 gt
Gm.03G025200 289 ot Gm.12G049200 280 i
Gm.03G030500 280 2 A Gm.12G156600 298 L0
Gm.03G254300 303 YA s LB Gm.13G155800 379 i B
Gm.03G256800 418 i e Gm.13G330800 308 e
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SEH 1D Hifih M AAME L JEFID it AL
Gene ID Coding protein Subcellular Gene ID Coding protein Subcellular
localization localization
Gm.13G330900 264 2 5 Gm.18G120200 295 WL
Gm.13G346700 274 T Gm.18G120700 295 T
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Gm.17G103500 377 N Gm.U031204 289 il
Gm.17G217000 384 Ak
Felf R E I ID Glyma i 5 4 Gm.; [l
Cultivated soybean gene ID Glyma was abbreviated to Gm.; The same as below
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A': Wild soybean chitinase genes; B: Cultivated soybean chitinase genes
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Fig.1 Chromosome distributions of chitinase genes in wild and cultivated soybean
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Fig. 2 The phylogenetic tree of chitinase family members in soybean
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Gray lines indicate collinear genes, the blue lines indicate wild soybean purification selection genes, and the red lines indicate cultivated soybean
purification selection genes; red font indicate wild soybean genes, black font indicate cultivated soybean genes
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Fig.3 Collinear relationships of chitinase family genes in soybean
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Fig.5 Cis-acting elements analyses of chitinase family genes in soybean
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252 #HIFXEHE MM EMENFEEA R E
HRIEENX ST WAk ds K G P it 742
FRAE 95 B AS [R) B[] LT o3 il 2 R &Gk 2k
(7)) A 15 LR EF R, LR H ) Rk &
JEXT HEAR PR 2.0~22.9 4% . E— b BB, Hib 4
I (Gm.01G142400 ,.Gm.02G042500 .Gm.09G12
6200 F1 Gm. 13G346700) 75 AL 55 8 45 7 5 (1 %58

R B RRALFR A S5 LA b, Hod Gm.01G142400 7%
Eﬁﬁ%ﬂfﬁ%aﬁ 3AAREA (3 h.24 h F110 d) %

IR HRAL PR 14.0 4% 2. 4150 8.4 4%, Hids
3A%IT%%U@FE’J%@LEJTWEUXTEEUEE’J
5.7~22.9 1% , kI i 26 B PR AE K S HRHTAE M 247
Jeak i R R b R TRE



9 1 g MRS WP AR KT SRR KT T R EE PR % 0 S HR R 1583

Gm.01G055200
Gm.01G142400
Gm.02G113600
Gm.03G024500

Gm.03G030500
Gm.03G254300
Gm.03G256800

Gm.13G330900
Gm.15G015100
Gm.15G043300 §
Gm.15G206400
Gm.15G206800
Gm.16G173000
Gm.17G076100
Gm.17G103500
Gm.17G217000
Gm.18G120200
Gm.18G120700
Gm.19G076200 §
Gm.20G164600
Gm.20G164700

Gm.02G007400
Gm.02G042500
Gm.08G259200
Gm.09G038500
Gm.12G049100
Gm.12G049200
Gm.13G346700
Gm.15G143600
Gm.16G119200
Gm.18G283400
Gm.19G221800
Gm.19G245400
Gm.19G245500

7.50
6.50

QH30: 5% 30, PLAE M 25 Fl
QH30:Qihuang30, high-resistant cultivated soybean variety
B7 JLTREEREREXEIRARMER
M mERNREDN
Fig. 7 Expression analysis of chitinase genes after SMV
inoculation in resistant cultivated soybean variety

253 FHIEXKEBES 3 m R B NS R E B iE A
FKEEX DM WL T F I PR 7R 8 o A
AL B 4 TR A] AR 2R ik i A B (&1 8)
A 16 3 A (Gm. 03G024400 . Gm. 03G030500 .
Gm.03G254300 1 Gm. 15G043300 % ) 2 A% ¥ W 381
BRI, HARBE AL HUR 19 3205 B R AE W AL B
1) 2.0~6.7 1% . #H—L o E], 454N
(Gm. 03G254300 . Gm. 09G038500 . Gm. 15G043300 .
Gm.15G143600 F1 Gm.20G 164600 ) 1 25> b PR ]
M F AR T IE R M Ab 3, Horh Gm.03G2543007%
R AL T 3 AN R] (7 d.28 d F149 d) ik B 43 3]
EIEE B PR 2.6 7% 3.7 A 4.5 6%, H 4 43t
TE AP AR AN ] s ] () 3 i IR 8 3] 1 e b PR
(9 2.0~4.5 5% , HEI i o J5 R X6 Rk AR 2R KA A0 AL
Wb HAA 2R .

AT LT 0 il 3 R A TR 3 28 ) K Gk
PRI R IR R (E 9) A 1243 H (Gm.08G259
200.Gm.09G126200.Gm.15G043300.Gm.16G173000.
Gm. 17G217000 . Gm. 18G283400 Fl Gm. 19G245400
WA SRR, HARBE AL BE R A 20k i 1E W
AL PR Y 5.1~43 3 4%, BEHTIX SESE R AT RE S 5 T A%
W IOIE A5 T B R G AR IR T s AR A 4 ] R

Gm.01G055200

Gm.19G245500

ZH15: 8 15, R0 A
ZH15: Zhonghuangl5, high-efficiency cultivated soybean variety
8 LT REMEREREAEZBHS R MMEBLERE
Ft i8] JE B RIE AT
Fig. 8 Expression analysis of chitinase genes after low
phosphorous treatment in high-efficiency cultivated
soybean variety

=TGR NP
125 - LR LP

951

LINIESSIN S

Relative expression values

35k

2
oll—ll—ll—ll—-l—ll—ll—ll—ll—ll—ll—ll
N\ R\
0 \Qﬁ’ o

5@@ m@““ @“ @“ﬁ \@@ @b““
RO ORI RO IR
NP SN S U A U AN S S

O OO O OO T O OO OO

w

NP: Normal phosphorous;
LP: Low phosphorous
B9 JLTREEEEERIEK ZIRBEALIE A 5
REBEHRE DT
Fig. 9 Expression analysis of chitinase genes in cultivated
soybean mature nodules after low
phosphorous treatment

254 HEXREAREALBEPHNREEXSH
AT AR R LT B R A AR R L 480 1 Rk
R (K 10), 2558 5T Gs.03G008247 .Gs.08G021659.
Gs. 09G023118 . Gs. 15G040923 F Gs. 18G049856 %



1584 B o w2 25 %

TESFARGHIMR 25 I MM T aREB BT coss

2RI FRIR I s ML, Gs.03G008223 . Gs. 18G0482 Gs.026003628

Gs.03G008223

57 1 Gs. 19G052570 FEAERF A= R G RN HFR B, ot

Gs.07G017058

Gs.07G017058 TEAL ISR, Gs. 19G052599 1E 7 gggggggg
FHLARE, B THL YRR RN, H—
e FLRUN Gs. 02G003628.Gs. 10G027023.Gs. 11G0297 Gl fuciroe

Gs.11G029753

54.Gs.16G043474 . Gs.18G048250 . Gs. 18G048259 F1l Een

Gs.11G030829

Gs.11G032669

Gs.U055208 SNI{E RAI SRR IRR . S

Gs.12G033411

255 FEAESHEATZAMNARREIER  ciomw
ST A HTLT BN K TR S
ZRAS BT ERIE (1) SRERG RS S
BOLIRTE =% 2 AR AR RS s
IV B 2 RSB R KL, G
— BN LRI R R L RSN GRS

Gs.19G052570

Gs.02G002604 (ERSFH R B EIII AripRIA R cormoomn

Gs.20G053031

L HUORIEIT i AR RGP I RE L s

Gs.20G054347 |

S fe e, AERIAEI R e ek oy

Gs.U055208

115 Gs. 16G044028 TERL IS K HIBI AL it - FUg& 32 & g g L 74
SR Rk R R L TR R AR LRI 10 T REERAES K TR AR
FR RN Gs.20G054345 TR R E R Frh RIFER D

e —: 4 {k ROV WA RS RIAE LR Fig. 10 Expression analysis of chitinase genes in
B R e o S 3 k5 AR ARG different wild soybean tissues

Gs.02G002604-C
Gs.02G002604-W
Gs.02G002940-C
Gs.02G002940-W
Gs.11G029753-C
Gs.11G029753-W
Gs.11G032669-C
Gs.11G032669-W
Gs.12G034517-C
Gs.12G034517-W
Gs.16G043472-C
Gs.16G043472-W
Gs.16G044028-C
Gs.16G044028-W
Gs.17G045193-C
Gs.17G045193-W
Gs.20G054345-C
Gs.20G054345-W

’?%’ *° “%" %’é @\"‘é &5‘ &é S \@ qgij s *& *‘\/ & N %b@b
@Q \’ff% @Q RN %\‘b% Je é‘!’% & <r>°0 % @b <§0 «) @"0
PSON TR S S “"’%‘z\“
& & * % ){ 4@ 4@
&
eF‘ <
&4*
QQ

FEH ID-C  ARBE R o i BE R ek it s BE K ID-W : B2 K B SR [R s i
Gene ID-C: Gene expressions in cultivated soybean; Gene ID-W: Gene expressions in wild soybean; V1: First leaf;
R1: Initial flowering; R4: Full pod
11 JITREBERERIERESHEAREZ ANARAREER

Fig. 11 Different expressions of chitinase genes between wild and cultivated soybeans



9 1 sk ARSE BPAE R GG R LT L N S I AR i 1585

256 EHEMETHAEKREMHEFRHRESHT FH
HN C 38 19 2 A8 AR R (it 6 b o R %
) ER e Ab FEAS[E] A (3 h 10 by, L O h R X B ) Y
R B SRS, A B B AR K LT i L R 3%
SR (E 12) 455 & B Gs.02G002604 . Gs.02G002
940.Gs. 12G034517 F Gs. 17G045193 3¢ 3K HE7E i
R AL A AL B3 WA 10 h S BE E TR, e
THCJRK i P b 1 20k 5 6 BRORE BRI 3 A R AR
Gs.09G023 118 FR T WIAEFL U AR P AL FE 3 h
F10 h I E T, A i 5 A e ) 208 5 0 R
AH EEIEA A AR | HE 3 S 35 [N AT 8 5 B AR R S T R
PEA

Gs.02G002604
Gs.02G002940
Gs.09G023118
Gs.09G023990
Gs.10G027869
Gs.11G029753
Gs.11G032517|
Gs.11G032669
Gs.12G033410

Gs.12G034517
8.40
7.80
7.20
6.60
6.00
5.40
4.80

4.20
3.60
3.00
2.40
1.80
1.20
0.60
0.00
=]

T-3h/0h I T-10h/0h : M £hEF A= KT ELMIA 3 h A1 10 h A A Xk & 5
S-3h/0h I S-10h/Oh : £ BT £ K T2 4R 38 3 h 11
10 h A RE XS 2 ik i
T-3h/0h and T-10h/0Oh: Relative expressions at 3 h and 10 h after salt
stress in tolerant wild soybean; S-3h/0h and S-10h/Oh: Relative

expressions at 3 h and 10 h after salt stress

Gs.15G039684

Gs.15G039953

Gs.15G040923

Gs.16G044028

Gs.17G045193

Gs.17G046619

Gs.U055172

§
5

<
S
S
& N

3 4

in sensitive wild soybean
E12 #HEMETHERSHAERLT REBERER
Fig. 12 Expressions of chitinase genes under salt stress
condition in wild soybean leaves

257 ARHRFIAEHMEERWRESHT FIH
HIA C B P [R) 24 S K o A (5 A hi e
il 5 AN Z) BETE LRI ) T IETT RO S A s 4 2K
P20, ot Bk 55 AR R LT B N SR A
B, 25 R LB, AN A0 GHI8 KR Gm.01G 142
4007E 5 PURETE LR G e ) FRIR SRR T AE
4N BT D TR I SRR AR, WD AT
e 5 K OHRIER A K

3 iFig

KR Ry EEEAEY . BERE
VE RS K G W E RS  RNMUEA F & i
ZREME M HBA YL R W 7 e
i 5 T R e DA S B A 2 R R R
LN S S NITRET S 4 NSl [ e s [ 2 =

FRAELESL . PR, W B AR R S R B K st A%

ZE5 NFIE R G M R A EEE L, LT R
il 35 DR ZE A 0 A 4 R B LA AR A A0 AL 36 5 3 vh
RAFFEEAE A A ARG AR LT VLU
SRR E R AN . ST, ARBEIE 4 A
FHECGHT A A 1 B AR K W05 (WO05Sal ) it L [H
ZH AL B K Williams 82(Wm82adv1) i i i KL 4]
Y S JL T G SE R o I R e e iR oA
L2 M LUK S TR ST A T 40 B, IRl B X LA
KA [V LA LA R {8 - 25 Gl 198 15
W ARG AT 0, S LT B R 2P
Tofo )z FH B it

RIS UEZE R TSR AR AR T H A Y
JURA SRR E LT g o ae 3L R 40l |, 45 -k
B, S HT NG RAFAE BT W — Uk, 40 Zhao 45
FERE GmChil J5 5l T, 3% GUS L AL & 4 BE
B L DRLJR R DO o 0 AR R GUS e £ B K 4R
GmChil FEM R R BT & o A5 L X
GmChil ¥4 &, HoX} ¥ Williams 82 (1) Gm.02G04
2500, HFE R 405 8 1 (320 N2 L08R ) | r @ 20
(CRBED S8 S5m0 ARIE —20C2 30 B, A58 0
Gm.02G042500 ARl L LR 8 BB, HAE K G
R H ki, HLRRAERTE, HIR 8+ )%
GRS A KA TR Vi 198 TR0 S 3R] 1R 55 i by G A, X
LT DS -0 S e S [ EAb e SN DY &
IR A RO S A R,
KEJLT BRI class TS 3 & A f T F1EH
HLAVRR SRR IO, SEI 98 E i PCRAIESEIZ L
FERDFFAE HP (14 3k TE G w8 T LA 2 20 7
AMFFE I T X class TF41) & 3R, HX L Williams
82 [ Gm.20G164700, H 458 1 (333 ME LR )
B 2R (GH18) A5 i NS5 R —34, /A HOR [R1 4
LU SRk KRB, R TR Rk B, S ETA
B — 3, UESE T AW IS R AT S

AT R A R T S AR B K LT il S
DR S e A oA R B, e A K G YA 72
WA B R AR T LT 5T S B B 1) 2 R G £ R



1586 Mo ow fE

O ¥ iR 25 4

) 119 S 6, DTS B8R 3% 8) LT o il e PR 48 o
A H YL iR A 5B AE R GAE . fA2EE R,
FEYIFN AL A R S AR B R T, W A bR
St R (Ka) 5 [F] SORH (Ks ) 9 LU AR 20T, #5 Le
HRT VA R AEAEIE S #R, # LLE S T 1 AR
FEAE MR, T LU/ T 1 A R 8 T alifb ik
RO, MG S X —HE il ad T L T B
() Ka/Ks oA & B, B AR K G ) 2 6 LT o g ik
R 53R R G819 XL T g SE N 28 7 1 4lifb ik
P&, RIS PRE AL R R b il F B SRR B MV R
THERE ABEATF IR,

Ji 80 XA FH G A X i R 2 53 3 1k I T g
RAEHAREREZ L, AWsEE s KRG LT R
fili 35 R R 53 BT 9 R B, & Z2 R0 XA
T, Qo N T B IR AR R KGR A
K2R N Z T DL R RLAE K R B AT 5
N SETCF , A 2R AT AR A S 5 (R
A BRI R TR . AW RS R R LT
J L R IS B A R R B BT AR R ]
PRI SR TG BT N ok e (R AT B 1 PR A
RiBm G AR EE . IHH, AR IERIER
LT BT S B o B B RE A I 1 28 B
Bl (R R4 DT, TZOCA R B A2 KRG LT B A [
Ja BT I AR E B, Wos HoT e S B AR R =
A 6. BT R AP IR N — 25w A IR AE
R, R A KR, i A B A
BTFAfRDEAEEZE L IS GRHEY
Ao o PR €0 DL AR R [ U3 DA OGS 2
RIN, ZEHEEAL G P AT S SRR A A TR 4 R
FHTE B, T A LR T AR DA S R
PRI AS AT 5 AN , 5 288 48 I o oy e A7 i AR 35 R
JUT Rl SR T e 5 iR ThReAT K.

HAT, A LT Bl Z S Ho H i 4
HHEHRCAHRE. ABREY LM, Y KE R
YeRE BRI, U S R B LT o RS M
TR . SufES R B, LT B H bR
TP RE 1A O, A0 i Fh (%) JL T o il i R 37 S Al
WG RRL . AEEE R, LT A
Ko fife 5 R AE 030 2 5 9 DXL - DT 410 ot KRR o it A=
KPR o ARG 38 2o A A R A s A AR
R R S Prm s At 7 LT B R [N ik i, R
AR TGRS A, HA WL (U1 Gm.01G142
400) TEREFP AL B2 (19 21 B )15 S 3208, Ul
TEPUAEM R B R Y B P R RE . Rl A 5%

A3 AT AR Al AL BB A A 455 TR Tl v A5 AR 2R 5 R
JUT B L R SRk i, i e oh S N FEAR R rh A 124
ERBHAESREMER, HAMERE (N
Gm.03G254300) TEAL R ARMEAE LAY 24~ (8] 53 3%
K, 1 B A R S HE AR AP Bl 100 B PR 05 v ke P R
Uit

TN, B KB, KRG R IR A LT X
LR A2 R TR O m il 2 Al (T R AR ) W
B EY . Sanchez-Rodriguez % & B, 7+ JL
TR CTLL kAR P AL R Gl
CESAs ik i VE T [, 47 4 R & R FRAIG, Her 4
RMARHRIELEH K A . Wu BRI, KA
JUT Tl SE N OsCTLI RA 5748 Al R B 4E %
B FHLARR BERRAR . AT 0 A K Bt e %
SEAEE RBL, JLT BIB AL Gm. 01G 142400 #E47L
ZAFE A i Sk A HENN LT BB S R Gt
JEREER o

SE 3k

[1]  Bhattacharya D, Nagpure A, Gupta R K. Bacterial chitinases:
Properties and potential. Critical Reviews in Biotechnology,
2007, 27(1): 21-28

[2]  Gong S S, Meng Q L, Qiao J, Huang Y F, Zhong W Q,
Zhang G W, Zhang K, LiN X, Shang Y X, LiZY, Cai X P.
Biological characteristics of recombinant arthrobotrys
oligospora chitinase AO-801. Korean Journal of Parasitology,
2022, 60(5): 345-352

[3]  E3OK, Racti . Wie R/ BRROK MGk .tz
PEEGY), 1997, 16(2): 31-35
Xia W S, Wu Y N. Recent progress in the research of chitin/
chitosan hydrolases. Chinese Journal of Marine Drugs, 1997,
16(2): 31-35

[4] LiXR, Wajjiha B, Zhang P H, Dang Y J, Prasad R, Wei Y,
Zhang S H. Serendipita indica chitinase protects rice from the
blast and bakanae diseases. Journal of Basic Microbiology,
2023, 63(7): 734-745

[5] Hamid R, Khan M A, Ahmad M, Ahmad M M, Abdin M Z,
Musarrat J, Javed S. Chitinases: An update. Journal of
Pharmacy and Bioallied Sciences, 2013, 5(1): 21-29

[6] RawatS, Ali S, Mittra B, Grover A. Expression analysis of
chitinase upon challenge inoculation to Alternaria wounding
and defense inducers in Brassica juncea. Biotechnology
Reports, 2017, 13: 72-79

[7] JiaoZL, SuPP, LiY, Zhao WJ, Yang L B, Sun C Q, XiuJ
F, Shang X L, Guo G. Identification and function analysis of
chitinase 2 gene in housefly, Musca domestica. Comparative
Biochemistry & Physiology, 2022, 259: 110717

[8] Cantarel B L, Coutinho P M, Rancurel C, Bernard T,

Lombard V, Henrissat B. The Carbohydrate-Active EnZymes



9 1

sk ARSE BPAE R GG R LT L N S I AR i

1587

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

database (CAZy) : An expert resource for Glycogenomics.
Nucleic Acids Research, 2009, 37 233-238

Taira T, Hayashi H, Tajiri Y, Onaga S, Uechi G, Iwasaki H,
Ohnuma T, Fukamizo T. A plant class V chitinase from a cycad
(Cycas revoluta) : Biochemical characterization, cDNA isolation,
and posttranslational modification. Glycobiology, 2009, 19
(12): 1452-1461

Ohnuma T, Numata T, Osawa T, Mizuhara M, Lampela O,
Juffer A H, Skriver K, Fukamizo T. A class V chitinase from
Arabidopsis thaliana: gene responses, enzymatic properties,
and crystallographic analysis. Planta, 2011, 234(1): 123-137
Price N P J, Momany F A, Schnupf U, Naumann T A.
Structure and disulfide bonding pattern of the hevein-like
peptide domains from plant class IV chitinases. Physiological
& Molecular Plant Pathology, 2015, 89(1): 25-30

BRERIR, WRAESE . R IUT BRI B A Bl TR
TR OIS S T, 2008, 44(3): 41-45

Cai PY, Chen X G. Development and application of chitinase
in food engineering. Sichuan Food and Fermentation, 2008, 44
(3): 41-45

Nakazaki T, Tsukiyama T, Okumoto Y, Kageyama D, Naito
K, Inouye K, Tanisaka T. Distribution, structure, organ-
specific expression, and phylogenic analysis of the
pathogenesis-related protein-3 chitinase gene family in rice
(Oryza sativa L.). Genome, 2006, 49(6): 619-630

Vaghela B, Vashi R, Rajput K, Joshi R. Plant chitinases and
their role in plant defense: A comprehensive review. Enzyme
and Microbial Technology, 2022, 159: 110055

Wu B, Zhang B, Dai Y, Zhang L, Shang-Guan K K, Peng Y
G, Zhou Y H, Zhu Z. Brittle Culml5 encodes a membrane-
cellulose
1440-

associated chitinase-like protein required for
biosynthesis in rice. Plant Physiology, 2012, 159(4) :
1452

Maglovski M, Gregorova Z, Rybansky L, Meszaros P,
Moravcikova J, Hauptvogel P, Adamec L, Matusikova I.
Nutrition supply affects the activity of pathogenesis-related
beta-1, 3-glucanases and chitinases in wheat. Plant Growth
Regulation, 2017, 81: 443-453

Hong, J K, Hwang B K. Promoter activation of pepper class II
basic chitinase gene, CAChi2, and enhanced bacterial disease
resistance and osmotic stress tolerance in the CAChi2-
overexpressing Arabidopsis. Planta, 2006, 223(3): 433-448
Park CH, Kim S, Park J Y, Ahn I P, JwaN S, Im K H, Lee
Y H. Molecular characterization of a pathogenesis-related
protein gene encoding a class III chitinase in rice. Molecules
and Cells, 2004, 17(1): 144-150

WL, WINE, O, O, SRR, SREL, BB K
FEL T B RR R G 14 A HE DR 20 % o e Rk o3BT . Al AE B
241, 2022, 58(4) : 746-756

Pan X X, HuMY, Wang ZW, SuM, Lei KR, Wu H, Jiang
X Y. Genome-wide analysis of the rice chitinases gene family

and their expression profiles under different stress treatments.

[20]

[21]

[22]

(23]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Plant Physiology Journal, 2022, 58(4): 746-756

YuCS, ChenY C, Lu C H, Huang J K. Prediction of protein
subcellular localization. Proteins: Structure, Function, and
Bioinformatics, 2006, 64(3): 643-651

Petersen T N, Brunak S, Heijne G, Nielsen H. SignalP 4.0:
Discriminating signal peptides from transmembrane regions.
Nature Methods, 2011, 8(10): 785-786

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
evolutionary genetics analysis version 7.0 for bigger datasets.
Molecular Biology and Evolution, 2016, 33(7): 1870-1874
ChulJ H, Li WL, Piao DR, Kong Y B, DuH, LinF, Li X
H, Zhang C Y. Mining of a major QTL and novel genes
conferring resistance to SC3 and SC7 strains in soybean. Plant
Breeding, 2021, 140: 851-859

Kong Y B, Wang B, Du H, Li WL, Li X H, Zhang C Y.
GmEXLBI ,
architecture to improve phosphorus acquisition in Arabidopsis.
Frontiers in Plant Science. 2019, 10: 808

Xing X Z, Du H, Yang Z W, Li X H, Kong Y B, Li WL,
Zhang C Y. GmSPX8, a nodule-localized regulator confers

a soybean expansin-like B gene, alters root

nodule development and nitrogen fixation under phosphorus
starvation in soybean. BMC Plant Biology, 2022, 22: 161
Libault M, Farmer A, Joshi T, Takahashi K, Langley R J,
Franklin L D, He J, Xu D, May G, Stacey G. An integrated
transcriptome atlas of the crop model Glycine max, and its use
in comparative analyses in plants. The Plant Journal, 2010, 63
(1): 86-99

Bk, £F, g, B3k, RBERE, IR, Sk, ok
5. ER I WTAE K H CBL-CIPKGE J R iR /0T . Ak 2
2, 2021, 35(8): 1783-1793

WeiZY, WangY, SiZZ, WeiL,Wen XL, Qiao YK, Li G
L, Zhang K. Analysis of CBL-CIPK pathway proteins in wild
soybean with saline-alkali stress. Journal of Nuclear
Agricultural Sciences, 2021, 35(8): 1783-1793

Yang Z Q, Luo CF, Pei X X, Wang S B, Huang Y M, LiJ
W, Liu B H, Kong F J, Yang Q Y, Fang C. SoyMD: A
platform combining multi-omics data with various tools for
soybean research and breeding. Nucleic Acids Research,
2024, 52: 1639-1650

Kang X, CaiJJ, Chen Y X, Yan Y C, Yang ST, He R Q,
Wang D, Zhu Y L. Pod-shattering characteristics differences
between two groups of soybeans are associated with specific
changes in gene expression. Nature Reviews Cancer, 2020, 20
(2):201-210

FEFCAh, AL . B E AR L (Glsoja) BT BT IR M AR BT
BRI . AR 4, 2000, 2(6) : 69-72

Wang K J, Li F S. General situation of wild soybean (G. soja)
germplasm resources and its utilization of introgression into
cultivated soybean in China. Review of China Agricultural
Science and Technology, 2000, 2(6): 69-72

B/, TROAEX, RAEH], HCA, A, B, AR, B
e, 557, AREL, XUTRH, g, XISk . B



1588 LN 7/ O A G S 25 %
KEFRB MR SR . ZEARFE, 2011, 39(22) : Identification and expression analysis of key gene families in
13311-1331 flavonoid metabolism pathway in pigeon pea (Cajanus cajan).
Hu XM, Zhang BX, ZhuYM, LaiYC, LiW, LiW, Bi Y Journal of Agricultural Biotechnology, 2021, 29(12) : 2289-
D, XiaoJL, QiN, LinH, LiuGY, Yang X F, LiuL Y, 2303
Zhang L L. The studies and utilization of wild soybean [41] J5I #%, 5828, oMk, sk, X ERS, X%, F22%,
(Glycine soja). Journal of Anhui Agricultural Science, 2011, 173, G  FhMha R ASIRIZEAE S Rh 2B I & e R4
39(22): 13311-13313 PEREEYE . PR 24, 2023, 45(4) : 803-809

[32] FF7°, MRar, BilLr, d i, X0 FH . R B A R S A Li G H, Guo X, SunY B, Zhang W N, Zhao HL, Zhao H J,
FL TR K SR . AR A% B 244, 2005, 6(2) - Wang X J, Fu C, Zhao C Z. Flavonoid contents and
200-203 antioxidant enzyme activities of different peanut cultivars
Qi N, Lin H, Wei S H, Yang X F, Liu G Y. Using wild under salt stress. Chinese Journal of Oil Crop Sciences, 2023,
soybean resources to develop the new soybean germplasm of 45(4): 803-809.
high quality and diseases resistance. Journal of Plant Genetic [42] BRf, R0, 8o . SR P AR AR T NodD2 21 111 S R 2
Resources, 2005, 6(2): 200-203. s AR A AEHLRI DS . A drif i, 2022, 42(7): 1396-

[33] Zhao C M, Hou H, Xing M G, Xue R G. Identification of 1404
stigma specific expression fragment in the promoter of a Chen M, Zhu H, Cao Y R. Biochemical mechanism of the
soybean chitinase class I gene. Molecular Biology, 2023, 57 interaction between Sinorhizobium fredii NodD2 and plant
(1): 83-94 flavonoids. Chemistry of Life, 2022, 42(7): 1396-1404

[34] Gijzen M, Kuflu K, Qutob D, Chernys J T. A class I chitinase [43] Salzer P, Bonanomi A, Beyer K, Végeli-Lange R,
from soybean seed coat. Journal of Experimental Botany, Aeschbacher R A, Lange J, Wiemken A, Kim D, Cook D R,
2001, 52: 2283-2289 Boller T. Differential expression of eight chitinase genes in

[35] &, Vi, &R, KM . K9 class TIRMENYIIL T i Medicago truncatula roots during mycorrhiza formation,
Tt R R Ho g s 72k =X WP IR EY) 24, 2013, 35 nodulation, and pathogen infection. Molecular Plant-microbe
(2):221-224 Interactions, 2000, 13(7): 763-777
Zhao Y, Sha W, Jin Z M, Zhang M J. Expression pattern of [44] ZETR0R, FEARAE, MIET, MY, 2652, X154 . p-1,3-
soybean class III acidic endochitinase gene and promoter. R TEWEREAN LT GBS M5 K IR B AR SR P SE &R
Chinese Journal of Oil Crop Sciences, 2013, 35(2): 221-224 YR ELER, 2009, 39(6) : 600-607

[36] Nekrutenko A, Makova K D, Li W H. The KA/KS ratio test Zuo Y H, Kang Z S, Yang C P, Rui HY, Lou S B, Liu TR.
for assessing the protein-coding potential of genomic regions: Relationship between activities of -1, 3-glacanase and chitinase
An empirical and simulation study. Genome Research, 2002, and resistance to phytophthora root rot in soybean. Acta
12(1): 198-202 Phytopathologica Sinica, 2009, 39(6): 600-607

[37] Polowick P L, Sawhney V K. In vitro floral development of [45] SuYC,XuLP,FuZW, Yang YT, GuoJ L, Wang S S,
oilseed rape (Brassica napus L.) : The effects of pH and plant Que Y X. ScChi, encoding an acidic Class III chitinase of
growth regulators. Journal of Experimental Botany, 1991, 42 sugarcane, confers positive responses to biotic and abiotic
(245): 1583-1588 stresses in sugarcane. International Journal of Molecular

[38] WP, XIFEER, PRI, R, MR, F1 . ARG Sciences, 2014, 15, 2738-2760
R AE R BT T ST R L Ay TR T R, 2023, 21 [46] Salzer P, Feddermann N, Wiemken A, Boller T, Stachelin C.
(22): 7545-7553 Sinorhizobium meliloti-induced chitinase gene expression in
Guo Z X, LiuLL, Sun DY, Pan FY, Qu1JJ, Yin L. Medicago truncatula ecotype R108-1: A comparison between
Progress of chalcone synthase and plant disease resistance. symbiosis-specific class V and defence-related class IV
Molecular Plant Breeding, 2023, 21(22): 7545-7553 chitinases. Planta, 2004, 219(4): 626-638

[39] ZRE, CEW, BUNHE, AR, R, AFBE KGR E [47] DongY, Yang X, LiuJ, Wang B H, Liu B L, WangY Z. Pod
WA BT BT . KEFRRE, 2023, 42(5): 554-564 shattering resistance associated with domestication is mediated
WuCY, Wen CY, Huang L P, Xu R X, Song J. Analysis of by a NAC gene in soybean. Nature Communications, 2014, 5:
seed coat composition and antioxidant activity of soybean with 3352
different colors. Soybean Science, 2023, 42(5): 554-564 [48] Sanchez-Rodriguez C, Bauer S, Hématy K, Saxe F, Ibafiez A

[40] HlEwE, Ripte, HA%, WM, XK, MYisk, 15, B, Vodermaier V, Konlechner C, Sampathkumar A,

PRt , A, w4, i, AR ARG HKOC
R PRI KM 10 S 3R IB T . AR A B R, 2021,
29(12): 2289-2303

DuTT, SongZH, DongBY, CajoHY, LiuTY, Yang W
L, Qi M, Chen T, Wang M Y, Meng D, Yang Q, FuY J.

Riiggeberg M, Aichinger E, Neumetzler L, Burgert I ,
Somerville C, Hauser M T, Persson S. Chitinase-likel/pom-
poml and its homolog CTL2 are glucan-interacting proteins
important for cellulose biosynthesis in Arabidopsis. The Plant
Cell, 2012, 24(2): 589-607



