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Identification of the chitinase gene family and functional analysis of TrChit3 from
white clover

QIN Xiao-fang, HE Zhi-rui, JIA Tong, YANG Yu-jiao, FU Wei, LI Hang, PENG Yan'
College of Grassland Science and Technology, Sichuan Agricultural University, Chengdu 611130, China

Abstract: Chitinases are glycoside hydrolases that play an important role in plant growth and development.
Relatively few studies have focused on the responses of chitinases to various biotic and abiotic stresses in white clover
(Trifolium repens). Therefore, in this study, we searched the whole genome of white clover to identify and
characterize its chitinase gene family. A total of 44 chitinase genes were identified in the whole genome of white
clover, and they were unevenly distributed on 16 chromosomes. Phylogenetic analysis of these chitinase genes
classified them into two mega-groups (GH18 and GH19), with five separate clusters (I—V). Twenty-nine chitinase
genes belonged to the GH18 subfamily and 15 belonged to the GH19 subfamily. The genes within the same
subfamily genes encoded proteins with similar structures and functions. Promoter analysis showed that the promoter
regions of these 44 chitinase genes contained a variety of cis-acting elements related to growth and development,
hormones, and stress. Furthermore, quantitative reverse-transcription polymerase chain reaction analyses showed
that salt stress and drought stress resulted in significant increases in the transcript levels of chitinase genes, which

further verified their roles in the plant stress response. TrChit3 was selected for a detailed analysis of its role in
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drought resistance. Overexpression of TrChit3 in Arabidopsis thaliana enhanced its resistance to drought stress, as
measured by changes in physiological indexes such as relative conductivity and malondialdehyde content. These
results lay a foundation for further studies on the roles of chitinases in plants.

Key words: white clover; chitinase; gene family; expression analysis
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DAL RS ST LT B B VR S 2228 I MEGA 7 30 %F 1 =t LT J5 il i DR 4 16 ok 5% A 2 R G kAR AR
1.4 ="t LT R#MAREARAEEORTESFS AR LM

I MEME B3t 2050 B = ik JUT 52 il 2 17 40 b i O sF 358 % o R T TBrools #1044 43 # L 3 4k OC 2 JF AT
AL
1.5 g =vt)UT sk B 5%k R X AF R T AT

T TN = LTS R PR A AR TR AR E SR RS TR 3 T KRR R Y 9 G IR S T RIiE 2.0
kb). PlantCARE(http://bioinformatics. psb. ugent. be/webtools/plantcare/html/ ) ¥ 47 I 43 #7 .
1.6 FAMHpit Ty =vbUT REELE RT-qPCR 2 #7

P kPRI B T SR SRR R TR A AR B S 25 °C Ot BRER BE Ol 600 Ix, AR EE Ry
806 , M HRFF LI (8] Oy 8 h, B MBIDE A O 16 h 2544 T 15 3% 7 d s AR5 B AT 7K B 6 K5 37 30 d B9 = 4l i 43 ol B4
T R4 (15% R 2 %, polyethylene glycol, PEG) K £ Wr 38 (150 mmol-L 'NaCl) , # 17 3 WK F &2 , B4k 34 i (7]
SR 0.1.3.6. 12 F1 24 hisf py i 121 SR IOR R AR BUR 9 11 = R 8 RNA I BEAT S8 514 i cDNA
cDNA 732 RAFAE—30 "Co ] Primer 5 HCPFBETH2E PIRR SRS (R 1), ASE K 2 0 e 1) At B-actin W NS
HHE(F: TGCTTGATTCCGGTGATGGTGTG;R: TGCTTGATTCCGGTGATGGTGTG) 5 358 3 [ A% A1 Xt
FKikg,

®1 51955

Table 1 Primer sequences

[ 1D Gene ID

51 %) Forward primer (5" —3")

TS % Reverse primer (5" —3")

gene-P8452_04698 CCGAACCCCTAAATTGAAC CCACCGATAGAAAGCAACA
gene-P8452 70179 TCAAATTATGTCAATCCAAAGG GAGTTTCCGCCTAAGAAGTTAT
gene-P8452 47669 AGCCCAAGAGTTAGGGTTTAC ACAAGCAGGTTCTGATGATGT
gene-P8452 10179 CATTGATCCTTTTGTTGGTCT GTACCATCTCCTAAGTTTTGGC
gene-P8452 42935 TTCTTGACGGCATTGATTT GCATTTCCTATCCAAGCATC
gene-P8452_00576 CATCGGAGGAGGTAATAGCA AAGTCAACACCATCAAACCC
gene-P8452 23770 CAGGGACAGATTGGTATGG TTGAGAAAGAGCCCAGTTG
gene-P8452 72355 TATTCTCTTTCATCGCCTCA TGTTCATTTCGTTTGTGGTT
gene-P8452 10178 AGTCCACAATCACAAAAGAAAA TCCAAACATAATCAAATAAACCA
gene-P8452 10182 TAGGTGATGCTGTTTTAGATGG TTTGCTTTTGTGATTGTGAACT

1.7 IR ra ke

fdt ] qRT-PCR 43 #7 i € 1 7] B8 2 5 W45 11 = i 50 5 19 0BT gene-P8452 _10182( TrChit3) , MiHls pBI21 2R 44
J 90, B3t 57 % 43 0 51 A Xba THI Sac 1§ U) A7 5 A1 [A] 958 6% 5& 09 514, B pBI121-Trchit3-F : AGAACACGG
GGGACTCTAGAATGGCATCCTTAAAACAAGTT F1 pBI121-Trchit3-R: GGGGAAATTCGAGCTCTTAAA
CACTGCCCTTAATA. LAFI =it cDNA Jy A 4 & 44K pBI21-Trehit3, 466 H % A KW T 13 DH50 857 25 2
Ji L 5630 J5 2 TR R A EHAL05 4% FF 58 B2 25 4 i v .

2 M8 Yao 55" AE T AR Y oW A 0 R IR R B AL & Col-0 RUHUU g IF , 135 8L JF 45 Fh s W HC T 4% 7% 2 14 i
T BHETOA Kan iy 1/2 MS ER 3R 2 (B30 g L BB S g L ', MS )i 2 10 g+ L 1) ik . M5
e R SR B A K R I BH A PR RS R 2 IR R A b 4O T S OB . R LR I A R O E % T,
AR T AR AL R I AR AR 4700 )5 56 0E , DA e Bk b B A A A
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1.8 #HA WM T Fphis & 2R A IR AR T
1.8.1 MNP I TR kb 4350 38 B 340 5 ELAH ST A% e 35 DXL AR ok A0 S5 A TR A R B A 22 2 A A4 I
HERAER T WROE R, A e+ b AR K 20 d R AT T 58 . SR 12% PEG % W (FiC il
J7#5:100 g PEGIE T 1 L 1/4 FEA& 22 58 2 E WD) AT AT 528 o 55 2 d R 648 P ) i i 52 2 i
B AE AL BE . PEG AbFE 7 d J5 #E 472 FRAS AR A I 5E .
1.8.2 it AR &K E Sh T A2 AR K B (relative water content, RWC) ¥ 5 AR Y F 4385 F 3k, 3F
7RI LA 5 6 5 (fresh weight, FW) o 43X $E 078 4 °C 1Y 28 18K P23 24 h 5, e Wi ik 2 205 Jn & i
ik i (turgid weight, TW) , #1535 45 + 5 (dry weight, DW) . AKX A :RWC(%)=[(FW—DW)/(TW —
DW) ] X 100",
1.8.3 X RR O FREUHFEIRAL K H— Bt B &84 0. 1 g, H ddH,O #h Pk 4 7k, T35 1 oK 405 7 i &
ZAIK AR TAGR A T, A 10 mL ZE88K , & T2 16 h ), JH DDS-11A B S A% (b A H B 25 A e e A A7
BELZA | I ) o o RS R R K B4 (121 °C 20 min) &b BRI F R it B A I B R, I Aok S M
Xof R = () L 38 /L 3 38 ) X100 %0 6
1.8.4 MZFEREsE S XuE "M IrE MR T (uv-6100, 1) I 5 IR A5 7 BFE 645 1663 nm Ak
WO REAE R M R B i
1.8.5 M&EEFESE K078 T 2E 1 30 minJ& , R A Pocket PEA % £2 3 & X PEOGAX (i) 5 n
e K6 Ak 2% %% % (maximum photochemical efficiency, F,/F,) I it A & Fé 1 € 48 % (performance index on
absorption basis, Pl,s) o BB EE 10~12 1K,
1.8.6 THMEE S EUKZ0.1 g A4 MM A 8 TIRE R IR G, 2 B LS/ Liu %7V Jy
TR I R TR R
1.8.7 N EE(MDA) & & R adrE b it FREUUR ST 28140, 1 g, A SR 1 2 mL 5.0
b A ARSI EOE TWA T Y %G 2 mL 50 mmol- L' PBS(pH 7. 8)7E vk FWFEE , SR J5 &5 .0 30
min (10360 remin ', 4 "C) . W42 KH M 75 VL, K B 1 V75 W (0. 5 mL) i A & A B AX I b 2 12 (0. 5%, thiobarbituric
acid, TBA,w/v) Fl =& LR (20% ,w/v) By 1 mL VW T . IRAI2EE 95 "COKE S n#k 25 min, SR 5 76
m EUGE B, RS CBIRA Y LL 9457 remin 'BS.0 10 min. 7E 532 A1 600 nm &b K | W W B9 RO . MDA
it (mmol-g ') =(0Dy;,—ODy,) X V(H2 B ST, L) /(R S BE XE G R AKX 1000 X A il i 1)

FRECO. 1 g Ze A7 B9 4 M O it 8 T 1R A 78 40 ¥ R 5 P8 Beyotime 23 &) (9 8 T 480 Ak BE 0 A6 0 it 7] &
ml016826 M 2 B 4T F A BTG 1 , 5 AE T DL Ui B 45 .

1.9 HHBaH
FIF SPSS 25 #4722 5 i & /3Bt , 32K H Origin 2016 fE & .
2 BERS55H

2.1 A=vHUT A B kR RGP R L EARSH

FE = 2 rp e e 44 A LT BB S I A (3R 2) , g i 24 BE R K B AE 132~621 aa, P K 299
aa; 7 1125 AL V8 N 14603. 66~68415. 97 Da, F ¥ 32700. 88 Da; Pt 45 My, il 4.37~9.26; A EFE BN
21. 51~47. 07 ; Ji5 Wi e B FEBR 15 KA 56. 40~96. 543 F ¥ Hi K P8 —0. 322~0. 111,

RTT = LTS R R G B B e AR 3 A A B, R T Brools PR = LT Rl 5% AR IR
FEE T QR R (E 1), 53R 8R, 1 =M LT B R GRS 0 A 78 16 A&y ik I,
2.2 = LT RBEA R Rk F SR

FAMEGA 7% iR %@ 15 2019 44 4> [ = JUT ot il 55 B 047 R ge b A o0 A (1 2) , 2 % B Iv LT i il
BEIA o 260 B = LT o i R PR A R 43 Sk 538, 43 il i 44 S Class T~Class 'V, B A 28500 v 1% B O 4008 AN A
], Hih Class I A0 A9 LT 5 Al ik PR RO e £2 (23 45) L 1 Class AL 8 (0 JL T J5 6 R3O B (24 ) o

/
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Table 2 Physicochemical properties of proteins in the chitinase gene family of white clover

1D AR K E Amino- 43 F & Molecular %5 A 15 Isoelectric AT R L MW R A B AR B P 3B K TE Grand aver-
Gene ID acids length (aa) weight (Da) point (PI) Instability index Aliphatic index age of hydrophobicity
gene-P8452_ 04693 298 32361.98 9.16 34.30 86. 74 0.009
gene-P8452 04697 362 39842.48 9. 26 34.73 86.22 —0.050
gene-P8452 04698 291 32409. 61 5. 60 40. 36 87.22 —0. 105
gene-P8452 04688 275 29055. 34 4.37 31.32 82.04 —0.011
gene-P8452_00576 383 43275.95 8.33 31.26 78.69 —0.205
gene-P8452_04690 278 29609. 18 5.15 34.46 86. 44 0.059
gene-P8452_ 06296 383 43255.08 8. 80 29.62 79.48 —0.199
gene-P8452 10187 297 32149. 64 8.96 32.32 84.07 0.028
gene-P8452 10182 275 28960. 20 4.41 33.27 82.76 —0.002
gene-P8452 10188 292 32297.52 5.74 37.78 86.61 —0.063
gene-P8452 10178 297 31928. 65 5.02 35.58 82.83 —0.142
gene-P8452_ 10179 206 22738.68 5.11 31.38 87. 14 —0.035
gene-P8452_ 13386 207 22795.73 5.11 30. 86 86.71 —0.037
gene-P8452 18384 303 33888. 14 6.93 42.01 82. 38 —0.194
gene-P8452 17128 621 68415. 97 5.22 28.83 92.17 0. 005
gene-P8452_23770 365 39463. 67 4.55 28.88 75.51 —0.168
gene-P8452 28219 132 14603. 66 6.25 32.11 72.50 —0.164
gene-P8452_ 29322 362 39410. 05 8.96 33.69 74.56 —0.281
gene-P8452 33777 331 35611. 74 5.37 34.50 56.40 —0.303
gene-P8452 39032 256 27187.40 7.44 46.42 56.52 —0. 245
gene-P8452 42935 294 31613.91 6.70 33.99 85. 37 —0.010
gene-P8452 47669 294 31587.88 6.70 33.02 86. 36 0.009
gene-P8452 53931 212 22708.93 4.37 28. 04 61.75 —0.321
gene-P8452 53932 211 22945. 46 5.46 31.39 57.82 —0.280
gene-P8452 53933 186 20238. 60 4.99 28.93 60.91 —0.175
gene-P8452 53934 283 30502. 81 4.71 32.67 59. 36 —0.297
gene-P8452 53930 275 29591.09 6.83 36.52 62.22 —0.135
gene-P8452 53929 278 29839. 26 5.27 31.46 59.78 —0.204
gene-P8452 54091 411 45795. 84 5.50 47.07 87.83 —0.215
gene-P8452 58401 391 43516. 31 5.45 45.42 90. 77 —0.177
gene-P8452 58243 284 30703. 01 4.66 33.45 58.10 —0.322
gene-P8452 58237 235 25189.95 4.57 35.09 67. 36 —0.093
gene-P8452 58242 178 19133. 09 4.55 21.51 65. 84 —0.152
gene-P8452_58236 241 25954. 70 4.81 31.04 64.85 —0.166
gene-P8452 63358 328 36123.93 9.07 42.80 80.49 —0.256
gene-P8452 59011 322 35664. 54 6.23 24.44 73.63 —0.159
gene-P8452 68078 303 33447.00 8.72 35.38 82.61 —0.176
gene-P8452 63938 322 35664. 54 6.23 24.44 73.63 —0.159
gene-P8452_70179 298 32589. 35 6.71 23.03 96. 54 0.063
gene-P8452_70182 297 31644.73 5.32 32.97 79.93 —0.004
gene-P8452_ 72355 378 41722.57 6.11 28.83 84. 37 0.011
gene-P8452 75297 296 32327.00 6.13 24.14 95.57 0.034
gene-P8452 75301 270 28454. 16 5. 26 34.06 86.48 0.111

gene-P8452 77241 388 42619.43 6.11 33.05 82.71 —0.002
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Fig. 1 Distribution of chitinase gene family members in white clover on chromosomes
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Fig. 2 Phylogenetic tree analysis of chitinase gene family members in white clover

2.5 FTFALMAETEZHIUT RABEAREXEH5H

R T ERGE S LT o R DR A A R R B A R RV AEAE T AR X S B AR ABA A R AR H
M . MY B T 5375 5 45 0 1 B TR e BB HE T L SRS 43 IAE & A X S oo fie 22 R /D i R IR A Bk T 540t
P 2 )L T B 3 (A (gene-P8452_06296 , gene-P8452_ 10182, gene-P8452 23770, gene-P8452_10179 | gene-
P8452_63358) Fl 5 A~ Jo 4 B b B9 JL T B fiff 3 A (gene-P8452 33777 .gene-P8452_28219 ,gene-P8452_53931 , gene-
P8452 54091 . gene-P8452_70179) , F| I 52 i} % 5t & H: PCR 5 A 40 W 76 1 5 e 6 360 F 71 = b LT o il 66 IR 110
FEEA L L PEG BT 2 A0 BRI ER B am 0 h iy (1 — ik &Iy 4 Sy il BEC, R S B 5O R i PCROWE 6 PR 52 3
R IE N 0 R IR B BEATRI . 25 WOR 5 X O L, TR AL BEAER B0 R X 10 AN JLT T 2 N 3R Gk A
VA R R R (] B 2% (BT S RTIEL6) o
2.6 it kK TrChit3 ¥4 I 89 3K 1%

N T WESE gene-P8452 10182 J: K 1Y D GE , 44 HL 85 i 44 ) TrChir3 I G U B I , X i 6 7 ) (9 5% L A T,4K
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Fig. 4 Prediction results of cis-acting elements in the 2000 bp promoter region upstream of the chitinase gene of white clover
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