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Abstract In order to study the response mechanism and related functions of the heat shock protein 90 (HSP90) gene
family under temperature stress in Chinese cabbage, we have identified HSP90 gene family members in Chinese
cabbage by bioinformatics analysis. And the physicochemical properties, gene structure, chromosome distribution,
evolutionary relationship, promoter elements, and expression patterns of these genes were analyzed. The results
showed that more than 14 HSP90 family genes were found in Chinese cabbage, and the amino acids length ranged
from 490 to 820. These genes were acidic and distributed on 10 chromosomes, including 1 to 19 introns and 10
conserved motifs. Phylogenetic analysis suggested that 14 genes were divided into 5 clusters. Analysis of
cis-elements found 7 genes responded to temperature stress. The transcription level of these genes was markedly
altered under thermal stresses, indicating that these genes were widely involved in temperature stress. This study
provided a foundation for further study the roles of HSP90 in Chinese cabbage.

Keywords Chinese cabbage; Heat shock protein; Genome-wide identification; Expression analysis
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A5 1 (heat shock proteins, HSP)) 72 /7 7£ T
LB SRR B A B, S — 2852 B AR W 105
EEEEAE Y S A SRR E N E R, A
Yt R A B R S . AR IR T ER
INETRASY N 5 ANIERE, B HSP100.HSP90.HSP70.
HSP60 LA % /N 73 F #% I 5 H (small heat shock pro-
teins, SHSPs) (Wang et al., 2004). Tfii HSP90 /& B 1%/
YRR b AR — R RS R R B
WAEAD TAHHES 5SS E UL REM AR K E
I FE(Oh et al., 2014), = ZZP Kl i) 7 7] 45 4 )
JE - DNA 25 JEVIEOE RIS IG(E 5 % S %
s BRF- 7% [8) 45 44 11 4 #F 55 (Zuehlke and Johnson,
2010). 7Epid B IE % 2544 T HSPOO JE A 5 ik B A
PH b2 R AR i 2R 0E B F AT S I DI RE, 5L
R AR AR R B — TR T B E B &
AL (Picard, 2002).

H 8, HSP9O & [| X 10 7E /K 8 (Oryza sativa L.)
(Hu et al., 2009). A F 7+ (A rabidopsis thaliana) (Krishna
and Gloor, 2001)%5 2 F/EY O % 58, (HAE 2 1)
TERIWLEE MANE 2 . E5)E T+ 4ERH Cruciferae) 2=
Z 8 (Brassica)fi W), I B850 TEF AR,
W2, g E E SR RS —, H ATt SE
W VZFPHE . AR A ME B 22 B D7 ER 3
HSPOO R K RIHFAT % 5E , FFor M 7 R R 465 4 F1
RIEKL, iE—B BT A3 HSP90 FER ) T RETR
Pt — g B il

1 ERE55H

1.1832 HSP90 HiEHIEE
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e o R A B AR 5, BD AN BrHSP90-1 |
BrHSP90-14. X {iTA3 i) HSPOO 2K (I #E 47 HE 4k 1 i 43
B 1), 14 B8R 14 4 HSP9O & 14 I & FE g
KEAE 490~820 Z ], P42 FERR K N 721.5. 14 4
HSP90 Z k2 B R 55 L s VG I 7E 4.93~5.65, UiHAH
K HSP9O BRI & A 5 IR 2 2R - ANIF] HS-
P90 (173 BB, BT A 56.52~93.77 kD
i WoLF PSORT I it Tl 2 7%, 6 ™26 [] 7. 4H ffa
SENLTETR B I, 4 A FEDR e 6 T 24k |
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FEF3 HSPOO ZORH 4R E] 1 10 4> motif (B 1)
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FE A motif 73 A AR LL#35 57, i PR R IR, o
2 5 ZFGE (1 FE Y, motif 23 A7 (14 %5 & AN A7 B ok
ok, FA B I AR Sy P, AT DA I 7E L 25 M RN Th g
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&2 WA ROR I 2 R, 1~19 A%

N T HE—B T R A SE HSPOO J: K 5Ktk & e T
BE %5 A, X A 32 . B ¥ (Brassica oleracea L.)< B IF
(Brassica nigra)~ T/ 7+ HSPOO Z5 J 4k P 1L [A] 74 2 &%
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125 AN, b i 1 |2, A 5 A4, ik 2 L —1
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Ak A04 5 A07 K &K1 BrHSPOO %1% i i1, A03
ik btz , A 4 DER, FHLIROZ A2, 341
R AL, EHH 5> BrHSPO BRI AFE R E S,
53 BrHSP9O 177 [FYRE ], 7K T E 3 1) HSP9O
FH2H . FIH MCScanX AT 3% BT H AL
BT HSP9O H& IR AT JL 26 1 70 W R DL (I 4),4 A
HSP90 £ [K FRfrfE L e tEC R . #id Ka/Ks 747
RILFE 2), 12 NN Ka/Ks<<1, 15 B 1% S L K] 7F
B DT T BRI A IR BEER -

1.4 B3 HSP90 EEZKEWIRN/ER T

X} 3% HSPOO R R 1 3 2 72047 1 AR
R T Bt B A 207 X3 A% O oo R oh s EZE 5 Hr
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55 2% R 5 RN 300 58 3B A G o R BrHSP9O- 1+
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fi 12 AN PR 35 E A 5K F0 L H I I . G A4 (CGTCA-
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B T LEAS R HEAE P38 AT #4653 () 5).
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Figure 1 Protein domain and sequence structure of HSP90 gene family in Brassica rapa
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Figure 3 The distribution of HSP90 gene family on chromosomes in Brassica rapa

« I jis
@ %?’.‘. £ £33

[ oy

¢ % Ba ¢ ZEm
5 2% £ E3%

2z ‘f'q. J -\Ju/n

7
23

S
14
q

Q

= .,
-

A ‘(\
S
LZR

\/

4
EE
-
e
RN
(2=
T
LA
0>
7

R/

K 4
e
Y/

)

- e
ST
Ny !

w 0y ,

7 \BAAD
N/

-

2

P
XTI/

NN
ive
Y
QY

&7

-

QL
N

J.-H' e o

DE0r6L

K 4 A3, HE, BRI T HSP90 2k R 3L 2 % &

Figure 4 Syntenic analysis of HSP90 genes in Brassica rapa, Brassica oleracea L., Brassica nigra and Arabidopsis thaliana
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F 2 FISEAN R IF HSP9O i K 5 J Ka/Ks 43 #T
Table 2 Analysis of Ka/Ks of HSP90 gene family in Brassica rapa and Arabidopsis thaliana

Seq-1

Seq-2

Ka

Ks

Ka/Ks

BraA01g014950.3C
BraA01g041350.3C
BraA01g014950.3C
BraA01g041350.3C
BraA01g014950.3C
BraA02g036390.3C
BraA02g036390.3C
BraA03g013140.3C
BraA05g037940.3C
BraA06g038950.3C
BraA06g038950.3C
BraA10g010950.3C

BraA03g051700.3C
BraA05g037940.3C
BraA08g020490.3C
AT3G07770.1
AT4G24190.2
BraA06g038950.3C
BraA09g024330.3C
AT5G56000.1
AT3G07770.1
BraA09g024330.3C
AT2G04030.1
AT5G52640.1

0.018 861 069
0.024 392 025
0.021 282 861
0.051 411 986
0.033 353 549
0.036 219 286
0.031 151 454
0.022 283 778
0.052 349 239
0.015 832 208
0.021 059 849
0.059 674 389

0.479 316 515
0.321 753 698
0.384 677 958
0.527 180 605
0.402 241 677
0.344 193 344
0.440 839 999
0.616 973 951
0.514 083 417
0.396 994 171
0.511 283 262
0.790 288 592

0.039 349 925
0.075 809 618
0.055 326 438
0.097 522 529
0.082 919 178
0.105 229 477
0.070 663 856
0.036 117 858
0.101 830 242
0.039 880 203
0.041 190 178
0.075 509 617
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Figure 5 Functions of promoter cis-acting elements in HSP90 family genes in Brassica rapa
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Figure 6 Expression analysis of HSP90 gene family in various tissues and organs in Brassica rapa
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K= K&, 2014) FIHHHL (Nicotiana tabacum L.) (Song
et al., 2019) 145 S — 3. 1@ /A (58 B IF L H A
W RGO R, —3L 5 5 AV, BiET H
S5 AW R AR SRRV 7% 2 o HSP9O %
DRl 55 0 e o B de /b, HLAE AN AAN — AN JE A, HE
XA REE LR B R T R AR H
o BRI SRR 2 B g T 1) ) B8 (Skolnick
and Fetrow, 2000), [13¢ 14 > HSP9O 5 e 5L P8 2 A
HEAEMINETENS T, BRI KIEEK
AT B R R R G /AL B 3 X o i
KRB, 2K HSPOO Z5 I ik [R 71 I8 2 e . AN 38 4 55
J7 A R KA E — 2 HITER

WK, HSP90 K2R 2 5 7 ={E A= 4 oy 3 1y vl
[ (Panaretou et al., 1998), X F& 4 (1) H1 18 L5 F1 A&
KR BEREEZEPIEHM (Sangster and Queitsch,
2005) o ASHF T AT T (132 HSPOO SR Ik DA 7E 3 o
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(V3.0); 28 J5 M\ Pfam (Finn et al., 2016) X % (http:/pfam.
xfam.org/search#tabview=tab1) T % [& L /R F} F A5 Y
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B AT &R B EE ) FIH NCBI-CDD %k
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