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Identification of the TaHsp90 Gene Family in Wheat and Its Preliminary
Functional Analysis Involved in Thermotolerance

Yu Xueqiong' .Guo Zhigang’ ,Ren Zhong’ ,Cui Chao' . Liu Xiang', Yao Zhixiang',
Wang Fei' , Wen Shanshan' , Yang Mingming'
(1. College of Agronomy, Northwest A&F University, Yangling,Shaanxi 712100, China;
2. Syngenta(China) Investment Co. , Ltd. , Shanghai 200125, China)

Abstract: Heat shock protein 90 (Hsp90) is widely involved in plant growth and development, and
plays critical roles in regulating thermotolerance and responses to high-temperature stress in plants.
In this study, 18 TaHsp90 genes were identified in wheat via bioinformatic analysis and designated
TaHsp90-2A to TaHsp90-7D-2 according to their chromosomal locations. Chromosomal localization
revealed that TaHsp90 genes were unevenly distributed across nine wheat chromosomes. Analysis of
gene structures and conserved motifs divided this gene family into two structural types, all of which
harbored ten conserved motifs. Intraspecific collinearity analysis of wheat identified 23 collinear gene
pairs. Phylogenetic tree analysis classified the Hsp90 gene families of all tested species into three sub-
groups. Promoter cis-acting element detection identified a total of 31 types of cis-elements in the
TaHsp90 family. Haplotype analysis indicated that individual TaHsp90 members exhibited significant
differences in haplotype number, frequency, and geographical preference, with obvious signatures of
adaptive differentiation. Expression profiling revealed distinct tissue-specific and drought-heat-induced

expression patterns among TaHsp90 members, which could be categorized into four stress-response
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modes and six tissue-expression modes. Quantitative real-time PCR(qRT-PCR) of six representative

genes with typical stress-responsive patterns demonstrated that TaHsp90-2B exhibited the most

prominent heat-inducible expression. Under normal growth conditions, there were no obvious pheno-

typic differences between carrying TaHsp90-2B wheat lines and wild-type plants. However, after ex-

posure to 42 ‘C heat stress, the overexpression lines exhibited milder wilting and lodging, accompa-

nied by significantly higher SPAD values as well as SOD, POD, and CAT activities compared with the

wild type. These results indicate that this gene can markedly improve wheat tolerance to heat stress.

Keywords: Wheat; Hsp90 gene; Heat stress; Expression pattern
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Table 1 Primer information
51 24 B 1975 #®E
Primer Primer sequence(5'—3") Remark
TaHsp90-2A -F GCTGCTCTCGCTCATCATCAAC
TaHsp90-2A -R TGCTCTTGTCTGTCAGGCTCTC
TaHsp90-5A-3 -F CACGCCTGATAACCCAACTGAC
TaHsp90-5A-3 -R GTTCCACCACCTCGGCTTCA
TaHsp90-5B-1-F TGATGAGAGCGAGGACGAGAAG
TaHsp90-5B-1-R GTCACCAGACAGCAAGGAGAGT
TaHsp90-5B-3 -F CAACTGACCTGAGCGGGAAGA
qRT-PCR
TaHsp90-5B-3 -R GTTCCACCACCTCGGCTTCA
TaHsp90-2B-F CCAACTCCTCAGATGCGCT
TaHsp90-2B-R CTGTCGATGATGGAGAGCGT
TaHsp90-5D-3 -F CACCACCGAGCAAACCCAAG
TaHsp90-5D-3 -R CGACCGAGGAAGACGACGAT
Actin-F CACACTGGTGTTATGGTAGG
Actin-R AGAAGGTGTGATGCCAAAT
"""""" Frugomss  TGTTTCTTTTGTCGATGCTCAC
Rranispoo 28N GGTAGGCCGAGTAGAAGC e 5
Fratispoo-2BCH GAGATCAACCCGGAGAACG Positive identification
Rranispoo-2ncss GTATTAAATGTATAATTGCGGGACTCTAA
x 2 TaHsp90 EEMBHERER
Table 2 Physicochemical properties information of TaHsp90 genes
sene 1D Gene name number/aa index hydrgp}uhc Pl index weight/Da
coefficient
TraesCS2A02G033700 TaHsp90-2A 707 40. 48 —0.606 4.93 82. 60 81 130. 96
TraesCS2B02G047400 TaHsp90-2B 712 41.08 —0.579 4.94 82.18 81 290.03
TraesCS2D02G033200 TaHsp90-2D 710 41. 31 —0. 605 4.95 81. 85 81 266. 04
TraesCS5A02G260600 TaHsp90-5A-1 632 39.76 —0.615 4. 83 80. 97 72 415.08
TraesCS5A02G251000 TaHsp90-5A-2 781 46.91 —0.561 4.92 77.93 88 346. 72
TraesCS5A02G101900  TaHsp90-5A-3 815 42.47 —0.517 5.18 79. 84 91 479. 36
TraesCS5B02G258900  TaHsp90-5B-1 663 39. 84 —0.647 4.98 80. 86 76 169. 35
TraesCS5B02G249000  TaHsp90-5B-2 537 46. 34 —0.657 4.82 76.96 62 190. 22
TraesCS5B02G106300  TaHsp90-5B-3 823 43.17 —0.516 5.21 79. 40 92 498.62
TraesCS5D02G268000  TaHsp90-5D-1 700 39. 33 —0.629 4. 95 81. 60 80 460. 28
TraesCS5D02G258900  TaHsp90-5D-2 537 47. 30 —0.657 4. 83 76.96 62 204. 25
TraesCS5D02G113700  TaHsp90-5D-3 957 49.70 —0.571 6.66 76.15 107 258. 60
TraesCS7A02G242200 TaHsp90-7A-1 700 36. 28 —0.612 4.97 83.00 80 452. 32
TraesCS7TA02G529900 TaHsp90-7A-2 807 37.46 —0.717 4. 88 79.37 92 657. 34
TraesCS7B02G149200  TaHsp90-7B-1 700 35. 35 —0.610 4.97 83. 29 80 455. 37
TraesCS7B02G446900  TaHsp90-7B-2 714 35.29 —0.756 4.87 77.83 82 272.58
TraesCS7D02G241100  TaHsp90-7D-1 700 37.28 —0.601 4.97 83. 41 80 437. 35
TraesCS7D02G517800 TaHsp90-7D-2 836 39.77 —0.731 5.12 78.83 96 076. 46
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Fig. 1 Chromosomal distribution of TaHsp90 genes
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Red lines indicate the collinear relationship between two TaHsp90 genes, while gray lines represent the collinear relationships across
the entire wheat genome.
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Fig. 2 Collinearity analysis of TaHsp90 genes
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Fig. 3 Analysis of cis-acting elements in the promoters of TaHsp90 genes

2.4 TaHsp90 EREH RTEF GBS

INFZE TaHsp90 Fe R 457 (K] 4) 7] KBS
RS, =K U LI F (=15 ) B fk CDS
KRFAE, 5 — W LA AR T (<5 ) KA B
CDS W¥FE, 28 TaHsp90 #1410 4~ mo-
tif, T TaHsp90 FEH A Motif 1,2.3.4.8.9.
10, B3 7 A BE P # B T 3% 5K (9 4% 0 R AIE
[l — W7 20 B 53 7E 25 )y HE 5 b o AL, R W
TaHsp90 K& K45 ¥ 7 3 Ak 3o 72 vy B2 LR 57, 4L
W5 (TaHsp90-5B-2, TaHsp90-5D-2) £ 1F 3 FF ik
o A 25 S W s B T Re sk iy AT e . PR
S5 ¥ B8 5y BT R WL B A TaHsp9o e H 34 B %
Hsp90 05 # 0 Ty e &5 0 38, &8 43 il 01 38 40 %
PRK05218 S5 4H B 45 A 5l . A [m] 7 5 D] 20 [ i
R 25 R R R 5 K B AR — 30, i — D EDE T
kb TR Ot ~r e
2.5 Hsp9 EBRGH LD

P HE /N RN LB W R (S hr R BN ZE B
RN ZED) H5HEIEIT UL E K, E RN

Hsp90 HHF I R G K B, 45k B, r A fit
P Rl Hsp90 K 16 W 5 AT 3l 43 R 3 4> W 4
(Group I ~1)., Group I ®#& 30 MR H . AL 5
mmE THAWAH ; Group I A1 43 565 14
ASF 7 A Hsp90 1 B3 (Bl 5), ZH/NFE TaH-
sp90 M 5 5 h R Bl /N BF AR TR N
Hsp90  H R R B % W o4k 7 52, RN E
TaHsp90 3EHAE Z A% 4k it i 8 b 5 A% K &
DU A A S B A BE R AN DR SF I SR & OC R
M5 PR IF L oKL m 3 Hsp90 M P 41 28 7
ARXE M 7, W 78 R AR BHAE ) 5 35 - AE W) 1]
Hsp90 Z 5B AFAE— & M PR o1k .
2.6 TaHsp90 EE K B FE 547
AR AL S AT (3R 3) 3R W, TaHsp90 & M 51 1Y
PSR AR B 25 R W L TaHsp90-2D | TaH-
sp90-5D-1 5§ 5 Al 51 FAAG BUAR AP 2R 7 AL 1
A% O 3h e BA A% B TaHsp90-5A-1., TaHsp90-
5B-3 475 & 6 FhRN 5 P AR R, Ax b R R B
AN Tr) by 38 DX S %) B Y 43 A A7 AR S S0



< 1296 - % X W

(i 546 %

e
&

PG/ N 22 A% A 2 R B » Hap-5A-1-1V \ Hap-
5B-3-11 . Hap-5D-3- T by 12 X 38 1o 491 4 A7 2435 1
FfE B Y 43 A 3 5L P W5 AR W R AE . Hap-5A-
1-IVFEH W 5t 31, 58% . 5 P4 W AL . Hap-2A-
T AEH A 61. 11 % ATV 41. 82 %5 K

91. 41% Z 1] ; %5 W # X Hap-2A- 1 . Hap-5D-3-
Ok E; Bl E4E Hap-5B-1-1 . Hap-7B-2-
I 55 D3R A7 B A% AL b 36 A2 46 Hap-2A-11,
Hap-5D-3- 1 S84 A B A% AL, T B Ak 4 1) B0 4% 7
Gy AR SR .

A —mse2 @8 LRI BapimaL  C o
s —— @ cps
—Motta
— . —— L
mpsoro2 F—HHHHH @8 b
miR L EIER —_— Motif3
npsore: B—HHHHHHEH—S 00 ey g
| BEA BN LE I ] O — —_— ::Zfl
rattspoo-70-1 [—)— e = Mot
-7A- | BE NN LN | — = PRK05218
e R = ey
[ LN T —— = Hspd0 suserfimily
il L =EE,
Telpst351 HE)—— D GO e A——
TaHsp90-5D-1 ._.—- i EE NN LE T} R ———
B TaHsp90-24 _ | | - »e R —
rspoo-20 |-GG [T EERR T —
ratepsos43 g8 SHHHHH—HHS—1— -8  m NN EE R —
£TOHlp90-53-3 __PFERAR P EE NN
TaHsp90-5D-3 AR _TERARIETRN —
_I:TaHSP%fH tHHHIsHH e -
maspoosp2 HHHHHGHHH® ARy e
5/ 'zl ;’ ’;7 ql ’;7
0 1000 2000 3000 4000 5000 6000 7000 8000 0 200 400 600 80 1000 0 200 400 600 800 1000
K JE Length/bp KJE Length/aa K JE Length/aa

4 TaHsp90 HIEEZEH(A) EBRTERF (B)FERE (C) 2

Fig. 4 Analysis of gene structures(A), conserved protein motifs(B), and functional domains(C) of the TaHsp90 genes

s 4 .
> e
ey
% % 3 %G
e
N i
& ‘!b% Qe\ > -
% %"’qy 4
e, %
¥ -
Tayy, i
o
i
“Hspog 3,
TuHsp903.4; | |
]
TaHsp90SB-1— — |
Tabtsp90-SDL
Bl
02
»
N‘(\s\‘g
b
o
[»\g\s?
&s@w Ve
7 - )
?»“Qqﬁ .
L -
&S :
S 5§ pee
g S N 5
& A RS
& 5 S &
7 B g &
& = 2 fail
g £ E
= = N
Croup 1

Ta: B /NE; At BIFEIF; Zm: EK; Sh:

Z-064SHAS—

| - SbHsp90-6

m @,
3 %

o
NN
T8 5 &

SR e
. 5
& &
& $ o
& o
~é$3 N
p
< .
“\@W
P e
o
‘&s\!
- o
050
’Yaﬂﬂ’g
\ 2
| pasp905®
L AHsp90-1
|~ - SbHsp90-3
ZmHspgg.
y
aH"on.g
i g
Uy,
& 7 sy
@Y .
\ ¢ 2 2%

Y

Y . -

»’ .

\ “e % Jb/
i k2
\ g
I Al
N -
Iy
3 2 =
2 5

F s Tu: BRURE/NE; Tod: BFE T HR/NE,

Ta: Wheat; At: Arabidopsis thaliana; Zm: Zea mays; Sb: Sorghum bicolor; Tu: Triticum urartu; Ttd: Triticum turgidum

var. Dicoccoides.

B 5 Hsp90 & B KRG LB
Fig. 5 Phylogenetic tree of Hsp90 proteins



5% 10 M T H B /NEE TaHsp90 e [R5 % 78 B H S 5 Tt #4104 25 B 52 .+ 1297 -

R 3 TaHsp90 E A B & B 75 7 [F 3 38 SR R ) 53 i 33

Table 3 Distribution frequencies of different haplotypes of the TaHsp90 gene among various geographical origins

Sy A3 Distribution frequency/ %

B A HfE A -

Gene Haplotype R R4 LR 2RI Jb 3%
East Asia West Asia Central Asia South Asia North America

TaHsp90-2A Hap-2A-1 91.41 41.82 61.11 85.71 68. 25

Hap-2A-11 5.47 38.18 33.33 14. 29 0. 00

Hap-2A-11 0.00 3. 64 0.00 0. 00 28.57

TaHsp90-2B Hap-2B- | 66. 15 55.38 68.42 56.67 61.90

Hap-2B-11 22.31 7.69 13.16 0. 00 36.51

Hap-2B-1l 6.92 30.77 13.16 36.67 0. 00

TaHsp90-2D Hap-2D-1 100 89. 06 100 90. 32 91.94

TaHsp90-5A-1 Hap-5A-1-1 25.76 37.14 28.95 26.67 4.55

Hap-5A-1-11 21.21 10. 00 34.21 6.67 68.18

Hap-5A-1-11 5. 30 20. 00 5. 26 10. 00 0.00

Hap-5A-1-IV 0.76 27.14 31.58 3.33 4.55

Hap-5A-1-V 14. 39 0. 00 0. 00 0. 00 0. 00

Hap-5A-1-V[ 9.09 0. 00 0. 00 0. 00 11. 36

TaHsp90-5A-2 Hap-5A-2-1 100 75.71 55. 00 100 54.93

Hap-5A-2-11 21.21 7.14 22.50 6.67 84.51

Hap-5A-2-1 0.76 27.14 30. 00 3.33 0. 00

Hap-5A-2-1V 3.79 14. 29 5.00 3.33 0. 00

TaHsp90-5A-3 Hap-5A-3-1 52.99 85.92 70.73 67.74 80. 60

Hap-5A-3-11 19. 40 5.63 0. 00 3.23 4,48

Hap-5A-3-1l 15. 67 0. 00 9.76 9.68 0. 00

TaHsp90-5B-1 Hap-5B-1-1 45.19 60. 56 67.57 90. 00 19. 44

Hap-5B-1- 11 34. 81 14.08 2.70 0. 00 25.00

Hap-5B-1-1 11.11 0. 00 8. 11 3.33 47.22

Hap-5B-1-1V 2.96 12.68 13.51 0. 00 6.94

TaHsp90-5B-2 Hap-5B-2-1 49,57 29.31 27.78 44. 83 22.81

Hap-5B-2- 11 35. 90 17. 24 25.00 3.45 33. 33

Hap-5B-2- Il 0. 00 29. 31 33.33 20. 69 15.79

Hap-5B-2-IV 12.82 5.17 2.78 3.45 26.32

TaHsp90-5B-3 Hap-5B-3-1 39. 69 38. 24 30. 23 9.68 73.24

Hap-5B-3-11 0.76 42. 65 20.93 61.29 9. 86

Hap-5B-3-1l 30.53 4. 41 4. 65 3.23 4,23

Hap-5B-3-1IV 12.21 2.94 2.33 0. 00 11. 27

Hap-5B-3-V 1.53 4. 41 23.26 9.68 1.41

TaHsp90-5D-1 Hap-5D-1-1 99. 26 100 100 96. 77 87.50

TaHsp90-5D-2 Hap-5D-2-1 100 87.32 92.50 60. 71 98.57

TaHsp90-5D-3 Hap-5D-3-1 46.97 89. 04 83.33 56. 67 50. 00

Hap-5D-3-11 32.58 1.37 2.38 6.67 0. 00

Hap-5D-3- I 3.03 4.11 7.14 0. 00 34.72

Hap-5D-3-IV 12.12 2.74 7.14 3.33 8.33

TaHsp90-7A-1 Hap-7A-1-1 38. 64 43.06 57.89 74.19 67.61

Hap-7A-1-1 45. 45 54.17 39.47 16.13 32.39

Hap-7A-1-1l 15.91 0. 00 2.63 9.68 0. 00

TaHsp90-7A-2 Hap-7A-2-1 93.81 93.18 100 100 100

TaHsp90-7B-1 Hap-7B-1-1 92.59 55. 88 79.49 70.97 98. 61

TaHsp90-7B-2 Hap-7B-2-1 39.58 51.16 48.15 85.71 76.32

Hap-7B-2-11 40. 63 6.98 7.41 0. 00 0. 00

Hap-7B-2-1l 9. 38 20.93 22.22 0. 00 0. 00

TaHsp90-7D-1 Hap-7D-1-1 76.38 77.61 80. 95 74.19 76.06

Hap-7D-1-1I 20. 47 17.91 11. 90 22.58 15. 49

TaHsp90-7D-2 Hap-7D-2-1 77.69 93.94 90. 00 100 100

Hap-7D-2-11 15.70 1.52 5.00 0. 00 0. 00
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Fig. 6 Expression patterns of TaHsp90 genes in different tissues
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