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Identification of heat stress transcription factors gene family
in Sefcreasea purpurea and analysis of its expression pattern
under Cu®" stress

PENG Guoying, LU Shan, YANG Kun, WAN Wei, HUANG Changgan

Nanchang Key Laboratory of Chemical Utilization of Plant Resources, Jiangxi Agricultural University,
Nanchang 330045, Jiangxi, China

Abstract: Heat stress transcription factors (Hsf) family is one of the most important transcription factor
families in plants, and plays an important role in the growth and development of plants when
encountering abiotic stresses such as heat, drought, and heavy metals. In this study, 20 SpbHsf genes
were identified from the full-length transcriptome database of Setcreasea purpurea, and the structure
and function of the Hsf gene family were analyzed using bioinformatics tools and qRT-PCR. The results
showed that all SpbHsf proteins were hydrophilic. There were 12 SpbHsf proteins located in the nucleus,
and the content of a-helix and random coil in the secondary structure of all SpbHsf proteins was high.
The SpbHsf genes are divided into three subfamilies, each of which contains unique conserved motifs.
All SpbHsf proteins contain DBD and HR-A/B domains. Phylogenetic analysis showed that OsHsf in
Oryza sativa protein had the highest homology with SpbHsf protein. All the 20 SpbHsf genes were
expressed in the root tissues of S. purpurea. Among them, 8 were significantly up-regulated while
8 were significantly down-regulated under Cu®" stress. This study may help better understand the
function and expression pattern of the S. purpurea Hsf gene family.

Keywords: Setcreasea purpurea; Hsf; bioinformatics; expression analysis
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% 1 SpbHsfs B FRKiEHI519% 1t

Table 1

Primers used for amplification of SpbHsfs gene family

Names Primer sequences T (°C)  Length (bp)
Former primers Reverse primers
SpbHsfAla CGAGGTTGGTAGTGGCAGTG ACGCCCGAGCCTCAAGT 58/60 186
SpbHsfA1b AGAAACTCAACAAGGCGTAA CGGAAGGCTCGTAGGTAG 57/60 156
SpbHsfA1d AGAACGCACGGCTCACC CATCGCCAGGCTTTACG 60/60 178
SpbHsfA2b AAAGGCTCAACCACATAA TTCCCAAGGTCTTCAACT 60/59 134
SpbHsfA3 AATTTCTCCAGTTTCGTC TTATGTGGTTGAGCCTTC 60/60 169
SpbHsfAS CTGGTGGCAATGCTGAT GCAAACCTCCCTGACTT 60/57 202
SpbHsfA6 GTGATGCCTGACCTGTGG CAATGCTGGTGATGAAGT 60/60 142
SpbHsfA4c CCACCTGCATTCCCTTTA TCGTTGTCTTCTGCGTTG 56/60 106
SpbHsfA4b ATTAGAAGTGTTAGCCAAGC GTAGCCAACTCCGTGATT 58/58 159
SpbHsfA4a CCATTATCCAGCAAAGAA CTGCCTGAACAAAGACATTA 60/60 123
SpbHsfB1b CCCGATAGGTGGGAGTTT ATGTGGTGAGCCGTTTGT 58/59 225
SpbHsfBlc CACCAATGCCACAGTCCC CCAAGCAGTTCGTCGTAG 60/60 101
SpbHsfBla GGGGAACAACAGGGACTT CACTTTGCGGAAACCATA 59/59 146
SpbHs{fB2b CAGACCACAGCAACCCAC AACCTCCAGCAGAGCAGA 60/60 134
SpbHsfB2a TCGCCAGCTCAACACTTA TTCTTTCCATTCCCTCCA 60/58 156
SpbHs{fB4b CGAGTTACAAACGCATACA AAGGAGGACTTCTGAACCAT 60/61 152
SpbHsfC1b TCACTGCGTTTACAAGAAT AAGTAGTCGGCGGATAAG 60/60 112
SpbHsfCla TTATGGATTTAGGAAGGTGGAT CGCCGAACAATGAGATGA 60/60 108
SpbHsfC2b GCCACCTGCTCCTCCATA CTGCCATCAATACTTGCTTA 60/60 189
SpbHsfC2c TCACTGCGTTTACAAGAAT AAGTAGACGGCGGATAAG 60/60 201

2 BERXR504

2.1 SpbHsf EREEHERESEBUMR

iz A BLAST #2 /% il Hmmer 2 7 K 2 |
Pfam %45 P2 FITEZL SMART F2/p ik . [m]J6 v
B, B S AR5 20 A28 B B Hisf BN R BB
¥ 20 > SpbHsf F:HFE NCBI F#bA7iER:, &
BG4 5KFE Hsf SERA #m B IRl ik
g B DL 5 AR A 7K e L AR [ 050 PR A 7 i 44
(# 2).

W PR A M P AL TS B R 20 A
Hsf B 45 e 1S BE7E 630—1 524 bp Z [,
DA 1 209-507 NREIERR, 4> FRAE
23.84-55.40 kDa Z [l ; H A EH SN T
4.59-8.94 Z |f], Frp 14 4> SpbHsf & N R
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11,6 SpbHsf 2 [ A2 11, U W] SpbHsf
EAURMEEA N E; SO FHEAKMEE
—0.778 £-0.154 Z[a], ¥ RHE, L] SpbHsf
EAB KRR, ERARERETE
37.62-65.25 Z[], B T SpbHsfA2b & [ A4
EFREUNT 40, RAERREEMAIN, HA SpbHsf
EAMAREIEBIIKT 40, IAREEN.
2.2 SpbHsf EHMIZEH

Prabi 7EZEAX{FRETUN Y SpbHsf & 1 2%
ER o BEGE . AEMPEE . B A RN JC R
4 FhootE (F 1), o BiE (27.58%-55.90%) I
TMAEM (27.95%-55.26%) 2 FhEst i
BEETEMEE (7.01%-15.04%) Fl B
(27.95%-55.26%). 45HGEAH SpbHsf 2K 1 2%
SER TN 1 BT o A RE A AT
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Figure 1 The tertiary structure of SpbHsf proteins.

SpbHsfA3 Fl SpbHsfC2¢ % [ 5E o Fid E ALYy i
&, SpbHsfAdc i Tt4¢{K, SpbHsfAld &
1 E N T 40 4, SpbHsfAla. SpbHsfAlb .
SpbHsfB2a #1 SpbHsfCla & [ 5 i T N B ¥,
H4x 12 4~ SpbHsf & ¥ FAlER, XFE
HH S5 B 51 Hisf ik DR RT BB AE 22 Fh 20 L 285 44 v
HAEY)¥T6e
2.3 SpbHsf EEHIRTFEHF

SpbHsf 3R i 485 H 20 > motif, i
¥ 3 SpbHsf 3L PRSP F AT (K 2),
WoR i SpbHsf B #E 5 AL B C =ANEJE,
M SpbHsf FEH PLRSFIFHIRT AR, AR
SpbHsf 3R ¥ &4 motif 1 F1 motif 3, MH—
WEAE, motif 8, 13, 11 Fl 19 {UAF1E A 2%
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2
@

A

SpbHsfC2a SpbHsfC2b

W, motif 10, 16 {UAFFE B1 WEf%H, motif 4
WAFAE C2 W, W6 SpbHsf H PRI 7E A1 IR
T BT — 8 AR~
2.4 SpbHsf &R L

W 3 7L BRI Heatster, UL EVSE E WA Y
PO 5 I - 25 A R Bl 43 A SpbHsE 2 11
PRSFEEFIR (3% 3). A 1 SpbHsf 2 1 Hh 34 &
A DBD #1 HR-A/B MiF R F45F 5L, AHA Fl
NES 25 ANAETE T A KWK, RD {UAFAE
F BRWEE, 1 CRWEKE - EHALT .
izl MEGA7 #1 GeneDoc 2 XX 20 4~
SpbHsf 2 [ AL I A5 BT TR 00T (I 3),
A1 SpbHsf A H 3 4> a- M8l 4 4
B-r B ALY DBD Z5k3!">, SpbHsf & 1/
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SpbHsfAld . e e, — —

Motif
B motif 1 SpbHsfAla IEEEE | E-EEE- "
motif 2 SpbHsfAlb # EEEE I ER NN 1
W motif 3 SpbHsfA2b e
W mott4 SphHsf43 ~ — mmmm wm -
= ﬁg::?; SphHsfAS -~ wmmm - "
. 4l
B motif 7 SpbHsfA6 - ..
motif 10 —— SpbHsfA4c —EmEE 1>
B motif 12 _E SpbHsfA4h -mmmE &=
motif 14 SpbHsfA4a S —— g e
motif 16 ol B
motif 19
motif 20 [ — - .
B motif 17 || ‘- W
M motif 18 _| I -
motif 8
FEEEE ¢ EEE W
motif 9 —E s
™ motif 11 . ..
B motif 13 S— HEE- .
B motif 15 ., —

-m 0 .
Em :
0 120 240 360 480

2 SpbHsf & E B R T EFLHM 7

Figure 2 The conserved motif composition of SpbHsf genes.

%<3 E T Heaster $E FE 7 #1H) SpbHsf & B B 4518 E i

Table 3 Domain location of SpbHsf proteins based on Heaster database analysis

Names E-value DBD HR-A/B NLS AHA RD NES
SpbHsfAld  7.8e-185 33-128 132-224 226-243 - - 489-503
SpbHsfAla  3.7e-184 14-109 113-205 207-224 (AHA2) 420437 - 465-479
SpbHsfA1b  2.9¢-206 37-132 139-213 233-250 (AHA2) 455472 - 475-484
SpbHsfA2b  3.3e-96 53-150 159-173 179-199 (AHA) 224-236 - -
SpbHsfA3 7.6e-35 27-112 225-292 361-378 (AHA3) 388-389 - -
SpbHsfAS5 1.2e-138 17-111 126-205 206-223 (AHA) 415-432 - -
SpbHsfA6 4.7¢-49 22-117 143-208 255-265 - - -
SpbHsfA4c  4.3e-93 21-118 134-213 214-224 (AHA1) 276-288 - 324-338
SpbHsfA4b  2.6e-144 9-104 124-203 207-226 (AHA1) 376-393 - -
SpbHsfAd4a  3.2e-77 10-105 131-198 203-222 (AHA2) 367-381 - 384-398
SpbHsfBlb  4.2e-96 23-118 160-215 284-289 - 261-269 —
SpbHsfBlc 5.2e-95 20-119 166-214 254-263 - 248-256  —
SpbHsfBla 4.7¢-86 23-118 191-237 297-306 - 290-299 -
SpbHsfB2b  2.0e-144 14-109 171-220 292-300 - 280-288 —
SpbHsfB2a 9.0e-126 10-105 163-212 282-289 - 270-278 —
SpbHs{fB4b 3.7e-141 34-129 195-241 320-326 - 207-316 —
SpbHsfClb  2.1e-96 11-106 129-191 - - - -
SpbHsfCla 6.7¢-75 30-125 171-234 - - - -
SpbHsfC2a 1.7e-104 13-107 129-185 - - - -
SpbHsfC2b  4.9e-111 12-106 127-183 202-209 - - -
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SpbHsfB2a : LETE
SpbHsfAIb : pap
SpbHsfB2b : E
SpbHsfAld : AR
SpbHsfAla : -PA
SpbHsfAS : cEs
SpbHsfBlc : GE2
SpbHsfB4b @ VEAR
SpbHsfA4b : SF#
SpbHsfAda : SE2
SpbHsfA3 @ A®:
SpbHsfB1b :
SpbHsfBla :
SpbHsfA6  :
SpbHSfC2b -
SpbHsfAdc :
SpbHsfC2a :
SpbHsfC1b :
SpbHsfA2b :
SpbHsfCla :

SN N T R W d

3 SpbHsf & A DBD £ #18% F 5 tb x4

P Py e e ey v P ey e e

Figure 3 Multiple sequence alignment of the DBD domain of SpbHsf proteins.
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Figure 4 Phylogenetic trees of Hsf genes from 5 species.
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Figure 5 Expression pattern of SpbHsf genes in root tissue under different copper concentrations. Different
lowercase letters indicate significant difference (P<0.05).
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