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WE. N2 (Zingiber officinale Roscoe ) ## 5 H ( Heat shock proteins , HSP ) F& K X% (1Y {58 AT 5
FAZIRHBEAE, ITEEE T ZoHSP70 FERH P J HAeab iz, I — 25 1| FH S 5 ot e i I S 3R A g =X
JI (qRT-PCR) Kl T 8 4~ ZoHSP70 AN 7E = iR e F MRk Fetk . BRIt as R0, 7k R A P I e 3
314 ZoHSP70 FiEFIH s RGN BIR , ZoHSP70 FIRFER W 43K 5 AW KR, 7 T Rl — WK Kk B HSP70 A
B AU FE R 251 . ZoHSP70 RT3k R it 14 85 11 3 2 S R 7 9 4K B AE 163 aa % 909 aa Z[A], AHXT 4> F 5 4
18 120~ 101 610, T ZoHSP70-26 & [ WU 2 1 5h , HARBI MERIEE 1, WyFh 3Lk Pk 45 S 2R B, ZoHSP70
FEIEE E B B AR s 1 AR RS ST 8T K B, ZoHSP70 FRG3E R 1 g 2l 7 XN &
S5m0 85 P e 7 38K 2R i 18 A DG VR FH TR, B S DN T B AT 4 SR SRR |, ZoHSP70
WA — o AR v B T 2 ARS8 55 a8, Horh, ZoHSP70-10 . ZoHSP70-24  ZoHSP70-30 <5 3
e A 2R R AR R B SRS R 52 AIRIR A K IE T A B Rk, qRT-PCR A Hi45 %W, 50 h 4/
L, ZoHSP70-24 FERTE SR B A AL BT 4 h I 3h B W 25 AR (P<0. 05 ) , B2 538 I ] (19 SE 4, R PR 38 o il ikt
ThiE, & 24 h BRIk IR BWEAL ; LR ZoHSP70-4 . ZoHSP70-10 . ZoHSP70-20 1 B i i AL BE 4 h i 3Rk s,
AR B3 R B B E LT 4 h (P<0.05) B3R T CK WRIKE (P<0.05) . AHFFTEE R itk — i
WA ZFEAR AR YA T HSP70 FEIEH 2 5185 M4 LR {E T HI 5%

KW A HSP70 FIRILN; MG Rk
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Identification of HSP70 family genes in ginger and their expression analy-
sis in response to high temperature stress

YANG Peihua', ZHANG Chi', MA Jiawei', LIU Jiaying', WAN Pan', WU Ziyu', LIANG Hongyan’,
YE Liang’, ZHU Yongxing'
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I #s B #.2025-07-25 Abstract: To analyze the information of heat shock
E£WAB Wb E ERRHL AV H (2024EHA0L1) 5 KIT R #18H# protein (HSP) gene family in Zingiber officinale Roscoe,
A RO R T #CF B TR BT ST b0 T S 4 i H the ZoHSP70 family genes and their expression patterns

(KFG202422) were analyzed and identified based on the ginger genome
EER N A (2001-) , 2, WAL BB, 8L AL, EF NG data, and the expression characteristics of eight ZoHSP70
BRI E BT, (E-mail) yph919701@ 163.com genes under high temperature stress were further detected

BHRAFE 4K, (E-mail) xbnlzyx@ 163.com by quantitative real-time reverse transcription polymerase
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chain reaction (qRT-PCR). The results showed that 31 ZoHSP70 family genes were identified in the ginger genome. The phy-
logenetic tree showed that ZoHSP70 family genes could be divided into five subfamilies, and HSP70 genes in the same sub-
family exhibited similar gene structures. The amino acid sequence lengths of the proteins encoded by the ZoHSP70 family
genes ranged from 163 aa to 909 aa, with relative molecular weights ranging from 18 120 to 101 610. ZoHSP70-26 is an alka-
line protein, while the remaining proteins are acidic. Intra-species colinearity analysis showed that the ZoHSP70 family genes
were mainly driven by fragment replication. The analysis of cis-acting regulatory elements showed that the upstream promoter
regions of ZoHSP70 family genes contained elements related to light, growth and development response, stress response and
hormone response. Transcriptome sequencing data analysis showed that ZoHSP70 family genes had certain tissue expression
specificity and responded to stresses such as drought and low temperature. Among them, genes such as ZoHSP70-10,
ZoHSP70-24, and ZoHSP70-30 showed higher expression levels across different growth stages, various tissues, and under
drought, low temperature and waterlogging stresses. The results of gRT-PCR analysis showed that compared with O h, the ex-
pression of ZoHSP70-24 gene was significantly decreased at 4 h under high temperature stress (P<0.05). With the prolonga-
tion of stress time, the expression of ZoHSP70-24 gene increased rapidly and reached the peak at 24 h. The expression levels
of genes ZoHSP70-4, ZoHSP70-10, and ZoHSP70-20 were the highest at 4 h of high temperature stress treatment, and the
gene expression levels at other treatment time points were significantly lower than those at 4 h (P<0.05) , but still significant-

ly higher than CK (P<0.05). In summary, this study provides a theoretical reference for further analysis of the molecular

mechanisms by which HSP70 family genes participate in the regulation of ginger under different abiotic stresses.
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HSP) Z A G, HSP & —J 83 A7 4E TSk i
(A EA RS AT RE R R (1Y HSP AR Z Ak
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1.1 ZoHSP70 ZiRERFMETER Rk §HIHIITE
M NCBI %9 % ( https ://www. ncbi. nlm. nih.

gov/ ) ARBUKFE ( Oryza sativa) HSP70 £ H &R R ¥
51, )\ Arabidopsis Information Resource {4 J& ( ht-
tps ://www.arabidopsis.org/ ) 3k B RS I+ ( Arabidopsis
thaliana) HSP70 £ FH & 08 ¥ 51, LUK AG ML RE I
HSP70 2 H & HEMR 7 91 #1417 AR 22 5L R 21
By e A BLAST T B A7 ) J5UT 91 HE X, 1
B XTI E< 1107 B3R5 A 25 % HSP70
EHRAIEMIT S, M Pfam £ 85 % (hitp.//pfam.
xfam.org) T % HSP70 P2 ~F 25 #4555 1 4 B 5 7K AT
KA (Pfam % 55 PF0O0012) , #| F§ HMMER T.
H. (https ://www. ebi. ac. uk/Tools/hmmer ) XJ 5 1% %
FERR T 91 3 A7 45+ B DT T 5 U, [A] B 58 G Inter-
ProScan 1. -E (http://www. ebi. ac. uk/InterProScan )
Xof A HE R T 91 9 B RE S AR A T TR A A 45
G EREER KR EE TUR MIERE B AT
SRR H  AF BRI A1 e 5 9 A2 2 HSP70 8 H & 4E
R T 51 SC A, i Ja A NCBI £ <F 25 44 3808098 122
(CDD, https ://www. ncbi. nlm. nih. gov/cdd/ ) X} iR
RILTR T HNHEAT S5 A 3 K S 78, S B AN A 75 7Y
HSP70 PRAF A5 I AR 7 1, S0 5E 31 MR
2% ZoHSP70 FIGEHH

W 2o 51 HE T RS AR B 8 ) 1 31 AR 2
HSP70 8 H @A EE MR 7515 18 AU HIIF F 32 4~k
T2 HSP70 2 U ER T IR Clustal W2 {432t
T2 7 50 e, I fifi HH7E 4 T. & Chiplot (https://
www.chiplot.online/ ) X} #E B FE1 7484
1.2 ZoHSP70 & B 4¥1E 5 #7 A0 AL LA B RE iz 53 7

ffi /1 ExPASy ProtParam ( https://web. expasy.
org/ protparam/ ) 7M1 ZoHSP70 25 [ B9 FRALVE IR, £

FEHZEIERRIT I B GEK M Aoy i AR E
AT BB S T FEZ T H SOPMA
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REAFEAT 7 xh e, A AEZL T H: Piant-mPLoc
(http ://www.csbio.sjtu. edu. cn/bioinf/Plant multi ) i
T ZoHSP70 £ 1Y 41 %E 7
1.3 ZoHSP70 HKIxE R LM RFEF 53

MIEZIL A GFF3 SCHF R IUEZE ZoHSP70
GG HE R PR B A1 T TBtools T B % AR 22 31
A~ ZoHSP70 FRIGIENHEATE K 73 Bt , £ 28 73 M A %
HSP70 3% R A0 5 FN & 1% 2005 A ]
MEME 7 2% I %4 ( https//meme-suite. org/meme/
tools/meme ) Xf 31 4~ ZoHSP70 ZZ I HE4 708 51 K&
FFRG, i TBtools 3R A,
1.4 ZoHSP70 FHKixEE MR BKE L

M A 2L R )RR S, 383 TBtools 2K HL
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1.5 ZoHSP70 RixEE B FIRXIERATHL
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REAFEIGL AR BE SO, SRR M B S0 e gk
K S 7E TBrools Y Advanced Circos B HE X £ il
ZoHSP70 ZRJGHEA A A [R) PR R LR P PRI i, feff
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RS T HEXT, 37453 Cil  Collinearity (GFF SC{4: f
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WA CDS 31 4% 2 psRNATarget 7E 484347 T
H. (https ://www.zhaolab.org/psRNA ) "2 il miR-
NA 5 ZoHSP70 ¢ 3k R i) 80 ) 1 55 G &R, 23 4>
ZoHSP70 ZZ 3 Rl i 1) 5 2L miRNA 77 0] {5
AIREA A IR AR R 1E T gealluvia f I HR LR,
AL E I miRNA 5 ZoHSP70 SR j5E PRI 53 fm Z ]
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1.9 HmabiE

B R IR R Z2 2, KT R R =1
YT SE BEORAFE o 32 AR R A0 6 1) 22 b | B T IR BE 25
C FXHREE 70% J6JH 2 24 h 4RI AN TR
MEREFRAE PR ZE  FF2E K 2 1.5 em B, BB ERKIT
REEVUR X B IR E AT ARG T . AR A2 A
N EEF£ 25 em JEA 21 em (5 26 cm, B FH 4R
FAPHE S GFEES e i - SR ZH IR

3: 1, RRAEZEAERE I 50 em 2245 i i BE 4 34
— 3 Toh U B R A T S A s
TR IR 25 TR 40 °C SR A A H 7 d 5, 2
PRI 2R 5 Al 0 S R IR (HR IR 33
FERRRE 254 3 2 URL KA TR UL 4% 14—
i B R A A i el 2 T =ik 40 °C LA ARt
T E 42 C R iR MRE R % 55 B RE IS AR
UL (V) 0 i v Y PR 45, ST ke S AR BE T DA AR
WEBREA R . 000 TR i Ab 3 0 h 4 h 8 h,
12 h 24 h 48 h B REEM PRI BEMT A, 2800 AE i
Je G R 25 -80 CHBARIELVKAS P R4 .
PR 220 - RNA A e B 9 S % 5) B eD-
NA | BEATSEI 9 68 B PCR 0T, 5195 B3 1,
1 RBP %jﬂ[j‘];;‘,{ﬁﬁﬁ SYBR qPCR Master Mix i,
A m i ME R A R B A BR A W ) R4 T
ST R R S PCR (qRT-PCR) &l )52 7
RZ (20 wL) HIE M54 1 wL,SYBR qPCR
Master Mix 37 10 wL,cDNA 1 pL, )5 H ddH,0
HEZE 20 pl, PHEFRIF .95 C HARE 30 5595 C
A5ME 5 5,55 CiR K 30 5,40 IRTEFF ., HAFEMSER
3R, 2702 ik SR kKSR il
Duncan’ s i B ZZHTE 0.05 7K R 45 &b FHECHE 3
125 AR,
F1 %= ZoHSP70 KixEEE NS EE RBP i) qRT-PCR ¥ 1%

514

Table 1 Quantitative real-time reverse transcription polymerase
chain reaction ( qRT-PCR ) amplification primers for

ZoHSP70 family genes and reference gene RBP in ginger

HH 1D FEH A FR SIYIFH1 (5 —3")
Maker00044775 ZoHSP70-3  F.CAAAGAGCCAAACAAGGGG
R:CCAAGGGTGAGTGGAGCAA
Maker00023203 ZoHSP70-4  F;AAGGCAGTCATCACAGTCCC
R:AAAAGTTCCACCACCCAGG
Maker00006071 ZoHSP70-10 ¥ .CTGATGAGGCTGTTGCTTATG
R:GCTCTTTCTTTGTGGGGATG
Maker00037819 ZoHSP70-17  F.TAGGAAGTGGGGTTGATGTAAG
R:AGAAATTGGTGCGGCTGT
Maker00030454 ZoHSP70-20  F:AAGGTGGTATTCTTCGTGGAG
R:GGGGATGGTAGTATTTCTGTTG
Maker00010347 ZoHSP70-24  F;TTCCCCAGATCACAGTTTGC
R:GACTTGTACTTCTCCGCTTCC
Maker00000858 ZoHSP70-30  F.GGATCATCAATGAGCCCAC
R:AGACATCAAAAGTACCGCCA
Maker00001035 ZoHSP70-31  F,CTCGGATTGTTTCGGGAC
R:AACGGCGGAGTTAGTGGT
ACT RBP F.CCTATGAAGCGTAGAAACACAAG

R:GAAGGACAACATCCCAAATC
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Fig.1 Phylogenetic analysis of HSP70 family genes in Zingiber officinale , Arabidopsis thaliana and Oryza sativa

2.2 42 ZoHSP70 & B 4FE K& L RaTE fiL

31 A2 ZoHSP70 #& [ AL 5 19 JE AR (5
MR 2 fir7R, ZoHSP70 25 M 1Yz FL 12 17 9 V- K B
4 609 aa, 434 FITE 163 aa & 909 aa Z[8], Hrr,
ZoHSP70-6 4 #: g J¥ ¥ K J& & % (163 aa),
ZoHSP70-17 & & MR J¥ 5 K & fx K (909 aa ).
ZoHSP70-6 X} 43+ & HAIK (18 120) , ZoHSP70-17
ARy 1 B A E (101 610) , 25/ S N
5.53, Jr Al 94,96 ~9. 53, HSP70-26 1945 H, 5K
T 7.00, ST, HoAH H BT S L R /N T 7,00,

HIRTEFE 1, ZoHSP70 & AN ERE REN T 29.66
( HSP70-1 %K ) F11 47. 94 ( HSP70-14 #H H ).
HSP70-14 . HSP70-13 . HSP70-15 . HSP70-9 . HSP70-
28 \HSP70-20 . HSP70-5  HSP70-8 75 [1 H AN Fa i &
$0AE 40. 00 D b AFUE SR, KRR A AT E
FETE 40.00 LLF, AFRE M, ZoHSP70 £ [ 73%
TR PR BN -0.737 ~0. 102, HSP70-2 75 [ Al HSP70-
26 F R FKEFEECR T 0, MBUK &, HRxY
NT0, AR KR, 55 BRI & 3, HSP70-1
HSP70-8 \HSP70-17 FHH BAE 5K, b8 M,
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HAHEARMARSGFES K, ABTHWEA, I
S i 7 A5 00 43 A7 2 B, KR 43 ZoHSPT70 &8 [ E if
TR, 6 A4 A e SRR, 7 A AL T A A%
AN, AR 2 Fit7R , ZoHSP70 35 158 I A 1Y — 2 4%

£ 2 % ZoHSP70 EAKIE
Table 2 Characteristics of ZoHSP70 proteins in ginger

Fa 58 % Hoh o BB 9 o B AR K, 3K 31 33.45% ~
51.51%, Mk & Jo #0045 i, ik 2 26.67% ~
40. 89% ,B & A 1) 5 EE B A, AN & B R A5 R Y
1.72% ~11. 04% .,

ZoHSP70 ZR )% 3 K Zm i 1 25 4 BT

IR R A e T B E P T
K (aa) IyFit e AL (RN
ZoHSP70-1 Maker00012394 663 73 110 5.10 29.66 -0.458 H ANAEAZ A 5T
ZoHSP70-2 Maker00064336 595 64 490 5.54 38.58 0.102 ¥ R
ZoHSP70-3 Maker00044775 547 60 630 4.96 30.95 -0.533 & ANHEAZ A 5T
ZoHSP70-4 Maker00023203 684 73 270 5.74 39.49 -0.267 T ESR AN
ZoHSP70-5 Maker000023287 845 93 340 5.08 41.55 -0.465 T SR TR
ZoHSP70-6 Maker00055729 163 18 120 5.34 32.87 -0.257 Jc ES TR TR
ZoHSP70-7 Maker00069587 586 63 940 5.68 35.08 -0.332 x 57 RN
ZoHSP70-8 Maker00013295 891 99 420 5.16 41.28 -0.404 H LSRRI
ZoHSP70-9 Maker00054348 811 89 980 5.59 42.78 -0.371 o LR TR
ZoHSP70-10 Maker00006071 473 52240 5.03 36.97 -0.512 x STy ALN
ZoHSP70-11 Maker00077723 676 72 870 5.39 38.42 -0.253 x LRk
ZoHSP70-12 Maker00077893 498 54510 5.22 36.01 -0.448 X 4l A%
ZoHSP70-13 Maker00078144 895 99 010 5.20 44.53 -0.420 x 5y RN
ZoHSP70-14 Maker00078857 406 46 290 5.08 47.94 -0.703 I ER AN
ZoHSP70-15 Maker00078991 414 46 400 6.43 43.82 -0.116 I ER AN
ZoHSP70-16 Maker00050583 689 76 130 5.07 30.97 -0.401 J A A | AT
ZoHSP70-17 Maker00037819 909 101 610 5.14 39.06 -0.391 H ESYIREN
ZoHSP70-18 Maker00068459 518 56 730 4.98 35.86 -0.431 G LRifA | A 5T
ZoHSP70-19 Maker00029056 700 74 980 5.13 31.70 -0.316 J N
ZoHSP70-20 Maker00030454 713 77 000 6.18 42.04 -0.279 ¥ LRI
ZoHSP70-21 Maker00057583 539 59 480 5.20 32.21 -0.467 o ZALiA BT
ZoHSP70-22 Maker00000308 690 74 320 5.11 32.51 -0.279 ¥ N
ZoHSP70-23 Maker00000597 819 87 870 6.40 37.96 -0.361 x SN
ZoHSP70-24 Maker00010347 475 52 340 5.03 35.67 -0.486 x 41k
ZoHSP70-25 Maker00011681 699 74 830 5.34 34.86 -0.305 & EE N
ZoHSP70-26 Maker00036744 555 59 280 9.53 33.91 0.054 o EEUN
ZoHSP70-27 Maker00061554 562 62 190 5.31 35.70 -0.377 o A%
ZoHSP70-28 Maker00073429 431 49 790 5.53 42.13 -0.737 x B LR
ZoHSP70-29 Maker00073455 465 51770 6.61 39.59 -0.104 x SVIRIN
ZoHSP70-30 Maker00000858 473 52260 5.08 35.98 -0.522 x STy ALN
ZoHSP70-31 Maker00001035 499 54 630 5.21 33.02 -0.460 X 4l A%

2.3 4% ZoHSP70 KIEEBEEMFRTERF

X ZoHSP70 FR 5 FE W 40 i+ 9 7% &5 1 ik
Tl Ak, 555 0N 3A s, MAIEL 3A AT, A2 22 31
A ZoHSP70 Z K B4 & N & + 5 g i X B

(CDS) AHFEREEP P A BE X N F A i 40
HAWEES . RN ZoHSP70-6 F ZoHSP70-11 B4
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Fig.3 Gene structures and conserved motifs of ZoHSP70 family genes
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