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WE AR EDERRARZIEYR T b, PBEEERE THSFET 5. miik. SR
ST I R o RIS E T . 3 T (Coix lacryma-jobi) & —Fh A ERVE 25 6 FEEY), ErPE .
H AR R 02 T B 25 R0 il 5. ST, R R IO T B HSF R R %K% (CIHSF)
(1) 2R 48 55 8 S LA DU L T 88 T SEAT i T RE RO BIE 78 4138 o ASHIF 5T L %8 5E H 20 A~ CIHSF
FERIFGRA - FETHREAEN . EARTEF KGRI KBEMERNREHULR, X
S AT R4 HSFAL HSFB Fl HSFC = ANIES R . Yetadh s 1/ i, CIHSF %R 7E
B9 &Yk R SIAT . B8 qRT-PCR BRI R, ET5. M. #
il B ARSI AEIRA 6 E R, 24 CIHSFs 3L Rk EP R FiRas, ®Ui%
5 DR SRR P R 8 W03 5 e ) AT P R B B E L . X SRR T CIHSF B RITE
R L R EEAEF, Hoh CIHSF13. CIHSF14 A1 CIHSF17 S5 Sbk el R ik
PR TR Dy B LB i ol ide 7 ) AE A JE R

REE B, HSF R, AFAEYNE, R4

T, AERH RPN B R T N RIE ) SR AR = AUR R, AR R
SN LR Z L, JEXS FM B R 98 14 P (Cahill et al., 2012; Friedrich et al., 2016;
Jaureguiberry et al., 2022). #fFEEH, HIEMEYMKLFHCOH 20, HApias
SAREASLAFEAE B3 < (Canhill et al., 2012; Roman et al., 2020). #4EE H (HSPs)E Ay K7
R NE O E A, MUS ST NEURN, EREAEK R F I (Waters et al., 2013).
P R T (HSFs)fe HSPs H:PRIELIAMSCHEfER T, fEIER EHMPHa skt F825
YeFrE A ke (Parker et al., 1984; Wu et al., 1984). HSF & BA s E R, 55
ANMRHESE#3: DNA 45618(DBD). SR MIR(OD). %€ M55 (NLS). 415 5 (NES)
F1 C Uit #iE(CTD) (Guo et al., 2016; Guo et al., 2013).

WFFEN G B 5 AT BRI i v il Dy 5 B 3R 43 HSF FE K] (Mishra et al., 2002). HHi 2 7E
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L FF 7+ (Wang et al., 2012). B4#4% (Tang et al., 2016). K& (Li et al., 2014). =% (Nagaraju
etal., 2015). &M 5 (Chidambaranathan et al., 2018). HiffEtk(Ling et al., 2023). X4t H
1% (Ma et al., 2022)F1 % %2 (Ren et al., 2023)% £ FiE ) %€ th HSF KRR WFFLRY,
HSF e e PRy AERE e S A B S 40405 Ktk B A5 AR W P 2o A v 3% o A A
o ERR T, AtHSFA3 [1id & %0k BB i A, (H 2 PR M mt 52 4 (Zhu et al.,
2016); AtHSFA2 T 83 (I 52 1 3 5 545 5 3L 18 435 (Baniwal et al., 2004); AtHSFA6b
TER AT S A FRIE R L, 725 ABA 551&1%(Zhang et al., 2020). 4,
HSFs i n] e i 147 oAt e AR SGJ R s ma R )& R VE: ZmHSF 11 G i ) Ak S RE R
WA 241 (Duan et al., 2019); AtHSFA2 S8 #0T APX2 Al HSP S5 R 1 bl i Jeif 4
(Guotian et al., 2018); SIHSFA3 &t 5 MAP i H.AF 2 5 HJE i 5 (Guo et al., 2015).
BRI LR, HSFs ibn]d ik i 25 e H KA (Huang et al., 2021). ABA {55 (Chen et
al., 2021)FkAEfR i (Jeffares et al., 2008)55 k442 5 RE AL RS, HAEMALH G &
B RIEER .

E U(Coix lacryma-jobi){F h < YL AN < 1 M [X 25 B[R 4k 55 VE Y (Arora et al., 1977), H
7 E S UREA, ERMER TSGR YI(Zhu et al., 2016). FEZ U BI&A, #
BRI P2 AR 3% (Yang et al., 2010; Wang et al., 2016). BUREZHF R EY, F-
SR SRR E S VRAE R i R V6 7 v B 2R A B (Zhang et al., 2019). &1, +5
AR i il P A AR AR A e 3 R R UL AE KR B T B i (Suzuki et al., 2014;
Umezawa et al., 2006). H I, L HSF 2 H 1) T RERF A4 A WARIE .

BT R R AT N U R AR, AT HSF SR ZKRIMAT T R4 0 0. HL%we
20 MEL HSF BE[K((CIHSFs), @i R /A kA7 73028, JRIRN AT 1 2k R 2515
fiE ORSFIEF 0 A BRI S F A SILAMEIC AR L Ui T R S s i AT T4 i
NN CIHSFs WA DhRESR M 1 BRI AR, (RIS iR N Tt 3 w0 82 A A P ik 1 20
BB 78 BRI 78 77 1) o
1 MREE%

1.1 EIM R S aatE

¥ F BL(Coix lacryma-jobi L.)H#eH T+ N LM% = (IR 5 25-28°C, AHXTREE 70-80%). fF
S AR T R RN, > BRI DL B A EE: (1) EiEE (40°C); (2) RIEMMA(4°C); (3)
T EWE(10%M1 15% PEG6000, wiv); (4) E:MriE (100 mmol-L1 F1 150 mmol-L-* NaCl).
M E AL 12 N JE R AR, SRR RS JS DR AE T—80°C B IGIR VK AR . B+ 12
h VR BRI 8] A, 2 T T S T si B 5 SR SR SR SR A, 22 T A A 250 1) HSF %
PR B 12 ¥ (Duan et al., 2019). SAMCEBE 6 FAEY Y ES, SEE 3 IIEN
HARHEE.

1.2 FEX CIHSF £RMEE SR B KER
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HF F 5% e R 4 B 22 #5040 (BIG Data Center, https://ngdc.cneb.ac.cn/, &3¢S :
GWHAAYRO00000000)#2 4t [ BL(Coix lacryma-jobi)4:3E K 2H ¥4k (Hua et al., 2023), &
iy VAR R E B R . EEE IR HSF %A, M Pfam il &
(https://pfam.xfam.org/, 2024 % 4 H 10 HA&R)IKE HSF $FEE: DNA 45448 (DBD,
PF00447). KM ka5 /R A RAER(HMM)X & B4 1 P 7T 34, Boe E HRE<107°
i 16 ik i K. v R UE HSF K R OB A M) 4 1 & ¥, M Phytozome
(https://phytozome.jgi.doe.gov/pz/portal.html) N E G I+ HSF A FFI1E N F 5, *it
BUSH IR HIIT BLAST EEXHE EHBME 1x10710). JEiE NCBI {57 454 B 2
(https://lwww.ncbi.nlm.nih.gov/cdd/, 2024 5 4 H 10 H vy )itk — DS IE Rk 2[R ) HSF 45
FIIE(E 185 B 1E <1x107%). fdi il EXPASY 7£ £k T. H (https://web.expasy.org/protparam/) Fiill 2

P EA T . 2RI T TBtools BAFH4EE ) CIHSF M AE M =S HNA, I g
AN BT R4 IR DREE R S5 R R RO VERA I, FRATTA A 7T h 345 ) RNA-seq
Hedhs, EH IGV % (Robinson et al., 2011)%f Fr A #1424 5E () CIHSF £ X 2w i 7 51 HEAT
TANTRESIE. RIEEREERER T2 2

1.3 ARG mmaiE. BEEEMSRTEFSH

XU S HSF 2 (1 (AtHSF) 5 8 51 CIHSF 2 (7 5137 £ 7 81 EL o (MSA), SR
MEGA 4.0 %4 N E 1] Muscle F2 7 1H 1 Xt 25 5 o 1 RE 1 45 4 38 (Tamwura et al., 2021).
BT Lot 4h 8, {# ] MEGA 4.0 ##45#:3% (Neighbor-Joining, NJ) R ZEHELR, S50 E A
HRHER 2 (pairwise  deletion). HFA R (Poisson model), Ffifiid 1000 K& & iH53Kk4E
bootstrap > ##E (Kumar et al., 2018). it — it CIHSF it oC &, M Ensembl 14
45 £ (https://plants.ensembl.org/index.html, 7 H#: 2024 4= 4 A 10 H) F# U IF(A.
thaliana). 1K (Z. mays)fl/KFE(O. sativa)lf] HSF & [ 741, 2 Wkt 240500 . it
NCBI 145 45 K18 44 % (NCBI-CDD, https://www.ncbi.nlm.nih.gov/cdd) % 5& CIHSFs f{#
LR, SRR MEME 7E4k T H (https://meme-suite.org/meme/tools/meme, vjjirl H #:
2024 -4 H 10 H) Wil CIHSFs It & BI{R 57 557 e 4K A TBtools # 4 (Larkin et al., 2007)
Xt CIHSF JE R PN & F-Ah B T45K . CDD 45 H3 K {57 3 i kA7 Al A4 L 2 B

1.4 CIHSF EEMEH 5L M5

BT RN A EYE, KA TBtools # AT e A B G ok ) HSF B [RIgEAT L2 4y
#1. M Ensembl Plants ¥z [ (https://plants.ensembl.org/index.html) T % 7 MR FE I+
(Arabidopsis thaliana). —F G5 (Brachypodium distachyon). K3 (Hordeum vulgare)-.

/KF&(Oryza sativa). 53 (Sorghum bicolor)- 8 /N2 (Triticum aestivum) 1% K (Zea mays)

© 0000 Chinese Bulletin of Botany



{4 FE DR LR 1 B B R AR SO . dlid MCScanX 535, KRG HTE L HSF SR R 5 iX

Loy 2 [ FEEAEIC R, DA/ RE L 51k E YA E) HSF [R5 3 ] 1 HEA ORHK .

1.5 CIHSF &R B &) FIRAE R T4

il H PlantCARE b4 £ E (Lescot et al., 2002)

(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/, 5] H #: 2024 £ 4 H 10 H)

X} CIHSF 3[R J& 3l 1 X (B g da 7 25 37 2000 bp [7°41)idEAT =045 o aF il . 43 #r ot

#3’5?&@%%‘%%’?”@@%#(@ ABRE. G-box). Mriami o DRE. TC-rich repeats)LA
Ko G N o445 83 TBtools #4:(Chen et al., 2020)%} Fiiill 5 B3t 47 rf ¥iAL R, FE48t

F BRI 73 AR5 6 B RAE

1.6 RNA $#2E15 qRT-PCR &1

K TIANGEN 472 RNA $2 UG @52 U &0 RNA, A PrimeScript™ RT Master Mix

(TaKaRa)i#1T cDNA #¥55%. qRT-PCR M A% A TransScript® One-Step gDNA Removal

and cDNA Synthesis SuperMix iRl &, MG FHEFRE T IR E RN SE, 0505 H

B3N AREE., PLUBQS5 £ [K A2 (Schmittgen et al., 2008), > 2-24Ct J5 kit 5L [

X RIEE . BAERP gRT-PCR &2/ b8 3 MEWEELER cDNA FEA. T
CIHSFs 2 A 771, did Primer3Plus B4 W RE S MR 1). 78 20 %€ 1) CIHSF

BRI, FRAIIEIERE T 14 A A 5% DBD 4ifgtk. H7E RNA-seq 7RI H X 22 /0
—AEAEAEYA A B E N RL(>2 A L) ) K 34T QRT-PCR 38, DA R Pk 2L R REAUR

BRI EE e

L) 97 A5 5K

F£1 8T Primer3Plus B S| 4

Table 1 Design specific primers using the Primer3Plus software

Gene Gene ID Forward primer (5’-3’) Reverse primer (5'- 3’)
CIHSFO1 Cl019516_T2 GTTGAAACAGGAACACCGCC TTCTCCCTGTGCAGCTTCAG
CIHSF03 Cl020540_T1 CAGCGGGTTCTATAGCACCG TCAGTAGCCGCTGTTGACG
CIHSF04 CI000935_T1 GCCTGTCAAAACTGCACCTG ATCACACGGAGGCGTTGAAT
CIHSF05 Cl003597_T1 CCAGCAGCAAGACAAGAGGA AGCTCAGGCATTCCAGGTTC
CIHSF08 Cl027011_T1 CAGCCTACTCAACGCGATGA AATCCCACCACCACTTCGTC
CIHSF09 Cl027124_T1 TTGTTTCAGGGTTCCGCAAG TGCTGCGTCCTTCCTCTTG
CIHSF11 Cl008136_T1 AGCAGTAGCAAGGAACCGTC TGGAATTGGACCCGTCTTGG
CIHSF12 Cl010934_T1 AGCAAGGTTCACCGATCCTG CAAATCCTCCTGGGGCATGT
CIHSF13 Cl029438_T1 CCTCACAAGACGAGACCACC CCTTCACATCCCCCTTTGCT
CIHSF14 Cl013647_T1 GCTATGCTCGCCAAGAAGGA ACACTTGGCCGAGAACAGAG
CIHSF15 Cl014409_T1 ATCAGGACGAGGAGGAGGAC CTGGCGAGGAAGGACATGAG
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CIHSF17 Cl032883_T2 GTCAAGCAAGGACCAGCTCT GCACGATCTTCCTGAACCCA

CIHSF19 Cl023145_T1 CGGACGAGACAATCTCCTGG GGTGCTCACGTAGGTGTTGA
CIHSF20 Cl041956_T1 GCAGGAGACAACAGGCATCT AAAGGCCAACGTCCAGAACA
uBQ5 TGCTGCAGTTCTACAAGGTG GAAGTGGTTGGCCATGAAG
2 FREDR

2.1 CIHSF HEERERNEERFELTE

K FH BRI 7R ] R (HMM) R 38 SRR 0T HSF 28 (45 M i(PFO044T 4, Jhi
SEH 20 A HSF JEH . BT Ytfie iz R, HILRGim 4N CIHSFO1-CIHSF20 (% 1).
AW R EIR, % CIHSF B[R 4afd & A 3 A e W B 22 5 AR K (e 183
(CIHSF14)-453 aa (CIHSF18) 2 [d]; 4y ¥ & i [H 4 20.039 (CIHSF14)-48.030 kDa
(CIHSF18); Z5Hi fi(pl)/3 A {E 4.67 (CIHSF11)-10.15 (CIHSF20) [, V.4 52 A i
W1, BT CIHSF & (38 e izt .
F2 EUHEEHM 20 A CIHSF JEHEE S

Table 2 Information of the 20 C/IHSF genes identified in Coix lacryma -jobi
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Gene Protein ID Sequence Chromos  stra start End Protein Mw pl Predicted subcellular localization
name ID ome nd length(aa  (KDa)
)

CIHSFO1  GWHPAAYR00 CI019516_ Chr1 547488 5475167 395 43.80 Nuclear
4191 T2 - 37 5 4.92

CIHSF02  GWHPAAYR00 CI019723_ Chr1 741152 7411809 416 46.96 Nuclear
4557 T1 - 91 5 5.52

CIHSF0O3  GWHPAAYR00 Cl020540_ Chr1 162792 1627953 217 23.06 Nuclear
5972 T1 - 626 20 6.33

CIHSF04 GWHPAAYRO01  CI000935_ Chr2 130464 1304903 297 33.93 Nuclear
3980 T1 + 53 6 4.79

CIHSF0O5  GWHPAAYRO1  CI003597_ Chr2 125740 1257413 281 32.136 Nuclear
8266 T1 + 209 69 4.90

CIHSF06 ~ GWHPAAYR02 CI005150_ Chr2 165889 1658941 236 25.478 Nuclear
0662 T2 - 902 97 9.54

CIHSFO7  GWHPAAYR02 CI005368_ Chr2 170371 1703729 259 28.634 Nuclear
1040 T1 - 682 21 5.15

CIHSF08  GWHPAAYR02 Cl027011_ Chr3 538925 5389378 279 30.388 Nuclear
5252 T1 - 09 2 4.84

CIHSF09  GWHPAAYR02 Cl027124_ Chr3 622957 6229677 214 22.179 Nuclear
5428 T1 + 48 1 5.30

CIHSF10 GWHPAAYR02 CI006812_ Chr4 620335 6205815 230 25.376 Nuclear
9476 T1 + 6 8.05

CIHSF11  GWHPAAYRO03  CI008136_ Chr4 272182 2721960 318 33.226 Nuclear
1686 T1 + 84 8 4.67

CIHSF12  GWHPAAYR03  CI010934_ Chr4 156485 1564878 261 29.957 Nuclear
6612 T1 - 440 99 4.74

CIHSF13  GWHPAAYRO03  Cl029438_ Chr5 308732 3088551 386 42.661 Nuclear
8668 T1 - 4 4.92

CIHSF14  GWHPAAYR04 CI013647_ Chré 277286 2772954 183 20.039 Nuclear
6011 T1 - 67 0 9.66

CIHSF15  GWHPAAYR04 Cl014409_ Chré 423241 4232499 285 30.739 Nuclear
7254 T1 - 39 6 6.06

CIHSF16  GWHPAAYR04 Cl014764_ Chré 515651 5156780 292 32.348 Nuclear
7809 T1 - 54 2 5.43

CIHSF17  GWHPAAYR05 Cl032883_ Chr7 115015 1150511 378 39.514 Nuclear
2209 T2 - 53 4 8.29

CIHSF18  GWHPAAYR05 Cl034430_ Chr7 125351 1253528 453 48.030 Nuclear
4538 T1 - 024 37 8.43

CIHSF19  GWHPAAYR06 Cl023145_ Chr9 185254 1852642 330 35.581 Nuclear
3030 T1 - 30 2 6.29

CIHSF20 GWHPAAYR06 Cl041956_  contig104 311039 314014 435 47.562 Nuclear
7071 T1 - 10.1

5
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2.2 CIHSF EREREE A

R RTE R TR, AWFAEIER 20 A CIHSF 2 A, 19 A SI o AT (22X 8
SRtk b (CIHSF20 AR EAL BIRr 2 Y tufhk). T E R K 4R 2 10(BIG Data Center)
3k RV ALK, AW E T &S RS o e AR A B (&1 1), JFRE R R G 44
CIHSFO01-CIHSF20.

CHSF10 | CIHSF13
CIHSFO4 = CIHSF17
CIHSF18

CIHSF11 CIHSF14

30 Mb

CIHSF15
= ciisros i

B CIHSFo9 CE

CIHSFO1 _ [

60 Mb

S ~——CIHSF20
CIHSF02 - (& <

90 Mb

CIHSF05 ‘ CIHSF18

o CIHSF12
CIHSF03

CIHSFOs =
CIHSFO7 ||

210Mb  180Mb  150Mb 120 Mb

BI1 BT CIHSF 3 K B 03 g i oA B 2 00 220 B2 ROBR s G A B2 (B A5z M) B A XK I, 210
REEEEFEX, EERRMERFEX, & CIHSF ZEFREIL R/ R AA RS EFR L HSFA
WA WR(LLEE). HSFB LA ( () HSFC MR (4% ().

Figure 1 Chromosomal distributions of CIHSF members in coix. The scale on the left represents the
length of the chromosomes. In this chromosomal region, red denotes a higher gene density and blue, a

lower gene density.

2.3 CIHSF EEMARGH L NS 572

N T T CIHSF JER 4325600, BATRI AR IF. K8, FORRIE T 87 A HSF AL
T /G . HSF & E b A s v] 20 8 =25 HSFA. HSFB #ll HSFC (&
2). Hrft HSFA 2568 1) CIHSF [ 5 52 (59 4Y), HK2& HSFB 2%(24 /), HSFC 2K it f
D4 AN IR 20 A CIHSF FHIRIAT, A HRIG R=AAE I HSF BRI 5Kk
HSFA WV X I 4 & CIHSF1/2/3/4/5/7/8/9/12/13/14/15/16/20; HSFB W & J& £ &
CIHSF6/10/11/17/18/19; HSFC . S8 jif A & I B R 572
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% Z04SHIO
* CIHSF20

CIHSF16 *
ZmHSFO8

B2 EFAEEmEnET. MR, KRBMEK HSF ARG HR . % MEGA 4.0 4
43T, SKH 1000 X bootstrap R . AFBUE N A AR HSF EH 4 a6k HSFA
WA, WEAF HSFB WK, 60K HSFC WKk AR SARAFEMF: a6 fmEN
FEY, WORBARMETT, SROTPREKRE, mer &I K. 73 EREF#RR bootstrap SCHF
TE(URR>50%IME) . b REREEA AL AR %

Figure 2 Utilizing the neighbor-joining approach with 1000 bootstrap replicates, the Neighbor-Joining
phylogenetic tree of Hsf proteins from Coix, Arabidopsis, Oryza sativa, and Zea mays was built with
MEGA 4.0 software. Various colored leaf backgrounds stood for various groupings: red for the HSFA
subfamily, blue for the HSFB subfamily, and green for the HSFC subfamily. Different node shapes
represent different species: red five-pointed stars for Coix, blue circles for Arabidopsis thaliana, purple
squares for Oryza sativa, and yellow squares for Zea mays. Numbers on branches indicate bootstrap
support values (only values >50% are shown). The scale bar represents the amino acid substitution rate

per site.

2.4 CIHSF BEEMEMSRTEF I

N T B HSF BRI KGRI 5/ RAE, FRATXS 20 A~ CIHSF BE[R i 1 k4T T B 1 45
PSRRI & - BT M T 0. 83 CIHSF 4P 8 Euxt MR (1 R Gt i (] 3A)
THMTHL R R T & R R S R e TR IR, CIHSF BRI &H 2 MEET, HiE
A E N 1-4 /(B 3B). {1 MEME 1E4F2)/5 % CIHSF & I ORSFHE P I 2 B % 5E Hh 15
AMFRAETE motif, Hr Motif 1. Motif 2 F1 Motif 3 78 JLFT 4 CIHSF & (A tH #777E (& 3C).
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RSP SRR T B, BT CIHSF s A #8SA MmOk ~T B HSF_DNA-bind 8 5 ik 45 K 2k .
IeAb, BATERIL 7 A~ CIHSF AR CIHSFO4 &7 PRK10246 i 5 ik 45 4,
CIHSF16 &1 ZIP_TSC22D-like HZKkLMIE, CIHSF12 &4 MDN1 i 5% 45 #y 4,
CIHSF08 %7 DUF5401 5 isi#9tk, CIHSF15 &7 Smc MKk 4ithis, CIHSF19 &4
bzip Al UPF0182 M5 &k #ts, CIHSF11 &4 BRLZ 4i#yi8(& 3D). Sk =, Jhe 1Al
WETFIIFH 5% B DL SRS S5 /3853 A1 B S RE CIHSF R I BEL K 2R

A Phylogenetic Tree B Motif Pattern € HSF Domain D Exon-intron Structure

- IMofif 11
— Motif 1
_ T Motif 9
™ Motif 3
w— Motif 2
" IMotif &

— Motif 7

= HSF_DNA-bind superfamily
PRK10246 superfamily

["ZIP_TSC22D-like superfamily

™ MDN1 superfamily

" DUF5401 superfamily

™ Smc superfamily

HSF

bZIP supeﬂami‘!}/
NUPF0182 superfamily

S L.

UTR
cbs

5 3 5 3 5 3
1 | T T T |
050 100150200 250300 350400450 501 0 50 100150200250300350400450500 O 1000 2000 3000 4000 5000
oquance length (aa) Sequenca length (aa) Genomic position (bp)

Bl 3 CIHSF FER i 53 IR 25 R RAALE Je o

(A) =T CIHSF EH AP, il MEGA 4.0 BT H i (AR HE R Gt (B) CIHSF & [ OR <7 38 /5 70 Af
B, LS 15 NMRFIEVESRL T (C) CIHSF 2 A RS S5 MR T 45 2R, R I HEAQR A R RS 548, K8
FIFREA I (D) CIHSF 2 AN G T~ & T4k K, Hohsg tar LR mfg X (CDS), &K
EITAERRE 5 3HERIVEX, BELKRENE T X .

Figure 3 Members of the CIHSF gene are arranged as follows in their structure

(A) Using the full sequences of CIHSF proteins, MEGA 4.0 was used to create the Neighbor-Joining
phylogenetic tree; (B) The distribution of conserved motifs in CIHSF proteins, with a total of 15 motifs
identified; (C) The predicted conserved structural domains of CIHSF proteins, where colored boxes
indicate conserved domains and grey bars denote protein sequence length. (D) The CIHSF genes'
exon-intron structure, with gray boxes denoting the 5' and 3' untranslated regions and yellow boxes

showing exons (CDS) and black lines indicating introns.

2.5 CIHSF EEW £ ERABEFFHSHE M5
FATRA MCScanX B AR FE T CIHSF PR B b3 1 4 5 A Bl FAFHEAT 0 b BT
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SELIEIR, B A A S R DR R I R S 2R A (B 4A). HAP ALtk bR
CIHSF Z:[H, IR &FNITE SRR . arit%w it 8 A~ CIHSF 2, ik 4 58
WK ERERNE, 2 SR OREE 4 NMER, 156 SHREEEEHE 3 MER, R
YL ARIEE M 1-2 DI, T 8 S 10 5 et iR R IR A o 3% 7 W IX LU [F 1] fig
SRR T AR KA G H S, R T IX R EHES) CIHSF FE R S5 Tk Hh If) R .

NIRRT CIHSF FER MG HMEN, BATGET 7 MBI EE(E 4B). 5
CIHSF 3[R SR s AR K U A28 AN)s /NE(18 ). (24 1) /KFE(21
AN B8 MR T2 ). PSR MR M, o BEE BRI B i e o
I 5 S T 3 A o R sk R IR M 3 % 22 REVE T L EE DTk

Coix ..Chrl_ _Chr2 _ Chr3  _Chra_ _Chrs_ _Chié, _Chr7_ Chrs  Chrg. Chr10

A thaliana . . : ;
BaNE =k Chr2 Chrd Chia Chis
Coix Chrl__Chi2_ _Chr3 _Chi4_ Chrs  _Chr6, Ch7 Chrg_ Chrd  Chrid
=
B.distachyon Chrt chiz This Chrd Chis
Coix —Chri_ _Chi2_ _Chr3 . _Ghrd  Chr5  _Chr6_ Chr7_ Chr8  Chrd Chrid
H.vulgare —
gare =g Chr2 Chia  Chrd Chis Chd  chr7
— — —— CIHSF20 Coix ~Chrl__Ch2  _Ch3  Chr4  GhiS  Chis Ghi7_ Ghié_ Ghig Chrig
..Chr2_ Chr3  Chr4  ChrS  Chr6  Chr7_ Chr8 Chrd_ Chri
| | —CIHSFO1 &
O.sativa =% e s b e S e e e e
—Cliy Chrf  Chr2 Chrd Chré Chrs Chi6 Chr? Chré Chrd Chrid ChrifChri2
SFoo Coix S _Chrz_ _Chra  _Chra  Chis | Chis Ch7_ Ghi8 Chid Chi1g
= = 3
o) —
/‘/Sp S.biCOIOr detmmdls dmld i — s— e, e— c—
03 Chi Ch2  Chid  Chrd  Chis Chié  Chr7  Chré Chrd Chri0
CoixChrl_ Ch2__ _Cha  Ghea , Chis_ Chi6 _Ch7, Che Chid, Chrio,
(e e T e N e
4 : >
A ==
Q, 7 ‘ N
Vo, & T.QBStIVIN il o el ekl e |
0@‘2\ \ % %, 7A6A'78°5A B 4A SB 7D 3A 486D 2A 38 507A 2B 4D 1B 3D 20D
o ’
& 22 @n&\o% CoixChrl_ _Chi2 _ _Chr3
0N 2 ¢ :
3 g =
© @

Zmays el e L
Chr1 Chr2 Chr3 Chr4 Chrﬁ Chrﬁ Chr7 ChrS Chrﬂ Chr1D

Bl 4 CIHSF R 13 ok 8] SC IR m B R -G S B R Ao 1) S 2 23 #

(A) CIHSF B[R PGt la) K BB, B P AL B Sbron B UL R0 ) 1K) HSF JE RN, % Gy ik g
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Figure 4 Diagrammatic representations of the CIHSF gene interchromosomal connections and Synteny
investigation comparing seven typical plant species with the CIHSF genes.

(A) Diagrammatic representations of the CIHSF gene interchromosomal connections.Duplicated HSF
gene pairs within Coix are delineated by red lines. Chromosome numbers are centrally annotated for
precise identification; (B) Synteny investigation comparing seven typical plant species with the CIHSF

genes.
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Figure 5 The distribution of cis-acting elements found in the 2000 bp upstream promoter region of the

CIHSF genes, the cis-acting element on the putative promoter of the CIHSF genes
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Figure 6 Profiles of CIHSF gene expression.

(A) Hierarchical clustering of CIHSF gene expression profiles across four samples, spanning several

tissues. (B) HSF gene expression profiles under abiotic stress treatment.
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Figure 7 CIHSF gene expression study in coix leaves treated with salt and drought.

(A) The following were the ways of treatment: NaCl_1: coix treated with 100 mmol-L~* NaCl; NaCl_2: coix
treated with 150 mmol-L~* NaCl. (B) The following were the methods of treatment: PEG_1: 10% and
PEG_2: 15% of PEG6000, respectively, are treated. relative expression levels of 14 CIHSF genes that
were chosen and treated with salt. The mean + standard deviation represents the final results. Genes
have been shown to differ significantly based on the LSD test; a significant difference (P<0.05) is

indicated by the opposite letter, which indicates no significant difference (P>0.05).
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AT HSF B DRI AR e iy e 7, FRAT TR 3 13 DR R ke U P2 P e F) S 8 o
SRR CIHSF BRI FRIA /KT BA IR AR « 7EAS [RIELRE 2644 5 (B 8), 14 AN JE AR I
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Figure 8 CIHSF gene expression study in coix leaves treated at various temperatures. The following
were the ways of treatment: Heat: coix when treated at 40°C; cold: coix when treated at 4°C. relative
expression levels of 14 CIHSF genes that were chosen and treated with different temperatures. The
mean = standard deviation represents the final results. Genes have been shown to differ significantly
based on the LSD test; a significant difference (P<0.05) is indicated by the opposite letter, which

indicates no significant difference (P>0.05).

3 e

F ¥ (Coix lacryma-jobi L.var.ma-yuen (Roman.) Stapf)/2 3k [E & 2 ()25 & [F Y,
HHEZHMAE S &M E . BEAE R AN e, Ptk EE 288 AR R AR E 1R At
TAETRIZE R, WG E USSR R R SO A B R S

I SR T (HSF) AR A KR B RIF R A vh 2 00 B B (M R s R 7, Jd i 4%
PR (HSPs) ) HoAth D R JE R ) %54 (Baniwal et al., 2004), fEAEYImAN A, #H. F. £
SR e TP R FE SR8 (Zhang et al., 2020). R4 HSF R:HF i CE N, /N,
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%) 25 A R TR RS2 W5t (Duan et al., 2019; Guo et al., 2015; Huang et al.,
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HEHFH M5 (Wang et al., 2015). KRG MK CIHSF ZE R K438 3 M KE, S5
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TRAF M BT 5 AERIEME motif(1-3). JERPELLAN R R, B S &3t HSF 2R A & [F]
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Investigating the Heat Shock Transcription Factor (HSF) Gene
Family in Coix (Coix lacryma-jobi L.): A Comprehensive
Genome-Wide Analysis of Evolution, Expression Profiling, and

Responses to Developmental and Abiotic Stresses
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INTRODUCTION: Heat shock transcription factors (HSFs) are pivotal regulators in plant
responses to a variety of abiotic stresses, including heat, drought, salinity, and cold. They
function primarily by modulating the expression of heat shock proteins (HSPs) and other
stress-responsive genes, thereby maintaining protein homeostasis under adverse
environmental conditions. Although HSF gene families have been systematically
characterized in several major crops and model plants, comprehensive information
regarding HSF genes in Coix lacryma-jobi L., a widely cultivated medicine-food
homologous crop in East and Southeast Asia, remains absent from the current literature.
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RATIONALE: Given the increasing frequency of extreme climatic events that threaten
crop productivity, it is imperative to explore the genetic resources that may confer
enhanced stress tolerance in underutilized yet nutritionally and medicinally valuable crops
such as coix. The recent release of a high-quality reference genome for coix provides an
unprecedented opportunity to systematically identify and analyze the HSF gene family in
this species. Elucidating the evolutionary relationships, structural features, and expression
patterns of CIHSF genes under developmental and abiotic stress conditions will contribute
to a better understanding of their functional roles and inform future molecular breeding
efforts aimed at improving coix resilience.

RESULTS: In this study, a total of 20 CIHSF genes were identified at the whole-genome
level and were found to be unevenly distributed across nine chromosomes. Phylogenetic
analysis classified these genes into three subfamilies—HSFA, HSFB, and
HSFC—consistent with the clustering patterns observed in Arabidopsis, rice, and maize.
All identified CIHSF proteins contained the conserved HSF DNA-binding domain, and
gene structure and conserved motif analyses further supported their evolutionary
relationships. Collinearity analysis revealed that both tandem and segmental duplication
events have contributed to the expansion of the CIHSF gene family, with a notably high
degree of synteny observed between coix and sorghum. Promoter cis-acting element
analysis identified multiple hormone- and stress-responsive elements, including ABRE,
MBS, and LTR, suggesting that CIHSF genes are regulated through complex signaling
networks. RNA-seq and qRT-PCR analyses demonstrated that CIHSF genes exhibited
tissue-specific expression patterns and were differentially responsive to heat, cold, salt,
and drought treatments. Notably, several genes, including CIHSF13, CIHSF14, and
CIHSF17, showed significant and specific upregulation or downregulation under multiple
stress conditions, highlighting their potential as key regulators in the stress adaptation
machinery of coix.

CONCLUSION: This study provides the first systematic characterization of the HSF gene
family in coix, revealing its evolutionary history, structural diversity, and dynamic
expression in response to developmental cues and abiotic stresses. The identification of
stress-responsive CIHSF members offers valuable candidate genes for future functional
studies and genetic improvement programs. Collectively, these findings establish a
foundational framework for understanding the molecular mechanisms through which
CIHSF genes contribute to stress tolerance and adaptive growth in coix.
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