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Identification of the HMG Family in Wheat and Its
Response to Drought and Phosphorus Starvation Stresses

Liu Wei''?, Hao Shuiyuan'’, Lu Qiangian'’, Chen Long'"*
(1. College of Agriculture, Animal Husbandry and Food Science, Hetao College, Bayannur,Inner Mongolia 015000, China; 2. Hetao Area

Green Agricultural Product Safety Production and Early Warning Control Laboratory, Bayannur, Inner Mongolia 015000, China)

Abstract: High mobility group (HMG) proteins are key regulators of chromatin dynamics in eu-
karyotes. To investigate the dynamic responses of the wheat HMG family to drought and phosphate
starvation, a genome-wide identification of the TaHMG genes was performed based on the common
wheat reference genome(IWGSC Ref Seq V1. 0). Bioinformatic analyses were conducted to determine
the physicochemical properties, phylogeny, collinearity, and promoter cis-elements of the family
members. Public transcriptome data and quantitative real-time PCR (qRT-PCR) were integrated to
examine tissue-specific expression patterns and temporal expression profiles under drought stress
(15% PEG6000; 0, 1, 3, 6, 12, and 24 h) and phosphate starvation(0 pmol » L' Pi; 0, 1, 3, 6,
12, and 24 h). A total of 32 TaHMG genes were identified, which were phylogenetically divided into
two subfamilies; HMGA(9 members) and HMGB(23 members). Collinearity analysis indicated that

the family evolved predominantly under purifying selection. Promoter analysis revealed that TaHMG
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genes are enriched in hormone and stress-responsive elements, including abscisic acid CABRE) and
methyl jasmonate(Me] A)-responsive motifs. qRT-PCR showed that Ta-6D-HMGBI1 , Ta-3D-HMGBI
and Ta-7D-HMGBZ2 were highly expressed in leaves, whereas Ta-2D-HMGBI , Ta-5A-HMGBI , and
Ta-7D-HMGBI were highly expressed in stems. Under drought stress, five TaHMG genes were rapidly
induced at early stage(3 or 6 h), while Ta-7D-HMGBZ2 was initially suppressed(0—3 h) and subse-

quently up-regulated(6 h). Under phosphate starvation, expression peaks of different members oc-

curred at 12 or 24 h post treatment, revealing temporal specificity and functional divergence among

genes. Collectively, members of the wheat HMG family adapt to abiotic stresses through differential expres-

sion, and stress-responsive genes such as Ta-7D-HMGZ2 and Ta-3D-HMGBI represent promising can-

didates for molecular breeding of stress tolerance.
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Table 1 Gene IDs and functional annotations of Arabidopsis thaliana HMG family members
ER A ARNES ey
Family member %W ID . %WE*%
A ene 1D Gene annotation
classification
HMGA AT1G14900.1 JE—FUR T HMGAGHIEBR A 4D EAREMNEA K, ZEAFS & & A/T K DNA K
’ TR B A B AR .
ATAG35570. 1 A —FlE T HMGB(EIER 2 B AD E H LRI & A 6 128 B TH HMG-box 2 Hy 1; 7 fig
Ch Bk ck2 o BERRAL .

AT1G20696. 2
AT2GL7560. 1 g5 fis—F & T HMGBGRIERS % B 4D 8 (10 B (49 28 (1 50 1% 2 (1 FU A HMG-box 45 #3857
AT3G51880. 2 PA#E ck2a BEMR L .
AT1G20693. 1
AT4G23800.1 . . . )
ATIG11080. 1 W& A =0 HMGRITB R4 & TN E AR, 54 20 24 2y @R EEM .
AT2G34450. 2

HMGE Macosias 1 TIMG-box(RER 4D DNA 45 ST .

[9AG Yoty Q.
AT1G55650. 1
TUGEO690- 1 16 (e B %41 2 8 115 547 ARID/BRIGHT DNA %5 445 B 2 1
AT3G13350. 1
AT1G76110.1 A ARID/BRIGHT DNA Z54& 45 MM & T B R i (HMGOREEH .
AT5G23420.1 %t HMGB6., —Ff )& T HMGBGHIT B R BADEH A E AT,
AT3G28730. 1  Ziffe i Ye (o B 4% 5 (FACT) & & & SSRP1 9 — A~ 153 STP16 5 FLC R sl 7454 .
AT1G048g0, 1 i —7Fk RID-HMG DNA 54 8 1 .l 1 5 3k 1 AGL66 Al AGL104 AR 1R 1 4 2 4L 14 %
o LR AR PREM.

AT1G23420. 1 FTRERSME I MORA XS B I FE 06 8L, R H S R 7 3 AT Wi BY Cys(2)-Cys(2) B

SRS F TR (HMG) ¥ # B T
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VG Fe Yl o 1A ) A e S8 Y R B 44
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Table 2 Primer sequences used for qRT-PCR in Triticum aestivum

PCR 22 22 Y65 B 0¥ » # ] Primer Premier 5. 0
ARSI (R 2) . RNERR K 20 pL, Bk

o VR R R Y S M
Mix B & B A 31T,
1.3 HiELEBS5HH
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INFZ TaHMG L I FH X 235 &R ] 272
UL, SPSS 27, 0 BpE EAT BN K Oy %
AT CANOVA)  PPAS A 7] &b 2L 2 18] 1Y 3% 35 25 5
FIH Tukey’s HSD K36 it 47 £ & L&, i
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Primer name

GlE/ 2]

. I
Primer sequence(5 —3")

Ta-2D-HMGB1-F
Ta-2D-HMGBI-R
Ta-3D-HMGBI-F
Ta-3D-HMGBI-R
Ta-5A-HMGBI1-F
Ta-5A-HMGBI-R
Ta-6D-HMGBI1-F
Ta-6D-HMGBI1-R
Ta-6D-HMGB2-F
Ta-6D-HMGB2-R
Ta-7D-HMGBI1-F
Ta-7D-HMGBI-R
Ta-7D-HMGB2-F
Ta-7D-HMGB2-R

GTTTAGATGCGTGCTCCTGG
CTGTGGAGGTCCACGAAAGAA
GTTGTCCTGGATCCGAGTGG
CAACCACAGGCACGACACTA
GTTGTCCTGGATCCGAGTGG
CAACCACAGGCACGACACTA
GCAGGTTATGCCTACTGCCT
AACCCACAGCATTTCATGCG
GGGGGCCCTTTTAGACTTGT
GCATTGGAACAGCTGGTAGC
TGTCCTGGGCAACCTGAATC
ATCGACCACCACATCAACCC
TGCCCCTGCTTGTACCTAGA
TGGGGCGACAACAGCTTAAT

4 4T b N ~ Actin-F CTGGAATGGTCAAGGCTGGT
HR A5 25 K R AR R 43 2 HMGA (9 4>) il HMGB
JESN 3 L Actin-R TTGAGCTTCATCGCCCACAT
(23 A P M (1) o HE3E R 4 et A 47 &
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Fig. 1 Phylogenetic evolutionary tree of HMG family members in T. aestivum and other plant species
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Table 3 Summary the HMG family in T. aestivum

6 4 B S 1D 2 19 2 5 Sl ANRGEREC MBI R PRROKIEREC WAIHE
Gene name Gene 1D Encodeq amino MQlecular Isoelgctrlc Ins:.tablllty A!lphatl(‘ Average‘o.f Sul)c?llullar
acid weight/kD point index index hydropathicity  localization
Ta-1B-HMGBI TraesCS1B02G140400. 1 638 70. 94 5.36 40. 83 75.78 —0.624
Ta-2A-HMGBI TraesCS2A02G404100. 1 121 12,97 7.83 48.53 31.74 —1.177
Ta-2A-HMGB2 ~ TraesCS2A02G445000. 1 544 61.75 9.69 56. 68 59. 34 —1.178
Ta-2B-HMGBI TraesCS2B02G422000. 1 120 12,95 8. 69 48.22 31.17 —1.204
Ta-2B-HMGB2 TraesCS2B02G466000. 1 546 61.76 9.62 56. 30 58. 81 —1.184
Ta-2D-HMGBI TraesCS2D02G401100. 1 121 13.02 7.83 48.45 34.13 —1.139 ot
Ta-3A-HMGBI TraesCS3A02G111900. 1 654 72.13 6.41 38.62 73. 64 —0.594 Nucleus
Ta-3B-HMGBI TraesCS3B02G270900. 1 240 27.25 10. 36 78.99 50. 88 —0.912
Ta-3D-HMGBI TraesCS3D02G114000. 2 655 72.45 6.19 37. 80 72.17 —0.636
Ta-3D-HMGB2 TraesCS3D02G242800. 1 129 15.10 9.81 67. 30 39.38 —1.277
Ta-3D-HMGB3 TraesCS3D02G497500. 1 167 18.67 9.19 45.65 51. 44 —0. 744
Ta-4A-HMGAI TraesCS4A02G268000. 1 232 24.10 6.35 81.54 64.53 —0.624
CTwdBHMGAI  TraesCSIB02G016400.1 228 23,42 s.03 71.36 69.96 0466 npgpk
Ta-4D-HMGAI — TraesCS4D02G045700. 1 232 24. 04 8.01 78.23 64.09 —0.629 Chloroplast
TaSA-HMGAI  TraesCS5A02G204700.1 189 19.46  10.35 43.84  55.50 —o0.789 aE
Ta-5A-HMGBI TraesCS5A02G352100. 1 126 13.77 8.91 31. 86 42.78 —1.237 Nucleus
Ta-5A-HMGA2  TraesCS5A02G390500. 1 173 18. 38 10. 38 46.12 55.61 —0.931 Ch”ltf‘fﬁﬁ
CresnvGAT | Trecsicamso 1w T T T T e S
Ta-5B-HMGBI TraesCS5B02G354800. 1 124 13.67 9.24 27.89 40. 24 —1.289 Nucleus
Ta-5B-HMGAZ2 TraesCS5B02G395400. 1 161 17.12 10. 28 44, 82 57.95 —0.926 Chﬂtiﬁst
TasDHMGAI — TraesCS5D02G211400.1 189 19.46  10.31 561 5002 - —o.838 .
Ta-5D-HMGBI TraesCS5D02G359600. 1 124 13. 60 9.10 28.93 41.85 —1.248 Nucleus
Ta-5D-HMGAZ2 ~ TraesCS5D02G400300. 1 161 17.14 10. 28 48.12 60.93 —0.904 C;Lfﬁgﬁﬁ
C Ta6A-HMGBI  TraesCS6A02G189700.1 54 50.85 8.25 45.23 62.58 —o0.825
Ta-6A-HMGB2 ~ TraesCS6A02G253900. 1 139 15. 39 6.45 41.46 28.99 —1.529
Ta-6B-HMGBI TraesCS6B02G271600. 1 139 15. 40 8.56 38.08 28.99 —1.531
Ta-6D-HMGBI TraesCS6D02G180000. 1 454 50. 79 7.75 49.05 62. 80 —0.829
Ta-6D-HMGB2 TraesCS6D02G235400. 1 139 15. 40 6.46 43.03 28.99 —1.529 éﬂil}i@ljfs
Ta-7A-HMGBI TraesCS7A02G552400. 1 161 17.21 6.48 37.77 41.55 —1.253
Ta-7B-HMGBI TraesCS7B02G230000. 1 215 23.62 5.10 46.06 57.77 —1.013
Ta-7D-HMGBI TraesCS7D02G326200. 1 216 23.68 5.03 41.63 56. 62 —1.032
Ta-7D-HMGB2 TraesCS7D02G538400. 1 135 14.70 4.88 45,49 40. 74 —1.288

FEHKE 120~ 655 aa. 4+ T & 12. 95~ 72, 45
kD, %5 H, 5 4. 88 ~10. 43 (CHiv 21 A Sy B 1k &
F1) 25 N ARE H A (A RE RE>40)
JE A BB ¥R K BB O i (— 1. 531~
—0.590), J@ KV . 20 A E o7 U s
20 AN E B T A A%, 5 A 3 (Ta-4B-HM-
GAL, Ta-4D-HMGAI , Ta-5A-HMGAZ2, Ta-5B-HM-
GA2.Ta-5D-HMGA2) 4 i 85 (1 5 v F 244
2.2 RGHN . FEBESHTESHLEEIT
R (B DA /N (32 4 BRI
(17 ) EAK 23 ) R (14 A FK A (12 4>
398 4~ HMG % H, 45 HMGA fil HMGB W K
33, BRI 1A B B (At1G14900. 1) J&§ HM-

GA 4332, A B HMGB 43 375 /% HMGB W%
B (23 ™ BFEZLZT HMGA9 D), Jetaikh g

iR (8 2),32 MTAHMG FEH A5 F 19 4546

LB 1~3 4, H 3DSAGBSD 5 3 4. 1A
MAD Btk I oA, Wy ah iy L P44 & 3
(J 3A)46 PNTaHMG FLERFER X Hrp 29 4~ FE A
X 2 A AR DL BE A TR) A A R BT TR
Ka/Ks [H¥1/NF 0. 5, U Z KR T 2 ) Z2 Ik 5
N Gl H sz aifh e B, B R ILZe vk i
IR (K 3B) /NS RFE A 34 % B & R TR,
INFE S IRFEIAIA 35 X, FRWIAZ 0 B 5L AE R A FHHE
2L EA A 58 W IR AR 2 A5 A HE R rh R R E 1Y)
HALNELEH
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PRAF JE 7 5 2 I 25 0 B G i (81 4) R 1
[ri] — 2k Ak 23 2 B3 38 7 AL AR L, HMGB 43 33
i & Motif 1.2.5, HMGA 43 32 4 %5 &% Motif 3,
4.5.6, 10 MRAFEF o Motif 2 43 i #c ) (20
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