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Identification of histone methylation and demethylation genes and analy-

sis of their responses to different abiotic stresses in kiwifruit

Fang Xuezhong, Ma Kangxun, Xia Yiyi, Zhao Yaju, Liu Zhande, Liu Yanfei’
(College of Horticulture, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Histone methylation and demethylation are the core mechanisms of plant epigen-
etic regulation. They regulate gene expression by dynamically modifying chromatin structure and play a
key role in plant growth and development and responses to abiotic stresses. Histone methyltransferases
(HMTs) and demethylases (HDMs) affect the transcriptional activity of stress-responsive genes by mod-
ifying lysine/arginine residues in histone tails to form activated or inhibitory chromatin markers. Under
abiotic stress (drought, salinity, extreme temperature, etc.), plants reshape chromatin accessibility by dy-
namically regulating histone modification levels, and activate antioxidant enzymes, osmotic regulation
and other pathways to maintain cell homeostasis. Kiwifruit (Actinidia chinensis) is an important eco-
nomic fruit tree, and its fruit quality and postharvest storability are susceptible to abiotic stress. Howev-
er, the function of histone modification gene family in the response of kiwifruit to abiotic stress remains
unclear. In this study, we performed genome-wide identification of the HMT and HDM gene families in
kiwifruit, and then analyzed their responses to various abiotic stresses in kiwifruit. [Methods] The
HMTs and HDM genes in the whole kiwifruit genome were identified by HMMER, NCBI, Pfam and ki-
wifruit genome database search. The conserved domain sequences of kiwifruit were screened by Hm-

mer search program, and the sequences with e-value less than 10-20 were screened. The selected se-
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quences were further used to construct a hidden Markov model of the characteristics of the kiwifruit
gene family using the Hmmer build program. The final results were obtained by screening the whole ge-
nome with the newly constructed kiwifruit's own feature HMM. At the same time, using blast search on
NCBI, the database was limited to 4. chinensis var. chinensis (taxid: 1590841). The obtained sequences
were integrated with HMMER screening results and manually screened to remove redundant sequences.
Finally, 83 members of kiwifruit HMT and HDM gene families were identified. The gene structure and
motif, protein physicochemical properties, chromosome localization, phylogenetic tree and collinearity
of the gene family were studied by bioinformatics methods. In order to verify the involvement of the
HMTs and HDMs in stress resistance, the Yuxiang variety was used as the experimental material. Four-
week-old tissue cultured seedlings with good growth were placed in 100 mmol-L"' PEG4000, 50 mmol L
NaCl, at 38 °C or 4 °C, and sampled at 0 h, 6 h, 12 h and 24 h. The leaves with the similar size and state
were frozen in liquid nitrogen and stored in a refrigerator at —80 °C. The effects of salt, drought, low
temperature and high temperature stresses on the expression patterns of HM7s and HDMs were ana-
lyzed by real-time fluorescence quantitative technique. [Results] A total of 83 members of the kiwifruit
HMT and HDM gene families were identified. Among them, HMTs contained 54 SDGs (containing SET
domain) and 1 PRMT, and HDMs contained 8 HDMAs and 20 JMJs (both containing JM.J-C domain).
Protein domain analysis showed that the VI/VII structure in the SDG subfamily was simple (only con-
taining the SET domain), while the II/IV structure was complex (containing DNA binding domains
such as zf~HC5HC2H). KDM4 in the JMJ subfamily contains multiple domains (JMJ-N, JMJ-C, zf-
C5HC2, etc.), and the structure of KDM3 and KDMS is relatively simple (zf-CXXC, WRC, etc). Phylo-
genetic analysis showed that kiwifruit SDG belonged to 7 subfamilies (the highest proportion of V sub-
family), and JMJ belonged to 5 subfamilies (the number of JMJD6 / JMJC was very small), which was
closely related to the evolution of homologous genes in Arabidopsis thaliana. Specifically, the SDG-V
subfamily shares homology with Arabidopsis SuvH genes (regulating heterochromatin formation),
while members of the JMJ-KDM)5 subfamily (AtJMJ14/15/16) are closely associated with plant stress
resistance, participating in systemic resistance establishment, enhanced salt tolerance, and inhibition of
leaf senescence, respectively. Collinearity analysis revealed that gene expansion was mainly due to ge-
nome-wide replication (68.19% of genome-wide collinearity genes, 30.56% of HMT and HDM collin-
earity genes), and only 2 cases of tandem duplication events (4cSDG16/AcSDG17 and AcHDMAS5/AcH-
DMAG6). Through systematic analysis of the expression patterns of histone methyltransferase (HMT¥)
and demethylase (HDMs) gene families (including SDGs, HDMAs, and JMJs) in kiwifruit under abiotic
stress, it was found that these genes exhibit highly stress-specific regulatory dynamics. Specifically, un-
der salt stress, most genes (4cSDG46, AcHDMAI, etc) exhibited a “rise-fall-rise” cyclic oscillation pat-
tern, reflecting feedback regulation mechanisms. Under drought stress, some genes (4cSDG7, AcSDGY,
etc) exhibited a sustained expression pattern forming a basal defense network, while others were upregu-
lated at specific stages [4cSDG4 in stage S2 (6 hours), 4cSDG23 in stage S3 (12 hours)]. Cold stress
triggered synergistic expression of genes in stage S3 (6 hours), followed by downregulation to facilitate
growth recovery, suggesting coordinated activation of early defenses. High-temperature stress induced
overall downregulation in the early phase followed by upregulation in the late phase, except for AcS-
DG29, which exhibited unique preactivation in the early phase, suggesting its role in proactive defense.
These findings indicate that HMTs and HDMs, through their spatiotemporally specific expression dy-
namics, may mediate rapid responses and adaptive remodeling in plants under stresses, providing key

targets for elucidating crop stress resistance mechanisms. [Conclusion] A total of 83 HMTs and HDMs
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were identified. Protein domain analysis showed that the functional differentiation of the subfamily was

significant. Synteny analysis showed that gene expansion was mainly due to genome-wide replication.

Notably, the histone methyltransferase genes 4cSDG35 and AcSDG54 showed significant upregulation

under salt stress, drought stress, low-temperature stress, and late-stage high-temperature stress condi-

tions, indicating their crucial role in regulating responses to these four types of stress. Furthermore, only

AcSDG29 exhibited upregulation during the early stage of high-temperature stress, suggesting its poten-

tial involvement in early active defense regulation.

Key words: Kiwifruit; Histone methylase (HMT); Histone demethylase (HDM); Abiotic stress
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#1 qPCRIIYFINER
Table 1 Primer sequences for qPCR

2SR BetiEIE Y kY

Gene name Upstream primer Downstream primer

AcSDG4 TTCCAGGGGTTACAAGACGC ACCCACCAAGCACATTTCCA
AcSDG7 GGGTGTGAAGGATGAGGCAA GGCCACCAGCTCTAACCAAT
AcSDGY CTGGTGCGGTTTGTGTGATG ACCGAAGATCACTGGGCTTG
AcSDG22 TTCCCCCTTTGTGTGTGTCC ACGTGTTTCCATTTGCAGCC
AcSDG23 TCGACCACCATCCCTACACT CCAACCCAAGCATCCAAACG
AcSDG24 AGATCGAGTAGGGGTTGCCT GCTGCTTTTCCATCCTTGCC
AcSDG29 CTACATTCAAGGAACGGCTCAAC CTCACCACGATACTCAAGAACCA
AcSDG35 GTACGATGATGAAGCTGGAATGC CTTGGTATCTCTCGCTCCATGAA
AcSDG39 ACAAGACGCCCGGACTTAAG GCAAACCGACCAAGCACAAT
AcSDG43 GATGGGGAGTACAATGTTGAGGT ACACATAAGGAGGGAACACAGTC
AcSDG44 GATGGGGAGTACAATGTTGAGGT ACACATAAGGAGGGAACACAGTC
AcSDG46 CTCAATCGTGTGTGAAAGATGGG GTACAAGTCAGAGGAAATGGGGT
AcSDGS54 GTGTGAGAGAAAGAATTGCTGGG CTAAGCTGTCTCCATCTCCATCC
AcHDMA1 GGACTTGGAGAGGGCAATCTTTA CAGCTTTAGGTGCAGGAGTTTTG
AcHDMA3 GAGGGTCCAGATGTTGAATACCAT GCAGGCTCCATGATAATGAAATCC
AcJMJ1 GGTAAGGTTATCAGTGCGAAGGA CTCTTCACCGAATTAGCCTCCTT
AcIMI5 AAAGATACGGGTGGAGCAGC CTTTTGGTGGGCACGGAATG
AcJMJ11 TGAGGATGCCATAAGGACTTCTG CTCAGACAGCTTTAACCAGGACT
AcIMJI18 TGGGTTGTGGTGTAGCTGGA CTGTAGGCTCCCACTGCTCT
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Table 2 Analysis of HMTs and HDMs members within six different species

27 Type TRk AR A7 B IKFE /S
Actinidia chinensis ~ Aradopsis thaliana ~ Citrus sinensis ~ Malus domestica ~ Oryza sativa  Zea mays

L H AL ET HMTs

SDG 54 41 40 64 37 38

PRMT 1 7 7 7 5 5

4 #R A% HHE LS HDMs

HDMA 8 4 3 16 4 4

IMJ 20 20 20 28 20 10

K71 Total 83 72 70 115 66 57
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&3 HMTs ¥l HDMs EE KR EER
Table 3 HMTs and HDMs gene family member information

SRETHHE AETHEH

TR g 5 HEH 1D NCBI RO E RS # ik BRSXIL o ober  Nnumber T LPHIEAE
Gene locus ID  Gene ID NCBI accession No. Chromosome  Start End CDS/bp of exon of intron ORF/bp
Acc00388 AcSDG1 PSS35776.1 Chrl 2414545 2440518 1107 16 15 368
Acc00215 AcSDG2 PSS35904.1 Chrl 5006802 5029165 3393 25 24 1130
Acc01140 AcSDG3 PSS36622.1 Chrl 17012814 17017848 1503 6 5 500
Acc01387 AcSDG4 PSS34291.1 Chr2 426571 429214 2154 1 0 717
Acc02017 AcSDGS PSS34875.1 Chr2 6849313 6854170 2124 3 2 707
Acc02533 AcSDG6 PSS35329.1 Chr2 14428852 14465584 2190 16 15 729
Acc02667 AceSDG7 PSS32368.1 Chr3 1226287 1228443 2157 1 0 718
Acc03275 AcSDGS PSS32979.1 Chr3 7504402 7507661 1047 6 5 348
Acc03302 AcSDGY PSS33006.1 Chr3 7780790 7792948 2967 21 20 988
Acc03608 AeSDG10  PSS33222.1 Chr3 10154562 10157442 2655 1 0 884
Acc03843 AcSDG11 PSS33456.1 Chr3 14195418 14208125 1401 15 14 466
Acc04429 AeSDGI2  PSS31133.1 Chr4 1497 19201 3780 23 22 1259
Acc05041 AcSDG13 PSS31878.1 Chr4 12907983 12946065 5199 19 18 1732
Acc06024 AcSDGI14  PSS30739.1 Chr5 16759124 16773937 2751 17 16 916
Acc06079 AcSDGI5  PSS30794.1 Chr5 17512025 17530061 4545 12 11 1514
Acc06352 AcSDG16  PSS28754.1 Chr6 3535275 3537099 1596 1 0 531
Acc06357 AcSDG17  PSS28759.1 Chr6 3592177 3602923 1485 6 5 494
Acc08777 AcSDG18  PSS23921.1 Chrg 6599738 6608115 2769 2 1 922
Acc08874 AcSDG19  PSS23999.1 Chr8 8762272 8797354 3390 26 25 1129
Accl11491 AcSDG20 PSS19440.1 Chrl0 12264339 12264339 1236 13 12 411
Acc04384 AcSDG21 PSS18252.1 Chrll 16633876 16664743 2193 16 15 730
Acc13258 AcSDG22  PSS15766.1 Chrl2 5092387 5093436 1050 2 1 349
Acc13298 AcSDG23 PSS15805.1 Chrl2 5685492 5691271 996 3 2 331
Accl3524 AcSDG24  PSS16025.1 Chrl2 10788661 10806206 7122 23 22 2373
Accl3572 AcSDG25  PSS16073.1 Chrl2 12054718 12066626 1485 13 12 494
Accl14668 AcSDG26  PSS14052.1 Chrl3 8587710 8597733 2547 11 10 848
Accl5325 AcSDG27  PSS11052.1 Chr14 78523 88971 1461 13 12 486
Acc15458 AcSDG28 PSS11185.1 Chrl4 1851547 1870522 6615 19 18 2204
Accl5934 AcSDG29  PSS11661.1 Chrl4 9203216 9218212 3132 23 22 1043
Accl6013 AeSDG30  PSS11731.1 Chrl4 10571079 10582065 1698 16 15 565
Accl6707 AcSDG31 PSS09682.1 Chrl5 5579859 5592957 3513 3 2 1170
Accl18201 AcSDG32  PSS07847.1 Chrl6 6894406 6905670 978 7 6 325
Accl18563 AcSDG33 PSS08189.1 Chrl6 13529535 13544778 1365 11 10 454
Acc19069 AcSDG34  PSS05800.1 Chr17 3271544 3279796 1467 15 14 488
Acc19683 AcSDG35  PSS06193.1 Chr17 12425809 12446875 2775 22 21 924
Acc20117 AcSDG36  PSS04271.1 Chrl18 7167443 7195374 1737 13 12 578
Acc20302 AcSDG37  PSS04448.1 Chri18 12366131 12379816 3606 24 23 1201
Acc22461 AcSDG38  PSS01103.1 Chr20 1177542 1198271 6702 19 18 2233
Acc23064 AcSDG39  PSS01708.1 Chr20 12227855 12232433 1779 2 1 592
Acc24011 AcSDG40  PSS00044.1 Chr21 7397280 7411667 1476 11 10 491
Acc24022 AcSDG41 PSS00055.1 Chr21 7678072 7683693 2049 5 4 682
Acc24087 AcSDG42  PSS00120.1 Chr21 9236248 9263398 5163 19 18 1720
Acc24196 AcSDG43 PSS00227.1 Chr21 12291109 12303162 2067 2 1 688
Acc24949 AcSDG44 PSR98344.1 Chr22 11531642 11544031 2064 2 1 687
Acc25641 AcSDG45  PSR94887.1 Chr23 2264997 2273758 2352 12 11 783

Acc27405 AcSDG46 PSR92805.1 Chr24 5444851 5462196 2238 8 7 745
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%3 (%) Table3 (Continued)

BT MDD NCBIE etE et s g R PR e
Gene locus ID  Gene ID NCBI accession No. Chromosome ~ Start End CDS/bp of exon of intron ORF/bp
Acc27900 AcSDG47 PSR93288.1 Chr24 13486785 13489463 2679 1 0 892
Acc28100 AcSDG48 PSR93486.1 Chr24 15670471 15676176 3777 2 1 1258
Acc29943 AcSDG49 PSR89737.1 Chr26 13685044 13694749 2547 10 9 848
Acc30997 AcSDGS50 PSR87967.1 Chr27 6627001 6639964 2748 17 16 915
Acc31052 AcSDG51 PSR88022.1 Chr27 7501317 7508665 1080 7 6 359
Acc31153 AcSDGS2 PSR88123.1 Chr27 9378594 9385514 1500 5 4 499
Acc31503 AcSDGS53 PSR88436.1 Chr27 20467860 20469490 1008 2 1 335
Acc32675 AcSDG54 PSR84590.1 Chr29 1853693 1859229 1149 2 1 382
Acc29246 AcPRMTI PSR91898.1 Chr25 19495752 19527746 1941 23 22 646
Acc04452 AcHDMAI  PSS31156.1 Chr4 286443 291381 1524 6 5 507
Acc05053 AcHDMA2  PSS31890.1 Chr4 13326015 13335171 1539 5 4 512
Acc07025 AcHDMA3  PSS29409.1 Chr6 15601011 15607327 2898 8 7 965
Accl7997 AcHDMA4  PSS07645.1 Chrl6 4481942 4487448 1695 7 6 564
Acc23458 AcHDMAS5  PSR99483.1 Chr21 388645 393585 666 6 5 221
Acc23458 AcHDMAG6  PSR99482.1 Chr21 393586 401826 1272 6 5 423
Acc24101 AcHDMA7  PSS00134.1 Chr21 0533332 9552486 2373 9 8 790
Acc29643 AcHDMAS  PSR89442.1 Chr26 9730252 9736004 1695 7 6 564
Acc02158 AcIMJ1 PSS34949.1 Chr2 8426443 8440502 3483 13 12 1160
Acc02612 AcIMJ2 PSS32313.1 Chr3 622221 635401 5091 14 13 1696
Acc02628 AcIMJ3 PSS32329.1 Chr3 834694 843065 1773 11 10 590
Acc03787 AcIMJ4 PSS33399.1 Chr3 13162470 13175517 3312 7 6 1103
Acc07569 AcIMJS5 PSS26276.1 Chr7 3629111 3654752 2775 14 13 924
Acc07997 AcJMJ6 PSS26582.1 Chr7 8454874 8491531 4122 13 12 1373
Acc08511 AcJMJ7 PSS23687.1 Chr8 3088665 3111559 2745 12 11 914
Acc09503 AcIMJIS PSS24586.1 Chr8 21584353 21594898 2859 14 13 952
Acc09616 AcJMJ9 PSS24699.1 Chr8 22985804 22995426 3012 13 12 1003
Acc09727 AcJMJ10 PSS24811.1 Chr8 24497939 24505375 3522 13 12 1173
Accl5687 AcJMJI11 PSS11412.1 Chrl4 4520430 4551793 5529 33 32 1842
Accl6057 AcIMJ12 PSS11779.1 Chrl4 11954811 11966297 3159 17 16 1052
Acc18068 AcJMJ13 PSS07715.1 Chrl6 5183275 5195820 4782 9 8 1593
Acc20009 AcIMJ14 PSS04169.1 Chrl8 4532236 4561658 5550 33 32 1849
Acc20417 AcIMJ15 PSS04562.1 Chrl8 13628915 13634205 2091 11 10 696
Acc24682 AcJMJ16 PSR98091.1 Chr22 5638582 5655886 1722 13 12 573
Acc26800 AcIMJ17 PSR96747.1 Chr23 25268786 25277510 3795 7 6 1264
Acc27414 AcIMJ18 PSR92813.1 Chr24 5657061 5672384 3798 13 12 1265
Acc29455 AcIMJ19 PSR89257.1 Chr26 7172931 7188334 2598 12 11 865
Acc29992 AcJMJ20 PSR89799.1 Chr26 14459306 14471025 2625 9 8 874
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Fig. 1 Conserved protein domains and motifs of SDG protein in kiwifruit
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Fig. 4 Collinearity analysis of the identified HM7s and HDMs in kiwifruit genome
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Fig. 6 Expression of HMTs and HDMs gene family in kiwifruit leaves under abiotic stress treatment
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