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Genome-wide identification and expression pattern analysis of HD-Zip I

transcription factor family in loquat
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Abstract: [Objective] Homologous structural domain-leucine zip (HD-Zip) transcription factors are in-
volved in a variety of plant abiotic stress response processes. However, the HD-Zip I gene family has
not been identified in loquat. [Methods] A genome-wide identification and analysis of the loquat HD-
Zip I transcription factor were carried out using bioinformatic methods for identification. The expres-
sion patterns of HD-Zip I family members in different tissues and by various drought treatments were
examined by qPCR. [Results] A total of 20 putative loquat HD-Zip I family members were identified
by searching the Big Seven Stars loquat genome database. The HD-Zip I members were further named
EjHB1-EjHB20 according to their positions on 10 different chromosomes. We performed covariance
analysis within the loquat genome and found 25 duplicate gene pairs in the HD-Zip I family, including
3 tandem duplicate gene pairs and 22 fragment duplicate gene pairs. The nucleotide sequence identity
of the HD-Zip I duplicate pairs ranged from 42.04% to 93.71%, and the Ka/Ks ratios ranged from 0.08
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to 0.43. To further investigate the phylogenetic relationships among HD-Zip I family members in differ-
ent plant species, phylogenetic trees were constructed for HD-Zip I protein sequences in loquat, apple,
Arabidopsis thaliana and rice. The HD-Zip I proteins were classified into nine clades, namely a, S1, 52,
7, 0, & @l, 2 and . Among them, the ¢1 and { clades contained only the family members of Arabidop-
sis thaliana and rice, respectively, and were not clustered with the HD-Zip I genes of apple and loquat.
The members of the loquat HD-Zip I clades clustered closer to the apple homologues and further away
from the rice homologues. In addition, loquat, apple, Arabidopsis and rice had the most members in the
o clade, followed by the y clade. Multiple sequence comparison of 20 loquat HD-Zip I proteins using
DNAMAN software revealed that all HD-Zip I proteins had HD and Zip conserved structural domains.
To further investigate the relationship between loquat HD-Zip I proteins, we constructed a phylogenetic
tree of all loquat HD-Zip I protein sequences and analysed their gene structures and motifs. Similar to
the results of the phylogenetic analysis described above, the loquat HD-Zip I gene family was divided
into seven clades: a, S1, 52, y, 0, € and ¢2. Since the intron-exon structure of genes played a crucial role
in the evolution of multigene families, we examined the intron-exon structures of 20 loquat HD-Zip |
genes to better understand their structural evolution. The y clade members had one intron, the £1 clade
members had three introns, and the other branch members contained two introns. Combined with phylo-
genetic analysis, we found that genes in the same branch had similar intron-exon structures, whereas the
intron-exon structures of different branches differed. To gain insight into the differences and functions
of the loquat HD-Zip I protein, we used the MEME programme to identify its motifs. We identified 10
motifs ranging from 20 to 50 residues in length. All predicted motifs were identified only once in each
HD-Zip I protein. Except for motif 1, which was present in all HD-Zip I proteins, the remaining nine
motifs were only present in certain branches. Tissue expression analysis showed that HD-Zip 1 was
found in loquat roots, stems, leaves, flowers and fruits. The results showed that EjHB3, EjHB6, EjHBS,
EjHBI15 and EjHB20 were mainly expressed in leaves, and EjHBY9, EjHB16 and EjHBI18 were mainly
expressed in roots. Most members had high expression levels in stems and low expression levels in
fruits. In addition, EjHB11, EjHB12 and EjHB13 were expressed at higher levels in flowers than in oth-
er tissues, while other members were also generally expressed at lower levels in flowers. Cis-acting ele-
ment analysis revealed that most HD-Zip I promoters contained ABRE elements, which were normally
involved in ABA-related responses. And HD-Zip I promoters contained drought-inducible elements
(MBS), as well as defence and stress-responsive elements (TC-rich repeats). In addition, there were a
number of cis-elements associated with stress response and stress-related hormone signalling, such as
MYB, MYC, SA and MeJA. The HD- Zip I family contained cis- acting elements associated with
drought stress. To identify the role of HD-Zip I in the regulation of drought tolerance in loquat, we anal-
ysed the expression of 20 HD-Zip I genes under drought stress. It was shown that the expression levels
of EjHBO, EjHB10, EjHB17 and EjHBI18 in the y-clade and EjHB20 in the ¢-branch significantly in-
creased after drought treatment, whereas EjHB2 and EjHB19 in the f2-branch were significantly down-
regulated by drought. [Conclusion] In this study, 20 members of the HD-Zip I transcription factor fami-
ly were identified from the complete loquat protein sequence, and promoter prediction analysis indicat-
ed that they responded to drought stress. Expression analysis after drought treatment also confirmed
that loquat HD-Zip I transcription factors may play an important role in drought stress response. The
present study may provide a reference for the future analysis of the mechanism of loquat HD-Zip 1
genes and the development of drought-resistant breeding in loquat.
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Table 1 Real-time fluorescence quantitative PCR primers for relative expression of HD-Zip I genes in loquat

B TR VRS- 30 NESI(S -3

Gene Gene ID Forward primer (5’ - 3) Reverse primer (5' - 3")

EjHB1 EVMO0008013 CAGCATCCTCAAAGCCGACTATG CTTCCTTCACAGAACCATTCCTCTC
EjHB2 EVMO0008602 CAGTCACCGCCACCACCTC AGTCACTGTCCGAAGAGCCATC
EjHB3 EVMO0022892 GCTTCTGAACTGGGTCTTGATCC TCTTCCTCCAACTTCTTGTTCTTCC
EjHB4 EVMO0016435 ACTGAAGGCGGAGGTTCTTGTC TGGCTTCTGCGGCGGTTC

EjHBS EVMO0021510 AGATTCTGAAACTGTGACCAAAGGG CGGCTCTAACAACGGTGAATGG
EjHB6 EVMO0012108 CGGCGTGGCATCGTTTCTAG CATGTTCAACCTCCTCTTCTTCTCC
EjHB7 EVMO0019346 GTGGTGTGCAAGCAAGAGGATG CGGCTCTAACAACGACGAATGG
EjHBS EVMO0019681 GACAACGATGCTCTCCAATCTCTG GTTGATGGATTCTGCTGGCTCTC
EjHBY9 EVMO0031961 CTGCCACTACAAGGAGGAAGAAC CGACTCAGACTCAAAGATGGACTC
EjHBI0 EVMO0037466 GACTAGAAGAGGAATTGGAGCAGAG TGAGGTGTCACAGAGGCATCC
EjHBI1 EVMO0041212 GAAGAAGATGACGGTAGCGATGAC TTAGGACCACACCCACCAGTTC
EjHBI2 EVMO0018875 GGAGCAACGGAAGTGAGAACAG AGGAGGACGGTGGGAAGAGG
EjHBI3 EVMO0024591 CCTCCACCTTGCTAATTCCTCTTG GCCGCTTCTTGGTCGTGATG
EjHB14 EVMO0033737 GCTCAAATCCCAGGTGGTTTCC GCTTCTCGTCATCGTGGTCATC
EjHBIS EVMO0017591 CAGTCTGACCTTTCCCAAGATGAAG GCAGGCGTATCGGAGTAATCAAC
EjHBI6 EVMO0017694 GTCATTGGGTGCTTTGGTCTCC TGCCTGAAACTCCTTGCTGTAAC
EjHBI17 EVMO0023669 AGAGGAATTGGAGCAGAGAAGAGTC GAGGTGTCGCAGAGGCATCC
EjHBIS EVMO0026197 TGCCACCGTTTCTGAATCTGATAAG TCGCAAGGTTTGGTTCATCTTCC
EjHB19 EVMO0024132 CGTCCTTGCCGTCGTCATTG ACTGCTAAAGAAGTTGTGCTCCTC
EjHB20 EVMO0022100 GCTAACAAGGCAAGAGGGACAAAC AGGTGGTGACGCTGGGTTATATTC
Actin JIN004223 GGATTTGCTGGTGATGATGC CCGTGCTCAATGGGATACTT
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F 2 #Ht4D HD-Zip | &R SR4HE
Table 2 Characteristics of the HD-Zip I members in loquat

B HaS Jeth ks RILR B YRR SRS W& TN T
Gene Gene ID Chromosome location Number of amino acids/aa MW/kDa pl Intron/Exon
EjHB1 EVMO0008013 LG03:10186645-10187781 274 31.11 6.21 2/3
EjHB2 EVM0008602 LG03:23204370-23206151 329 37.18 5.28 2/3
EjHB3 EVM0022892 LG03:32463730-32465702 215 24.82 6.37 2/3
EjHB4 EVMO0016435 LG03:40454690-40456201 324 36.54 4.69 2/3
EjHBS EVMO0021510 LG07:38102798-38104488 327 37.07 4.80 2/3
EjHBG6 EVMO0012108 LG07:38355270-38356769 281 32.07 6.05 2/3
EjHB7 EVMO0019346 LG08:35330188-35331862 333 37.46 4.51 2/3
EjHBS8 EVMO0019681 LG08:35618390-35619865 286 32.53 6.19 2/3
EjHB9 EVMO0031961 LG10:23076229-23077228 242 27.90 4.69 12
EjHBI0 EVMO0037466 LG10:36015001-36015943 233 27.00 5.79 12
EjHBI1I EVM0041212 LG11:2228092-2231357 332 37.50 491 3/4
EjHBI2 EVMO0018875 LG11:3041533-3043439 303 34.43 6.80 2/3
EjHBI3 EVM0024591 LG13:32607861-32609606 304 34.41 6.71 2/3
EjHB14 EVMO0033737 LG13:35699824-35702856 332 37.34 4.96 3/4
EjHBIS EVMO0017591 LG14:32656733-32658402 324 36.34 4.63 2/3
EjHBI16 EVMO0017694 LG15:7582830-7583956 275 31.02 5.40 2/3
EjHBI17 EVMO0023669 LG16:1018672-1019642 236 27.39 5.32 12
EjHBIS EVM0026197 LG16:12437868-12438873 243 27.76 4.90 12
EjHBI9 EVMO0024132 LG16:21367039-21368861 329 37.19 4.93 2/3
EjHB20 EVMO0022100 LG17:16254559-16255822 231 27.03 7.93 2/3

HEAC T HD-Zip 1 IR G (A g S AR R ST o S DR B AT RO (B R 2 b B
Chromosomal localization and gene duplication identified of HD-Zip I genes in loquat. Duplicated gene pairs are exhibited in linked lines with the

corresponding color.
1 REBEEMKEELZEDHT

Fig.1 Chromosomal distribution and synteny analyses
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Table 3 HD-Zip I duplicates identified in loquat

: ‘ FERC FXE AR
I%uff—lixjate pair Idfftirf;/ % Bt /L R
Ka Ks Ka/Ks
EjHB1/EjHB16 87.64 0.05 0.22 0.24
EjHB2/EjHB19 88.18 0.05 0.35 0.15
EjHB4/EjHBS 49.40 0.34 2.02 0.17
EjHB4/EjHB7 50.15 0.34 2.16 0.16
EjHB4/EjHB15 90.43 0.05 0.16 0.32
EjHB5/EjHB7 87.69 0.05 0.25 0.19
EjHB5/EjHB15 50.60 0.33 1.98 0.17
EjHB6/EjHBS 93.71 0.02 0.23 0.08
EjHB6/EjHB12 53.70 0.25 2.18 0.12
EjHB6/EjHB13 53.99 0.25 1.91 0.13
EjHB7/EjHB15 51.03 0.33 222 0.15
EjHBS/EjHB12 53.33 0.26 225 0.11
EjHBS/EjHB13 51.58 0.25 2.02 0.13
EjHBY/EjHB10 38.11 0.47 2.30 0.20
EjHBY/EjHB17 38.27 0.46 1.47 0.31
EjHBY9/EjHB18 87.24 0.06 0.13 0.43
EjHB10/EjHB17  86.44 0.06 0.26 0.22
EjHB10/EjHB1S ~ 40.65 0.46 2.26 0.20
EjHB11/EjHB14  89.55 0.04 0.19 0.24
EjHBI12/EjHB13  93.11 0.03 0.20 0.13
EjHB17/EjHB18  42.04 0.46 2.17 0.21
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