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FEFI Y RNA-seq £, 70 S0 HD-Zip 1 11
F R F A, A OCIER ) RPKM {4 log, #%
¥eJ5, 3L Tbtool Bl HIHAE
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Table 1 Primers used in qRT-PCR analysis of HD-Zip I genes in mulberry
B SRS 1¥F%1 (5'-3" P4 K/ Nbp

Gene Name Primer sequence Product length
MnHD-Zip 1 F:-TTGACGGAGAAACTTCAGGCTAA R:TGAAAGTAGGAGTCACCGCTGTC 209
MnHD-Zip 2 F:TCAGAGGGTGAGGTCTCCAAAG R:GATTGGTCGGCTTCAAACACA 161
MnHD-Zip 3 F:CAGGCAGGTTGCTATTTGGTTT R:ATTTTCTCGCCCTCCTTCGT 208
MnHD-Zip 4 F:TGAAAAATAGAGAGCCAACGGAGT R:TGGAAAGAGAGGTCTGCTTGTGAT 176
MnHD-Zip 5 F:GTGTTTGAGCCAGAGCAGTCG R:TCGCACACGGGTCATCATAAC 127
MnHD-Zip 6 F:GCCCTAATGTCCGTCTGCC R:CCGCTTCCTCCACACATCC 121
MnHD-Zip 7 F:GGCTTGAAGTTGAAGGATACGG R:GACATCCCATTTAGCCCAAGTG 142
MnHD-Zip 8 F:TGGCTTCCCAGTTCGAGTCA R:CCAATGTCGTTTTCCAATCCC 166
MnHD-Zip 9 F:AGAAATGCCGTCTTGAATCCG R:ATCCTTCAGACACCACCCCAA 183
MnHD-Zip 10 F:CCTCGTCAGATTGCTGTTTGG R:GTAACCGCCCGTTGACACTT 198
MnHD-Zip 11 F:GCTAACAAAGGACCAAGTCAGGC R:GGCATTTTCAAGCCTCACCTG 205
MnHD-Zip 12 F:TAGGAAAAGACGCTGAAGTTGTAGA R:TCAAGACAAGAACTCCCACCACT 140
MnHD-Zip 13 F:TGAACAAGGCTCAACAGATGC R:ATCATCCACGGCTGACACTG 101
MnHD-Zip 14 F:ATCCTTCCCAACCACCTTCC R:TTCCAGCGAGCCCTCTTGT 136

ACTIN F:CCAAGTCATCACAATCGGAGC R:TACCAGGGAACATAGTTGAACCAC 191

{4 1] Origin 9.0 Z:HIF: A
2 X504

21 25 HD-Zip | MHRIEM REIF SRR EE

ZARSF EE R B M IFHERR TU R P e, FRdR
15 14 F W HD-Zip | L5, 43l 4 44 24 MnHD-
Zip 1~MnHD-Zip 14 (£ 2), WNFE 27 IAEH
FM HD-Zip | 8 A 1 &L R B oy 7 AR b
K, 39T 173~351aa F119927.40~39913.22;
e 5 pl AT 4.54~8.88, S5MRMEE I Z .
S35 S K M A 47 T -1.040~-0.657 Z 1] . & 14
AR 25 R, M HD-Zip | 8 B
N T HAAAZ . HD-Zip | VS5 8 B AN )4 o S A
D3[R A9) 22 57 T BB RS 26 1% W ST 53 R F-AE S A=
KERSBEP REE AR TEEER-.
2.2 £ HD-Zip | IR &K 5 #I % 5 51 Bk X K it
X BSH

EHAZITPI AT R &M, M HD-Zip | I
KWW R Y5 AT HD-Zip S5 s K B RS 454
I HD ( Homeomain ) #1 LZ ( leucine zipper) .
Horp, HD S5 #3809 750 = JE AR S, LZ S5 43811
FIEFRFRIEMIANT £ (1),

N3 B S HD-Zip |0 58 0% 1 01 1 gk Ak o
%, FlH MEGA 7.0 5 & T il B oF Al %

PHZ IR A AR . S5 MR %05 R 0 1Y
PR ZR, K E W HD-Zip | X KM R A a.
B.vy. 0. e. @618, Hr, MnHD-Zip 3
MnHD-Zip 4 J& T a 43#%, MnHD-Zip 5. MnHD-
Zip 2. MnHD-Zip 1. MnHD-Zip 7 #l MnHD-Zip
68 T B4r#, MnHD-Zip 8. MnHD-Zip 12 #i
MnHD-Zip 14 J& T y 7+ & , MnHD-Zip 11 #l
MnHD-Zip 13J& T ¢ 4r % , MnHD-Zip 10 #il
MnHD-Zip 9 7r-5JE T € F1 8 704% (K1 2),
23 EKHD-Zip | RIEEEEHMEREBEF S

1 motif 45 KW . F M HD-Zip | WK
JEEAE A ) 10 B R, motif 1 F motif 2
BRGEEAE ST, #—PF5 &, motif 1
FEZ 5 EER MnHD-Zip | # /) Homeomain
L5k, motif 2 L& leucine zipper 45 F3iY F 5
RSy . B HD-Zip | 305 P9 45 B 53 B &5 47 /Y
motif F 25 Je F i A AR AR 22 %, 1 MnHD-Zip
3 Fl MnHD-Zip 4 #4500 i 7 4~ % )F, MnHD-Zip
14 U 2 D55 [A)— - B & 5 s A
JIT B A1 3k e ol 2 R B R D 3R B A 1 A
RIPE, a0 a s B 2 AR B A 7 A AR Y
motif, @ MR A EA motif 1. motif 2 il motif 3
(EI3A),

il 1 He B MnHD-Zip 15 A () mRNA Fl % [
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Table 2 The detailed information of HD-Zip | members of mulberry
B4 PR BRT REK S aa 5y ¥#/kDa Ekabel SRAKEE 724 ) 5 i

Gene Name Gene ID Protein length Molecular weight Pl Hydropathicity Subcellular localization
MnHD-Zip 1 L484_008420 281 31634.93 4.70 -0.817 nucl: 14
MnHD-Zip 2 L484_010105 325 36528.92 4.68 -0.839 nucl: 14
MnHD-Zip 3 L484_027159 326 36766.68 6.54 -0.982 nucl: 13.5, cyto_nucl: 7.5
MnHD-Zip 4 L484_021122 328 37377.30 6.42 -1.020 nucl: 13.5, cyto_nucl: 7.5
MnHD-Zip 5 L484_021079 292 33207.53 4.54 -0.922 nucl: 13, pero: 1
MnHD-Zip 6 L484_019806 342 39104.85 5.03 -0.997 nucl: 13.5, cyto_nucl: 7.5
MnHD-Zip 7 L484_012750 351 39913.22 4.94 -0.945 nucl: 13, pero: 1
MnHD-Zip 8 L484_001654 219 25604.55 6.66 -1.029 nucl: 14
MnHD-Zip 9 L484_009043 209 24036.19 6.93 -0.820 nucl: 14
MnHD-Zip 10 L484_002276 205 23523.59 8.53 -0.888 nucl: 14
MnHD-Zip 11 L484_012158 197 23221.98 6.66 -0.990 nucl: 14
MnHD-Zip 12 L484_015344 192 21891.73 8.88 -0.718 nucl: 14
MnHD-Zip 13 L484_010529 173 19927.40 7.89 -0.657 nucl: 14
MnHD-Zip 14 L484_023454 182 20630.97 6.78 -1.040 nucl: 14

VE: nucl: A cyto: ML ; pero: iTEMEEMA .
Notes: nucl: nucleus; cyto: cytosol; pero: peroxisome.
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Fig. 2 Phylogenetic analysis of HD-Zip | family in
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Fig. 3 Analysis of conserved motifs ( A ) and exon-intron organization ( B ) of MnHD-Zip I genes
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Table 3 Analysis of cis acting elements in HD-Zip | gene’s promoter region

PR N e
7B R4

Phytohormone response element

AELE W aE e 3 T
Abiotic stress response element

Clades Gene name

ABRE P-box TCA-element CGTCA-motif TGACG-motif AuxRR-core TC-rich repeats LTR ARE MBS WUN-motif

MnHD-Zip5 2 0 0 0 1 0 2 0 4 1 1
MnHD-Zip2 1 0 2 1 1 1 0 1 2 0 0
g MnHDZp1 3 0 1 4 4 0 0 0 1 2 0
MnHD-Zip7 1 0 1 0 0 0 3 0 5 1 0
MnHD-Zip6 0 0O 0 2 2 0 0 0 4 0 1
MnHD-Zip3 1 1 1 0 2 0 0
a
MnHD-Zip4 3 0 0 1 0 0 1 1 2 0
MnHD-Zip 12 8 0 0 1 1 0 0 2 1
y MnHD-Zip8 2 1 3 0 0 0 1 2 2
MnHD-Zip 14 1 0 0 3 3 0 0 2 0 0 2
MnHD-Zip 11 6 0 0 0 0 0 0 0 5 0 1
®  MnHD-Zp13 2 1 4 2 2 0 1 2 1 0 0
5 MnHD-Zp9 4 2 2 4 4 0 0 0 2 0 0
€ MnHD-Zip10 2 0 2 2 2 0 0 0 0 1 0

PRRECE FR R B 22 5, (EARR AR 1Y
TCIFA AT EA — & fARRIYE, an B /Rl U 3
THAEA P-box Joff, v Ml @ /-SG5 E 31
X H# A MBS T . W& & - F, MnHD-Zip
IORHFES TR AM LB RE (181 ),
MnHD-Zip 2. MnHD-Zip 4. MnHD-Zip 6 i
MnHD-Zip 10 )i shF i & o> (94 ). M
A e A 28 E, ABRE Tl £,
¥ MnHD-Zip 6 4N 13 4~ MnHD-Zip | 31K )3 3
TIXIA4 36 > ABRE; ARE Joffkz, 7124
MnHD-Zip | 3£ X5 8 7 X 3EF 31 45 AuxRR-
core Julti/V, {XAE MnHD-Zip 2 3£ 3 871X
WAL 1R, DRSS EN, MnHD-Zip | 3K )5 5
FIX AR T AR SRR 2 5 T A A ] d 2
5, WURIRGEIE R AT RS S AR AE Py m [
T LA SR A 24 R o
25 ZER HD-Zip | RikEEKALRIEEX S
R T RS HD-Zip | 5205 L R ) A L3R Tk
3, X RMER B . RS A28, M
I 5 (3G S B AT A, 25 (K 4) &R
Bl WAL G, KEbsrZRM HD-Zip | %
IR AR AL AR 5 b B SRk AR A ey, AR A
R PR ) Rk F AR X AR s R A oA
TEE, [F—sr Ak B AL H SURs 3R

Ko B MK 5 N, MnHD-Zip 2 1 MnHD-Zip
6 FEAR . Bigc. &ZE. MEAEAI: R S B s K
#ik, MnHD-Zip 5 7EBgM R e a8 B /420 Ay
B IERIE, FURIZITELN 3 TR R AN
FABEE AR EFTHE D REEEZEEH.
a AT 2 IR LU B R R R A R
JEM— 30, WEREE AR S PR KRR v oy
ke, MnHD-Zip 8 FIMnHD-Zip 14 1EHE4E FIAL 5%
W B KPR S, BB o Ry B 4 4
SEIR AR I KB M %A K T T AT VAR R %
RE, b, @ 4B MnHD-Zip 13 3L 43 5 7E
HERE . M. BLRA S 3R MnHD-Zip 9 29735
FEHERE . A ZE P A B RACERE, BReiTd
FERMHN HZUR B AR KT h RS EEH

R
26 HELETHEERRESH

N T 3 W HD-Zip 1 5215 55 DX CER /Y i
REEOL, X RMEIEIT T ABA ZLER, DLIEH BEK
FR I, FIH qRT-PCR 45 A4 B T 4b
0. 3. 6. 12, 24 h J5H F ' MnHD-Zip | A
(SR, 255 (B 5) R ZHEW HD-
Zip | F:HFHHARZH] ABA [ LIHE S, HEREZHE
155 oK ABA Jirdial . B 43k, MnHD-
Zip 1. MnHD-Zip 2 5 MnHD-Zip 5 13 k841
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Identification and Expression Analysis of the HD-Zip |
Subfamily Genes in Mulberry

HU Jing-tao, LI Ya-njie, DUAN Yan-yan, RUAN Yu, GU Xin, XIAO Guo-sheng
(College of Biology and Food Engineering, Chongqing Three Gorges University, Wanzhou 404100, Chongging, China)

Abstract: [Objective] The aims of this study were to investigate the gene structure and phylogenetic of the
mulberry (Morus alba L.) HD-Zip | subfamily members, clarify the tissue-specific expression of these genes
in different organs, and reveal the expression level of the family genes under ABA and abiotic stress.
[Method] Identification of putative HD-Zip | subfamily genes from MorusDB and bioinformatics analysis
were performed. The evolutionary tree was constructed based on the multiple sequence alignment of the
Arabidopsis and mulberry. RNA-seq data was used to analyze the tissue-specific expression of mulberry
HD-Zip | genes. The transcription level of the family genes under hormone and abiotic stress was detected
by gqRT-PCR. [Result] A total of 14 HD-Zip | genes were identified in the mulberry genome. These mem-
bers could be divided into six classes by phylogenetic tree. Members in the same class were similar in the
gene structure and protein motifs. The expression level of both MnHD-Zip 2 and MnHD-Zip 6 were high in
root, branch, winter bud, male flower, and leaf according to the RNA-seq data. All the MnHD-Zip | gene ex-
cept MnHD-Zip 8, MnHD-Zip 9, MnHD-Zip 11, MnHD-Zip 12, and MnHD-Zip 13 were inhibited by ABA. The
result of gRT-PCR showed that all the mulberry HD-Zip | genes could be induced by the abiotic stresses.
[Conclusion] The B clades genes that were highly expressed in most of the organs were observably in-
duced by the NaCl and dehydration. These results indicates that genes from the B clades of MnHD-Zip |
play important roles in the development and stress response. In addition, MnHD-Zip 8 and MnHD-Zip 12
were dramatically up regulated by waterlogging, NaCl and dehydration, which indicates that these genes
have essential roles in stress regulation of mulberry.

Keywords: Mulberry; HD-Zip | transcription factor; identification; gene expression analysis
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