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Abstract: [Objective] This study, with the identification of the HD-Zip gene family in Schizonepeta tenuifolia
and an bioinformatic analysis of its distribution and related characteristics in the whole genome and expression

pattern in different stages, is aimed to provide a basis for further study of this gene family. [Method] Genes in
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the genome were first screened in accordance with the characterized HD-Zip genes before MEME, Plant CARE,
NCBI, MEGA X, MCScanX and Circos were used for the analysis of the basic properties of protein sequences,
the construction of Maximum Likeliood (ML) tree, mapping of chromosomes and the analysis of gene structure
and colinear gene respectively. [Result] (1) A total of 42 HD-Zip genes were identified and they could be
divided into four subgroups( I —IV), containing 16, 7, 5, 14 genes respectively. (2) The gene length, structure and
Motif of the subgroups varied significantly from each though relatively reserved with in each of them. (3) The
collinear analysis of the genome of S. tenuifolia and Arabidopsis thaliana showed that 37 pairs of genes may
have similar biological functions with light response, abscisic acid response and MeJA response found in cis-
elements of 4 subfamily genes promoters of S. fenuifolia, showing different expression profiles in the
transcriptome data of different growth stages of leaves and different parts. (4) The HD-Zip I was mainly
expressed in young leaves, HD-Zip Il and Il were mainly expressed in roots whereas HD-Zip IV was mainly
expressed in leaves. [Conclusion] The total 42 HD-Zip genes obtained from S. tenuifolia genome were divided
into 4 subgroups ( I —IV) with highly conserved genes and significant differences among subgroups with their
gene structure, motif, and expression pattern being different. HD-Zip I and II, and HD-Ziplll and IV are more
closely related to each other with HD-Zip genes expressed specifically indifferent tissues and synergistically
regulating the growth, development and secondary metabolism of S. tenuifolia. The results of this study provide
a bioinformatic reference for the further study of this family’s biological functions. [Ch, 9 fig. 1 tab. 25 ref.]
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Table 1  Protein characteristics of HD-Zip gene family in S. tenuifolia

WM M C;Z;‘ %;/If‘ PIR i  ea| wgik HAD C;Z}E‘ %;,If‘ DI g etk
HD-Zip I Sch000003181 900 299 33.847 4.88 Chr0l Sch000003831 528 175 20.331 8.58 Chr 01
Sch000016777 897 298 34.379 6.55 Chr 04
Sch000019486 822 273 31.100 4.59 Chr 04| HD-Zip 1l Sch000001735 2562 853 93.306 5.74 Chr 01
Sch000026498 927 308 35.350 5.01 Chr06 Sch000019857 2511 836 91.461 594 Chr 04
Sch000008725 822 273 31.034 4.83 Chr02 Sch000014693 2493 830 91.021 5.84 Chr 03
Sch000005997 912 303 34369 4.97 Chr02 Sch000026324 2586 861 94.183 6.14 Chr 06
Sch000020328 966 321 35.730 4.81 Chr04 Sch000028231 2529 842 92434 6.17 Chr 06
Sch000016424 867 288 32.633 6.32 Chr04
Sch000017902 879 292 33.207 6.07 Chr 04| HD-Zip IV Sch000026062 2166 721 79.071 5.98 Chr 06
Sch000002474 876 291 32.531 5.7 Chrol Sch000008059 2163 720 79.056 6.23 Chr 02
Sch000008983 696 231 26.832 6.32 Chr02 Sch000029960 2181 726 79.526 5.64 HiC scaffold 8
Sch000006831 693 230 26.615 6.96 Chr02 Sch000011892 2418 805 87.913 5.79 Chr 03
Sch000019278 600 199 22.673 8.44 Chr04 Sch000009216 2196 731 79.888 5.79 Chr 02
Sch000021651 546 181 21.788 5.84 Chr 05 Sch000019506 2400 799 87.073 6.04 Chr 04
Sch000013738 654 217 24934 7.59 Chr03 Sch000012322 2490 829 91.502 5.41 Chr 03
Sch000016710 621 206 24472 5.44 Chr04 Sch000012213 2490 829 91.502 5.41 Chr 03
Sch000004651 2490 829 91.502 5.41 HiC_scaffold 100
HD-Zip 1I Sch000028530 891 296 327360 7.52 Chr06 Sch000018911 2070 689 77.061 6.28 Chr 04
Sch000010966 879 292 32.623 7.62 Chr03 Sch000005323 1944 647 73.264 7.27 Chr 02
Sch000019272 795 264 294950 8.59 Chr 04 Sch000022402 2307 768 84.180 5.81 Chr 05
Sch000008316 783 260 29.093 8.12 Chr02 Sch000024046 2274 757 84.279 6.15 Chr 06
Sch000025447 879 292 32.351 9.05 Chr06 Sch000008675 1884 627 69.905 6.18 Chr 02
Sch000011951 645 214 24334 8.24 Chr03
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Figure I Chromosome mapping of HD-Zip gene family in S. tenuifolia
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Figure 6 Tandem repeat analysis of HD-Zip gene family in genome of S. tenuifolia

c0¥TT00001y05
1§9120000U2S

0!
e

00003831
§;§%0000\735

82€0200004°S
116810000428
7LT610000U0S

6
000092}

$i0o0008316
Q90000005323

Sch000008725

B 7 37 HD-Zip A& B Kk 6920 1 L &5 47

Figure 7

Intra-group collinearity analysis of HD-Zip gene family in S. tenuifolia
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Figure 8 Collinear analysis of HD-Zip gene between S. tenuifolia and A. thaliana genomes
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START #5493, {HE T MEKHLA &7, FIIF 1% HD-Zip T AV IE KRR FEH Br & il fe s, X5
PR IT HD-Zip T NIV HLBIAIRL, SEH b &5 R B . HD-Zip 1 5 TR CR T, HD-Zip Y
VRGO R HAT, T A A - 2 4~ 32 0T et AR A ek fe ik, s IV & i Ttk feok, A
oAt Rt 2K T MEKHLA 227, 456 BN 451>k F , HD-Zip ANV B 454tk HD-Zip 1 5
A EE 4, DL S5 R 3 HIn] B8 HD-Zip M5 IVAHLL T HD-Zip 1 A T AL AR B oy, BERI 450 T
KB, Vb SRS RSF RIS BT AR 1 3 BT 45 SR — 3. X B HD-Zip ZG DR 0 TR P
BORORSY, (BHERM SR DIRe rT Ae2s th TR a4k, DA a) ) 25 S i Hh B — 2 ) 22 5
SN BT R B . eSS P 0 35 R s 1 XX A T2 B3 AT 1R, il MYB 254 1
AL YRR R TCE LA K MeJA W R Je e HD-Zip IV @i 3 [l ] — S0 % 5k PR 2 ) 2 1 AR S
FEFUEEAAE, HD-Zip I~IVFRILSHT LB : HD-Zip [~V EA R B2 5 mar-E, ST bR
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[i] HD-Zip ZE5 A R 5015 1] ReHAT AR A= W4T fg,  ARIR]— 1545 56 R i A= 24 D g S AR # TR

AR EY: HD-Zip VAER L H R RIE, S 5MEYRL AN 40, I8 BRE B FER
B) SN S LT . WHE A NtHDG2, $#UF§IFHY PDF2, #4E# Artemisia annua () AaHD1 Fl AaHDS,
i Solanum Iycopersicum 1) SICD2 F1 SIWo ¥5%F BARE B A WIEIEH , J&F HD-Zip VU272, ARAF5Y
TR IIIT 9 HD-Zip IV 0G0 3 R A A Fr 2k, #EI T BB S L 5 BARIR I R B MG . 456
PR IF 59107 HD-Zip 2R RIS 438, T LAENIA) 5T HD-Zip &N F kA Y)~#Thhg . 456 3
ik, % ¥ Sch000029960 5 AT4G21750.1 }2 AT4G04890.2 MIFJRIL , AT4G21750.1 M AT4G04890.2 /3
GGl ST Y GL2-like F1 PDF2, S#lmITINRE & B UIAHE . Sch000024046 5 AT1G79840.2 S fA]
JEHE, AT1G79840.2 Zhh GL2, FEHARGSTHiome 3k & ey Fedk, s BRIk . MEAFHED, 750
IR 25 SR E AR T LA TE, H, RIS R RS R JE I8 0T 7= A
FERMI kAR BOR (R PR IR T AR KR B B THLHIA R GE , AHESE i Y HD-
Zip IV 3.3 PR 5% 1T 68 A MR 6 35 9 (0 i S PR o 3 3l o A i B DRI DI BB (R S0IF . M@ 38 3 A 25y R
AR KE T HUEN B IR 2R, R 32 Rt 25 F B e St
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AWFFEAEINIT AR K- BT R 2 42 45 HD-Zip S5 8, R LA B P RYSE N 254 . PRer 3L
AR TCAF AT T 0. RGUEE Tl 42 80075050 4 N5 (HD-Zip 1~IV), dlidt 540R
TrIE AL Z [ A SE LR oA . RSB SN, JRITT R HD-Zip IV SR I n] BEAE TR A i
R B EEAE . XN 5 S5 IT 1) HD-Zip P ZE DI BERT I8 S R AF SR 4 T B0 St
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