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FEMMAE KL F A a3 T LETETEZNHER. W iR(Hippophae rhamnoides L.)1E
H—Fr T WL AR BER, BA R AEASMERZF ML, AT 4547 LBD AR ?w‘a‘uﬁ-_
PERMEML TR T IETOER, KFRFI A EDIEEFH ENTREL R BHIE T ST

T 11 A LBD AH. LBD ABE RERH A S FREKRL, HA 159302 2L, 2 %)%:
=4 18249.91-33 202.01 Da. T mfg xRN A X E R HH T @it etk d; LBD &34
AT, B & BARME AP R B A ARG L = 445 M5 45 2 R b #0% F-(Arabidopsis thaliana) .
X % (Hordeum vulgare)#) LBD A F# AT A 4L F o A7 L I, HrLBD XKFE K% @45 A Class 1
Fo Class IF KL Kik; #RARRIEREN R E KA 4% X R (reverse transcription-
polymerase chain reaction, RT-qPCR)%: R 2 7=, HrLBD A F VML F L F I T REAE im ,
HIERFRE SRE R FTRIIT S, N HILBD AR AR TN b gkt FLE. K

A4 # 9 HrLBD A& B 2 2V AL 5 £ KA FH F 6945 A Aok 3 AR AUH] 3L T 8 3 Al

KHIE: R MBS EASRUBD)AR &, FAF;, AREAE;, RERENRALTER
o Bl 4k X R RL

TEITE : ERBREFE4(32160386); A BT BN H AL 7 01 H (2024-72]-782)

This work was supported by the National Natural Science Foundation of China (32160386) and the Applied Basic Research
Projects of Qinghai Science and Technology Department (2024-ZJ-782).

*Corresponding author. E-mail: zhouwu870624@qhu.edu.cn

Received: 2024-02-28; Accepted: 2024-05-06; Published online: 2024-05-07



754

ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

LBD gene family in Hippophae rhamnoides: identification and
expression pattern during flower bud development

LI Xinjuan', YANG Panpan?®, ZHANG Tian', REN Qiandan', ZHOU Wu""

1 College of Eco-environmental Engineering, Qinghai University, Xining 810016, Qinghai, China
2 Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology,
Xinjiang University, Urumgqi 830046, Xinjiang, China

Abstract: Lateral organ boundaries (LOB) domain (LBD) genes encode a family of transcription
factors ubiquitous in higher plants, playing crucial roles in the growth, development, and stress
responses. Hippophae rhamnoides, known for its drought, cold, and saline-alkali tolerance, offers
significant economic benefits and ecological values. Utilizing the whole genome data and
bioinformatics approaches, this study identified and analyzed the LBD gene family in H.
rhamnoides. Additionally, we examined the expression pattern of HrLBD genes by integrating the
transcriptome data from male and female flower buds in development. Eleven LBD genes were
identified in H. rhamnoides, and these genes were distributed on five chromosomes. The HrLBD
proteins showed the lengths ranging from 159 aa to 302 aa, the molecular weights between
18 249.91 Da and 33 202.01 Da, and the subcellular localization in the nucleus or chloroplasts.
LBD protein domains and gene structures were highly conserved, featuring similar motifs. The
phylogenetic analysis of HrLBD genes and the LBD genes in Arabidopsis thaliana and Hordeum
vulgare revealed that HrLBD genes falled into two major categories: Class I and Class II. The
transcriptome data and RT-qPCR showed that HrLBD genes were highly expressed in male flower
buds, with up-regulated expression levels throughout bud development, indicating a role in the
specific stage of male flower bud development. This study lays a theoretical foundation for
exploring the roles of HrLBD genes in the growth, development, and sex differentiation of H.
rhamnoides flower buds.

Keywords: Hippophae rhamnoides; lateral organ boundaries (LOB) domain (LBD) gene family;
flower bud development; gene expression; reverse transcription-polymerase chain reaction
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H A K (1 [R] s T 6 4 39 4 ik A el st
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& 521 H 5Tk
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HWEZ G2 M i e B it ot , SRmA
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A BE R AT RAGAL
1.2 VR LBD EEZRIERZARLEE
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1.5 ETHFERDH LBD EEFRIX
S
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PEBUE RNA, XA RNA $EA T 5 A4l B 14
., JERIIN RN . WA RSO, ff
FH Tllumina NovaSeq6000 il #°F- 5 #£47 PE150
WP (F S EEELEYREARA A,
http://www.biomarker.com.cn/), I 1T H A
S SR T 5307 . 4 423 RNA-Seq T 3k
30 IR E R (raw data) AT B4, KR A
Sk i reads, 338 A AR KIBHEE HL IR T 10%0A9
FB, IR EA(E<10 AUBRIE 5L read 1Y
50%0L) 1) reads, 3K75 B clean data,

i F HISAT2 # {44+ clean data X} &S %
0 W3 H 4 | (Hippophae rhamnoides.CNSA
v1.0.genome.fa), FRHX reads 75V S 3L H 241
FHEN R, R A StringTie $ B 28 X
1 reads HATHH, HIEMERH, REET
AT ) 2 SR B A T WS R BT R B (fragments
per kilobase million, FPKM)#E1ThruELL, 1EN
i it BRI FRIA K FE bR . ffi1] DESeq2 #ffi
T2 553, WE T 2EAR 4 |fold change|>2 .
FEIR K H: K (false discovery rate, FDR)=0.01 H.
2 5458 (fold change, FC)N 2, #5452 LBD
FERAEALZE T AL S 1Y FPKM #1715 — 4k Ab 28
J&i # FH TBtools % il B I# .
1.6 RT-qPCR IGiE R #iEALIE

FEARF Y LBD N ik 6 A, i
KR FastKing — P LBRIE 4] cDNA 55— &
BT 1R & 6 RNA #E47 S 5%, 743 cDNA

&: 010-64807509

FAAF 220 °CUKART, K cDNA W E 5
1 pg JEVE MMM, @ Primer3 #1514
(F 1), R TubulinfE RN ZILH, ] Roche
LightCycler® 96 {XZF#EATH 44, L2 9T
X Fik &, S0 Blf A TBtools F1 GraphPad
Prism10 {2 il #A BRI AR E

*1 KATRAEEES

Table 1 Primers of RT-qPCR

Primer Primer sequence (5'—3")

names

HrLBD1-F GCTGATCGTTGTGAGGCAGTTTC
HrLBD1-R GCTGTGTTCTTGCTTGCATTAGTTG
HrLBD6-F CATCACCAGCAGCAGCAACAAC
HrLBD6-R CAACGAAGGCGACACAACAGC
HrLBD7-F CGAGACTCCACAAGCCCAAGG
HrLBD7-R AATCAGGGACGGCGGAGATAAAG
HrLBD8-F TTTGCCCTTGCCCTTGTCCTC
HrLBD8-R ATCCAGTTCAGTCCAGCCAGAAAG
HrLBD9-F TTCCAGAGAGACACAGAGAAGATGC
HrLBD9-R GCTGACAAATAGCACCTGCACTAC
HrLBD10-F GGTCCACCTGGAACCCTAAACAC
HrLBD10-R ~ GGACATTCTTGAGCACACCTTCTTC
Tubulin-F GGAGATGTTCCGCAGAGTTAG
Tubulin-R GTGAACTCCATCTCATCCATACC

2 EREM

2.1 P#ERLBD EFEXERHR K& HIBL M
B #r

WA HAEYE B F I, AN A
B %ER 114 LBD EEEHEM R, F
FH M35 ExPASy ¥ b LBD 943 o 2 fil 2 A
ST T 0 (R 2), 45 R R B i K Vb LBD
BAE 302 NI, HAX 5FaEh
33202.01 Da, AMEHETA 159 MEIEFRTE
B, HAMXF RN 18 249.91 Da; H
H 4 AR EAFRKELE 100-200 aa Z [0 ; A
6 > F R B K B AE 200-300 aa Z 8] A
1 NFIGE R K EEAE 300400 aa Z 6], 4 4>
REHEFEER S RS EARSFRERT 7, 2
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B AR BT, AR 7 SRR S A G A Y AR
FIRAE RS E/NT 7, ABRYEE AR, WA
FE TN ZE R R, X SR 1 4 A R 2
(NSRBOR SR it
22 FBEAEMLSH

WA RV E LBD HE PR 5% 5 45 A
GFF X4, 2 il LBD 3 R 7 Y (ka4 A 12
R R 1), 11 LBD K F 6 A
SIHLAY AR T VPR 12 X Yefa i 5 S e fafh -,

F2 EHLBD EERRER

Horr chrd B3 AA 39 LBD A, chr12 A
44~ LBD %A, chr8 A5 2 4~ LBD #[H, 1fi
chr6 Fll chr7 L4541 4> LBD &K, HrLBD2,

HrLBD3 7% chr3 [ %4148, HrLBD8 HrLBD11
Al HrLBD10 7£ chr12 | 'S4#AH4R, {Ha it 3t
LV R I R, e Z e F AR
BHKER ., VB LBD J& K e ik e
Sk R HAAE B R EA B 2

Table 2 The information of LBD in Hippophae rhamnoides

Gene names  Gene ID Amino acids length  Molecular weight (Da) Theoretical pI ~ Subcellular localization
HrLBD1 Hiprhalgene00185 218 24 123.45 7.55 Nucleus
HrLBD2 Hiprhalgene00186 222 25212.94 5.97 Nucleus
HrLBD3 Hiprhalgene00216 200 22 314.96 6.57 Nucleus
HrLBD4 Hiprhalgene00950 221 24 479.15 4.75 Nucleus
HrLBDS Hiprhalgene01195 159 18 249.91 8.36 Chloroplast
HrLBD6 Hiprhalgene01907 302 33202.01 6.82 Nucleus
HrLBD7 Hiprhalgene02068 234 25 589.27 8.09 Chloroplast
HrLBD8 Hiprhalgene02287 195 21427.11 6.50 Chloroplast
HrLBD9 Hiprhalgene02326 249 27 668.30 6.80 Nucleus
HrLBD10 Hiprhalgene02480 235 26 105.47 8.59 Nucleus
HrLBD11 Hiprhalgene02499 178 19 961.88 6.36 Nucleus
chr3 chr7 g High
- 0 Mb _ i
g 3078 602.0 —— —HrLBD 9 ow
e HE I
|- 10 Mb 33 THrlBD 10
- 20 Mb
- 30 Mb
374348800 s 34450 7440 —— — HrLBD'S
L 40 Mb 3730 a6~ [~ liriap3
= 50 Mb 50573 168.0 — — HPLBD 4
- 60 Mb
- 70 Mb
- 80 Mb

1 # LBD EEREAEMNS
Figure 1
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The chromosomal location and distribution of LBD genes in Hippophae rhamnoides.
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Figure 2 The LBD protein multiple sequence alignment of Hippophae rhamnoides.
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Figure 3 Conserved motifs (A) and conserved amino acid sequences (B) of HrLBD proteins.
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Figure 4 Phylogenetic trees and gene structures of LBD genes in Hippophae rhamnoides.
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Figure 5 Analysis of cis-acting elements of LBD promoters in Hippophae rhamnoides.
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Figure 6 Distribution of cis-acting elements of LBD promoters in Hippophae rhamnoides.
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Figure 7 Visualization analysis of collinearity among Hippophae rhamnoides and Arabidopsis thaliana.
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() (%) (%) (%)
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il | il LA il .
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HrLBD3  55.50 2.00 3.00 39.50 |‘ [ : | , ‘ P 11 - Tt i; | ” Extracellular
1 | | | . )
20 40 60 80 100 120 140 160 180 200  protein
HrLBD4 49.77 136  6.33 42.53 \: o] 11 ”| (TR 118 | N O Extracellular
T s 0 2w protein
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20 40 ﬁnl 80 100 120 140 intracellular pI'OtCil’l
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50 100 150 200 250 so0  intracellular protein
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| Il | T . .
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HrLBD9  30.12 2.01 13.65 54.22 |‘. [ T e T Extracellular and
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50 : 100 150 200 intracellular protein
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60 80 100 120 140 160 intracellular protein
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Figure 8 Three-dimensional structure of LBD protein in Hippophae rhamnoides.
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Figure 9 LBD protein phylogenetic tree of Hippophae rhamnoides, Arabidopsis thaliana and Hordeum
vulgare. Green indicates Hippophae rhamnoides, blue indicates Arabidopsis thaliana, and pink indicates

Hordeum vulgare.
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Figure 10 Expression of LBD at different stages of flower buds in Hippophae rhamnoides. Red indicates
high expression, and green indicates low expression; PF indicates female and SF indicates male.
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