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Identification and Expression Patterns in Response to Salt Stress
of the LBD Gene Family in Picea mongolica

WANG Yaping, SUI Mingming, BAI Yu'e

(College of Forestry, Inner Mongolia Agricultural University, Huhhot 010019, China)

Abstract: Picea mongolica is a rare and precious tree species in China, with excellent resistance to
drought, cold and sand burial. LBD (lateral organ boundaries domain) is an important transcription factor
in plant lateral organs., which plays a key role in plant growth and development and stress response. How-
ever, LBD genes hadn’t yet been reported in P. mongolica. In this study, the LBD genes were identified
by the genome data of Picea abies and transcriptome data of P. mongolica and bioinformatics analysis
were performed. The expression levels of the LBD genes in different tissues (shoot tip, main root, lateral
root, stem and leaf) and under salt stress were detected by qRT-PCR. The results showed that a total of
30 LBD genes (PmLBDI1-30) were identified in the transcriptome of P. mongolica. Their protein se-
quence length ranged from 119 to 309 aa, molecular weight ranged from 10.5 kD to 33. 4 kD, and isoelec-
tric point (pD) ranged from 5. 15 to 9. 26. Cell-PLoc subcellular localization predictions suggested that all

LLBD proteins were located in the nucleus. Besides, all LBD protein domains and gene structures were
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highly conserved and composed of similar motifs. These PmLBDs were divided into 5 categories (Class I a-

e) according to the phylogenetic tree, containing 4, 11, 5, 1 and 9 genes, respectively. qRT-PCR showed
that PmLBDs were expressed in different tissues. For example, PmLBD2/5/18/19 were highly ex-
pressed in stems, and PmLBD9/20/23 of Class I b were strongly expressed in lateral roots. The expres-

sion of most LBDs strongly responded to salt stress, 17 PmILBDs were up-regulated and 6 PmLBDs were

down-regulated under salt treatment, and the expression of genes in the same subfamily showed a similar

trend.
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YL = K2 (Picea mongolica) HFAB (Pinaceae)
ZAZIE (Picea) 8 G A, 2 [ 24 Uil f 8 i, o
Al Ty M X B XU V0 0 P R AR, B AR o A 7E
ST VS IR v v Hh L LA T SR T S TR VD S A R
bk, B 5IR 27 F ot oe Hoor A BB CF A
A TR A A A AR R i e 2 A B A T R e
KM FEM D R BB e 3 PR FZ R ATE 5 A BR L BR i T
Hor & fh Rbivk e RAFFEHEFRE .

ook (TF L S H KRB kS S5
VEZEENAY LB SR MRS EE FSi
SRR EEE RN oA, LBD 3 N R R A
MY — KRB FH 72—, B & E RT3 E
W F(LOB) 5 #95, LOB 45 #8254 100 4>
R AL 3 AR B ORSF A A B, N N 3 3] C
i 43 ) & C 45 4 18] (C-block) | Gly-Ala-Ser [X 15
(GAS-block) 126 5 24 R $v 5% (LX6LX3LX6L) ., C
5k B2 DNA 25 & i M. o B IR SF
CX2CX6CX3C - Jbk 2 W2 55 7 41 1 s 2% 52 2 I 4%
(LX6LX3LX6L) F# 1 57 85 1 it — AL i 72 GAS
Fp o 49 A& LR vk LA R, o R A A T
REV Y. MRAE LOB 45 M A [ . LBD & (1 7l 4~
Class | 281 Class 1 28, [ 22 LBD EH# & H C
Zitgsk, GAS KI5 AP sk 4ty m 1l KE A
HALE 1A B 52 2 TR P EE 25 1 AN RE T2 1l i3
EEEF T R — K T KM Ta~Te5
AW, N2 A TaFfMlb2 AWERS, HAH
KM LBD KRR I AtLOB , iz 5 K 1Y
FIBAFAEH LR S vk, HAE 0 A 2 5 B 3l v A A
HRBLFRF LT SRR, B 2 A ) N AL N S A
BOE 09 A W7 28 A1, 4 0 AE e R O DY R
KHE KRR Rt T R Rk e
rh % E 3 43,98,44,35,57,30,46,46 4~ LBD 3
H. BHRTEPFE R LBD 5 5 10 76 A5 v AR
G B VA SUR AR R0 36 me 0 2o 2 A o 0 45 4
M. Wl IF LOB K LBD6 & 58 H &
#H,LBDI6 Ml LBD29 % 5 ik 45 L B I+ M 4R i

G LBD15 il AR WUS 3NS5 T 4 Ak 41
A4 46" LBD16 \LBD17 .LBDI18 } LBDI19 i
PRI BT s KRS TG 3 DR 452 7K R 85
16 RO TR % & s K LBDI12 Wi 7 AR A 4 1
B R %) M TAALABA K SA # % 4b Bt
T | LBD40 v 3 FT R ik 45 6 i e h R
P FHE LBDS 2 5EFM S 5 S 1w g
PE B EE ST LBD37 \LBD38 #1 LBD39 i it 41 1
FETF Z 4 WA Ok i 7 /U8 . R4 LBD 3t
K 5 B HT O AE 2 A4 W) R b g 4 et od B AE Y
Hb 25 2 Hp I S S AT 5T 34 6 DL A3

AHIEFE L AR H AR R XA K VD = A2
PORE SRS BUE Ny 2 SN DA R P 7
B SR 2H AH OB O Ak T S 30 KR M = A2
LBD 375, Kl A 915 B 2= 0 o B e B
LBD W3 ALYE T ; iz F 2 8 )% 81 Lo X H i 17 45
R SF 1 F 55 4 VD i = 42 L B e T K i
LBD & H R G, 2 i H i AL OC R FIH gRT-
PCR Kl LBD 780 b 25 42 A Rl 21 20 1 46 38 T 19
B U Ry itk — D RV M = A2 LBD S
FEAE A Wy W38 T e K 43 F B Fh 28 AL A .
1 MR IT
1.1 R RE e

SR S AR I T AR B AR X =
K2 IR —BE R B R o R T 5l Al K
SR WL R AE N 25 °CL16 h B IR/8 h B &
fE AR T Ao i R 2R 2R R AR AR
GWRAEY¥EED . TAFEMERAREE T —80
CUHMRAE. BERK 1 FEWD = 2401 51T 200
mmol/L FhHi b2, 73 HIAEAL B 0,6,12,24 h 5k
BUBBRAEAS W AR VR 5 08 T — 80 “CUKA - 17 .
1.2 Wit =+ LBD ERAFGERIELER S

PRSIV M 25 A2 P g LBD R 1 b AR
LT I 5 F 20 B9 8 (https://www. arabidopsis.
org/) 3K AF 43 A~ LBD 3k A (%) & 3 R 17 51 1/E b 45



1452

(LA <7/ B

43 %

B A BioEdit 7. 2. 0 4" 38 i+ BLASTP Hox
M HMM HX 2 By i % w0170 3 2 42 - H 5% o
HEAE AT T )5 BlastP 8 2, i FHBUIA S50 E
/T 0.001, W12 %5 58 LBD %5 5% H 7o i Je A
IRJEH SMART FELH X i LBD 3 11 )7 41 it
FTPRSF 25 R 3053 A, O B B 58 8% LBD DR 5145 14 5
BIFE 51, M B = #2 3k I 4 Chttps://plantgenie.
org/) Wit AT WAL B A AT M =~ A2 =42 LBD %
PRI R O, TR AR A AT A e X g 5 i AT w44 . (I
28 %X {4 ProtParam Chttp://web. Expasy. org/prot-
param/) X VP HL 42 LBD FE R g i 25 H 10 B4 P
PEAT 43 ¥1 . A H ExPASy Chttp://www. expasy. ch/
tools/ pi_tool. htmD) 3155 LBD & H 2 3 R 7% JL 8. 55
B8 (pD) L 43 F i (MV), L] CELLO v. 2. 5 fE4R#R
PERN LBD H A 20 i E A
1.3 it =4 LBD Rt ftgE

M Phytozomel3 %X #i& & Chttps://phytozome-
next. jgi. doe. gov/)3KHL 57 Mg # LBDs B8 H ¥
G, K MEGATT 34 xF 43 SR ST LBDs 57 4~
B LBDs K& 30 b= 42 LBDs & 117 £ &
FEANHLXT , F15 22 77 51 b Xt 45 R AT MEGATL %X
4% 1 48 42 ¥ (neighbor-joining, N]) # # LBD %
SR RIS E N 1 000 IR, RGE L
J Evolgenius 7E £ ¥ {4 (http://www. evolgenius. in-
fo/evolview) . Adobe Illustrator 2022 #£473E1k,
1.4 b= 42 LBD Rp& 4O

K H DNAMAN {10 #1 = 42 30 4~ LBDs J¥
GIHEATORSF AT . Ao T Ub b = 42 LBDs 45 1 1Y
P-5F Motif, i if MEME (http://meme-suite. org/) 7%
LA XP M= AZ LBD #EAT PR ST Motif 2087 4% Mo-
uf ¢ Hi% & N 10, HAb S ECER & 0 EIAE .
1.5 WH=42 LBD BREKESH

i ] TAKARA %) & RNA 42 Bt 77 £ 4331
VD = A2 N [a) 4 21 B ER T 30 4 384 AR 8 B S
RNA.E i 1. 0% B g % I H 9k &% Nanodrop2000
g H RNA SEBAPERIREE . 007 5 cDNA 729
1E—20 °C HFRTE ¥ cDNA BB 5 17 5V AR 1l
. i Primer3 ¥t qRT-PCR 51# (£ 1, X
% IR 92 i 9 2 f PCR X JE4T 4§ 38, L EFla
(MA_505653g0010)fE RN BHH, R 2 7 &
THEA A HE R 09 AH X % 3k i, OF i T SPSS Bk k47
BEMNZE R M. H TBtools Ml GraphPadPrism8
A 53 A AR R R AEIR B . AR 3 AR E
B BRI HARAER.

F1 PmLBD ERFRKRESFTHIMNERLEESY
Table 1  All the primers for expression analysis of PmLBDs

S EiEsIY TSI

Gene Forward primer(5'—>3") Reverse primer(5'—>3")

EFla GATTGAGCGATCCACCAACC CTCAGACACAGGCACAGTTC
PmLBD]  GCGATCTCAGTTCTGCAAGG TCCTGATCCCTGCAGTCTTG
PmLBD2  TAGCCCGACTGCAAAGATCA  CAAGTTGGAGGAGGATGGGT
PmLBD3  TCTGCGGAGAGAGTGTATGG ~ CCGTGAACAGGATCGAGGAT
PmLBD1  GGAAGATGGCGTTGGATGTG ~ ATAAGGAGCCAGCACACACT
PmLBD5  TAAGATCTTTGGGGCGAGCA TGACCTTGCAGAACCGAGAT
PmLBD6  TAGGGATGAGGAGGAGGAGG  CGCTTCTTTTATCCACAGGCA
PmLBD7  CAAGAAGGGCGTGATGATGG ~ TTCTTGACGAATTGGCCGAG
PmLBDS8  GGCTGAGAGACCCTGTGTAT TGATCTCCGCCCTCAACAAT
PmLBD9  GGTCACCAGCTGCCTTAAAC  GGAGACATTGCTTGCACCAA
PmLBD10  TTGCGCCATATTTTCCTCCG TGCCAATTCCTTTTGCAGCT
PmLBD11  GCCAGCAACGTTAGCAAGAT ATTGGCCACTTGTTGTTGCA
PmL.BD12  AACACATGGGAATGCTGCAG GTAGGTGCTCATACGGTCGA
PmLBD13  GATGACCCTCACAAGTTCGC  CGAGGGCCAACTGAGATTTG
PmLBD14  GAGAATGCAGCGGGATCATG CCCTGGAATCATTGGCATCC

PmlLBDI15

ATGCAGGTGTCCAGAGAACA

GGCACCTTCGCTCCAATAAG

PmLBDI16  GAACTGCTAGCTGAGGGGAG  ATGGGGAAAGTGGTCGAGTT
PmLBD17  GAAACTACCAGCTGAGGGGA  AGGGAAAGTGGTCGAGTTGT
PmLBDI18  GCCTTATTTCAGCAGCGACA GAAGAGCAACCGTGAACAGG
PmLBDI19  CTGCTGAGACGAAGATGTGC GGGATCTCTGACTCTCGCAT
PmLBD20  CTGCCTGCAAGTTTCTTCGA  TCTCTGGTGGGGATGCAATT
PmLBD21  TGTGTGCTGGCTCCTTACTT TGCACAACCATAGACGGGAT
PmLBD22  TGCTGGCTCCTTATTTCCCA GTGGCCAACTGAGATTGCAA
PmLBD23  ATTCGCGTCTGTTCACAAGG GCCTCCGAGCGAAATTTGTA
PmLBD24  GCCTTTCTAGTGCTGCATCC AATGGAGTGCACGTGTTGAG
PmLBD25  TGCTTGCTCCCTACTTTCCA AGGATCTCGAAGTCTTGCGT
PmLBD26  GCCTGCAGATTGTTGAGGAG GCTTCGTAAACCATGCTGCT
PmLBD27  CGCAGTGAATTCTTTGGCCT GCGTCAGTGTGTTTGTTTGC
PmLBD28  CCGTTTGAAAGACCCCGTTT  CTGTAGCCGCGGAATGAATC
PmLBD29  CTTGCACTCATCACAGGCTC GTGTCCAAACTGAGTCGTCC
PmL.BD30  GCCGCTTGTAAGTTCCTGAG TTTACCGCATCTTCACGCTG

2SR5

2.1 LBD ERYEEEARENLERSH
T2t EEE 30 4~ LBD #H, IR

i 3 R LE IR I = 42 850 W08 12 1 i 5 6 AT A 44 O Pon-
LBDI1~ PmLBD30, i =4 LBD 3K #) CDS
KM 360(PmLBD3)~930 bp(PmLBD3) ;& [
A K B 119 (PmLBD3) ~309 aa(PmLBDI15);
Sy 10 545. 15 (PmLBD22) ~ 33 359. 17 D
(PmLBDI5) ;%8 54 5. 15(PmLBD7 , PmLBDI12)
~9.26(PmLBD9) ; .41 i & 2 45 R &7, 30 b
A2 LBD & HE TN, L% 2,
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Table 2 Information of the PmLBD gene family in P. mongolica

L 4R LG | K EE EHRFIIKE oy F & i V. 20 it 5 AL
Gene name Gene 1D A‘englh of Protein sequence Mo'lecular ol Subc.elluAlar

CDS/bp length/aa weight/D localization
PmLBD1 MA_16891g0010 708 235 24 238.78 6.69 AN MI#% Nucleus
PmLBD?2 MA_16891g0020 738 245 26 671. 34 8. 74 HHI#% Nucleus
PmlLBD3 MA_37490g0010 360 119 13 458. 33 8.71 M #% Nucleus
PmLBD4 MA_55357g0010 717 238 26 818.09 6.15 M MI#% Nucleus
PmLBD5 MA_61242g0010 672 223 23 901.03 8.54 MHI#% Nucleus
PmLBD6 MA_66501g0010 390 129 14 687.99 8.90 M Nucleus
PmLBD7 MA_66621g0010 882 293 32 882.71 5.15 A #% Nucleus
PmLBDS8 MA_77200g0010 558 185 20 615. 61 5.70 MMI#% Nucleus
PmLBD9 MA_84752g0010 714 237 26 690. 70 9.26 ¥ Nucleus
PmLBD10 MA_88711g0010 651 216 23 301. 24 5.49 iM% Nucleus
PmLBD11 MA_113501g0010 576 191 21 242, 89 6. 34 MHI#% Nucleus
PmLBD12 MA_126761g0010 849 282 30 401. 92 6.54 M #% Nucleus
PmLBD13 MA_127139g0010 456 151 16 656. 16 8.65 A% Nucleus
PmLBD14 MA_136689g0010 531 176 19 514. 32 7.60 A MI#% Nucleus
PmLBD15 MA_161608g0010 930 309 33 359.17 8.24 HHI#% Nucleus
PmLBD16 MA_170369g0010 582 193 21 318.15 6.06 M #% Nucleus
PmLBD18 MA_172003g0010 522 173 19 743. 47 6.65 AMiA% Nucleus
PmLBD19 MA_185511g0010 489 162 17 456. 94 9.10 MHI#% Nucleus
PmLBD20 MA_290245g0010 675 224 24 598. 77 7.68 403 #% Nucleus
PmLBD21 MA_451290g0010 568 188 20 795. 66 8. 46 4 MI#% Nucleus
PmLBD22 MA 5258645g0010 633 210 10 545. 15 8.81 MMI#% Nucleus
PmlLBD23 MA_9412105g0010 594 197 21 934. 62 9.04 A Nucleus
PmLBD24 MA_962403g0010 858 285 30 443. 83 7.36 A% Nucleus
PmLBD25 MA_9839150g0010 543 180 19 804. 39 5.33 MHI#% Nucleus
PmLBD26 MA_9924708g0010 519 172 19 514. 14 5.15 M #% Nucleus
PmLBD27 MA_10056514g0010 488 161 17 360. 97 8.91 i MIA% Nucleus
PmLBD28 MA_10429262g0010 657 218 23 623.55 6.15 AN MI#% Nucleus
PmLBD29 MA_10434193g0010 543 180 19 839.55 5.58 HHI#% Nucleus
PmLBD30 MA_10434782g0020 693 230 25 679. 97 5.79 M #% Nucleus
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Fig. 1 Sequence alignment of the conserved domain of PmLBD protein
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Fig. 2 Conservative motif analysis of PmLBD proteins
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Fig. 3 The conserved amino acid sequences
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P. trichocarpa and A. thaliana sequences, respectively.
Fig. 4 Phylogenetic tree of LBD proteins from

trichocarpa and A. thaliana
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Fig. 5 Expression patterns of PmLBDs at different

tissues of P. mongolica
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Fig. 6 Expression patterns of PmLBDs under salt treatment of P. mongolica
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