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Abstract: [Objective]l Larix kaempferi is an important fast-growing timber species in northern China.
Drought stress markedly affects its growth, development and plantation productivity, while ATP-binding
cassette subfamily G (ABCGQG) transporters play important roles in substrate transport, epidermal barrier
formation and stress responses in plants. This paper systematically identifies and characterizes the ATP-

binding cassette G subfamily (ABCG) genes in Larix kaempferi and evaluates their potential roles in drought
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stress response. [Method] A genome-wide survey of ABCG gene family in L. kaempferi was conducted
using bioinformatics approaches, followed by analyses of phylogenetic relationships, conserved motifs,
promoter cis-acting elements, and molecular docking. In addition, the expression patterns of these genes in
different tissues under drought treatment were examined by real-time quantitative PCR, and a candidate gene
was preliminarily evaluated using a yeast heterologous expression system. [Result] (1) A total of 20
LkABCG genes were identified and distributed across 13 scaffolds. (2) Phylogenetic analysis classified the
LkABCG family into three major groups, with no members assigned to Group Ic. Combined analyses of
conserved motifs and Ka/Ks values indicated that the family was generally evolutionarily conserved,
although divergence among subgroups was evident. (3) Molecular docking suggested that different
LkABCG proteins may have distinct binding preferences for phytohormones, phenylpropanoid-related
metabolites, and lipid- or cuticular barrier-related compounds. (4) Numerous hormone- and stress-responsive
cis-acting elements were identified in promoter regions of LkABCG genes. Expression analysis revealed
differential expression among tissues, and several genes responded markedly to drought treatment. (5) Under
6% PEG4000-simulated drought stress, yeast expressing LkABCG36 showed better growth than control,
suggesting that it may be involved in drought stress response. [Conclusion] The LkABCG gene family is
generally conserved in L. kaempferi, whereas functional diversification may have occurred among different
groups. Evidence from sequence features, promoter composition, expression profiles, docking predictions,
and yeast assays suggests that some LkABCG genes may participate in drought-related stress responses.
These findings provide a basis for identifying drought-responsive candidate genes and for further functional
validation in L. kaempferi.

Key words: Larix kaempferi; ABCG gene family; drought stress; expression analysis; molecular docking
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Tab. 1 Target genes and internal reference primers

HH 597 H1(5—3")

F: TGGCAGAGCAGGGATTGAAG

LkABCG4 R: ACTTTCGGTGGGAGCATCTG
LMBCGS 3G CGAGCTCGTICAAAAGA
LMBCGT g CAACCACCAGAGAAGTCA
LMBCGS A GGGTGGGCTOAACARACAA
LMBCG I CAGEAACGCTCCCTTCA
LMBCGIO 3 G AN ACCTGAGAGCCGTGG
LABCU G GAGATGTCOTCGTGTC
LMBCGIZ g CACCTACCACCOTICCCTTC
LMBCGIS  § CCCACTGAGCCACAAATTGC
LMBCGIE 3 C1CTGECCCACCAAAGCTAN
LMBCGIS 3 CTeTGOTTOTGECeACe
LABCGIS . GTIGCGTCOTOCANCAACAA
LABCGIT CGeCTICCCTTTGOTTATC
LMBCGIS il GTGTOATGTaGCCCTTT
LMBCGI g CeCTCGTCCTGOCTCAATA
LABCGN TR eATCICCITGCGTTEC
LMBCG G GAGCAACCACCACAGTTGT
LMBCG3S 3 A TCACAATCGEAGETGETC
LMBCGI) 3 O GTOCTGATGTTGGCTCGT
LMBCG A CAGAGCCACTCATIGE
— F: CGTGGTTATGTGGCATCTGATTCC

R: CATCTTGACAAACCCAGCATCTCC

LKkABCG K 51 (1) 3 46 4 57 W58 2, LKABCG &
R IEFR KA 219 ~ 1 488 aa, 73 T 8N 23.82~
167.80 kDa, BE &% H 15 (pID>A 4.92 ~ 9.49, T
Y1 E 2 45 B R, 9 A LKABCG & A 1l fig € i T
JFEE, JFE AR R 01 = ST 57 T 4 o S A
2.2 LKkABCG ERFRiE#H N5 EMFFIE

NI H A& FA LKABCG 5% B% 57 (1 34k
KR P AR R, XF b Aa L 40 I B R A 1)
ABCG HHBT T RGKE . &R EIR, 3 VFh
ABCG J R ATl 53 4 A~ EEZE B (Group Ia. Ib. Ic
AL, LKABCG Ji& 171 73 4fi T+ Group Ta, Ib AT 1T 284,
I 7E Group Ic " A A& I £ % 73« H ', LkABCG7
F1 LkABCGS 7E Group Ib #f; LkABCG4. LkABCGS5.
LKABCG36 1 LKABCG40 7£ Group I #f, & F 14
A~ LKABCG J{ 51 J& T Group Ia #f, 3 B Z G 1E 301k
FERARERTEE 2.
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Tab. 2 Physicochemical properties of LkABCG gene family members

B A R = 5y FHt/kDa FL A% B PE 74 i 5 AL T
LkABCG4 609 68.34 9.49 0.151 il
LkABCGS5 646 71.95 8.85 0.192 J iR
LkABCG7 599 67.00 6.25 -0.288 Yo
LkABCGS 716 79.77 6.11 -0.632 LEdiN
LkABCGY 273 29.74 498 -0.020 IS4 41 )5
LkABCG10 268 29.28 4.92 -0.118 Yo
LkABCG11 267 29.27 4.99 -0.135 45
LkABCG12 271 29.58 4.99 -0.115 40 5T
LkABCG13 1228 136.36 8.66 0.205 J R
LkABCG14 290 31.46 8.44 -0.047 LEdiN
LkABCG15 294 32.18 7.68 -0.206 LEEYEN
LkABCG16 219 23.82 6.97 -0.227 IS4k
LkABCG17 302 32.55 6.26 -0.175 45
LkABCG18 345 37.10 6.26 -0.040 g 45 . 44 B T
LkABCG19 654 71.65 6.75 0.059 J R
LkABCG20 918 100.22 8.08 0.051 il
LkABCG21 1275 138.99 7.08 0.078 J iR
LkABCG36 1488 167.80 6.57 0.007 J R
LkABCG40 1294 146.13 8.19 0.102 il
LkABCG42 592 65.84 6.37 0.211 R

RSP R B (B 3A), Fl— L 32 Y
LKABCG & 755 7 240 i B HE 71 75 X A i
U4 o Group Ta i &t ', LkABCG14 ~ 21 ¥ & FH
Motif 4/2/3/6/1/9/5 (1) 3% 2L HE 51, LKABCG9 ~ 12 U
PL Motif 7/2/3/1/5 7 F ZHE %1 A, LkKABCG42 il
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