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LOX-1. LOX-2MLOX-4 W Z A BRI i moti AR 45 /0, W RRJE RN AR B v B A T k2 5 LOXEE
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Genome-wide identification, evolutionary analysis and expression
regulation of LOX gene family in cotton under cadmium stress

and exogenous MeJA treatment

XU Qinghua!, HUANG Hui?, JIANG Jie?, YU Siqing', ZHANG Xingping?, WU Jitang?, ZHOU Zhonghua', HE Yunxin®"

(1. College of Agriculture, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. Hunan Cotton and
Sericulture Research Institute, Changsha, Hunan 410127, China)

Abstract: In order to analyze the evolutionary characteristics of cotton LOX gene family and its function under cadmium
stress, the LOX family members were systematically identified by combining the whole genome data of Gossypium
hirsutumhas, G. barbadensehas, G. arboreum and G. raimondiihas. The expression patterns of cadmium-tolerant upland
cotton ‘Xiang K27’ in response to cadmium stress and exogenous methyl jasmonate(MeJA) treatment were investigated.
Through phylogenetic analysis, conserved motifs, gene structure and cis-acting elements analysis, the evolutionary

characteristics of the LOX family were analyzed. The expression of cotton GhLOX homologous genes under cadmium stress

WFsHHA: 2025-01-21 &E BHA: 2025-03-07
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and exogenous MeJA treatment was detected using RT-qPCR technology, and key candidate genes were screened. The
results showed that a total of 30 GhLOX genes in upland cotton, 33 GhLOX genes in island cotton, 19 GaLOX genes in
Asian cotton and 20 GrLOX genes in Raymond’s cotton were identified. The LOX family of the above four mentioned
cotton species was classified into six subfamilies by using the phylogenetic evolutionary tree. Among them, the conserved
motifs of most genes in the six subfamilies were identical, with each containing 10 motifs. The various subfamilies of LOX
had similar genetic structures. The analysis results of cis-acting elements indicated that the cotton LOX gene family
contained cis-acting elements related to jasmonic acid response. The expression pattern analysis results showed that the
members of the GALOX gene family had differential expressions in root, stem, leaf tissues, as well as under cold, heat, salt,
and PEG stress conditions. Among them, GhLOX-034 and GhLOX-18D were the dominant expression genes responding
to adverse conditions. The GhLOX homologous genes may participate in cotton cadmium stress response through jasmonic
acid synthesis, and GALOX-20D, GhLOX-22D and GhLOX-27D were the key candidate genes responding to cadmium

stress.

Keywords: cotton; LOX gene; Cd; bioinformatics analysis; jasmonic acid
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1.2 WMEHE
L2.1 ARFELOVKR Fakm i 52

T SERAELOXHE R KR 01, TETAIRIURS
It B P FE (https://www.arabidopsis.org) H 3K 15 6 4~
AILOXE TS, 38t A M BLASTEE 2 Lo Xt 2o if
BBl | W A | SN AR RO TR 52T LA 4 AR AE b
Fofr iy [) 5 TR o 7 i AR 2 RE S R 4 2 B0 R
(https://cottonfgd.net) T 2k ix 41> H £E it ' LOXTR] 5
FEHME TS, MBS E5 S, it
K. ZIFIIE, TEMAELOXEERZIGRL L
F K H A AT

15 FAMAGETX Bli i . ¥ S A . SEPHAR | F52
7 PO A B O AR AP R I A L OXE R S A i
HBUF AN T 2 8P H0 Lo, R EE X255, R
NISBHEA R G R B AR, FFRIHIEvolview
sl A TR AT
1.2.3 KR &ZAART AP 5AH

12 FAMEME W 336 % A A8 LOXHE R G I R i
SFHEF (motifd) i 43 M. AR AL RESE IR 40 2= 258
J (https://cottonfgd.net) SR 1541~ H 48 i Fb 9 2 PR 41
WA, HITBtools {4k A T T HRALFE AL
IR XA ) AT
A AE T RE Jik PR 21 2% 5598 122 (https://cottonfgd.

net) T 278 I P 0% B 5 8h 7 g2 000 bpi)
DNAJF41, FIFHTBtools#{A4X LT T R M AL AL 3

P CAREAL AT
A AE T BE 3 R 21 27 50 122 (https://cottonfgd.

net) P AFRIL AL RSO IE, FIFITBtoolsHik Fifk {7
AT

1.2.6 LOXL R &4 R AAEX 5 H7

F| FINCBI(https://www.ncbi.nlm.nih.gov/) [\JRNA-
Seq i Hi& (PRINA490626) 315 fiti i 4 LOXFE IR 78 A
[ 24 FAEYS (4 °C) . #A4(37 °C). #£(0.4 mol/L
NaCl) FIPEG(200 g/L) kil & i i 5 v i) 2= 3k 7K
SO, I TBtools R4 X $iis ik 7 T AL A 3RS , 43
Mt AR LOXIERAEARFIHZ . ARIRIa AL HE T (1)
Fiski,

1.2.2

1.2.4

1.2.5

1.2.7  CAdmhia BOR Ao s RMe JART [ oA LOXEK B
R FHHT

PR A S A TR AR 2R, A
K2 KRGS, B O AR T
AbFR, BEESAAEEEL , 4351200 pmol/L Cd+0 pmol/L
MeJA(CK), 1000 umol/L Cd+0 pmol/L MeJA .,
1000 pmol/L. Cd+0.100 umol/LMeJA . 1000 umol/L. Cd+
0.020 pmol/L MeJA . 1 000 umol/L Cd+0.002 pmol/L
MeJA. AbPES dJe, SRAERRAEMIARL | BHCEE | T, JF:
BTN, IRGWAE, P4, M
YA I RV AR, AFIE-80°CUkAE
DA 5 252 BRNA

T FIRNASR UG G 0 R BUR | 25, 221
RNA, K H 55k NeDNAJS, PEF TSt
HPCREUN, PlActindEN R NSHEN, it GhLOX-
20D, GhLOX-22D. GhLOX-27DFEHIGIHI(#EL),
P2 88T AR R IR, BRI EA

Fz1 ZERAEEEPCRSI4)

Table 1 Real-time fluorescent quantitative PCR primers

ElE SIFI(5—3")
GhLOX-20D-F CGAGGATGACCCAGAGTACC
GhLOX-20D-R TCTCCACGTTGAAAGCTCCT
GhLOX-22D-F GCCACCAAATCGTTCCATGT
GhLOX-22D-R ACCGCAATTGCCAACTTCAT
GhLOX-27D-F AACTAAGCCTCCCTCACACC
GhLOX-27D-R CCAATTGGTGAACACCAGCA

2 HER5SH

21 RIELOXERREMRIEELER

AR I8 ) AR AL L i 22 D9 21 24 50000 122 D4 A
AE R P S 102 LOXFEIN , AL45 3077 ki A
(Gossypium  hirsutum) % H . 33 4~ i & #f (G
barbadense)3EH | 19 INAR(G. arboreum)FEH F1
20 B2 ARG, raimondii) LA o XX 102NLOX
R g i 2 L EE T AR B AT, 45 SR () B
TN, XS MR TN T 168~999 aa, S
H AN 8T R0 o 1~124, BT EE N
19.115x103~115.922x10°, TESAEECH . AR | B
HiL A RV 5 A R A LOX R F 5 51 1 2 1R 7
G4y ) h243~999 aa, 171~956 aa, 168~982 aa
F1293~957 aa; AMEFHETHIA1~124 2~1114,
2~ 11 FIA~1 1A 5 AR 3 BT 4330l R127.792% 103~
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115.922x103, 19.886x103~ 111.177%103, 19.115x103~
114.156x103F133.293x103~ 111.251x103, DA F455

#2 LOXERREMRER

Table 2 Information about members of the LOX gene family

FRAE AT HHID TR 2K pfafk  JEBRFIIKE e SNETFEOEA XS FRR/10°
R Gorai.001G228100 GrLOX-01 Chr01 852 9 97.453
Gorai.004G059500 GrLOX-02 Chr04 908 9 105.175
Gorai.004G059700 GrLOX-03 Chr04 999 12 115.922
Gorai.004G059900 GrLOX-04 Chr04 971 11 113.131
Gorai.004G060100 GrLOX-05 Chr04 881 8 103.061
Gorai.004G092100 GrLOX-06 Chr04 660 8 75.868
Gorai.004G241100 GrLOX-07 Chr04 824 9 95.030
Gorai.004G241300 GrLOX-08 Chr04 859 9 97.545
Gorai.004G241400 GrLOX-09 Chr04 859 10 97.075
Gorai.005G041900 GrLOX-10 Chr05 877 9 99.710
Gorai.005G170200 GrLOX-11 Chr05 912 10 103.639
Gorai.006G087200 GrLOX-12 Chr06 911 9 102.854
Gorai.006G238200 GrLOX-13 Chr06 900 9 102.933
Gorai.009G071200 GrLOX-14 Chr09 904 9 103.173
Gorai.010G220400 GrLOX-15 Chrl0 243 2 27.792
Gorai.010G255600 GrLOX-16 Chrl0 866 8 98.201
Gorai.010G255700 GrLOX-17 Chrl0 886 7 100.925
Gorai.011G060400 GrLOX-18 Chrll 919 8 104.167
Gorai.013G121100 GrLOX-19 Chrl3 254 1 29.366
Gorai.013G124500 GrLOX-20 Chrl3 865 9 98.643
Y Ga03G0360 GaLOX-01 Chr03 877 9 99.800
Ga03G1717 GaLOX-02 Chr03 912 9 103.431
Ga03G2218 GaLOX-03 Chr03 171 2 19.886
Ga05G0720 GaLOX-04 Chr05 913 9 104.118
Ga05G3705 GaLOX-05 Chr05 200 3 22.896
Ga06G2399 GaLOX-06 Chr06 886 7 101.250
Ga06G2400 GaLOX-07 Chr06 886 7 100.924
Ga07G2275 GaLOX-08 Chr07 855 9 97.778
Ga08G0563 GaLOX-09 Chr08 907 9 104.989
Ga08G0569 GaLOX-10 Chr08 956 9 111.177
Ga08G0908 GaLOX-11 Chr08 410 7 46.788
Ga08G2449 GaLOX-12 Chr08 803 10 92.433
Ga08G2450 GaLOX-13 Chr08 872 9 98.931
Ga08G2452 GaLOX-14 Chr08 871 9 98.519
Ga09G0875 GaLOX-15 Chr09 703 11 79.739
Ga09G2472 GaLOX-16 Chr09 873 8 99.662
Gal0G2500 GaLOX-17 Chrl0 919 8 104.058
Gal3G1370 GaLOX-18 Chrl3 849 10 96.960
Gal3G2185 GaLOX-19 Chrl3 195 4 21.860
Fili oA GH_A02G0326 GhLOX-014 A02 877 9 99.685
GH_A03G1485 GhLOX-024 A03 912 9 103.461
GH_A05G0687 GhLOX-034 A05 905 9 103.331
GH_A06G2307 GhLOX-044 A06 856 8 97.452
GH_A06G2308 GhLOX-054 A06 886 7 101.111

YL AARAE SRR LOXEE M S SR T4 KB
SRR A TR H AR R AR
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FEAE A JEHID FEH 245 PSRN FIEMITHK B aa AR FECR/AS X F BT R/10°
GH_A07G2230 GhLOX-064 A07 855 9 97.705
GH_A08G0535 GhLOX-074 A08 982 11 114.156
GH_A08G0541 GhLOX-084 A08 957 9 111.168
GH_A08G2376 GhLOX-094 A08 168 2 19.115
GH_A08G2378 GhLOX-104 A08 873 9 99.040
GH_A08G2379 GhLOX-114 A08 871 9 98.522
GH_A09G2358 GhLOX-124 A09 873 8 99.683
GH_A10G0553 GhLOX-134 Al0 919 8 104.110
GH_A13G1284 GhLOX-144 Al3 490 5 55.933
GH_A13G2024 GhLOX-154 Al3 190 3 22.018
GH_D02G0353 GhLOX-16D D02 877 9 99.558
GH_D02G1659 GhLOX-17D D02 912 9 103.657
GH_D05G0687 GhLOX-18D D05 904 9 103.133
GH_D06G2344 GhLOX-19D D06 655 6 74.981
GH_D06G2345 GhLOX-20D D06 886 7 100.530
GH_D07G2167 GhLOX-21D D07 852 9 97.523
GH_D08G0545 GhLOX-22D D08 951 9 110.689
GH_D08G2382 GhLOX-23D D08 873 9 99.160
GH_D08G2383 GhLOX-24D D08 864 9 97.550
GH_D09G0867 GhLOX-25D D09 911 9 102.854
GH_D09G2298 GhLOX-26D D09 873 8 99.809
GH_D10G0585 GhLOX-27D D10 919 8 104.153
GH_DI3G1213 GhLOX-28D D13 865 9 98.655
GH_D13G1984 GhLOX-29D D13 356 5 40.187
GH._scaffold2396 objG0001 GhLOX-30  scaffold2396_obj 912 9 103.461

T GB_A02G0320 GbLOX-014 A02 877 9 99.712
GB_A03G1558 GbLOX-024 A03 912 9 103.462
GB_A04G0521 GbLOX-034 A04 300 5 34.666
GB_A05G0691 GbLOX-044 A05 911 9 103.953
GB_A06G2338 GbLOX-054 A06 872 8 99.834
GB_A06G2339 GbLOX-064 A06 538 6 61.800
GB_A07G2318 GbLOX-074 A07 855 9 97.758
GB_A08G0541 GbLOX-084 A08 957 9 111.251
GB_A08G0870 GbLOX-094 A08 424 6 48.831
GB_A08G2487 GbLOX-104 A08 717 9 82.990
GB_A08G2488 GbLOX-114 A08 873 9 99.060
GB_A08G2489 GbLOX-124 A08 872 9 98.620
GB_A09G1020 GbLOX-134 A09 648 11 73.459
GB_A09G2461 GbLOX-144 A09 873 8 99.653
GB_A10G0555 GbLOX-154 Al0 919 8 104.076
GB_A13G1388 GbLOX-164 Al3 865 9 98.788
GB_A13G2154 GbLOX-174 Al3 293 4 33.293
GB_D02G0361 GbLOX-18D D02 877 9 99.710
GB_D02G1717 GbLOX-19D D02 912 9 103.680
GB_D05G0683 GbLOX-20D D05 904 9 103.133
GB_D06G2437 GbhLOX-21D D06 844 8 96.385
GB_D06G2438 GbhLOX-22D D06 886 7 100.591
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HRAE SRl FEHID FER A FR ik EIERRTYIKE aa SN BT EORAS MR RUE/10°
GB_D07G2282 GbLOX-23D D07 852 9 97.524
GB_D08G0555 GbLOX-24D D08 783 10 91.485
GB_D08G0557 GbLOX-25D D08 949 10 110.798
GB_D08G0558 GbLOX-26D D08 951 9 110.737
GB_D08G0870 GbLOX-27D D08 371 5 42.651
GB_D08G2479 GbLOX-28D D08 897 8 101.996
GB_D08G2480 GbLOX-29D D08 858 9 96.970
GB_D09G0871 GbLOX-30D D09 911 9 102.932
GB_D09G2306 GbLOX-31D D09 873 8 99.749
GB_D10G0577 GbLOX-32D D10 919 8 104.123
GB_D13G1299 GbLOX-33D D13 865 9 98.654

22 RELXBHUKSHT

KT FRLOXFER G R IR G R R,
SR FE T (Arabidopsis thaliana)F4AEAE SR
PILOXFE K gt i 25 P41, FITIMEGAM R 5E

T, FE3E 1 Evolview X il %t HgEA TRl ARAL B
VLTS SR (DR, 4L R ARG 7T
LOXFER FIERL A Ay 6 NI, 435 HLOX-
1. LOX-2. LOX-3. LOX-4. LOX-5. LOX-6, X641~
WHRBET ML 524, 21, 19, 11, 8. 25NLOXKEA .,

E1 BhieiR. BB, TR, FXRE

2.3 MHMIELOXERFKERANEBRTEFE
ESEEp b iy

T E— B FEANARAE i P ) L OXFE PR 52

BB PR ST AR ML R 254, FFIMEMEAEZL

2l FITBtools B X Hat AT 738, 4R (F2) B,

FCAR AN R T+ L OXE E Z IR AR SR R LA

Fig.1 Evolutionary tree of LOX family in G. hirsutum, G. barbadense, G. arboreum, G. raimondii and Arabidopsis thaliana

LK 5E H 10V ST 2L P (motif 1~ motif 10), RN LOX
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10~ motif; LOX-1. LOX-2FILOX-43 Z 5 A /8
FEH motiPRR /b, wl fESE DNy HAEgE i f
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Fig.2 Gene structure and motif analysis of LOX family members in cotton
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