55 42 B4 6 FEREMBEXRLHFR Vol.42 No.6
2024 4 11 H Agricultural Research in the Arid Areas Nov. 2024

X E %S :1000-7601(2024)06-0027-11 doi: 10.7606/].issn.1000-7601.2024.06.04
HIEB M BnAR BERREEERAHLETE
55 Wi iz (R 7= Bl 18 BY 3R A G

NER EHL,FRA REE F0H,
B ARE, B GEW,E 4

(PHACAMBL R 2 22 B, BEVE #i 712100)

W E.on 7 A 3 (Brassica napus L.) ¥ BnAR EE W EAREE H A AR EAMEHE TR EHE
R, HERHEBAR RE R R R AT LA AL R A REMETRER RN EAEN, FREW . HE
AmEsARXHAPELETE 144 BnAR X H KRR 7, 2/ 8 F4€KE, HH A% BnAR-1~BnAR-14, 7
4% ADC F2 DapDC AT Kk ; 2 30 F IR KAEH T 904 A3, BnAR X E R R AW B TR H S M 5 %% F
B atoE RE AR 2 Y TR H A A N R B A A B 11 S EE B A LM X R Ka/Ks 24T K T B R £ H
AE /N T 0.5, 369 BnAR S F Rk E#H M TR P Z 2| P4 WA 5, 2 T A RIFE LK Y, 14 4 BrAR 2 H
vy 571K B e, B W BnAR—4 BnAR-5 BnAR-11 78 BnAR-13 SR B2 E R A B KX EFEPCRBIFL RS
HRABIERE B, B TR 4 A3 RO fF v A B SR AT B AL T R R

SRR o T A 3 BnAR FE I Rk AW E R REE X AR e

hESHES.S565.4  LEERE:A

Genome-wide identification of BnAR gene family and expression
analysis under low temperature stress in Brassica napus L.

GUO Zhiting, QIN Mengfan, LI Haodong, ZHAO Feixue, LI Xinru,
DU Yuanyuan, BAO Shunjun, LI Hongyang, XU Jiali, HUANG Zhen
( College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To understand the basic information, evolutionary relationship and the function of BrAR genes
under cold stress in Brassica napus L., the BnAR gene family of B.napus were identified in this study, and the ex-
pression of family members under low temperature conditions were explored. The results showed that 14 BnAR genes
were identified in B.napus. They were distributed on eight chromosomes and renamed as BnAR—1 to BnAR-14, di-
viding into ADC and DapDC subgroups. Promoter cis-element analysis showed that the promoter region of BnAR
genes contained various elements related to hormone and stress response. Intra-group collinearity analysis of B.napus
showed that 11 pairs of genes had collinearity relationship, and Ka/Ks analysis showed that the ratio of all homolo-
gous gene pairs were less than 0.5, indicating that the BnAR gene family was subjected to strict purification selec-
tion in the evolutionary process. Transcriptome data analysis indicated that all 14 BrAR genes responded to low tem-
perature stress, among which four genes, BnAR—4, BnAR-5, BnAR—11 and BnAR-13 were strongly subjected to
low temperature stress. The results of qRT-PCR were highly consistent with the transcriptome data, so these four
genes could be used as candidate genes for subsequent functional verification.
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Table 1  Primer sequence in qRT-PCR

A 1D SR AR ERSIHFH(5'-3") K51 FE1(5'-3")

Gene 1D Gene name Forward primer Reverse primer

BnActin2 BnActin2 TGTTCCCTGGAATTGCTGACCGTA TGCGACCACCTTGATCTTCATGCT
BnaA03g53010D BnAR-4 ACACCACCGACGTGTTCATC GATGAGGGAGAGTGTTGGAG
BnaA08g10990D BnAR-5 GAGCATCGAGCAGTTGGCTT TCGCCGCCTATGAACTTATC
BnaC03g65810D BnAR-11 CACTTCGATTCCTGATCTGTGG TCGCCGCCTATGAACTTATC
BnaC07g45200D BnAR-13 GCTCCTTACTTCTCCGCCAA GATAACCGGGAGCTGTAATCCC
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Table 2 Physicochemical properties of protein encoded by AR genes

I L
FH 1D FLH 4R WF i HIEML or ¥t Theoretical ﬂnﬂh%ﬁ( /1\*%%5/%7/& SEIE
Gene 1D Gene name Subfamily Nu.mber (,)f M?Iecular isoelectric A]llphatlc In%tablhty Grand average

amino acid weight/kD . index index Lo
point of hydropathicity
AT2G16500 AtAR-1 ADC 702 76175.46 5.38 89.00 39.35 -0.075
AT3G14390 AtAR-2 DapDC 32484 53557.34 6.51 94.24 39.24 -0.160
AT4G34710 AtAR-3 ADC 711 77219.45 5.12 91.45 46.92 -0.077
AT5G11880 AtAR-4 DapDC 489 54164.05 6.21 95.07 35.65 -0.137

BnaA01g02460D BnAR-1 ADC 648 71098.07 5.62 92.48 46.84 -0.124

BnaA01g02450D BnAR-2 ADC 665 72284.00 5.25 89.67 46.48 -0.111

BnaA03g03620D BnAR-3 DapDC 493 54322.00 6.25 94.12 40.77 -0.160

BnaA03g53010D BnAR-4 ADC 688 75305.35 5.03 91.05 45.22 -0.090

BnaA08g10990D BnAR-5 ADC 666 72399.38 5.17 93.50 47.04 -0.045

BnaA10g20750D BnAR-6 DapDC 185 20356.28 5.19 90.59 42.21 -0.079

BnaA10g20730D BnAR-7 DapDC 485 53475.13 6.10 94.85 36.14 -0.151

BnaAnng39810D BnAR-8 DapDC 198 21802.80 4.89 92.53 47.14 -0.090

BnaC01g03720D BnAR-9 ADC 649 71041.90 5.50 93.08 48.99 -0.123

BnaC01g03710D BnAR-10 ADC 385 41663.77 5.81 96.68 41.38 0.093

BnaC03g65810D BnAR-11 ADC 661 71759.50 5.13 92.15 46.53 -0.053

BnaC03g05110D BnAR-12 DapDC 493 54422.14 6.15 93.91 43.32 -0.167

BnaC07g45200D BnAR-13 ADC 684 74709.85 5.06 91.45 45.53 -0.063

BnaC09g44740D BnAR-14 DapDC 486 53638.50 6.65 94.29 35.64 -0.161

Bolg007050 BoAR-1 ADC 649 71027.87 5.50 92.93 48.99 -0.123
Bolg007010 BoAR-2 ADC 354 38504.50 7.13 101.27 44.64 0.053
Bo3g167590 BoAR-3 ADC 687 74502.67 5.14 92.77 45.46 0.056
Bo3g007320 BoAR-4 DapDC 533 58499.75 6.47 93.64 42.64 -0.156
Bo7g117010 BoAR-5 ADC 687 74980.02 4.96 90.20 46.36 -0.065
B09g169810 BoAR-6 DapDC 486 53634.38 6.34 94.07 35.98 -0.150
Bra011554 BrAR-1 ADC 648 70879.77 5.48 93.98 47.33 -0.105
Bra011555 BrAR-2 ADC 670 72948.70 5.25 89.13 48.60 -0.125
Bra017672 BrAR-3 ADC 688 75319.38 5.03 91.05 45.56 -0.090
Bra006124 BrAR-4 DapDC 493 54245.96 6.25 94.32 40.11 -0.147
Bra034648 BrAR-5 ADC 665 72231.10 5.18 92.92 46.08 -0.063
Bra008931 BrAR-6 DapDC 486 53646.43 6.48 94.47 35.92 -0.159
2.2 HIEBMIK BnAR EE KK Ka/Ks 53#7

T v = IR AR BARs U,
Note: The triangle represents BnARs members
B HERGH METT HEfNE%
AR BRI K& R G LB o
Phylogenetic tree analysis of AR gene families

Fig.1

in B.napus, Arabidopsis, B.oleracea and B.rapa.
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Table 3 Ka/Ks analysis of AR genes

B AT WK B AT WK Ka s Ka/Ks
Gene name Subfamily Gene name Subfamily
BnAR-1 ADC BnAR-7 DapDC 0.800031316 1.800582839 0.444317972
BnAR-3 DapDC BnAR-12 DapDC 0.019332705 0.240393324 0.080421141
BnAR-7 DapDC BnAR-3 DapDC 0.03080357 0.286149864 0.107648381
BnAR-12 DapDC BnAR-3 DapDC 0.019332705 0.240393324 0.080421141
BnAR-13 ADC BnAR-1 ADC 0.125802272 0.74168151 0.169617646
BnAR-4 ADC BnAR-13 ADC 0.012575531 0.164016901 0.076672166
BnAR-11 ADC BnAR-9 ADC 0.115950039 0.692689012 0.167391192
BnAR-5 ADC BnAR-13 ADC 0.081294579 0.724947492 0.112138575
BnAR-9 ADC BnAR-1 ADC 0.022999514 0.082913388 0.27739204
BnAR-1 ADC BnAR-13 ADC 0.125802272 0.74168151 0.169617646
AtAR-1 ADC AtAR-3 ADC 0.094419472 0.736146767 0.128261749
BoAR-2 ADC BoAR-3 ADC 0.163784757 0.795146454 0.205980617
BoAR-4 DapDC BoAR-6 DapDC 0.034469372 0.353055545 0.097631583
BoAR-2 ADC BoAR-3 ADC 0.085466517 0.66518371 0.128485584
BrAR-2 ADC BrAR-3 ADC 0.10666996 0.679754411 0.156924262
BrAR-3 ADC BrAR-5 ADC 0.0784638 0.664867578 0.118014178
BrAR-4 DapDC BrAR-6 DapDC 0.029773731 0.265520903 0.112133283
BrAR-5 ADC BrAR-2 ADC 0.109813678 0.622123652 0.176514231
BrAR-6 DapDC BrAR-4 DapDC 0.029773731 0.265520903 0.112133283
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Note: The red lines indicate collinear BnAR gene pairs, the yellow squares represent the chromosomes, the length
represents the size of the chromosomes, and the two squares inside represent the gene density, as linear and heat maps,
respectively.
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Fig.2  Collinearity analysis of BnAR genes
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Note : The chromosome number is marked on the top of each chromosome, the purple line represents the collinear AR

gene pair, and the red triangle represents the location of the gene.
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Fig.3  Collinearity analysis of AR genes between B.napus and B.oleracea and B.napus and B.rapa
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Table 4 Conserved motifs of BnAR protein

Motif JF41(5'-3") Sequence
motif 1 IVRFPDVLKNRLECLQSAFDYAVKSQGYGSHYZGVYPVKCNQDRFSVED]
motif 2 ALLGRKLAJNTVIVLEQERELBLVIELSRKMNVRPVIGLRA
motif 3 MKVIDVGGGLGIDYDGSKSGEGDGSVVYTLEEYAEAVVSSY
motif 4 GAPYFVABSSGNISIRPHGSBTLPHQDJD
motif 5 RVSQSDGPHSFAVTRAVPGQSSADVLRAVQHEPELMFQTLKHRAEEVMHT
motif 6 CEWVLKAIGASDPVQTYNINLSVFTSIPDLWGIDQL
motif 7 KLRTKQSGHYGSTSGEKGKFGLTSTQIVRV
motif 8 HFHJGSTIPSTSJLSDGVSEAAZLYCEJVRLGAE
motif 9 REDYEDLYAAVMRGDQESCLLY VDKLKQRCVEGFKDGVLSIEQLASVDGL
motif 10 FPIVPIHKLDQRPGARGVLSDLTCDSDGKIVKFIGGESSLPLHEJDSGGG
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Fig.5 BnAR protein conserved motif and BrAR gene structure analysis
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Fig.6  Identified cis-elements in the promoters of BnAR gene
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Fig.9 Expression of BnAR genes under low temperature stress
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