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FOH AR (Brassica napus L.) W PWWP 25 M3 A KRBT FIRHIE . #EA65¢ 5 S 500 anfar i 2 21
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NaCl Ab# J5Fh 7o RIS R P & i A R IR B . 850K (1D HIERMWSER LRI 43 4~ PwwP X
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BnaPWWP23-BnaPWWP43. (2) 4y AR ZEMREH N 177~1383, 70T & A 19 688.44~149901.99 Da,
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Genome-wide identification of the PWWP gene family and its response

to salt stress in Brassica napus
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Abstract: PWWP domain proteins are epigenetic regulators widely present in eukaryotes. They play important roles
in transcriptional regulation, DNA repair, and chromatin remodeling. Recent studies have shown that PWWP family
members are closely associated with plant salt stress responses. To investigate the sequence characteristics,
evolutionary relationships, and salt stress responses of the PWWP domain protein family in Brassica napus, this
study used bioinformatics methods to identify the family members at the whole-genome level. The study analyzed
their chromosomal locations, protein physicochemical properties, phylogeny, conserved motifs, cis-acting elements,
and synteny. Real-time quantitative PCR (qQRT-PCR) was used to detect the expression changes of all members
during seed germination under 120 mmol-L™' NaCl treatment. The results were as follows: (1) A total of 43 PWWP
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family members exist in Brassica napus. Among them, 22 members are located on the A genome and are designated
BnaPWWPI1-BnaPWWP22, while the other 21 members are located on the C genome and are designated
BnaPWWP23-BnaPWWP43. (2) The encoded proteins range in length from 177 to 1 383 amino acids, with
molecular weights from 19 688.44 to 149 901.99 Da and isoelectric points from 4.7 to 10.01. All proteins are
hydrophilic, and 88.27% of them are predicted to localize in the nucleus. (3) A phylogenetic tree showed that the
PWWP family members from Brassica napus, Arabidopsis thaliana, Brassica oleracea, and Brassica rapa can be
divided into seven subfamilies. Members within the same subfamily share highly similar conserved motifs,
conserved domains, and gene structures. (4) Promoter cis-acting element analysis identified 29 types of elements.
Among them, 22 types are associated with growth and development, plant hormones, and abiotic stress responses.
ARE, ABRE, CGTCA-motif, and TGACG-motif are the core elements with the highest frequency and the widest
gene coverage. (5) Under salt stress, the expression of five PWWP family members increased significantly. Among
them, BnaPWWP10, BnaPWWPI11, and BnaPWWP24 are notably up-regulated, and their promoter regions are rich
in salt stress-related cis-acting elements. In summary, this study systematically analyzes the BnaPWWP gene family
and identifies several BnaPWWP genes that participate in the salt stress response during seed germination in
Brassica napus. These findings lay a foundation for further study of the functions of BnaPWWP genes in rapeseed
under salt stress.
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PWWP 456 455 f5 47) 76 2525 (1 FR L #6751 WHSC1 (wolf- hirschhorn syndrome candidatel %¢&fiE {5 % 2
H 1D ORI (Stecetal., 1998) , FHAm 44U T 1% 45 1380 IR 57 1) Il 2 R - (4 2 R - (L 2R -l 288 (Pro-Trp-
Trp-Pro) &7 . PWWP S5t A 1529 100~150 N 1R, HamfR ) 2 f2E T oA RN A, HE
BT M ARAE A% Y 3 (Rona et al., 2016) o S5M9HFFiR B, PWWP SiIHA — MR H) “ 5 HE”
(Aromatic cage) 544, AJ i@k PH B F--mAH TLAE FHRr 7 MR R ) 2 B 1 R A &R (Methyl-lysine) , Hfg
P IF) 256 48 U F] DNA, X {43 PWWP 25038 B A 1% /M 25 6 B 70 AT )5 € A7 D) B8 (Qin & Min, 2014).

FrH PWWP S5 R 31 8 11 75 -5 G (oA OC (1) SR Mg A5 TR 4% h R B ZE/E A (Scheid etal., 2021) o A
KR EAMRE S ZRMERAHIE (Min & Liu, 2021) , 1 NSD3. MSH6. ZMYNDI1 58455 5l S 5L
R . T8 B K RNA AT IT #4558 7% (Heetal.,2013; Lietal., 2013; Wenetal.,2014) . PWWP
SEMIRE A S B RIEE YO EE . DNA 85 LA R TS A Y4 /ERH  (Ponne et al.,
2025; Yuetal, 2025) . fHILZ T, HEY% PWWP 25t s 0 )t i@ &b, Bt EZEEd 7K
RE KITAERT EREE . Zhou 55 (2018) FERHEMTNEGTIT (Arabidopsis thaliana) H%55€ 3 A
PWWP S5k 85 19, 4> %64~ PDP1. PDP2 Al PDP3, ‘BAI1rilil45 & FVE (FVE gene, U 7+ 4E 1
K7 FVE) A1 MSI5 (MULTICOPY SUPPRESSOR OF IRAI 5, IRA1 £ &l AT 5) K4l FLC
(FLOWERING LOCUS C) #sgifinigE4e, K HBEGEH T, pdpl. pdp2 F pdp3 RAGNEIIRIN
WPERE A . TR TF PWWP Z5fis- 2 A & A BAER 7 (PWO) FIGTERBEMEM R B R h R CEIER .
WFFE R, PWO £ A AE4ERF H3K27me3 (H3 lysine 27 trimethylation, H3 #iZ R 27 = H H#:4k) HPREH:
Hyee 7T ez s Am, s et )i mgy s a3 (Yangetal, 2024) o #IEGIF PWO1 R 5
ZhANHIE Sk 2 (PRC2) WIATA 3 MNHE A RN I HAE, 2 2R F-4E (Hohenstatt et al., 2018).
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EILFE R AR A ABE T, A HEAEY L T (Xie etal., 2025) - Seo Al Jang (2025) FH1E [H]
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HWERNMSE (Brassica napus L.) £ E FEHEMEM 2 —, R EHEYMRE OCEMRE,
2024) o FEIREHIFG . TLPUEEHLIX, Sl Ah R B RS- A - = AR, R 5 Bk i FAE B A A
MM ERUE 5 MAEALTT « PUEREE SRt L X, 75 0% & M SR AR I i et Aol AT e 7 DR S Ao A T
i srs g (AN, 2017; T &h%, 20200 . HATHEFEER, PWWP Z5i380 8 (1 4n it 36 R 7E A )
FEACIT 5] V42 R0 Eh fpde e B R 5 EEAE ], (H H BN SRR R H W A 2 ik RS 204 . Thae /bt
MEGAE . T, AR ACHERM SO N R, KB A= 8 R AR R AR B, RAAYE B ¥
S5t E B PCR (qRT-PCR) FHES AT, @t AR S E . #b . S50 0l A 3k i ia 1
FIEFEM, WERFCLUFRE B (1D HEAMSE PWWP JE R FRAE L Wi N b R A IhEE; (2
BRI S MRE . R 3073 o ih 5 3 e T R A 2 [ anfrf ORI, 112 St #h bl . Hse
FRBE R, BARRE ARSI R AR, T AR AR B A, S A B, IR
SRR R BRI AR R AE s TN A 31 DO E o, vRAE I S Ehhaa . e N AR B A O
AT 85 & IATE 120 mmol- L' NaCl AbBR N PWWP FJ i A R IEARAK, i1k v] fe 2 S5 #h R 428 (1 g ik
F DIHNIRN ST H 35 B 5 Pwwp 2L DR R AW 5 Dy fie S =2 3h384E ot R 32 3R K3 5 o e 5=
Al
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ARG FT AR HIE RS S 1157 (ZS 11D, SRIET R RO K ZEE YR s A% 1 42
H5RE R E R wE . PREBUR R A1, AR 20 KL, 7E 26 CIR = S&AFH, 16 /8 h (Jt/I)
SR, S8 H ARy 120 mmol L' NaCl ¥2if 24 h, Xf 2L A Z&TB/K AL B8, SREG HE 5 3 0K, AR
J5 B T-80 CHHMIKIR VKA IR AT
1.2 ZEEFRR RS e 5EMER ST

HIEAMSE . H¥ (Brassica oleracea) M A (Brassica rapa) WAEFEKAFH|. FFRFHEME AT
B SCAEAE BnlR ### %  (https://yanglab.hzau.edu.cn/BnIR/download?module=genomics) F#, #LF§I+ (4rab
idopsis thaliana) 75 TAIR 2#& /% (https://www.arabidopsis.org/download/list?dir=Proteins) %o
7E Interpro Z#fE % (https://www.ebi.ac.uk/interpro/download/Pfam/) 3REX Pfam-A.hmm SC2FJ PWWP FJt ik
TUPRSE S5 R B T R m] AR AL (PFO0855) . FIH TBtools- IT % {4 ) Simple HMM Search ThfE, BI5E E
-value < e HFEWIFZIHE (K25, 2024) . FJH NCBI-CDD M Chttps://www.ncbi.nlm.nih.gov/Stru
cture/bwrpsb/bwrpsb.cgi) 1 SMART M3 Chttps:/smart.embl.de/) IGUE, H&Mfie HEM MR, HiE. A
KRR I PWWP SR IR 7, R H i B =% PP JEIR 50 B 14 G (47 B iy %4 4 BnaPWWPI
-BnaPWWP43. KH TBtools- Il #AFTHE FIREE AMEEREE . 7078, ShA. AE 258, Rk
FRE N Hi/K48 %0 A WOLF PSORT M3 Chttps://wolfpsort.hge.jp/) Tl V40 ff g 67 CHAEI H#E4%, 2026).
1.3 ARGt g5gak e

i H] TBtools- INRF H BE e HlE . AR T 1) PWWP  H P PHE G @ R G, Wi
Bootstrap {E 4 1 000 (Qiao et al., 2024) , FHF|H ChiPlot 3} Chttps://www.chiplot.online/circleTree.html )
BT AL (Xieetal.,2023) o FIFH TBtools- [T A4 BnaPWWP B[R 1) 4t i g (i i (AR5, 2024).,
14 RFEFF. SHREEERZEHIT

K H TBtools- Il #ff Simple MEME Wrapper 1., &E R IETF 5 RKE =N 20, 88T RSF 5T
RS . M NCBI-CDD TEZ OR 55 45 #3884 % (https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.
cgi) T8 R R ST G5 M ) T« 32 H TBtools- IT % fF Gene Structure View 73T T HZ: 254 BHE (5
0%, 2026) .
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$2HL BnaPWWP ZJiF ] B 2 000 bp FeofE RSN, HH PlantCARE Wt A7 i x4 FH oo 73
#r, 183 TBtools-IIHE T AI#14L (Chen et al., 2024) . K] TBtools-II# {4 # MCScanX F2 7 % H 1 3
HWE & AW PwwP BRI AT ILEAE 74, 50 I SR N 5 P a] ) el AL .
1.6 HHRFEEEEHEERMNSEIT

K H SWISS-MODEL fE£8 T H (https:/swissmodel.expasy.org/interactive) #H17 [FAJFEM (Tiwari et a
1., 2021) . FIF STRING %i#z)% (https://cn.string-db.org/) $AF H ¥ AL PWWP S5 i 171 2 8] i HAE
i (Li et al., 2023) .
1.7 HIEZHSE RNA REUR LR %6 E & PCR

HJ ] Trizol ik A H W 7 it 5i¢ 20 23 42 B RNA J5 H 1% B i A ok Ji Fi Dk s 0 L 56 B 4% DA &2 Y BioTek
EpochBf b A I 5 L B R A o IR B 08 o = [ RNAFEAS, i 1% ME#E (Vazyme) HiScript I Q RT
SuperMix for qPCR & 7 & #E 17 10 #% 5% 13 %] cDNA /E N B i . R 4 H 85 7 wh =% 3 4 ™9 uf

(https://yanglab.hzau.edu.cn/BnIR/) , W itqRT-PCR5|¥) (1) , K H i#iME# ChamQ Universal SYBR qPCR

Master Mixit | & 4T qQRT-PCRI N o B MEAR B E IR AV FEE S3MBEAREE, L2 A5 K

RIS ik &, 45 R A8 Excel BT HETIL S 5L i (23855, 2024) &

# 1 qRT-PCR3| Y75

Table 1 Primer sequences in qRT-PCR

FEIR 44 PR xR L5 ek

Gene name Accession number Upstream primer Downstream primer
BnaPWWPI  BnaA01T0410200ZS TCAGGGACGGAAACCACAG TAGTTTGACCGGTATGCAGG
BnaPWWP2  BnaA02T0009900ZS TCATCCGTTGCGTCCAAAAAGG AGTCTCGACTCTCTCATAAGC
BnaPWWP3  BnaA02T0390500ZS CCCAAAGACCTATGCTTAGG GACGGCTTGTAAGTTACTGG
BnaPWWP4  BnaA03T0313600ZS CTTGTTCTTGTGTAGGGAAGG CTCACAAACATCAGCTCATCAG
BnaPWWP5  BnaA03T0402700ZS AGTACCGTCCGGTCATTTTC GTGGCCGAAAGAAATTGTCTG
BnaPWWP6  BnaA03T0500900ZS  AGGAGTGAAGAAGAAGCTATCC GCTTTACATAGACATGGCACC
BnaPWWP7  BnaA04T0003100ZS ATCAAAGCATGCACGGAGATC TGTCTGTCCTGATATCGTGG
BnaPWWPS  BnaA04T0204300ZS TCCGAAAGGACCAATAGTCC TCTGCAGTCACTCTAAACAGAGG
BnaPWWP9  BnaA05T0170800ZS  AGGATTGAGAAGAGCACTTCTG CACTCATACGAGAAACCAGG
BnaPWWPI0 BnaA05T0344400ZS TCAAGATGGATCGTGTGACC CCTTCACTGCTTCGTTTATCC
BnaPWWPI1 BnaA05T0488900ZS TGTTCATTCTCCGGCAGATC TTATCCCGCTGTGTGCTTGT
BnaPWWPI2 BnaA06T0022000ZS TAGAGCCCGATGAAATTCAGG ACTGGATGGTGGCTCTTAAGT
BnaPWWPI13 BnaA06T0040800ZS ATGAAACCACGCTACGTTCC AGATACCAATCTGGTTCCTCTG
BnaPWWPI14 BnaA06T0169500ZS AAAGAGGAGATGCCCAACAG TCAAGAAGAAGAAGAAGAGCTAGG
BnaPWWPI5 BnaA06T0380400ZS TTAGCTTGGGAGCTACAACAG TCAACCACTCCAAATCCGTC
BnaPWWPI16 BnaA07T0172900ZS GGTTAAGAACGCTGGGATAAAGG CGGTCTTTGAATCGACTCTTC
BnaPWWPI17 BnaA07T0217700ZS TGAGTCCTTTGCCGAATCTG GGAATAGGTGTCAGGAAAGC
BnaPWWPI8 BnaA07T0222400ZS ATTACACGCCGGATTTTGAGG TCTCTCATTGCTACTGGAGC
BnaPWWPI19 BnaA09T0057300ZS TGCCACCAATTCTTCCTCTC AACAAGCCCGTCACATTAGC
BnaPWWP20 BnaA09T0679400ZS TTATGCAACTTGTGTCGTCCTG GGTGGGACAAACTTCGCAG
BnaPWWP21 BnaA10T0099000ZS TGGGGTAAATCTGGGAAGAAC ATCATCAAACGGCTGGTTACC
BrnaPWWP22 BnaA10T0255100ZS AGATATCTACACAGCGGTCTG TGTAACCGTAAGAGAGCCTG
BnaPWWP23 BnaC01T0505200ZS ATCCGGTTGAAGTCCAAGTC TAGTTTGACCGGTATGCAGG
BnaPWWP24 BnaC02T0007300ZS CTCAAGTTTGCTAGCTCAGG TGTAACTCAGAAGAGAAGGTCC



BnaPWWP25
BnaPWWP26
BnaPWwWP27
BnaPWWP28
BnaPWWP29
BnaPWWP30
BnaPWWP31
BnaPWWP32
BnaPWWP33
BnaPWWP34
BnaPWWP35
BnaPWWP36
BnaPWWP37
BnaPWWP38
BnaPWWP39
BnaPWWP40
BnaPWWP41
BnaPWWP42
BnaPWWP43

BnaC02T0017600ZS
BnaC02T0522000ZS
BnaC03T0376200ZS
BnaC04T0257500ZS
BnaC04T0510300ZS
BnaC05T0370400ZS
BnaC05T0547200ZS
BnaC06T0059700ZS
BnaC06T0114400ZS
BnaC06T0164900ZS
BnaC06T0232500ZS
BnaC06T0239300ZS
BnaC07T0310300ZS
BnaC07T0374400ZS
BnaC07T0479300ZS
BnaC08T0286100ZS
BnaC09T0044600ZS
BnaC09T0356100ZS
BnaC09T0568900ZS

ACTGAGAAGGTTCTAGCGAG
CCCAAAGACCTATGCTTAGG
GAGAGTAGCAAACCAGATGC
TCCGGACAACCATATGACAG
AGGTGTCACAGATGAATACACC
GAGTAGTGATGAGCGAAACAG
ATGACTGCATTGAGAAGGTGG
CCTGTAAGTGGCAGCTAAAAGG

TTAAAGGGAAGAGGAACTCAAGG

GAAGCAGGAATTTTCAGGAGC
GCTGCAGAGCAAAAAAGTGG
ATTACACGCCGGATTTTGAGG
TTAGCTTGGGAGCTACAACAG

CACTGGCGATCAAATTGTCC

ATACCGAGTTTGAAACGGTGC
CTCAAAAGAGTCGATGCCTTC
GTTGGACGGTGAAGAAAACTC

GAATGAAAGGGACTATGCATGG
CCATATCCAGTATTGCAACAGG

TGTGTCTCTGAACGGTTTTGG
GACGGCTAGTAAGTTACTGG
TCTTTCAAGTCCCTCGACTC
GAATGATGACTCCACCTGTG
GTGATTAATCAGGTGGGCAATG
CTCATCTTTTCCAACAAGGAGG
ACCCTAGACACAACCATTCTC
CGATGTTGTGTTTGTCTTGCTG
CACTTTCAGCGGTATACAAGC

GTTCTCTAGTGAAGACTCGAAGG

CATACAGCACACCTTTCAGTC
TCTCTCATTGCTACTGGAGC
TCAACCACTCCAAATCCGTC

GGTTGATAGCTCATTGTCACTG
ACTAGTAGCTTTCTCCTTCCTG

CGGCTGTAATCTGAAACTCAC
TTGGTGAGAGATGTCTCCTG

ATCAAACGGTTGGTTACCAGC

AAGGGTAAGGATGAGGAAAGG

2 5B 5 5 Hr

2.1 HERIHSE PwwP BRI KR E R i e el e fr R FL Rt 43 A

EH RSP E E H 43 > Pwwp 2R, 4 Ak S d 4% N BnaPWWPI1-BnaPWWP43. A TA
WL AGAE 18 AN Yetafk b, 5 22 MERENE A 4L, 21 MEREENE C A, i Co6 YLtk fi
PWWP B ERZ, ik 64, i A0L. COl. CO03. CO8 Yettiki{lf —A PWWP JEH, A08 Jefiik -
B PWWP B[R o34 s 2 50E R 0 A T G AR v A B, A07 Getath b BnaPWWP17 1 BnaPWWPI8 17

FERKERIER (B 1: A

N T BT g PwwP SRR 5K 07 UL AR B A2 5 OR Sy, SRATA YR A & LA R A 22
AT IRLR LD T WA NI TSR B, H R =, A7 30 X pwwp SERR It ( 1: B)
HE RS AN W PWIWP FIR R OT LA ORI, HE R s 5 H 2 10 62 xf Hhek itk
R, HIE A SRS AR A 58 X SLLk AR (B 1: ©) o XRH 3 MR R AR P IR EE T

FOBE ROy — Bk, WENHE 7l AL C WA SHEM A=, HEZ RIS R,
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A. BnaPWWP ZRIRARONRENL; B, BnaPWWP FIRA WILANE s C. HIEERMSE K F13E PP SR R K
AL EIBAS 2 C g
A. Chromosomal localization of members in the naPWWP; B. Intraspecific collinearity analysis of BnaPWWP; C. Interspecific
collinearity analysis of PWWP gene family members among Brassica napus, B. oleracea, and B. rapa.

B 1 HIERSE PP 2R KRR R G tuth e AL oA R Y0 IRl 3L 2 0 A
Fig. 1 Chromosomal localization analysis and interspecies collinearity analysis of PWWP gene family members in

Brassica napus

2.2 HEAIMSE PWWP FRE 0 & FMRE 5 41 ) 40 58 fhr

S IAPE R AT A, H A SE PWWP S5 A% 03 4 5 (1) 25 1 5K/ T 177 (BnaPWWP39) |
1383 (BnaPWWP26) NE IR 2 0], XRHKIEE A T RADNBHEKR, 2 FENT 19 688.44 Da
(BnaPWWP39) % 149901.99 Da (BnaPWWP26) A%, Tl pl JE A 4.7~10.01, HAH 19 AR
HE (pI<T) , 24 MAWMMEER (pI>7) , Ak RECN 44.92 (BnaPWWP6) ~66.8 (BnaPWWP13) , i
i RN 52.2 (BnaPWWP1) ~87.02 (PWWP33) ; 7EH/KTINH, BnaPWWP % it 5 [ 35 R ISR KM
V20 5 A5 T 2R B 38 AN ER A e ML EAN A% (Nucleus) « 3 MNELMLIEMZ%4A (Chloroplast) + 1 AM3E
PIAEANBE R (Cytoplasm) « 1 ANENMLENFE M (Endoplasmic Reticulum) , LR, ERKEREAEEE
MFAEZ, L 88.37% (R 2) .
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Table 2 Prediction of physicochemical properties and subcellular localization of representative BnaPWWP

family proteins

ARER  IEWTRAR

IR A TR SHLA N » BRIk AR %L 40 B 5 L
& Number of Molecular Theoretical H H Grand average of Subcellular
Protein Instability Aliphatic
amino acids weight (Da) pl hydropathicity localization
index index
BnaPWWP1 568 64 104.63 6.94 55.96 522 -1.09 4%
Nucleus
BnaPWWP6 920 103 470.85 9.03 44.92 70.36 -0.486 Mg fk
Chloroplast
BnaPWWP9 528 57876.18 9.78 53.93 78.26 -0.605 g2l ol
Cytoplasm
BnaPWWP10 604 64 891.08 8.83 49.35 72.78 -0.597 4%
Nucleus
BnaPWWPI11 741 83 302.34 7.15 59.22 56.6 -0.992 4%
Nucleus
BnaPWWP13 399 45899.24 4.7 66.89 70.05 -0.738 IS fk
Chloroplast
BnaPWWP20 1025 116 235.35 8.3 45 73.82 -0.513 4%
Nucleus
BnaPWWP24 408 45314.76 6.1 47.09 60.74 -0.57 4%
Nucleus
BnaPWWP26 1383 149 901.99 8 62.22 61.55 -0.802 4%
Nucleus
BnaPWWP29 1 040 117 264.46 8.2 46.63 74.78 -0.483 4%
Nucleus
BnaPWWP30 613 66 170.66 9.21 52.02 71.26 -0.649 4%
Nucleus
BnaPWWP33 905 101 121.55 9.01 48.12 87.02 -0.453 BT I
Endoplasmic
Reticulum
BnaPWWP36 1338 147 922.99 5.4 55.22 60.79 -0.833 4%
Nucleus
BnaPWWP37 522 58939.35 6.07 45.53 74.06 -0.659 Mg fk
Chloroplast
BnaPWWP38 1276 137 683.99 8.48 61.53 61.2 -0.806 4%
Nucleus
BnaPWWP39 177 19 698.44 10.01 45.93 69.38 -0.702 4%
Nucleus
BnaPWWP43 1361 146 668.64 8.96 57.9 61.22 -0.791 4%

Nucleus
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Fig. 2 Phylogenetic analysis of the PWWP gene in Brassica napus, B. rapa, B. oleracea, and Arabidopsis thaliana
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Fig. 3 Analysis of conserved motifs, conserved domains, and gene structure of the PWWP gene family in Brassica

napus
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W ST, AR 22 MRl 4y 3 AR, R B RS, R e S AT AR A i i BT A (B S) .
REMK IO (AACA motif. CAT-box. CCAAT-box. GCN4 motif, O2-site. HD-Zip 1. circadian. MBSI)
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Fig. 4 Analysis of cis-acting elements in the promoters of BnaPWWP gene family members
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Fig. 5 Total frequency of cis-acting elements related to development, hormone response, and abiotic stress




response in BnaPWWP family genes
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Fig. 6 Interaction network of BnaPWWP family proteins
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Fig. 7 Tertiary structure prediction of BnaPWWP proteins

2.7 EhE T HERMSE PP FRIERRRIEDHT

qRT-PCR &5 R s, i FHBEMWMEM THA 5 A Pwp ERREERE LR, 7502
BnaPWWP6. BnaPWWPI10. BnaPWWPI11. BnaPWWP24 F BnaPWWP30; FRik& NRKEERG 714, 495
5& BnaPWWPS8. BnaPWWP9. BnaPWWPI14. BnaPWWPI17. BnaPWWP27. BnaPWWP29 ¥ BnaPWWP32,
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SE PWWP KR S 2= 0 N 2h il , HA BnaPWWP6. BnaPWWP10. BnaPWWPL1. BnaPWWP24 i
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BnaPWWP31 and BnaPWWP6 belong to subfamily 1; BnaPWWP26 and BnaPWWP14 belong to subfamily 2; BnaPWWPI17,
BnaPWWP20 and BnaPWWP22 belong to subfamily 3; BnaPWWP5 and BnaPWWPI10 belong to subfamily 4; BnaPWWP27,
BnaPWWP33 and BnaPWWP41 belong to subfamily 6.
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Fig. 8 Expression levels of PWWP subfamily 1, 2, 3, 4, and 6 in Brassica napus during seed germination under
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Fig. 9 Expression levels of PWWP subfamily 5 in Brassica napus during seed germination under salt stress
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Fig. 10 Expression levels of PWWP subfamily 7 in Brassica napus during seed germination under salt stress
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SR, nlEE A NS R B TS SOS MR R TS A MRIA, 4ERMN Na/K B 1P (Yang &
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