Ol R ( BRBEE) |, 2023, 38(6): 913-920 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

FI3CHe X BUM, A, ZF Y, G 4D H LM A L& R I AT DL RIRHR]. = Bk Rz A (A SRR,
2023, 38(6): 913-920. DOIL: 10.12101/j.issn.1004-390X(n).202211057

4 MRS A TER RN E TR

HOM, EEX, 2F5%H, BEZE, KiFH
(CEPEEBE A mPHF2EBE, TR 261K 526061)

WE: [ B9 ] HERWSE AR —F BN & IR RAR S | TR R AL TP ALS], v E
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K5 H 5 CCD4 JPHISRE R R, ZEEFE A 4 B e R T 5058 & —30, BIATEAE TEL 36 B+ 10 9%
AFIHABZEAR , HREZRGAY NRAEYEB—EMERR LRI —EWES, IR M61 # 81
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A Preliminary Study on the White Flower Regulation Mechanism
of Four White-flowered Brassica napus V arieties

WEI Chao, WANG Meirong, MAI Xiuling, YANG Zhiying, CHEN Shiming
(College of Life Sciences, Zhaoqing University, Zhaoqging 526061, China)

Abstract: [ Purpose ] White flower is an extremely familiar mutant type in Brassica napus L., the
study on regulation mechanism of different white flower materials may lay the foundation of the
breeding and production in B. napus. [ Methods ] Evolution analysis, clone sequencing and gene ex-
pression level analysis on the BnaC3.CCD4 gene in four white flower varieties (M50, M55, M58 and
M61) were used to study its bioinformatics and genetics characteristics. Meanwhile, selected genes re-
lated to the carotenoid pathway were analyzed to preliminary study the formation mechanism of white
flower in the four B. napus varieties. [ Results | BnaC3.CCD4 had a closest relationship with CCD4
in B. oleracea, both of them had no TE1 transposon insertion and other mutations. The sequences of
BnaC3.CCD4 gene in the four varieties were totally consistent. However, they showed differences in
the carotenoid biosynthesis and metabolism pathways, particularly, the PSY and LCYB genes in the
biosynthesis pathway showed high expression in blooming petals period of M61, which resulted in
pale white or yellow petals. [ Conclusion ] The changes of gene expression related to the caroteno-
id biosynthesis and metabolism pathways lead to white flowers in the four varieties, in which BraC3.

CCD4 and ZEP gene played a role to some extent.
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TR SR, H W P XP013626299 415 oleracea) 1% N (Raphanus sativus) 4 2 5, R
BnaC3.CCD4 FERWISEL R R Tt o B[R] R4 % (Camelina sativa) 3 5%, F%3% (Capsella rubella) .
B 39 SRAEMFES (K 2) Al H s RIS EIF (Eutrema salsugineum) F1 35 0 L /6 I+ (Ara-
FHLFEIT (Arabidopsis thaliana) A 6 2% 15 FE ] & bidopsis lyrata) 45 1 2%, @R W/ 76X 39 &KX F
TS, H4s CCDA TIBEM T YA 16 4, i, HiEH R 14 CCD4 (XP013626299) & 14
Hor, HEANHSE 4 45, FK (B.rapa). T (B. P95 HIREARFIIEEA 2,

E: M50, M55, M58 Fl M61 b F4ERAE, M158 NE{ER AL T,
Note: M50, M55, M58 and M61 are white flower varieties, M158 is yellow flower variety; the same as below.

E1 BEMBSAEREMHOERRE (TR=1 cm)

Fig. 1 Phenotypes of petals of the white flower varieties and the yellow flower variety (scale bar=1 cm)

99 ARIIT Arabidopsis thaliana VY'S63226.1
100 ' WIRGIT Arabidopsis thaliana NP 193652.1 NCED4
AP IT Arabidopsis thaliana OAQ98387.1 NCED4
97 99 UFEST Arabidopsis thaliana CAD5328418.1 unnamed
100 I H Brassica oleracea VDC99275.1 unnamed
100 HWERE Brassica napus CAF1710731.1 unnamed
*H W RIWMSE Brassica napus XP 022553639.1 CCD4
INFRBE Microthlaspi erraticum CAA7054912.1 unnamed
% #BnaC03G06 19000NO (No.2127) Len597 aa
100 ‘H¥& Brassica oleracea var. oleracea XP 013626299.1 CCD4

78 I *H 5 EIMEE Brassica napus XP 013656050.1 CCD4
2% Brassica rapa R1ID50280.1 BRARA H01021

[
100 64 [ Brassica rapa XP 009108417.1 CCD4
10 RIEM LUV IF 3 Brassica carinata KAG2318394.1
]QQ: B [N Raphanus sativus XP 018462862.1 CCD4
W% Camelina sativa XP 010449385.1 CCD4
9% I'fl'ﬁ‘; Brassica rapa VDD04162.1 unnamed
H=>¥ Brassica rapa RID78169.1 BRARA A01020
100 100l [ Brassica rapa XP 009132578.1 CCD4
72 Joi Brassica rapa subsp. trilocularis KAG5413435.1 1G104 001002
100 [ H 3T Sinapis alba KAF8051371.1
100] H & Brassica oleracea var. oleracea XP 013600512.1 CCD4
100 l ¥ N Raphamus sativus XP 018447153.1 CCD4
100—— fUAFGIT Arabidopsis thaliana CAA0395803.1
VA REST Arabidopsis arenosa CAE6187746.1

100 AEMSE Brassica cretica KAF3602546.1
29 MBS Brassica cretica KAF3534699.1

30 SE% Capsella rubella XP 006282800.1 CCD4
TEAIR=E Brassica cretica KAF2613999.1

26 93 WkF%E Camelina sativa XP 010439748.1 CCD4
IOOE SRR Camelina sativa XP 010439749.1 CCD4
36 FIJT Arabidopsis thaliana CAD5328418.1
ERIT Eutrema salsugineum XP 006414000.1 CCD4
100y F I FIT Arabidopsis lyrata subsp. lyrata XP 002869997.1 CCD4
99 KT Arabis nemorensis VVB 12466. 1 unnamed
100 *H‘Eﬂ‘{ﬂ]% Brassica napus XP 013729271.1 CCD4
100 *H WA Brassica napus XP 013729017.1 CCD4
86 H RIS Brassica napus CAF2148544.1 unnamed
0.1 F12% Brassica rapa VDC74557.1 unnamed

. * BAT CCD4 Bl Dfg My [FIVEF 41 .
Note: *. The homologous sequences with CCD4 prediction function.
B2 ZEER CCD4 EERIFH R

Fig. 2 Evolutionary tree of CCD4 in Brassicaceae
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2.3 EfEMET cCcD4 R TR S E
BnaC3.CCD4 H:HY 453 (K1 3) s: 44
FAEA B R 15 & — 0y BARSRHT, T BExT
HERBE M158 Aty 3k Hbr FrBe. FHIEN 4 WA
4R B RS e e —8, HS5 AT AL
#BE No. 2127 1) CCD4 FEH 73 52 4 —%, 5]
H AL B 15 S BB CCD4 3 H AR AE — 7 6
B, HABTEEAE, Co3 Yetik [ CCD4 (Bn-
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+ 40 1]
50: CEAATACTOETGT TARCIBCARTCGCETSTORCCCT TS
55: -—GAT-CIOETGT TAAC TECA-TCGIETITCECCOTT, o
HEhT GTETCRCETT,

T: No.2127 Fil AO8.Ref ¥ N BHIEINA,
Note: No. 2127 and A08.Ref are reference genome.

AE, M CO3 LAY R JRFE DA a] L% Y7 D RE

M50 M55 M58 M61 M158 M

<« 2 kb
<« 1 kb
<« 0.75 kb
<« 0.50 kb
< 0.30 kb

«0.10kb

#/Note: M. Marker; | [ii]/the same as below.

3 BEMBSEEME BnaC3.CCD4 EE R HEER
Fig. 3 PCR amplification result of BnaC3.CCD4 in
white and yellow flower varieties

L N N N S

DONOED  REOSEER  AOUHOOS OhR—hRbh
QSG=%00 CIWSHE —ROUOS  O—aRee

[l

E 4 R BnaC3.CCD4 B ERLRFES

Fig. 4 Nucleotide sequence alignments of BnaC3.CCD4 in white flower varieties
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a) M M50 M58 M61 75 79 80 81 84 86 95 96-1 96-2 109 139 140 141 143 147 158 166 188 M Westar 76-1 111 137 187

b) M M50 M58 M6l 75 76-1
2000 bp

1,000 bp
750 bp

95 96-1 96-2 109 137 139 147 158 166 Westar 187 188

@ 79, 80, 81, 84, 86. 95, 96-1. 96-2, 109, 111, 139, 140, 141, 143, 147, 158, 166, 187, 188 Fll Westar JH (LA EL; 75 Al 76-1 A

BRLLAERTRE; 137 AERT R,

Note: 79, 80, 81, 84, 86, 95, 96-1, 96-2, 109, 111, 139, 140, 141, 143, 147, 158, 166, 187, 188 and Westar are yellow flower varieties; 75 and 76-1 are peach

red flower varieties; 137 is white flower variety.

5 ARE#RF BnaC3.CCD4 (a) F155EETF TE1 (b) Bt MILE
Fig. 5 Detection results of BnaC3.CCD4 (a) and TE1 transposon (b) in different materials
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Note: a. little buds period, b. little petals period, c. blooming petals period; “*” indicates significant differences at 0.05 level.

&6

TRE## 3 MR EE R RIE

Fig. 6 Expression of relative genes at three periods in different materials
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