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Abstract: cqDTFA7a and cgDTFCS, two major effects of early flowering QTL, were identified in the NNDH population of spring
Brassica napus, and closely linked markers SSR G1803, InDel IA7-4, and SSR S035 with c¢gDTFCS developed in previous stud-
ies. In this study, a BC,F, population for early flowering QTL locus c¢gDTFC8 was constructed, and a closely linked SNP marker
was further developed. The early flowering genotypes of one natural resources contained 93 spring B. napus varieties were identi-
fied used four closely linked markers with two loci, and selected 3164 and 2216 resources with cqDTFA7a site, 3484 and 2857
resources with cgDTFCS site. Two site resources were aggregated by site polymerization through reciprocal hybridization. The
polymerized DH system was rapidly obtained by microspore culture and maker assisted selection. A hybrid combination was cre-
ated between polymeric line with good traits and early flowers and the Polima CMS, and the utilization value of the polymeric
line was further analyzed by the production test at multiple environments for two consecutive years. cgDTFCS8 encryption results
showed that this site was located in the SNP11 and SNP12 interval, and separated from SNP11 altogether. The identification re-
sults of early flowering genotypes of natural resources showed that there were 50 individuals containing c¢qDTFA7a locus, with an
average initial flowering period of 58.1 days; 16 single plants containing cgDTFCS8 locus, with an average flowering period of
58.3 days; and 16 single plants containing two loci, with an average flowering period of 55.2 days, indicating the more early
flowering sites containing, the earlier flowering. The results of polymerization showed that the flowering time of the polymerized
lines of c¢DTFC8 and cqDTFA7a was 2-3 days earlier than that of the single locus parents, among which the polymerized DH18
from 3164 of c¢qDTFA7a and 3484 of cqDTFCS was 3 days earlier than that of the parents, and the yield-related traits were better
than those of other lines. The combination of DH18 and the Polima CMS 025A was further utilized, and the combination was
named TZG18. Yield results of two years and nine environments showed that yield of TZG18 was above 17.5% higher than the
Haoyou 11, a local B. rapa variety on the Qinghai-Tibet plateau. Those results indicated that the early flowering site polymeric
lines had an obvious advantage over the single locus lines in flowering time, and had an effect on the increasement of rapeseed
yield. This study is a preliminary exploration of MAS breeding for early flowering traits of Brassica napus, providing materials
support for replacing B.rapa varieties using early maturity Brassica napus varieties in spring rapeseed region, and approaches for
gene polymerization breeding technology.

Keywords: spring Brassica napus; early flowering locus; gene pyramiding; early flowering resources

(Brassica napus L.)(AACC, n=19)

, , (AA, n=10)
(CC, n=9) Abhilash [ (molecular
S S marker-assisted backcross breeding MABB),
, Xa2l  Xa33
( <2800 m), >2800 m Pi2  Pi54
RPHR-1005
(8] 9012AB
S s Crb
[1-2] ZH5 ZS9 ,
(molecular marker-assisted s ZH5
selection, MAS) ZS9
B Bl s
MAS (gene pyramid- ,
ing) (gene transgression) Bl Zhong U
[4]
By804 , MAS , 2 QTL BvHsI"'  BvcZR3 ,
1x9801  1x03-2 , cZR3 Hs1"!
1x00-1 , QTL (] Ty-1
0.72% B3] y-2  Ty-3 , MAS ,
s y-1 D2 D1 Ty-3 ,2
10l1A Al D9 A3 T (6]

MAS , CRb  PbBal.1



1713

[12]

[13-14]
NNDH cqDTFA7a  cqDTFCS 2
QTL, A7 C8 ,
23%, QTL
, 2~3 d,

cqDTFA7a SSR G1803 (0.1
M)l InDel IA7-4 ( el
cgDTFC8 SSR S035 (0.4 cM)"!

cqDTFCS8 BC,F, R

(MAS) ,
QTL ,

E}

1 #MR57IE

1.1
527 cgDTFC8
BC,F, (NN DH DH189
, No.5246 ) cqDTFC8
93 |
025A,
1,
1.2
1.2.1 DNA 33 cTaB M DNA,
5¢
1.2.2 ¢qDTFC8 %% 4% % SNP 4= InDel 4738 I &
No.4512 No.5246
NNDH 20
E ) (L )4

, [llumina HiSeqPE150
(http://www.

genoscope.cns.fr/brassicanapus/data/Brassica_napus_
v4.1.chromosomes.fa.gz) , SAMTOOLS

0.1.19 [18] GATK3.3 1 Unified

Genotyper
Variant Filtration

SNP-index
[20-21]

SNP  InDel
Primer 5
, T 55°C ,

SNP ,

, A\ (SNP-index)
SNP InDel

150 bp ,
,CG 40%~50%
18~22 bp,

[Sangon Biotech (Shanghai) Co.,

Ltd.] SSR

PCR 10 pL,

DNA 1 puL dNTPO.8 uL 10xTE buffer 1 pL Taq

0.2 uL  primer 0.5 pL

(ddH,0) 6.5 puL

SNP  InDel PCR 10 pL, DNA
2.5uL dNTP 1 puL 10xTE buffer 1 pL Tag 0.2 uL
primer 1 pL  ddH,O 4.3 uL 6%
1.2.3  ¢cqDTFC8 R [8) /m 55 B & fs
SNP  InDel BC,F,
JoinMap 4.0 221 , Kosambi
(centi-Morgan,
cM) Mapchart 2.1 (24]
WinQTLcartographer 2.5
(composite interval mapping, CIM) QTL
, Doerge Churchill 2%

1.24 HERKSGEFTRETSLARRL T A AT

I B R A QTL
cqDTFA7a SSR G1803 InDel
1A7-4 QTL cgDTFC8 SSR S035
SNP 93
No.4512 AA ,
No.5246 BB ; 93
cqDTFA7a cqDTFC8
2 ) Fla
DH ,
125 REMKFER 2016 BC,F,
R = 25% - (261,
1 , 25%
2017

93



1714 46
, 0.0015 hm?, ,
3 , 3, 1.6 m, 30 cm, , (kg hm?) =
20 cm, 8 , /0.0015, =( -
1 6 , )/ x100%
1.2.7 HK¥ELE Microsoft Excel SPSS
( ), 220 t
: (ANOVE), « + »
e 1 2 EREHH
: 2.1 cqDTFC8
: 2.1.1 SNP #= InDel #7i2 &9 77 & & i5 ik
(26] NNDH BSA , cqDTFC8
1.2.6 51RF ZBHEXAETENHN C8 SSR S033  S035 ,
2017 1.6~6.0 Mb 71, SNP
DH 025A InDel , 32, SNP
, 2018 F, 11 12, InDel 20 32
(36°48'N, 101°06'E, DH189 No.5246
3030 m) (36°45'N, 101°15'E, 2863 , 2 2 )
m) (36°31'N, 101°07'E, 3132 m) 2 2 , 6
(35°09'N, 100°09'E, 3280 m), 2019 SNP 3 InDel 2
(35°45'N, 101°35'E, , 2 ,
3315 m) (35°25'N, 101°25'E, 3150 m) , ,
() 3 , 1
% 1 SNP # Indel 3|1¥FFE 82
Table 1 SNP and Indel primers sequence information
/
Primer  Position (bp) Mutate, insert/miss Forward primer (5'-3') Reverse primer (5'-3')
SNP6 1636463 G/A CCAGACCCAACATTACCC TCCGGTGTTCTGCTTATT
SNPI1 2777872 G/A GAAAGCTGCTGGGTTTCT TATTATGCCATGTCATCTAC
SNPI2 2833887 A/G CTCGGACGAACAGAACCC TCAGCTCATGGAGGAACA
SNP14 3147552 T/C TTGAAGTCGTGCGTCGGT AGCAGAGTAGAGGAAGCTGGTA
SNP20 3674261 TIC GAGACAAATCTCAGCAGT CAAGATGACGAATCCAAT
SNP21 3706251 TIC GTTTATGTCTGACCTTGTT GTGGAACTTGATGGATTT
InDel 53 5405790 CA/C ATAGACGTAGAGGCTGAGCA  AATCTCGTCACCATCAAGAG
InDel 55 5409462 GAATAACATAAAACTT/G GGTGTTCATCTCTGAAGACAA TTGTGATTTGTGAATTGATGA
InDel 60 5527563 GTCGC/G CATGCTTCATCTCTTCAACA GTCAACCAGCGAGTAGAAAC
2,12 FBREAEESBEMNER cqDTFCS %A% 0~11.6 cM, 0.97 cM,
cqDTFC8 S033 S034 InDel 60~InDel 55 (0.2 ¢cM) ( 1-B)
S035 ( 1-A) 6 SNP 3 cqDTFC8 NNDH
InDel BC,F, , P7MC5-285~S035 , 131.0~133.5 cM,
12 25 cM ( 1-A)
s 9 BC,F, , cqDTFC8 2.2
S033 S035 cM , 2.1~2.7 cM, SNP11
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Fig. 1 Comparison of main loci of molecular marker genetic linkage map before and after encryption and the new marks collinear
alignment
A: NNDH C8 ; B: BC,F, cqDTFCS8 ; C:

A: partial genetic linkage map of chromosome C8 constructed in the NNDH population; B: partial genetic linkage map after encrypting
cqDTFC8 locus in BC,F, population; C: the physical map of the encrypted markers.
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Table 2 Genotype identification results of 93 Brassica napus resources with four markers of two early flowering sites

Genotype First flowering period (d)
cqDTFA7a cgDTFC8 Number of resources * s
Range Mean+SD P-value
G1803 1A7-4 S035 SNP11
AA 56 53.2-62.1 58.7+4.3 0.04*
BB 37 63.2-77.3 65.7+5.2
AA 50 54.2-62.3 58.1+3.9 0.04°
BB 43 63.5-78.2 65.9+4.8
AA 21 55.7-61.7 58.6+3.6 0.04¢
BB 72 62.3-77.7 64.9+4.1
AA 16 52.4-59.3 58.3%3.7 0.04¢
BB 77 62.1-79.3 64.4+5.1
AA AA AA AA 16 53.2-57.6 55.2+3.2 0.008°
BB BB BB BB 30 65.4-79.3 65.0+4.6
P @b e de G1803 1A7-4 S035 SNPII 4 AA BB t

ab e d and © after P-values represent average first flowering time by Student’s #-test for G1803, IA7-4, S035, SNP11, and the four markers

AA and BB genotypes, respectively.

2.3 2~3 d, (3484x3164) DHIS
: , 5454, 3d( 3)
93 , 3484 (cqDTFCS)
2 8 cm 341 2216 (cqDTFA7a)
, cqDTFA7a 2857 (cqDTFC8); 3164 (cqDTFA7a) 7.8
3164 2216, cqDTFC8 cm, 2857 (P<0.05);
3484 2857, 3164 (296 ), 3
,F, : 15 (P<0.05); 2857 , 3
DH cqDTFA7a 24 ( 3) 7
G1803 IA7-4 cgDTFC8 DH ,DHIS
S035 SNPI1 15 DH 4 6
,DH2 DH4 DHS5 DHI2 DHI8 DH20 DH (P<0.05); DHI18 214g, 7
DH23 7 DH G1803 (330 bp) 1A7-4  DH , DH2 DH20 ,
(120 bp) S035 (170 bp) SNP11 (105 bp) 4 4 DH (P<0.05,
( 2 3) 4 , 3484 3164
7 DH , cqDTFA7a
3164 2216 58.3d ; 3484 3164 cqDTFA7a
59.2 d, cqDTFCS 3484 cgDTFC8 | DHI8 ,
2857 57.6d  60.0d,7 DH

545d 57.3d ,
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Fig. 2 Identification result of the polymerized DH lines genotype used four closely linked markers

a: cqDTFA7a G1803 ;b cqDTFA7a 1A7-4 S cqDTFCS8 S035 ;d:
cgDTFC8 SNP11 M marker, 4512 , No.5246 R s 4512
, 5246 7 DH 4 4512

a: identification results of G1803 linkage mark with c¢DTFA7a; b: identification results of IA7-4 linkage mark with c¢DTFA7a; c: identifica-
tion results of S035 linkage mark with c¢gDTFCS; d: identification results of SNP11 linkage mark with c¢gDTFC8. M is marker, 4512 is the
parent of early flowering, and 5246 is the parent of late flowering. Both genotypes are considered as standard, and the same as No0.4512 band
type is considered to contain early flowering locus, while the same as 5246 band type is not considered to contain early flowering locus. The
arrow points to seven polymerized DH lines that are consistent with the 4512 band type under four markers.

£3 BURFEARMABRERAFEMKMALE RN

Table 3  Yield traits and flowering time of single locus parent and site polymeric lines performance

Agronomic trait

Flowering time

Material name Locus Source Fruit length Seed Thousand seeds Carob Yield per plant ()
(cm) number weight (g) number (g)

3164 cgDTFA7a 7.8+1.9 be 29.6+1.0 a 3.8+0.2 cd 293+28.0 be 16.7£2.4 b 58.3+2.2 abc

2216 cqDTFA7a 7.6£1.2 ¢ 25.0£2.5 bcd  4.2+0.1 bed 274+40.5 cd 16.5£3.4 b 59.2+2.1 ab

3484 cgDTFC8 8.0+1.0 ab 27.2+£3.0b 4.2+0.3 abc 341+10.1 ab 17.5+£3.7 ab 57.6+2.3 abc

2857 cgDTFC8 6.9+1.1¢ 26.3+3.0 be 3.6+0.2 f 271+14.5 cde 14.7£2.6 b 60.0+£3.0 a

DH18 cgDTFC8 & 3484x3164  8.1+l.1a 32.0£2.0 a 4.5¢0.1 a 354426.6 a 21.442.1 a 54.5¢1.2 ¢
cqDTFA7a

DH2 cqgDTFA7a & 2216%x3484  7.0+£19e¢ 23.1£5.0d 4.1£0.1 cd 264429.5 cde 18.542.2 ab 55.6+2.0 be
cqDTFCS8

DH20 cqgDTFA7a & 3164%x3484  7.2+1.1d 23.6+£7.0cd  3.6+0.2 ef 339+37.0 ab 17.1£2.0 ab 55.8+1.2 be
cqDTFC8

DHI12 cqgDTFA7a & 2216x2857  7.1+1.6 de 23.443.0cd  4.3+0.1 abc 257438.5 sdef 16.3£3.2 b 56.2+2.1 abe
cqDTFC8

DH5 cqDTFA7a & 3164x2857  6.8+0.9 ¢ 27.6+£3.5b 3.9+0.4 de 216+21.3 f 16.4+2.2 b 56.4+1.2 abc
cqgDTFCS8

DH4 cgDTFC8 & 3484x2216  6.5+0.4 ¢ 25.24+5.1 bed 4.1+£0.1 bed  239+£17.2 def 15.8£3.1b 56.8+1.4 abc
cqDTFA7a

DH23 cqgDTFC8 & 2857x3164  6.8+0.1e 27.8£3.2 b 4.4+0.2 ab 225422.5 ef 16.7+4.1 b 57.3+1.3 abc
cqDTFA7a

0.05

Values not sharing the same lowercase letters are considered statistically significant at the 0.05 probability level.
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2.4 DH18 , 11 :
2017 DH18 TZG18 4 1391.7 kg hm 2,

025A , F, TZG18, 2 11 (1150.0 kghm™)21% ( 4) 2019

2018 TZG18 11
4 , 2019 (P>0.05),
5 2018 11 (P<0.05), 5

TZG18 , 11 ,TZG18  2488.0 kg hm™, 11 2117.3 kg

(P<0.05), hm™, TZG18 , 17.5% ( 4)

k4 TZGI8 MENZ%it
Table 4 Annual production statistics of TZG18

Yield (kg hm™)

Yield
. increase
Variety Menyuan Menyuan Average
. Huangyuan Tongde Guinan Ranch Haibei over control
shagouliang backyard o
(%)
2018
TZG18 620.0+£80.0 a 980.0£166.7 a 2233.3+100.0 a 1733.3+133.3 a 1391.7+733 a 21.0
11
Haoyou 11 686.7493.3 a 1113.3+160.0 a 1986.7+140.0 b 813.3£60.0 b 1150.0£53.3 b 0
(CK)
2019
TZG18 1746.7£160.0 a 2960.0+206.7 a 2500.0+106.7 a 2453.3+140.0 a 2780.0+233.3 a 2488.0+113.3 a 17.5
11
Haoyou 11 1146.7£0.14 b 2393.3+186.7 b 2213.3+80.0 b 2566.7+153.3 2 2266.7£160.0 b 2117.3+93.3 b 0
(CK)
0.05
Values not sharing the same lowercase letter are considered statistically significant at the 0.05 probability level.
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