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Marker—assisted selection of TuMV resistant near—isogenic
lines in Chinese cabbage

LI Qiaoyun, ZHANG Zhigang, XU Nianfang, WANG Shubin, LIU Shuantao,
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(Institute of Vegetables/Ministry of Agriculture and Rural Affairs Key Laboratory of Huang Huai Protected Horticulture
Engineering /Shandong Key Laboratory of Bulk Open-field Vegetable Breeding, Shandong Academy of Agricultural
Sciences, Jinan 250100, China)

Abstract To explore the function of Turnip mosaic virus gene TuRBCSO01 in Chinese cabbage, and to enrich
the germplasm resources, the TuMV resistant ‘Guan 291’ near-isogenic line was constructed using 49 pairs
of InDel or SSR codominant markers as the background makers which with good polymorphism and relatively
uniform distribution on chromosomes, BrID10723 and mBr4055 as the foreground selection markers, Chinese
cabbage TuMV susceptible backbone parental material ‘Guan 291’ as the reincarnation parent, TuMV-resistant
source material ‘8407’ as the donor parent. The results showed that 1) the highest background recovery rate
of BC, generation reached 94. 44%, the highest background recovery rate of BC;F, generation was 97. 96%;
2) In the BC4F, generation, individuals could be obtained that fully recover the *Guan 291’ genome. After one
more generation of self-pollination selection, a homozygous TuMV-resistant ‘Guan 291’ near-isogenic line could

be obtained;3) No significant difference in bolting-related traits existed compared ‘Guan 291’ to some near-
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isogenic lines. The acquisition of these near-isogenic lines has laid the foundation for the cloning and functional

study of the gene TuRBCSO01. At the same time, it provides excellent germplasm materials for breeding of new

TuMV resistant varieties in Chinese cabbage.

Keywords Chinese cabbage; TuMV; TuRBCSO1 gene; marker-assisted selection; near-isogenic line
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Fig. 1 Technical roadmap of marker-assisted selection breeding for TuMV resistant near-isogenic lines of Chinese cabbage
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Table 1 Distribution of background markers on Chinese cabbage chromosomes

Z SR IC B

YL
WA Number of polymorphic

Chromosome

Average distance

Fric 1] i KB B /Mb

Maximum distance

S £ 15 5 /Mb

markers between markers

Chrl 5 4.2 17.7
Chr2 2 8.9 8.9
Chr3 7 3.9 8.4
Chr4 4 1.3 3.3
Chrb 5 4.1 13.3
Chr6 6 3.1 8.9
Chr7 7 3.0 11.4
Chr8 1

Chr9 8 3.6 14.6
Chr10 4 3.4 7.5




86 IS [ N SR S

2026 4F 55 31 %

2.2 BC,EEHH

FIHFEE TuRBCSO1 1 W 3 b i BrID10723 il
mBrd055 X 157 ¥k BC, #f 14 F ¥k i 17 PCR ¥ 1 4
W &B 43 3 45 AN 2 0T 7R o A BrID10723 fi A5
P4 R 2 A HUR WA 69 Bk (f'=2. 30, %o 0"=

M P P, 1 2 3 4

(b)

3.84) , £ mBr4055 i g1 1 S A A PR S5 A
70 bk (=1.84, y0.0°=3.84) , 7E Wi bR ic A 3"
B 2R B PO A AR 68 Bk o i — 2 BT X 68 B
B FFAE B o, Hodh A 60 AR JF (A6, M HP BE 5 10 fk
TTI3E, 3545 BCoo

7 8 9 10 11 12 13 14 15

7 8 9 10 11 12 13 14 15

M :Marker; P1: ‘8407 ;P2: ‘56 291" ;1~15:BC1 BRI MY A [d] 2 kk .
M:Marker; P1:°8407"; P2:*Guan291’; 1-15: Different individual plants of BC, population.
2 #% BC,H#H BriD10723 (a) 1 mBrd055 (b) B 5% 1%

Fig. 2 Foreground selection of some BC, individuals by using BrID10723 (a) and mBr4055 (b) makers
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Table 2 Results of marker-assisted selection for each backcross generation

Bl 7 e 4 R
Foreground selection Background selection
S hRiC i it
: ey IR e 5 ;
W OV e Db e filik
Generation  Number of - el 2 Number of plants Number of Purpose
Number of ~ Number of Number of . . lected plants
plants : with minimal selected plants
plants with  plants tested ~ markers
tested heterozygous
both markers .
marker loci
BC, 157 68 10 [a] 52
BC, 128 50 40 36 13 1 [a] 52
38 4 9(0) 1 N
BC.F, 102 40 B
9 13 3(2) 1
30 e
BC,F, 99 78 78 2 7 =
T 4(2) e
BC,F, 226 33 375 2 112¢0) 145 Blin B SIS S

TE 465 i B B R H SR PR 5 M RS R 291 J R R I AR IC . 3R I R R S A5 B I LR
Note: Numbers in parentheses indicate the number of markers that have not yet restored the ‘Guan 291’ genotype after background

selection. * indicates the pure disease-resistant plants after foreground selection.

RGO B Lk TPk B A EE BCF, A PR AL 4l A 1 Rk A 23R e 2917 14T TuMV
2.6 BC,F,BE4HHh IR R (F 2, %5 GTR-1~GTR-145,

F 2 A 4 & 00 A kR Ad 43 9 xF BC,F,-12, 2.7 EZEEREFEZHNFERZHREE

BC.F;-33.BC,F,-44 Fl BC,F,-59 #E14 f% 90.108 .72 L5 2917 Sy okt B B BL 6 B 18 3 3 45 3 IR &
1054 Bk L 20 DNA JEAT 35 52000, 0 B4 0. HEAT TuMV Bk % 58 M S5 BRI 20 0, 45 R0,
2268 F1 22 D A TR o 2917 BE DAL s M T Bt R BBR TR 27~ 32 MR Y 18 1y 1T Sk R R A R
F& ig BrID10723 A1 mBr4055 43 %l X} BC;F,-55.  $us, H 2R H W B R 0% (E 3D 54 7140
BC:F;58 Fl BC:F;-77 £ £ 19 78,90 il 58 > B bk Ak [A] MBI S5 BRYER S 51 291 %A I B 25 57 (% 3,
A DNAFEAT M, 20 B 917 F1 74> BLpk 4 4 3 Fl4), RIS i SE 3 N R E T d 2917 F AR
REEEPUR SN . A ER 145 Rk BRI E . LR,

(a) (b)

B3 ‘E291 (a) REIEZEEER(b)EM TuMV FHHHERA

Fig. 3 TuMV resistance manifestation of ‘Guan291’ (a) and the near-isogenic lines (b) after being inoculated withTuMV



88 b Rl KO 2026 4F 4 31 %

F®3 ‘BOURHIEEERRLEIKERITLE

Table3 Comparison of the heading related traits between ‘ Guan291’ and its near-isogenic lines

P SR A/ BRI A/ St B o I % MER S/ MEREAR/ K/ EH R/
e ke ke Number of  Number of e cm o cm
T r
Test Total weight  Heading b . b Heading Heading Shortened  Shortened
. . outer leaves inner leaves . . .
population of plant weight height diameter  stem length  stem width
“5E 2917 3.24+ 1.72+ 9.00+ 26.00+ 35. 334+ 22.17+ 3.754 3.30+
*Guan 291° 0.11 A 0.05 A 0.45 A 0.86 A 0.49 A 1.11 A 0.15 A 0.05 A
 GTR-69’ 3.29+ 1.76+ 10. 67+ 28.50+ 35.184 23.60+ 4.524+ 3.70+
i 0.27 A 0.10 A 0.99 A 0.15 A 0.73 A 0.24 A 0.18 A 0.15 A
« GTR.73’ 3.11+ 1.84+ 10. 17+ 29.33+ 34.95+ 21.42+ 4.27+ 3.35+
i 0.18 A 0.11 A 0.70 A 1.52 A 0.89 A 1.09 A 0.08 A 0.08 A
‘GTR-86° 3.04+ 1.91+ 9.00+ 28.67+ 35.67+ 23.42+ 3.70+ 3.42+
i 0.17 A 0.13 A 0.45 A 0.56 A 0.46 A 0.65 A 0.21 A 0.10 A
« GTR-90 3.004+ 1.95+ 9.83+ 28.834 35.424 22.13+ 4.704+ 3.50+
i 0.12 A 0.07 A 0.31 A 0.70 A 0.40 A 0.22 A 0.18 A 0.03 A
« GTR-99° 3.12+ 1.87+ 10. 17+ 29.504+ 33.424 23.25+ 4,454 3.30+
0.19 A 0.11 A 0.60 A 1.02 A 0.79 A 0.59 A 0.27 A 0.08 A
‘GTRA11° 3.49+ 1.75+ 11. 00+ 25.83+ 33.674+ 25.17+ 3.87+ 3.45+
i 0.21 A 0.07 A 0.32 A 0.48 A 1.22 A 1.33A 0.06 A 0.06 A
GTR-118’ 3.784+ 2.01+ 10. 50+ 27.33+ 35.80+ 23.18+ 3.83+ 3.43+
i 0.15 A 0.08 A 0.85 A 0.42 A 1.14 A 1.27 A 0.11 A 0.13 A

T R D P I A R R . B R B DR R Oy 22 0, R S0 BCE J AR IR RS R R 2 A B (P>0. 01D
Note: The data are means &= standard errors. One-way ANOVA was performed , data in the same column with the same uppercase letters indicate
no significant difference (P=>0. 01).

(a) “5E291° (b) ‘GTR- 69 (¢c) ‘GTR- 73 (d) ‘GTR- 86°
(a) ‘Guan 291°

(e) ‘GTR- 90’ (f) ‘GTR- 99’ (g) ‘GTR- 111" (h) ‘GTR- 118”

B4 ‘B2 REREEEEZMHKE

Fig. 4 Leaf ball diagram of ‘Guan291’ and its near-isogenic lines
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