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Abstract Brassica B genome carries many useful genes and traits for breeding, but the studies on it are quite
limited. To dissect the B genome by developing of a complete set of B. oleracea-nigra MAALs (monosomic alien
addition lines), we created an efficient, rapid and accurate identification and screening system for the Brassica B
genome chromosomes with SSR molecular markers and FISH as the core in this study. Using this system, we
identified and screened MAALSs in the backcross progenies of that the triploid F, hybrid (2n=26, CC.B) was used as
the maternal parent and backcrossed successively to parental B. oleracea (2n=18, CC). Results showed that the
MAALSs with each of eight different B-genome chromosomes added to C genome (2n=19, CC+1B1-8) could be
accurately identified and screened by this identification and screening system. Moreover, the efficiency was very
high that seven different MAALSs were established just within 3 backcross generations. The MAALSs of B. oleracea-
nigra would be valuable for exploiting the genome structure and evolution and using the useful traits of Brassica B
genome.
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Table 1 SSR markers belong to each B-genome chromosome

(cM) (bp)
Primer B. nigralin-  Distance from  Expected product
names kage group top (cM) size (bp)
sJ3838F Bl 0.0 270~280
sJ4933 Bl 27.8 335~341
sJ84165 Bl 34.5 288~334
sJ0644 Bl 47.7 438~451
sJ3891 B1 61.4 100~110 1 SSR
sB05631 Bl 78.3 436~438 : sJ3838F, sB1990, sB0372 ; CC: ;
sJ6846 B2 0.0 319~372 BB: . CC.B:
sBI870 B2 0.0 481-489 Figure 1 Identification of individual alien chromosomes of B.
sJ3302RI B2 10.0 392~409
sJ03104 B2 457 380~390 nigra by SSR markers
sJ7079 B2 59.1 211214 Note: sJ3838F, sB1990, and sB0372 represented three markers;
sB4817R B2 65.8 250~364 CC: B. oleracea; BB: B. nigra; CC.B: The triploid hybrid
sJ3627R B3 10.6 283~291
sB1822 B3 17.5 250~267
sB1672 B3 37.7 191~256
sJ7046 B3 41.1 277~287
sB1990F B3 51.1 491~498
sB1752 B3 61.5 406~422
Ni4F09 B3 - 219
sB2131 B4 0.0 311~321
sA0306 B4 16.8 362~396
sB0372 B4 20.1 233~245
sB2141A1 B4 26.8 381~389
sB1935A B4 40.4 257~260
Ni2E05 B4 - 165
sB02021 B5 0.0 108~187
sB3140 B5 6.6 230~243
sJ38741 B5 9.9 164~185
sJ6842 B5 19.9 331~358
sB2556 B5 233 208~213
sB3872 B5 60.9 276~183
Ni2D10 B5 - 201
sB31138  B6 0.0 188~199 )
sJ7104 B6 35.5 322~337
s10338  B6 456 307~341 s 2n=24;b: 20=20; c:
sIIS05  B6 59.2 268~327 2n=19
sJ36401 B6 82.9 327~346 Figure 2 Somatic chromosome number
Ni4A10 B6 - 303 Note: a: The chromosome number was 2n =24, b: The chromo
sB1871 B7 0.0 417~423 some number was 2n=20, ¢: The chromosome number was 2n=19
sJ391191 B7 25.8 329~388
sJ13133 B7 25.8 294~300 1.3
sJ1536 B7 29.5 210~213
sB1937 B7 42.8 262~279
sJ4633 B7 64.4 307~312 5
sB1728 B8 24.8 445~490 B
P o e pBNBH35 (Schelfhout et al., 2004)
sB3751 BS 52.0 165~198 ° -
sB5162 B8 62.9 274~316
sB3739 B8 76.1

373~377 ( 3).
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2BC, BCG,
Table 2 The somatic chromosome number of the BC, to BC; pro-
genies
Generations Chromosome number Sum
2n=18 2n=19 2n=20 2n=21 2n=22 2n=23 2n=24
BC, 62 14 0 3 5 2 3 89
BC, 38 10 6 2 1 - - 57
43 16 2 3 30 - - 67
35 7 7 9 5 2 0 65
37 12 5 2 0o - - 56
BC; 06 31 5 - - - - 142
91 4 2 - - - - 137
412 134 27 19 14 4 3 613
No. of
plants
3
1.4 Figure 3 Identification of individual alien chromosomes of B. nigra
by FISH
(CC) (CO) . BC,
89 14
R R} (2n=19) B1 (& )B4(2 )
( 3) B54 ) 13 3~6 B
] . 4 BC,
245 BC, 45
1.5 BI(6 )B3( )
(CC.B, 2n=3x=26) B4(10 )B524 )B7(2 ) B8(2 )
3

Table 3 Specific phenotypes of each MAAL

MAAL Specific phenotypes
CC-B1 ;

Puckered leaves surface; anthers contained no pollen at low temperature
CC-B3 ; ; , ;

Triangular leaves; plant tall; purple color on stems, young buds and pods; slender pods
CC-B4 ; ; ;

Dark green leaves with crenate margins; growth slowly; wide and short pods with smaller seeds
CC-B5 ; ;

Light green and ovate leaves with slight serrations; wide and short pods with big seeds
CC-B6 ;

Developed lateral branches; flowered early
CC-B7 ; ;

Dwarf; slender leaves; weak vitality
CC-B8 , ; , ; , ;

Thicker and harder leaves with slightly crenate margins; plant tall with few branches; the inflo-

rescences similar to those of B. nigra with many flower buds; long pods
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47 (2n=20~22), o
B2 B6
BC, B1 B6 ( , ) ( , )
137 °
25 B1 19 B6
o 7 -
134
CC-B1 39 ) CC-B3 (11 ) cCC-B4 (12 )
CC-B5(28 ) CCB6(19 )CC-B72 ) CC- (Lietal., 1995),
B8(23 )( 4). B2 (GISH) (FISH)
4
Table 4 The distribution and number of MAALs ( ) :
GISH/FISH
MAALSs Number of MAALSs ’ :
BC, BC, BC, (Tan et al., 2005; Budahn et al.,
Total 2008; Zhao et al., 2008; Kang et al., 2014; Chen et al.,
CC-BI 8 6 25 39 2014).
CC-B2 0 0 0 0 AB.C
CC-B3 0 1 10 11 Schelfhout  (2004) 1 329bp
CC-B4 2 10 0 12 B o
CC-B5 4 24 0 28
CC-B6 0 19 19 B
CC-B7 0 0 2 B
CC-BS 0 21 23
14 45 75 134 :
Total
2 N MAALs,
- MAALs
N (Zhao
SSR et al., 2008; Ding et al., 2013) - MAALs
N (Heneen et al., 2012),
Kang (2014) SSR
o Chen o
(2014) SSR 11 B
o B
N SSR ( 1o o
) N B
( 3 ) - o

SSR -
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31

(B. oleracea var. alboglabra L., CC, 2n=18,

) (B. nigra (L.) Koch, BB, 2n=16, : Giebra)
(CC.B, 2n=26)
(Cui et al., 2012),
(CO) 3 BC~BC;
3.2 SSR
49 B SSR
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4 B 4
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ddH,0 4.8 pL, 94°C 4 min 1
94°C 45 s 60°C 30s 72°C 455 9
0.5C 94°C 45s
55°C 30s 72°C 45s 30 72°C
10 min, 6%
1.5% ( ,2015),
33
3~4 mm
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