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Cytological and Molecular Analyses on Hybrids Progenies Derived
from Crosses between Brassica napus L. and Brassica rapa L.

YIN Ting, ZHAO Tong, LIU Hai-dong, LI Kai-xiang, YU Qing-lan, ZHAO Zhi-gang
( Academy of Agricultural and Forestry Sciences of Qinghai University/ Key Laboratory of Spring Rapeseed Genetic Improvement
of Qinghai Province / Spring Rape Scientific Observation Experimental Station of Ministry of Agriculture and Rural Areas/ Qinghai
Province Spring Rape Engineering Technology Research Center, Xining, 810016 )

Abstract: In this study, interspecific hybridization between Brassica napus L.(2n=38, AACC ) and
Brassica rapa L.(2n=20, AA ) was performed, followed by cytological and molecular analyses of the progenies
at the early generations in order to achieve rapidly acquisition of novel B. napus L.. The results showed that the
F, plants obtained from the crosses between B. napus L. and B. rapa L. represented 29 chromosomes and low
pollen fertility, with the phenotypic variation largely derived from the female parent B. napus L.. In F, plants, the
morphological and cytological analyses revealed a proportion of plants with the B. rapa-like phenotype carrying
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20 chromosomes ( 2n=20, 1.64 1+9.11 [1 +0.04 Il in pollen mother cells ( PMCs ) at diakinesis ) , as was that of
the parental line B. rapa L.. F, plants carrying 24-28 chromosomes was intermediate for phenotype, while the
remaining plants with 29-38 chromosomes showed the phenotype similar to B. napus L.. A few plants containing
38 chromosomes presented low seed-set after self-pollination, and the chromosomes pairing configuration was
0.681+18.231+0.30 Il . The B. napus-like F; plants were all derived from such F, plants, and the F, plants
with 2n=35-36 gave ~40% F; progenies with 2n=38. It could be concluded that the production of the B. napus-
like progeny was rational via the directional selection of the F, plants with such phenotype ( B. napus-like ) and
cytology ( 2n = 35 ). During the PMCs meiosis of F, plants with 38 chromosomes, the pairing configuration
was 0.59 [ +18.30 11 +0.26 IIl, and the number of bivalents ranged from 16-19, with mainly 19 Il accounting for
58.62%, while the number of univalents was from 0 to 3. Compared with F, plants with 38 chromosomes, the
number of univalents and trivalents decreased. In order to study the introgression of parental genetic material in
the progenies, AFLP and SSR molecular markers were used for the F, and F; generations. The results showed that

the A-genome of early maturing B. rapa L. was introgressed in the hybrid progenies of F, and F;, accompanied by

the double variation of A-genome and C-genome of hybrid progenies.
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A1:2144; A2: 750 11 55 A3: F, (2144 x I3 115 )( 1 bar=5 cm )
Al:2144, A2: Haoyou 11, A3: F, (2144 x Haoyou 11 )( 1 bar=5 cm )
1 HERZFERRF, BEUE
Fig.1 Morphological observation of the parents and F, between B. napus L. and B. rapa L.
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Table 1 Morphological variation of F, progenies from
hybrids between B. napus L. and B. rapa L.

TR AL TEMEH Hetil (% )
Plant type No. of plants Percentage
W3R B. rapa-like 5 4.10
HrE] 7 Intermediate 26 21.31
IR H R B. napus-like 85 69.67
HiAih, Others 6 4.92
H3t Total 122 100.00

&R 2 F, ¥k PMCs R LB AR TR

SEZI], M RECH N 6~14 4> (B 2B), B 7% Ja Y
PR, a1 U 43125 B 25 0 B I Y o AR e (a4
B, DU 434 s 34 3 o B Z2 43 96 F- . 2n=29~38 [T}
R AR 250 H W D35, 29~37 2 a] AR Bk — A 14
HHANT 10~18 Z 0] (& 2C. D), J&5 ] V11 43 & it
I G YL e R R e o iR A (K1 2E F. G ), lU5 A
A3 B =390 5 ek 38 SRR AN AR H
TE 16~19 Z 0], Yo (@ AR g X #4 %9 4 0.68 1+18.23 11+
0.30 L1, DU ARSI L pU 4336 Fh = (& 2H ),

Table 2 Chromosome pairing associations in PMCs of the F, plants

LSPGO AR R (AL )

REMEH PMCs %(H Chromosome associations at diakinesis ( Range of variation )
No. of chromosomes No. of PMCs

11 111
20 76 1.64(0~4) 9.11(8~9) 0.04(0~1)
24 100 4.55(0~10) 9.01(6~12) 0.45(0~2)
26 100 2.97(0~8) 10.98(8~13) 0.37(0~2)
27 100 1.28(0~5) 12.11(10~13) 0.50(0~3)
28 102 232(0~8) 12.03(8~14) 0.54(0~2)
29 50 3.90(1~11) 12.04(10~14) 0.10(0~1)
30 134 2.24(0~10) 13.19(10~15) 0.56(0~2)
31 99 1.35(0~6) 14,01 (11~15) 0.54(0~1)
32 100 1.45(0~4) 14.67 (12~16) 0.39(0~2)
33 100 3.36(0~9) 13.84(10~16) 0.61(0~3)
34 58 1.46(0~8) 15.91(12~17) 0.16(0~2)
35 47 2.13(0~11) 16.15(12~17) 0.19(0~2)
36 70 1.19(0~6) 16.93(15~18) 0.33(0~2)
37 48 1.94(0~5) 17.13(15~18) 0.27(0~2)
38 37 0.68(0~4) 18.23(16~19) 0.30(0~2)

Az el 20 4 PMCs 1l T 5 B: Je(fk 26 4 PMC A7 13 115 C: Je(@id 31 4 PMC 47800 15 T +1 15 D: Je(afhk 33 4% PMC 25010
16 1 +1 1 ;E: Jefafhk 28 25 PMC M T 5 F: Yeafhk 26 4% PMC SR 1 3% 5 Yo ARFI A IRRR ; G Yo @ik 33 4% PMC R I Qe @ fAAf ;
H: Yo ik 38 45 PMC U434+ (1 bar=10pum )

A': Some metaphase I PMCs with 2n=20, B: A diakinesis PMC with 13 Il in 2n=26, C: A diakinesis PMC with 15 Il +1 I in2n=31,D: A
diakinesis PMC with 16 Il +1 I in2n=33, E: A metaphase | PMC with 2n=28, F: An anaphase | PMC with some chromosomes lagging and
chromosome bridge 2n=26, G: An anaphase Il PMC with chromosome bridge in 2n=33, H: A tetraspore PMC ( 1 bar=10 pm )

2 F, ##k PMCs B D352

Fig.2 The meiosis observation in PMCs of F, plants
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Table 3  The rates of the F; plants with 2n=38 produced by the B.
napus-like F, plants with different chromosomes

2n=38 i F, FEkk L1

F, Qe k%A 2n=38 1Y F, fiihk (%)
‘0
No. of chromosomes ~ No. of plants with
. . The percentage of the
inF, 2n=38 in F, . .
plants with 2n=38 in F;
29 1 8.33
30 2 16.67
31 3 23.08
32 5 17.86
33 3 20.00
34 1 25.00
35 4 40.00
36 2 40.00

&4 =38 B F, I PMCs L BEAEHIS
Table 4 Chromosomes pairing in PMCs of F; plants with

2n=38
. PMCs % AR Ak .

RG] Wfl(%) T

o H No. of Range of
Pairing Percentage Average

PMCs No.

2Ky
FM, e 30 34.49 0~3 0.59
Univalent
-

,ﬁﬁg 87 100.00 16~19 18.30
Bivalent
=4

hﬁi 18 20.69 0~2 0.26
Trivalent

R 5 2n=38 B F, ik PMCs N N E% B R n%E
Table 5 Bivalent numbers and percentages in PMCs of F,
plants with 2n=38

=] a1
60 170 180 191 At
Item Total
/ﬁan\é 1K
B 11 18 51 87
No. of PMCs
HIrH (%)
8.05 12.64 20.69 58.62 100.00
Percentage
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TR VER S 4 A 608 5 H 543 2%, 43 5 HE
A 77.16% F1 68.91%, 45 HHAC X & %5 51 4
R 4547 5 RUSE A5 4300k 21.71 ANF0 19.39 4, i F
ARSI R B AR Y HAR , i O S50 R Ve , 1
VEE T YL 5 R i I 23 AT, B BRIV T
30~700 bp Z[A], 28 %F AFLP 5| ¥1# #i 4% 5 | F, .
Fy HRRBREEACHE RSN A4 35 T 3 Pk 450
ACARGF R SRS 11 SHREAT AN H
R 2144 BRI FIAIXTRCE A6
BEIROUE A1 825 P F T SSR 51 9 i i , A
200 XF A 3 [H 21 ¢ 55 SSR 5| H i 1k 72 % £
YL, XTHEXA R T T, § G ZE R R F
] B ELAT WG Ay, H G Aty B, ey o i — 250
Y 4 DHEBR Dy B Fh . F, A, vhp 547 58 1 273
it M 275 Za, Hop R 238 M 0 5% o A
270 Z54H5 Fl 255 451, 43 0l 7 B %Al Y 98.90%
F192.73% , 25 A 315X 5 | P ARGl A543 356 PRI 37 553
43R 3.75 A F 3.54 A, i BeR /YT 90~550 bp
ZIA],
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Table 6 AFLP and SSR amplifications of the progenies from the hybrids

N TRV AR AR 58 Sige LA ZEEAR (%) BN | PG S5 (o R

Marker Hybrid progenies Total bands  Polymorphic bands ~ Polymorphism rate Average No. of alleles per pair of primers

FLHY] AFLP F, 788 608 77.16 21.71

AFLP of genome F, 788 543 68.91 19.39

A HH40 SSR F, 273 270 98.90 3.75

SSR of A-genome F, 275 255 92.73 3.54

C P41 SSR F, 166 165 99.40 3.67

SSR of C-genome F, 162 161 99.38 3.58

FHBGER R 1 C FEHL4R5 SSR 514 45
XFo X HEE AT REIETT 40 7 2 B, 7E F, 1 F, 4 51
PRI 166 A M 162 454y, Horp B 281 4%
WA 165 25 F 161 25417, 20 310 5 s 4 i
99.40% Fi1 99.38%, 5 AR 22 B X 5 | 49 e ) 45 457
FERAT 4y 508 3.67 A 3.58 4, B BER/MAF
100~510 bp Z[d],
242 BXBHXAEERAMNSEASTSR HT
RS HHE AL 2R SR A SR AR A A SR A
FAE T IX 5 A LA AR IR, 1S AL SR A KR
AL A" Fom, B A =E A LR 4L A" 2R,
ABEGEFH 72 %F A1~A10 Y {0 4K 1 55 53 P SSR 5|
PIxH 225 IS AR R T3S, ISR 7 B« T
LS8 A AR Al~AL0 B A Y R AEH A

R7T EZERPEFEME A" LBERESN

FRAJE R AE R FEREBE B A, F, 1 Fy 3B ACRLE
14.79%~29.00% . 10.53%~26.98% Z [d], 43 B TE A7 .
A4 Qe fRB AR e, A5 AL0 Qe ki A R iy
K. 245G ARTE A1~A10 AN [RI YL (A 48 A A
[ (& 3), F, F; ¥7E AS Jeta ik A48 % i 5, A6
DGRV NI o - (198

243 HERHX CEREATRSN X F,.FH
45 Xt C1~C9 Yy o /4 i 15 5 M SSR 5| Wy it 47748 =
ST, G5 RN 8 iR, F, F, 7E C1~C9 £ YL (A
(RAE S BLARTE], F, 78 C1~C9 YLy 18 H iy £
SOMTE 612~1573 4522 [0), BRI R 0~210 5%, B
WTE 0~213 222 00), H C8 Y f A [ o6 I 3] 25 55
B a5, C1 etk b e R i 5 e K, AR
20.11% Fi1 20.40%, 2% 55 2 B 5 = F, 7E C1~C9 4L

Table 7 The genetic introgression of A" chromosomes from B. rapa L. into the hybrid progenies

F, F, F;
FJI% e/ e N e /T s 3 S5 SN
et S e A FEEA4L /%;/\q*z I FEIE AL /z/\?% g A FHREAT L B (%)
No. of A" % ) No. of A" (% No. of A"
Chromosome ~ No.of Ty, o ‘ ) Total o ’ ) Total . Introgression
: characteristic Introgression characteristic Introgression characteristic
primers  pands bands bands rate
bands rate bands rate bands
Al 11 253 79 31.23 2091 570 27.26 1654 413 24.97
A2 7 135 36 26.67 1031 217 21.05 953 203 21.30
A3 7 154 60 38.96 1273 345 27.10 1031 237 22.99
A4 6 97 36 37.11 1064 301 28.29 908 245 26.98
A5 6 114 46 40.35 1095 162 14.79 1056 128 12.12
A6 9 182 59 3242 1341 386 28.78 1155 251 21.73
A7 8 192 90 46.88 1176 341 29.00 970 182 18.76
A8 5 130 40 30.77 1071 231 21.57 914 219 23.96
A9 6 181 60 33.15 1250 247 19.76 1106 217 19.62
Al0 7 233 69 29.61 1598 268 16.77 1216 128 10.53
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i £ .l FEOTHTL: SR U, Fy S CLL C2 Bk
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S| 3 it
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Fig.3 The variation rate on different A-genome
chromosomes of hybridization progenies

T2 H A =i v Sl s L o B b . A
WFE 2O H A2 S AR F, K A A2 sl ik 52
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Table 8 The genetic variations of C-genome in hybrid progenies
F, Fy
Rk SR g SR BUSE B B SR BUK BUGR RN R Ak
Chromosome %0 U A () #MC (%) () TN () (%) (%)
primers bands Missing Missing Novel Novel Variation nds Missing Missing Novel Novel Variation
bands rate bands rate rate bands rate bands rate rate
C1 5 1044 210 20.11 213 20.40 40.52 785 64 8.15 33 4.20 12.36
C2 7 1345 96 7.14 156 11.60 18.74 1215 163 13.42 171 14.07 27.49
C3 3 647 20 3.09 38 5.87 8.96 531 67 12.62 27 5.08 17.70
C4 4 802 1 0.12 42 5.24 5.36 608 0 0 3 0.49 0.49
C5 6 1573 199 12.65 78 4.96 17.61 1347 200 14.85 54 4.01 18.86
Co6 5 612 106 17.32 0 0 17.32 487 95 19.51 0 0 19.51
C7 7 1244 70 5.63 158 12.70 18.33 1076 118 10.97 172 15.99 26.95
C8 3 622 0 0 0 0 0 506 0 0 0 0 0
(o] 5 728 40 5.49 87 11.95 17.45 630 28 4.44 52 8.25 12.70
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