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Breeding of elite restorer lines based on 3 Pol CMS lines in spring Brassica napus L.
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Abstract: To find out elite restorer lines during high yield hybrid breeding, 3 Polima cytoplasmic male sterile
(Pol CMS) lines of spring Brassica napus L. were used to formulate stronger hybrid combination in spring rapeseed
area. SLAF-seq was used to develop SNP markers for the 3 sterile lines and also 118 restorer lines. All 121 materi-
als were clustered based on SNP markers. According to clustering results and their flowering times, 40 restorer lines
were selected from each categories to the 3 sterile lines respectively. Under the adopted NC II design, 120 hybrid
combinations were prepareed and analysed on their combining ability, heterosis and correlation of parental genetic
distance, combined cluster and high—yield combinations. Results showed that genetic clustering divided 121 B. na-
pus resources into 5 categories. The 3 sterile lines were grouped into category V. General combining ability (GCA)

of the 43 parents varied from —20.78 to 30.42. Three restorer lines (R83, R107 and R13) and one sterile line S3
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(105A) had larger GCA. In the combinations, S3XR13, S1XxR48, S3xR11, and S2xR89 had higher special combin-

ing abilities. The combination S3XR13 had the largest yield over—standard heterosis and over—parent heterosis

(37.12% and 42.52% respectively). Genetic distance and individual yield were extremely positively correlated,

with correlation coefficient of 0.390. Among the hybrid combinations, most of the restorers with top 20 yields were

from Type I group, which had large genetic distance with the sterile lines. Meanwhile, some varieties popularized in

spring rape areas, including restorer lines of Qingza 2, Qingza 7, Qingza 9 and Qingza 12 were all derived from hy-

brids of Type I and sterile line S3 (105A). Therefore, it was considered that sterile lines crossed Type | restoring

lines could be strong hybrid combination in spring B. napus.

Key words: Brassica napus L.; Polima CMS (cytoplasmic male sterile) ; restore lines; combining ability; het-

erosis; heterosis model
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Table 1 The top 10 restorer lines of Brassica napus in genetic distance with three sterile lines
S1 S2 S3

Hery kRS 55 St e e MEHRS 55 S2 E S R S 55 S3IHEIES
Order Sample ID Genetic distance with S1 Sample ID Genetic distance with S2 Sample ID Genetic distance with S3

1 R97 0.50 R11 0.42 R77 0.49

2 R107 0.50 R4 0.41 R84 0.48

3 R80 0.48 R19 0.41 R107 0.48

4 R84 0.48 R12 0.40 R27 0.48

5 R4 0.48 R64 0.40 R97 0.47

6 R98 0.47 R73 0.40 R83 0.46

7 R92 0.47 R106 0.40 R80 0.46

8 R83 0.46 R57 0.40 R92 0.46

9 R53 0.45 R79 0.40 R4 0.45

10 R113 0.45 R78 0.38 R98 0.45
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Fig. 1 NJ phylogenetic tree of Brassica napus line based on SLAF—seq
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Table 2 Analysis of variance of yield—related traits of 120 hybrid combinations

INX PRI EL SR TR H
g Sk R H Block Yield Efficient siliques/plant Seeds per silique Thousand-seed weight
Source of variation df #J5 Yo7 by b
F P F P F P F P
MS MS MS MS
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oc
e
119.00 0.03 3.67 0.00 3181.09 1.62 0.00 16.60 5.30 0.00 0.28 2.77 0.00
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AHFRS)
2.00 0.06 5.61 0.00 5925.49 3.59 0.81 34.79 7.19 0.00 0.51 4.20 0.17
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39.00 0.29 29.25 0.12 9365.03 5.67 0.01 120.48 24.90 0.00 2.20 18.25 0.00
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(SKR) 78.00 0.01 1.23 0.00 1650.32 0.84 0.00 4.84 1.55 0.00 0.12 1.18 0.00
Sx
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Table 3 Effect of GCA and SCA of 120 combination’ yield
R R FHGCA sCA AL R S GCA SCA
Restorer line and its GCA~ S1 (=3.76)  S2 (-4.90) S3 (8.66) | Restorer line and its GCA ~ S1 (=3.76)  S2(-4.90)  S3 (8.66)
R36 (18.72) 0.985 -6.713 5.728 R93(10.70) 3.451 -0.845 -2.6066
R39 (-20.78) 7.095 5.838 -12.933 R114(9.21) -3.429 -3.390 6.8189
R43 (10.41) -0.323 0.640 -0.317 R95(-10.85) -3.026 2.126 0.901
R1 (-14.09) 2.047 4768 -6.815 R98(4.06) -8.590 3.194 5.396
R44 (2.04) -2.100 3.569 -1.469 R16(-10.28) -1.499 2.156 -0.657
R45 (-11.08) 9.350 -9.714 0.363 R116(-6.33) 11.947 -0.888 -11.059
R107 (22.08) -5.100 2.729 2.371 R3(-6.41) 9.073 -5.256 -3.817
R48 (15.87) 17.341 -14.242 -3.099 R18(-12.84) -9.555 7.066 2.489
R53 (-9.2) -11.703 6.039 5.665 R21(13.42) 5.107 -4.335 -0.771
R55 (-6.22) -1.674 7.348 -5.674 R23(-7.09) -8.412 7.823 0.589
R59 (-4.40) -3.807 1.473 2.334 R27(0.22) 13.153 -8.382 -4.771
R60 (1.55) 2.497 -9.374 6.877 R83(30.42) 7.197 -4.731 -2.466
R11 (10.11) -6.790 -8.259 15.049 R63(-19.16) 8.057 9.407 -17.463
R13 (20.68) -9.104 -14.158 23.262 R31(8.14) 0.032 5.109 -5.141
R14 (-0.88) ~7.799 5.521 2.278 R32(4.31) 10.502 -10.987 0.485
R2 (1.59) 6.513 -3.933 -2.581 R65(-5.85) 2.871 -1.613 -1.258
R101 (-13.18) -5.421 7.7463 -2.3249 R71(-1.51) -9.4922 3.713 5.780
R15 (-3.63) 6.645 2.3061 -8.9519 R75(6.15) 0.6807 -4.942 4.261
R90 (-20.56) -6.261 2.7664 3.4942 R76(-2.73) -0.0251 5.667 -5.642
R89 (-5.18) -16.277 15.0285 1.2485 R118(2.59) -4.1556 -0.269 4.425

TE:GCA:— BB A I s SCA AFIRBLA J1 5 455 Rl B BUE N 2 AR ) — JBCBE 45 0 380 A

Note: GCA: General combination ability ; SCA: Special combination ability; The value in brackets is therelative effect value of the parent’s GCA

R4 DROMZEZHEREMABESRER
Table 4 Heterosis of 120 hybrid combinations

MPH/% OPH/% OSH/%
TE EmEH E
etk . POLT: - PO . PO
) EHEMEH AR A R 2 A o PE R HE i
Traits Proportion Proportion Proportion
Mean  Variation Positive of Mean Variation Positive of Mean Variation Positive of
1% 1% 1%
MPH OPH OSH
-36.12~ -45.51~ -37.63~
FE o Yield 7.92 78 65.00 -6.09 45 3750 -10.21 24 20.00
54.48 42.52 37.12
L . -21.89~ -27.26~ -27.76~
B SRR SS 8.89 58 48.33 -0.11 56 46.67 -4.20 39 32.50
44.59 27.63 15.52
. -17.85~ -23.37~ -28.30~
T-HRITE TSW 1.56 70 58.33 -4.36 43 35.83 -7.98 20 16.67
25.48 20.99 14.92
HRRA U R -35.08~ -43.13~ -20.33~
6.77 30 25.00 -14.18 21 17.50 60 50.00
ES 36.83 30.03 47.85

1 : MPH : H R0 3; OPHAAB S 0 # s OSHAB AR #

Note: MPH: mid-parent heterosis; OPH: over—parent heterosis; OSH: over—standara heterosis; SS: Seeds per silique; TSW: Thousand—seed weight;

ES: Efficient siliques of individual plant

45 S3xR1T, ) B (R A PExF M) K E & R11
BT VR TG JE S3XR107, AW E 5
RIO7TALT56 136, DL EAVREN], (Sx T KKER)
A2 BE i £ 55 I 3 o S M R vk K TRl B
FPEAT REA S3 10 R4 i 20 A2 H BLAY 1L

oS

PE—2 03 T o305 3 AN E R 2452 4l
AKX PR (R 6) B 5 AE & S1ACH
Ha /MK H RS, (Sx T 2RIKE R
A 54, 4 50%, (S V2RI E R) UL &FA 2
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x5 MNXFEHRW20HGRHEARAN
Table S Combining pattern of 20 crosses with higher plant block yield

R 5 ke INXT kg X BRI 1% HiREyEN
Order Combination Block yield Comparative advantage Combination model
1 S3xR13 0.99 37.12 Sx 1
2 S3%R83 0.89 22.75 Sx 1
3 S1xXR83 0.87 20.27 Sx 1
4 S3xR11 0.87 20.24 SxV
5 S3xR107 0.87 19.61 Sx 1
6 S3xR36 0.87 19.60 SxIll
7 S1xR48 0.83 14.93 SxV
8 S3xR114 0.81 12.04 Sx 1
9 S3xR48 0.79 9.11 SxV
10 S3xR21 0.79 9.00 Sx I
11 S2xR83 0.79 8.53 Sx 1
12 S2xR107 0.78 7.74 Sx 1
13 S3%R75 0.78 6.99 Sx [
14 S3xR43 0.77 6.70 SxIV
15 S3XR98 0.77 6.13 Sx 1
16 S3XR60 0.76 5.21 Sx 1
17 S3%XR93 0.76 4.91 Sx 1
18 S1XR36 0.75 4.17 Sx1ll
19 S3xXR118 0.75 3.94 SxV
20 S1xR21 0.75 3.12 Sx 1
X e HAS5 S
CK Qingza 5 072

Fe T, IL IV, VAR LRI S AT R
Note: I, I, IV, V: Classification in cluster analysis (Fig. 1); S: Sterile lines

AL (ST (SXTMZE) (SXIVEOBX I 14,5 FE3AAER/DX =B b i R FEF
AE R S2E A /NX PR HERT A, (S 50%, 3 H 1 8P AYIR 2 2RI T 2 B9 A5 15 2 AR
[ B E 2 ) 74, 5 70%, SABE RSB XK, A AREE R 0. 27 ~ 0. 50, #F— 21560 (Sx 1
WL A /N = EHERT T LA, (ST RIRE R IRE R) BB K] R L 5 22 sc 46 19
BRA 61,15 60%, T W, (Sx [ K4 ) kil &k,

®6 INABRMIXFEMNTHAHAHWARAR
Table 6 Combining pattern of 10 crosses with higher plant block yield in 3 sterile lines

R 5 Zikey EilWE SN Zikey EilW SN Zikey HilW SN
Code Combination Combination model Combination Combination model Combination Combination model

1 S1XR83 Sx 1 S2xR83 Sx | S3xR13 Sx 1

2 S1xR48 SxV S2xR107 Sx 1 S3%R83 Sx 1

3 S1xR36 SxII S2xR31 SxV S3xR11 SxV

4 S1xR21 Sx [ S2XR36 Sx Il S3xXR107 Sx [

5 S1XR107 Sx [ S2XR43 Sx[V S3xXR36 Sx Il

6 S1xR32 SxV S2XR93 Sx [ S3xR114 Sx [

7 S1xR93 Sx [ S2xR21 Sx [ S3xR48 SxV

8 S1xR27 Sx II S2xR98 Sx [ S3xR21 Sx [

9 S1XR13 Sx [ S2XR13 Sx [ S3xR75 Sx [

10 S1xR43 SxIV S2xR114 Sx 1 S3xR43 SxIV

H/Note: STEANE & S: sterile lines



968 v EHED 2R

2021,43(6)

2.4.2 ZHEABEXBIE FLFHISNPIRC, XT 126
ORI GO AT R, LISHIKE R, 5 Fili3E
DX SRR ST FR R AS ) AT 2R e AR K B
(K 2),1 % % D2R-1.D3R-1.D4R-1.D5R-1 5 &
LR BERAE T MR IR E ZRAET 128, Ik,
(Sx T k52 7 ) 52U e i) s 5 L 34 e 238 21 5 1 v
VIL: N
2.5 BEEBSEMABHXER

JNEK PR i HE A TR R 20 Y2238 4 A 120 238
M RABLIE B i 7 0. 32 ~ 0. 48 Z [H], ELJIT

A A R) 1 35 4% B 25 24 K T R A AR 1 1 348t 1
FEE50.319, Horfr, 24 S3XR107 3 A [] B i A4 HE 25
R, PP HEZ S 5, 4l A S3XR 118 [8] A4 15 1% 1 25
AN, PR EHER S 19, 44 S3XRI13 P fe i, Hugt g
FEES 0. 41(F 7).

HE—2E 43 BT 1201~ F, 1 SRR = 0 RS E L SRk
HOR TR 8 S MR AR DG (2 8) , R B L I B 55
BB P o A SR I AR OG , AHOC R R 0. 390, 5t f%
P R SR B e SR 0 v S P A S R I
FHE AHE B ES M 0. 271.,0. 243, AL BH B S bk

B2 1264 HIERH3E M F N Bk
Fig.2 126 NJ phylogenetic tree of Brassica napus

x7 MRFEHERINZTHRZASFAEEEHES

Table 7 Genetic distance between parents of the top twenty crosses for block yield

FF5 Hikey R L R ke i gt
Order Combination Yield Genetic distance Order Combination Yield Genetic distance
1 S3xR13 0.99 0.412 11 S2XR83 0.79 0.371
2 S3xR83 0.89 0.464 12 S2xR107 0.78 0.369
3 SIXR83 0.87 0.462 13 S3XR75 0.77 0.424
4 S3xR11 0.87 0.351 14 S3XR43 0.77 0.355
5 S3XR107 0.87 0.478 15 S3XR98 0.77 0.452
6 S3XR36 0.87 0.382 16 S3XR60 0.76 0.413
7 S1XR48 0.83 0.356 17 S3XR93 0.76 0.395
8 S3XR114 0.81 0.387 18 SIXR36 0.75 0.392
9 S3XR48 0.79 0.344 19 S3XR118 0.75 0.324
10 S3xR21 0.79 0.341 20 SIXR21 0.75 0.360




R A T 3 A H I RARISK Pol CMS YL RIKSE Rk H 969

BRSO R RN 0. 219, 15 15
5 SRR RO SRR PR S R R L
W F ARG . I, 7R a8 XMk & v, st 1%
B AT AR SR AR B L B 225 IR

*8 BEEEESHEMABRMEXE
Table 8 Correlation between genetic distance and heterosis
PEIR kR R MRS SRR TRiE
Traits YP ES SS TSW
P BT = R

0.390™ 0.271"  -0.236"  0.088
Yield and 3 components
R

-0.036 0.243™ -0.335" -0.037
Mid-parent heterosis
A

0.034 0.219"  -0.296"  0.034

Over—parent heterosis

1 /Note: *: P<0.05; **: P<0.01

2.6 BENMMNEBKFERBERABNXR

W B 7 et BB 2R DL B 5 BE A D0 RO R AT A
KAHT(R9), —MBL G 1 B FAFER I & 71 5 5
R ™ B B B 7 o S P AT S M S A A G A
KZBHIN 0. 67,0.42,0. 30 F10. 25, F B — % L
B 1 B8 BE R R IC G 0 e B SR AR T DURE ] 2
T fe B (14 2 38 b
3 i

— ELLIK TS 2 AR SR A 22 28 2 e s =X
(ST MR P BT . HAr, b T k558
RIS G, B4l ) 3 W SR AR 19 35 4% 22 5 R Al
W5 AR e Bl L5 S RO B B AR IF HL
TEF ROCRBAR , T8 2 fi ] — B e se A
Gt 2P — IR AR R, 40 B 24 R 4
(S S KR P S R ey e =l
LA TAER K. AT ESS A WIR LT RO
58, B SE W SR AR (s AR SRR S O R i, U
G 25 7 A3 M 25 S R SR AR E A RS SO TR T
WK Z 5305 3R E R IEAT R 58 R A4
L FGE 120 N A3 4 A F YRR S RN 45 1
Brist G HE B (B & ) AR S Bl i e R L it — 25
e BRI A A RS 3 R E R A, 47

WK 42 % R83 .\ R107 . R13, Hibt B R83 N5 1 K
2E AR 2 Bt A T S BIE 5 T B W A B E 0 2% 15
SR E R “4T50R”, K F R107T ML R B & &
1273-1274 , ¥k & % R13 I K A8 £ 29-30, £t
AR O 3 BT 45 200 43— 35 4% BB 25 AT DL 0l 5 A 1 7
TG B 3K R S AR I K TSR AR [ ast A4 1 5 2 il
P R WF5E A5 38 15 R B8 5 B ok B 2
Podit i AR OC I A5 R — 3. Xt 1202524
B 12 A BB A I RIFFE 3B < e = it —
R OB TR BRRED , AR rg 22 Fh 8
PAFEAH BRI 29 R AL A58 40 5 S3XR 13
SNBSS R @I 7R S GBS e B T s L1 /- /A
SR PL AN Ry AL — RS T EURPIRIC &
T3t W E AR AR R S e sc A G X
Kebede"'Hl Magorokosho' "' A [ AfF 5 45 S — 3, A
HAEHEOKAC G 1 5 2R LR AR S B A
— A T3 KT K R 2 P AR TR A A%, S A
HHARRIR TBC G % T K 2 P A B ) TN Ak AR
PRI, ) FH 28 A B R 6 000 H 3 78 9l 52 )
P PR ELAT AT AT, 8 2 5 2% 06 2 1938 30T 3 ) 1Y)
FERZEAS B HI LA vl ASRAS R 2 s A .
FEZR AL AT b, /N X i HERIT 20 137 9 2258
HAEMNBBEAREZHNATE RZx 1 BIKE ZBK,
AT AU S0 v i A 415 7 T YR BT S AN
BEX] EMERSATREXNEMERRZ>AFH
ExXNEMERSAF RZVEME RZ>AF Zx
KRB F . AVFAE B st L BE 2 5 24 AL 35
KFRMG LB 5 A fh R0 2% B 25 IE A OG,
LW NAT RN EGRIE 1 KW 14 MKE
% (R13.R21.R53,R60.R63 . R75.R83.R89 . RY0,
R93.R98.R107 .R114 .R116) s fE 1B & 30, Higtf
FEES AL TE N 0. 371 ~ 0. 404, 3 7 = HE4 B
20 1Y 2% 22 41 A S5 A o] 19 382 4% BE 2 AR Ak [ R
0.324~0. 478, M & (L& TJa # , Rt Sx T 284k 52
F A0 DB SRR AL A . XN R SR
DX R S 2 Al UL ER SR AL T B 7% IR i)
ok S5 S H R S5 P B 4 A Bl i 3k B AR AL B

®9 BEENMBKFESAKRTEBRMABOMEXNE

Table 9 Correlation between combination ability and yield and its over—parent heterosis (OPH)

SEA GCAYI{E Average of GCA

FRERTE & 1 SCA

%He}ttfri YP Plant yield 0.67%*
B i 3R 34 OPH of Plant yield 0.427%

0.30%*
0.25%*

1E/Note: *: P<0.05 **: P<0.01
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