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Prediction Model of Hybrid Performance Using Molecular Marker
Based on Additive-Dominant Effects

XU Xin-fu, TANG Zhang-lin, LI Jia-na, CHAI You-rong, WANG Rui, CHEN Li

(College of Agronomy and Biotechnology, Southwest University, /Chongqing Engineering Research Center for Rapeseed,
Chonggqing 400716, China)

Abstract: [Objective] Mathematic model was explored to predict hybrid performance using molecular markers in Brassica
napus L. [Method] 66 hybrids were developed between six recessive nuclear male sterile lines and 11 restorer lines according to the
design of North Carolina mating design II (NCII). Specific marker loci of SSR and AFLP with significant effects on nine
agronomic traits of hybrids were chosen from DNA polymorphic loci among parents by ANOVA to estimate the effects of markers
(additive or dominant) and the marker-type values of parents and their hybrids. The relation between the marker-type values and
hybrid performance was analyzed. The mathematic models to predict hybrid performance were established by stepwise regression
analysis. [Result] Marker loci with significant effects of additive or dominant (P=0.01), ranging from 39 to 85, were chosen from
114 SSR and 205 AFLP markers for nine agronomic traits, which exhibited different effects in the size and direction. High and
significant (P<<0.01) relations of marker-type values were found with hybrid phenotype values with » ranging from 0.6824 to 0.8113
for nine traits. The models established with 6-14 marker loci can be used to predict precisely the hybrid performance, with R? ranging
from 0.5191 to 0.6783 for nine traits. [Conclusion] It is a new and effective way to predict hybrid performance using marker-type
values. It is possible to establish model to predict hybrid performance using small amounts of molecular markers in B. napus L..
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Table 1 Parent lines tested and their origins
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1.1 RIeHHY

WEFCH 17 A H i B S AR A PG K
S PR IHSE TAREHARAE T O BT 2R A B Lk
Wy, b 6 W BHEZATWILR, 11 ARE R
(KD . Fravas e C B8k Ed 10 X
PL_F.2003 4 3 LI 6 X 11 ARS8 4 XA A 4 .
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2003~2004 74 66 {3 A4 17 I A28k A
DAy 821 Ayt FRGEEAT HH TRJREG o 186 R0 7Y K
&I, 2003 4 9 H 23 HIEM AW, 10 A 28 HEE
HEKH. BENLXYI¥, 2 ER, 3 17X, {78
04m, 47K 2.4m, FkEE 0.24 m, 447 10 #k. A4

SEAY'S Parent code #ZFKELRIE  Name or Genealogy

T HLAL Origin

P1 L18Ax[194x(Expanderx74-317)]AB P K% Southwest University

P2 2018AB LB Shanghai Academy of Agricultural Sciences
P3 %74 6 £ R AB  Shuza No.6 AB PUJIIRA~ Sichuan University

P4 7% 7 SR AB  Shuza No.7 AB PUJIIRA~ Sichuan University

P5 ME 9 &R AB  Youyan No.9 AB SN ERF AT Sinan Oil Research Institute, Guizhou

P6 #3112 53 &R AB  Mianyou No.12 AB VONIZaFAT A ALET Mianyang Agricultural Research Institute
P7 SC94005xAndor P K% Southwest University

P8 Towerx81008x81008x [}  Towerx81008x81008xFei-yei P K% Southwest University

P9 Towerx81008x81008x [}  Towerx81008x81008xFei-yei P K% Southwest University

P10 84-57N-Q*10K L PERS A% Southwest University

P11 84-57N-9*1K L xGHO1 PERS A% Southwest University

P12 GHO1xHX{ 15 GHO01xZhongshuang No.1 P K% Southwest University

P13 GHO1x(L17Cxiiiiff 2 5) GHO1x(L17CxYouyan No.2) ViR RS Southwest University

P14 GH01x94005 P K% Southwest University

P15 6094xD2 P K% Southwest University

P16 88-14 P K% Southwest University

P17 955 ferf el k% Huazhong Agricultural University
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Table 2 Screening results of specific molecular marker loci
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2.1 45RMRRICIFIE
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7F 0.01 M EF/KFE T, 319 Mrichr b iiks] 268
A5 9 AMHEARAH DAL 55, FROAR = 8 07 328 21 (1 AH DA
Rt D, A 39 AN, TR EE AR A AT £k 85 S,
HEAEIR (B AH AT S5 AE 42~58 FrbRic A [l I 7
2V B IR I ok, JeH NASL0 AR fr i 5 7 A
PEIRE ¢, NAS41. NAS82. E5M4-4. E7TM5-7 435l
LTI 6 AMERAH G, PR s 5 2.32 AMPEIR
MK o IXEERT S AT I R IUINTEAE ] Oz s
AN RV EAER CRAER D, 1A AL B
BA MM HEA BHER OnEA D o x4
PR, AL ST A L s, AL R
I A ST AT LG B A

£ 0.001 (525K F T 5 319 ANFRic A7 s A ik £
121 A5 9 MR SCIHIAL &1 . 5 7E 0.01 1R 23 /K1
RIS RAHLG, B IR AR AT R B H KK,
UK = AR AT SN 9 A, 5 TORIEAH DG i 2
IR 46 4
2.2 EXRBRLEBRSZAMERMAMERXME

W3E/KF ¢=0.01  0.01 level of significance

#E/KF ¢=0.001 0.001 level of significance

A A AR A IIETE A= MR PR A SRR A 0 R Sy DAY
Additive loci Dominant loci  Additive and Allloci  Additive loci  Dominant loci Additive and  All loci
dominant loci dominant loci
Bk Plant height 22 28 7 43 7 12 4 15
AT AR A Branch height 19 34 2 51 2 1 0 13
ESAESEVEIS 20 34 12 42 8 13 3 18
Length of main inflorescence
— IR 25 44 11 58 6 12 1 17
No. of primary branches
R RO 18 38 12 44 9 16 5 20
Siliques per plant
FEFA RS 20 45 10 55 8 14 0 22
Siliques of main inflorescence
fFY k% Seeds per silique 21 34 11 44 9 11 5 15
T-Ri#E  1000-seed weight 40 71 26 85 18 36 8 46
#kF 4 Yield per plant 15 33 9 39 2 9 2 9
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MR 3 WTLUA Y, ZAEAS TARIC I — it At
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b — A B R R A RO R T AR S R34 0.05
MK, TS e MR R R AR SR A 2

®3 FARELHEBSAMRIMBXED T
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Table 3 Correlations between hybrid performance and genetic distance of their parents

735 —UAH R ERABK —REREE AR B E REARLEL ThiE LNy ey

Plant Kt i Length of main  No. of primary Siliques Siliques of main ~ Seeds per 1000-seed  Yield per

height ~ Branch height inflorescence branches per plant inflorescence silique weight plant
GGD  -0.085 -0.28" -0.1396 0.0274 -0.1567 -0.4294"™ 0.2495" 0.209 0.0548
SGD  -0.0987 -0.1501 -0.2433" 0.0763 -0.5165" -0.3821" 0.4785™ 0.5039™  -0.1527

* r0.05:0.232, *k r0'0120.301

2.3 RICEUES RMRIAEXES

2.3.1 MFLRAAMET 78 9 MERDAAAE—LfL
MHEBAMPERN, o —2eh i B BYEROY, R
A DB s R A e AR o [R)INEA ndE
BERNV AL s, SRR BN, AR 9 A4

F 4 BEHEFEEHEXERRICALS R
Table 4 Marker loci and their effects related to yield per plant

PR, I 2 AN RIS A e AR RN A7 S
SRR TCW PR, A B AERN, AN
FUB RIS R ANELE 25, AT A —32

5 BRR P RAR D) 39 AMFRICAT s, 15 AN AR
BA MRS (R 4) , WVAEAE—1.0732~0.8049,

FRICAL R RN LN BRIz RN IR
Loci Dominant effect Additive effect Loci Dominant effect Additive effect
NAS4 0 -0.892 E4M2-8 -1.2944 0
NAS6 -0.6946 0 E4M2-14 -0.7445 -1.0723
NAS8 -0.8351 0 E4M3-3 1.7253 0
NAS10 0 0.5174 E4M6-4 -0.7086 0
NAS23-1 0.2323 0 E5M3-3 -0.2565 0.7868
NAS23-2 0.1527 0 E5M5-3 0.1757 0.6755
NAS26 -0.4647 0 E5M7-3 0 0.6105
NAS41-1 0.2429 -0.8015 E5M7-4 -1.0261 0
NAS41-2 0.7564 0 E5M8-5 0.9392 0
NAS45 1.7253 0 E5M8-7 -0.9376 0
NAS61 -0.9309 0 E5M8-10 0.7573 0
NAS64 -0.3333 0 E6M1-2 0 0.8049
NAS82 0.312 -0.6586 E6M3-7 -1.3496 0
NAS99-1 0 -0.4677 E6M3-9 -0.2834 0
NAS99-2 -0.154 0.7843 E7M3-4 0.8273 0
E3M2-10 0 0.8043 E7M5-9 0.2407 -0.6759
E3M2-12 0 0.7174 E7M6-2 0.2668 -1.0019
E3M2-16 -1.0966 0 E8M1-1 0.8972 0
E3M7-4 0.7148 0 E8MS8-7 -0.2507 0

EAM2-6 -1.2367 0
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s o E4AM2-14 X6 bk r= & I PEAE 5. 33
ANEAT BN IR R, VAL —1.3496~1.7253.
16 N SR KT 0, 17 ABIEFN N T 0, W AE
FePP R AR A S A 2 1

2.3.2 ZMAFCAMEE R EANERME R54

R5 RRFARF BHRTERICEEMRT

T &EA K PRI 0.01 B35k Rk ) (s
PEARACAT GBI FRE = AR L RUE . 17 DN IACRA
B R B bR 0 A A — 11.271~11.271, P —
0.8534; 66 7%t Fy (1) FRK ™ & bRl BUE 7E —
20.672~18.661, “F-¥4k—2.806. Z&Fh Fy (] FLbkr= &
P10 R PR S 8 KT A A8 S AR ] PR A S o
AT LA Y, e Ribn it A S R R IR A
RNEAR 8, 9 ARG AR G R £/ 0.6824~0.8113

Table 5 Marker-type values of yield per plant of hybrids and their parents

if::ﬁcze P1 P2 P3 P4 P5 P6
141 -6.617 8.901 7.664 5.682 -2.618
P7 5.944 2.069 -3.304 4.776 4.498 4.828 -0.39
P8 -3.335 -2.989 -7.884 1.816 3.797 2.064 -5.78
P9 -1.331 -2.287 -6.583 3.085 5.067 2.832 -3.977
P10 -11.271 -11.983 -20.672 -10.566 -8.936 -10.318 -18.514
P11 -5.208 -6.981 -11.046 -4.489 -3.324 -3.936 -8.942
P12 3.198 -0.863 -3.383 4.509 6.49 4.256 -0.777
P13 -5.484 -4.26 -10.381 1.464 3.093 0.281 —6.997
P14 11.271 12.587 9.652 18.661 15.795 15.195 11.493
P15 -5.721 -6.856 -11.751 -1.699 -0.07 -1.452 -9.647
P16 -11.271 -11.983 -20.672 -10.566 -8.936 -10.318 -18.514
P17 -5.721 -6.856 -11.751 -1.699 -0.07 -1.452 -9.647

W 0.01 R AT I BUE 5 AR 2
Correlation between marker-type values at 0.01
significance level and phenotype values of hybrid
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BRRG WA BRI R AR EFARURY BN THRE

0.001 5 3% K- FRic I S EAR eI
Correlation between marker-type values at 0.001
significance level and phenotype values of hybrid

W 0.01 2FKF FhRid R SR R E
Correlation between marker-type values at 0.01
significance level and genetype values of hybrid

Hbks™ &t

Plant height Branch height Length of No.of primary  Siliques  Siliques of main Seedsper  1000-seed  Yield per plant
main inflorescence branches per plant inflorescence  silique weight
R0,01:0.315 Ro,00120.396

B ZAMIFCEESHERREERERBEREXE

Fig. Correlation between marker-type values of hybrid and their phenotype and genotype values
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LR = bR 0 B R S SE R MY 68.11% 11078 5t
AFIEIE T, 15 B bR G B E S R A E st
DRI 2R A ) (R AR DG PEAPAE — 8 22 5, TG 1Y) S0 3 7K P )
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Table 6 Prediction model of hybrid preformance

DAL DRI B AT SR e B, s e R 5 56 R R4 1) 1) A
KAEAE 9 NPER B R K8, AR R
0.7433~0.9255, 1% 1] f ik K oA 15 PR (B AH L i DA
BUMEHERR T8 BENL 22 1 45 5
2.4 ZEHFRILTNEE

PAZR Py 5 FR a7 s AR LN AR &, Ji i
BRI ATEE N T 9 AMIFFUHEAR R 0 7 (R 6D
T 7E 0.01 53 /K P N TR E i ik 2 (bR oA i $ 2
ik 85 A, ML T A AR, PIAE i TR 1)

PR [EIJEpaps BHKRH TRz FRiCAT A
Traits Regression equation Multiple correlation coefficient ~ Remainder error Loci
7= y=222.50+10.517X;+10.031X,+4.188X3 0.835 5.9346 NAS22  NAS82
Plant height —6.073X,+3.665X5+4.248Xs+4.737 X+ NAS94-1  NAS94-2
+7.103Xg+ 5.475X, —8.989X14 E3M3-4  E4M2-6
E5M5-3  E6M3-9
E7TM5-7  E7TM6-2
—RABERHEE S y= 91.48+5.949X,+3.455X,+4.008X3 0.792 6.0572 NAS21  NAS28
Branch height +6.038X, —20.337X5+5.615X¢ NAS41  NAS82
+5,566X7 E4M2-7  E6M3-7
E7TM1-2
FIFaMK y=63.23+3.116X,+3.525X,+1.795X3 0.839 2.8077 NASS NAS21
Length of main +1.609X,4+3.213X5+4.064Xs—2.803X; NAS41  NAS96-1
inflorescence +1.929Xg+5.014Xg.+1.635X10—3.090X1; NAS96-2 E4M2-14
E4AM3-8  E7M1-6
E7M2-10 E7M6-1
E8MS8-8
G G y=9.77+0.253X; —0.560X,+0.938 X3 0.873 0.5016 NAS17  NAS33
No. of primary +0.496X4—1.742X5+0.979X+0.360X; NAS41  NAS61
branches +0.397Xg+ 0.668Xg+0.733X10+0.359X1; —0.704X 1, NAS64  NAS98
—1.419X13—1.026X14 NAS99-1 E3M3-2
E4AM2-7  E4M2-14
E4M4-12  E4M6-3
E7TM5-9  E7M6-2
AR AL y= 474.59+29.12X; —58.990X,+63.453X3 0.859 43.5665 NAS99-1 NAS99-2
Siliques per plant +54.359X4+30.704X5+43.150X¢ E3M7-6 E5M4-7
E5M5-6  E5MS8-5
TP ARSI y= 84.67+3.960X,+5.037X,+6.807X5 0.782 6.4280 NAS94  NAS98
Siliques of main +2.894X,4+8.485X5+6.412X E3M3-11 E5M1-2
inflorescence E5M2-3 E5M8-5
AR y=20.33—2.649X;+1.587X,+1.156 X5 0.819 1.4532 NAS41  NASS82
Seeds per silique +1.041X,4+ 1.5395X5+1.209X+1.487X7+1.024 X5 E3M2-9  E4M2-4
E4AM3-2  E4M6-4
E5M2-4  E6M5-3
TR y=3.71+0.144X;—0.241X,+0.181X3 0.856 0.2326 NAS31 NAS34
1000-seed weight —0.147X,+0.288X5+0.0898 X5 NAS48  NAS94
+0.2983X7+0.3028 X5 NAS99-3 E8M2-9
E5M8-5  E5M5-6
bR y= 18.86+3.682X;+1.251X,+3.405X; 0.796 3.0120 NAS45  E4AM2-8
Yield per plant —3.239X,+2.087X5+2.788X¢ E5M8-5  E5MS8-7
E6M3-7  E7M6-2
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TR, SR 0.001 &3 KF R 3 bR ic A7 41,
e PERAR A TSR 35 R FH 0.01 (225 /K7 T i 1R A
AT

9 AMPRIRIGTII A FE T, ARid BN 5 R TR I
SA S R EAE 0.782~0.873.9 MR TN 5 R A 1
FRICHr siqE 6~14 A, FBR 8. TP SCRER 4
PRAT RCRE P T R ST 6 AMhRid s, — IR
SORCE T 7 R J2 T 14 M. TRiE ., 20
RS T B TN R 1 AN SR RIAR AT A
E5M8-5, Ak R R H S TR E M Tl 75 f b 2 4
JL[FA7 A E5M8-5 Fl1 E5SM5-6.
2.5 FUMAREEED
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Table 7 Evaluation of prediction models

9 AMPER P TR AR 5 2 2R AR ] 1) AH DG S L A
e, YT R bR C AU R AE A DG . R
Jackknife LRI AG PRI B R AS 0 VEREA TR 30 o« N
66 NAuPF Fy RAK AR — AL S, IR 65 AMLA
HAE TR, RIS BR A Fy PRI, THE
TR r] P R 50 RZ RITUIGR 22 (R 7D . 9 M
AR 7 FE ) m] Y 250 R®4E 0.5191~0.6783, Tk
Z:1E 0.2501~46.0705, Fiiilisk 7= 4% 5 R AT 3.02% ~
14.00%. - PRPR I 7 FE R R AR RZE (R 6) FATI
B 22 8/ TR A A B AL 22 o Ui ] T TR A AR
RS E tha, TR ZE8N, KSR s, AT sE
18,

T R gL 2 CV% B 22
Item Prediction residual Random error
¥k Plant height 0.5765 6.5104 3.02 6.8899
— AR . Branch height 0.5322 6.4411 7.27 8.8271
T K Length of main inflorescence 0.5618 3.1518 5.02 47751
— AL No. of primary branches 0.6238 0.5673 713 0.8424
AT RS Siliques per plant 0.6783 46.0705 10.05 95.208
T RAE Siliques of main inflorescence 0.5191 6.8401 7.78 8.8669
RRYLRIEL Seeds per silique 0.5426 1.6176 8.22 2.3083
ThiEE 1000-seed weight 0.6508 0.2501 6.68 0.3059
bk Yield per plant 0.5510 3.1865 14.00 5.975

R PR TSI A% R AUE I T P R AL CV% g RIS 22 (1028 57 R 5 BEWLIR 24 A4 Fo MR R LI i 0 15 2
R? was determination coefficient of predictive value to phenotypic value. CV% was variation coefficient of prediction residual error. Random error was

experimental error of hybrid performance

3 iHe

Y THRAC A TR AR L RS R,
IR AFICRLA, FAMERHIE A — & MR PR
AN, ARRFIIE ST X NN EFF . T hs
H AR RRENTE, G FRO A A SRR TR
7 (QTL) MEBN, AT DL i 2 b i A i) 2]
HK QL PRI . 336 HEL T U948 TR e IR 20 9 AR
7 T QTL 92, B Bt QTL AMAE 4 TR S QTL
SR SRR B R I — NG, SR S L%,
AT R TR QTL JETFIY.

BRI R I, BB A A S TR — o A
B (GGD) &AL B (SGD) HIEMAM R
5 R IR e i ) 5 b KT, SGD
e GGD 52FR LA T, (ki REUIR

/N (K 0.2668) , ANRER T AFMRFAFIN, X 577
N IRIBIF 5 5 A — g1,

I SRA AR A B (Bt 22 ) Tl AR o3
CEE B0 I SERIE AT & A sz e b (1 — A
s AE— 58 VO P A S A T A 22 S R, 2P A A
MELHTFIRF G R FIAR S 45 R, X PP (A
HUAR. BernardoM™ e I THEHLBLRLISERE Ak, X
FhE T3 1 i I 2R AT SR AR ) it A 2 S Tl e R 37
UERAIE AEAR KRR EIGR T QTL i %, 5 QTL
SE 1G] TS TaN= et P (P ek <y OB L ER RS Py )
AR PR R RE T 204, DOk X — LA
JE R REA LR L QbR AL AN RN T 3 K4
AR —855, S EUUE A BRG] s A% K7 1 4 i
TEARM ;. @K 2 Hbs i R IR 3547 S R n] R ok
FARAEEY); @ISRV 52, QTL AF{EI BTV
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PEAWEF ORI, 1Er= 4Lk SGD 543 ki %L
TR AR 23 A OG, 5 A 80 R 5 2 A
O, ATRESE X FIAE FHGH 45 9 58U & 5 e s oA
Ko BE— DTS S B bR ic A s RN, RS
DRDG PR 2 IR P A7 AE 2 RV E RS, A28 0 R
FUUIPERLN, A L7 o5 HR I e RN, b —uk
A7 R A IR RO . AR A, A
A7 RN /N . AR AR A —3, 260t Rtk
RIS AR ERMEIEE (2R st
W, TR FIH A A P SRRk e Ok, KT
SIRTIRAT SAE A, B 2 B8 UK RN K /N A
VERI T I), 3K N 12 A2 TR 255 AN 1) 32 2 L A o

B SRR FhRIC AL FE B AL, AeRfbric B
FePPRAUE A S A TR KEE M, 9 AMHRIIAE G
REAE 0.6824~0.8113;  n WLIE i Al vHRF bR i A A
MIFR LN AT AR I BME S RAUERI G R, o HiE
T BAE AL AR 5N /N R FH 7 1), 00 5 SR A 4t

U A5 (B 2 AT e (P AR AR o, 9 ANPEAR
(R FREI 5 R K AR IEAT AT AE 6~14 4, KKID T
FF- MR R B BT 35 (ks i B H , A AE R 27
Fric TR R AR 1 50 B A T Ak . e Ay
RIS 2 EAE 0.782~0.873, ik w1 hi ik
{1 4 XA DA A5 B AP ic B L5 TR SR IR AR
Mo UL J7 22 43 Bt BT 0 328 PRI AR 1AV R A S A7
E—S TR T, 52 T bR id R S AR R IR AH G
P, RIHZE RN 5> B HE— 2D XA s AT 05 3 A
AR

PR QTL RN 4 #T 977 v i Vuylsteke 25:116]
TEX} FRFFMRARITER P AT TERER, AAEAL 0
AR S ARG IOV A5 AT QTL RO, 1ff H& A 4
BTRERPREN. OISR E) fEAEmmTfett, HEaH
JLRONAE, X BB B E IR A —3 . At
BRIk S TRy R LY N TREIL KSR EOR ) o CBy S VA TP
BT 7 S N T 328 [l A, A R
BT 2R TR T, e T HINRCR, i FLseb T
AT o s K (P RRAC AT 9, A 2 78 R s i 3 L
A

WEFTH 9 AMPEIR R RIS B H5A 5 B RE DA ) 1)
HAE. AR5 BF A an e AE TSR A AL AR
PERL, A3 St A R B T8 e, i FLnT
DU AR A SR AR IR MR R B AT 00, A T o U A 25
FINBIHE AR 22, FNAAC A A G ARAi- G A AT
REMIERIL, 8 FORAIERC Ko Akl i £e. 5ok

BIFS R BT A ST PR IR R R — N S R KA R 1Y
iR, BATHAT 2R P I, B
E I IR R TR (R EAR RN, XA A R T
R Ao

4 i

FEAS TR SR IC A s R (R Bt B, AT [l
HHTEESL TR — AR R B ARG
T IRAREE AR RO AR RER
K, TRIE. HpR A5 9 MR AL s ARG
PR Z AR I TR . Jackknife K546 73 #r & W)X
SEFRIRE RS E PEoiR,  TRINRCR S o PRI A
IARICAL R, AR TAJE 5 B P i i i NS o
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