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WinNC2: A New Software for Genetic Analysis of Factorial Mating Design
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Abstract:  Although a factorial mating design has been extensively applied in forest breeding programs, there exist some
problems with the design in calculating the estimates of genetic parameters and some statistics, especially when the
experimental data are unbalanced. A newly developed Windows-based software ( WinNC2), for calculating model
parameters of the genetic factorial mating design, can not only deal with balanced data but also with unbalanced data. For
three different factorial mating designs, the software estimates the general and special combining abilities of parents and
other fixed effects with the restricted linear model, and calculates the genetic variance components and further the
heritabilities with the random effect model. In the mean time, WinNC2 can provide standard errors and statistic tests for
each parameter estimate. Furthermore, WinNC2 can also present the genetic correlation coefficient between any two traits
at each level of paternal, maternal, and their interaction effects. In summary, WinNC2 is a user-riendly computing tool
for forest breeders to analyze genetic models of factorial mating designs.
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Analysis of the Genetic Model for NC Design I1:
yijklm = u + Si + SBij + Mk + F1 + MFkl + SMik + SFil + SMFikl + SBMFijkl + eijklm

*
* Result for the fixed model.
*

%
Wed May 22 14:11:52 2013 *
%

Testing the model for trait 1:

Source DF Sum of Squares Mean Squares F Value Pr>F
Model 359 15181. 5105 42, 2883 38.2113 0. 0000
Error 3209 3551. 3891 1. 1067
Total 3568 18732. 8996
Testing factors for trait 1:
Source DF Sum of Squares Mean Squares F Value Pr>F
Site 2 11766. 3099 5883. 1550  5315. 9605 0. 0000
Block/Site 15 1425. 1880 95. 0125 85. 8524 0. 0000
Male 4 293. 2679 73. 3170 66. 2485 0. 0000
Female 3 602. 2161 200. 7387 181. 3855 0. 0000
Male x Female 12 165. 0350 13. 7529 12. 4270 0. 0000
Parameter estimates for trait 1:
Parameter Estimate Std Error T for HO: Pr>|T]
Parameter=0
u 9. 8618 0.0177 558. 6541 0. 0000
S1 -2.4103 0. 0250 -96. 5342 0. 0000
T ST SARRREEEE Voo BT SE TS SEERLERE 5 oon
F4 0.2113 0. 0306 6. 9063 0. 0000
MF(1,1) -0. 0014 0.0615 -0. 0229 0.9817
. MF(S, gy ST ARRRLEE SR TR N AR o oo
. SBMF(S, 6, 5’ AMERRRRRREEE e SETCRRALERALEE s o 1L

T values of test for difference between two males for trait 1 (1):

M1 M2 M3 M4
M2 —2. 2860%
M3 8. 826 L3k 11. 07905
M4 9. 4517k 11. 7090%x 0. 5989
M5 9. 5436k 11. 79493 0.7134 0. 1165

*p<0. 05, #kp<0. 01

T values of test for difference between two females for trait 1 (1):

Fl1 F2 F3
F2 —11. 6005%*
F3 —22. 2678%* —-10. 7261k
F4 —5. 6472%x 5. 947 34k 16. 6376%x

*p<0. 05, #kp<0. 01

T values of test for difference between the interactive effects of males and females for trait 1:

MF(1, 1) MF(1,2) MF (1, 3) MF (5, 2) MF (5, 3)
MF (1, 2) 2. 1050%
MF (1, 3) -3, 0100%% -5. 15360
MF (1, 4) 0.9612 -1. 1491 3. 9962
G NIYTTERRRRLY EATRITRPPPRLY b S S
MF (5, 4) 2. 2226% -0. 3037 5. 857 Lk 4. 55424 1. 3032

#p<0. 05, **p<0. 01
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Fig. 2
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W2 SAS IEANfe s 77 2 4y AN T I AR AE R .
i, ASReml # {f (Gilmour et al., 2009) 7& & Fi 4% 3%
BN B 2 AR 2 B AR A b A — AN o, A

Output of analyzing fixed effects model with WinNC2

FH 5 2028 o o st A% 155 28 O 4 5 AR 0D DA S B AH Y 1
i

WAL S IEMROR AL 75 22 v & — AN T 2 st A%
Z 80, R DR 7 A I e v ) LTE S R bR st A% ) R 5K
ZisfL 3 (Wright, 1976 %L1, 1989; 2006) , £
S AT LV B A K R A ) R R R A
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*
* Result for the random effect model.
*

*
Wed May 22 14:11:52 2013 =
*

Estimates of variance components and heritabilites for trait 1:

Parameter Estimate Std Error F For HO: Pr > F
Parameter=0

Sigma M 0.0728 0.0742 2.4619 0.1295
Sigma F 0.1716 0. 1856 2.1084 0. 2005
Sigma MF 0.0671 0.0327 4. 5907 0. 0007
Sigma MS 0.0333 0.0215 3.5039 0. 0081
Sigma FS 0.1135 0. 0699 13.4434 0. 0000
Sigma_MFS 0. 0099 0.0111 1.3284 0.1434
Sigma_ MFBS 0.0533 0.0141 1.4772 0. 0000
Sigma E 1. 1067 0.0276

Hi 0. 3002 0.2116

Hf 0.8352 0. 1096

Estimates of variance components and heritabilites for trait 2:
Parameter Estimate Std Error F For HO: Pr > F
Parameter=0

Sigma M 0. 1492 0.1314 5.6078 0.0189
Sigma F 0.6494 0. 5536 8.7136 0.0132
Sigma MF 0.0339 0.0277 1. 2647 0. 3000
Sigma MS 0.0578 0. 0409 2.8413 0. 0226
Sigma FS 0. 0465 0.0378 2.9335 0.0272
Sigma_MFS 0. 0589 0.0265 2.5614 0. 0001
Sigma_ MFBS 0. 0639 0.0166 1.4917 0. 0000
Sigma E 1. 2877 0.0321

Hi 0. 6804 0.3212

Hf 0.9273 0. 0507

Genetic correlation matrix of male effects with std. in brackets

Trait 1 2
1 1. 0000 0.3412
(0. 0000) (0. 5749)
2 0. 3412 1. 0000
(0.5749) (0. 0000)

Genetic correlation matrix of female effects with std. in brackets

Trait 1 2
1. 0000 0.8718
(0. 0000) (0. 2071)
2 0.8718 1. 0000
(0. 2071) (0. 0000)

Genetic correlation matrix of male x female effects with std. in brackets

Trait 1 2
1 1. 0000 0. 9946
(0. 0000) (0. 2200)
2 0. 9946

1. 0000
(0. 2200) (0. 0000)
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Fig. 3 Output of analyzing random effects model with WinNC2
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