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Animal gene pyramiding in cross populations

XU Ling-Ying, ZHAO Fu-Ping, REN Hang-Xing, LU Jian, ZHANG Li, WEI Cai-Hong,
DU Li-Xin

Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China

Abstract: Gene pyramiding aims at producing individuals with one superior economic trait according to the optimal
breeding scheme involving selection of favorable target alleles or linked markers after crossing basal populations and pyra-
miding them into a single individual. In consideration of animal traditional cross program along with the features of animal
segregating population, four types of cross programs and two types of selection strategies for gene pyramiding are per-
formed from practice perspective of view, two population cross for pyramiding two genes (denoted 1), three populations
cascading cross for pyramiding three genes (denoted 111), four population symmetrical (denoted IV-S) and cascading cross
for pyramiding four genes (denoted IV-C), and various schemes (denoted cross program-A-E) were designed for each cross
program with different levels of initial favorable allele frequencies, basal population sizes, and trait heritabilities. The proc-
ess of gene pyramiding for various schemes were simulated and compared based on the population hamming distance, av-
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erage superior genotype frequencies, and average phenotypic values. By simulation, the results showed that larger base
population size and higher initial favorite allele frequency resulted in higher efficiency of gene pyramiding. The order of
parent crossing was shown to be the most important factor in cascading cross, but had no significant influence on the sym-
metric cross. The results also showed that genotypic selection strategy was superior to phenotypic selection in accelerating
gene pyramiding. The method and corresponding software would be used to compare different cross schemes and selection
strategies. Moreover, our study would help to build the optimal gene pyramiding simulation platform.
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, 4 4
L2 4
3]
2004 , Sevin M ,
’ 1
1.1
Zhao [ :
Zhao ’
( Servin ¥
) | N
4 , ( 1),
Ashikar @ 1.2
sdl
(semi-dwarf 1 gene) Gnl(grain
number 1) , )
, 2005 01
Science 0 1 ,

g1z Jiang 13



1330 iﬁ_ﬁ HEREDITAS (Beijing) 2012 34
NxM (N :
M2 ) MS = Zn:P(Mi) (4)
( i
) ( , n , i
) , 2 1 0 , P
5 4 1
, 4 ,
, 11-11-11-11, ,
: D
NxM 1 15
’ 4 , I m n.c
( ’ | S , 1
| PopA PopB
’ , XXYY,
’ XX PopA ,
’ p(a), vy PopB ,
’ p(b) N
500 1000 2000
13 0 025 05 POpA
PopB PopAB, 4
) ) 1:1 PopAB
(1) 500
n
Yi :/U"'JZ:;Lgij +& (1) , , POPAB ,
v Yi [ M . n
v i i j
, 11 10 00 11 PopA PopB
5 4 1,4 i PopC 3
N(0,0';) XXyyzz, PopA  PopB
@) 500 1000
2 p(@) p(b) p(c) PopA  PopB PopAB,
(— @ 4 ,
T T 1:1 PopC 2xN,
’ ’ PopAB  PopC PopABC
@) ) PopABC
ng%—ag 3) 500
14 PopABC 3

PopA PopB



10 1331
PopC PopD 4 05 025 0, p(a) p(b)
XXYYZZWW, PopA PopB ,
500 1000 ( -C), , ,
PopA PopB PopC PopD N 1-A, 0.6 (11-A-0.6), 8
N 2xN 4xN, ( -9) , ,
N N N N 6 (11-A-G)
p(@) p(b) p(c) p(d) PopA 1-B, 06 6
PopB PopAB, PopA PopB ’ , 5
PopCD, , PopAB PopCD ( 2) 5 (11-B-G),
PopABCD 4 ; 0.6( 11-B-0.6)
1:1 PopAB PopCD PopABCD 0.4( 11-B-0.4) 0.2( 11-0.2),
500 0.82 0.44 0.41 , 11-C,
’ p(a)
: PopABCD 0.5/0.25, p(b)  0.25/0.5, 0.6,
4 (TGPG) 7
5 3
4 ’ , TGPG 8(11-A-G) 6 (11-B-G)
5(11-C-G)
’ ’ 2.2
, 3 3 :
, 1000 3
10 , 11-A-0.2
E L 1-B-0.2 111-A-0.4 111-B-0.4 0.6,
Sop AD Son A5 1I-A-06 1I-B-0.6 111-C-0.6
Y 9 8 7,
8(111-A-G) 7(111-B-G)
A B 6(111-C-G)
i * @ ‘ 111-B [p(a)=0.25/0/0, p(b)=0/0.25/
— . 0, p(c)=0/0/0.5] N1-C [p(2)=0.25/0/0, p(b)=
T A2 i Pop.AB ¢ 0/0.5/0, p(c)=0/0/0.25] , 3
[Pop ABC] - @ FABCD 0.5(111-C)  0.25(11I-D),
l A(Popa) 1
) B(Popb) 2 11
Bl BETBIMERNRTHE 1 2 ° 3 ’ '
A B 3 ; C
4 :D 4 )
) 2.3
2.1 '



1332

4 f# HEREDITAS (Beijing) 2012

34




10

1333




1334 4 ¢ HEREDITAS (Beijing) 2012 34
1 ) 3
-C-A-G -C-B-G -C-C-G -S-A-G ,
-S-B-G -S-C-G, 9 10
9 8 9 9 , , 3 )
( 4 ,
. A(PopA)
B(PopB) 11 , 3 1c)
, C(PopC) D(PopD) PopABCD, (
( 9 : : C D 1d), 4
3 4 , 3 4 3
4 ’
1 2 1 2
( 4 , 2 3
-C-E
-C-C -C-D ,
;3
2.4 Servin ¥
3
500, 4
, G(t)
t, I
I 1l ,
06 (1
-C -S, G(t)
, -C-C -C-D
-C-E
3 b
11 , ,
1 1 il 1 1
(1 ,



10

1335




1336

4 f# HEREDITAS (Beijing) 2012

34




10

1337




1338 4 f# HEREDITAS (Beijing) 2012 34

®1 LKEEFREERMREEFNTFHRUBERS

® 0.2 0.4 0.6
1-A 7 0.34%  072% 088%  0.87%
I-B 6 0.34 0.67 0.82 0.94
I-C 5 0.31 0.58 0.73 0.81
-A 9 0.43 0.92 1.12 1.17
- 8 0.51 0.98 1.14 1.15
1-c 9 0.42 0.88 1.07 1.10
1-D 9 0.44 0.92 1.10 1.13
IV-C-A 1 0.46 1.04 1.27 1.32
Iv-Cc-B 10 0.49 1.04 1.27 1.32
Iv-c-C 10 0.46 1.03 1.29 1.37
IV-C-D 1 0.49 1.03 1.24 1.27
IV-C-E 1 0.46 0.99 1.20 1.23
IV-S-A 1 0.49 1.06 1.28 1.32
IV-S-B 9 0.52 1.10 1.36 1.46
IV-s-C 10 0.50 1.07 1.07 1.38
IV-S-D 10 0.50 1.31 1.32 1.38
& [p®-pMIt  , p()
t , p(1) 1 ;7

;& 0.2, t ;&2

0.4, t ;& 0.6,

t ’ &G

5 % 3k (References):

[1] Doerge RW. Mapping and analysis of quantitative trait loci
in experimental populations. Nat Rev Genet, 2002, 3(1): 43—
52. DOI

[2] Chen M, Kendziorski C. A statistical framework for
expression quantitative trait loci mapping. Genetics 2007,
177(2): 761-771. DOI

[3] Fadiel A, Anidi I, Eichenbaum KD. Farm animal genomics

[4]

[3]

(6]

[7]

(8]

[]

[10]

[11]

[12]

[13]

and informatics: an update. Nucl Acids Res, 2005, 33(19):
6308-6318. DOI

Servin B, Martin OC, Mézard M, Hospital F. Toward a
theory of marker-assisted gene pyramiding. Genetics, 2004,
168(1): 513-523. DOI

Zhao FP, Jiang L, Gao H, Ding XD, Zhang Q. Design and
comparison of gene-pyramiding schemes in animals.
Animal, 2009, 3(8): 1075-1084. DOI

Zhao FP, Zhang Q. Stimulation study of gene pyramiding
in animals by marker-assisted selection. J Integr Agric,
2012, 11: in press. DOI

Ashikari M, Sakakibara H, Lin SY, Yamamoto T, Takashi
T, Nishimura A, Angeles ER, Qian Q, Kitano H, Matsuoka
M. Cytokinin oxidase regulates rice grain production.
Science, 2005, 309(5735): 741-745. DOI

Singh S, Sidhu JS, Huang N, Vikal Y, Li Z, Brar DS,
Dhaliwal H, Khush GS. Pyramiding three bacterial blight
resistance genes (xab5, xal3 and Xa2l) using marker-
assisted selection into indica rice cultivar PR106. Theor
Appl Genet, 2001, 102(6-7): 1011-1015. DOI

Jiang GH, Xu CG, Tu JM, Li XH, He YQ, Zhang QF.
Pyramiding of insect-and disease-resistance genes into an
elite indica, cytoplasm male sterile restorer line of rice,
'Minghui 63'. Plant Breed, 2004, 123(2): 112-116. DOI
Huang N, Angeles ER, Domingo J, Magpantay G, Singh S,
Zhang G, Kumaravadivel N, Bennett J, Khush G: Pyrami-
ding of bacterial blight resistance genes in rice. marker-
assisted selection using RFLP and PCR. Theor Appl Genet,
1997, 95(3): 313-320. DOI

Maroof MAS, Jeong SC, Gunduz I, Tucker DM, Buss GR,
Tolin SA. Pyramiding of soybean mosaic virus resistance
genes by marker-assisted selection. Crop Sci, 2008, 48(2):
517-526. DOI

Wang XY, Chen P, Zhang SZ. Pyramiding and marker-
assisted selection for powdery mildew resistance genes in
common wheat. Acta Genet Sin, 2001, 28(7): 640-646.
DOl

Jiang L, Zhao FP, Zhang Q. Simulation of gene pyrami-
ding in Drosophila melanogaster. J Genet Genomics, 2008,
35(12): 737-742. DOI


javascript:AL_get(this,%20'jour',%20'Theor%20Appl%20Genet.');
http://www.nature.com/nrg/journal/v3/n1/box/nrg703_BX3.html
http://www.ncbi.nlm.nih.gov/pubmed/17660576
http://dx.doi.org/10.1093/nar/gki931
http://dx.doi.org/10.1534/genetics.103.023358
http://dx.doi.org/10.1017/S1751731109004492
http://www.chinaagrisci.com/upcoming/appendix.htm/
http://dx.doi.org/10.1126/science.1113373
http://dx.doi.org/10.1007/s001220000495
http://dx.doi.org/10.1046/j.1439-0523.2003.00917.x
http://link.springer.com/article/10.1007/s001220050565
http://dx.doi.org/10.2135/cropsci2007.08.0479
http://www.ncbi.nlm.nih.gov/pubmed/11480176
http://dx.doi.org/10.1016/S1673-8527(08)60229-5

	杂交群体动物基因聚合 
	徐凌洋, 赵福平, 任航行, 陆健, 张莉, 魏彩虹, 杜立新
	关键词:  基因聚合; 优化设计; 杂交群体; 群体哈明距离
	Animal gene pyramiding in cross populations
	XU Ling-Ying, ZHAO Fu-Ping, REN Hang-Xing, LU Jian, ZHANG Li, WEI Cai-Hong, DU Li-Xin
	Keywords: gene pyramiding; optimal design; hybrid population; population hamming distance
	 
	1  材料和方法
	1.1  基因聚合育种概念
	1.2  群体与个体基因型的模拟
	1.3  个体表型值的生成
	1.4  基因型选择与表型选择策略
	1.5  杂交方案设计与聚合育种

	2  结果与分析
	2.1  两基因聚合
	2.2  三基因聚合
	2.3  四基因聚合
	2.4  基因型和表型选择策略的平均表型进展

	3  讨 论
	参考文献(References): 








