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Genetic Variation and Genetic Relationship of Seventeen Chinese Indigenous
Pig Breeds Using Ten Serum Protein Loci*

D.L.Mo,B. Liu,Z. G Wang‘, S. H. Zhao, M. Yu, B. Fan, M. H. Li, S. L. Yang, G X. thmg1
T. A. Xiong and K. Li**
Laboratory of Molecular Biology & Animal Breeding. College of Animal Science and Technology
Huazhong Agricultural University, Wuhan 430070. P. R. China

ABSTRACT : Seventeen Chinese indigenous pig breeds and three introduced pig breeds had been carried out by means of vertical
polvacrvlanude gel electrophoresis (PAGE). According to the results, eight serum protein loci were highly polymorphic except P1-2 and
Cp. The pelymorplism mformation content (PIC) of HpX was the highest (0.3268), while that of Cp was the lowest (0.0257). The
population genetic variation index showed that about 84% genetic variation existed in the population, and the rest of 16% distributed
between the populations. The genetic variation of Yimeng black pig and Duroc were the highest and the lowest, respectively. The genetic
variation of Clunese indigenous pig breeds was much more than that of exotic groups. Genetic distance results showed that Chinese
indigenous pig breeds were classified mte four groups with the three introduced pig breeds clustered into another group. The results
also supported the geographic distribution of Chinese indigenous pig breeds in certain extent. (dsian-Aust J. Anim. Sci. 2003.
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INTRODUCTION

Serum protein polvmorphism has the characteristics of
genetic stability and lifetime constancy. which are usually
controlled by autosomal codominant alleles. Therefore
serum protein polvmorphism is significant in studving the
origin. differentiation and genetic distances between animal
populations (Li et al.. 1993). With massive land and
complex natural environment. China has abundant
resources of pig breeds. Additionally. in the domestic
animal diversity information system (DAD-IS) of the FAO,
128 Chinese pig breeds have been reported. which take up
almost one-third of the total pig breeds in the world. The
Chinese indigenous pig breeds are known for their strong
adaptability. high reproductive capacity and excellent taste.
The reproductive capability of Taihu pig is the highest in
the world (Zhang et al., 1986). Wuzhishan pig is one of the
special and rare small pig breeds in the world and can be
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used as experimental animals. Much work has been devoted
to the study on domestic animal serum proteins and
enzvmes after the introduction of molecular silver
electrophoresis. Especially, zone electrophoresis in starch
gels described by Smithes (1955a. b) provided a great
impetus to the study of polymorphic proteins (Hesselhol.
1969. Zuozuomu, 1982). But in China. the study on
indigenous pig breeds using serum protein loci has not been
performed systematically. and their work was restricted in a
few provinces (Huang et al. 1989: Lin et al.. 1998).
Analysis of 17 indigenous pig breeds and three introduced
pig breeds has been carried out using 10 serum protein
polymorphisms in the present study in order to stdy
revealing present genetic variation and relationships among
breeds.

MATERIALS AND METHODS

Samples collection

Serum samples were obtained from 922 Chinese
indigenous pig individuals and 175 introduced pig
individuals. Chinese pigs came from 17 breeds in the 12
provinces of western China and its surrounding areas such
as Inner Mongolia, Sichuan province. Guangdong provinge.
According to the book of Pig Breeds in China (Zhang et al..
1986). they belong to 5 types: North China type (6), South
China type (6). Central China type (3). and Soutlnvest
China type (2). All samples were collected randomly from
breeding farm and the villages without affinity records.
More details about the tvpe of each breed. sample location.
sample size, the numbers of males and females were shown
in Table 1.
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Table 1. 17 Chinese indigenous pig breeds and 3 introduced pig breed included in the study and their type, sampling location, sample

size, number of males and temales

Type Breed (abbreviation) Sampling location Total Males  Females
North China M pig (MZ) Lanxi county breedmg farm in Heilongjiang province 39 4 35
tvpe Hanjiang black pig (HT) Hanjiang black pig breeding farm in Yueyvang city 60 7 53
Mashen pig (MS) Breeding fann in Datong city 59 15 44
Hetao large-car pig (HT)  Breeding farm in Wuyuan city 33 8 43
Laiwu pig (LWZ) Laiwu city breeding farm in Shandong province 39 2 57
Yimeng black pig ( YM) Linyi city breeding tarm in Shandong province 60 5 55
Southwest  Guanling pig (GL) Pingzhai village of gaozhai town in kaivang city 32 5 27
Type Chenghua pig (CH) Chengdu city livestock breeding fanm 6l 4 36
Central Dongshan pig (DS) Dengshan town of Quanzhou county in Guangxi 38 9 49
China Autonomous Region
type Large black-white Dongguan citv livestock breeding farm 56 2 54
pig (LBW)
Putian pig (PT) Changtai town of Putian county in Fujian province 37 7 30
South China Longlin pig (LL) De town of Longlin county in Guangxi Autonomous Region 39 6 53
type Donglan pig (DL) Wuzhuan town of Donglan county in Guangxi Autonomous 48 2 46
Region
Wuzhishan pig (WZ) CAAS Wuzlhishan pig breeding farm in Hamnan province 60 3 35
Baixiang pig (BX) Biologic Technical College of Guizhou university 23 5 18
Lantang pig (LT) Dongguan city livestock breeding farm 37 4 33
Huai pig (HZ) Taihua town of Datian county in Fujian province 6l 8 32
Out-group  Large white (LW) Purebreed famm of pig breeding center in Beijing 66 12 54
Landrace (LD) Purebreed farm of pig breeding center in Beijing 66 8 58
Doruc (DR) Purebreed farm of Dorue in Beijing 62 11 51
Table 2. Electrophoretically detectable variants of protein loci in the pig
Protein Locus Number of alleles Allele sign
Alkaline phosphatase Akp 4 Akp?. Akp®. Akp®. AkpP
Albumin Alb 2 Alb*, AlbP
Amylase Am 4 Am?*. Am®, Am?®? Am®
Ceruloplasmin Cp 3 Cp? Cp® Cp*©
Hemopexin Hpx 6 Hpx " Hpx 'F Hpx ' Hpx 2 Hpx * Hpx
Protease inhibitor- | Pi-1 2 Pi-1*, Pi-1®
Protease inhibitor-2 Pi-2 2 Pi-2*, Ppi-2P
Postalbumin-1 Po-1 2 Po-1*, Po-1"
Postalbumin-2 Po-2 3 Po-2%, Po-2°, Po-2"
Transterrin Tf 3 Tf*. TfE Tr®

Serum protein electrophoresis

Serum protein was measured by means of vertical
discontinuous PAGE in this smdy. Ten proteins loci for
examination, the number of observed alleles and their sign
were listed in the Table 2. Gel concentration. buffer system
component and other electrophoresis conditions concerned
were listed in the Table 3.

Data analysis

Genotvpe was judged according to the opposite
migration rate of protein. Gene frequency. Number of the
effective alleles (Ne), PIC and genetic similarity coefficient
were obfained by programming in Microsoft Excel
GENEPOP ver. 3.3 (Raymond et al.. 1995) computer
package was emploved in the calculations of the expected
heterozyvgosity. observed heterozy gosity of each population.

Wright's Fst static in each locus and the test of Hardy-
Weinberg equilibrium. The Dy distance (Nei's et al.. 1983).
gene diversity (Ht) and their associated parameters such as
Hs and Gst were performed by the DISPAN program (Ota.
1993). Phylogenetic trees were constructed by using the
unweighted pair group-method with arithmetic mean
(UPGMA) (Sneath and Sokal. 1973) from matrix of Dy
distances.

RESULTS AND DISCUSSION

Serum protein polymorphism in swine

The allele frequencies showed that Pi-2 in all breeds
was monomorphic and the other 9 loci were polymorphic.
in which Cp allele represented a homozygote almost, too.
The very low frequencies of Cp® and Cp" were later
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Table 3. Gel concentration, butfer system and other electrophoresis conditions concemed
Electrophoresis condition - - Protein locus
Pi-1 Pi-2  Po-1 Po-2 Tf Alb Akp Hpx Cp Am
Separating gel 14% - - - - - 12% 8% - -
concertration
Stacking gel concentration 4% - - - - - - - - -
Separating gel buffer Tris-HC1 - - - - - - Tris-HCl Tris-citrate -
pH 8.9 pH8.8 pH&.9
Stacking gel buffer Tris-HC1 - - - - - - Tris-HCl Tris-citrate -
PH6.7 pH6.8 pH6.8
Electrode butfer Tris-Gly - - - - - - - Tris-Gly -
pH&.3 pH8.7
Voltage in stacking gel 130V - - - - - 80V - - -
pass line pass line
Voltage in separating gel 370V - - - 540V - 120V 140V 160V 200V
7h 7h 12h 12h 12h 12h

-: Predicates the condition is same as that ahead of it in the same row.

Table 4. Number of the effective alleles (Ne), polymorphism

information content (PIC), mean (expected, observed)
heterozygosity
Beeds Ne PIC Mean heterozvgositv
Expected Observed
Donalan pig 17923 03091 03563 0.3521
Longlin pig 1.8934 03419 03976 0.3380
Dongshan pig 1.9342 03336 0.3859 04318
Min pig 1.8380 02945 03603 0.4254
Wuzhishan g 20439 03788 04423 0.4174
Chenhua pig 1.8462 03162 0.3780 04128
Guanling pig 1.8307 0.3306  0.3900 0.4094
Barxiang pig 1.7399 03033 03611 0.3581
Large black-white pig  1.7902 03038  0.368% 03518
Lantang pig 1.6467 02728 0.3222 0.3930
Putian pig 1.6412 02814 03418 0.4386
Hual pig 20373 03686 04293 0.4346
Hetao large-ear pig 1.7863 03126 0.373] 0.3735
Larwu pig 1.8787 03537 04231 0.4523
Yuneng black pig 20161 03660 04415 0.4891
Mashen pig 1.8185 0.3368 04056 0.4780
Hanjiang black pig 16586 0.2889  0.3402 0.4044
Large white 1.6382 02776 0.3336 0.4363
Landrace 1.7571 03043 03737 0.4322
Duroc 1.5707 02496  0.3084 0.3765

ascertained in the breeds of Wuzhishan pig, Huai pig,
Laiwu pig. Mashen pig. large white and Landrace. It
indicated that Cp was homozygotic and was losing its
practical significance gradually in studving consanguineous
relationship among pig breeds. which was similar as Pi-2.
On basis of the phenotypic heterozy gosity of locus Tf in
these populations, it was reasonable to suggest that the
variations observed were controlled by three codominant
alleles: Tf*. Tf® and Tf", which were consistent with the
results of other studies in China (Huang and Zhou, 1989;
Linetal.. 1998). These three alleles were observed in all the
breeds studied except Duroc, in which the allele of Ti* was

not observed. Resulted from the comparison 3 alleles’
frequencies of Po-2. it was concluded that Po-2" and Po-2*
were the dominant alleles in Chinese indigenous pig breeds
whereas the allele of Po-2° was dominant in the introduced
three pig breeds. In the three protein loci (Po-1. Alb. Pi-1),
the frequency of allele A was higher in the exanined pig
breeds except Laiwn pig. Yimeng pig. large white and
Landrace. In addition. we observed the existence of Po-1
mononiorphism in large black-white pig. Lantang pig and
the introduced three pig breeds.

It's found that the allele Am® was primary in most
breeds. and the result of study on polymorphism of Am was
consistent with Hesselhol (1969) and Zuozuomu (1982).
The allele Am™. which was very rare. occurred in
Dongshan pig, Chenghua pig, Baixiang pig and Hetao
large-ear pig. In this investigation. four alleles of Akp®.
Akp®. Akp® and Akp" were observed in Akp loci. It was
easy to discover that the primary allele of Akp~ was in
Chinese indigenous pig breeds and Akp” was in most of the
introduced pig breeds. The Hpx components occured in
these populations suggested that the polymorphism was
under genetic control of six alleles of Hpx", Hpx'". Hpx'.
Hpx, Hpx’ and Hpx' with a codominant mode of
inheritance. Among these alleles. Hpx~ was possessed in all
pig breeds studied. but allele Hpx' was not observed in
Chenghua pig and Hpx" lacked in Huai pig and Mashen pig.

It can be seen from the Table 5 that the increasing/
decreasing magnitude order of heterozygosity among
populations (Dst) in the 10 loci was listed as following:
Hpx, Po-2, Am, Tf. Akp. Pi-1, Po-1. Alb. Cp, Pi-2 whereas
the magnitude order of heterozygosity within population
(Hs) is: Hpx. Tf. Pi-2. Po-2. Akp. Alb. Am. Po-1. Pi-1. Cp.
From the above, it could be concluded that there was
discrepancy of alleles of locus Hpx between breeds as much
as within breeds in the constitution and content. As a result.
Hpx can be used as an important locus for studying the
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Table 5. Loci variation at pig breeds studied including coefficient of gene differentiation (Gst), total genetic heterozvgosity (Ht),
heterozygosity witlhin population (Hs), heterozygosity between populations (Dst), Polymorphism mfonmation content (PIC), fixation
indices (Fis, Fit and Fst) in each loci and number of breeds deviated from Hardy-Weinberg equilibrium (H-W) which resulted from X°

=

Locus Gst Ht Hs Dst PIC Fis Fst it H-W X
Tt 0.1321 0.6553 0.3688 0.0863 04922 -0.049 0.1389 0.0967 17 4893
Cp 0.05331 0.0288 0.0273 0.0013 0.0257 04421 0.0415 04653 17 46.0
Po-2 0.2122 0.6177 (14866 0.1311 041735 0.3340 0.2146 0.4769 11 31350
Po-1 0.2416 0.2583 0.1960 0.0625 0.1605 0.1125 0.2508 0.3351 9 96.8
Pi-1 0.2991 02110 0.1479 0.0631 0.1228 -0.0334 (.3084 (.2853 7 18.6
Pi-2 (L0000 (1.5000 (1.3000 (.0000 0.3730 -1 0 -1 20 14.2
Am 0.2213 ().4439 (1.3472 (1.0987 (.3038 0.0408 0.2283 0.2398 3 477
Akp 0.1434 0.3604 04800 0.0804 04098 0.3643 0.1428 04551 16 398.2
Alb 0.0333 (0.4300 (.4148 .0151 ).3260 -0.3148 0.0276 -0.473 16 3828
Hpx (0.2324 0.7678 (1.3740) 0.1938 (1.5268 -0.0028 0.2389 0.2369 3 Infiruty
Mean 0.1637 0.4473 0.3743 0.0733 03162 -0.0967 0.1677 0.0872 12.5

Table 6. The D, genetic distance (below diagonal) and resemble coefficient in 20 pig breeds (above diagonal)

DL* LL D3 \Z WZ CH 5L BX  IBW LT PT HZ HT LWZ YA MS HI LW LD DR
DL * 9613 D427 Q906G DBETH D.LOI4 (9300 DBSOL (LBSTS 0.8320 08732 (9531 08899 D863 (L8709 (86811 0.9047 (.7952 07899 07780
LL .13593 ® 8967 (.88R4 NRG2) BT 09062 NBI2F (.RILF 08611 09595 0SS5 08758 (8TSE (EESS 08745 07911 A.7829 0780
D3 DAV ORUB [ * (L8823 B33 CRTIZ (9034 05410 (9306 0.k 0.876]1 09247 08343 08073 (8244 (.8655 09145 07737 07857 07617
NZ O DOBR] (L1172 01232 DRI Q93R] 09728 0437 ORTD9 09542 9070 09277 0D.SIEY (930S U910 09272 08390 DI N.8TES
WZ 00336 (L0336 D49% (.0427 * D.BEIR (L9638 D.BBOS (L9430 NBIE2 D.Q300 09807 09056 DOOT1L 9234 09124 09209 0.8292 (8413 0.8369
CH  0.1038 Q0973 01375 0.0428 0.0348 09468 DRI 09133 D229 N.9043 09342 09008 08818 09273 (8891 08902 (8346 08544 09024
GL D726 QL0983 D994 0.0276 N.036% 0.0347 BB (RBIZ NIRRT D991 095315 08923 DOIS1 09302 (9186 09549 (8552 08773 08758
BX 00193 CLOBDE DGO QL0379 D403 00863 (L0627 * o (LBSZ0 02072 08889 (9373 0.9328 08676 (9029 0N.883F 09277 (8824 D838 08275
LBW 01336 (L1726 00718 Q1382 DO3RT DOSE3 01118 01236 DB219 08582 09206 08239 08125 08336 (.8724 08514 O.8134 08195 08323
LT DIB9S 01043 D4RE (LIND3R DODHES D021 00734 00273 (.0813 0.9267 09379 07992 07984 (8399 (.8493 08695 (.7410 07378 07379
FT 01533 01496 01323 0.0469 00726 01004 00314 D178 01329 D026l ¥ (L8976 08452 08723 U918 0.8396 N9 (7763 08151 D803
HZ 00480 00413 D0OTRS 0.0BT6 00193 D0BR] (L0710 D648 (.0827 D64l 01080 0 08964 0D.8TTS 09047 (L8930 03948 (8206 (.7933 0.7929
HT 0167 €220 01810 00731 00992 01043 (L1138 0473 001813 02242 01682 001094 * 08979 09424 0.8745 08883 09147 (.8838 0.8489
LWZ D15 Q1326 D240 D179 DDSIS D123 QORSS D 1420 O 2076 N2252 01365 41307 01077 * Q9164 RS N§STH ORISR O R3S1 DITIH
YR D13SZ OIS D193 OOHI DT QOTSS Q0723 DN O )820 DTS 00915 41007 00593 0087 * RG9S DFF36 QRN AR2LI NI2RG
MS O DA% Q1218 D1 Q0832 DDR]T D175 QOIS D124 O J363 D1634 O 1748 01132 01341 01578 01388 * D425 O R747 N§TI2 DSSAT
HI DADGT G133 DDESE Q0756 DO DI1IES OOEZ DOTIL O A0S D 1398 D07 01112 1184 D 1082 41238 01714 * AR132 R4 N8336
LW D221 Q2343 D266 01756 DIR72 DISOR O 1364 D 1R8N O ZDES 02997 02530 O 1977 N0RIZT 01675 (1982 (1335 02068 * 9797 D599
LD 02338 Q247 D242 01393 D1728 D1S73 Q1309 DISZ% O 18%9] D2773 02045 02315 01235 01802 41963 01356 01835 00205 * 0 9418
DR D25]0 Q2484 D722 O 1318 DI DIDIG Q1329 D189 O 1836 D 3030 0 21ad 4 252] D 16G38 01325 O 1880 O 1617 01820 Q0% (0526 *

" The abbreviation of pig breeds.

origin and differentiation of breeds and consanguineous
relationship between individuals. That was to say, the
function of different loci were varable in studving
population genetic variation. At the same time. choosing the
right loci and number of loci plaved decisive influence on
veracity of experiment results when studying semm protein
polymorphism in swine.

Population genetic variations and genetic differentiation

As described in Table 4, it showed that most of PIC are
middle polvmorphism except Duroc whose is low (0.2496).
As for mean expected heterozygosity. it ranged from 0.3084
to 0.4423 and Duroc’s was the lowest. The value of mean
observed heterozyvgosity distributed between 0.3318 and
0.4891. and it was higher than that of former. With the three
indexes (Ne, PIC, H). it can be directly compared not only
genetic polymorphism and selective potential of the same
gene loci in different populations. but also variation extent
of the same population at different gene loci. The more the

mean genetic heterozygosity is. the more alleles are. and the
higher the genetic diversity is. It also results in the higher
selection potential and the higher selection pressure.

Taking a comprehensive view of the whole gene
frequency, in the protein loci with more alleles such as Am,
Akp. Hpx. etc.. the number of alleles in Chinese indigenous
pig breeds is often more than that of introduced pig breeds.
Moreover. much more variation exists within breeds. As it
is concerned. this kind of phenomena indicated that many
genes in exotic pig breeds had been lost resulted from the
long-term natural selection. On the other hand. many
indigenous pig breeds still kept relatively higher genetic
variations because of the conditional restrictions of the
complex survival environments and the relatively lower
crossing. In addition. the genetic differentiation coefficient
(Gst) and the fixed index (Fst) between the populations
indicated that 84% of the total genetic variation was
between populations in all the 20 pig breeds. As for genetic
differentiation, Hpx is maximal (0.2598) while Pi-2 is
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Figure 1. UPGMA phylogenetic tree showing the genetic
structure of 17 Chinese indigenous pig breeds and three
introduced pig breeds using Nei’s D, distance.

minimal (0.0000). The numbers of pig breeds deviating
from equilibrinm are different in variant loci. Am and Hpx
are the least (3. p<0).03); on the other hand. that of Pi-2 is
the most (20. p<0.05). which according to the value of X~
resulted from fisher’s method.

With the advancement of reforming and opening in
China. and the continuous improving of artificial
insemination and crossing. the genetic variation of many
breeds became smaller and some excellent breeds had
almost lost their breeding potentiality. So protecting the
present breeds should be the important strategic selection in
the 21" century for all the countries in the world.

Population genetic relationships and clustering analysis

Table 6 showed that the value of genetic distance ranged
from 0.0193 to 0.2773. and the genetic distance between
Donglan pig and Baixiang pig was the closest whereas that
of Lantang pig and Landrace was the farthest. Figure |
showed that the Chinese indigenous pig breeds studied in
this work were divided into three branches. In the first
branch. there are Donglan pig. Baixiang pig. Dongshan pig.
Wuzhishan pig. Huai pig and Longlin pig: large black-white
pig and Lantang pig grouped the second branch. In the third
branch. it contained the North China tvpe pig and
Southwest China type pig, which distributed according to
the book of pig Breeds in China. In addition. Mashen pig
was far away from other breeds. Three introduced pig
breeds were used as the out-group.

From above. it was not fully consistent with the
previous division. The Donglan pig in Guangxi province
and the Baixiang pig in Guizhou province had the near
geographic location and there were frequent exchanges.
therefore they had the nearest relationship and they formed
into a small cluster with the Dongshan pig in Guangxi
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province. Then the cluster was merged with the Wuzhishan
pig. Huai pig and Longlin pig. which were long distance
away. into a larger cluster This formed the South China
tvpe pig. This result was easily comprehended and it
simultaneously indicated the geographic isolation had
certain influence on genetic differentiation of breeds.

To be surprised. the Guanlin pig in Guizhou province of
Southwest type and the Chenhua pig in Sichuan province.
Putian pig in Fuyjian province of Central China type
clustered into a branch with North China type pig such as
Yimeng pig. Min pig. In fact. they had relatively farther
geographic location. We thought the causes might be that
the serum samples from the backward of farmers and they
might be mixed by the blood of Min pig and exotic pig
breeds. which had a good crossing effect with them in
recent vears. The possibility of gene mixture was larger and
might be affected by the genetic erosion. According to the
book of pig Breeds in China, the immigrant people from
Shanxi province carried the Bamei pig into the Hetao area.
so it had large influences on the forming of Hetao large-ear
pig in Hetao area of Inner Mongolian autonomous region.

The results of our study indicated that the classification
according to body stature. appearance features. producing
functions and geographic distribution could not reflect the
basic genetic difference of breeds and genetic relationship
between them. Mashen pig in Shanxi province existed in
the remote mountain areas and had the less exchange with
the outer spaces. so it formed a branch itself. Of course the
Chinese indigenous pig breeds originated from Asian wild
pig had a far relationship with the three exotic pig breeds
from Europe and America.

Resulted from the large difference of survival
circumstance and social conditions of pig breeds. the
genetic  differentiation and the diversity of economic
characters evolved. Therefore both serum proteins
polvmorphism and other study methods had their own
characteristics and limitations for pufting importance on
different aspects. We should pay more attention to that in
the specific work.
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APPENDIX. The following 1s allele frequencies of ten serum protein emploved in thus study

Tt Cp Pa-2 Pa-1 P1-1 P1-2
A B C A B C A B C A E A B A B

Donglan pig (L3938 02282 DATTL Qo000 Lonog  Dooon 6354 D0833 02813 09792 00208 09382 00417 DSI0 {5000
Lenghn pig Q78G9 DANES D IOGE  Qannd L onan  Qaann  O336) 02705 03934 0893 01466 09262 0D0NTI§ AS00 O S00d
Dongshan pig G033 05247 02008 000n0 Tooon 000D 9138 00862 QDD 09389 D431 09389 00431 05000 43000
Min pig 00192 OR76% DAOZE O0Ond T 0ROG DROGD  OSTE3 00832 3305 OR0OS] 01949 1aand Doan 0 S0 0 S0d
Wuzhishan pig (L3833 03167 03000 Q0417 02383 DO0OOD (3333 02250 02417 Q8583 01417 09750 0023 0500 {08000
Chenghua g QO O3] D083 Oanng 1 0nan (02583 D3NRY Q4333 09750 00250 T QA0 D0an O S000
Guanling pig L1406 04331 03063 1.000n0 GLET1Y N8I3 G069 07969 02031 O8281 0719 O.5000

Bawiang pig 03636 0309 D2955 Lonodg nooan  0as22  0d3s 03043 Q9565 00435 1 a000  00onaa 0 S0

Large black-white pig D337 04464 DILTR Looad ooy 3982 04018 Q0000 TAa000 D000 LO0d 00onan {3000

Lantang pig Q2456 DSEI4 DS Qannd L onan  Qadnn  OR333 0 0 16G7 0 a0nd Tannd 00aan ] aand  o0noan S 4 S0nd
Putian pig QL0439 04737 DAR2S 00000 TODOD 00000 8398 01304 Q000D 03789 04211 09211 0078 05000 43000
Huai pig Q4083 027300 03167 QOO0 0BT DO23D 0 A382] 0 03362 02017 Q8583 01417 09832 00167 DSII0 {3000
Hetan large-gar pig 02340 DAS ORRIT 0 Qanng T onan GOand 1887 0 36TS Q4434 7264 02736 O9811 00189 0500 (O S000
Laiwu pig 0364 1549 D407 QO3NE 05992 DOOOn  A2712 0 07288 Q0000 Q4407 05393 09152 00847 050 {3000
Yimeng hack pig 00339 DSS47 D3RI OO0 2417 02167 Q5417 0H17 0853 49000 0 1A O S00n0

MMashen pig Q407 04407 D1IRE (LOGna D424 03473 04831 001895 O9576 00424 O.M8E 02024 D500

Hanjiang klack pig 01695 02373 N S9R2 Qaonn QTS0 02500 Qa0a 0 IS0 02TI0 1 aona o0nan O S000

Large white D413 04243 04340 DRTI0 HO0OD G917 08083 Q0000 1000 D04 Q47300 052300 000 O
Landrace 0O816 DA3RE D 4796 D& n Do G0 DSS3G Q0179 1 onad Dagon 43839 D6Lal 0 SaoD O SN0
Duroc QOoDy 02334 07436 00000 Lonag D.o00n DAL 00440 10000 00000 8017 03983 Q5000 3000

Am akp Alb Hpx
A BF B C A B C D A E 0 IF 1 2 3 4

Donglan pig Q2708 00000 03238 (1334 00417 00417 08438 00729 Q8229 01770 00208 00208 03854 02083 02125 0032
Lenghn pig Q0328 00anD DERIT N336] 00246 00482 DTS 1867 OGI6T 03833 00ldd Q05T 01885 04590 (O ]S5T 01230
Dongshan pig QAD8E Q023 12931 01724 Q0172 00948 3239 02621 (L6638 03262 D.O0AD Q0000 (1897 02739 Q1488 02879
Min pig QOODa DDaaD T onan DORGD Qaand Qaonn D S7E3 04237 OSGT8 04322 000a0 02542 0 18G4 02966 02542 0085
Wuzhishan pig Q2083 00o00n 0337 2300 Q0308 D0o00n 03678 03814 06750 03230 00687 00417 01230 04500 23187 00000
Chenghua g Qaono D167 DTIET D167 00336 00982 DHGH OJ401R O TOS3 02917 00500 Q0000 0000 04833 04667 0000
Guanling pig QDo Q.00D) 08906 D094 (L0469 O.000) DB (3123 8438 01383 00000 02813 Q0825 03906 02344 (L0513
Bawiang pig 02391 DD4IS DT Qaodd Q0652 QD17 DSES2 O347R 0 OR261 01739 000A0 Q000 0&304 0 10RT 01957 00652
Large black-white pig Q4643 000 01607 D3T3 0446 00714 02411 0.6429 Q.54 02948 0 D Q074 Q1339 D893 02034 00000
Lantang pig G421 000D 04386 01404 (L1140 00T02 07632 (L0526 06404 D398 D000 00173 00814 DT7SAT O1404 QLa0nd
Putian pig OO263 QoD DBIIT DODAD Qaand 41053 DESTS (2368  OddDd 03596 D0SGS  AO439 00351 D TFLAS Q1140 Qa0
Huai pig Q217 000D 0347 02667 (L0083 00300 DBTI0 02687 07672 02328 03417 00333 001383 04667 Q0000 {La00d
Hetan large-gar pig Q0189 0755 DEIES DT QOODG QOODD DISAS (5392 OGT92 03208 000a0 aaad 0§13 00377 00472 0038
Laiwu pig Q0234 Dooon 08136 610 (OaTR  O0N308 03762 02031 06949 D303 00189 (1431 02288 00393 G508 (La0nd
Yimeng hlack pig QO833 QaonD DTIE3 DISRY QOIS0 QaonD DENRI (3667 (G333 03GAT 000ad 022500 43000 02667 02083 00000
Mashen pig Q2438 0000 QODOO (L0339 00308 02881 06271 Q6017 D983 00000 0.4949 00878 02373 Q0000 (LDl
Hanjiang black pig Q02500 Q00D DODDTRG GO]7R 0 OOR26 DAL O3158 Q8333 0 16G7 00000 Gan§3 01250 01250 01250 06167
Large white CO9TT DO DRODRS  QODDa Qa0Dn  Dooan 02895 G703 06750 032300 01017 Q0000 07712 D0s78 Q0508 0Langs
Lantlrace QDo Q.000Dn  1oadn  OoDna 0446 0337 D786 G741 003825 04275 00000 Q0000 03823 01607 A2788 (L0000
Durne QOaRa DDaan T onan  aanpa Gaann noaan D187 A RING OS84T 053 000aa aaand 01102 01102 a7797  Oan0d

Zhao and J. Sun (NAVS. China), Prof. H. H. Cao (Chinese
Academy of Agricultural Sciences. China). Prof. Y. Zhang
and Dr. F. Z. Sun (China Agricultural University. China),
Prof. L.S. Huang (Jiangxi Agricultural University. China)
for their help and useful suggestions.
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