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Study on Origin and Phylogeny Status of Hu Sheep

R. Q. Geng, H. Chang*, Z P. Yang, W. Sun, L, P. Wang, S. X, Lu, K. Tsunoda' and Z. J. Ren?
Animal Science & Veterinary Medical College. Yangzhou University Yangzhou. Jiangsu Province. 225009, China

ABSTRACT : Applving simple random sampling in tvpical colony methods in the central area of habitat, 14 structural loci and 31
alleles in blood enzvme and other protein variations of Hu sheep population are examined. After collecting the same data of 11 loci
about the 22 sheep colonies in China and other countries, 1t clusters the 23 sheep populations by fuzzy cluster analysis. The study proves
that the phyvlogenetic relationship between Hu sheep population and Mongolia populations 1s relatively closed. This result obtained 1s
shown to conform to the historical data. (dsian-dust. J. Anim. Sci. 2003. 1ol 16, No. 5: 743-747)
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INTRODUCTION

Hu sheep. as a special local sheep breed of China. it also
is one of the several white breeds of the world. Now. there
are about | million Hu sheep in partial regions of Zhejiang
province, Jiangsu province and Shanghai city. Under the
given enviromment of Taihu Lake valleyv. it has
premature.percennial oestrus and other excellent traits with
high reproduction charater For a long time, there are several
different views about the origin of Hu sheep. Someone
thinks it originated from Mongol sheep of Yuan Dynasty.
Someone thinks it originated from Mongol sheep or Han
sheep in Shandong of Nanshong dyvnasty.Someone thinks it
originated from north sheep of "Five Dynasties" times (A.
D. 907-A. D. 960).The aim of this paper is to provide new
bases for discussing the origin and phylogenetic status
among other sheep populations in Asian and European.

MATERIALS AND METHODS

Sampling methods

Applving simple random sampling in typical colony
methods in the central area of habitat (Huzhou City
Zhejiang Province). 63 Hu sheep were selected. Blood
samples are collected and treated according to references
(Zhang etal.. 1997 Li. 1982).

Maultiloci electrophoresis

Starch gel electrophoresis is used to determine the
variations of the 14 loci in encod hemoglobin-B (Hb-f).
Albumin (Al. Post-albunun (P.). Transferrin (Tf).
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Alkalinephosphatase (Alp). Leucine aminopeptidese (Lap).
Arvlesterase  (Arv-Es), X-protein (X-P). Carbonic
anhydrase (CA). Malate dehydrogenase (MDH), Catalase
(Cat). Glucosephosphate isomerase (GPI). Lysine (Ly) and
posassium (Ke). The types of the varnations are determined
according to the standards universally accepted in the
countries neighboring China. Eletrophoretic method and
variational patterms in each locus are those described
minutely by references (Tsunoda et al.. 1988. 1990. 1992).

Statistical analysis

The frequency and variance of genes are estimated
according to sample structure and sample size of the
populations. The following two formulae are used to
calculate the reliability () that ensures the estimate does
not deviate from the true value more than 0.5 times and the
relative deviation (n)) when the reliability reaches 0.9545.
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In the above formula. P and V (P) strand for gene
frequency and variance. respectively: A is the standardized
deviation of the estimate and is suitable for the first formula

L
when its standardized deviationis i = 0.5 =[I"(P)*].

Phylogenetic relationship cluster According to the
frequency of the genetic loci 11 in each population, the
following formula is used to describe the fuzzy consistency
relationship matrix of the similarity between populations
and to compose the fuzzy similarity relation Thus
population cluster is achieved.

#R 2= ;_]"(- JyvifdnJv )+

In the above formula. J;. J, and I, stand respectively
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Table 1. Abbreviation, sampling source and data sowrce of 23
sheep populations in China and other countries
Population

abbreviation’lmg population and lecation Data source
Khalkhas

Kha-KH Kharkhorin, Mongolia Tsunoda et al., 1999
Khalkhas

a-1 ) sunoda et al.. 1995

Kha-UUB Ulaanhaatar Mongolia Tsunoda et al., 1999

Vie-NS Ninh Son, Vietnam Tsunoda et al., 1998

Yun-LF Lutepg ,Yu‘m?an Tsunoda et al., 1993
Provinee.Chma

Yiun-LN Luna_n,Yumlz_m Tsunoda et al., 1995
Province,China

Bar-SO Barwal Solu,Nepal Tsunoda et al., 1992

Bar-KO Baruwal Kodari Nepal Tsunoda et al., 1992

Bar--KG  Baruwal Kali Gandaki Nepal Tsunoda et al., 1992

Kag-KT Kagi,Kathmandu, Nepal Tsunoda et al., 1992

Kag-CH  Kagi,Chitlang Nepal Tsunoda et al., 1992

Ban-JK Jessore Khulna, Bangladesh  Tsunoda et al., 1989

Ban-MY  Mymensingh, Bangladesh Tsunoda et al., 1989

Ban-NO  Noakhali, Bangladeshi Tsunoda et al., 1989

Bhy-KO  Bhvanglung Kodari, Nepal — Tsuneda et al., 1992
Bhvanglung Kali

Bhy-KG Gandaki, Nepal Tsunoda et al., 1992

Lam-NS Lanipuchhre Narayangath Tsunoda et al., 1992
Sommnath, Nepal

Lam.L Large Lampuchhre, Lumbini, Tsunoda et al., 1992
Nepal

Suf Suffolk Sheep.raised in Japan ’lf;ggoda ot al. 1988,

- Cheviot Sheep, raised in Tsunoda et al., 1988,

Che
Japan 1990

) Comnedale Sheep, raised m Tsunoda et al., 1988,

Cor
Japan 1990

Bor Border Leicester Sheep, Tsunoda et al., 1988,
raised in Japan 1990

Fin Finnish Landrace Sheep, Tsunoda et al., 1988,
raised in Japan 1990

HY Hu Sheep, Huzhou city, This study, 2001

Zhepang Provinee,China

GENGETAL.

Table 2. The esnmaters of gene frequencies mn structural loci of
Hu sheep population

Locus  Allele P V (P) n B
Al ¢ 1.0000 0 0 1.0000
Po F 00167 1.3916x10* 14128  0.5222
S 09833 1.3916x10*  0.0240  1.0000
Tf A 00416 3.3788x107 0.8837  0.7416
B 0.1500 1.0805x10° 04383 09774
C  0.3000 1.7797<10° 02812 0.9997
D 03417 1.9063x107° 02336 0.9999
E 01300 1LOSO3x107 04383 0.9774
F 00167 1.3916x10* 14128  0.5222
Alp B+ (.3945 2.0243x107% 02281 1.0000
B- 06055 2.0243x10°  0.1486  1.0000
Arv-Es  Es+ 0.3292 1.8714x10% 02628  0.9999
Es- 06708 1.8714%10% 01290 1.0000
Lap A 04373 2.0853x10r* 02089 1.0000
B 03627 2.0833x10% 01623 1.0000
Hb-f F 00238 1L.8737x107 11303 0.6136
S 09762 1.8737x107  0.0280 10000
X-p X 02546 1.5305%10%  0.3073  0.9990
X 0.7454 1.5305%10%  0.1050  1.0000
CA F 0.079% 58948107 06116  (.8990
S 0.9206 5.8948x107%  0.0527  1.0000
MDH F 05000 2.0161x10%  0.1796  1.0000
S 0.5000 2.0161x107% 01796 1.0000
Cat B 04444 1.9912x1¢00  0.2008 10000
C 03336 1.9912x10% 01606 1.0000
GPI 1 0.7837 1.3379<107% 00938 1.0000
2 02143 1.3379x107° 03439 0.9964
Ly A 07183 1.6318x107% 01125 0.9994
a 02817 1.6318x10% 02868  1.0000
Ke L 00828 6.1245%10% 05978 0.9050
h 09172 6.1245x107%  0.0540  1.0000

for population X. population Y and the probability average
among loci of the same alleles acquired at random form the
first two populations. pg (X. ¥) stands for the membership
function under the fuzzy consistency relation R between X
and Y populations.

Quotation of source materials

In the above phylogenetic relationship clusters. the data
information of 23 colonies are shown in tablel. These data
are reported by other researchers with the same techniques
(Tsunoda et al., 1988, 1990, 1992, 1993, 1998. 1999).

Table 1. Abbreviation. sampling source and data source
of 23 sheep populations in China and other countries

RESULTS

Frequency distribution of blood enzyme and other
protein loci accuracy and reliability of the estimate of gene
frequencies of Hu sheep are shown in Table 2.

Table 2 The estimators of gene frequencies in structural
loci of Hu sheep population of the 14 loci tested, 13 have
polvmorphisin. It is seen from table 2 that the reliability of
estimate of 25 alleles apart from Pi". TF* Tf', Hb-pF. CAF,
Ke" and their reliability is 0.5222, 0.7416, 0.5222. 0.6136,
0.8990 and 0.9030 respectively. So these data may serve as
statistical analysis of phylogenetic relationship (Chang et al..
1993).

Phylogenetic clusters

The interal and external data are quoted. phylogenetic
clusters are performed as standard genetic distance based on
gene frequency of 11 blood enzymes and other protein loci
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Table 3. Fuzzy resemblance relation R (upper night) and tuzzy silarity relation R23 (lower left)

HY Khw-KH Kha-UB Vie-NS Twi-LF Yon-LN Bar-S0 Ba-KOQ Bar-KiG Kag-KT Kag-UH Ban-JE Ban-MY Ban-NOQ Bhy-KOQ Bhy-KG Lam-NS Lam-L Suf Che Cor B Fin

] 2 K} 4 3 B K g 9 U] Ll 12 (] 14 15 lo 17 18 19 20 21 21 23

1. ATRI 9oDS %32 BA02 9oLl S306 9352 QDS 9231 393 98T 95|17 W15T 0 9142 9287 M35 9280 NaT4 0 95858 95LT 9STS N2e0
9TgI | 9923 036 RR)Y QTR R3QT 93] 9RT) R33L R362 9pld 927 204] 0N 0430 QIS5 9212 Bpld 93T 0431 0G50 959
ATRI 9923 ). B4 2500 9old 9223 9231 90e® 028 9272 9508 9157 89g1 H429 0 9416 923y M5 9ASL 8309 9155 S413 0 YING
2764 9% 0Tt | L5939 9g) BT 9a%y w8l 9sR2 2058 9TSg  928S 8871 YT15 9545 9848 YSST 9nsY 9580 NgSS 9713 NS0T
93 9N QIR oxe | 9442 244] 9402 9lX| 2431 D49E 9LTF 04T o028 9200 2020 93A5E 920] 0255 9327 OIR0  Olig  9]29
NTRI 9TRo 9TRe %Tod SS09 ). 421 9%p] BADE 9443 9T3T 9aT8 BI8% B0Y8  WAIE 959T 9S00 Y468 9747 9S8dg D490 97g1 u2a)
9Td 974 9Tnd 0766 Rals 9754 | 9TEE 9pdY PEIR Y] 9Tpd 9723 9690 FoS 8927 9503 W04 02TF ]34 9391 032R Yoo
9TEd 9TRd 9Tl 0B43 09 9TRd 9%6R ) uTgT 0] PYT 9T]8 9373 0359 9419 240 973 Q402 O5TE 40 9309 9GA0 933N
9764 9764 9te4  BRA3 9509 971 STop  9BST | SBST O 8B2% 962q 95T B0y YS90 9459 9TAY 9023 035D WAYL NgY0 94T7] uER)
9TEd 9TRd 9Tl DRA3 B9 9TEl 0% 9RIE 9BST ) PR3 9973 0430 2119 440 2204 9708 9431 0ddd 9321 Qaa] Q480 9IS
9764 9764 2764 9RI3 9800 9T STop 9917 9RST O 9BSR ) Rk BEE b S0 9468 9599 9845 941 NTSg 96530 9742 9Tua 9513
976 9764 9%e4  SRAR 9509 974 5706 SB4 0 BR43 SR4Q 9B | 872 640 9367 9280 MSel ME03 9689 NIYY BT Nogd Y5ER3
R ] REEK) DT3RO QTR OTIX 9TIA 9TIF O BT RTIR 9TIR | 9604 /M N ] 9337 00RY BREF O9F 2030 w042
9650 2690 oSl HeR0 9509 QoBl SRl 9Bk 9690 SoRl  9otl 9a9d Sg¥h | 8399 8405 Y1%g 8945 89g5 8oy K899 &8gw 8518
94y 9Tl RENA REE R Rals RN R I b N N ) RS N PRSI 9T4y 0723 9690 ] 238] 9 5od oo 03I la 9439 O35 WGTR
94y 9Tl NG REE R Rals RN DTN 9TIS QTS RS N PRSI 9T4y 0723 9590 9881 | 103 FRTR 0340 9403 9309 0493 9§18
9764 2764 9Ted SR 89S0 5T0a $706  9B43 0 QR43 0 SBA1 0 SBA 98&a| 9723 ] Rl LR L M8 9684 NS94 9857 Dg82  Wske
9RIT OssT 93sT DRFT O BRDY 9RRT BT 9SST 9RST O DEST O BAST O 9SST O 053 953 9557 933 9557 ) o4da 9047 9081 92TR 8TAS
9764 9764 9fe4  HT90 9509 971 %706 9T96 9T90 8T 9Tes 9T9g 0TI ] Yris 9745 ¥T9g 55T | B820 9T 88eS w417
9764 9764 9%e4  HT90 9509 9Tt %706 9T96 9T90 8T 9Tep 9T9g 9T ] Yris 9745 ¥T9g  WAST 9829 | BT84 PTYE 9sTy
9Td 974 9ind g3 Ras 9754 PIGE 9RAT  9BaAT PR3T PR3T 9837 90723 9590 9745 0745 9837 95T 0TI 0T9g | 0780 973N
9764 9764 9%e4  HT90 9509 9Tt %706 9T96 9T90 8T 9Tep 9T9g 9T ] Yris 9745 ¥T9g  MSST 98gs 8820 9TWG ) s 5n
9IS 9TAS REK DTAZ 0 BR)Y 9TAS OTAS 9TAS 9TAS O DTAN O RTINS 9TAs 9723 9590 9738 QT35 935 9IRT O OBTIF O QTIF OTIN 0T3S )

* The zero before the decimal point of the data is omitted in this table.

in 23 sheep populations. The fuzzy resemblance relation R
(upper right) and fuzzy similarity relation R-; (lower left)
are showen in table 3.

Figure 1 shows the phvlogenetic relationship among
23 populations. the base of which is the fuzzy similarity
matrix.

From figure l.we can see that on the value level of
0.9783. Hu sheep population. Kha-KH. Kha-UB
populations of Mongolia and Yun-LN populations of
Yumman are clustered; Corriedale sheep and 7 Asian
populations are clustered on the value level of 0.9837.
Fimnish Landrace sheep dissociate from some Asian and
European populations.

DISCUSSION AND CONCLUSIONS

Phylogenetic clusters is a basic methods to analyze

origin of livestock and poultry, probing relative osculation
degree among breeds within species or populations
quantitatively. It represents a new idea. makes up the
shortcoming of classical clusters which ignores the
continuity of difference among breeds. It may reflect a
dynamic bloodline .

Hu sheep is generally recogonized as belonging to the
Mongolian family. This study proves that the phylogenetic
relationship is relatively closed between Hu sheep and
Mongolian populations. [t shows that they may share the
same origin in fairly recent times. This result obtained
conforms to the historical data. According to recorded
historical data. the sheep of the Mongolian family lives on
the Mongolian grassland early. Along the evolve of history.
large quantities of numbers of the Mongolian sheep moves
to Taihu Valley which is recorded in "shi guo chun qin"(Wu.
Qing Dynasty). Under the effects of natural. economic and
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Figure 1. Phylogenetic relationship among populations

social factors, it forms a unique sheep breed----Hu sheep
gradually.

Finnish Landrace sheep dissociates among some Asian
and European populations. This fact reminds us of the
background of evolution. Until the 16th century. there has
no record about Finnish. which belongs to ural phyvlum.
Some linguists think that ural and Altai belongs to the same
phylum. Under this society background. it is possible to
keep part neutral stauctual loci which restricts blood protein
for Finnish Lardrace sheep.

In addition. the phylogenetic relationship between

13,9600 12,9300

Corriedale sheep and some Asian sheep populations is
relatively closer. the cause of which awaits further
investigation (Note: Mr. Geng Rongging now is in the
Teacher College of Yancheng).

REFERENCES

Chang, H. 1993, Essentials of Animal Genetic Resources Science.
Agricultural Publishing House of China (1st Ed.). pp. 99-133

Li, S. A. 1982, Blood type and its application in livestock. Science
Technology Publishing House of Shanghai. Shanghai China.
pp- 42-31



ORIGIN AND PHYLOGENY STATUS OF HU SHEEP

Tsunoda K.. K. Nozawa, S. Okamoto, T. Hashiguchi, L. P. Sun,
A. H Liu, S. Y. Lin, W. B. Xu and L. M. Shi. 1995. Lood
protem and nen-protem variation in native sheep populations
in Yunnan province of China. Amm. Sci. Technol. {(Jpn). 66:
383-393

Tsunoda, K., H. Okabayashi, T. Amano, K. Kuroki, T. Namikawa,
T. Yamagata, Y. Yamamoto, V. T. Xun and C. B. Loc. 1998.
Morphologic and Genetic Characteristics of sheep Raised by
the Cham Tribe in Vietnam, Rep. Soc. Res. Native Livestock
16:63-73

Tsuneda, K., K. Doge, Y. Yamamoto, Y. Kurosawa, T. Shotake, T.
Nishida and H. B. Rajbhandry, 1992. Morphological Traits and
Blood protein Variation of the Native Nepalese sheep,
Rep.Soc.Native Livestock 14:153-183

Tsunoda, K., K. Nozawa, Y. Madeda, Y. Tanabe, T. Tserenbatin, M.
Byamba, H. Tumennasan, T. Zanchiv and B. Dashnyam, 1999
External Morphological Characters and Blood Protein and
Non-Protein polvmorplisms of Native sheep in Central
Mongolia, Rep. Soc. Res. Native Livestock 17:63-82

747

Tsunoda, K., T. Amano, K. Nozawa, and M. A. Hasanth, 1988.
Morphological Characters and Blood protein polymorphism of
sheep i Bangladesh and Genetic Relationship with European
sheep Breeds, Rep. Soc. Res. Native livestock 12:161-185

Tsumoda, K., T. Amano,. K. Nozawa, and M. A. Hasnath, 1990.
Genetic Characteristics of Bangladeshi Sheep as Based on
Biochemical Vanations, Jpn. J. Zootech, Sci., 61(1):34-66

Wu, R.C. (Qing Dynasty), Sh1 Guo Chun Qin. The biography of
Southem Tang Dynasty.

Zhang, X. Q.. I. Q. Li and G. F. Yang, 1997. Genetic markers of
Animals. Agriculture University Publishing House of China.
BeilJing China. pp. 90-94



