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ABSTRACT

. Throug,hout recorded Cln.nese hlstory, reg,lons of the country populated by
persons of non—Han ancestry oi’ten ﬂuctuated s:gmﬁcantly in population numbers
| . '"1d in their pollt:cal and commermal mﬂuence However at all times they were

.IlconSIdered as 1mpottant contnbutors to the natlon Many of' these peoples had
!Imoved from thelr homelands settled in Chma and had mtermarrled with Han

' Chmese. Over the generatlons they became accepted as ﬁllly-ﬂedged Chmese
mtlzens although in many 1nstances they retamed thelr tradmonal customs and

rellglous practlces and frequently thelr own language The Hu1 Mushms are a -
good example of this process of i mtegratlon and today they comprlse some 8.6 L
rnllllon individuals thus formmg approxlmately half of the total Muslim
populatlon of PR China.

" The purpose of this studj} is to investigate the geaetic stmcture of two: o
| populations, the Han and Hui of 'Liaoning, Northeast PR Chi.na. The study seeks
to provide a better understanding of the effect of population subdi'\iisiorl on the

'genetic diversity of human populations, by comparing genome-based
" investigations using single tandem repeat markers with historical and
anthropological information, As the Hui of Liaoning are endogamous, ahd t_hey. :
are known to contract consanguineous marriages, the study also attempts. to aSsess 3
the effect of consanguinity on overall genetic diversity in the Hui. .
Genetic analysis of the Han and Hui was undertaken by surveyin g.the :

- allele distribution patterns at ten autosomal and seven Y~chromosorri_e

microsatellite loci in both study populations. Various population genetic .



’ techmques were; applled based either on the lnﬁmte Allele Mutatlon model or the
| : -Stepw1se Mutatlon Model lt was found that both the Han and the th exhlblted
' l‘apprecmble hetero‘t_,enelty at autosomal and Y-chromosome lOGI mdlcatxve of thc .

presence of populatlon substructure and that the AMOVA test best def ned g,enetnc

. ._relatlonshlp between two populahons It was concluded that ﬁthher detalled

anthropological and demog,raphlc information was needed to provrde amore
_ detalled account of population structure and for the creatlon of a deta1led
a phylogeny traomg male Hui gene flow. -

It was also found that consangwmty seemed to have a negllglblc cffect on- :
_ ;;
. the genetlc dwersnty of the Hui populatlon of Llaonmg It was concluded that

) ,f .

' 3___'e1ther the practxce of consangulmty had not occurred over a suff' cnently lcng !trme-_- :
perlod to alter overall genetlc d1vers1ty or that heterozygote advantage may;be

operatmg atvarlous locx T e TR T - .wll

Fl
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. Chapter1

Introduction




i.l | Human populations and the concept of race
| T he_concept of race was first applied in the study of human populations in |
th’e::eighteenth century with the aim of extending to hﬁmans a taﬁonomic
classification below the level of spedies '(Senior.'and Rﬁj 1994)'. As time
;;\irogressed, the study of human variation reﬂec_t'ed general s'oc_iopo.litical b:ia.sés
derived from human socal experienbe__that carried over to the s_éientiﬁc realms
“(Lewontin 1972). " | |
| The publicatio'n of Darwin’s Origin of the Species gave rise to a belief .that
) Northern European man was more fully evolved tha_'_ri any of the other raceé o
_(I\darics 1995). Thus began numerous studies bas’t;d on phenotypical traits such as
..Skl.lll. size, skin colour, height, éye shape and intelligence. These.phenotypic
- studies bloomed with the growth cﬁ' eugenics movements, which reached their
peak in the 1920s and 1930s (Marks 1995).

It can be argued that the first studies into human genotypic, as opposed to
phenotypic, variation began in the first decades of the 20™ century, whgn variétion_ :
: in the ABO blood grouping system amongst pre-conceived human races was 
- demonstrated (Weiss 1998). The study of the racial variation of ABO blood
groups was conducted by Hirszfeld and Hirszfeld (1918-19) with four ABO
“types” identified, European, Asian, African and Intermediate, based on the ratio
of the blood groups A and AB to blood groups B and AB. Later studies showéd
this was simply the result of the eugenic bias of the researchers, as distinct racial
boundaries in the distribution of ABO genotypes did not exist (Marks 1995),
Instead, what was apparent was that human blood group data showed a gradual

change in the frequency of specific genotypes across space (clinal variation),



rather than exhibiting clear boundary differences between groups (Cavalli-Sforza

ér al. 1994).

1.2 Protein polymorphism
It was not until the 1960s that the. extent of genetic yariafion in the human |
§Ipe¥:ies was ﬁppfeciated, concoﬁitant with the introduction of protein
' .t;,le.ct_rophort.;.sis. It was found tﬁat agene could have maﬁy ﬁinctibhally equiyalen_t |
' élleles, seemingly in direct contradiction to _the'classical Méhdelian'model of.
mq_tational deviations evolving. from one wild type allele. This 5ituati0n has been
__ fermed nel;tral variation and was first deﬁned by Kimu.r'a (1968),

In the 1970s ma.ny studies concentrating on worldwide human diversity
based on blood groups and protein families were published, for example Lewo_nt_i.ﬁ
.(1972) and Cavalli-Sforza and Bodmer (1971). These studies centred on
genotypes based on blood groups, allozyme data, and other protein families. The
results used to estimate times since the separation of major racial (continental)

| populations, by treating groups at the extremities of the human species
distribution as if they had been living in complete isolation and estimating how
long the present differences between them would have taken to accumulate (W ei.ss
1998). All studies found most variation within African populations, lending E
support to the Qut of Africa theory of human origins, initially developed from the
fossil record.

Lewontin (1972) came to the conclusion that only 6.3% of human
divgrSity was assignable to race. That is, most variation, (93.7%) is due to
 differences hetween individuals within a particular racial group. He theréfofe
concluded that racial classifications were of no genetic or taxonomic'signi_ﬁcan_de _

‘and so no justification could be offered for their continued usage.



1.3 DNA polymorphism
Studies on variation using pfotein polymorphisms are, by definition,

| !imited, as proteins only represent that fraction of the human gendme that encodes .

. .ﬁ.mcti_onal pr'oduc'ts; Itis now estimated that approximately 10% of the human

"ﬂgenome containg functional genes, with the rest often described as junk DNA,
mainl.y consisting of sequences such as pseudogenes, long interspersed sequences' .
(LINES), short interspérsed sequences (SINES) and satellite DNA.

| ‘The first method developed for quantification of the molecular variation of
DNA was Restriction Fragment Length Polymorphisms or RFLPs. RFLPs are
fragments of DNA produced through cleavage of DNA strands by restriction
enzymes. Restriction enzymes cleave DNA at specific nucleotide séqheﬁcé -

- recognition sites e.g., CAAG, resulting in the production of DNA'sequén.ceé that -
_ 'vary in size according to the placement of the restriction site. Variation occurs
between individuals due to mutations at restriction sites either disabling the

occurrence of restriction sites or creating new sites, in turn éreating new DNA
s'q,qiuence variants. These restriction enzyme cleavage sites are detected by
Southern blot hybridisation. RFLP analysis was soon utilised in human
population: genetic analysis. An example is the study by Wainscoat (1984) where
RFLPs in the f-globulin gene cluster were analysed in eight different human
populations. The result was a cladistic lineage similar to those produced from
earlier protein polymorphism studies.

The use of RFLP technology in human mitochondrial sequences by Cann,
Stoneking and Wilson (1987) resulted in the mitochondrial Eve hypothesis which
calculated that the ancestral human female could be dated back 200,000 years.

The same study also showed that it was difficult to locate any distinctive



geographical _pattefn:s amongst the iuman samples. Individuals from the same
local populatinn generally had similar mtDNAs, but there often was evidence that
~ persons from other di.fferent populations were scattered amongst them.

The discovery of variable number of tand_em repeat loci (VNTRS), or
minisatellite DNA, by Jeffreys et al. (1985) led to the creaﬁon nf a tool with
Which geneticists could resolve identification of the individual for forensic
purposes. This concept, termed DNA ﬁngerprinting, fﬁrther d.em.on.strated that the
great majority of human genetic variation could be ascribed to differences B
between individuals and not to differences between groups.

The subsequent discovery of smaller repeat sequences termed
microsatellites (Weber and May 1989) resulted in the development of what is
currently the most widely used genetic marker. A worldwide survey of
indigenous populations, akin to that attempted with RFLP analysis, revealed }_hat -
microsatellite data showed discrete clusters which corresponded with the
population of origin (Bowcock et al. 1994). The success of the technique was
probably due to the fact that microsatellites exhibit much greater variation than
any of the classical polymorphisms and nuclear RFLPs, and they also have greater
diversity than mtDNA (Bowcock ef al. 1994). However, the clustering patterns |
were enhanced by the fact the samples were collected from geographically
discrete populations, and a more randomised sample would probably give a more
complex picture,

The most recent development in the study of human genetic variation is
the detection of single nucleotide polymorphisms (SNPs). A SNP is a position on
the DNA ladder at which two alternative bases occur at appreciable frequency

(>1%). They are the most common polymorphism in the human genome



occurring at a density of about 1 every 1kb of DNA (Chakravarti 1998). The
development of so called DNA Chip technology will allow the simultaneous

scanning of hundreds, even thousands of SNPs in an individual. Utilisation of this

.

technology will add to the ever more complex picture of human genetic variation..

1.4 The concept of ethnicity
The discovery of blood group, prﬁtein and DNA polymorphisms indicates
 that human genetic variation is fluid, created by mutation, but vetted over history
by biological, demographic and historical processes (Chakravarti 1998). From ..
this conclusion it is clear that no race possesses a discrete package of genetic
characteristics (Senior and Raj 1994), and so classification of the human speéieé
on racial grounds cannot be regarded as scientifically valid. N
New concepts of human population structure are, however, needed.
Unlike race, ethnicity is 2 socially constructed phenomenon, and ethnic |
* boundaries are, by their very nature, imprecise and fluid (Senior and Raj 1994),
* The definition of ethnic groups is based on linguistic, religious and cultural
differences. In other words, ethnicity is primarily an anthropological coustruct

which has only recently been recognised in human genetics.

1.5 Genetic anthropology

One result of the recognition of ethnicity in the field of human genetics is
the development of the new scientific discipline, genetic anthropology. Genetic
anthropology can be considered as a merger of population genetics and
anthropology. The discipline utilises patterns of genetic similarity among
different human populations to infer demographic history, including mating

structure, the history of migration and admixture with surrounding groups, and



:po'[‘;_ylatidn size fluctuations, with cultural information such as linguistic
éﬁ:a_ra'cter'i'sticé}. archaeological artefacts ahd historical records,

| Am_bitioﬁé projects.,- ;re now in tréin_.wher‘e such anthropological déta are
being collected in combinati;:;n with genetic information, An example is Eurasia
98|:._.whil__ch was planned as a collaborative Americaﬁ-British-UzEek anthropological
e)lipedi;ilo.n to the regiotis of Transcaucasia, Central Asia and Siberia, to investigate
the genetic anthropology of Central Asian populations (see appendix Aj

A more ambitious project, called the Human Diversity Database, is being

conducted at the Human Population Genetics Laboratory at Stanford University
(see appendix A). The Database is planned as a comprehensive community ..
repository supporting work in human population genetics and quantitative |
anthropology. Imitially it will contain data published in the book HiStoer_ and |
Geography of Human Genes (Cavalli-Sforza ef al. 1989), but it is hoped that a’
collection of published and unpublished DNA data by individﬁal and by
population {including RFLPs, microsatellites, and SNPs), and data from the '_
Centre d’Etudes du polymorphisme Humaine (CEPH) database will be inclu.d_e'd.. :
Eventually it is envisaged that the Database will serve as the core soufce of

information derived from the Human Genetic Diversity Project.

1.6  Conclusion

The establishment of large, global collaborative projects highlight the need
for a multi-disciplinary approach to understanding human genetic diversity. It is
now apparent that the study of human genetic diversity is more historical and
medical in orientation than bijological and taxonomic (Senior and Raj 1994).
Using genetic approaches it is possible to trace population migrations, analyse the

effect of population bottlenecks resulting from major historical events (e.g., the

7



~effect of major disease epidemics) and assess the effects of population isolation

and consanguinity.

L7 | Aims of the study

| T.hé aim of the present study is to adopt a genetic anthropological
ap;.Jr;Ja.ch to investigate the structure of two co-resideﬁt populations, the Han and =
' Hui of Liaoning, Northeast PR China via the use of historical, demographicand . -

- genetic data. In summary, the study will attempt to:

1) Determine if distinct patterns of genetic diversity can be deﬁﬂed between tﬁe |
Han and the Hui populations of Liaoning 'pro.v_i_nce at a_utos_c'_)mal and Y- _
chromosome single tandem repeat loci’, | R

2) Determine if, within each population, the patterns of di.vgrsity: are,_. éomparablg_" .

at autosomal and Y-chromosome loci.

3) Determine if patterns of Y-chromosome allele variation ob_sefved.in tﬁe Hui

can be ascribed to male-directed gene flow; and

4) Determine the effect of inbreeding on the observed pattern of genetic variation
in the Hui. | E.
Thus it is envisaged that the study will lead to a better understanding of the
.' effect of ethnic affiliation and consanguinity on the genetic diversity of human
| populati:ons, by comparing genome-based investigations using single tandem

repeat markers with historical and anthropological information.

 The study will also attempt to compare Y-chromosome and autosomal
data, a topic that to date has received lesser attention because of the paucity of
- appropriate Y-chromosome markers (Roewer ef al. 1996, Péréz-Lezuan ef al.

. 1997b, de Knijff ef al. 1997). Comparisons between autosomal and Y-



| chromosome data should .prove useful as hlstoncal references lndlcoto that the
- ;.' main founders of the Hm populatlon were mamly male Arab and/or Iraman
1 'traders who rnamed Han women (Won;, and Dajam 1988 Du and Yip 1993
.. | .'-Gladney 1998) Thus Huz males should cxhlblt sngnlf' cantly dlf‘ferent Y- -
.' ohromosome haplotypes than the:r Han oounterparts but share autosomal

' haplotypes.




o | Historical background'



21 ) lnti'oduction
" This study is based od two ethnic g'mups, the Han and Hui, who are co-
o ::r:es'ident in the ﬁo'rt'heastelf.r.l pro\}i'_rlee of :_l'_.iaoning,"PR' Chind. In orde:".to "
| _adequ.a't.ely analyse 'ge.net:ic \'ra'riat.io.n Within.and between ihe tw:o eomiﬁunities =
knowledge of the hlstory of the area in whlch they llve and a broad understandlng_-
_ of their 1nd1v1dual hlstones is needed “This 1nformatlon will allow a perspectlve
on t_he geoet_lo _structure of the communities in ter_ros _of' the effeqts of populetlon_ =

~ migration, admixture and isolation.

2. '2' - Gilin'ese Dynasties
In the following discussion of the hlstoncal background of this study,

much of the historical chronology w1ll be dlscussed in terrns of Dynastxo perlods '. L

T as much of Chinese history pnor to the 220']1 century was cla551ﬁed in thlS way

' -Thus Table 2.1 shows in chronologlcal order the major Chmese dynastles/perlods o
of the modem era. | .' | |

T able 2.1 Chmese dynastres

Western Han Dynasties S 206 BC - .8AD
Chi’in Dynasty 3 '- 8AD - 25AD
Eastern Han Dynasty - 25AD - 220 AD
Six Dynasties Period _ - 220 AD - 581 AD
Sui Dynasty S 581 AD - 618 AD
Tang Dynasty 618 AD — 907 AD
Five Dynasties Period _ 907 AD ~ 960 AD
" Song Dynasty ' - 960 AD-1279 AD
Yuan Dynasty 1279 AD - 1368 AD
Ming Dynasty o 1368 AD - 1662 AD
Qing Dynasty S 1662 AD - 1908 AD
Republican period s ' ‘1908 AD - 1949 AD

Peoples Republicperiod - . - : 1949 AD —




2.3_ Liaoning province
~ Liaoning province is located "l__rl_ Northeast China on ih’e bo.rder .W'l.th North .

Korea (Figure 2.1), and form§ part ()_f_the' r’égi_on fbrmefly’ called Manchuriﬁg..
_ Liaoning has a population of app’roxiiﬁately' 40 millioh people, of wh_ich tﬁ_e Han |

"ma.jority numbers approxiﬁiate]f 33 millién aﬁd_ the Hui. rhinority 263 000 __:(F.ami.ly
| Planning Commission 1997). . e | o
The area that is now the southem tip of Liaoning province was for many |

__ centuries the border between the Chinese Empire and the “barbarian” hofdeé, the
| Jurchen (Fairbank and Reishauer 1990). Through contact with the Chinese
_ ’:'Em_pire the Jurchen tribes learned of Chinese culture, resulting in the f‘ormatioh of' -

a Mé.nchu nationality and eventually the successful founding of the Qing dynasty = .
inl 662 AD. During the early Qing period Mukden (now mbderﬁ Shenyang)

- “became the centre of Qing Dyna_,sty power, before the seat of government was

o . moved to Beijing (Fairbank and .-Reischauer 1990).

Liaoning, as part of the puppet state Manchuko was under J apanese rule

- from 1932-1945 (Fairbank and Reischauer 1990). It served as a centre for heavy |

- industry with its rich natural resources being used to fuel the Japanese Military
- machine. Liaoning remains an industrial region, with parts of the province -
enjoying special economic status under the current government of the Peoples

Republic of China.
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Figure 2.1 Map of the Peoples Republic of China

(7

0 ————————1000 km

*Shaded area is Liaoning province

2.4  Chinese ethnography

China is usually portrayed as a homogenous monoethnic state, but this is
far from the truth (Gladney 1998). In fact, China is a multicultural and ethnically
diverse nation with great cultural, geographic, and linguistic diversity among its
dispersed populations. The Peoples Republic of China (PR China) is composed of
56 officially recognised nationalities, including the majority Han nationality. The

other 55 nationalities have a total population of approximately 91 million (Family
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Plannthg Cdmmission 1997). The largest minority nationality are the Zhuang
: .peoples of Guangxl province who number approxtmately 15 million, and the
| smallest are the Luoba of leet numbermg Just 2,312 mdw:duals

| A contempora_ry deﬁmtlon of eth_mclty is that members of_an' ethnic. group |

share '_ctmsciomné.ss of group sdl_idarity; bgt virtu’_é of shztfing .c:c.:mmon descent .z.m"d
| common t:ustom'and habits (Lipman 1998). The goverﬁment pf-PR China gives |
__etﬁnicit'y, or in official terminology, minzu (nationaltty),‘_dgﬁnitioh by mﬁrkers '
i guch tls cbmmon territory, language and economy (Gladney 1998) |
Chinese history sheds light on this definition of ethnlclty The concept of
the "Middle Kingdom" was central to Chinese thmkmg, and probably still is -
= (Falrbank and Reischauer 1990) Throughout Chmese history, the Chmese rulmg.

| ehte vnewed _Chma as the middle kingdom, the centre of the world thh all oth.j:r
states in the “barbarian” fringe. Foreign “barbarians” were labelied wayﬂ
(_outside barbarians), whereas minorit_ies who lived within the middle kingdom
vtrere labelled neiyi (inside barbarians) (Dikﬁttgt 1992). This practtce is .i'n ._
- accordancé with the Confucian practice of zhen'g'm_fng (rectification of names), .
a whereby labelling and categorisatiort restt)res_ot_der_and all is well with the World

.:(Lesli.f: 1986). |
o Further categorisation of populations within China was also a common
practice of the ruling dynasties. One example is the categories defined by the
Mongol dynasty (1279-1368), with the population of imperial China divided into
four categories: The Mongols, Semu (‘the coloured eyes’, Western and Central-
Asians), Hanren (‘Han people’, Northern Chinese, Khitans , Jurchens and
Koreans), and Nanren (‘southerners’) (Dikétter 1992). In essence, by

categorising populations, a sense of order was created which allowed the ruling -
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dynasties to create the impression of firm control over their dominions. The
modern-day official minzu is little different in that it seems to create a sense of
order out of the complex ethnography of PR Chi'na, thus givihg the government at

least the appearance of central control over the populace.

.2.5 The Han minzu

The Han can tracé -th:éir histdry back to the Huakia period that extended
from the 21" to the 8% centuries BC. In essence, it is believed that the Han were
an ethnic group based on thr‘ ancient Huaxia of the middle and lower reaches of
- the Yellow River, who subsequently assimilated other local and regional ethnic -
groups (Du and Yip 1993).

The term Han is used collectively to'define the majority population in.PR '
China. It was adopted into common usage after the fall of the Eastern Han
Dynasty which ruled between 25 AD and 220 AD, often thought of as a golden
age in Chinese history (Du and Yip 1993). According to the 1990 census, the Han
make up 92% of the population of PR China and number approximately 1,100 |
million (Family Planning Commission 1997). The Han are resident throughout
PR China, but they are most numerous in the more densely populated east of the
country. Although the written Mandarin language is uniform, the spoken
language differs from province to province with nine major dialects recognised.
Hence, it can be argued that use of the term Han to encompass all of these people

is more a political convenience than a true measure of ethnicity.

Recognition of the Han as a nationality coincided with the advent of the
Republican period in 1908. Dr Sun Yat-sen discerned a need for the Chinese
people to develop a sense of nationhood if post-imperial China was to succeed.
Sun admired the western nations such as Britain and the United States for their

15



sense of nationhood and national pride, something that was not present in Chinese
| soci_etg; at that time.  During this time the figure of.the Yellow Emperor
' (HuangdU wa; elevated in status to th.athof a.r']i’(’..t.ip;nal sy_mbol and declared to be.
the.ﬁfst ﬁncestﬁr (sh:’zﬁ) _of the Han minzu (Dikotter 1992). The Yellow. .Emp_érof
| Waé a myt_hical ﬁgure.wh_o_was th.ought to have feigned from 2697 BC to 2597
BC In fact,'hé became a figurehead for radical nationalist organisations during
the ﬁrét half of the 20th century. This sense of national pride and belonging was
necessary in order to mobilise all of the Chinese peoples initially against the rule
of the Cling dynasty, and later to establish a strong Chinese republic under a
centrally controlled government which in effect was similar to the proceeding
. iniperial dynasties (Gladney 1996). | | |
After the establishment of the Peoples Republic of Chinz; in 1949, the
. Communrist Party also used nationalist ideals to exert its powef through a ' |
centralised government. Almost from the start of the Peoples Republic, there has
been continuous evaluation of ethnicity and nationhood (Lipman 1998), and the -
Han were defined as an official nationality along with 55 other minority
nationalities. At first, official recognition of the minority populations fuifilled a_. .
promise of ethnic autonomy made during the Long March tn 1932 in order to |
facilitate the survival of the Chinese Communist Party. -
Once power had been secured, the PR China government eroded this |
autonomy for the sake of national unity. For example, the government removed
from the constitution a clause allowing ethnic nationalities the right to secede
from the Republic, and forced many ethnic peoples into communes with Han
Chinese (Gladney 1996). Amongst many other reforms, the 3rd Party Plenum of

1978, restored most of the autonomy of the minorities. The net result was a huge
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rise in_th_e numbers of persons recognised as belqngi'ng toa mindrity population,
with rhbre and more .C'hinese. citizens _identif.’ying_.them'selvés as belonging to a,
| speciﬁc minority group (Gladhey ]996). |
2.6 The Hui
2.6.1 Introduction |

According to the 1990 PR China _ct_al'.ls'lis:,' the Hui are the laréést Muslim |
~ community in the country. At 8.6 million, they account for.'soih'e 50% of the total
- Muslim population and are reéid_’erit in 19 of the pfovincéé of PR China (Figure
2._2 (Family Planning Commission 1997).. It is notable that the Hui are reéoglrii_sed '
‘as an official minority despite their lack of a common territory or a_com':nion -
language. Their extensive geographical spread suggests that the Hui may actuall.y
gomprise many smaller subpopulations which could claim minority status in their
own right, and so the Hui of Liaoning province should perhaps be more properly
regarded as a separate distinctive community from other Hui communities.

. The origins of the Hui (or Huizu) are diverse, and it is believed fhat

they include individuals whose ancestors originated in pre—Islamib time:s; from B
Central Asia, Iran, and the Middle East (Du and Yip 1993). For example, in 61
. AD some 10,000 Turkic families from the Central Asian city-states of Samarkand
and Bokhara were recorded ag settling in the ancient capital of China, Chang’an, |
now called Xi’an (Du and Yip 1993). Other recorded exoduses to China include
the influx of Persian refugees from what is now modern Iran after the fall of the =

Sassanid Empire in 652 AD.
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Figure 2.2 The geographical spread of the Hui minzu over PR China

*Each dot represents 3000 Hui Muslims. Bordered area
is Liaoning province. Adapted from Gladney (1998)

2.6.2 The introduction of Islam into China

With the establishment of Arab rule over the Middle East and parts of
Central Asia in approximately 652 AD, many Arab rulers made contact with their
Chinese counterparts and established trade contacts via the Silk Road. The
ancient Silk Road was an overland route that stretched some 7,000 km between
Xi'an and Constantinople/Istanbul on the Mediterranean and flourished between
100 BC and 1630 AD (Hopkirk 1980, Yifu et al. 1989). During the Tang (618
AD-907 AD), the Five Dynasties (907 AD —-960 AD), and especially in the Song
period (960 AD- 1279 AD), Arab traders began to actively trade in Chinese cities,

mingling with the resident merchants from West and Central Asia. These Arab
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traders were Iargely.unaccompanied males who settled in PR :Chitia, married Han
~ women, and procreated (Du and Yip 1993, p, 44).

In addition to traders, it is also'reporféd that A_rﬁb troops setﬂ_e_d in China.l :
In 755AD the Emperor Su Tsung appealed to tile second Abbasid Caliiah, Abu |
Ja’far, for help in recapturing Ch’ang-an froma military c._omn.lan_der who ﬁad
~ rebelled against the Tang emperor and captured his capital city. In reélponse to the
IEmperors appeal, the Caliph sent 4,0.00 troops and the city was recaptured. After |
.this successful military campaign, these Arab troops remained in China,
intermarried w'+h Chinese and formed a Muslim cbmmunjty (Wo.ng and Dajani

1988).

'2.63 The Yuan dynasty

It was during the Yuan dynasty (1279 AD —1368 AD) that Muslim ethnic
groups came to prominence in China. Muslims were entrusted with vast
responsibilities and powers, primarily acting as middlemen between the Mongol |
overlords and the majority Chinese population (Leslie 1986). The Muslims were
employed by the Mongol rulers to administer conquered populations in positions
such as Governors, trade commissioners and various other bureaucratic roles.
Muslims also were influential in the creation of the Chinese calender, in the
building of Peking (now Beijing), in medicine, and in the military (Leslie 1986).
In conclusion, during the period of the Mongol reign the Muslims were second in
influence only to the Mongols themselves, and they became an important part of

the ruling bureaucracy.
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2.6.4 Thc Ming dynasty
‘With the founding of the Ming dynasty (1368 1662), Islam had been
.establlshed in China for appr0x1mately 700 years (Rahman 1997). Up to this time |
‘Muslims had maintained a separate, alien status, with their own customs,
- language, and traditions. Under the Ming dynasty this situatibn began tb_'change, |
as Muslims became fully integrated into Han society (Leslie 1986, Lipman_1998).
Assimilation was strongly encouraged to wipe out the influence of any
foreign group and to establish the superiority of Han culture. The practice of male
.foreigners marrying Han women was specifically encouraged by an Imperial edict

issued during the fifth year of the reign of Hongwu which stated that:

"Mongolians and Se Mu (Hui) people are allowed to marry Chinese but

' not their own kind" (Du and Yip 1993).

One result of the integration of Chinese Muslims into Han society was the
process by which Muslim names changed. Many Muslim men simply took the
“name of their Han wife, while others adopted the Chinese character that most

closely resembled their own name (Rahman 1997).

~ 2.6.5 The Qing dynasty

During the Ming dynasty, Muslim communities had been almost fully
integrated into Chinese society. This changed with the onset of the Qing dynasty
(1662 AD ~ 1908 AD). During the years 1781 - 1784 many new imperial edicts
were enacted in which Muslims were lumped together in a single group, with
special laws referring to them as such (Leslie 1986). A result of this new imperial
policy was a split of the Hui into those who supported the Qing dynasty, mostly

communities involved in trade in the eastern regions of the empire, and those who

20



did not, predominantly resident in the north west of the country (Lipman 1998).
The founding of 'many Islamic secfs and philosophies further facilitated thfs s.plit.
The schism .on political and religious grounds could have funher isolated H.ui
communities, resulting in an increased restriction on the availability of pdtenti_ai
marriage partners and possibly affécting the patterné of genetic diversity of

subsequent generations.

Until the seventeenth céntury,_ virttially all Muslim communities in.'Chlina.
focused their communal life around tﬁe local mosque that was run by an Ahong,
or teacher, appointed by the community elders (Lipman 1998). This local version
of Islam is called Gedimu and it remains the most predominant style of Islam in
China today (Gladney 1996). During the mid- to late Ming, some Muslim
communities began to take a greater interest in Islamic history and law, in part as
a means of alleviating problems caused by the Ming policy of integration (Leslie
1986). This change coincided with the arrival of Sufism in China. Sufism,
sometimes called Islamic Mysticism, revolves around the {ollowing of a Sufi or |
teacher. These Islamic cults first arose in the Islamic heartlands during the 13" |
century, when the Mongo! Empire was at its zenith. Although the orders spread to
China at that time, they did not make an impact until the late eighteenth and the

nineteenth century (Lipman 1998).

During the Qing period, a number of Sufi orders spread throughouf
Muslim China, with the teaching of each order based on different interpretation of
Islamic texts. The four main Sufi orders founded in China are the Jahriyya, |
Khufiyyz, Qadiriyya and Kubrawiyya. These menhuan (saintly lineages) were
further subdivided into many smaller merhuan and branches created along

ideological, political, geographical and historical lines (Gladney 1998).
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One result of the grow'ing powér of the Sufj_s was the occurrence of battles
between _diff‘erent Muslim orders, and clashes bet.w-'een' Muslims and the Imperial |
afmy during the e.ig'hteentﬁ and especially .in the nineteenth cénfury. (Gladney

1996, 1998). In one war between the Q.ing imperial forées and the Sultanate of
Dali frorm 1855-1873 an estimated 10 million persons died (Dessaint 1995-1996).
Since the present population of Muslims iﬁ China is approximately 16 miilion |

* (Family Planning Commission 1997), and assuming that around half of the

- casualties were supporters of the Sultanate, i.e., Chinese Muslims, casualties on

this scale may have had a significant bottleneck effect on the present genetic

: Stmctt_lre of the Hui.

| 2.6.6. The Republican period

The Republican period (1908 - 1949) followed the fall of the Qing
dynasty. An eastern republic was established and, at the same time, there were
- many different warlord states, some of which were ruled by Muslims. The most
powerful of the Muslim rulers was the warlord who controlled Ningxia, Ma
Fuxiang (Lipman 1998). He sided with the Guomindang on its ascent to power in
1928, and thus became an important regional leader to the Guomindang leader
Chiang Kai-shek. This political power resulted in the establishment of the China
Islamic Society, and the reopening of many Muslim schools and other similar
religious institutions which had been closed or destroyed during the Qing Dynasty
(Lipman 1998).

While the support of warlords was needed by the Guomindang to keep its
hold on power, a contrary policy was adopted to the ethnic minorities to suppress
ethnic nationalism. In a reference to the Muslim minorities, Chiang Kai-shek

stated that the “Mohammedans in present-day China are for the most part actually |
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members of the Han clan who :mbraced ls]am”(Gl_adbey 1996), and “the

: ditfefentiat'iﬁn' amoﬁg China_'s five nations (as first defined by .Dr_ Sun Yat-sen) is
_dué to fegioﬁ'al and religious factors, and not to race and blood”. Under this "
' pality, the Hu.i wgfe not coﬁsidéred a separate nation, but a religidus group with |

special charactériSticé. __ThiS p’oiiby is still fhaintﬁined by the .gover_nlment_ of The;

Républi(_: of China, Taiwan, v\;hilc.h refers to the Hui as .a rel'igio'u'.s_ group, not an

ethnic community.

2,6.7 The Peoples Republic period
As previously noted, the origins of the present system of official fn’inb_riti es -
in PR China go back to the Long March of 1932, wﬁen t.he' Communists'wére
expelled into the regional areas of China by their Gubmindang opponents
(Fairbank and Reischauer 1990). As a result the Communists had to negotiate
with the various minority peoples v/ho lived in western China, but who were wary
of this army from the east. Unlike the Guomindang, the Communists promised
autonomy to the minorities when they ascended to power, that is recognising
ethnic minzu, unlike the Guomindang polices. This was confirmed in The
Communist Constitution of 1932, which allowed for complete autonomy of

vartous minority regions, prefectures and counties (Gladney 1996),

Almost immediately after the establishment of the Peoples Republic of
China, anthropologists and demographers were recruited to survey the population
of China. As a result people who were formally called Hui were divided into 10
separate Muslim minzu, the Uygur, Kazak, Dongxiang, Kirghiz, Sala, Tadjik,
Uzbek, Baonan, Tatar and Hui. The first nine were given separate minzu status as

they each had a unique language of their own. In essence the modern Hui minzu -
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refer to those Muslims w_hﬁ do not hgve a language of their own but who speak
the dialects of the pe_opl.es ammig whom they'live (Gladney 1998).

While autoﬁémoué regions, prefec'tu_res. a.ndrcounties were éet__ﬁp_
sp_ecificallj for these Muslim minzu, in reality these communities had Iimifﬁed |
power and most populations were forced into _commum:.'s .witl.r) the effective loss of
autonomy (Gladney 1996). Subsequently the PR China'government enf‘orced the
One China nationalism ﬁrs.t espdused by the first Chinese pre_si.c_lent,' Dr.Sun' Yat-
sen and later by Chiang Kai-shek, |

The situation was however reversed after the reforms of 1978 when the
minority nationalities again gained a bigger vpice in China. As aresult of the;e ..
changes, the Hui people have now developed a strohg sense of ethnic identity and -

nationalism,

2.7 Summary
'fhe different concepts of ethnicity indicate that, in defining p"q'pulations

for genetic analysis, great care is needed to differentiate Between population
.. groupings which are either a political construct, a scientific construct, or a
culturally distinct grouping. The Hui have only recognised themselves as a
nationality from the beginning of the 20™ Century, Serious arguments about the
existence of a Hui minzu started to occur in Hui communities with the fall of the
Qing Dynasty (Lipman 1998). This change occurred in parallel with the coming
to power of various Warlords in North West China, and then the creation of
official Hui minzu status with the establishment of the Peoples republic in 1949,
Before this, the Hui were recognised purely as a religious group, and the term Hﬁi |
literally translates as Muslim thus encompassing all those who held the Islamic
faith and resided in China regardless of their original ethnic origins (Gladney
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_ 1996) ' The Han also are more of a political 'construct than a cultutally distinct
' 'groupmg, consnstmg, as they do of different cultural her:tages dlfferent languat,e '

groupmgs and even p0551b1y dlfferent evolutlonary orlgms (Chu elal 1998)

o 'Any genetlc analys:s of' these populattons must recogmse the compltcated

‘. ""”_'underlylng socxal and cultural d1v1s10ns and the possnble eﬁ"ects on genetlc

: 1d1versnty that may be entatled

s




o 'Chapter 3

| Molecular and population genetics

methodology




3.1  Introduction
For the ”'purposes' of thc 'present sturi'y: it was decided thar rhe most
| _ ﬁpproprlate method of assessmg ;_,enetlc vanatlon in the Hui and Han ethnic
."groups was via analysm based ona paﬁel of mlcresetelllte markers Smce the
. "'...'study'is mainly concentrated w1th1n a h1storlcal rather than an evolutlonary tur]e'
frame 1t was hypothesmed that the eﬁ'ects of rnlgratlon acimnxture and 1solatxon
. _._woula prove to be major factors influencing the differentiation of Hui from Han. -
| According to historical sources the history of the Hut includes e number of
"'_t_mique features, including male migration, female admixture and consanguinity.
i‘herefore a comparison of autosomal and Y- chromosome microsatellite markers
| :_sﬁould provide genetic evidence of these influences.
The primary methods used to measure differentiatiqli of mi_crosetelljt_e o
. ) ,merlrers in the Hui and Han populations include a di.reCt conrparisqn of a.lzle_le'
| frequency distributions, the calculation and comparis_o_n'of Qbé.erved_and expec_regi )
o heterozygosity, an assessment of linkage dise(juil.ib'r'iulrn,-_ and 'fhe eal_c.:elat.ie_x.l._ of F- _

- statistics and F-statistic analogues,




3.2  Microsatellite markers
©3.2.1 Definition of microsatellite markers |
| Microsatellites are tandemly repeated sequeﬁcés whose unit ﬁf repetition is
- | Eet_Ween one and six base pairs. Microsatglli_t.e. sequeh(_;es.,. which are randomly |
' .dis_persed in the geﬁome, are members of a la_fger group of .repetitive_DN.A'
sequences and inc}ude satellite DNA, minisatéllite DNA and tranéposable '
_ elements (Char_lesWorth etal. 1994). | |
‘Microsatellites have been proposed as the genefic marker of choice in’
molecular genetic studies, as they have a high level of polymorphism and are
_ assumed to be selectively neutral according to the definition first proposed by
Kimura (1968). That is, while many different alleles may exist, each allele is
functionally equivalent. It is assumed that microsatellites play no functional role
in the human genome, and so they would have a constant rate of evolution, which.

is independent of the size of the population.

Microsatellites can be used as markers for the analysis qf genetic diversify
* between populations of the same species because they havé very high mutation N
- rate, some tandem repeats have mutation rates as high as 102 (Goldﬁtein etal,
1995, Péréz-Lezuan et al. 1997a). As noted earlier, this equates to a
correspondingly high level of polymorphism. These features of microsatellites
have led to their widespread adoption in paternity testing, linkage analysis, and

the reconstruction of human phylogenetic trees (Goldstein ef al. 1995).
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3.2.2 Microsatellite mutation models

The analysis of population structure using microsatellites is dependent on a
con‘épt appreciation of the various mut_'atidn rﬁodels a.pplicabl_e._to microsatellite
markers, Two broad theories pertain, the Infinite Allele Model (IAM)_, and the

Stepwise Mutational Model (SMM).

In. basic terms, IAM assumes that every new mutation gives rise to a new
allele. Therefore alleles that ﬁre ide.ntical by stat.e (i.e., the same size) are also
identical by descent (i.e,, the allele was inherited from a common ahcestor).
Microsatellite mutation does not fit this model exactly. I.nitially it was believed

“that microsatellite mutation involved the gain or loss of a single repeat unit
(Weber and Wong 1993), although more recently some microsatellites have been
found to mutate by more than one repeat unit at a time {(Di Rienzo ef al. 1994),
Erhpirical observation has further demonstrated that through the course of several
generations microsatellites can, for example, lose a repeat and a generation later
regain that repeat. This phenomenon, termed homoplasy, results in alleles that are
identical by state but not necessarily identical by descent. Since microsatellite
mutation rates are high, levels of homoplasy among microsatellite alleles are -

assumed to be equivalently large (Goldstein ef al. 1995),

The SMM model, first defined by Kimura_.( 1968), can be utilised in

~ microsatellite nucleotide sequences to simulate single step mutation, with the
possibility of high rates of homoplasy (Goldstein et al. 1995, Takezaki and Nei
1996), and parameters such as the Ddm (delta mu squared) genetic distance is |
based on this theory. Ddm is based on the square of the difference in the means of
alléle size between populations, with a comparison of allele size difference acting

as the main parameter for SMM distances.
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_ Since the formulation of the .vario'us mutation theories, there has been
| widéspread.debate as to which distanc'e.meas'ure is best s'uifed fof use with |
microsatellite data. The very stmct:ure of microsateilites is compliéated. Théy
can comprise repeats ranging from 1-6 base 'pairs:l.ong, and have one of three

structures, pure, compound and interrupted (see Table 3.1)

Table 3.1. Microsatellite classification

Pure ' CACACACACACACACACACACACACA
Compdund - CACACACACACACACACACAGAGAGA

 Interrupted CACATTCACACACACACATCACATCACA

This complexity results in different types of microsatellite that mutate in
different ways and at different mutation rates. A study by Shriver (1 993)
attempted to compare the observed genetic diversities of vari.ous classes of
Variable Number of Tandem Repeat loci (VNTRs), with simulations derived from
the SMM model. The sequences studied included di-, tri-, tetra- and
pentanucleotide microsatellites, and minisatellites composed of 15-70 base
repeats. The results indicated that all microsatellites with 3-5 base repeats, 65%
of microsatellites with dinucleotide repeats, and 27% of minisatellites matched the
corresponding simulation values. It was concluded that minisatellites, and to a
lesser degree, dinucleotide microsatellites, are more similar to the expectations of
the TAM model than to the SMM model. In theory, it may be possible to yield
information on evolutionary origin and on recent genetic drift from the same
microsatellite data, depending on the type of microsatellite and the mutation

model that is utilised.
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3.2.3 The human Y-chromosome and microsatellites

The strong pattern of male migration, as suggested by historical
information on the Hui, indicates another possible site fdf.the study of genetic
variation, i.e. the Y-chromosome. The first Y~chro.mo.some pélymorphisms Were_
r.ep(.)rted. more than a decade ago (Casanova ef al. 1985, Lucﬁotte and N.g'd'l98'5), |
however progress in elucidating further examples has been slow. bebausg
conventional DNA polymorphisms have been difficult to find on tﬁe Y-
chromosome, and those that have been discovered often have proved to be of

limited informativity (Jobling and Tyler Smith 1995).

Recently, a series of polymorphic microsatellites have been developed and |
tested on many different population samples from around the world (Kayser ef al.
1997, de Knijff et al 1997). These microsatellites (DYS19, DYS388,

DY S3891+I1, DYS390, DYS391, DYS392 and DYS393) are highly polymorphic,
compared to other Y-chromosome polymorphisms, but are still less polymorphic
than their autosomal counterparts (Péréz-Lezuan ef al. 1997b). Nonetheless, they
have proven useful as tools for forensic analysis, in such applications as stain *
analysis and paternity analysis (Kayser ef a/ 1997).

Y-chromosome microsatellite markers have also proven useful in
population genetics because of the ability to perform accurate haplotype analyéis._
By their nature, Y-chromosomes are effectively haploid, with only a small portion -
of the chromosome that can undergo limited recombination with the X-
chromosome. The lack of recombination means genetic diversity is more limited : |
in Y-chromosomes than in autosomal chromosomes, but in turn, the absence of
recombination increases the effect of genetic drift. It is this property of Y-

chromosomes that could prove very useful in elucidating genetic differences
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bet_ween closely related populations Whose time of divergence has been_relati_ye__:_ly :
short (de Knljf'f .ef al 199_7). ” o | o
The advent of these probe_s' a_ﬁd othér Y-chromosome fnarkers
s_ub'sequent_.ly. develo’p.ed, has allowed geﬁet_icists toe:_(ploit the haploid nature of
_ Y-éhrqmosomt;s, to prpvide a un:iqué. insig.ht into human genetic variation via thé
‘construction and analysis of Y-chromosome haplotypes (Cooper ef aI.._]996,
-R_dewer et al, 1996). One such study showed that the Finnish people have both
| 'Eufopean and Asiatic origins (Kittles ef al. 1998). Other analyses have indicated
specific patterns of geographic clustering, allowing scientists to pinpoint the
origins of human populations through male gene flow (Malspina ef al. 1998,

Zerjal et al. 1997).

3.3  Population genetics methodology
3.3;1 Hardy-Weinberg equilibrium

Hardy-Weinberg equilibrium is a central facet of population genetics
- theory (Hartl and Clark 1997 p 74). As the name suggests, the concept was first
defined by Godfrey Hardy, an English mathematician, and Wilhelm Weinberg, a
German physician. Through mathematical modelling, it was concluded that gene
pool frequencies are inherently stable but that evolution should be expected in all
populations virtually all of the time. This apparent paradox was resolved by
analysing the probable net effects of evolutionary mechanisms. Hardy, Weinberg,
and the population geneticists who followed them came to understand that

evolution would not occur in a population if seven preconditions were met;
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Table 3.2 Seven conditions for the non-
occnrrence of evolution in a population

—

Mutation is not occurring

Natural selection is not occurring
The population is infinitely large

All members of the population breed
All mating is totally random

Everyone produces the same number of offspring

A

There is nio migration in or out of the population

In other words, if no mechanisms that can cause evolution to (.)cc._u.r are
acting on a population, evolution will not occur and the gene p_ool: frequencies wiil
remain unchanged. However, since it is hi ghly unlikely that any of these seven
preconditions, let alone all of them, apply in the real world, evolutioln is the
inevitable result, |

A simple equation was developed that can be used to determine the -
genotype frequencies in a population and to track their changes from one
generation to another, This has become known as the "Hardy—Weinb erg
equilibrium equation”. This equation is defined in terms of a biallelic locus where
p is defined as the frequency of the first allele and q as the second allele fora

locus consisting of a pair of alleles (A and a). This final equation is as follows:

p'H2pg+q=1
Equation 3.1 Hardy-Weinberg equilibrium for a bialleic locus
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In this equation, p’is the frequency of homozygous (AA) individuals in a
population, 2pq is the frequency of heterozygous (Aa.l)'indivi_dua'ls, and q2 ié the
" frequency of those who are horhozy'gdu_s (aa). Deviation f’_rom' equilib_riufn ocecurs
when the observed frequency is ﬁigniﬁdantly d_ifferént fr_orjn. tha_t predicted by fhe
above equation. | |
Microsatellite loci are polymorphic and therefore the two-allele model
could not apply. A more general equatioﬁ is shown below where py is fhe allel'ig

frequency of 4, and p; is the allelic frequency.of A;.

E-P?AiAi +Z 2'PstAiAj
7 N

Equation 3.2 Hardy-Weinberg equilibrium geno@pic array

Detection of deviation from Hardy-Weinberg equilibrium is usually testéd
for statistical significance. Traditionally this was accomplished using %
“goodness of fit tests” (Guo and Thompson 1992). Testing relies on asymptotic
results, which may or may not be a characteristic of the data, making the leQel of
statistical confidence low. The alternative is computation of Fisher’s exact te.sts.
In the past, due to a lack of computing power, use of the exact test h.as been
restricted to biallelic loci assessed from small sample sizes. With the
development of appropriate computational power, these calculations are now
commonplace and they have all but superseded goodness of fit methods.

Even with the statistical methods available, by direct interpretation of the
theory, some deviation from Hardy-Weinberg equilibrium (HWE) might be
expected in all human populations, as they could not meet all of the seven criteria
listed in Table 3.2. However, the interaction of mutation, selection, migration,

admixture and inbreeding, which happens to various degrees in every human -
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population, can produce an effect tantamount to no statistically significant
_ deviation'_being detected (Guo and Thompson 1992). But if one effect is clearly
- the dominant factor over the others in a partictJIar population, deviations may be

. observed.

3.3.2 Linkage equilibrium

Associations between alleles can bé expanded from assdciatidhs of alleles

~within one locus, to the association of alleles at two different loci. This random
gametic association between two alle[cé from two different loci is cﬁlled linkage |
Igc_fllpilibrium. It occurs w.ith random rﬁating and any deviat_iqn from t_his is called
[iﬁkage dise'quil_ibrium.
Linkage disequilibrium is not Inec_ess.arily_' correlated with linkage, as -

-alleles at different loci may have frequencies that show associatidn whether or not
- they are linked (Weir 1996). In other words, loci from two separate chromosomes
can show associations.

One commonly used measure of linkage disequilibrium is the linkage
disequilibrium parameter (D). This is most easily defined for two autosomal
biallelic loci. Two loci, 4 and B each have two alleles 4;, 4, (at frequencies p;
| “and q;), and B; B3 (at frequencies p2and gz) respectively. Given P;; = pq.,

P12=p1q2, P2; = p2qiand P22 = pyq; the linkage disequilibrium parameter is: -

D =P_11P22 — P
Equation 3.3 Linkage disequilibrium parameter

The parameter D is therefore defined as the difference between the

observed frequency of a gametic type, and the frequency expected on the basis of
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random association of alleles (Slatkin 1994). Larger values of D suggest
iﬁcreésed levels of linkage disequilibrium in a population.:
| A second., rﬁore commonly used definition of linkage disequilibrium, as

with HWE, is in the sense of statistical difference. In thi.s usage, linkage
disequilibrium exists between two loci if a statistical test shows there is a
significant non-random association between any two alleles at the respeétive loci.
The most commonly employed statistical method, as used to assess deviat_ioﬁ from
HWE, is Fisher’s exact test (Slatkin 1994). However these tests can be
computationally difficult. Therefore it is only since the development of rapid
algorithms for performing Fisher’s test using Monte Carlo methods to
approximate the results from an exact test that these analyses have been possible.
Population genetics software, such as GENEPOP (Rousset 1995) and
ARLEQUIN (Excoffier ef al. 1992), include algorithm methods for the
computation of HWE and linkage disequilibrium

While HWE tests internal population structure, linkage disequilibrium
- measurement has been primarily used as a gene-mapping tool, usually as an
alternative to linkage analysis when the number of informative families for a trait
is exhausted. More recently it has been proposed as a method for the genetic
@alysis of the demographic history of populations, e.g., population growth and
decline, mating structure and migration and isolation (Slatkin 1994, Weiss 1998).
Simulation results (Slatkin 1994), and surveys of genome databases (Peterson
1995 et al.), have shown that the extent of statistically significant disequilibrium
depends both on the recombination rate between loci and on the demographic

history of the population from which the samples were obtained.
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3.34. Consanguinity
| Inbreeding can bé a lﬁajﬁ_)r cause of deviallcio_n from HWE, and possibly
linkage equilibriuni. The basi_c obsei’va_ﬁon of inbr_eeding is that of mating
between biological relafiyes. Two individuals are .said_to be related if among the
ancestors of the first individual are one or more a_ncé,_stors Qf the second o
individual. Because of shared common anégstdrs, these two individuals could. .
share genes at one or more.loci.tha.t are identicai.- Identical geneﬁ_cﬁpie.s that are
due to shared anceStry are said fo be identical by descen‘é (IBD).

Identity by descent in human populations is defined in terms of

~ consanguinity. In communities with a tradition of close kin unions, marriages
between persons biologically related as second cousins or greater are generally
categorised as consanguineous (Bittles 1998). However, in populations where
consanguinity generally is avoided or proscribed, the definition may be extended
to cover third cousin or more remote unions. In assessing the degree of
consanguinity in a pedigree, the most commonly used measure is the pedigree

inbreeding coefficient.

F represents the probability that the offspring is homozygous due to
_ identity by descent at a randomly chosen autosomal locus. As such, Fisa
.probability that can range in value only from zero (no loci identical by descent) to
_one (all loci identical by descent). F therefore can be calculated for an individuﬁl
.if the pedigree of the individual is available and it shows a marriage(s) between
biological relatives in previous generations. For example, in Figure 3.1, Lis the
child of a first cousin marriage between D and E with a common ancestor A, F is
calculated by tracing the paths of the gametes that lead from the parents of I back |

to A, through B and C. The probability of the alleles being identical by descent is
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~one-half because, with Mendelian segregation, the probability that a particular
allele present in a parent is transmitted to a chil_d is oﬁe-hal_f (Hartl a_ﬁd Clark 1997

| p149-152),

 Figure 3.1 Abbrét%id_tefd diagrdm of a ﬁ)‘.s‘f cousin marriage. |

Therefore in the present example there are ﬁve paths between I and A,-' '
and so the probability of identity by descent is 1/2 * 1/2 * /2% 1/2% 12 0r 1/32 |

This can be simplified to the equation:

P

Equation 3.4 Pedigree inbreeding cqe}j‘i_ciém.

'whefe n is the number of individuals separating the child..and fhe .cerhmeh. :
ancestor and 1/2 is the probability that the child will inherit the all-eIe of a specific - |
parent. The child of a first cousin marriage will have two such paths, one for each
grandparent and so the probability of autozygosity is 1/32 + 1/32 = 1/16. Heeee |
the child of a first cousin union is predicted to display 6.25% '.gr.ea.ter. ..

homozygosity than the child of a non-consanguineous marriage.
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.[n a large pedigree with a history of consanguinity prior to the current
genera;ion,' thé_nct'u'al coéf’ﬁcient of inBret;di_pQ predicably ﬁ_i_ll be h_ig.her_tha.ﬁ can
be_calculated for a si.ngle generat'ior_l, ;i.ue. to the cumulative gff'éct of .inbreeding
- (Sha_nﬁ etal, | 1994), The effect of prior inbréeding_is calcutated as the sum of the
probagililt:y of‘-'identity' by descent due to'eéuﬁh. _separé_te_ pafh of inheritance of _thé' |

alle_lés, and is represented by the equation:

| F=Y(YJG+F)

Equation 3.5 Pedigree inbreeding coefficient: multiple generat_r‘dns. _

- where n is the number of individuals in each path connecting the parents and A is

the common ancestor in each path (Hartl and Clark 1997 p 149-152). '

3.3.5 Inbreeding as a deviation from random mating éxpectations
Another definition of inbreeding is in terms of a system of mating
 definition at the population level. It is useful in this context to examine deviations
| from the genotype frequencies expected in HWE.that are dueto inbreeding. It can
be shown that with inbreeding the allele frequencies remain the s'_'aine,. only |

~ genotype frequencies change (Hartl and Clark 1997 p126).

The work of Wright (1951) determined that the deviation from random
mating expectations could be calculated by what is known as the covariance,
COV, between uniting gametes, With random mating, COV= 0 but with non-
random mating, this COV can be either positive or negative in sign. |

The actual correlation between uniting gametes is COV/pq, s_d_ one wé.y tb _

~ define the correlation coefficient is:
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n

[ =

Equation 3.6 Correlation coefficient

| Defined in this way, as shqwn__inz 'Taﬁle'B.B,Igghdtype frequencies _vﬁth inbreeding -

- can be expressed as;

Table 3.3 De_vidtioh ofgenqtypeﬁ‘equéncfes ﬁ'om_"Hdrdyi.Wéinberg éxpec:‘ation.s'

Genotype AA _ - Aa o  aa

.. Erequen_cy.' . p2+qu o 2'pq(1:f)' o q2+qu o

- Nofe that a positive correlation between uniting gametes leads to a
_hétérozygdte deficiency in the population, and a negative correlation gives an
- ‘excess of heterozygotes. Hence, fmeasures deviation from Hardy-Weinberg
- genotype frequencies but not the probability of being identical by descent. The.
yal'ue of f can range from -1 to 1 and denote inbreeding (£>0), random mating
" (=0) and avoidance of inbreeding (f<0) By con:ip_arison, avoidance of ._ini:.ireediillg_.
cahnot be measured by F. | |

3.3.6 The inbreeding effect of population subdivision

Another definition of inbreeding is the inbreeding-like effect that occurs

- due to population subdivision. Wright (1951) found that the effect of pOpulafion" '. )
subdivision could be measured by a quantity called the fixation index, Fgp. | Giveri :

that p; and g, are the frequencies of alleles A and a in one population, and p; and

g are the frequencies of alleles A and a__in a second population then:
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_ | Iz
" Equation 3.7 Wrighﬂf»' Fr

Var
Fs"r— (p)

e _ 'Where; = '/z(’p;+pz). q = '/z(q, +q;) and Var(p) p p anht s]"s-r can be

put mto context by examlmng a pooled populatxon composed of two popu!at;ons

: _The pooled populatlon genotypes can be descrlbed usmg parameters deﬁned 1n -

o equat_lon 3.7as follows: S

o _ _-'.:_Table 3 4 Dewat:on of pooled genotype ﬁequenc:es ﬁ‘om Hardy— Wemberg

expecfat:ons .
Frequency | D "FP"IF.s-zj' o2 (-Fg) o g+ P_‘IFST »

" Table 3.4 shows that subdivision of the population into genetio'aily di.s'tin_ct 3

| .zs_nb'po'pulations causes deviations from HWE that are identical in form to those [
L c_eUSed by the inbreeding system of mating within a pOpuiation shown 1n Tebl_e‘ |
- ._ - 3.3. Wiight went further and described a relationship between deviationS'ffom- .
. HWE within a population to deviations from HWE between populations as '.

 follows:

(l-F;;r) (l-F;s)(l-Fsr)

Equaﬂon 3 8 Relattonsh.rp of F m Fg;v and F T
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| where Fis is the inbréeding coefﬁéient due to the reduction in heterozygosity of an
_ '.'i'nd_iv.iduai dﬁ_e to n_Or.l-rzi.I__ldom'mating within a population, aﬁd Firis thé overall
inbreeding coefficient of an iﬁdividual_. | o
The most wid.ely used in.t(_erpre'_.tz.;tior:ll of these.s.tétistics is that determined
| b.y'Nei .(197'3.'), who defined the statistics for mu.lti.a_llel.ic mUlt.il'o.cL.x:s informatio_n. '

_' | fror__n any number of subpopui_aﬁon_s as follows:

Lquatron 3.9 Heterozygos: of an md.'wdual ina subpopulanon :

| _-'\_Vhergnl—li_i_s t'he_. observ_ed h’eterdz’ygo_sity.ih'_subpopulatib_n i from .I.«:.'subpopulat'ions;_ .

""1 Zpix

Equanon 310 Heterozygos:ty of an individual populatwn -
© where piis f_he freqﬁgr.l_éy of t_he ith allele in subpopulation s, and

Hy =1- Z

: Equat:on 3.11 The expected heterozygosity of an individual in an equivalent
. random mating total population. _

- where p; is the frequency of allele i averaged over & subpopulations.  The

inbreeding coefficients are then defined as:

@  _ | o | o
. _Hy-H, (b) i H_T-_H_ " © _H—=H;
.-Equafion 312 (a)}- c) Néi ' imerpreration'bf Wright’s F-statistics
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| whefe_ Fis is defined by Nei as the reduction in heteroz_yg.osity of an individual due
' to non-random mati'ng within a subpopulation, #sr is the reduction in o
:iheterd'Zygésity of a subpopulation due to random genetic dfiﬁ, and Fyris the
reduction in heterozygosity of an individﬁal relative to the tota:l .ﬁop'ulation.
In addition to manipulating Wright’s original statistics, Nei dévéloped his.
_owﬁ F-statistic analogues, called Ggr statistics. These statistics were based solelyl
on the partitioning of gene diversity rather than the inbreeding effect on
heterozygosity. Gene diversity, while computationally the same as expected
heterozygosity, is defined as the probability of two randomly chosen genes ff?)_m o

. the same population being different.

D=13Ix?

Equation 3.13 Nei s ge'né diversity

where x equals the population frequency of a locus in the ith population. An
_ estimate of this population gene diversity can be calculated from the sample gene
diversity. These formulae for gene diversity can be extended for population

subdivision as follows:
- Hs= 127y
| B Eqi:atfan 3..14' | Ge.né. divérsity within a subpopr;lafiorr
B 'where'x“ i§ the frequenc_y of the ith allele in the Ath subpopulation. y

_D.s'r =§$[[Zi(xm "’?u)z /2]/32]

- Equation 3.15 Coefficient o}'ger_re differentiation
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where x is the frequency_ of the ith allele in the /th focus and s is tli_e number of

" subpopulations. It then follows that: ”

_ " Hp=Hg+ Dyr
Ec}r(a!g'an 3.16 Gene di.ver..s':'ty in.the total pbpulqﬁrm_ "
and

Gs;r Dsr /Hy _
Equanon 3.17 Average gene diversity berween swbpopulaﬂom

The advantage of this method is that haplmd systems and other systems
| not obeymg HWE can be analysed using these stanstlcs as only gene dlversuy 1s-‘__
o utillsed and not heterozygosity. |
| Earlier, Cockerham {1969) developed a convenient way to posmon F-
| | statlstlcs into a familiar context for hypothesns testing. Thls mvolves the _ _' '
N partltlomng of * by analysis of vanance The result was a set of formulae solved '.

"_.to gl_ve Flstatistics in te_rms_of' variance components,

Oz;r' 02A+OZB+02W

: Equar!on 3. 1 8 Total variance of allele frequency

| That is o, the total variance of allele frequency within a populat'ion,. is
~ equal to the sum of its components. These components are, o°4, between |
subpopulation variance in allele frequency; o ,between. individuals within
subpopulation variance in allele frequency; and oy, between gametes Within

~ individuals variance in allele frequency. |

Using this approach Cockerham defined three F-statistic type parameter's.
_- F, the correlation of genes within individuals , &, the correlation of genes of
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different individuals in different pqpula’tions;zand /. the correlation of genes within

- individuals within populatidns. This resulted in the formula:':

f= (1" —'9)/( 1-6)

Equanon 319 Cockerham s correlation of gencs '

These parameters can be defined as ratios of the various components of

variance as:

@ F=F, = oi+T; +JB (b) 9 F (0) f F}s ;_—"_:—O_-“ R
o . . - . Up W

_5:;9~|&' |

' Equation 3. z'o(a)-(c) 'coc';;er_ham ’s F-stdﬁstics

By r_é_lating F-statistics to analysis of_varizince, itis po_s..sible. to a_dd levels
.'_'-'Qf ﬁppulation subdivision, and to exttsicft_héir_ effects as _additibnal co._m;.mngn.ts of . -
:irﬁr.ia.tiOn.. T
.'Weir and Coékerham (1984) ﬁ:_fthé_r .dev'el'(jped'th.i_s conceptfora
.fﬁultiallelic multilocus hierarchical strhcture'. .T'he_'if m:odé_l'i_ﬁi}oives the wéighted-

| sum of variances. Mathematicaliy,_the _.t..nethod is ﬁuéh hlofe comﬁl_ex than fhé o
| definition by Wright or Nei, but leads to unbiased estimators thaf ;are sfatisticaliy _
more robust. One example is an Fsranalogue called 6, whi.'ch“can be ésiimated

from:.

ZZ"B
ZZ"T

) Equanon 3 21 We:r and Cockerham s 0“,
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‘where the yari.ances in allgle frequency are Summ_ed over all alléles i -and all fbci'u.
R Tﬁé éﬂ;antége qf an analysis of variance abhroabh is. thaf the proportion of
variances 'alr'g additive,_makingbﬁésiblc a wide range of'hiérarchic'al' popﬁiation '
structures. R A

| Wifh the advent of _large-sc.a.le ané_fyseé_ of mt[j.NA séquences, a hﬁploid

sequence _approﬁc_h .to' population sub’divisidn. was. nec.c.ss:a'r.}',.r as the previo.us |
methods involved déparpures of allele frequencies from panmictic geno.typi.c;

expectations, HWE predictions were not applicable to mtDNA séquence data,
b.éi'ng Haploid. An approach using phenetic and evolutionary distances between
" haplotypes was developed for mtDNA by Excoffier ef al. (1992). The method s

| _. fermed Analysis of Molecular Variance (AMOVA).

- The variance components produced from AMOVA analysis’ ca.n Be L
derived to produce an analogue to F-statist_icé called ¢siaﬁ§tics (Exc.o.ﬁi'er 1_991).'
o Tlie_sé & staﬁstics reflect the correlation of haplotYpic divefsity”at différeﬁt levcl§ R

o hierarchical subdivision. AMOVA offers the advantage ofan.analys_is. of
variance model without the requirement for many of the assumpﬁon_s, sﬁch as tﬁe
assumption of nc.)'rmal ity. This is achieved through the utilisation of non- |

parametric permutation tests to assess statistical significance instead of using the

- asymptotic approach adopted in ANOVA.

The technique is adequate for haploid sequence systems such as mtDNA,
.but its application to diploid data is much more difficult, especially if gametic

phase is unknown. The problem was solved by Michalaklis and Excoffier (1996) o
who defined AMOVA for a diploid system, with @xrbeing analogous to 8, using B '

maximum likelihood techniques, The result was a population subdivision .
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~ technique applicable to all types of genetic data, based on the partition of within
population and among pﬁpulation variance of differenée in the number of allcles

of each haplotype. This enables different genetic data types tb be compared (i.e.,
allozymes, RFLPs, microsatellites, 'mf_DNA secjd'ences),_ as well as speciﬁc _
- formulae for populaiion'subdivision éinalyéis using gmiéro's:atellites (Mjchal_akis
and Excbfﬁer 1996).

_ All of the F-statistic models presented so far shére one common

: assumi)tion, the assumption of the Infinite Allele Model. As previously discussed,
microsatellite mutation mostly follows the SMM. Therefore, the previous /-
statistic methkods based onthe IAM may not be appropriate. An SMM alternafive |

to Fsrwas defined by Slatkin (1995) and called Rsr:

 Equation 3.22. Slatkin’s Rer

where Ry is essentially a Fgr analogue for microsatellite data that takes into.. |
account the difference between microsatellite allele sizes, where Sy is the average
squared difference in allele size between pairs of genes within populations and S
is the average square size between pairs of genes taken from a collection of
populations.

Rousset (1996) further defined this approach with the formulation of the
analogous Rho statistics, a SMM equivalent of Fis,Fsrand F. i iabelléd prs, |
- pst, and prr. The parameter pgris related to Slatkin's Rgr in the following

manner;
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R_W- = (l - c)pST
A-cpg

- Equation 3.23 Correlation between Rousset's psy and Slatkin’s Ry,

where c = (2:.5',—. 1')/(7“;-;;,; - l),_.sﬂ, is .the' s.am]IJ_le. size, and ny is .ﬁ]t-:. #am;ﬁle number.
| Micﬁz.il:akis and .Exci.).fﬁer (1996) also deﬁned theif Dy with regafd tothe
* Rst estimate psr. This variant of AMOVA is modelled for differences in allele
| size and not, as in the original, di_fferencés in the numbef 6f allel.es. Tﬁus, for
microsatellite data AMOV A can be performed in two modes, according to '
differences between haplotypes due to the numbér of allél_es not shared by.b'oth
| _haploiéypes summed over all loci, and accbrdi'n.g to d_iffer_ences__bgiwf;e_n 'h'e_lpl_o_typgs_ )

~ due to the squared difference in allele size summed over all loci.

| .. 3.3.5 Genetic distance

Genetic distance has been defined as the extent of g"ené. diﬁ’érence between
| pqpulations or species that is measured by some numeri.ca'l quéntity (Nei 1987).
. '.Nei (1987) classified two types of distances, the ﬁrst of which includéd |
measurements for population classification whereas thé's'econd_was épplibablé to

~ evolutionary study.

Distances that are appropriate for contemporary population compar.isqns.'_
are applicable for population classification. Distances such as Ds (Nei 1973), and
Dp; (Bowcock ef al. 1994), are two of the measures that have been used. Net's -
‘standard distance, Ds is the most commonly used genetic distance and is deﬁhgd

as follows:

Dg=-In(J gy I JJIxJy)

Equation 3.24. Nei’s standard genetic distance.
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where Jx and Jy are the average lho'mezygosities_ across loci in populations X and
Y, '
These measures are based elther on the product frequcnc:es of aII alleles at
| shar.ed 1001 between populatlons or on the proporuon of all alleles at al shared
1001 -They do not dlrectly mvolve a mutation rate over a lon;_., penod and hence do '
not necessarily indicate an evolutlonary relatlonshlp, but are sxmply a measure of |

- the effect of genetic drift on population genetic diversity.
Distances based on the SMM model make use of the difference in size -
- between alleles (Goldstein et al. 1995), An example of this distance me'asure is
Ddm, or delta mu squared.
CHEE

Equation 3.25 Goldstein’s delta mu squared genetic distance
where pia and pip are the means of allele size, summed over all loci, in populations
A and B respectively. These distance measures are quite accurate in measuring

- evolutionary genetic distance as they maintain a linear relationship to time overa

- long period, for example, several thousand generations.

3.4 ‘Summary

To date, microsatellites provide the most approachable and informative
method of analysing human genetic diversity. They are among the easiest and
most polymorphic markers to detect and analyse and, as microsatellites are PCR
typable only minute DNA samples are needed for allele detection. Microsatellite
markers are also the most polymorphic markers available, allowing the deteetion

of variation between closely related populations,
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Informatiqn from microsatellite analysis involves the use of various
statistical and genetic method.s to define p'opu.lation structure a_nd genetic
| diVersitf. As previously di;scusSed,' most ﬁlicrosatellite mutations involve the =
.- additién or subtraction of a small number of repeat ﬁnits a process ca]led_._the'
K Sie.pwi.se Mutation .Modei (SMM) (Kimura '1968)..' To account for these _

'_ .p'bsérvations, vafious genetic parameters have_b’een ﬁroposed_for mi_cros.a.téllites,
for ekample, Slatkin’s Rsr. The édvantage of such an approach for this study is
tf\é fact that SMM-based parameters are not subject to sample size bias (Goldstei.n |
et al. 1995). This is important in the present study, as there is a substantial
difference in the sample sizes collected from the Han and Hui of Liaoning.

- However, the study is focused on genetic diversity developed in a human
histﬁrical timeframe. Given that most dinucleotide microsatellites mutate at
~around .l 0% - 10 per ge.neration, mutation would not be expected to exert a rﬁajdr
.effect on genetic diversity in the Han and Hui in the timeframe studied.
Furthermore, it was concluded by Péréz-Lezuan et al. (1997b) that genefic drift, .
not mutation, plays the main role in generating the micros_atellite v_ar_iatidﬁ wﬁich_
has beeh observed among human populatidns.

Consequently, it was decided that the combined use of both SMM and. |
' non-SMM based statistics would be the best approach to inferring relationships
among the Han and Hui. In conclusion, only by the comparison of several
different measures and methods with other types of evidence, such as historiﬁal
information, can the genetic relationship between two populations be inferred

with any confidence,
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'__S,.flmple collection and experimental | o

methodology




4.1  Sample collection

| Dr Wei Wang and his Chinese colleagues collected ali blood samples on to.
'.3MM Whatman® filter papef. The ﬁcquisition of blood spots from Hui
community members in Liaoyang, Liaoning ﬁfovince, was adminiétefe_d ihrc.:ugh.'
the permission of‘ lbclal_:religio'us leaders. Relig'ious Ieaders who wére iﬁterested in
fhe proposed study organised finger prick blood spot collection from community
" members on .s.ite in their villages. The two pedigrees in fhe study were obtained
via the permission and involvement of the elders of each fﬁmily. Each person
who consented to give blood did so after signing a consent form.

The Han samples were obtained on a random basis from::y'ol_u.ntéers who
pi‘ovided finger prick blood spbts at the Peoples Liberation Army_ (P.L.A.) No'201' -
Hospital Liaoyang, P.R. China. A signed consent fbrm_ al.so 'waé_a prere_ciui site fof_ |
the acquisition of blood samples from these volunteers. .All_ .in'c.l_ividu.al..s sampled
- were from various co-resident communities in the éity Liaoyang; located in

central Liaoning province, PR China.

4.2  Extraction of DNA

The collected blood spots were forwarded by courier to t.he' Centfe for .

‘Human Genetics at ECU for storage at -80° C. In this study, 102 ran.dom.Han, a.ll -

male, and 53 random Hui samples, from 27 males and 26 females, weré _aﬁalysed,_
as well as samples obtained from two Hui kindreds numbering 31 and 14_
individuals. ..

For each individual DNA was isolated from twb bi'obd spots, uéing .
proteinase K treatment followed by phenol/chloroforin extra__'ct_._iqn and iéopropanbl
precipitation at -20°C. The blood spots were cut from th'e ﬁlfér _pap.e_r, qua_rtered, |
and placed in a 1.5ml microtube with 250 ul 0.1% Tfit_oﬁ X-100 and 15 pl
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I 0myg/ml proteinase K at r@om temperature, The sa.mple was mixed gently. fqr I
| mim;lt'e, Hefgre intuﬁation ona heatihg block .at'SOUC for 30 minutes. This step
| | w;ts repeat_t;ci once. At the cdm_pletiou of the second incubation period, 25 ul 10x
SE_.T buffer (500mM Tris pH 8,0, :S.OmM.EDfI.‘A, 5% SDS) was added to the
'samﬁle_'and niixed. .500:ul of 11 _chl.orofc.armfphenol Was then added and r.rli:xed _
by iﬁvérgidn f(;r at least 10 miﬁutes. The sample was centrifuge& for 30 minutes
. at '13,'(.)00 rpm, and fhe ;sup:ernatant transferred to a fresﬁ micfbfube with waste
pé'p:_er mafeﬁais excluded, A 1/10 vﬁlume 6f 3M Na a_cefate pH 4.9 and 1 v.olu_m.e
_ of 100% iSopfopanol were added _tb the supernatant, mixed and the tube was left

| ovemig_ht_ at -20°C to prét:ipita.tt'e the DNA from solution. The sample tube was
| then centﬁﬁ:ged for 30 minutes at 13,000 rpm. The supernatant was discarded,
-and fhe DNA pellet washed with ice cold 70% ethanol by invers.ion. The ethahol
was then removed, after another 10 minute centrifugation at 13000 rpm, and the
fnicrotube left to dry at room temperature for an hour. Finally, the pellet was

resuspended in 25l autoclaved distilled water.

' | 4;3 Measurement of DNA concentration via spectrophdtometry
The DNA concentration and sample purity of the samples was ahalyééd L
with a Beckman DU 640 UV spectrophotometer. This was achieved by |
measuring the optical density of a twenty-fold dilution of the original DNA
solution at wavelengths of 260 nm and 280 nm. Measurement at 260 nm detects
nucleic acids while 280 nm detect proteins. A ratio of 1.6:1 or above indicates
satisfactory purity of nucleic acids for amplification. The spectrophotometer was. :
blanked with dH20 used in the dilution of the DNA solution. A concentration of

‘at least 5-10ng/ul of DNA was required for successful PCR amplification.
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| 44 .' Mterosateltite markers
| The autosomal markers analysed in this study we.re chosen-from a panel of
o markers recommended by Stanford University (see ﬁ;_.,ure 4. ]) Y-chromosome :
: markers used in this study were chosen from a panel of markers recommended by
| .'ithe Forensrc Laboratory for DNA Research Department of' Human Genetlcs
'-Le_rd_en Umversrty (Appendrx A). L.mk_age and cytogenetic maps of chromosomesi.
. 13 and 15 .indi.cating the positione of the markers used in the studyr are shown in
ﬁgure 4.1 * As the Y-chromosome is effectively haploid, only a cytogenetic map
: . oould be created. Most of the Y-chromosome markers used in the study have yet

to be located to a particular position on the chromosome, as seen in ﬁgure 4.2,




Figure 4.1 Comparative linkage maps locating microsatellite markers analysed
from chromosomes 13 and 15. The distances are measured in
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Figure 4.2 Cytogenetic map of the Y-chromosome indicating the
approximate positions of the microsatellite markers used.
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45 Polymerase chain reaction

‘The dinucleotide tandem repeat seq;.len.c'.:cs 'we'rc.ampliﬁt:d us_ing the
polymerase chain reaction or PCR, an in vitro m'et_hod. fﬁr"sy:nthési'siﬁg defined |
_ SeQUcnces of DNA catalysed by a thermostable DNA polymeraése enzyme. The
re'act_ip'n consists of three steps: denan.u.'ati_.dn, annealing and extens.i.b-n. In the ﬁr'st_ .
.Ste:p.the DNA is separated into single strands that can be used as a templaté. S_tép
2. émploys two oligonucleotide primers that anneal to the template DNA at
positions flanking the target DNA sequence. Finally, a complementary copy of
the region specified by the two primers is synthesised using the enzyme qu
polymerase. Repetition of these steps results in exponential amplification of the

target DNA sequence,

4.6  PCR protocol for autosomal markers -

Each autosomal PCR was made up to 5ul, containing 2l (5-10n_g/pl). of |
target DNA, 0.5pl of forward primer and 0.5ul of revefse primer, 1 ull of 5.x.buffer
(1.5mM MgCl, solution [Perkin Elmer]; ImMdNTPs, 0.5 m. 10xpolyiﬁerase bufer
(Perkin Elmer), 0.05ul of Amplitaq Taq polymerase (Perkin Elmer®) and 0.95ul |
of dH20. Due to variability in the quality of the target DNA and the ﬁdélity of
the primers, MgCl, concentration was varied between 1.5mM and 3.5mM.
D138126, D13S133, D138192, D135270, D15S11, D15S101, D15S108 and
GABRB3 were successfully amplified by a touchdown procedure which consisﬁed
of four main components. Initially, the samples were denatured for 5 minu.t.es z;t N

| 94°C, This was followed by fifteen denaturing cycles of 20 seconds at 94°C, Eme
minute of annealing, starting at 63°C and reducing in each cycle by 0.5°C (giving

a final temperature of 55.5°C), and a 30 second extension pefiod at 72°C. A
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_ further fifteen cycles followed each consmtmi., of 20 seconds denaturing at 94°C,
20 seoonds annealmp_, at 55°C and 30 seoonds of extension at 72°C The cycle .

con_cluded with a.ﬁve-minute extension porlod at 72°C. -

Markers DISS98 and DlSSSJ'Jr were found to requzre lower annealm‘g
.temperatures and a composne of the protocol bwen above was used with
.temperatures of 58- 50°C for the touchdown phase and 50°C for the extenelon
| pha_se. |
' 47 PCR protocol fo:'. Y-chromosorhe nlarkers.

Eoch Y-chromosome PCR mixture was made up to 19;_11., .contain.i.ng..Sttl_: of
- 'target DNA solution, 1pl of 10xbuffer solution (containing ISmM of MgCllz -
(QIAGENO) 0.04 pl of 25mM MgCl; solution, 0.20p of 10mM dNTPs, 0. SOul of

" forward and reverse primer containing 100ng of primer oligonucleotides, 0. 05 il

~ of Hot Star™ Taq polymerase (QIAGEN®) and 3.21 pl of distilled wat_er.

Qiagen® Hot Star™ Taq polymerase was used for Y -chromosome markers
ae experimentation with this enzyme produced greater amplification and fidelity
' ot‘_ the markers, most of which proved difficult to amplify. The microsatellite
‘marker DYS391 consistently proved very difficult to amplify from a majorit}t of ) ;

Han and Hui samples, and consequently its use was discontinued.

48 Agarose gel electrophoresis
To ensure that the microsatellite sequences were amplified, PCR
. products were tested by agarose gel electrophoresis. This techrique employs an
electric current to move the negatively charged DNA towards a positively charged
| .-.el_eotrode through an agarose gel. The larger the allele fragment, the slower it

' moves through the agarose. Therefore the alleles are differentiated by length -
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fractionation, The PCR product's:_are visualised using othidium. bromide (EtBr)
under ﬂluolrescen't_l'ight. . o |
| A 3% agarose gel solutlon (3 g agarose powder Slg,ma Chemical

Company) in IOOml leAE buffer (0 04M Tns-acetate 0 OOIM EDTA) was |
prepared 'and poured on to _an 8.5cm x11cm mml-gel tray,_and a small toothed
_oo'nib was iosorted at ooe end _.of t.he. tray. The gelwas él:lo@oo to set 'fo_r
ooproxitoately forty minutes at ro_om' temporanre, after wilich the comb wos _
_femovod and the gel was thon pioced m tho é._leotrop};oresis unif_.’ 3u:i of the.- .P.CR
- '."p'roducts were loaded into the wells \.JvithIB }.il _o'f. 6 IF ico .loa:d:in.g. buffer (0.25% |

_.br.omop.henol blue, 0.25% xylene cyanol FF; 15% Ficoll (Type.400; .Pharmacia) )
B pUC19 DNA/Hpa I (0.5mg/ml; Biotech; fragment size range from 26-501bpj
was loaded into lane 1 as a size standard, The gel was electrophoresed at 80V for -
approximately 20 minutes. It was then stained for 10 minutes in EtBr (1.5pl
- 100% EtBr, 30ml water) and visualised under a Hoefer® Mighty Bright™ UV |

transilluminator,

If bands were present, the gel was photographed using the Kodak® DC120
Electrophoresis Documentation and Analysis System™, which included the B
Kodak® DC Zoom™ Digital Camera and 1D Im_ago Analysis Software™. ‘The

resulting digital image could then be stored on a diskette or printed.

49  Fluorescent labelling of markers

Fluorescent detection of alleles using an ABI 373 DNA Sequencer™ ﬁith :
 GENESCANT zllele scoring software was used to accurately size microsatellite -
alletes, The forward primers for the microsatellites are 22-mer oligon'uol:eotidos_ ':

" with either TET (4, 7,2, 7- tetrachloro-6-carboxyfluorescein), HEX 4,7,2,4, 5, 7
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- he_xachlQro-6:-'carbo;cyfluore'scein)' or FAM (6-carboxyﬂuoresc_cin) molecules
chemically bonded to them, ~ | |
“These ﬂu't.a're.st:ently labelled primers are incp'rpo'ratt;,_:d_.into the
niicroSatellife markers during amplification with PCR.. For loﬁding intoa
' polfa;fylamide gel, 1.5ul of PCR sample was mixeﬁ with 2.5 u] pf; Ifoi'.mz.lr'nide,_ o
- 0.5l of loading buffer and 0.5l of TAMRA-labelled iﬁtemal_ si_:ﬁe_Stéridé_rd. The |
:. | loading buffer and TAMRA-labelled size standard are supplied in th._e. | |
GENESCAN-SOO kit™. The size standard is the result of digeétion of p_l'asn.l.id -
) DNA with the restriction enzymes Pst] and B&tU[ ; _:.T.he_ rééillfiﬁg DNA ffag_ééﬁts -
X 'are_theﬁ ldbel}g__ad with TAMRA (N, N, N, N'.-tet'rari_let'hy_l-ﬁ;cérbtékjr_thdiamine)

~ chemically bonded to it.

4.10 Detection of mari&grs using the Aﬁl 373 DNA sequencer™ |
A gel mixture of lOﬁ_ml 40% acrylamide/bisacrylamide ét_a ratio of ':_19.:1,
- 420.5g of urea, and 100m! of.-.l_OxTBE buffer (890 mM Tris-borate, 2mM
NaEDTA.2H20), was made up to I litre with distilled Water and storcd at 4°C..'
30ml of this gel preparation was then mixed with 150pl éf 10% ammon'iu:m '
persulphate and 1711 of TEMED. This was dispersed between two glass platés'
~ using a 100m] syringe with a 24cm well-to-read distance, and fixed together with
bulldog clips. A 50 well square tooth, comb was placed in the top of the gel
apparatus, and the gel allowed to set for approximately 2 hours at room |
" temperature, The gel was then pre-run for 5 minutes at 28°C to optimise the
temperature of the gel.
After the pre-run, 3pl of each sampl.é_ __solution was pipetted ir_ﬁg the gei o

~wells. The gel was then run for 8-12 hours usiﬁg filter B. Th_e use of filter B -
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results _in_'th_e' ﬂu_ore's_cent markers displaying the following _cd_lours: b!ué (FAM),
' green (TET), Qeilow (Héﬁc) and red (TAMRA). The resulting gel pict_'.ur_es were i
'-as_s_embled and analyéed_Wifh the GENSC_ANTM soﬁv;/afe:prbgfanﬁ_. _Th.(.f... : R
- GENOTYPE‘.RW soﬁware program .wa's' then uséd to ahalyse the data extr.ﬁt':téd. by
- _GENESCANTM’ ahd to a.ssign pbakﬁ to mit.:.r'os;ﬁte_ll‘i.te: él]_clés. _Tﬁe' re's.ults'_. ar_é .
| 'presented as a series of péaks with each micrc;-.sat'elli't.e nﬁrke_r resultiﬁg i:n .e.ith_ér '
one peak for homozygotes ér two peaks for h_eterozygldt:es. 'The fesﬁlﬁng Bése
lengths were then re.cor'ded using Mi croéoft Excél%“ ve_rsion 7. .

4;!1_ - Statistical analysis of microsatellite data from the random sample
populations "

| Basic statistical computations, such as the calculation of allele frequencies
and of observed and expected heterozygosity, were performed using the
GENEPOP program (Rousset 1995; also see Appendix A). The GENEPOP

program calculates a range of statistical tests and computations for population’

genetics research. This program was uﬁlised to éalcu_lafe HWE probability tests, _

tests for linkage disequilibrium, the calculati(.m.of population correiation _
coefficients, and the F statistics described by Weir and'Cockerham'(l9l84). "_P.'.or .
each of the populations, observed and expected heterozygosities wefe tésted for .
.statistical significance using the x° test, | .
Analysis of Molecular Variance (AMOVA) was then performed usingl-the: | _ N
_. ARLEQUIN software program (Excoftier ef al. 1992). ARLEQUIN.is' a.'llnu'lt:i_-. o
- faceted population genetics software program, freely available on fhé Internet (sée .
- appendix A). ARLEQUIN can process a wide range of gengtic infdrmatioﬁ |

" including sequence data, RFLP data and standard frequency data. It can also be
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used to perform specific procedures inthe treatment of microsatellite data, such as

differences in allele size using AMOVA,

Autosomal allele frequencies of the Han and Hu1 populations were then
compared to other populations gatheréd from the Genome Database (GDB) and |
| .Centre d’Etudes du polymorphisme Humain (CEPH) (see Appendix A).
Comparisons were made between the levels of heterozygosity and gene diversity
in'thg sfudjr populations and these reference populations, Computét_ion of the
_ ._Wil_c..oxon matched pairs signed ranks test was pel;fl'onned using SPSS™ Versibn -
. .'3‘0'_ _
Han.and Hui Y-chromosdne allele frequencies were compared to
populations gathered from a databiase located in the Forensic Laboratory fOIDNA |
Research, Department of Human Genetics, University of Leiden. These dai{a ére
an updated version of information presented in Kayser ef a/. (1997) and de I(mjff
et al. (1997). Comparisons were also made to population data presented inan

unpublished article made available by Péréz Lezuan efal. Both sets of

comparisons were made on the basis of genetic distance calculations.

The calculation of genetic distances was accomplished using the
MICROSAT software package (Minch 1998; also see Appendix A). MICROSAT%_:_
is a program specifically designed for the processing of microsatellite d;a,te:L |
MICROSAT generates eight different genetic distances including Dgs (Nei 1973) |
and &7 (Goldstein ef al. 1995). From these distances, unrooted neighbour joiﬁing |
~ trees (Saitou and Nei 1987) were generated by the PHYLIP version 3.5¢ soﬁwaré
package (Felsenstein 1989). This program was also used to test tree robustness -
based on a statistical comparison of one thousand bqotstrap iterations (Felsenstein

- 1985).
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4.12  Statistical analysis of microsatellite data from the pedigree samples

Pedigree information was collected in China from two families and the
pedlgree constructed in the CyrllllcTM Versmn 2. 1 soﬁware This soﬂware -
enabled the deﬁmtxon of chromosomal genotypes and the calculatlon of pedlg,ree

_:_ mbreedmg coeff cients..

Indépendént genofypes were isblafed b.y-ainalys'is of the ﬁﬁal cénétmctea ) o
| pedigre..es”.. Independent ihdividua_lsivere_ dé.ﬁned as those individuals in the

.pé.digr_ée who represented the genetic :f(;unders of the pedigree.
As in the population study, observed and expected heterozygosities were s
” | statistically tested using the x> goodness of fit test. Data gathered from |
| independent genotypes and full pedigree data were processed in GENEPOP, iﬁ'a - |
similar manner to the random sample population data for the calculation of ..

expected heterozygosities, linkage disequilibrium tests and so forth.
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Ch.apter 5
. ‘Genetic analysis of the Han and the Hui ethnic

groups




5.1  Intreduction
The study has been Séparated into two sgctibns colrflhprising popujatioh-

based analysis Ia_nd pedigree-base;l. analysis. In the first ScCtibn;_random sample
populatibn_s of the Hm agd the Han will be.'com'pared in férrﬁs_ ﬁf within- and
betﬁééﬁ—-population gené;ic variation, The rﬁajor é_lim of this parf of the study is to -
gaﬁge thg degree to Which fhe geneti.c_s:tm.ctu_l"e of thé t'wb 'S;Ii].bl.(..‘. p‘opulatioﬁ.s
matches historical narrative. Therefore emphasis is placed on comparisons of
allele d.ist'ributio.n pattemé, the effects of reproductive _isoiation, aﬁd m:ig.ratio.n

based on the autosomal and Y-chromosome gene pobls of both populations.

52 Analysis of autosomal frequen'cy distributions
.. The first step in the study was to compile allele frequéhcy dist.r'ibution.::'
proﬁles for the ten autosomal loci studied in e.e.lch of study population#. Tl;é: alleié.
frequency distributions were similar in both populations, presenting a variet§ of -
forms including unimodal, bimodal and multimodal distributions accofding to__thél -
" locus studied (see Appendix B). The two populations could however be
differentiated by comparing the most frequent allele (MF A) at each loci.
' Different MF As were observed in the two populations at a majority of loci, wigh :
the Hui generally exhibiting smaller MFAs. The only ex_ception_to thxs ;Satt.érn'
was D13S192 (Table 5.1), | .
The observed patterns of population differentiation v'\.!ere' suﬁj ei:féd to

statistical assessment using an unbiased probability test, accordi.ng' to the hjéthdd"_ -
of Raymend and Rousset {(1995). The null hypothesis of identical allelic .. B
d'istribution across populations was rejected for eight of the ten autosomai lo'_ci | -
(see Table 4.1). Therefore, differentiation between the two populations can be : o

observed by sampling autosomal microsatellite markers.
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. 'alleles (locus D]38126 in the Hui) to 16 alleles (locus D138133 | in the Han)

- Further in depth analysis of the allele distributions at each locus exhibited
- a high level of polymorphlsm WIth the number ef alleles per Iecus ranyng, from 6
There was an averabe of l 1.3 alleles per locus recorded for the Han populatlon '

~ and 10.1 for the Hui populatmn (Table 5.1). The pattern of allele size dlStl‘lbUthn
al_so varied slightly between the two populations. The average allele size Was
celculated as the variallce of the number of dinucleotide repeats per locus |
averaged over each population. An average size variance of 15.52 was recorded
for the Han sample population and 16.23 for the Hui (Table 5.1). The slatistical
significance of these values was assessed by performing a Wilcoxerl sig_ned ranks
test, which is a non-parametric equivalent of the paired t-test. This test was
chosen in preference to the paired t-test as previous studies have l’lemonstrated
that the distributions of allele size and frequeney show non-normal distributions

. (Morell et al. 1995), and so normaliéed statistical tests could give unreliable |
results. Neither the difference in size variance (p = 0.456) or number of alleles (p
= 0.062) showed a significant difference between the I-lan-and Hui. Tl‘le marglin_el -
result recorded for the average allele size variance suggests that the analys_i_s.' of |

more loci may have produced a significant result at p<0.05.

Even in the absence of statistical significance, the results do concur with -~

| evailable historical evidence on the population structure of the Hui. The paradox
of a wide allele size variance but a low number of alleles suggests that the Hui

~ gene pool could have been sourced from a number of diverse origins; but recent

endogamy may have accelerated genetic drift thereby reducing the total numb erof )

allele_s.
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T able 5 1 Summary of the d:smbutron of autosomal mrcrasatelllte alleles m the Han and Hu:
' random sample populations : . R .

:'Marker Populatmn Allele range (bp)  No. of alleles MFA* _ ASV®*  _Ho'- - - He™ | pvahe . o

Allcle Diswbution Data - N E_xa_cttest- L
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53 ¥ Heteroiygosity and gene diversity

Th.e"next step in the analySis of the aut.osemal .allele' distributions was the
ca!culatlon and cempansen of observed and expected heterozyr,osrty Observed
_ | heterezygosny 1s deﬁned as the ratio of heterozy;_.,otes ina sample populatlon
. compared to the sum of heterdzygotes and homezygotes. Expected' :
heterozygostty is deﬁned as the level of heterozygosdy ina populatlon when the_ |
populatlon is in Hardy—Wemberg equrllbrmm leen p as the frequency of the tth _

__allele ata locus, expected heterozygosnty- is calculated by the._formula: _:

_ H .[ pr
: Equanon 5.1 Expected heterozygos:ly

On average, the Hui exhibited a higher level pf expected heterozygosity.
) '_ -t).746, than the Han 0.711 (Table 5.1, Figure 51) However, the difference was
B not statistically significant according the Wilcoxon signed ranks test (p = 0.155).
: When considered in combination with the hi'gh.er allele size variance and .low‘er
average number of alleles observed in the Hdi, the higher expected heterozygosity |
supports the correlation between the diverse historical origins of the Hui and the |
genetic structure of the population.

In contrast, the observed heterozygosity in the Hui population was io_w; .
0.456, compared to the Han, 0.657. The difference between these values wae .-
significant (p = 0.03) and suggests that the Hui are more endogamous th_en th'e '
.Han. | | |

To confirm the differences between the levels of expected end ehserved _-

" hetrozygosity within the Han and Hui, Pearson’s $? geedness of fit test:.was_ o
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' 'applled to the data The results showed that the. level of observed heterozy;,osuty

- _m the Hu1 was mgnlﬁcantly smaller (p<0 001 d. f =9) than the level of expected

g heterozygosnty found in the same populatlon_(see Flgure 5.1). A mgmﬁcant,_but___ 3_ '
.smaller dlfference was also recorded for the Han (p 0.04, d fo= 9) |

: Accordmg to populatwn genetlcs theory, the 51gmf eant result for both
) populatlons_ may represent el_ther an artef'act___of un_reeg&g;’s_ed p_opulanon
._s'uh.divi'sion in the population under study and/or the effect of endogamy. As = .
| :'dis'c.u.Ssed_ 1n chapter 2, given the nature of the Han nlinzu, it seems more pfoheble |
) _t.hat:.in the Han population population subdivision is the prineipal causatiee' ageht. |

The lower levels of observed heterozyg051ty in the Hui may also be due to

o populatlon subdivision reflected by the dlverse onglns f.\f the populatlon L

R I_-Iowever, the difference between gene diversity and_ heterozygoslty levels_ in the E

. Hm is so large that population subdivision is-probably n_of_ the sole reason._ '

' Another possible explanation is that, in accordance with the available historical

" evidence, the low level of observed heterozygosity might have resulted from the

- .practice of non-random mating, due to cultural and religious isolation and via

- preferential consanguinity. :

e



Figure 5.1 Observed and expected heterozygosity in
the Han and Hui sample populations
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5.4  Hardy-Weinberg equilibrium analysis

To further examine the difference between the levels of expected and
observed heterozygosity in both study populations, deviation from HWE
expectations was determined along with the direction (heterozygote excess or
deficiency) of any observed deviation. The exact probability test, developed by
Guo and Thompson (1992) from Fisher’s exact test, was used to assess the
significance of deviation from HWE. The exact probability test utilises the Monte
Carlo Markov chain method to reduce the computational complexity of the exact
test permutations, and to provide a confidence interval for testing statistical
significance. The U-test developed by Rousset and Raymond (1995), which is an
extension of the exact probability test, was used to determine whether there was

heterozygote excess or a heterozygote deficiency.
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The exact probabllny test results lndlcated thal averai,ed across all 1001
| _ 'both the Han and Hui populatlons devzated sm,mﬁcantly from Hardy~Wemberg,
expectatlons (Tables 4 2a and 4 2b) ThIS conclusnon is predlctable as emplncal _

'ev1dence such as hmte populatlon s1ze and non-random matmg_,, had prev1ously -

e E-__lndlcated devnatlons from Hardy-Wrmberg equnllbrlum

o Computatlon of- the U—test showed that the Hu: had a hi.g'h levél :OfI
heterozygote deﬁclency, w1th 9 of the 10 locn surveyed showmg 51gn1ﬁcant
dewatlcms (D158 1 being the exceptmn) The result may be taken as md1cat1ve _.

:.Of non-random matmg in the Hl_n populatlo.n resultmg__ln an _mereese l_l'l... _ Ozrr
) -homozygosxty o
* The results of the exact and U-tests in the Han were hot as pronoenced as
- those for the Hui. The exact test showed that only 5 ef | 1_0 loci su'rveyed inthe
-~ Han exhibited significant deviation from Hardy-Weih'ber.g_ equilib'rium,-.and:__the U- .
test indicated a similar result (Table 5.221)'. As with the pre\}ioﬁs result:s inthe |

study, the most probable causative explanation would appear__to'-be pop_ulation. :

subdivision.

| ) AL
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| ?ab!e 5.2a Evalnation of Hardy-Wemberg ethbrmm
- inthe Han sample popuiat:an ' '

Locus- Probability test - Udest
o pvaluic .~ SE __p valuc S.E.
- DI38126 - .| 04881  0.0252 0.0445 0.0120
D138133 0.0000 0.0000 0.0000 0,0000
S DI13S192 {00302 - 00165 | 03295  0.0466
D135270. ; “f 10,0033 00029_ | - 0.0100 0.0047
DlSSix | 04847 00557 | 01925  0.0469
D15597 |- 0.0008 " " 0,0008 0.0022 0.0014
. D15898 | 0.1860 0.0220 0.2948 - 0.0341
. D158101 0.0667 - 0.0277 0.3067 . 0.0316
D15S5108 0.1707 0.0351 04742 . 0.0452.
"GABRB3 | . 0.0000 0.0000 | 0.0032 = 0.0027

T able 3. 2b Evaluation of Hardy- Wemberg ethbrmm' _

. the Hui sample populatzon

“Locus Probability test U-test

o p value SE p value SE
D138126 0.0000 0.0000 (.0000 0.0000
D138133 0.0013 0.0013 0.0000 0.0000
D138192 0.0000 0.0000 0.0000 .. 0.0000
D138270 (.0000 (,0000 0.0000 0.0000
Di15811 0.0733 0.0223 0.0889 0.0269
D155897 0.0000 0.0000 0.0000 0.0000
D15898 0.0000 0.0000 0.0000  0.0000 -
D15810t 0.0000 0.0000 (.0000 0.0000
D158108 0.0000 0.0000 0.0000 . 0.0000 :
GABRB3 {0.0000 0.0000 0.0000 00000

nmo



5.5  Gametic association

'As the results to date have appeared to indicate significant non-random

| rﬁating 'pa.tte'rns. in both study po.puzlatior.ls dﬁe to pOpuIationI étrafiﬁcati'on, the Han
| and Hui sample pop.ula.ltions. were sﬁbj ect to tesﬁng f‘o.r gametic ﬁésociation. If ﬁo .
| population stratification exists in a population, then each separate_lo.cus.woul.d
se.g'r:egatc indepiehdentiy fégafdless of the effect of the presence of other loci. In
theory, noh—random Imat'ing would nullify the assumption of ihdependence of loci,

| and create significant non-random associations between léci. The presence of
non-random associations is termed linkage disequilibrium, However, as discuésed'.
in Chapter 3, the use of the word linkage may not be accurate as the presence of i
linkage disequilibrium can occur between alleles that are not necessarily
physically linked, Therefore it is proposed that the term gametic associatién be
used to describe this phenomenon, as the major interest of the study lies in |
assessing the effect of non-random mating on allele frequencies, rather than
disease association and gene mapping, where the term linkagel has a more dir’e_ct
application.

To investigate if gametic associations are 'présent in the autosomal data
from the Han and the Hui, the exact probability iést was used, as in the previous
tests for population differentiation. Exact tests for gametic association depictéd 3
significant p values for three pairs of loci in the Han population and two pairs of
loci for the Hui, from a total of 45 comparisons. The proportion of significant
results expected by chance alone is approximately 2 (expected from type I error ét
o = 0.05). Therefore, in the ten loci surveyed the Han exhibited a slightly

elevated number of deviations from genotypic equilibrium while the Hui did not.



The Han result provides é.d'dit_.ional evidence in support of the hypothesis
| _c')'fT bopulation subdivisioﬁ present wit.hin.thé Hﬁn minzu.j Thé.'thrée locus pairs at |
.Whiqh signiﬁq{.l_nt gametic ASSOEiation were dbse&ed wﬁre D1 3.8192'/D 13 82.70' (p
= 0.019), D1’35192/GABRB_3 (0= 0.'00_8_) and D135270/D15898 (p = <0.001). It
appears highly improbable that there is linkage in any of these cases, aé the first |
pai.;; ar,e. 38.691 cM apart (Figure 4.1) aﬁd the éther two pairs are dﬁ"diff‘erent -
.chr_orﬁoso.mles.' Itis howe_vef of interest that one of the fwo si_gnif"icaht garﬁétic
aséociatidns'in tﬁe Hui was also D13 S'1_92/GABRB'3_ (p=0.021). |
| Pritchard and Rosenberg (1999) suggested that the presence of a
significant number of unlinked loci pairs was indicative of the presence of
population subdivision therefore it could be concluded th.at the Han of Liaonjﬁg -
are composed of several or even multiple subpopulations. However the number.
of loci surveyed are small and they are restricted to just tWO chromosomes, and a
genome-wide screen employing many more lbci w'ouid be needed to producg a
more definitive result. |
| One possible explanation for the non-significant result obtair_l_éd with the
Hui is the historical admixture of Han ferﬁales. In combinati.o.n with 'the di;rer_se .
~ male founding populations, this may have resulted in multipie recombination
events through the generations. Equally, as in the Han, the result may prinéipally 3
reflect the small number of loci tested. Pritchard and Rosenberg (1999)
recommended the study of at least 15 unlinked microsatellites to test for
‘population stratification using a gametic association approach. Only ten | o

microsatetlites were surveyed in the present study.



Table 5.3a Gametic association in the Han

- DIss101| 0.518 0,242
- D1sS108| 0432 0994

Locus DI138126 DI3S133 D138192 DI3S270 DI5SI1 DI58Y7 DIS8Y8 DISSION DI5SINR
DI13s133] 0.669 -

D138192| 0.3 0.988
D138270| 0.14 0,905
D158 | 0.7M 0,742
D15S97 | 0.061 0.952
DIsS98 [ (L138 (.48

0.648 )

0721 06235 -

0.748  0.820 - 097 _
0846 0981 0,46 0.199

GABRB3| 0571  0.604 01062 0332 0267 015 0369

Table 5.3b Gametic association in the Hui

Locus  D138126 D138133 D135192 D13S270 DISS11  D15897 D15598 DI5S101 DI5S108

~ DISSIT | 0100 0347 0
0 DISS97 | 0747 . 0707 D

. D15898 | 0333 . 0462
~ DI5S101| 0368  0.619

D138133 0202 :

- DI3S192( 0.3%  0.084

DI38270 | 0.764 0353 0.97

317 0919

EE o8 0384 _

0.707 0473 0.088 :

0383 0773  0.895 0.769

0775 0163  0.638 - 0995 0919

D15S108 | 0.264 0.541

GABRB3 | 0.070 - 0.650 0926 0270 . 0624 - 0664 0257 - 0960 -

| 5.6 Allelic correlation coefficient

Since the assessment of gametic association was unsuccessful in
quﬁntifying non-random mating in the study populations, an alternative method
was utilised to assess the within-population genetic structure of the Han and the
Hui. The method chosen was estimation of the allelic correlation coefficient (f),
which measures the correlation of genes within individuals within populations
(see section 3.3.6). This coefficient was derived according to the partitioning of
analysis method devised by Weir and Cockerham (1984) and was tested using th_e'.__ _
GENEPOP software. In effect, the parameter is a multiallelic version of the f

parameter described in equation 3.6, Asf is a parameter, rather than a statist_iq, it

~ is more statistically robust than Wright’s original Fjs (Weir and Cockerham 1984),
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High between-locus levels of variation were observed in the correlation
coefficients calculated for the Han population. The f estimates varied between
-0.041 and 0.357 with an average value of 0.100. In contrast, f values calculated
for the Hui population, ranged from 0.181 to 0.557 with a mean of 0.400. The
results indicate that the Hui have a greater number of alleles that are identical by
state than the Han population, a finding in keeping with the isolated nature of the
population. The variance of f'coefficients between negative and positive values in
the Han indicates a more complex situation, providing further presumptive

evidence for the presence of population substructure.

Figure 5.2 Correlation coefficients of the Hui
and Han sample populations

B Han

Fvalue

D13S126 D13S192 D15S11 D15598 All

155108
D13S133 D138270 D15S97 D15S101 GABRB3

Loci
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5.7 Fgr

The next step in the study was to establish the degree of genetic variance
between the two populations. This was attempted by calculation of parameters
analogous to Wright’s Fgr according to the method of Weir and Cockerham
(1984), once again using the GENEPOP software. The average Fsr calculated for
the 10 loci surveyed was 0.0793. However, individual Fsr values exhibited large
variance from locus to locus with values ranging from 0.0071 to 0.2283. For
greater statistical reliability of the average Frvalue the analysis of additional loci

would be helpful.

Figure 5.3 Fgr calculated from Hui and Han sample

populations
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5.8 AMOVA calculatgd for the autosomal loci
The analysis of molecular vari.a'_mce (AMOVA) was chosen to assess
betWeen—populatiOn genetic variation, ;F_He hierarchical néturé of AM_:_OVA allows
a s'tat'i'sticall'y'_'r_ogu:st. asséssnient o.f the vé:'_rﬂiancé' seen in individua.l chr&moso_mes
within and .be'tweén tlaopl.i'lations. For tﬁis :Qtudy, .dat.a from'chromoéoniés 13 .and.
1 .5 were test.ed.iﬂdividuél“l'y'and as a pdole_d. ada‘ta set; | o |
. | In e__lﬁ tests_ t.he.betWeen-population var.ian_ce is represented és Dir. The |
_ sig'niﬁcanée (;f the QDST st_.atist.ic__ waé assessed by_the’ methoﬁ described by
_ _E.xcofﬁer.et_ al.(1992), w_hére thé or’igihai calculla'ted @s;f!valu'e' is c__ompa.red tb a
d i.stribﬁti.on of @ST yal_tiés genel;ated from 10,000 random permufations_.of the
‘original data set.. _If-the calculated (Dg;rvalué_ is_lafger thén 95% or more of the |
. '_.__g.enér;;r_ed.@s;valués, then it is deemed si.gni.ﬁcant.._
- . As mentioned in section 3..3.4, two methodologies pertain whén
~ conducting AMOVA on microsatellite data, the difference in the number of alleles
and the sum of squared allele size difference. According to Mickalakis and
~ Excoftier (1996) the first method is analogous to Fsr analysis (Weir and
Cockerham 1984) which earlier was found to be of limited application (S ection -
5.7). Instead, the sum of squared allcle size difference mel_:hod was utilised.
Unlike Fgr analysis, it is not subject to sample size bias, and as such, is. fn_bre X - -_
statistically robust (Goldstein et al. 1995). ..
AMOVA analysis showed no significant between-population variancé for N
, the separate chromosome data (Table 5.4), possibly due to the small number of |
'- .loci surveyed. By comparison, the data from all ten loci produced a significant

' between—population result (p<0.001). The proportion of variance, equivalent to an

7%



Fgr value of 0.0463, was much smaller than the global average Figrof 0.15

reported by Babujani ef al. (1997), and may reflect the admixture of Han females

within the Hui population.

Table 5.4 Analys:s of the molecular vanance (AMO VA) of autosomal markers in )

the Han and Hui random sample populations

: _ CDST _@IS Significance of Dsy
Chromosome - (%) (%) E: - S.E(+-)
13 - 2.09 97,91 - 0.06 0.008
15 114 98.86 0.06 0.008
13+15 | - 463 | 9537 <0.001 < 0.001

59 Re'fe_l"ence'pepulation conipg_risons '

“In order to gain some perspective 'on' the population struCture of the Han -

- and Huj, comparlsons were made w1th a Caucasnan reference populatlon

composed of CEPH (D13S126, D138270 DlSSll GABRB3) ancl GDB data

(D13S133 and D13S192) Given their Western European origins, it assumed that

neither data sets are from endogamous communities. As with the comparison

between the Han and the Hui, these tests were conducted using the Wilcoxon

- signed ranks test. A summary of the reference data is shown in Table 5.5.

The reference population produced results similar to the Han populetioﬁ. |

The mean number of alleles was the same at 11.3, and the mean ASV values wer_e' i

very similar (p = 0.420) with 15.495 in the reference population and 15.518 in the-

Han random sample population. It can be concluded from these comparisons that

the Han exhibit a similar level of genetic diversity to that of this composite

7



Caucesian population. Therefore, a possible interpretation is that the Han
popu_lation in Liaoning (eoresents a similarly broad grouping.
The va lues _for the Hm Were lower th.a'r:i’ for the reference'pop ulation'(éee _
- Table 5.1). ._T'he ASV ?elues for fﬁe referen_ee.__date and the'Hui were oot |
- 'eigniﬁ'ceotl:y-"diffe_rent (Pﬁ _'=. 0.401)..'_..The oorﬁ'plafi_sons. of olean-nomber ..of.alleles '

.. _ !als.o were non-sig'niﬁcant, buit the result was marginal (p=0.054')‘aga'in suggesting

. .é_OIIne degree of population endogamy.

:.' The observed and expected heterozygosity levels in the fefe;enoe'
. population were very similar, 0.745 and 0.747 respectively. Comp'arisox.is of the '
_-.r.e.ference population with Han observed and expected heterozygosity levels..
| : showed that expected hetrozygosnty levels were not sngmﬂcantly dlfferent
(p 0 1 14) but that observed heterozygomty levels in the Han were si gmﬁcantly
" lower than levels observed in the reference-populatlon (one tailed p = 0.021).'- -

Similar conclusions were drawn from comparisons of expected and observed

hetrozygosity levels between the Hui and the reference po'polationl- The éxpected = .

heterozygosity levels were not significantly different (p = "0.'721) bot the ob'seroed. _ -

heterozygosity levels in the Hui were significantly smaller than thoee_: fo._un.d io the

reference population (one tailed p = 0.001). | | . |
In conclusion, both the Han and the"Hui.exhibit.ed.sig:niﬁcantlj} .loWel_‘%l. g

~ observed heterozygosity levels than the reference population. This e_f"feet__cqﬁ

most convincingly be ascribed to population subdivision in both of_the"'Chi}iese _' L T

populations.
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able 5 5 Summary of allele dlsmbuttons of autosomal mlcrosafellxte marke__

e He
92.7°.0,880." . ;:-*0'900,.-’_'_j _—

'Marker ~ Allele range (bp) No of a]leles -

. DI38126 100-112
D138133 132-187
D138192 89-123 o
S DI3S270 . 7595 .-
. DISS1I1 238262
‘DI5897  168:186
. DI5898 141-175
. DI5S101 101-133 0 .
. DI5S108 - - 1411610 -
-~ GABRB3 1712201
Average . o ==

: .-:'_;-_'0 781' S

0563

L0734
0747 R

"'ﬁ}*hﬁna Iﬂoﬂfﬁnumuande ST
+ %% ASV = Allele size variance. (vanancc of a]lele repeat snze)

*Ho= Observed heterozygosity’ A

_##He

Expected heterozygosxty

n lhé_.:fefe'r"énée}Jopulatibn '

'*55:0811?i1's;4_"-



5.0 Ana'lysis of Y-chromosome allele frequency distributions

Y-chromosome dwersrty in the two study pOpulatrons also was- analysed
N wrth the pattems of Y-chromosome allele vanatlon observed in the HLll
| addltlonally as_se_ssed to se_e_lf they co_ncurre_d with the hype_th_es:s of mal_e-d.irected
_gene flow. | | | o
The markers DYS19, DYS388, and DYS3 90 shewed similar distributions
. inthe Han and the Hul with both populatlons shalmg the same MFA (Table 5. '7) |
By compauson, at the four other markers exammed DYS3891 DYSB 89IL | |
DYS392 and DYS3 93 varrant MFAs were observed m each populatlon As with :
_. the autosomal data the level of populatlon dlfferentl ation exhnb 1ted at each locus
- was st_atlstically assessed using the exac’t_test.’ | .T_he_results shO_wed srat_istically .
. significant differentiation at four of the laev.en Ychrorno some loci (‘"_I'lab_l.e 5.7 ) - |
| Further analysis of the Y'.chrem'osorne. allele.distrib_utiensindicate_d that e
the Hui had a lower average aumber ef- alleles per locus, '4.3,' and alo.“rermean:- '
~ allele size variance, 2.2, than the Han, 5.3 and 31 r’espeetive.lly. The Wileea_(_r._)n |
signed ranks test indicated that the variance of . allele.' size differenee ia t'he'Hui'. -
was significantly lower than the correspondmg Han value (one tarled p O 03 O)
A similar difference did not, however, exist between the number of alleles in the -

two populations (one tailed p = 0.065).
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: T ab]e 5. 6 Summary of allele dzstrlbutwns of Y— .
R - chromosome markers in Ihe Han and, Hm

Allele distribution data g Exact test

Gene dwers:ty - .é-p.vé.l'u'e :

Marker Population Allele range (bp) No. of alleles MFA*
~ DYS19 Han 186202 . R -,__194_____- S
- Hui 190202 . -
 DYS388 Han 126144
S CHei - 12941440 1 L
- 'DYS3891_'_ . Ham . - 245261
i om0 haeast
.-'_:DY8389]I U Han - im0 361-381
o cHoi. ol 1365377
o f.i--iDYsago“ " Han Ui n0L203-223°
DYs392_ C  Ham - D 2514269 T e
Sree . Hee o 251260 o
" DYS393 © ©  Ham - - . 120-132.0 -

0663 | 0905

o001

BRWL DO o R VW th oo b W
L)
h
Lh
tad
1Lh
=
[ |
+a
)

a2 oes | oow

S1200 017 o o | 007

oo He o 1204132 |

=
L

* MFA Most Frequent Allele P E O S
** ASV Allele 51ze vanance (vanance of allele repcat srze)
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5.11 Y-chromosome gene diversity
To accurateli__compare Y-chromosome and autosomal genetic diversity in
the Han and Hui,. the gene d_iveriéity of both pdpulétions was calculated. Gene
d_iver'si.ty. is mathematica_liy’ akin to e_ip_e&ed heterozy'gosity_bt_lt, as the Y-
_ chromos{ortie is efféctlive.ljf haploid, this value repreéents the pr_ob.ab.ilit'y' that two
_ran_doxﬁljx choSé_n_ alleles fro:n*_l the samépo.pul.ation_aré differe_nt; |
o The g.ene._diversity o.fY'-chr_dmo's.dme markers iﬁ the Han and Hui were
L 0.672 aﬁd 0.656 respectively (Téble 5.7). While gene divérsity in the Han was
. slighﬂy higher than in the Hui, the difference was not_gtatistically _differént, o
- according to the.Wilcoxon signed ranks test (p = 0.452). When compared to
average gene diversities derived for different European populations, such as the
~ Basques, 0.435 (Péréz Lezuan ef al. 1997b), a German population, 0.389, and a
| Dutch population, 0.435, (Roewer ef a/ 1996j, the Hui and Han Y—chrombsome :
diversities were very high. This suggests that the Han and Hui contain a mor.e -
diverse range of Y-chromosome haplotypes then these European populations,
It was proposed by Péréz-Lezuan ef al. (1997b) that it was possible to |
* directly compare Y-chromosome and autosomal gene diversity by transforming _' )

Y-chromosome gene diversity using the following formula:

4D,

Dau= P
(3Dr “1)

Equation 5.2 Ratio of autosomal to Y-chromosome gene diversity

where D,, is autosomal gene diversity and Dy is Y-chromosome diversity. This
method assumes that the effective namber of Y-chromosomes is one quarter the

number of autosomal chromosomes. From equation 5.1 an equivalent autosomal
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gene diversity of 0.886 was cal_cﬁlﬁted for the Hui, .a_nd 0.895 for the Han, from
their respecfive Y-chromosome gene diversiti_es.. Theée:valges are higher than the.
.ac':tu_al expected heterozygosify values of 0.754 anq_ 0713 respectiQely.- By
combﬁrison, the same analysis performed on a Bﬁéque population resulted in the
adjusted Y-chromosome gene diversity being in close agreement with autosomal
gene diversity (Péréz-Lezuan ef al. 1997b).

The most parsimonious explanation for the contrast between the adjusted
Y-chromosome diversity and the autosomal gene diversity in the Han and the Hui
- is the presence of population substructure, The Basque population for which
éqﬁation 5.1 was created is an isolated endogambus population with no history of
p:opulation substructure (Péréz-Lezuan ef al. 1997b). However, the results
obtained from the analysis of autosomal diversity in the ﬂan and the Hui clearly
exhibited evidence of population substructure (Sections 5.1 —5.9). Therefore the
simple model used by Péréz-Lezuan et al. (1997b) is not appropriate for

comparative studies in the Han and the Hut.

5.12 Y chromosome haplotype analysis

The advanizge of Y-chromosome studies is that direct haplotype analysis
can be readily performed, and so the next stage of the study was to undertake. this
step. From the Han, 75 complete haplotypes consisting of all markers (DYS19,
DYS388, DYS3891 DYS38911, DYS390, DYS392, and DYS393) could be |
extracted from a total of 102 samples. As noted in sectipn 4.7, in some cases
specific markers could not be amplified from all Han samples, possibly due to
partial sample degradation. From the 26 male Hui samples, 18 complete

haplotypes could be defined, two of which proved to be identical.
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A comparison of the Han and the Hui haplotypes showed no shared
haplotypes between the two populations, demonstrating completeﬁiffefcntiation
of the fwo populations. The power of Y-chromosome haplotype analysis is due to
- thefact that a majority of the chromosome does not undergo recombination. This
allows researchers to create haplotype networ.ks which allows male géne flow to
be traced (Jobling 1995). The construction of networks using microsatellite
haplotypes, however, presents computational problems. A study by Roewer ef al.
(1996) showed that in two closely related European populations, German and
Dutch, there were 3x10% equally parsimonious haplotype networks based on just
four Y-chromosome microsatellite markers (DYS19, DYS3891, DYS389I1 and -
DYS390). |

A similar analysis on more heterogenous populations, such as the Han and
the Hui, using a larger number of markers would logically result in an éveﬁ
greater number of possible networks. Therefore, in the present study a more
.. feasible method would be to perform a broader analysis of _!i'éif)'ll'otype diversity in
the Han and the Hui using AMOVA analysis.

In summary, AMOVA analysis of Han and Hui Y-chromosome haplotypes
showed that 10.31% of total molecular variance could be ascribed to between-
population variance (@sr= 0.1031, p =0.001), which is more than double the size | '
of the corresponding autosomal value (@sr= 0.0463, p <0.001) (Tables 5.5 and
5.7). |

Besides comparing the seven locus haplotypes, a shorter six locus
haplotype based on markers DYS19, DYS388, DYS3891, DY S390, D‘f8392 and
DYS393 was also tested by AMOVA. The reason for this step was that the

DYS38911 fragment comprises the length variation in DYS3891 plus three
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additional stretches of tetranucleotide repeats (Rolf ef af. 1998, .Péréz Lezuan et o,
1999). Therefore, in the seven locus haplotype, DYS3891 is effectively counted
twice which could suggest an apparently more homogenous haplotype pool than
actuaily is present in the two pbpulations.

e As found with the seven locus haplotypes, no haplotypes were shared
be;':iween the Han and Hui, thus confirming the complete differentiation between

the populations. AMOV A for the six loci haplotype demonstrated a significant

between-population molecular variance amounting to 13.99% of total molecular
variation {(@sr = 0.1399, p <0.001), an increase of 4% from the seven locus

haplotype and demonstrating the homogenising eﬁ‘e_ct of counting both DY$3891

and DY'S3891l in a haplotype.

Table 5.7 Analysis of molecular variance (AMOVA) of seven and six locus
Y chromosome haplofypes

Der Dys Significance of @5y

Haplotype (%) (%) P | S.E(#-)
Seven allele 10.13 89.87 0.001 0.001
Six allele 13.99 86.01 <0001 0.001

The @sr value of 0.1399 is again more than double than the autosomal Psr
* value of 0.0463. However, a direct comparison of these two values may not be
appropriate as the Y-chromosome result was based on haplotypic variance
whereas the uutosomal reflects genotypic variance. In addition, the Y-
chromosome is effectively haploid while the autosomal chiromosomes are diploid.
In conclusion, an indirect analysis would be more appropriate.

To this end, the @sr value obtained from the study was compared to other

D values reported from comparisons of four different European populafion_s (dé
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Knijff et al. 1997). The Européan @ values ranged from 0.007 from a
comp#ﬁson of Dutch and Swiss populations to 0.0812 betﬁeen Dutch and
_Gérman populations. These values are obviously lower tha_n the Pgr value of
0.1399 in the present study, indicating that the Han and Hui are comparﬁtively

- less related to each other than the Européan populations tested. The findings are’
thus in kgeping with historical evidence showing that the Han and the Hui

originated from different male founding populations.

5.13 Comparison of Y-chromosome haplotypes to reference populations
The calculation of genetic distances, and the construction of unrooted
neighbour—joining trees provides a further alternative to haplotype network
“construction for population comparisons based on Y-chromosome markers. This
analysis was undertaken by comparing Han and Hui data with information
sourced from the database at the Centre for Forensic Genetics, Leiden University
and Péréz -Lezuan ef al. (1999). The comparisons were based on the calculation
of Ds distance (Equation 3.24), (1) genetic distance (Equation 3.25), and Rer
(Equation 3.22), from which unrooted neighbour-joining trees were constructed.
The first comparisons were with broad level continental data from the
Leiden database (Figure 5.4 a-c) with the Han and the Hui matched with
populations classified as Southeast Asian, Northeast Asian, Indian and European.
All the distances calculated resulted in trees that had one recurring property, the
shortest distance was the distance between the Han and the Hui. The small
distance between the Han and Hui could be explained on the basis of internal
population structore, The reference populations were composite populations,
amalgamated from different sample populations collected and assessed by
different laboratories and simply grouped into their region of origin. As a result
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little or no regard was paid to the anthropology, history or demography of the
populations included iﬁ each of the population groups. By contrast, classification
of the Han and the Hui populations were primarily based on cultural and religious
grounds, Therefore comparison of the two different population types may'.'not be
meaningful.

With this caveat in mind, two specific populatibns were isolated from the
broad population groups analysed by de Knijff ez a/.(1997) using information
contained in an appendix published by the authors. The populations chosen were
é pt_):pulation termed Chinese, extracted from the Southeast Asian group, and a
p’_op;llation termed Mongolian, extracted fiom the Northeast Asia group. The
same European sample population analysed in the first tree construction (Figure
5.4) was used for the analysis, as it has been shown (Cavalli Sforza et al. 1994,
de Knijff et al. 1997, Péréz Lezuan et al. 1997b) that genetic variation between
European populations is significantly smaller than in the other major continental
population groups. Four Central Asian populations also were compared to the
Hui and Han (Figure 5.5a-c) using data sourced from Péréz Lezuan ef al, (1999).
These were the Uigur, Kazakh, and two Kirghiz populations collected inthe
Republics of Kirghizstan and Kazakhstan on the border with China.

The three consensus trees generated are very similar. In all three trees the
‘(=ntral Asian population are clustered together and separated from the other
populations. Therefore, for the purposes of this study, these Central Asian
populations can be considered as one. Given this assumption, it can be concluded
that the first two trees, D, and Dpys (Figures 5.5a and 5.5b), have the same
physical structure, with the Dpystree being more statistically robust. The third tree

separates the populations in three clusters, European, Central Asian, and East
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Asian. This seems to be the most credible tree construction, based on evidence
from historical and anthropological datd (Hammer et al, 1998). |
However, all trees displayed the Han and Hui on the same branch as in the
first constructions, with lesser genetic variation identified between them with any
of the other populations. The results thus suggests the male Han and Hui of |
Liaoning may be more closely related than first thought. Alternatively, in the
absence of appropriate data from other East and West Asian populations, the true
genetic lineages of the Han and the Hui cannot be resolved from the ;:;fésént
phylogenetic analyses,
It can also be argued that the small distance between the Han and the Hui
| may reflect similarly complex population structures rather than shared genetic
ancestry. The mean gene diversity for the combined Central Asian populations
was 0.432 (Péréz-Lezuan ef al. 1999), a small value compared to gene diversities
of 0.672 and 0.656 for the Han and Hui. As Nei’s distance, Ds, is based on
differences in gene diversity (Equation 3.24), the trees constructed from this
distance would reflect the clustering of populations around similar hetero gene_ity
" and not necessarily be based on a coalescent ancestry.

The SMM distances used (Dpys and Rsy) (Figures 5.5 b, ¢) are based on
allele size difference and, in theory, would more accurately define coalescent
ancestry. However, in order to define ancestry, it must be assumed that one
population is a founder of another population and the population groups used in
the present study are too broad to permit any such assumption. For example, both
the Han and the Hui have multiple ancestries, demonstrated by their large gene
diversities, while the Central Asian population grouping appears more reéiﬁcted,

as indicated by the low diversity and the multiple instances of shared haplotypes
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(Péréz-Lezuan et al. 1999). Therefore, unless the Han and Hm populations are to
" be further defined into smaller groups based on shared andestry, the use of SMM

distances in the present study 'r'nay not be accurate for traci'n'g' male ge'ne- flow.



Figure 5.4 (a) —(c). Unrooted Neighbour-Joining trees showing phylogenetic
relationships between five populations based on five different genetic distances.
The numbers at each node indicate the number of trees out of 1000 bootstrap
replicates with such a node.
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Figure 5.5 (a)-(c) Unrooted Neighbour-Joining trees showing phylogenetic
affinities between nine populations using five different genetic distances. The

numbers at each node indicate the number of trees out of 1000 bootstrap
replicates with such a node
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Chapter 6
Analysis of the effects of consanguinity
on genetic variation in the Hui of

Liaoning Province



6.1 Introduction
| .Comparisons of inter-population _stliuctufe shqwed that the two popu’latic;ns _
differed ge_.netically; with thé'Huf révealing a greater deficiency in heterozygpsity
than fhe Han, probably éscribableto 'th_eir greater leveis of endogamy.. Sin:ce t_h_é
mﬁjor génetic diffel;énces appeared. to result from Witﬁin—popullati_on
.differentiation, the internal structure of the Hui population was further explofied
via pedigree analysis.

As discussed in Chapter four, two Hui pedigrees were constructed from -
~ data gathered in P.R. China and the blood samples were taken from these
individuals. This Iprovided an opportunity to study the effects of consanguinity on
| genetic diversity in the Hui and thus examine the internal structure of the |
popql’{:ﬁtion. The analysis of the pedigree data was conducted by calculation of
_ pedig.réi-: inbreeding coefficients, an analysis of allele number and size
distribution, calculation of the observed and expected heterozygosity levéls}'
investigation of Y-chromosome marker diversity, and calculation of the ailelic

correlation coefficients.

6.2  Pedigree structure and identity by descent

The number of individuals sampled from the Wang pedigree numbered 31
of a total of 81 individuals identified, and for the Wu 13 of 17 individuals
 identified were sampled. The pedigrees were constructed from information
supplied by local religious leaders and from collaborating researchers in P.R,
China (appendix D). Genotypes for individual M (mother), in the Wang pedigree
were inferred from the genotypes of her children and by comparison with her

spouse.
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It is evidént that in both pedigrees there is an appreciable prevalence of
consangﬁinebus marriage (Appendix D). However, it was impossible to calculate
an inbreeding coefﬁciént from the Wu pedigree, because although
éﬁnsan_guinedus marriages were identified no informati.oﬁ. was available on the
actual degree of each rela:tionship."‘ Oof thé 6 .'consanguineous marriages identiﬁed
in the Wang pedigree, specific relat_ionsh.ips had been defined for three of the
marriages; ¥ = 0.0625, 0.0156 and 0.0039, equivalent to a first cousin, second
E:ousin and third cousin marriage respectively. From these figures, a mean
inbreeding coefficient (o) of 0.001 was calculated. Clearly this represents an
under-estimate as the three other known consanguineous unions could not be
included in the calculation and the cumulative inbreeding coefficient from the
most recent common ancestor (MRCA) also was unavailable because of a lack of
data on the relevant individuals. B

Due to this lack of data, an estimated maximum mean pedigrée'inbreeding'
coefficient was calculated based on the assumption that the most likely maximum
F value for any individual would be 0.0625. This figure was chosen as the
maximum possible on the basis that first cousin unions (' = 0.0625) are the fnost _
common marriages among consanguineous communities (Bittles and Neel 1994),
including those in P.R. China (Bittles 1998). Using this assumption, estitﬁated
maximum mean pedigree inbreeding coefficients (o)) of 0.003 and 0.007 wgré
derived for the Wang and Wu pedigrees respectively. These results are similar td ._
those obtained by means of household surveys from Hui populations in Gansu,
Guandong and Guizhou, PR China, which ranged from 0.0012 to 0.0065 (Wu
1987). The figures are high compared to values derived from similar studies of

- consanguinity in Han populations, which recorded mean inbreeding coefficients
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from 0.0003 to 0.0045 depending on the region of China surveyed (Du ¢f al.

1981; Wu 1987, Zhan ef al. 1992).

63 Autosomal allele distributions
| Analysis of the allele distributions shows that the pedigfees exhibit a

smaller number c;f alleles per locus and a smaller allele size variance than the
random Hui sﬁmple population. The Wang and Wu had an average number of |
alleles of 6.0 and 4.3 respectively and an average size variance qf 13.9 and 12.0
| reSpecﬁ?ely (TaBIe 6.1) by cofnparison with an average of ]0.3 alleles per loci
ahd an-'évgrage size variance of 16.2 in the Hui .ra.ndom sample population (Table
-5 |
| _ Calculation of statistical significance using the Wilcoxon signed ranks test
'showed no significant difference in allele size variance between either the Wang
- or Wu pedigrees and the Hui random sample population (one tailed p = 0.187 and

10.063 respectively). However, there was a significant difference in the number of _
alleles between the Wang or the Wu and the Hui random sample (p = 0.001 and
0.02 respectively).

As the pedigrees would predicably have a more constricted number of
genotypes, this contraction in allele number was not unexpected. Nonetheless the
average size variance values calculated for the pedigrees show that, while allele
numbers were low, there was still a wide range of allele sizes present at most _loci.'

As in the unrelated sample data, this finding may be indicative of residual genetic

diversity due to the diverse genetic origins of the Hui.
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Table 6.1 Summary of allele distributions of autosomal microsatellite markers in the Wang and Wu pédigrees

Marker  Population  Allele range (bp) No. of alleles MFA* ASV**. Ho" He™
D135126 Wang 104-122 5 106 2.5 0.548 0.527
Wu 106-122 3 - 106 23 0.462 0.492
D138133 Wang 133-185 4 133 44.7 0.613 0.621
Wu 133-177 5 175 15.7 0.846 0.723
D138192  Wang 95-123 - 10 107 20.9 0.935 0.861
Wu 97-115 7 97 10.6 0.917 0.797

DI3S270  Wang 81-91 3 81 7.0 0.645 0.529
Wu 81-91 3 81 7.0 0.154 0.151

D15S11 Wang 242-272 7 244 29.6 0.613 0.544
Wu 244-260 4 . 244 113 0.769 0.578

D15597 Wang 176-188 6 . 172,182 4.7 0.800 0.721
Wu 170-182 4 176 7.0 0.385 0.443

D15598 Wang 143-173 7 151 6.7, 0.731 1.000
Wu 145-171 5 153,157 22.8 0.733 0.778

D155101 Wang 103-113 6 107 35 0.903 0.819

Wu 101-113 6 107 5.4 0.846 0.778
D15S108 Wang 143-159 - 5 157 9.7 10.733 0.773
Wu 143-157 3 143 10.3 0.692 0.557

GABRB3  Wang 179-197 7 185 9.6 0.774 0.667
Wi 179-199 3 183 28.0 0.770 0.540

Average Wang — 6 - 13.9 0.729 0.706
Wu - 4.3 - 12.0 - 0.657 0.584

* MFA = Most frequent allele

** ASV = Aliele size variance (variance of allele repeat siz¢)

*Ho = Observed heterozygosity
**He = Expected heterozygosity
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6.4  Expected and observed heterozygpsity :

In both the Wang and Wu pedigrees expected heterozygosity was less than
observed heterozygosity, opposite to the results obtained from the unrelated Hui
sample populations. For the Wang pedigree, average expected heterozygosity was
calculated as 0.703 while the average observed heterozygosity was 0.722. In the
Wu pedigree, the average expected and observed heterozygosity values were
0.619 and 0.674 respectively (Table 6.1, Figure 6.7). The comparable figures for
the unrelated Hui sample population were an average expected heterozygosity of
0.755 and an average observed heterozygosity of 0.457 (Table 5.1, Figure 5.1).

The level of expected heterozygosity in the Wang was not significantly
different to the random sample population (p = 0.185). Bv comparison, the Wu
pedigree was significantly different to the random sample population (p = 0.017).
Furthermore, in both the Wang and Wu pedigrees observed heterozygosity was
significantly larger than in the random sample population (p = 0.001 and p =
0.010 respectively).

The overall pattern of expected and observed heterozygosity levels was
surprising given the limited number of alleles available. However higher than
expected levels of heterozygosity also have been observed in other communities
with a high prevalence of consanguineous unions, and the conclusion reached was
that some form of selection against homozygosity may be operating at early
development gene loci (Wang et a/. 2000). As the Hui also permit and practise
consanguineous unions, a similar phenomenon may be operating in these
pedigrees. However, once again, the sample sizes may be inadequate to permit

unbiased statistical analysis,
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Figure 6.1 Observed and expected heterozygosity in the Wang and Wu

pedigrees
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6.5  Allelic correlation coefficient

As with the Hui and Han unrelated sample populations, f values were
calculated for both the Wang and the Wu as a measure of deviation of genotypes
from HWE. It was found that the f'value for the Wang was —0.062 and for the Wu
it was -0.140. This is sharp contrast to the random sample population, which
recorded an f value of +0.401. These negative f values indicate an avoidance of
inbreeding (Section 3.3.5), in contradiction to the analysis of pedigree structure
and calculation of F values (Section 6.2) which indicated the presence of
consanguinity. The smaller size of the Wu pedigree suggests that the computed
value may not be statistically robust, but the larger sample size of the Wang also

shows a negative correlation coefficient. On the assumption that non-paternity
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does not occur in the two kindreds, a convention supported by the inheritance
patterns of the microsatellite markers, these results in concert with section 6.2 are

suggestive of some form of selection against homozygote genotypes.

Figure 6.2 Correlation coefficients calculated from the Wang pedigree
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Figure 6.3 Correlation coefficients calculated from the Wu pedigree
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6.6  Polymorphic information content

Given the paradox of high heterozygosity and low polymorphism found in
the pedigree data, the polymorphic information content, P1C, also was calculated
to assess of the effect of consanguinity. The PIC value is the probability that the
genotype of a given offspring will permit identification of which marker allele at a
focus was inherited from each parent. Thus, in effect PIC measures the potential

cf d marker for use in identity testing. The formula is as follows:

n -1 n
PIC=1-Ypi->, >2pip;
_ e i=1 j=i+l

Equation 6.1 Polymorphic information content

Figures 6.3 and 6.4 show that the computed PIC values were well below
the observed heterozygosity values for both pedigrees. Average PIC for the Wang
was 0.587 and for the Wu 0.499, while average observed heterozygosity was
0.775 and 0.658 respectively. Therefore the PIC values reflect the reduced allele
numbers found in both pedigrees.

Like heterozygosity, PIC decreases in proportion to the number of alleles.
However PIC provides a more conservative estimate of heterozygosity from the
observed allele frequencies (Taylor et al. 1994). If a PIC is low, it indicates a
high probability that the parental haplotypes are identical with a corresponding
increased potential for the homozygous genotype. Under these circumstances PIC
would be expected to indicate a greater deviation of the observed heterozygosity
from expected heterozygosity. Thus it may be a better indicator than observed

heterozygosity if there is selection against homozygous.
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In summary, the combined results from the analysis of observed
heterozygosity and calculation of correlation coefficients for the twb p_edﬂi.g'rees _
.support a hypothesis of heterozygote advantage. The PIC values of the tho
pedigrees are smaller than the observed heterozygosity levels:indi.c_:ati_r.lg that |
selection against homozygous genotypes may be occurring. If such selection was
not apparent the PIC values would have been higher, more closely resembling the

level of observed heterozygosity.
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Figure 6.4 Comparison of PIC, observed and expected
heterozygosity levels in the Wang pedigree
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Figure 6.5 Comparison of PIC, observed and expected
heterozygosity levels in the Wu pedigree
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6.7. Y-chromoseme allele distributions

A total of 16 Y-chromosome haplotypes were extracted from the Wang
pedigree and 6 hafalotypes from the Wu pedigree (Appendix C). The haplotypes
oobtained from the pedigrees were first compared to the Hui random sample
p0pulatio.n via analysis using the ARLEQUIN software package. No Wang or Wu
haplotypes were shared with the Hui random sample population.

Further analysis of the pedigree haplotypes showed that the Wu pedigrge
_ had only one allele for markers DY S392 and DYS389I with two alleles for each
of the other markers. The Wang pedigree had nearly triple the number of
haplotypes observed in the Wu pedigree, but only approximately double the
number of alleles per locus (Table 6.2),

Calculation of the mean number of alleles showed that the Wang pedigree
had an average of 3.29 alleles per locus and the Wu had 1.17 alleles per locus.
The allele size variance was equivalently low with the Wang exhibiting a variance
of 2.43 and the Wu 0.93. Statistical assessment showed that the mean number of
alleles per locus in the Wang was not significantly different to the random sample
population (p = 0.095) whereas the mean number of alleles per locus in the Wu
were significantly smaller that the random sample population (p = 0.01). The
latter finding is mostly probably due to the small number of samples in the Wu
pedigree, adversely affecting the reliability of the testing. The same effect was
seen when allele size variance was compared with the random sample population:
the Wang ASV was not significantly different (p = 0.425) but the Wu ASV was

significantly smaller (p = 0.021).
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As hypothesised when the autosomal data were analysed, the similarity
between the ASV and mean number of alleles per loci in the Wang and the
corresponding values in the random Hui sample population .can.be interpreted as
evidence of residual diversity originating from the diverse founding populations.
If this is correct, then either the level of diversity has not been greatly reduced by
& history of consanguineous marriage, or close kin marriage may be a recent or
intermittent practice.

The average level of gene diversity in the Wang pedigree was 0.5 89, and
- 0.390 in the Wu pedigree (see Figure 6.6). Calculatiox of statistical significance

showed that the level of gene diversity in the Wang did not differ si gniﬁcaﬁtly |
from random sample population (p = 0.148), but the level of gene diversity in the
- Wu was significantly smaller than the random sample population (p = 0.04). As
. with the comparison of ASV and mean number of alleles, the significant result for
the Wu is most probably associated with the small available sample size.
Meanwhile, the non-significant result for the Wang also mirrors the comparisons
of ASV and mean number of alleles, as this relatively high level of gene diversity
is a further indication of residual diversity originating from the diverse founding

populations.
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Table 6.2 Summary of allele distributions of Y-chromosome microsatellite markers in the Wang and Wu pedigrees

Marker Population Allele range (bp) No. of alleles MFA¥* ASV**  Gene Diversity

DYS19 Wang 182202 4 202 43 0.725
Wa. 190-194 2 1190 0.5 0.533
DYS388 Wang | 126-135 3 128 23 0433
Wu 129-138 2 137 45 0.533
DYS3891 Wang 249.357 3 T35 10 0.433
owan 253 1 253 00 0000
DYS38911 Wang 361-377 ] 361 . 43 0.567
Wu 369-373 2 369 05 . 0533
DYS390 Wang 207219 Yy 211 1.7 0.742
Wu 215-219 2 215 . 05 - 0.533
DYS392 Wang 248260 a 285, 29 0658
Wu 245 1 257 ¢ 0 0.000
DYS393 Wang 115119 2 115 0.5 0.567
Wu 115-119 2 " 115,119 0.5 0.600
" Average Wang - 3.29 - 243 0.590

Wu - 1.7 - 0.93 . 0.390

* MFA = Most frequent allele
*+ ASV = Allele size variance (variance of allele repeat size)
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Figure 6.6 Y-chromosome gene diversity in the Wang and Wu pedigrees
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Chapter 7

Discussion




7.1  Introduction
| Recent advances in genome technology, such as the polymerase chain

~ reaction and the development of fluorescent DNA sequencing, have enabled
reseafchérs_ to qualitatively and quantitatively assess human genetic variation in
concert with demographic, historical and anthropological data. For exampllé, in |
studies of the genetic anthropology of Amerindians, where at least three different
migration events have been traced by the combination of anthropo!ogical and

- genetic research (Karafet ef al. 1999),

The main purpose of the present study was to inves{igate correlations
between genetic variation and human history, focusing on the Han and 'Hui
peoples of Liaoning province, PR China. The .history of these peoples is
eséentially that of population migration, amalgamation and then, most
predominantly in the Hui, reproductive isolation. In the following discussion, it
will be seen that through the combined study of historical and genetic'information'
on the Han and the Hui populations, an overview of the relationship befween

intra- and inter-population genetic diversity may be formulated.

7.2  Patterns of genetic diversity within the Han and Hui

It was evident from the analysis of the random sample populations of the
Han and the Hui that the genetic characteristics of both ethnic groups are
primarily defined by genetic differences within each population. This conclusion
can be drawn by comparing the results of the population differentiation exact tests
with those obtained from AMOV A analysis of autosomal data (Tables 5.1 and
5.7). The exact test results exhibited significant differences between the

populations at 8 of 10 loci.
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Yet AMOVA results produced only a small dXy value for the pooled data set

from the two chromosomes studied, chromosomes 13 and 15, and when the data

- for the two chromosomes were analysed separately, both yielded non-significant
dxy values (Table 5.4). Thus, the low @yr values indicate that the strong genetic

differentiation between the Han and Hui shown by the exact tests is predominately
due to their different internal population structures.

While the analysis of autosomal alleles revealed that intra-population
diversity was the main factor determining differentiation between the Han and the
Hui, the results of the Y-chromosome analysis produced a different conclusion. A
comparison of the exact test and AMOVA results for the Y-chromosome data
indicated a more significant role for inter-population diversity in the relationship
between the Han and the Hui. The exact tests for population differentiation
showed that 4 of the 7 loci exhibited significant differentiation between the Han
and the Hui (Table 5.6). In contrast, the AMOVA results indicated a much larger
between-population variance, accounting for 13.99% of total variation (Table 5.7).
Thus, the Y-chromosome haplotype distribution appears to be more affected by
inter-population diversity than autosomal genotypes, and so it is better suited to
inter-population genetic diversity analysis. This topic is further discussed in
Section 7.3.

In summary, the population structures of the Han and the Flui most
probably result from different historical backgrounds and differing cultural
practices. Consequently, the discussion of genetic diversity within the Han and

Hui is considered separately.,
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7.2.1 .Genetic diversity in the Han

The term Han minzu is a politically convenient label to encompass the vast
majority of the Chinese population. It was initially used at the beginning of the
20th century to develop a sense of national unity and thus facilitate the fall of the
Qing dynasty, which occurred in 1908 (see Sections 2.2 and 2.6.5). The wide
allele size distributions and the diverse range of Y-chromosome haplotypes
revealed by genetic analysis of the Han of Liaoning province shows that this sense
of Han minzu is of limited value in purely genetic terms.

This hypothesis is backed up by available historical information. For
example, Du and Yip (1993) describe the Han as an ethnic group based on the
ancient Huaxia of the middie and lower reaches of the Yellow River. Itis
believed that the Han of the north east provinces of China originated from groups
in the south of the country who settled in the North East in order to solidify
dynastic control of the region (Fairbank and Reischauer 1990). Through
generations, the Han would have intermingled with the indigenous Jurchen tribes
(now known as the Man or Manchu minzu), and the Mongolian peoples of the
North East region, resulting in a heterogenous population.

The patterns of genetic diversity found in the Han of Liaoning supports
this notion of a population with a heterogenous mix of different ethnic origins.
The random sample of the Han exhibited a large array of alleles, averaging
approximately eleven alleles per locus (Table 5.1). Nonetheless, the observed
level of heterozygosity in the Han was significantly lower than in the reference
Caucasian population. The combination of a large array of alleles but a restricted
array of genotypes may be interpreted as an indication of the existence of

~ population stratification (Section 5.9). In addition, a variety of Y-chromosome
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haplotypes (Section 5.12) and a high level of Y-chromosome gene diversity, were
found (Sectibn _5. 11), adding further support to the hypothesis of popu.lat_\ion
stratiﬁcat.ion.

To fully appreciate the populdtlon st.ructure of the Han of Liaoning, it
would have been helpf‘ul to hava access to greater anthropological detail on thel.r
population structure and origins, including extended pedigrees for genetic -
analysis. This was not possible uS the sampling procedure adopted was originally
focused on the study of génetic differentiation and population structure in the Hui,
using a random sample Han population as the local reference population.

In conclusion, further anthropological research into the Han of Liaoning
province is needed to provide a more comprehensive analysis of their genetic
structure. It is therefore proposed that, if possible, further demographic and
genetic studies should be undertaken to elucidate the source, type, and nature of

the variation and structure of the Han population,

7.2.2 Genetic diversity in the Hui

To fully understand the patterns of genetic diversity in the Hui of
Liaoning, it is appropriate to note the relatively small size of the Hui population,
i.e., approximately 263,000 individuals, by comparison with 33 million Han who
are resident in the province (Family Planning Commission 1997). Therefore,
when collecting a random sample population, the probability of inadvertently
selecting related individuals would be much higher in the Hui than the Han. The
combined effect of restricted local population sizes and endogamous marriage
patterns could explain the statistically significant heterozygote deficiency
demonstrated by HWE analysis (Table 5.2b), and the positive average correlation

coefficient of 0.400 (Figure 5.2).
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Contrasting results were found in the analysis of the Wang and Wu

Iz';‘:e_\digrees. In summary, an excess of heterozygous genotypes was observed in

_ bot}l: pedigrees, demonstrated by the average éorrclation coefficient value of -
0.062 fo..:."the Wang and —0.140 for the Wu (Figures 6.2 and 6,3). This is
unexpected, as study of the pedigrees indicates the prevalence of consanguineous
marriages, and population genetics theory suggests that one result of inbreeding
would be an increase in homozygosity (Hartl and Clark 1997 pp 135 149).

One explanation for the paradox between the low level of hgterozygbsity’
in the Hui random sample population and the high level of heterozygosity in the
two Hui pedigrees may be the existence of groupings within the wider Hui
community based on cultural and religious affiliations. It has been shown that
many different Islamic sects exist within the Hui minzu (see chapter 2). While
divisions of this type are relatively recent in the history of the Hui people (200-
300 years), there could have been a sufficient number of generations of restricted
marriage within specific religious sub-sects to initiate the formation of smaller
reproductively isolated populations in the Hui population of Liaoning.

Groupings could also be based on the urban/rural divide, as urban Hui
communities tend to differ from their rural counterparts in terms of adherence to
religious and cultural practices (Gladney 1998). In any event, such population
stratification would be evident, in a genetic sense, by the presence of lower than
expected levels of hetrozygosity in the wider Hui population. Finally, the
enormous loss of life experienced in the wars of the mid-19™ century (Section
2.6.5), during the Japanese invasion and the subsequent Civil War during the
1930s and 1940s, and later by famine in the 1960s, all could have exerted a

- profound effect on the genetic structure of the various Hui communities in China.
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Qf course, the observed contrasts might also be due to the effect of small
58 mpll.le size. Only 53 Hui samples were available for the random sample
bOpuiation_analysiS, and there were even fewer pedigree samples, 3.1 Wang and 14
Wu. In addition, only 10 autosomal loci from two chromosomes wérq analysed,
along with 7 Y-chromosome loci, The analysis of this rélatively small data pool
- may produce resuits that do not reflect the true naturelof‘ the Hui gene pool.

For 2 more conclusive analysis of genetic diversity in the Hui, further
samples would need to be taken. To establish statistically robust results, it would
also be beneficial to test a larger number of loci from a wider range of
chromosomes. This proposed extended analysis of the population genetics of t.he |
Hui would however also require knowledge of any population stratification

revealed through demographic and anthropological studies.

7.3  Comparison of the autosomal and Y-chromosome genetic diversity of

the Han and Hui

According to the historical record two of the major founding populations
of the present Hui population were Arab males and Han females (Wong and
Dajani 1988). Therefore, it would be expected that the distribution of autosomal
alleles in the modern Han and Hui might exhibit similarity due to the shared
female ancestry.

The comparison of autosomal and Y-chromosome AMOVA results seem

to confirm with this hypothesis. To put the AMOVA results into perspective, it
has been found that the global population variance for autosomal STRsis dxr =
- 0.15 (Barbujani 1997). The autosomal between-population proportion of total

variance obtained for the Han and Hui was just 4.63% ( @sr £ 0.046), indicating a
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much closer genetic relationship than found between the major continenta hurn_an _
populations such as European, Amerindian, Southern Asian and Northern I,}sian.
The most obvious cause is the initial admixture of Han females in tﬁe creatlon of".
the Hui population, ﬁnd possible subsequent mingling of the populatior:l;'.s.

|  __ _Meanwhile the Y-chromosome haplotyp e between-population proportion of total

variation was 13.99% (Psr 2 0.1399) (Table 5.7), a value closer to the

worldwide autoéo’mi'avefége. In addition, this proportion of variance is higher
than corresponding values calculated from a comparison of European populations
(de Knijff et al. 1997) (Section 5.12).

However, as stated in Section 5.12, the direct comparison of autosomal
and Y-chromosﬁme @y values may not be justified. Firstly, the autosomal Py
parameter is a measure of genotypic between-population variance, while the Y-
chromosome @y is a measure of haplotype between-population variance. This

difference is due to the different ways in which autosomal and Y-chromosome
markers are inherited. The Y-chromosome is effectively haploid and is passed
from father to son, while autosomal markers are diploid and transmitted by both
parents to sons and daughters. This difference leads to an effective Y-
chromosome population that is approximately one quarter the size of the effective
autosomal population (Péréz-Lezuan ef al. 1997b). In addition, the diploid nature

of the autosomal markers leads to autosomal diversity being influenced by
recombination during meiosis. In summary, the lower autosomal @ may not be

due solely due to fernale admixture between the Han and the Hui, but also

possibly to the larger effective population size and the effect of recombination.
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The analysis of the hypervariable regions (HVR-] and HVR-II) of the
human miDNA genome could provide a direct assessment of female gene flow
free from the complexities of recombination. Th.e meNA genome is maternally
inherited and therefore haploid. Hence, mthA diversity, like Y-chromosome
diversity, is measured on a haplotypic basis, allowing for a more direct
comparison of the {emale and male gene pools of the Han and the Hui. A
comparison of Y-chromosome haplotypic diversity and mtDNA haplotypic
diversity would be more likely to confirm the presence of any differential patterns

of male and female admixture and migration (Comas ef al. 1998).

7.4 Y-chromosome microsatellites and male gene flow in the Hui

It was demonstrated in the previous section that the male Han and Hui
show significantly different distributions of Y-chromosome haplotypes. Further
analysis of male Hui genetic diversity, in combination with the analysis of
available historical information, demonstrates the existence of diverse ancestral
origins in the male Hui population.

The Hui had a relatively high average Y-chromosome gene diversity of
0.656, compared with the values from other studies in which the same markers
were analysed (Section 5.11). This is indicative of an array of Y-chromosome
haplotypes and hence diverse male ancestry. Further evidence of this diversity
was seen in the relatively large pairwise difference in allele numbers between the
Hui haplotypes, with an average difference between Hui haplotypes of
approximately 5 alleles for the seven locus haplotypes, and 4 for the six locus
haplotype. In addition, the analysis of pedigree Y-chromosome haplotypes
showed that they all differed from the random sample population haplotypes

(Section 6.7). Therefore, the actual level of haplotypic diversity in the male Hui
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of Liaoning may be even greater than indicated by the analysis of the random
sample population.

The next step in confirming the existence of diverse male ancestry in the
Hui was by tracing gene flow through phylogenetic analysis. The conﬁtruction of
unrooted neighbour-joining trees exhibited a consistent pattern of greater
similarity between male Hui and male Han than with other populations, such as

Southern Chinese, Mongolian and Central Asian populations, However, it was

previously shown that the Y-chromosome haplotype @y value for the male Han

and the male Hui populations was 0.1399, a large value compared to Prvalues

found from comparisons of European populations, which ranged from 0.007 to
0.0812 (de Knjiff et al. 1997). It could be concluded that, from the perspective of
phylogenetic analysis, microsatellite markers are efficacious in clarifying genetic
divisions between closely related populations. But as the genetic relationship
between population decreases, they become less useful in resolving genetic
relationships.

It seems, however, that a major factor confounding the present
phylogenetic analysis stems from the founding history of the Hui, which involved
the amalgamation of many different populations. For example, the available
historical information suggests origins stemming from Turkic, Iranian and Arab
populations, which themselves may have been genetically heterogenous (Section
2.6.1). The large range of alleles present in the male Hui population may result -
from population admixture caused by such population movements. If so, tracing
male gene flow using just microsatellit. markers would be very difficult, as the
distribution of alleles would have become increasingly heterogenous due to the

intermingling of these populations. Therefore, the analysis of male Hui gene flow
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may be best served by tracing the various genetic origins separately, rather than
by atfempting a broad overvfew of male Hui genetic diversity as a whole.

In attempting to trace the different lineages of the male Hui of Liaoning, it
may be more advantageous to analyse the distribution of less polymorphic
markers, such as SNPs. For example, a recent study used SNPs to trace the
origins of Amerindian tribes (Karafet ef al. 1999). This resulted in the discovery of
several founder haplotypes from which ancestry was traced to a region
surrounding Lake Baikal, which anthropologists previously had suggested as the
possible origin of the ancestors of Native Americans.

Conceptually, SNPs can be visualised as defining the fiindamental
branches of a phylogenetic tree, while more polymorphic loci, such as
microsatellites, would be used to recognise the finer divisions. A more complete
phylogeny of the male Hui population could thus be uncovered by the combined

use of a haplogrouping strategy involving both SNPs and microsatellite loci.

7.5 Consanguinity and genetic diversity

The final part of the investigation was assessment of the effect of
consanguinity on the level of genetic diversity in the Hui. To date, the major
focus of studies into human consanguinity has been the increased risk of
morbidity and mortality, due to the higher probability of the expression of
autosomal recesstve disorders. In general, it has been concluded that the less
common the disorder, the greater the influence of consanguinity on its prevalence
(Bittles 1998). Howevwer, there has been little study of the effect of consanguinity
on genetic diversity in ethnic groups.

In the present study, the genetic structure of two Hui pedigrees, the Wang

and the Wu, was analysed to specifically investigate this effect. There was a
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modest prevalence of consanguineous marriage in both the Wang and Wu
indicated by estimated mean pedigree inbreeding coefficients of o = 0.003 and
o = 0.007 for the Wang and Wu respectively (Section 6.2). However, genetic
analysis of both pedigrees indicated the presence of excéss heterozygosity,
demonstrated by their negati»‘_e_genotypic correlation coefficients of -0.062 and _
—0.140 for the Wang and Wu réspectively (Figures 6.2 and 6.3).

As it has been shown in the population study, the Hu1 have diverse
.backgrounds demonstrated by the existence of wide allele distribution. One
possible reason for these findings is that consanguineous marriage had not been
continuously practised over a sufficiently long number of generations in the Hui
community, and at an appropriately high prevalence, to reduce the number of
alleles present in the pedigrees.

Ancther possibility is associated with the effect of sinall sample size and
sampling error. The two pedigrees were of different sizes; the Wang encompasses
81 individuals over 5 generations while the Wu pedigree includes just 17
individuals over 3 generations. In addition, only 34 of the 8! individuals could be
sampled from the Wang and only 14 from the Wu. Since just 10 loci from 2
chromosomes 13 and 15 were surveyed, error due to the small number of samples
and number of loci surveyed may have arisen, |

However, other studies being undertaken in the Centre for Human
Genetics, Edith Cowan University, suggest that the excess heterozygosity
observed is not due to sampling error. The same markers used in the present
study have been analysed in pedigrees from Pakistan and Southern India,

populations in which consanguineous marriage is commonplace.
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In both sets of analyses, significant heterozygosity excess was found. Since the
studies involved much larger pedigrees and, in Southern India, the analysis of
manf more markers, they serve to confirm the veracity of the findings obtained in
the present study. |

Therefore, in light. of these results, a third poséibility must be considered,
that is the occurrence of selection, The low PIC values calculated for the Wang
and Wu (Section 6.6) in combination with the high observed heterozygosity,
indicate the existence of selective processes. These PIC values basically suggest a
high probability that parental haplotypes in the pedigree are identical, therefore a
greater potential for the existence of homozygous genotypes in their offspring
would be expected. However, the observed heterozygosity levels of 0.772 and
0.674 for the Wang and the Wu suggests either that the potential for the formation
of homozygous genotypes is not realised, or more probably, there is early prenatal
selection against the survival of homozygous genotypes.

This hypothesis is supported by reference to other human and animal
studies. For example, studies by Neel and Ward (1972), on the Yanomama
Amerindians, semi-nomadic people who live on the Brazilian-Venezualan border,
and Workman ef al. (1973) who studied the Papago of Arizona, U.S.A., both
showed negative correlation coefficients, that is excess heterozygosity, observed
in populations with a relatively high level of inbreeding. It was suggested in both
studies that a difference in gene frequencies between the sexes was an explanation
for the presence of excess heterozygosity. However, a more recent study on an
inbred Amerindian tribe in Arizona, the Havasupi, attributed a similar excess of
heterozygotes at the HLA-A locus to balancing selection, that is, to heterozygote

advantage (Markow et al. 1993).
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A review of various animal studies shows stronger evidence for selection
as a cause of excess heterozygosity in inbred populations. For example, a long- |
term :;ttidy into the effects of inbreeding in a herd of Speke's Gazelle at the St
Louis Zoo, USA (Templeton and Read 1983, 1984, 1998) demonstrated an initial
adaptation to high levels of inbreeding, with the eventual elimination of
inbreeding depression. The mean coefficient of inbreeding calculated from the
pedigree was o = 0,149, yet an isozyme study showed an allelic correlation
coefficient of f=-0.291 in the same animals. The hfgh o value arose b'eca'use't.he )
herd was founded by just three females and one male, whereas it was concluded
that the negative f value was due to management of the herd to minimise
inbreeding, i.e., to artificial selection processes.

More recently, studies on inbreeding and heterozygosity h_ave focusgd on
microsatellite markers. Inboth hlarbour seal pups (Coltman ef al. 1998) and red
deer (Coulson ef al. 1998), a positive correlation was demonstrated betw:e._:;en_'
microsatellite heterozygosity and neonatal survival, with the llheterozygo'us animals
more likely to reach reproductive age. Therefore, microsatellite heterozygosity
was positively linked to overall biological fitness. This result is problematic as it
is generally accepted that microsatellites play no functional role in the genome. As
a result they would have a constant rate of evolution independent of the size of a
population and as a consequence, are selectively neutral (Charlesworth ef ai.

1994, Jobling 1995, de Knijff et al. 1997).

A solution to this dilemma was presented in a study of the population
genetics of the oyster, Osfrea edulis. Tt was shown that microsatellite multi-locus
heterozygosity enhanced the early developmental growth of oyster larvae. The |

suggested mechanism was a “hitchhiking effect” in which over-dominant
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heferozygous genotypes were linkeci to fitness-associated genes affecting early
developmental growth, which in turn, were subject to selection.

In conclusion, excess microsatellite heterozygosify may be indicative of a
compensatory mechanism for the retention of biological fitness in populations that
.have experienced long-term inbreeding. Therefore, a simple positive cofi'eiation
between consanguinity and reduced heterozygosity, as predicted by classical
population genetics theory, may not be entirely correct. Rather, there may bea
more complicated scenario involving both the history and the types of

consanguineous marriage in the ethnic group.

7.6  Overall conclusions

The major difficulty in studying human population genetics is that, due to
the impact of cultural influences on the population dynamics of human
populations, humans are the organisms least likely to conform to the expectations
of population genetics models (Jorde 1997). However, by treating historical and
anthropological aspects of the Han and Hui populations as variables that effect
their overall genetic variation, a broad survey of the population genetics of the
Han and Hui is possible.

Unfortunately, only limited historical and anthropological information is
available on the study populations, and so the nature of the population genetics of
the Han and the Hui could only be cautiously inferred. For a more detailed
analysis of the genetic structure of the Hui and Han communities, more substantial
anthropological and demographic data on the social and cultural structures of the
populations is needed. Thereby a more complex hierarchy of genetic variance
could be established that more closely reflected the actual structure of each

population,
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More detailed anthropological studies would also allow the construction of
 better defined patterns of male gene flow within the Hui, and result in an
iﬁlproved understanding of the possible candidate founding pc:opulaltions.

The simultaneous analysis of biallelic and.polymorphic Y-chromosome markers
wdﬁld be the appropriate genetic methodology for a fnore precise phylogeny of
male gene flow in the Hui. This technique has proven to be especially useful in
elucidating the origins and migration patterns of Amerindians (Karafet ef al.
1999), and the migration of early humans out of Africa (Hammer ¢f al. 1998), It
is therefore recommended that Y-chromosome biallelic markers should be
surveyed to genetically define forbears of the male Hui, an ancestry that,
according to historical sources, can be traced back to a combination of Central |
Asian, Turkic, Iranian and Arab founder populations.

While this study is based on the present anthropology and population
genetics of two Chinese populations, the genetic heritage of both populations may
well reflect populations that have long since ceased to exist in a formal manner,
and are only known from historical record. An example is the possible migration
of Caucasians into North West China approximately 4000 years ago, and their
continued existence into the beginning of the modern era.

Evidence of this migration is present today in the form of mummified
remains in the museums of the city of Urlimchi in Xingjiang province, P.R. China.
The local Muslim Uygur community of Xingjiang autonomous region consider
these mummies to be evidence of their ancient ancestors. This belief may be
valid, as many non-Chinese people now living in this province have what often
are considered Caucasian physical features, such as blue eyes and red hair,

possibly resulting from the genetic heritage transmitted by their forebears
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(Wayland Barber 1999). Thus great care must be taken in relating one Chinese
population to another, as there may have been intermixture with now formally
_extinct populations that contributes to current population genetic structure.

In conclusion, to take account of the complexities of population
stratification, sex-biased ancestry and the possible inheritance of alleles from
extinct populations, future studies into the genetic variation of the Han and Hul
should involve the simultaneous analysis of several different genetic systems. For
example, differences in the structure of male and female genetic diversity within
and between populations could best be investigated by comparisons of mtDNA
and Y-chromosome haplotypes, while autosomal genotype analysis is better suited
for more general analyses of intra-population structure.

An additional layer of complexity is added to the pattern of population |
genetic structure by preferential consanguineous marriage. From the results of the
present study into the genetic structure of the Hui of Liaoning province,
consanguinity has been shown to exert no direct influence on molecular diversity
at microsatellite loci. Rather, consanguinity is more likely to be a factor in the
generation of population stratification. Further studies involving the investigation
of population sub-structure in the Hui would be required to validate this
hypothesis.

The overall effect of consanguinity is, however, important in terms of
public health. Many studies have correlated consanguinity with increased risk of
stillbirths, infant deaths and autosomal recessive diseases (Bittles and Neel 1994,
Dorsten ef al. 1999, Stoltenberg ef al. 1999). The compensatory effect of early
prenatal selection hypothesised in this study may reduce these risks in populations

where consanguineous marriage has been practised for many generations. The -
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pbssi_ble existence of select_ion in the inheritance of early development genes in
_"hl.;méns.,' as aire_adf hypo.thel,sised in animal studies, demonstrates thﬁf s_electidn_ -
_.t.nay. bé: an irﬁpdrfant factor in the health of inbred populations. Therefore, furt_h.er |

' jnyés’ﬁgation info f_he patterns of expression of eér]y development genes is

~ required.
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Addéndum :

In addition t'o_ the Han aﬁd Hui sample pqpulati_ﬁﬁs, the Cen_t_fe of Human -
_'Gencti_cs_, Edith Coi;ran University, has dbtaiﬁed sgmpleS _fro'm three othEr Muslim
ethﬁ_i_c g_foﬁps (Bonan, Sala and Dongxingj and thr.é.e' noﬁ-Mus]im .t_athnic gr_o.ups |
('fibetan, Yaozu and Baizu) from P.Rl. China, Therefore the_. current in_ve_s_ﬁgzition

can be considered as part of a wide( investigation undertaken by Dr Wei Wan_g
and Prof. Alan Bittles of the Centre for Human Genetics, Edith Cowan University, |
intd the genetic structure of ten unrelated and geographically dispersed |
populations resident in the Peoples Republic of China (PR China). In this larger .
study, the genomic information obtained will be compared with blood group and
enzyme polymorphism data, and anthropological and historical sources, to
determine whether parallels between genetic diversity and historical detail can be |

sustained.
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A.l1  Conference abstract presented at HGM 1999, HUGO, March 1999,
Brisbane QLD,

A comparison of autosomal and Y-chromosome alfele profiles in co-resident
Han and Hui communities in northeast China

W. Wang', M. Black', H. L. Jia 2, Cong Qian’and A.H. Bittles’

'Edith Cowan University, Perth, Australia, *P.L.A. No. 201 Hospital, Liaoyang,
PR China and *China Medical University, Shenyang, P.R, China

Chinese historical records indicate that the Hui, a Muslim minority
population which currently numbers over 8 million, originated from the marriage
of non-Chinese males with Han females. A sizeable proportion of the Hui male
forebears are believed to have been Muslim traders from the Middle East, Iran and
Central Asia who were involved in the Silk Road, which operated between Xi’an
in China and Constantinople/Istanbul on the Bosphorus from approximately 120
BC to 1600 AD.

To investigate the degree of genetic admixture between co-resident Hui
and Han communities, finger-prick blood samples were collected from randomly
selected individuals, 100 Han males and 37 Hui males and 36 females, in
Liaoning province, northeast China.. DNA was obtained by chloroform-phenol
extraction and the samples analysed on an ABI 373 DNA Sequencer. Ten
dinucleotide markers on chromosomes 13 and 15, and 7 tri- and tetranucleotide
markers on the Y-chromosome, were run on samples from both communities.
The Hui demonstrates a quite different genetic profile on the 10 autosomal
markers from that of the co-resident Han. Nine out of 10 autosomal makers show
significant deviation from the Hardy-Weinberg equilibrium when testing the Hui
samples for heterozygote deficit, which is well correspondent to the wide practice
of preferential marriages in the same ethnic group and even within same family
names in the Hui. The investigation of the genetic profiles of the Y-chromosome
markers among Hui and Han, which might provide information on the male-
mediated gene flow in the Hui community, is under progress. The initial results
obtained with the Y-chromosome markers also indicate significant disparity
between the Hui and Han communities, with less diversity in the Hui in terms of
allele numbers and allele ranges.

A.2  DNA Polymorphism Vol § 2000, Tokyo, Japan. (in press).

Autosomal and Y-chromosome allete profiles in co-resident Han and Hui
communities in northeast China.

Wei Wang', Michael Black!, Cong Qian’, Huling Jia® and Alan Bittles'
!Centre For Human Genetics, Edith Cowan University, Perth, Australia, *China
Medical University, Shenyang, P.R, China and ’P.L.A. No. 201 Hospital,
Liaoyang, P.R. China
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A3 Useful web pages

Arlequin
- Home page: http://anthropologie.unige.ch/arlequin/

.. Centre d’Etudes du polymorphisme Humain (CEPH)
~ Home page: http.//www.cephb.fr

Eurasia 98 _
 Home page: http://www.imm.ox.ac.uk/~eurasia/htdocs/index html

Forensic Laboratory for DNA Research, Department of Human Genetlcs Lelden
University
Home page: http://ruly70. medfac.leidenuniv.nl/~fido/

Genepop
- Home page: http.//www.cefe.cors-mop.fr

Genome Database
Home Page: http://www.gdb.org

Human Genome Diversity Databaze
Home page: http://human.stanford.edu/

Microsat -
Home page: http://human.stanford. edu/mlcrosat/nucrosat html

Phylip - Phylogeny program
Home page: http://evolution.genetics.washington edu/phylip.html
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Appendix B

~ Autosomal allele distributions



B.1 Autosomal Frequency Distributions
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B.2 Pedigree autosomal allele distributions
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- Appendix C

"~ Y-chromosome haplotypes

and
allele distributions



. C.1. Random sample population haplotypes
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| (b) Hui hap!()type.s' |

Huplotypes | DYS19  DYS388  DYS3891  DYS39I1  DYS390  DYS392.  DYS3v3

Hui | 16 2 12 28 24« 4 12
Hui 2 B H 0 2 28 24 7 12
Hui 3 16 12 : 12 7 1 ? ' ?

* Huid4 15 12 13 31 25, 7 13
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Hui 16 14 15 13 R 260 M. 13

- ‘Hui17 16 12 . 14 3. 25 14 13
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C.2. Allele frequency distributions of random sample populations
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C.3 Pedigree haplotypes
- (a) Wang haplotypes

SumpleNo  DYSI9  DYSIS®  DYS380]  DYSIROII  DYS390.  DYS392  DYS393

Wang | 17 12. i2 27 23 14 . 1
Wang 3 17 11 A (. 24 14 i
Wangé . 17 . .11 - 12 A S 14 1
Wang 7 12 4 . 14 30 .25 4. .12
Wang 8 12 4 4 - 3025 14 12
Wang Y 17 1o B A S V' 1
Wang 11 15 12 . 13 3t 24 nmoon
Wang 12 5 12 13 3 24 1 n
Wang 14 17 12 i 27 - 1B .. 14 11
Wang 16 17 12 12 27 23 I
Wang 18 17 12 12 Y 23 14 11
Wang 20 15 12 12 27 . 2 15 12
Wang 22 15 1 I v A 1 15 12
Wang 26 15 . 120 RV Y B 7] 15 1
Wang 29 14 12 12 . S R 11

Wang30 14 127 12 - 27 23 o1 11

" (b) Wu haplotypes
.Sa.lﬁplc No DYS19 - DYS388 DYS3891 - DYS3B9II  DYS390 DYS392 DYS_393.

Wul 14 15 . B2 24 10 1
Wub 15 12 13 30 25 10 12
S Wa9 15 12 13 30 25 12
Wu 10 4 15 .13 29 24 10 12
Wull 14 15 13 29 24 10 11

Wu 14 14 5 13 9 24 10 B!
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C.4 Allele frequency distributions of the pedigrees
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Appendix D

Wang and Wu
pedigrees
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D Male individual
(O Female individual

Consanguineous marriage

® El Deceased individual

152



Markers:
D13S126
D13S133
D13S192
D13S270

[+

3 09 9 09
3 49 9+

106
134
111

81

106
175
101
81

106
177

81

D.1 Wu pedigree — chromosome 13 genotypes
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D.2 Wu pedigree — chromosome 15 genotypes
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D.3 Wu pedigree — Y-chromosome genotypes
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D.4 Wang pedigree — chromosome 13 genotypes
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D.6 Wang pedigree — Y-chromosome haplotypes
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