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ABSTRACT
The human Y chromosome is exclusively

paternally inherited and most of its DNA does not

undergo recombination during meiosis, resulting in
transmission of the whole chromosome from
father to son. These special features make the Y
chromosome an efficient tool for inferring human
population history in paternal lineage. This review
article described the Y chromosomal structure,
pattern of polymorphisms and factors that affect
polymorphisms. Moreover, methods for studying Y
chromosome haplogroup, like designation and
classification for investigating paternal lineage, are
reviewed. Information of the Y chromosomal
haplogroup distributions support the Out-of-Africa
theory and can be used to predict the migration
history of the current human species into East
Asia. The present genetic structure of East Asian
populations is also reviewed. Finally, we
discussed the possibility of developing the study
of the Y chromosome for unraveling the complex
history of modern human populations.
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Figure 1 A Schematic diagram of the Y chromosome showing structural features, protein coding genes and

phenotype when mutation occurred (Modified from Jobling and Tyler-Smith, 2003).



72 Thai J. Genet. 2014, 7(2) : 69-86

WRZY LAz 3) UINMNTSAULURS (Y-Y repeated
=] ' PN B
sequence) Tvaznngagwanonlulaslulanng gu
fAULURTINAURA (inverted repeat, IR) wazwaulasy
(palindrome, P) uanamnadiwudiuniiduiaiuey
mMyaalysdin (protein-coding gene) U 27 [
lagunsduaziinanasi (copy number) lulaslalon

(ﬂEl?J@lilugllLLU‘]Jﬂ']iLLﬁ@Nﬂaﬂ‘Uﬂx‘lg% (expression

[V
A o Ao

pattern)  daadpziiwanedeanafinefsmmsuaz
a3eazan

widlaslulaneazifiduweis 60 dug
W& WANNINEIS W% 3 ﬁmﬂmawhﬁ?uﬁmuﬁmﬁ@
Seandwdunulaslaloudng (PAR1T  uaz PAR2)
ganfinde  GelaiiAe3aouiiiudu (non-recombining
region, NRY) uazazinonaa lddsommanalugluuy
vasualilalni (haplotype) :nnwaganiy Gariutlasy
Weafiganrosinaliiinealendveualuslng
wWasnudssldfaemanae laworaduwuuiifiiaile
Ineulasnutasliiissdunsiaion Gedonaliiia
mu:wv‘;é’mgﬁmmaaﬁmﬁiavlﬂﬁ@m wiofiSunaus
718 (single nucleotide polymorphism, SNPs) @4
Tufsmsansaiunvasiinilalng (ndel) @aw
wieanaialuaiwlulasuoning lavin be (Brion et al.,
2005) anurwulsvasafillulaslalaunsdiwlngas
VUL UURIFUF I (binary  polymorphism) (3
nanivedvazdualuwindodaly) luwmsfinnudiu
uwdsveslulasuanmalafandumafuriosadiwan
drwe9 Andlelndunn (core sequence) vaslulas
WONLNA LA BARZEILAK NNNTHNANNABLLTUB
seufinnalalndvanedlulud aa 2003 wu
AuntIatlysznnm 28,650 ¢LAU (Jobling  and
Tyler-Smith, 2003) Twhaziasnadamsldaroae
FURUEN93 T3 (phylogenetic tree) 83 HaaN
Taslulaung (Y chromosomal lineage) LL@iﬂtyW]ﬁa
siUAlFanSufnesoguAuin e Taun I
a:ﬁaﬂaﬂﬁ@hmeﬁagluﬁnmﬁLS%L@J‘QWEWM
laslulauae winlugiuosdisuennule

Taslulawaudas (paralogue)

A0 ezttt uazenage Neumad

Taamainlaulasuanimalarilulasluloune
afnsluztunnvesualua’ingd lasfiarsananin
a a 6 ' o ]
LORRALERARYIINIATUINING LAY LA AILAYS
s lulasuaninalaridgurssusnlulaslylowy
MuNWURa DYS19 (Roewer et al., 1992) LAZHRIAN
& &M v ¢ a & A ' A
wud laaunululasuoninalariiininises 9 deand
mi‘nmmLLazﬁmmmﬁﬂméu%agﬂﬁm%’uma
ez lulasuaninalafiffidszdninaw lavga
hendiFgUnldmulngTiagdsrmditonuduid
a 6 I (ai % v
INUVAIRAT LT U yﬂvluimusnmﬂavl,aﬂwhaiw
minimal haplotype @3Usznavaslulasuoning layvt
1% 7 duwnils Aa DYS19 DYS385 a/b DYS3891/I
DYS390 DYS391 DYS392 iaz DYS393
VANLANEN 2 duniks Aa DYS438 way DYS439 e

niud
§37191Iw% extended haplotype (Figure 2) aumzﬁ"@
Uag1in ﬁmsﬁwmlﬂu“quﬁmé’mﬁagﬂﬁﬂixnauﬁw
lalasuonina'last 15 FIUAUD LT% q@ﬂiﬂm
AmpFISTR Yfiler (Applied Biosystems) @93 lulasuam
alariAinduandrunsisildai extended
haplotype 8n 6 @1urUs Aa DYS437 DYS448
DYS456 DYS458 DYS635 ez GATA H4 I@U*’ﬁagﬁla
waldalndvaslaulasuanina larilulasiulouingan
Uszpinsmlangniuliluwansgudeys 1w YHRD
(http://www.yhrd.org/index.html) %aiumm:ﬁgmﬁaga
YHRD § minimal haplotype 141 125,148 walda
111 uaz extended haplotype %3 99,823 walda
nil

Wulsan ﬂi’@]qﬂizmﬁﬂé'ﬂmdﬁa%ﬂmma@'i( e

w3 lulasuoninalarilulaslulauane'le

fnfunsfinsiiawinisvesuysd lulasusning
Tartulaslulowinouanannazldnianuaunus
senddszmnslduda deldlunsdsznnmenyves
walianiudan

&9t lunsAnsanuduiuins e me
vaalaslulsume Seududasdinsdumisaiiuidanu
Auutsuyusesimgianisvandauslanidivlulas
wmnnalarii aﬁnmﬂi:mmmqmamﬂﬂaﬂ%gﬂ Lae

ﬁﬂmmmmv\mﬂmmUmaﬁ'u'gﬂssmiavl,ﬂ



A0 ezttt uazanaFe Aanuwad

Thai J. Genet. 2014, 7(2) : 69-86 73

DYs458 DYS450 DYS459a
DYS463 +« DYS449 DYS464!:: B DYS464c
DYS455 v %t J ,.DYsS454 DYS464a '\ ! ! DYS464d
.~ -- . 'n., ..: o
DYS446 R DYS448 3 + ::.'
DYS453 ¢ ‘' R DYs447 DYS452 ! "4 % DYS459b
" . o% ° * M ,,: : .
woeoolos ' : RS ¢
:o ¢ ‘. o : : * tr: : :
T T T I T T T T T T T TR T T T e TTT
Mb ;: ¢ 5 110 -4 L P! 25 ~ 30
i L] L] 00. L) 0: L]
DYS393 DYS19 :pys391 '\, DYs390 2% pys3gz
; DYS389 1| [  Minimal haplotype loci
5 DYS385a DY5335b___.--'"
. p | q [ Heterochramatln

-\I\\Jl\ll\f‘\u\llm—-—-.

¥- Pseudoautosomal region J

Figure 2 Microsatellite loci along the Y chromosome (Modified from http://www.cstl.nist.gov/biotech/strbase/

ystrpos1.htm).
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chart corresponds to number of samples (Modified from Zerjal et al., 2003).
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Figure 5 Migration of Y chromosome haplogroups O (left) and the contour map demonstrating the geographic

distributions of haplogroups O (right) (Modified from Wang and Li, 2013).
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Figure 6 Migration of Y chromosome haplogroups C (left) and the contour map demonstrating the geographic

distributions of haplogroups C (right) (Modified from Wang and Li, 2013)
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Figure 7 Migration of Y chromosome haplogroups D (left) and the contour map demonstrating the geographic

distributions of haplogroups D (right) (Modified from Wang and Li, 2013).

I (23 { va Q/ A
“N-M231” fuualuniunlndBanu O &9
KENXNAIN NO-M214 (Figure 2) wuannludszznsh
o ' - a ) A a . .
odvagnanaunilevende 1w Aufla (Finnic)
un3a (Ugric)  o1luis@a (Samoyedic)

(Yukaghir)

a6
faNS
U
aala waztagily wdnsuwusiasluw
WBLTEALINAEN (Karafet et al, 2001; Rootsi et al.,
2007) myawswvasualdaniy N idwldlufiens
NIRTNUIRNT INNABUNAIVILALT A INDANKTD
aouldvadladiiodgylsdaziuaan Sanuualy
anfU N $waunnlurigladaziuean (Rootsi et

al, 2007) enanwi ualdandy N Sduruiiannain
ifsazInaantduildnIantsasinanidoslduad
Uszinedn LLfﬁaLLWi’“}JmﬂL“iTﬁ;j@nauﬂmwmﬂszmﬂ%u
Wayszunm 14,000 Uraw annnuwanaantdn 2 a8
A ° ' o o A o A A A
mwma@mmuaaammuwaumam;j’l,muns e
15zanoh 6,000 19 8,000 Tnaw &IUdNIIBEWLNLIN
g’ﬂ”’sﬂqkﬂ Walszanm 12,000 019 14,000 DARwN

Lﬁuvlﬁdﬁﬂajmuﬁﬁuaiﬂ andd N Fm1aunslu

szozlng wazdslunangiubudunsanswainiiele

J’ A A [ .
AuLAaaNaY (Figure 8).

0.90
0.85
0.80
0.75
0.70
0.65
0.60
055
050
045
0.40
0.35
0.30
025
020
0.15
0.10
0.05
]

Figure 8 Migration of Y chromosome haplogroups N (left) and the contour map demonstrating the geographic

distributions of haplogroups N (right) (Modified from Wang and Li, 2013).
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