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Abstract

Project Code : MRG5580058

Project Title : Deciphering diversity in various ethnic affiliations in Northeastern Thailand
Investigator : Assist.Prof.Dr. Wibhu Kutanan

E-mail Address : wibhu@kku.ac.th

Project Period : 2 July 2013- 2 July 2015

Northeastern Thailand or Isan shares borders with Laos and Cambodia and lies in close
proximity to Vietnam, this region has become a crossroad of various Southeast Asian peoples
through migration and settlement periods since prehistoric times. Several studies have shown
the influence of geographic and linguistic factors in shaping genetic variation. Geographic
barriers separate Northeastern Thailand into two wide basins, the Sakon Nakorn Basin and the
Korat Basin serving today as home to diverse ethnicities encompassing two different linguistic
families, i.e., the Austro-Asiatic; Suay (Kui), Mon, Chaobon (Nyahkur), So and Khmer, and the
Tai-Kadai; Saek, Nyaw, Phu Tai, Kaleung and Lao Isan. The present study intends to evaluate
the elements responsible for maternal genetic variations, like geography and language, of these
ten Northeastern Thai ethnicities. Population history is also reconstructed based on sequencing
of a 596-bp segment of the hypervariable region | (HVRI) mtDNA in 433 individuals. Congruent
results of three dimentional scaling plot and spatial analysis of molecular variance exhibited
relatively close affiliations among population within the Sakon Nakorn Basin, while analysis of
molecular variance and Mantel test revealed the predominant geographic factor in determining
population affinity. Three demographic evolutionary models described by language (Model 1),
geography (Model 2), and recent migration (Model 3) were propose to evaluate whether model
was fitted to describe mtDNA data. Approximate Bayesian Computation and a type | error
results strongly selected Model 2, supporting that geography is the primary influential factor

underlying genetic divergence of studied populations.

Keywords : mtDNA-HVRI/ genetic affinity/ Approximate Bayesian Computation/Austro-Asiatic/

Tai-Kadai/ Sakon Nakorn Basin/Korat Basin/ Northeastern Thailand
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sanlalowan Ainusninaen 260 wiluwas waz 280 wilwuas arsaiassidalasivla
finasuaziamaioussvasdiananisudanuafiasululudmssmnuenuwmedisualasissian

nIIWSga lagldiuaznilganuiaudv sasaz 1
Tnsln ;



A3197 1 faﬂaﬁ";vlﬂmaaﬂs:‘ﬁ’miﬁﬁﬂw’nmz@i’m’maﬁ@ﬁI‘fﬁmm:ﬁ
Uszns NI Nagy Cield TV 1§
ANWIL KHM MON SUY BON SOA
890 14.9 14.69 15.01 15.59 17.37
EEARL 103.49 102.06 103.94 101.46 104.3
N AA AA AA AA AA
niimnaas KR KR KR KR SN
untkefiay FITLUNLTUNALY, Unzat, flamy, Wwadag, qqmaﬁ,
(B1ne, 33nia) gaung UATITHRUN gIund Tonil ANAUAT
I 68 44 44 42 47
Pz TINT 1,266,828 1,000 407,724 6,283 71,532
ualualny 37 23 22 12 27
B%a Unique 24 19 12 10 16
%) Single unique 20 12 11 6 12
%@ Multiple unique 4 7 1 4 4
%@ Non-unique 13 4 10 2 11
h 0.9583 0.9545 0.9397 0.8583 0.9584
/4 0.013 0.0098 0.0143 0.0121 0.0141
Intra MPD 7.3995 5.5254 8.1057 6.8269 8.0324
Polymorphic site 54 40 47 23 48
Tajima's D -1.0596 -1.3277 -0.9632 1.1116 -0.9327
(p-value) -0.137 -0.071 -0.173 -0.899 -0.185
Fu's Fs -17.1136 -8.3834 -3.8913 1.4256 -8.3333
(p-value) 0 -0.008 -0.113 -0.761 -0.008
r 0.0204 0.0195 0.0332 0.0572 0.0154

AA = Austro-Asiatic linguistic family; TT = Tai-Kadai linguistic family; KR= Khorat Basin; SN = Sakon

Nakorn Basin

aPopula’[ion size estimated in Northeastern Thailand

h = haplotype diversity;

7T = nucleotide diversity;

r = a raggedness index value




=1 1 3 < AR ' aad
MN13°9N 1 (A1) Tﬂﬂaﬂ?vlﬂmﬂx‘]ﬂii“ﬁﬁﬂiﬂﬂﬂ‘]ﬂﬁLLﬂiﬂ’]‘YﬂGﬁ

fanlaaamed
Uszng chbhL el nln e W& NELAY
anwIEa LAO PUT YOH SAK KAL
azfiya 15.62 17.28 17.55 17.45 17.33
8adga 103.5 103.65 104.09 104.74 104.59
M T T T T T
niimnaas KR SN SN SN SN
untkefiay INBAIIFY, N31nd, W, Way, N9,
(é’]LﬂE], r{ﬁvﬁ'@) %ﬂﬂlLSﬂ KRNAUAT KRNAUAT RNANEEY WOATNUN
U089 35 38 41 28 46
2WaL5zTINT 11,135,493 457,411 406,738 3,535 68,431
walualngd 30 23 20 11 21
B%a Unique 21 14 9 6 11
%@ Single unique 17 10 7 4 9
%@ Multiple unique 4 4 2 2 2
%@ Non-unique 9 9 11 5 10
h 0.9899 0.9573 0.9402 0.792 0.9063
T 0.0149 0.0153 0.0131 0.0114 0.0115
Intra MPD 8.4924 8.6956 7.4317 6.4929 6.5266
Polymorphic site 54 47 39 33 35
Tajima's D -1.3016 -0.8134 -0.6458 -0.8067 -0.5512
(p-value) -0.078 -0.227 -0.29 -0.22 -0.317
Fu's Fs -19.0744 -5.6044 -3.3709 0.3691 -4.3474
(p-value) 0 -0.04 -0.119 -0.563 -0.076
r 0.0095 0.0108 0.0203 0.0694 0.0399

AA = Austro-Asiatic linguistic family; TT = Tai-Kadai linguistic family; KR= Khorat Basin; SN = Sakon
Nakorn Basin

aPopula’[ion size estimated in Northeastern Thailand

h = haplotype diversity; 7T = nucleotide diversity; r = a raggedness index value




Nakorn Panom

[k '

ﬂ. tﬂl ot = =} A o A K >
NINN 1 Lqu'ﬂmﬂ@muaaﬂmmmua"uamszmﬂvlm LAENAIVIUTETINTINANW 67
siamaaﬂs:mmuamlumﬁdﬁ 1 . LLE‘T@NﬂiZ‘E’]ﬂiﬁWﬂ@ﬂ’]H’W]izgﬂE]aE‘TI(ﬂiLE]L%Uaﬂ O LRGN

Uzmnafiganim m:gavlm-ﬂz"l@

3. msinzenszudinzasiauialalnaauiasaalsdnsangnlgnefimaisa
A 6,
(WDBa13)
WndTuudiawe lulnaauaIouiian Dloop  drodfiTmanlswediwaisa lasld
aulesd Pfu DNA polymerase (Enzynomics, Daejeon, Korea) laglglnsiues 1 g]' (Schurr et al.,
o ot a ﬁ A o ot a gl‘
1999) NNVt D-loop Tes1auILaaIHh
wsiuas LHmt: 430 CTG TTA AAA GTG CAT ACC GCC 410
w31ua3s LLmtA: 15704 CAT AGC CAA TCA CTT TAT TG 15723
TasdansludfATeoneod
U51a3 (lulasiag)

10 X nPfu-Forte PCR buffer (334 MgCl,) 5.00
200 lulaslaua dNTP 5.00
5 lulaslua lwsiwas LHmt 2.50
5 lulaslua wsiwes LLmtA 2.50
2.5 U/ul Pfu polymerase 0.50
50 wilunsu/lulasdas ALdule 0.50
insulnannisa 34.00

3y 50.00



aa e

o a 1 = di a e v aoa
v fAsungnlswefiwaaluiaiasniuguamniioaluil@ (Thermal cycler) laslfamnniidgg

u

ol
#2971 1 (1301) 95 B4FLTALTHR 2 Wi
7297 2 (35 01) 95 a3ALTALTHR 30 2171 (denaturation)
56 89ALTALTHR 1 w171 (annealing)
72 29 TaLTaR 1 WA (extension)
7297 3 (1 701) 72 a9dnLaLTaR 5 4N

& a = ' Y ada & o
NNUUATIIFOUHARAA NG Fefluuarszunns 1,200 giuw aea5aan NIl gs laols
Tuazmliganuidudu Jovaz 1 lavifisuamanandaNgaInuaAuan13ag1u (DNA ladder)

(Norgen Biotek Corp, Thorold Ontario, Canada)

4. MIAAULUE
v‘hmimﬁm‘”umamawawﬁmﬁ%ms‘I@Ulﬁ"lwiuai"’ﬁﬁ%ww:ﬁﬂ@; Afdeuluweait
lwsias Forward 15897 (5') GTATAAACTAATACACCAGTCTTGT-15921(3")
lwsiua5 Reverse 100 (5" CAGCGTCTCGCAATGCTATCGCGTG-76(3')
ANIMIEAUIL RSN IAIE UL RV8IE LB weNImaIany (818 H uas & L) waidums
Buduziievasus lapdsnaniafgorsldmdauiuatiniinuinig Macrogen nyslaa Uszine
LNAE Iﬂﬂlﬁq@ﬁ’lmﬁ’u%ﬁ]gﬂ BigDye Terminator Cycle Sequencing Kit v3.1 (Applied
Biosystems, USA) Lazla38IWI&1aULURSA Lngd 34 ABI3730 (Applied Biosystems) f1auLU®
UM HVRI 10w 433 Maghsvesszmnafidnenldgnasluiiulslugudoys NCBI (The

National Center for Biotechnology Information) (accession numbers KJ205639-KJ206068).

5. MINATITRVDYA

5.1 ¥i1NN3 assembly W&z alignment AAULURVBIALEWLE MINABULASHEE H waz L ¢
Tusunsw Segscape v.2.7 demo (Applied Biosystem)

5.2 SLazRsauIUsTidaunaInnany (polymorphic site) fennaausnade (Revised
Cambride reference sequence) 3Lﬂi’1‘;ﬁﬂ’s’m1&a’m%mﬂ"ua\‘iﬁ’mﬁiavlﬂﬁ(nucleotide diversity,
) d8lUsunsy DNASP v.5 (Librado and Rozas, 2009)

5.3 Sanzianunannasasualialng (haplotype diversity, h) Thiavasualialni ¢
mean number of pairwise difference (MPD) A fiaesuesmaAns uIndszng
(demographic expansion) L% raggedness index value (r) (Harpending, 1994) LLaz neutrality test
fa Fu's Fs (Fu, 1997) Was Tajima’s D (Tajima, 1989)

5.4 @‘hmmm‘szUzﬁ'nm<1w”uqmsmwdwﬂ‘s::‘*mml,mu pairwise difference (F,) W&

nagouAMNAnEAAYAI8A1 permutations $1waw 1000 A39 daellsunsy ARLEQUIN v.3.5



LLa:ﬁﬂLm%ﬂsfma\msjzmamaw”uqmiuma%’mLﬁuu,Nu{}ﬁLLammméfww”uﬁ{maw”uqﬂiwLLmJ
Multidimentional Scaling (MDS) selisunsy STATISTICA v.7 (StateSoft Software Ltd.)

5.5 ﬁ'mwﬁl,m']:ﬁmsﬁ'@mjmaaﬂs:mm@hﬂﬁagaﬁ'm”umauazﬂﬁ'@mmﬂﬁmmﬂ@sﬁ%
Spatial analysis of molecular variance (SAMOVA) molusunsn SAMOVA v.1.0 (Reference)

5.6 31,@13’1:%‘1@15\1m‘?’mmaw”uﬁqﬂﬁmaaﬂiw’mi @835 Analysis of Molecular Variance
(AMOVA) (Excoffier et al., 1992) I@w’]@i’lmwsTuLLiJimdw”ugﬂﬁmadﬂizmmvﬁi 3 32AU Ao
T2 szrng szmﬁaﬂ@;msiaﬂuﬂsrmnmﬁmﬁu LLNZﬂ’]SJI%ﬂEj%JﬂQU lasmsinuuadszanng
mwmmwu@LLa:a"m:rm:mm“ﬁmam’ WEINAFDL AIAINLAINARDFIANIIRAAAI83T non
parametric permutation @7 a115uns8 ARLEQUIN v.3.5 (Excoffier and Lischer, 2010) (miﬁaﬁl 1)

5.7 MINARaULNWNA (Mantel test)

FNIINAROLANNTNARTIZRININNTATINUIN 3 q ﬁaswzﬁnmaw‘”uqmsmmz
szmzvmmmuﬁmam{ izﬂzmamaw”uqmsuLLazswx‘ﬁ'demm LLazszU:ﬁwawﬂaQﬁﬂwa@§

LRZIZOZHNNIINET d2875v0dtuning (Mantel,  1967) @1971490 2 TURAITZHZHIING

Qﬁmamim:s:mﬂ"mmom'm WRZANTNN 3 mei:nzﬁ’mmoﬁ'ugﬂﬁmmu (Fs)

A13197 2 ASIEITIHUFAITZEHINIIN B (dLAN) seinguadlsesng %agnﬁmumﬁ”w
RUNBLAY 4 114 1 AUNTIANGUNNW1289 Ethnologue  (Lewis, 2009) lagdn dLAN 4 azidu
s:m%’nmammmaangammﬁ@mﬁu (AA and TK); dLAN 3 9ziiuszasianienisnaes
m:gamwmﬁmn"’u IELoRGE (branch) 1% MON W&z SUY; dLAN 2 221d%izgziiani1enisn
PoIRILEINY WAR19AILEY (sub-branch); dLAN 1 ﬁ]:l,i‘jm:zlzﬁnmemmﬁay;ﬁ'oziamﬁm i
ﬂé\‘i‘UWU’J’ILL&@G?ZU&ﬁ’]Gﬂ’]GQﬁﬂ’]ﬁ@I% (great-circle distance) 5:%d10@;maaﬂi:°mﬂﬂ@m:l"ﬁ”“ﬁ'@

maaa:@g@LLazaaﬁg(ﬂmaaﬁ@?’a%gﬁﬂmaaLL@iazﬂizmm

KHM MON  SUY BON SOA LAO PUT YOH SAK  KAL
KHM 155.63 50.07 237.46 28691 79.85 264.69 300.36 312.93 293.54
MON 3 20548 118.45 380.8 185.71 333.54 38336 409.11 397.83
SUY 2 3 27447 264.15 82.47 25375 281.65 283.79 26591
BON 3 3 3 361.54 219.26 300.24 354.87 406.89 385.84
SOA 2 3 1 3 211.57 69.04 29.61 4838  31.53
LAO 4 4 4 4 4 184.99 222.63 24241 221.96
PUT 4 4 4 4 4 1 5484 117.38  99.7
YOH 4 4 4 4 4 1 1 70.31  58.55
SAK 4 4 4 4 4 2 2 2 21.41
KAL 4 4 4 4 4 1 1 1 1
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5.8 MR lauLaaaae Approximate Bayesian Computation

9L NLAALRAIANRNN BTN UINITIZAIWUTZTINT @9n1IWA 2 TagNaTaaan
dunianainindeaasuaznimne lasdwzsnsnidudiudifald (SOA) uaz addau
(LAO) #8430 SOA ilutszmninwammasznasaalanaidoda (AA) tpdlszmnadedn

o ' A A a
mﬂyagluuaommaﬂaum (SN) uaz LAO Lﬂ%ﬂiz‘ﬁ”lﬂ‘mwu@]ﬂ’]'b“’]@lizf;]avl‘ﬂ-ﬂtvl,@ (TK) L8
Urzmnudefiondvedluudinnuless (KR)

A v o & ' Y ' '

Tataan 1 LLammmauwum:mwﬂs:mnﬂwﬂﬂawmummmwamgmmu
ANMUFUNUT 1astve11nT AA 1as TK LUNaanannnwllasztziial Ts1 Lashadanniul ey
SOA wgnINNUTETINT AA LUDIZ82IAN Ts2 kazl3za1ns LAO wanann TK Ldaszaziian Ts3

n{ o L 6 1 h) % a 6 1 1

Tulaan 2 memmauwuﬁizmnﬂszmnﬂ@mJaafﬂymunﬂumamamamgﬂuuu
AMUTUNUS I@mﬂizmnsﬁmﬁyaglmm SN 18z KR aanannwlilateoziian Ts1 hashadan
sz InT SOA Lmﬂmnﬂizmmﬁmﬁ'ﬂagﬂuudo SN LU83282I80 Ts2 waziszwny LAO a2
= A ) . ' A
aa’ml,wﬂﬁ]’mﬂizmmﬂmmag‘Luuaa KR 1daszeian Ts3

Tutaa 3 ANNLENNTNLeE 1 lauradsaInAlszenT SOA wunan AA Las LAO wan
0 TK ﬁnﬂﬁfuﬂizmmﬁaQhuéuﬁmﬁmzﬁmsawUWL%WLLa:aaﬂizM’mﬁ'u NaNAa LAO Wa
AA HI@TINTANLNAIN (M1 WAZ m1_b) Uaz SOA uaz TK 32UaaINNITaNINAIN (M2 LaL

m2_b)

Model 1 Model 2 Model 3

AA SOA LAO TK KR LAO SOA SN AA SOA LAO TK

a o o ¢ ' A Y A A a 6
M 2 luaausasnnudunuininlemng $9laiudniwazasns (uaa 1) pleaas
(luiaa 2) uaz msawew (laa 3) Ne Ts LAz m fa effective population sizes 3zeziaanlunns

LONTERINUTETINT LA é’mwmmmﬂw‘”uf ANEGL é’ﬂ‘]ﬂiﬂa“ﬂﬂdﬂiz%’?ﬂil,l,ﬁ@]dlu@’]‘i’]dﬁ 1
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M3 simulate TayavasdrauiadidwalulnaouwaIouas prior distributions (a13199

) a A v Aada v a o 4 @ P ~

3) lauandunnufu09 coalescent twaliladnsafidndenlndidoanudrdsinguiniiga (&
Euclidean distance ﬁaﬂﬁq@) IMNBWAIUI T posterior probabilities G835 Approximate

Bayesian Computation (ABC) (Bertorelle et al., 2010)

v @
o

MIAnsATIRazlE ABC $1uan 2 EﬂLLU‘U Ao acceptance-rejection procedure (AR) and
weighted multinomial logistic regression (LR) (Pritchard et al., 1999; Beaumont, 2008) luns
Uzt duaNuLadasuaIaN posterior probabilities 3x¥11N13 simulate ?Taga%mm% I@UEHLL‘UU
AR 22 simulate $1%47% 100 200 300 W&z 500 A3 lummzﬁlgmmu LR 92 simulate 31%43% 25000
50000 75000 waz 100000 ﬂ%g\‘i N7 simulate iaga 2za7d8lUsunIn ABC tool box (Wegmann,
2010) INnNBur1In1Tidow R scripts FiesauladsNanann SG

(http://code.google.com/p/popabc/source/browse/#svn%2Ftrunk%2F scripts) Lﬁi DATWBITHAN

posterior probabilities 2aIudazluas
nniuimadsziiuenugndaslunsdaiianlaiaadas Type | error lagazinuaszau
anuaziduvainisaalaan (decision probability thresholds) Aa 0.5 0.6 0.7 0.8 Laz 0.9 L8

UszAnsnwaas33 ABC luminaiianluLea

@1319N 3 Prior distributions Tadwdiaasiuudazlues  las N waad effective population

sizes T LLamsxUznmlummmm:%dwﬁsxmm %ﬂ’JULﬂ%‘ﬁl’Jéu LS m Lmué'mwmiﬂmmw”uij

ﬂmmﬂu@iama@ia"ﬁﬁju

Parameter Distribution Lower limit Upper limit

NO logunif 50,000 500,000
N1 logunif 1,000 100,000
N2 logunif 1,000 100,000
N3 logunif 50,000 500,000
T2 unif 10 20
T3 unif 10 20
T1 unif 100 200
Mutation unif 0.000000878 0.000021
ml unif 0.001 0.1
m2 unif 0.001 0.1
ml b unif 0.001 0.1

m2 b unif 0.001 0.1



http://code.google.com/p/popabc/source/browse/#svn%2Ftrunk%2Fscripts
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AAaNIINAaad

a a a®
1. HARAAIINMIINNLUIIIBALD LD
AI a a & = a v a o aaa
nmMItANUSmaLawe lulnaaua3susiaos D-loop lduwmananinainnisvi Jisen
anlgwafiualsalszunni 1,200 ¢iua 1inuwwIail 100 bp DNA Ladder (Norgen Biotek Corp,
Thorold Ontario, Canada) (mwﬁ 3)

P> a o aaa ' a \ a A A
2NN 3 NaNamﬁl’mﬂ’li‘ﬂ’lﬂgﬂimgﬂiﬁﬁwaaL&lalja PAIN 1-5 LA QD ALAULAUUIA

1,200 giua nasanmahujisengnlawefiuasa gas M fia 100 bp DNA Ladder

2. ANANAIMNAA YN WABTNTTH
Lﬁaﬁmawﬁmmﬂmsﬁ']ﬂﬁﬁ%mgﬂTsﬁwaﬁmaLsavLﬂmﬁwTuLua U104 HVR- 113818 H uaz
L uazvinmsnudeuiuarszasmensa a2 lddauiuaidainuens 596 Al (F UM 16001
9 16596) 3 neragsfLanafltdnsnsIuIn 433 drane wonaldalndfuandranunsnue
173 ualua'lnl ndrunsisfiiinainuiiugs (polymorphic  site) YIvua 135 @1unig
(marwan 1) TaaTuualanddnuiiesdregnaden (single unique) $1%3% 108 walialni
waewuua ) IndAwusnnnin 1 $aeen9 wawuResdszsnsiden (multiple  unique) S 34
§20819 dndiindedn 34 ualualnd sxduualalndAwuninnin 1 Uszans (shared
haplotypes) lag1lsemn374 shared haplotypes ﬁ‘i'm'mmﬂﬁq@ A8 Usza1n3 SOA-PUT 31%47%

( § { =3 1 1 o 1 N g
6 walda'lny luwmenlainuunalalniloiia shared sznieguesdszrinsiiuan 5 ¢ a9l MON-
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BON, MON-LAO, MON-PUT, BON-KHM a2 BON-SOA (171971 3) uazualialndofiaiwuann
ﬁq@ﬁaLLaIﬂavlﬂﬂﬁ 25 (hap25) uaz 68 (hap6s) Ganuualdalning 2 $1uau 20 uaz 19 dradns

(MANWIN 1 1T 2)

{ £ o ' o ' L £
A13197 4 ﬂix‘la%‘lﬂﬂEJLLE‘T@N‘R£J$‘W]Gﬂ?ﬂwuﬁqﬂiiuizﬁﬁﬁx‘]ﬂizﬁﬁﬂi WUY  pairwise F, LRZAIINIT

o S A  a ) ! Y \ A
?I’JWLLa@Gﬁ]’]WJ%LLaIﬂaVLY]ﬂY]m&lauﬂui?&%’s’]dﬂ‘izm’mi aﬂHiilEl"lladﬂiz“]j’mil,l,aﬁdlu@’ﬁ’mﬂ 1

KHM MON  SUY BON SOA LAO PUT YOH SAK KAL

KHM 1 5 0 3 3 3 4 0 5
MON | 0.1517 1 0 1 0 0 1 1 1
SUY | 0.0469 0.1061 1 2 3 1 4 1 3
BON | 0.0628 0.1537 0.0403 0 1 1 1 1 1
SOA | 0.1006 0.1103 0.1306 0.1792 4 6 5 1 2
LAO | 0.0264 0.0897 0.0488 0.0686 0.0513 3 2 2 2
PUT | 0.0467 0.0916 0.0744 0.1055 0.0396 0.0260 3 1 1
YOH | 0.0537 0.0775 0.0461 0.0851 0.0401 0.0233 0.0326 2 5
SAK | 0.2280 0.2979 0.2827 0.3316 0.0632 0.1720 0.1581 0.1781 2
KAL | 0.0516 0.2007 0.1230 0.1624 0.0406 0.0503 0.0519 0.0539 0.1184

AW IFAITEAURIRIAYNIIEDE N1 P< 0.01

s manunannnansvesuallalni (h) %dﬁmgaq@iuﬂszmm LAO (0.9899) LLa
@%ﬁq@luﬂi:"msm SAK (0.7920) anuwannnasvasiadlalng (1T) dergegaludszony PUT
(0.0153) LLa:@ﬁﬁqmluﬂizmm MON (0.0098) asuaasluans1efi 1 A1ANuMaINAANLNS 2 ot
Tugradony dszmnsdululszmelnefasdnnsanwannawnsiaf (Fucharoen et al., 2001;
Besaggio et al., 2007; Lertrit et al., 2008; Kutanan et al., 2011a; Kutanan et al., 2011b)

INNIANWIUAT intra-MPD va3U5ea1n3 ﬁ]zﬁ@h@"hq@ lutlsznns MON (5.5254) uay
gagaluilazang PUT (8.6956) (@197 3) s’fjau,amﬁomiﬁmmmﬁauﬁ'umdw”uﬁqmiu (genetic
homogeneity) #38n13ifia recent divergence lusratnslszanIrinen luvmeiidaatnalu
Usz31n37190 IndAuiuulIn19WugnITN (genetic  heterogeneity) mﬂﬁq@ nude
RN inter-MPD aglumﬁ:mﬁd 7.2024 ©9  10.2660 ﬁaa@”&n@inﬁmga e

WU UAUNANITINENUINNIUIunounind (Bodner et al, 2011) TILFAIDINTH
lavsasamenignasuiuandiuszwinsszmng
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{ ' . [ ' £ ) '
@139 5 6 intra-MPD (\§UNLEIYN NIBUFWADY) A1 corrected MPD (AIAIT1Y) WAz A1

inter-MPD (A391%37).

KHM MON SUY BON SOA LAO PUT YOH SAK KAL

KHM | 7.1242 7.4937 7.9806 7.4471 8.4136 8.0042 8.2767 7.6869  8.8677 7.2024
MON | 1.1689 5.5254 7.6245 7.2944 7.6267 7.6734  7.8098 7.0183  8.5008  7.5420
SUY | 0.3656 0.8089 8.1057 7.7808 9.2810 8.7221 9.0730 8.1452  10.2660 8.3389
BON | 04715 1.1182 0.3145 6.8270 9.0613 8.2143 8.6686 7.7921  9.9841  7.9695
SOA | 0.8353 0.8478 1.2119 1.6316 8.0324 8.7058 8.7055 8.0566  7.7794  7.5883
LAO | 0.1959 0.6645 0.4230 0.5546 0.4434 8.4924 8.8233 8.1484  9.0857 7.8932
PUT | 0.3668 0.6993 0.6723 0.9073 0.3415 0.2293  8.6956 83331 9.0682 8.0172
YOH | 0.4089 0.5398 0.3765 0.6628 0.3245 0.1864 0.2695 74317  8.4986 7.3743
SAK | 2.0591 24917 29667 3.3242 0.5167 1.5931 1.4740 1.5364  6.4929 7.3849
KAL | 03770 1.5160 1.0228 1.2927 0.3089 0.3837 0.4061 0.3952  0.8751 6.5266

1 a 6 a [J
3. AMNINALADIVDININNINWINL 32BN
NINTLANLVDITIWIBIURNUANGAINS (mismatch distribution)  LHwnIAL@TIZARINNT
WindwinvaddsesinsadnsTiasiluada (rapid population expansion) laguaadannATINANT

{ o , s , & o
N3238UaI3 WAL ENLANA1INWIzRIualdalni Lmazﬂiuﬂszmmuu ﬂ’]ﬂi’]Wﬁ]ZLﬂuEﬂ

o a

PELIKL maaaamwmqmﬁm (unimodal, smooth bell shape) WazNIYdeN raggedness index

9 a9

v ' @ & ' . a o A X
$auniInIainny 0.03 TIUNINNTRAN neutrality AAay TRNBDINTHIIWINLTZTINTIANTY
aaTa iy wdiansmeaasnWdninszneawuyldainane (multimodal,
ragged) ﬁﬁg@fﬂdg@mﬂﬂ’h 139 fie1 raggedness index ¥1NN31 0.03 WaZAT neutrality 1JWUIN
' = A o A A
tvuaniymMIlswindsesininasnuiduwizezian eI wn

MNT 4 LEAINTINNIINTZANBVBITIWIULLRTUANAI I %uﬂumwﬂ%uﬁugﬂs:my\mfﬂ
fRagigaiiusgaidsn 189092113317 KHM MON SOA PUT uaz LAO uazein raggedness
index 209Uz n519 3 HAesnin 0.03

Neutrality ~test 1un133ta5nzn1saafiuaztivasnsvasawialszans laosfinnses

Aa

U3 (null hypothesis) ﬁ'j’]ﬂi:mmﬁmm@mﬁ (constant effective population size) Wa31N
MIIATIEA neutrality test @861 Fu's Fs WAz Tajima’ D WuiNA1 Fu's Fs ludszsins KHM
MON SOA LAO uaz PUT fsn@aauatnauinuasdigdanniiaia (P < 0.05) (@131991 1) 37N
M3 neutrality test Wu3NUfL&5 null hypothesis widnen Tajima’ D 2 laifivpfamniaia

(gé’ﬂmu’amaaﬂiz"mﬂﬂummoﬁ 1)
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4. ANVFNNBSITHIUIzBINT

@397 3 LL&@Gizﬂzﬁ’]x‘lﬂ’]x‘]W‘l’%ﬁqﬂiiuLL‘]J‘.U pairwise difference (F,) LREZANLANAIAEN

st

L™ o

fhpdayn el nmaivuiisudszanidiwin 45 6 wuinlidwin 36 ¢ (80%) 7

'
™ o o aa =)

uaANEIaLNNRERIAYNIEDE (P < 0.01) f1 F, 7

[

o o @ a

ﬁﬂ"]gaLLa:ﬁuUmﬂmmmnﬁuamﬁamm

[

LANAINNNUEINTINTERINGIaId Tz NI Dawuden F, 32winatlseins MON BON uaz
SAK nudszmnsauiiniediguaziinddyniadd lwaneiedn £, szniedeang KHM
o A A A A, Ao o aa v ! o

nudsepInsdninaolagiuaziusdaynvana ontawsznivlszsing KHM - nu LAO

o g a

& ) ° iAo a A %
#ONINHH SUY 1az BON Hen Fy @l’]LLﬂﬂNﬁ%ﬂﬁ’]ﬂmV“{]’]\‘iﬁﬂ@ ‘ﬁdLL&@x‘iﬁx‘iﬂ’]iﬁIﬂiﬂﬁ?’]\‘iﬂ’]\‘]

W”ngwﬁmﬁauﬁ'm:wj’mﬂi:mm KHM nu LAO Waz SUY nu  BON Lilunsinawlain

1l & o [

Uszmnsfiondoagluudsinuanauas (SK) fd1 F, Nuandnuatnelifiioddy SOA PUT

= = cl @ o a A o A a a & ]
war  YOH Gausasfisnisfilassasiimenugnssafivalenny Gienafiaandulndiszniing
Uszmnsluudsnnuananas

JULULYBIANVULANANN W HINTINTERINYTZTINT INNTAWIMUAT F,, UAL
corrected MPD fan1ugaandadni (a13197 4) lapna SAK dlassainemenugnisuiuandis
mﬂﬂs:mmﬁumﬂﬁq@ 3898091178 BON MON uaz SUY enuaau

Lﬁ'aﬁwmw%neﬁmanzmﬁwmaw‘"ugmmma%’wLfluu,wuﬂﬁLLammmé'st”ufma
WHINTINUDL multidimensional scaling (MDS) uuy 3 & LNARIAINFNWWTNIIL TR TER TN
Uszzny (mud 5) wuddrininenduadluudsnmuanauasiiauninuge sniiusd SAK

o ' ' o A ' ° ' a {

(YOH PUT SOA uas KAL) Qnmaglungmﬁmnu TI0EATIAIUNIATINANVBIUNUN T AN
ﬂsz‘*mmﬁ@‘hmemﬂﬁﬂyﬂmmugﬁ LLamﬁomiﬁmmlﬂﬁ%@ﬁ'umaw”uqmm 13217115 SAK N
A o ] a o ﬁ = =} (% % ni ] 1
ummmummunﬂumaaaﬂ"lﬂ GmLLammmsuIﬂidasnmawuqmwwLL@ﬂma"LﬂasmaJ'm
atingl3Aa1a SAK LLammwwlﬂﬁ%@Vmw"’uﬁqnﬁm:%dwﬂizmnﬂuudoﬁﬁuanaummﬂnd’]
uwdanmulans KR) duishaulaiudiidezmn LAO azenduagluudsnmulans udrn
LAO naugniaaglunguidsinudszmnsluudsnnuanauas (SN) ilaNanandzanifiands
agﬂuua’qﬁimlﬂm“ﬁwuﬁ KHM ﬁw”uqmsﬂnﬁ%ﬁuﬁ'wma SUY uaz BON luumwsn MON &
° . A A a A =< A o A '
mme‘nvl,ﬂaaaﬂ"l,ﬂmﬂﬂi:mmaulmmugu GIT\‘JLLﬁ(ﬂx‘m\‘m’]i&JWWgﬂi‘m‘ﬂLL(ﬂﬂ@l’]x‘iaaﬂvL‘ﬂ

Namﬁl,ﬂsw:ﬁmn”@ﬂq’uﬂ‘szmﬂsﬁaﬂ"i% SAMOVA (@131991 5) WUIIINNNIRAKE

' o A ' ] ' A A

N§u891ETINT SEMIANIIN 2 NEN ldands 6 ngu dazmnsnuenaananandszanion
Uszzinaun fa SAK (2 ngu) 1nwwiuilszzins MON (3 naw) SUY (4 ndu) BON (5 ngw)
w8z KHM (6 ngw) FIN1INUTzTINT AN NN TETINTUINAZUAAINTL AULANFIIN
o P ¥ a4 o . X ;
wm;ﬂﬁumnﬂs:‘*mmé‘uamamﬂ mﬂumﬁaLwummuﬂqugwuﬂiz*’mmﬁumaaﬂmﬁazﬁ
ANULANA NN INBTNTINTBIRINN AL ﬁnﬂmﬁmsﬁ:ﬁmwuN”uLLiJimaw”uﬁqﬂﬁszN

ngulszrng (F,) woihddgegaidiaiinsudenguidszonii 6 ngu (0.0728, P < 0.01) Ting
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ﬁ‘z\‘i 6 UYsznauaiy ﬂﬁj;&l 1: SAK ﬂﬁjw 2: MON ﬂﬁjw 3: SUY ﬂﬁju 4: BON ﬂﬁju 5: KHM ﬂﬁju 6:
YOH PUT SOA KAL uaz LAO

= A ' ' a
$9n15N1UT211nT SAK MON SUY BON uay KHM Lmﬂagﬂua:ﬂqmmmﬁamm
w”u’gﬂsswﬁl,mﬂ@mﬁ'u TuameN1sz11nT YOH PUT SOA KAL Uaz LAO Qm‘i’@ag‘lumjmﬁmﬁ'u

Qs { v et A % a
LL&@GﬁGﬂW?ﬁW%gﬂiiNﬁﬂE\]’lﬂﬂ% TINAVDY SAMOVA Hanugaanaainy MDS

Dimension 3 7

09 suy
02

J:,-'t

d. a [ o 6 Qs - . . A o
NNAN 5 LLN%Q3JLL&@N@]’J’]&]K&JW%’EYI’NW%ET]SSNLL‘iJ‘]J multidimensional scaling (MDS) N&31331n

FZUTWNNWWUINTINLUL pairwise difference (F,) aN®ILaVaIUTETINTUEASIUANTIN 1
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M15191 6 NMILATIZH SAMOVA aNuILavaIUTZTINTUEAS AN TN 1

JIUIN sanznzaslszanslunaaznga F,,
naa

2 SAK | KHM,MON,SUY,BON,SOA,LAO,PUT,YOH,KAL 0.1276

3 SAK | MON KHMSUY,BON,SOA,LAO,PUT,YOH,KAL 0.0849
SUY,

4 SAK | MON BON KHM,SOA,LAO,PUT,YOH,KAL 0.0809
SUY,B

5 SAK | MON ON KHM SOA,LAO,PUT,YOH,KAL 0.0713

6 SAK | MON SUY BON KHM SOA,LAO,PUT,YOH,KAL 0.0728

SOA,
7 SAK | MON SUY BON KHM KAL LAO,PUT,YOH 0.0693
8 SAK | MON SUY BON KHM SOA KAL | LAO,PUT, 0.0702
YOH
9 SAK | MON SUY BON KHM SOA KAL | YOH | LAO, | 0.0664
PUT

AW ILEAITEALRIRIANINEDA N1 P< 0.01

F_, = Fixation index among groups
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5. AMNANNWEITUINNHINIIN DAAFAT UATNIBINGA

Lﬁafumﬁ:ﬂmaa%aLLazm'mLL@m@i’mmaw”u'qmimTaaﬁ% AMOVA (@m’mﬁ 6) law¥in
MIUINFUUITTTINIANAIWING (AA U8z TK) LLazﬁﬂwm:magﬁman (SN 18z KR) e
ﬁﬁmmwhm'];uN”%Ll,ﬂsvmwmgﬂﬁm:wmﬂéjwﬂs:ﬂj’mi wu*j'lm']uw"’uuﬂssmiwmjwﬂs:mm
aa@ﬂa”aaﬂ”umil,l,ﬂamjmmé’ﬂwmzmagﬁmam‘f (F,=0.0468, P < 0.01) faRansonyszzing
1uLL@iazﬂﬁjugﬁﬂﬂam‘?’wmﬂmwuw”ul,l,ﬂﬁzmwﬂimm (among populations, F.) Toudsfisy
&NAWAT (F, = 0.06902, P < 0.01) LazusslaTw (F, = 0.07900, P < 0.01) Aftasninanun
w3929 s21n939W (overall F,, 0.09889, P < 0.01) NNHAGINEILEAITIUTZINN IR FE
atlundpiiaaasianulndanianuonisw TagUszannsluudsfinuanannsdanalnadani
annidszmnslunssisulesm

LL@iLﬁaﬁﬁnim’méjuﬂizmﬂsmummwu@ wmhmmﬂTuLLﬂsi:MNﬂg;uﬂszmﬂsvl,aj
§OAANBINUNIULNNGUAUABING (F, = 0.00913, P > 0.01) s'fidmmN“'uLLﬂimaw"’ugmmmu
i) (Fauas 89.74) Lﬁ@w%umtﬂuﬂéuﬂsw’mi (F. = 0.09434, P < 0.01) luvauedl anurinuls
NINUINIINENIBEAE 9.35 Aadu szrisdszins (F, = 0.10260, P < 0.01) lagiszm1ns AA
ﬁ@h@muw"’mmsmaw”ugmm (F,=0.10681, P < 0.01) ¥1nn31 TK (F, = 0.07820, P < 0.01) o9
LLamﬁamiﬁImaa%"wmaw”uqmmﬁ@mﬁ'uazmmmjaoﬂi:"mﬂsﬁwﬁmmngaua@me
innin-nla

miﬂ@ﬁam&lummﬁia?mﬂzﬁ correlation test Waz and partial correlation test T2#%314
Lm?ﬂéfmaasw:mamaw‘”uﬁqmm (mﬁa'ﬁi 3) T2ULH NN LLazizﬂzﬁwowﬁaQﬁﬂﬁam§
(mﬁa‘ﬁ 2) HANITANHINLAN izyzﬁﬁowﬂaw”uqﬂiiuaa@mi’aaﬁ'mw:ﬁwmmﬂﬁmm%
[correlation test (r = 0.4713, P < 0.01) WAz partial correlation test (r = 0.4449, P< 0.01)] WAWUI
szm:ﬁnmdw”ugmmvlajaamﬁadﬁ'mw:mamamm [correlation test (r = 0.1735, P > 0.01)
LR partial correlation test (r = 0.0008, P > 0.01)] WONIINUWETINUIN T2H2HINIINEN UAE
3wzmamagﬁma@ﬂﬂaa@ﬂﬁaaﬁ'u [ (correlation (r = 0.3667, P > 0.01) WLz partial correlation

(r=0.3281, P > 0.01)]
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A15190 7 MINATIER AMOVA aNwILaTaIUTZTINTUEAS AN TN 1

TAUANMNKNWLLUT (SaBRz)

PN PIUIU

nfa | dwemng a b c Fy F. F
neEns
nnizmng 1 10 90.11 9.89 0.09889
SN 1 5 93.10 6.90 0.06902
KR 1 5 92.10 7.90 0.07900
SN/KR 2 10 88.235 7.081 4.684 | 0.11765 0.07429 0.04684
1}l
NnyszpIng 1 10 90.11 9.89 0.09889
TT 1 5 92.18 7.82 0.07820
MK 1 5 89.32 10.68 0.10681
TT/MK 2 10 89.74 9.35 0.91 | 0.10260 0.09434 0.00913

FIRURAITEALREANEAa 7| P< 0.01

a = muluudaztizang; b = nivdsemnimelungudsiny; ¢ = zwing
nyuadlETIng

F, = Fixation index among populations and groups

F = Fixation index among populations but within groups

F_, = Fixation index among groups

AA = Austro-Asiatic linguistic family; TT = Tai-Kadai linguistic family; KR=

Khorat Basin; SN = Sakon Nakorn Basin
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6. NIAALAanluLAR
{ ! . e 1 & = Qs

@13197 8 WRAIAN posterior  probability VaILARINLARTILFAIAINUFNN BTN
Ao AR A A A a = o
Fawmnesdszoinindans (Mnd 2) laslues 2 Saduluieanaduisfisanununlsnig
w”u'gmsmaaﬂs:mmﬁﬁnmiﬁ%’uﬁw%wamnnﬂﬁmm‘f §i@1 posterior probability g9§@ (INN7
% d' o v ad [ d! =S a d'
0882 87) LU IMAI83D AR LAz LR Iunmmu threshold sml,l,ammmsauuagl,u‘[mmﬂ

2

M139N 8 @ posterior probabilities luudazluaa nmsiwIue83d acceptance-rejection

procedure (AR) Wz weighted multinomial logistic regression (LR)

Threshold | Model 1 | Model 2 | Model 3
AR

100 0.090 0.910 0.000

200 0.070 0.910 0.020

300 0.077 0.907 0.017

500 0.078 0.904 0.018
LR

25000 0.009 0.873 0.118

50000 0.006 0.870 0.124

75000 0.005 0.883 0.112

100,000 0.004 0.906 0.090

o d'l a 1 v ad ai o o =) [l d'l =) v
NANNTANWITH type | error LwaﬂizmmwagaLLamﬁms'ﬂmﬂmaaﬂIm@amwjanavl,@
A l d'l & ' v v [ % s e A A &
W39 Liesannluiaand 3 wuu ﬂaumaﬂmﬂﬂuLLawaHawuqmamumemama"Lﬂwmum
a A a ) § = A A A o o \
3y mumimma@lugﬂLu_luLLaIaJaVLmJﬁmQﬂwmmLﬂmwmmsammymawuqmm 1 AR
lagazdnuins type | error 1935 AR Uaz LR wazazld5zauead probability threshold @due 0.5 A9
1 HANNTANEI (AN3199 8) IINNNTHN simulation  $143% 50,000 A3 WUINAT probability of
recognize the right model 78435 LR §9ni1 AR lasawiziiiaiAuszauzad probability threshold
o X . < g . . . .
1%6;(\‘1“11% udagnalshanuns 2 3% (LR ez AR) Qzfien probability of recognize the right model
JLAUFY (WNNT7 0.6) Liladn decision probability threshold L¥iN 0.5 uazidialuiaafigneaslal
gmﬁaﬂ (not assigned) A" probability of recognize the right model ﬁ@i’lgd&l’]ﬂi@ﬂLﬂW’l:Lﬁ@‘i:@m

decision probability threshold fiéng4 (0.9) Feuaasiisilszdninwuasit ABC fildihaunsaidan

IZJL@RVL@TE}TI@T@G
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4' o o L a o n:i v ad
AN 8 NANIIANWITH type | error ﬁ’]‘ﬂﬁJINL@QYI']G'J']%\IWTTTW‘JY]VL@H]'ITYJ‘E ABC

AR

LR

probability of recognize the right

probability of recognize the right

model model
probability probability
Model
threshold threshold
1 Model Model Not Model Model Model Not
(true) 2 3 Assigned 1 (true) 2 3 Assigned
>0.5 0.49 0.1 0.01 04 >0.5 0.59 0.12 0.06 0.23
>0.6 04 0.02 0.01 0.57 >0.6 0.54 0.07 0.03 0.36
>0.7 0.33 0 0 0.67 >0.7 0.45 0.05 0.01 0.49
>0.8 0.2 0 0 0.8 >0.8 0.35 0.03 0 0.62
>0.9 0.08 0 0 0.92 >0.9 0.19 0 0 0.81
Model Model
Model 2 Model Not Model 2 Model Not
1 (true) 3 Assigned 1 (true) 3 Assigned
>0.5 0.08 0.45 0.06 0.41 >0.5 0.07 0.61 0.18 0.14
>0.6 0.03 0.33 0.01 0.63 >0.6 0.04 0.5 0.07 0.39
>0.7 0.01 0.26 0 0.73 >0.7 0.01 0.41 0.03 0.55
>0.8 0 0.11 0 0.89 >0.8 0 0.32 0.02 0.66
>0.9 0 0.05 0 0.95 >0.9 0 0.17 0 0.83
Model Model
Model  Model 3 Not Model Model 3 Not
1 2 (true)  Assigned 1 2 (true) Assigned
>0.5 0.02 0.08 0.59 0.31 >0.5 0.04 0.09 0.7 0.17
>0.6 0 0.05 0.37 0.58 >0.6 0.02 0.06 0.61 0.31
>0.7 0 0.02 0.16 0.82 >0.7 0 0.02 0.49 0.49
>0.8 0 0.01 0.04 0.95 >0.8 0 0.01 0.38 0.61
>0.9 0 0 0 1 >0.9 0 0 0.23 0.77
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ayluazinsatuansnanag
% o A & A A = < X, [%
nndayadduinavesfidualulnaawaIsuTiam HVR1 - 284n13@nsassiiinld
sanndnsaNuEBLlIMInugnIInluszaundnia (micro-geographic level) uazadufians
sanadan ULl IINUIN TN lungundnuinuainwansrasmaaziueanidouniie lay
Uasuniedunieans uaz/mia N fonadinadannuniulimisnugnisuzeddsznnsly
saupiinia nid uazilan Ssaududinufiviimodasin molecular anthropologist ua 1in
= & Q
Wu‘gﬁ’lamf‘&%ﬁ:}ﬁ (Helgason et al., 2004; Relethford, 2004; Jay et al., 2013) sﬁﬂwﬁﬂ@m
a9nagd bidNngumIdnm lunaasiteanidsanile HAN1TILATIZA Mantel test AMOVA
& v Q 1 ~ Qo v a =) =) 1 U
SAMOVA uaz ABC @ilanwseandasnuuaaiitdaivdundeaaidaninadelasiairouas
v o ¢ | A= i . . A ! ' A
ANMNFUNUT Tz IIU T nINAnE1auluLea isolation by distance (IBD) T4na1131U3em1nIN
aduagluiunidoiuazansuzgiimaainasonuzdiugnasiniiounuanniidszmnii
onduludunlnasanly (Wright,  1943;  Slatkin, 1993) lasanwmzpiiaiaaizainia
o | ' \ A A
avinsanidioanilovasdszinalng saunsautadu 2 &u Ae wasnulens (KR) Tadw
a ai ni = a s ] o ni a
vinunlmninyammaznasealanadada (AA) erdoagidudwininn luvmenuiinm
oA A A A
uwdanmuanauas (SN) aziinguiszzinsinanimaszpain-nzla (TK) Ssewswanandszine
Mmuazisawn andoagidudtumanin
oA A @ @
luudsnnuanauas dszmnindnmdsznaudan 131d (SOA) ln (PUT) Inuan (SAK)
a o A . A { o 1
Nz (KAL) uazlngfa (YOH) 49 SOA iludszmnsidmlundsnmuanauasniiniswainag)
lungu AA  Tuwanizfidszmnsfimlananis TT  snlddauguwdavegluinauisdidam
Uazinaan lull a.¢.1844 aalduedinldanow hgduuanvasdszinelng andoagluiva a.
6 a 6 A Aa v A 1 v [
NENAYE NHANMIATIZE ABC (Mwfl 2) TuiaameTiamwnisfiase wudimalddlasaing
NINUENIINNAR18AUUIETINI8UlULEINTIVANAUAT FIFLNAAINATII8194AAIINNTT
HEUHEI BN NN UTANINIzRI T lFuazdszrinidhadsanasannniranswidianandoly
Usznalng Wavszanm 200 dNkUuN wanaNUUA1IN SOA AU PUT wae SOA AU YOH Hug
& A v L ° v § a @
lalndiwiiounu 96 waz 5 waldalnd awdey (@199 2) azaduayulasiainens
WHINTINNAMENUIEY SOA uazlszrnsdnaLaes

Twpnizdszmnslusdsinuanauassiulngdlossaiimenuonsufiadionu snciu

s a @ o A ' | = o a &
SAK IR NI@]?\‘] ai’]ﬂﬂ’]\jwuqﬂiiu‘ﬂ LLANAIND aﬂle] DHINNUIN DIFUL ﬁ%uﬁnﬂ NANIIILAINCH
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pairwise F, (13197 3) MPD (@13797 4) k8 SAMOVA (@139 5) 3NAaNg a1
Uaddemaas s lnuananswinandsamaisawa whgdszinasy luuSnauasdaion e
Uszunne 380 DNruun antiu SAK ldawswduwiihlaadigiuadiniauasnuy dezineing
Watszanm 200 ddman lassashimeanuansmunuandszes SAK anatfiaifiadnndning
6 . A Aa Aa 6 A P23
maaﬂﬁﬂgmimﬂamm (bottleneck effect) (Davis et al., 2011) Fuduaudnasnvisianits lag
dzmnikenainmsasiwinwandiadosnsaunanluszndnansanew 39vinlwuszonsszaw

o . 6
AFTULANATILREAITNARINARND mwwuqmma@m (ﬁﬂ’]ﬂ?’l&lﬁﬂ’]ﬂ‘ﬁﬂ’]ﬂ"ﬂ QGLL‘EIIIJE\IVLV]‘IJLLat

1 ] v
o A a

intra-MPD énfig@) uananuudannifissdmiunisdangunimzes SAK lasdinamanaas

9

' oA \ A o &
NFUANTEINNMBINAL297717 SAK unm AA aszpatasnay-iwas lumeidnnsmaas
naulnddanmuanliagluaszga TK aszpatonlninile (Smalley, 1994; Schiiesinger, 2000)

a e & A 1 = [ o 6 d‘i/ v
HaIINMTIATIERaLEwe lulnaawads wudn SAK danusunusnmagesslnanueni SOA
(WA AA)  4NNIga NMIANBITIIANNFNNUTIETRTNMBIUATRUENTINEIMIBAN vinlw
susnauuuIdszrinsfinsnalndidoenuazdlassadransnuonasuniadionu

(Barbujani and Sokal, 1990; Cavalli-Sforza et al., 1992; Barbujani and Pilastro, 1993; Boattini et

(7
o o

al., 2011) auumnﬂﬁﬁﬂﬂﬂﬂ%’dﬁwmﬂmﬁ@ﬂgi&lmmmad‘*maLLaﬂ"lajaaﬂﬂéTadﬂyuimda%ﬁd

maw“’ugﬂﬁu azhd"l,iﬁmumwsamaﬁmaa%om@w‘”ugﬂﬁmaa SAK a13lasudnswaan

% '
o A Aa 1

1230 uNTanswainnIn VD) Jensas

[
A o

luugansulans dszmnsndnesdnanua 5 Ys=u1ns Aawaus (KHM) 113u% (BON)
) = { 2
878 (SUY) wany (MON) Faiuilszmnininan1masenauan-Luus (AA) UazT188 4 (LAO) 39
wanmasznan-nzle T1andauninoiinguanifiamdan udlidynalng lavan
a 1 Q ni u.z 1 s = A %
dmwdunguannanfiendoadluniaazineanifosniiovesdizinalng awnangiunig
UsGengas maﬁmuawsrwmmﬂﬁmmumaaﬂs:mﬂmﬂuﬂm}ﬂu lue19529319 @.4.1827 B4

[
[ s 1

1870 WNINRNLNIBTN maﬁ]:magluudoﬁﬁﬂmﬂ"ﬁ LAUTETINTAINEIINAUTAMNIFUN BTN

u

L%amsﬂ,ﬂ5°Tmﬁ'uﬂiz°ﬁ’mﬂuuédﬁﬂuaﬂaum gﬂLLUUﬂ'JWNéIEJWuu‘Eg@w\‘]ﬂEh'J mmﬁmnmnnwﬁﬁu
o a_ A o o A @ ] a roA
NILBALABINY LLﬂﬁ‘ﬁﬂx‘]"ﬂ’]ﬂ“ﬂi’]WUWL“I]']?J']EthZW]ﬂVLV]ﬂ °1jnamml,a::ﬂ‘izmmvlﬂ-ﬂ:"l@slul,l,aamm
£ [ Qs v = a = & n:?(tv a A [l 1
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haplotype (Sequence)

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACC
CACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTATAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCTA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAATTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCTCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCCTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCTA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAA?ACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCCCCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAAATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATTAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
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GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACCAGGATACCAACAAACCTACC
CACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGCACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCTCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCCTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCTCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCCTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTACTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
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AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGATCACCTGCAGTACATAAAAACCCAATCCACATCAAACACCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTGGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ATCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCGTCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAATCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTCAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCCTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAATCACTAGGATACCAACAAACCTACCC
GCCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG
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ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
AGTCCCTTGGCCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCCTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACGGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACC
CACCCTTAATAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GAGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAGCCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAACCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCTCATGGATGACCCCCCCCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGGCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
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CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGAATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCAGGGGGAAGCAAATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTACTTCGTA

CATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTCAACAGTACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCATCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTAACCACCTGTAGTACATAAAAACCCAATCCATATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCA?ATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAA?AGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCACCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACTCAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCTAC

CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG
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TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAAGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
TTTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCCCCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCTAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCTAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTGGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG

TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCAGGGGGAAGCAAATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAGCCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATTAACCTTCAACTACCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCCTCTCGCCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTGGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCCAC
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CCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTAACCACCTGTAGTACATAAAAACCCAATCCATATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCAGGGGGAAGCAAATTTGGGTACCACCCAAGTATTGACTCCCCCATCAACAACCGCTATGTATTTCGTA

CATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCATCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATTAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTTTTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCTA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCCAC
CCTTAGCAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGTAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACCCCAAAGCCATCCCTCACCCACTAGGATACCAACAAACCCACC
CACCCTTAATAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
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GAGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATTAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTTACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAA-
CCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGTAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCT
CACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCG
TCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGG
GCCCATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAA
ATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGTACATAAAGCCTTTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCAGGGATGACCCCCCTCAAATGGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCAACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCTTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCCCCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAA-
CCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGTAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCT
CACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCG
TCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGG
GCCCATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAA
ATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACACCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCAAACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGACG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCCTCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAACCCAAAAAGCCCCCACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCTCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
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CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGAG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTGCCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAGGCCACCCCTTACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCC
ATCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAGGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGGCCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAATCCTCAACTATCACACATCAACTGCAACCCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAATAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGAG

TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGAG

TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
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TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCTCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCCAT
CCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGGCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCCCCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC

CCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCCA?CCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCATTCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCCACCCAC
CCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGAG

TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA

CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCA?GGGGAAGCA?ATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTAC
ATTACTGCTA?CCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAATCCACATCAAAACCCCCTCCCCATGC
TTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCAC
CCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGG
TCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAA
CTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAACCCCCCCCCCCAT
GCT?ACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCATATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACCAGGATACCAACAAACCTACCCA
CCCCTAACAGTACATGGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
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AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCCCACCCACTGGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAATTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCATCCCTCACCCACTAGGATATCAACAAACCTACTC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCAACCTCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGCACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCC
ACCCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTCCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGGCCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAA-
CCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGCACAGTAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCT
CACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCG
TCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGG
GCCCATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAA
ATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
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AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTCACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GATCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGATCACCTGTAGTACATAAAAACCCAATCCACATCAAACACCCCCCCCCAT
GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACC
CATCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCC
CCCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCCCACCCACTGGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGTCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATCGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCC
CCCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGATCACCTGTAGTACATAAAAACCCAATCCACATCAAACACCCCCCCCCAT
GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACGCATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACC
CACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAATCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG
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ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACTACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTCAACAGTACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGA
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA

CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT

GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACACATCAACTGCAATTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTCCTCGTCCCCATGGATGACCCCCCTCAGATAGG

GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCGACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATTC
ACTCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAATCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGCACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTGGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACCCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGCACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTGACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAACCATTCACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGGCCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
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CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGAATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCC-
AACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCC
TTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAACTGT
ATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCAACCTCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCTCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGAATACCAACAAACCCACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGA
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCTCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCCTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTATTTCGTA

CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT

GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCTTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG

GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTTTTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACTC
ACCCTTAACAGCACATAGTACATAAGGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACAAAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATTAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGGCATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTATCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCACACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
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CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCTCCCCCCCAT
GCTTACAAGCAAGCACAGCAATCAACCCTCAACTATCACACATCAATTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTCACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCACCCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCT
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCACAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACC
CACCCTTAACAGTACATGGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCTCTTCTTGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCCTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCTATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCGACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCACCCCCCCCCCCCCAT
GCTTACAAGCAAGTACAACAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCT
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG
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ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGTACATAAAACCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCACAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
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GCTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACC
CACCCTTAACAGTACATGGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCTCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCTACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACTCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCTTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGCACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAATACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCAACCCCTCACCCACTAGGATACCAACAAACCTACCT
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCATCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCATACATCAACTGCAACTCCAAAGCAACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCAACCTCTCACCCACTAGGATACCAACAAACCTACCT
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAAAAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCTCCCCCAT
GCTTACAAGCAAGTACAGTAACCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCC
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ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACCCCAAAGCTACCCCTCACCCACTAGGATACCAACAAACCCACC
CACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAG
GAGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGCACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAGGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACTTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGTCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGCACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAGGT
GAACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA

CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTAACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGG
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GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
AGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCA
TCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATC
TGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGATCACCTGTAGTACATAAAAACCCAATCCACATCAAACACCCCCCCCCATG
CTTACAAGCAAGTACAGCAACCAACCCTCAACTATCACGCATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCCCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAATCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGCACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
AGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACCTAAGAGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACTCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGTCACCCCTCACCCACTAGGATATCAACAAACCTACCCA
CCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAACCCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCGACTGCAACTCCAAAGCCACCTCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGTCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAATTCCCCCCCCATG
CTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCA
CTCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
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ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCTCCC-
CCCCATGCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAAC
CTACCCCCCCTTAACAGTACATAGTACATAAAGCCATTCACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCA
GATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGC
TAAAGTGAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAACACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAACCCCCCCCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCAACCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGTACATAAAGCCATTCACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATGAAAACCCAACCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGAAGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTCAACAGTACATAGTACATAAAGCCATTTATCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCCATGTACTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACCGCAACTCCAAAGCCACCCCTCACCCACTAGGATATCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGTCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCTAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAACCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCAT
GCTTACAAGCAAGTACAGCAATCAACCTTCAACTAGCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCC
ACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGG
GGTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTG
AACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG

ATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
CATTACTGCCAGTCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATG
CTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCATCCACTAGGATACCAACAAACCTACCCA
CCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGG
GTCCCTTGACCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGA
ACTGTATCCGACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAATAAGACATCACGATG
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Abstract

Several literatures have shown the influence of geographic and linguistic factorsin
shaping genetic variation patterns, but their relative impact, if any, in the very heterogeneous
Northeastern region of Thailand has not yet been studied. Thisarea, called Isan, is
geographically structured in two wide basins, the Sakon Nakorn Basin and the Korat Basin,
serving today as home to diverse ethnicities encompassing two different linguistic families,
i.e., the Austro-Asiatic; Suay (Kui), Mon, Chaobon (Nyahkur), So and Khmer, and the Tai-
Kadai; Saek, Nyaw, Phu Tai, Kaleung and Lao Isan. In this study, we evaluated the relative
role of geographic distance and barriers as well as linguistic differences as possible causes
affecting the maternal genetic distances among Northeastern Thai ethnicities. A 596-bp
segment of the hypervariable region | (HVRI) mtDNA was utilized to elucidate the genetic
structure and biological affinity from 433 individuals. Different statistical analyses agreed in
suggesting that most ethnic groups in the Sakon Nakorn Basin are closely related. Mantel
test revealed that genetic distances were highly associated to geographic (r = 0.445, P< 0.01)
but not to linguistic (r = 0.001, P> 0.01) distances. Three evolutionary models were
compared by Approximate Bayesian Computation. The posterior probability of the scenario
which assumed an initial population divergence possibly related to reduced gene flow among
basins was equal or higher than 0.87. All analyses exhibited concordant results supporting
that geography was the most relevant factor in determining the maternal genetic structure of

Northeastern Thai populations.



Introduction

Northeastern Thailand or Isan is geographically located on the Khorat Plateau.
Nearly exactly as wide as one third of Thailand, with almost the same population size, Isan
shares borders with Laos to the north and the east and with Cambodia to the southeast. The
Phu Phan Mountain Range straddles its northeastern interior, separating it into two wide
basins, the Khorat Basin in the southwest and the Sakon Nakhon Basin in the northeast
(Figure 1). Numerous archaeological excavations, e.g. in Ban Chiang sites, indicate that Isan
was primarily inhabited by prehistoric people. The Chaobon and the Suay, who speak
languages classified in the Austro-Asiatic family, sub-family Mon-Khmer, are regarded as
the original inhabitants in this region before any prosperous civilizations.> During the
historical period multiple evidence show that, prior to Angkor influence, the Isan region was
dominated by two competing kingdoms: Dvaravati, a Mon-Buddhist culture from central
Thailand, and Chenla, a Khmer-Hindu culture from Cambodia. During the early 9" century
A.D., the Angkorian Khmer state was established. 1san was then integrated into the state as
reflected by several remarkable archaeological records, particularly abundant in the Khorat
Basin.'? Inthe 14™ century A.D., the Khmer civilization declined and was unable to resist to
the Tai-Kadai speaking people who established the Kingdom of Lan Xang centered in Luang
Prabang, in the present-day Laos. Between the late 18" and the early 19" century, during the
war within the Lao kingdom, the dissidents began taking refuge into the area of 1san; this
represents the first documented evidence of migration from Lao to Isan region. Againin
1827 A.D., an enormous number of Lao people were forcibly migrated to Isan’, thus
increasing the dominance of Lao culture in the I san region but, at the same time, weakening
the populations of modern-day Laos.” At that time, besides the Lao people, other ethnic
groups from Laos and Vietnam migrated to the area of Northeastern Thailand, including

several Tai-Kadai speaking groups, e.g., Phu Tai, Saek, Nyaw and Kaeung as well as the So,



one of the Mon-Khmer speaking populations. Most of them lived in villages along the
Mekong River and its tributaries in the Sakon Nakhon Basin. In 1893 A.D., the Isan region
became part of the Kingdom of Siam (Thailand) as a result of the Franco-Siamese War."3
Isan’slong history as well as variety of ethnicities (approximately eighteen groups
populated in two distinct geographic locations) make this region an excellent area to elucidate
genetic variation and its tentative influencing factors such as geography, language, and
culture. A genera and simplifying assumption when studying linguistic variation among
populations is that a common language frequently signifies a common origin and arelated
language indicates a common origin further back in time.> Such linguistic relationships
should be reflected by genetic variation and might be correlated with geographic distances
according to amodel of Isolation by Distance (IBD hereafter). Under IBD, current patterns
of genetic variation would basically result from the interaction between genetic drift (i.e.
random fluctuation of allele frequenciesin time) and dispersal of individuals between
populations, neglecting al gene flow processes other than those in which movements of
individuals from their birthplaces are local and random.®® The correspondence between
geographic, genetic and linguistic distances would hence be explained by this simple model,
except in those cases in which complicating dynamics would affect the expected relationship
between geographical distances and genetic and linguistic diversity. These complicating
dynamics can be represented by processes of linguistic assimilation during migrations or by
the presence of migration resistance factorsi.e. geographical barriersto gene flow. In some
cases, even language differences themselves can somehow act as a barrier to free gene flow,
enhancing the genetic differentiation.**? In Thailand, where both geographic and ethno-
linguistic diversities exist, our previous researches showed the influence of both linguistics

and geography on genetic diversity of peoples residing exclusively in the North of



Thailand.***®> However, it is till not clear how, and to what extent, these two factors are
related with the genetic variation of Northeastern Thai populations

Maternal inherited mitochondrial DNA (mtDNA) has been proven to be a powerful
genetic marker to infer population history in regional and continental frameworks'®*®,
however, until now, only four studies on genetic variation of five Northeastern Thai
populations (i.e., Phutai, Chaobon, Thai Khon Kaen, Thai Khorat, Thai 1san) have been
published.’*#

In the present study, we analyzed new mtDNA data of ten Isan ethnicities speaking
languages belonging to two major families, namely the Tai-Kadai (Saek, Nyaw, Phu Tai,
Kaeung, and Lao Isan) and the Austro-Asiatic (So, Suay, Mon, Chaobon and Khmer), and
inhabiting two geographically separated wide basins, namely the Sakon Nakhon Basin (Saek,
Nyaw, Phu Tai, Kaleung and So) and the Khorat Basin (Lao Isan, Suay, Mon, Chaobon and
Khmer) to evaluate the relative role of geographic distance and barriers and linguistic
differences as possible causes affecting the maternal genetic distances among Northeastern

Thai ethnicities.

Materials and methods

Samples and DNA extraction

We studied 433 maternally unrelated individuals (for at least three generations) from
ten ethnic groups, namely Khmer (KHM), Mon (MON), Suay (SUY'), Chaobon (BON), So
(SOA), Lao Isan (LAO), Phu Tai (PUT), Nyaw (Y OH), Saek (SAK) and Kaleung (KAL), of
the Northeast of Thailand. The studied populations were linguistically classified into 2
groups, Austro-Asiatic (AA) and Tai-Kadai (TK), and geographically separated into two
groups, Sakon Nakhon (SN) Basin and Khorat (KR) Basin (Table 1 and Figure 1). General

information about the studied populations are listed in Table 1. Prior to sample collection,



information on linguistic, cultural aspects, village and individual history was obtained by
interview and the informed consent was signed. Buccal swabs were collected from each
subject by using a brush embedded in Gentra Puregene Buccal Cell Kit (Qiagen, Hilden,
Germany). Genomic DNA was extracted from the collected buccal cells using Gentra
Puregene Buccal Cell Kits according to the manufacturer's protocols. The use of human
subjects for this study was approved by Ethics Committee for Human Research of Khon
Kaen University, Thailand.
Inserted Figure 1 here
Inserted Table1 here

mtDNAamplification and sequencing

The mtDNA control region (np15704-430) of the ten ethnic groups was amplified
using published primer pairs (LLmt-A, 15704-CATAGCCAATCACTTTATTG-15723;
LHmt-E, 430-CTGTTAAAAGTGCATACCGCC-410).% PCR reactions were performed by
using nPfu-Forte DNA polymerase (Enzynomics, Dagjeon, Korea). Each PCR reaction mix
had afina volume of 50 ul consisting of 5 ul of 10X nPfu-Forte buffer, 5 ul of 200 uM
dNTP mixture, 2.5 ul of each 5 uM PCR primer, 0.5 ul of 2.5U/ul Pfu polymerase, 0.5 ul of
50 ng genomic DNA and 34 ul of distilled water. PCR reactions were performed under the
following conditions: 2 min at 95°C for an activation step, followed by 35 cycles of 30
second denaturation at 95°C, 1 min primer annealing at 56°C and 1 min extension at 72°C,
and 5 min at 72°C for afinal extension step. After visualization on a 1% agarose gel with a
100 bp DNA ladder (Norgen Biotek Corp, Thorold Ontario, Canada), amplicons
(approximately 1,200 bp) were sent for purification and sequencing of hypervariable region |
(HVRI) (np 15897-100) with a published set of primers'® (SeqLmt-A, 15897-
GTATAAACTAATACACCAGTCTTGT-15921; SegHmt-E, 100-

CAGCGTCTCGCAATGCTATCGCGTG-76) at Macrogen Inc., Seoul, Korea. The



sequencing results were edited, assembled and aligned with the revised Cambridge Reference
Sequence” using SegScape software v2.7 (Applied Biosystem, Foster City, CA). The HVRI
sequences of all samples were submitted to GenBank (accession numbers K J205639-

K J206068).

Statistical analyses

Genetic variation within population and demographic parameters

We identified the polymorphic sites of the mtDNA sequences of 596 nucleotides (np
16001-16569) using DnaSP v.5 software.* Parameters of genetic diversity within
populations, i.e. mean pairwise differences (MPD) or intraaMPD, number of segregating sites
(9), nucleotide diversity (), number of observed haplotypes, and the haplotype diversity (h)*
were calculated by Arlequin v.3.5.° The demographic expansion parameters, i.e., a
raggedness index value (r)*’as well as neutrality estimators such as Fu's Fs® and Tajima's
D?, were computed by employing the same software. The number of shared haplotypes was
determined for each of the 45 possible population pairs by a simple gene-count method.

To compare the genetic variation among populations, we cal culated the mean pairwise
differences among populations (inter-MPD) and a measure of genetic distance between pairs
of populations based on pairwise difference (F«, Significance tested by permutation). To
characterize population affinity, we plotted in two dimensions the so calculated genetic
distance matrix by means of a multidimensional scaling (MDS) using the available Statistica
v.10 demo (StatSoft Ltd.). Spatial analysis of molecular variance (SAMOVA) in SAMOVA
v.1.0 program was used to infer the most supported genetic structure of the sample, defining
groups of populations that are geographically and genetically very similar.®

Genetic variance at three hierarchical subdivisions (within individuals of population,
among populations within agroup, and among groups of populations), was assessed by the

analysis of molecular variance (AMOVA) procedure® asimplemented in Arlequin v. 3.5. In



this analysis, studied popul ations were grouped by both geography and language (See Table
1)

Mantel test

The correlations and partial correlations between distance matrices of genetics-
geography, genetics-language, and geography-language were performed by the Mantel test.*
Table 2 shows the matrices of geographic and linguistic distance we used for the Mantel test,
whereas genetic distance (Fs) matrix is shown in Table 3. Geographic distancesin Km
between the approximate locations of each population were computed as great-circle
distances calculated from their latitudinal and longitudinal coordinates. Linguistic distances
between pairs of populations were defined as simple dissimilarity indices on the basis of the
hierarchical classification of languages reported in Ethnologue.®® Populations speaking
languages belonging to different subfamilies, i.e., AA and TK, were assigned dLAN of 4
while different branches within subfamilies were assigned dLAN of 3. Different sub-
branches within branch were assigned dLAN of 2 and then dLAN of similar sub-branches
was 1.

Inserted Table2 here

Approximate Bayesian Computation

To deeply investigate the evolutionary relationship among populations, an
Approximate Bayesian Computation (ABC) procedure was applied.* An ABC approach,
which combines the analysis of large genetic data sets and realistic models, can be briefly
summarized as follows: millions of genetic datasets with the same features as the observed
one, i.e., number of individuals, type of genetic markers, length of sequences, are generated
according to the coalescent theory for each demographic model, taking into account the
associated prior distributions. The pattern of genetic variation in the observed and simulated

data, summarized by a certain number of statistics, is then compared by Euclidean distance.



The coal escent-based simulations were performed by combinations of parameters for a
specific demographic model. Those coal escent-based simulations which generated summary
statistics closest to the observed ones, as shown by smallest Euclidean distances, were then
considered for calculating the posterior probabilities of each model using two different
approaches, acceptance-rejection procedure (AR) and weighted multinomial logistic
regression (LR).*** Under the AR, the posterior probability of amodel is obtained by
considering only a certain number of “best” simulations, and then simply counting the
proportion of these retained simulations that have been generated by each model under
investigation. This method can be considered reliable only when applied to afew simulations
showing an excellent fit with the observed data, i.e. few hundreds.®*® Under LR procedure, a
logistic regression is fitted where the model is the categorical dependent variable in the ABC
simulations and the summary statistics are the predictive variables. Theregression islocal
around the vector of observed summary statistics, and the probability of each model isfinally
evaluated at the point corresponding to the observed vector of summary statistics. The 3
coefficients of the regression model are estimated by maximum likelihood and the standard
errors of the estimates might be taken as a measure of the accuracy of the method. To
evaluate the stability of the models’ posterior probabilities, we considered different
thresholds by considering different number of retained simulations for both the model
selection procedures (100, 200, 300, 500 best ssimulations for AR and 25000, 50000, 75000,
100000 best simulations for LR). To generate the simulated datasets we used the software
package ABCtoolbox*’, running 500,000 simulations for each model. To calculate the
models' posterior probabilities we used R scripts from

http://code.google.com/p/popabc/source/browse/#svn%2Ftrunk%2Fscripts, modified by SG.

To summarize the genetic information contained in the data we calculated the following
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statistics within and between populations: the number of haplotypes (h), the number of

private polymorphic sites (S), Tajimas D, intra- and inter-MPD, and pairwise Fg.

Testing the best-fit demographic models and type | error

Based on geographic locations and linguistic affiliations of the studied populations,
SOA and LA O were variable popul ations whose languages differ from their geographically
grouped neighbors. Therefore, three demographic models were proposed to describe
different aspects of the evolutionary relationships among studied populations, in which
geography or language was fitted to describe mtDNA data (Figure 2). In Model 1, the
separation of the lineages follows the linguistic affiliation, with afirst split (Tsl) involving
the AA and the TK groups, and a subsequent separation by geographic location at Ts2 (AA
and SOA), and Ts3 (TK and LAO). In Modd 2, the “driving force” of the genetic variation
is represented by geography. A first separation (Tsl) is started between populations from KR
Basin and from SN Basin. Within each geographical group, the LAO and SOA, who speak
different languages from their neighbors, were subsequently separated at Ts2 and Ts3,
respectively. Model 3 extends Model 1, in which after Ts2 and Ts3, geographically closer
populations (LAO-AA; SOA-TK) start to exchange migrants at a certain rate [m1 (m1_b) and
m2 (m2_b)]. The effective population sizes were assumed to be constant in time; the prior
distributions were all uniform (log-uniform for the effective population sizes), and, where
possible, based on historical records (see supplementary Table 1).

We estimated the probability that the true null hypothesis would be rejected by
evaluating thetype | error. The proportion of casesin which 1,000 pseudo-observed datasets,
generated under each model, is not correctly identified by the ABC analysis (both AR and LR

procedures, 100 and 50000 retained ssimulationsin turn). The power of the model choice
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procedure has been evaluated using awide range of decision probability thresholds to
identify the support for a specific moddl, i.e. 0.5, 0.6, 0.7, 0.8, 0.9.

Inserted Figure 2 here
Results

Genetic diversity and demographic expansion

A total of 173 distinct mtDNA haplotypes were observed in 433 individuals. Among
the observed haplotypes, 142 types were unigque within populations, whereas the other 31
types were shared between two or more populations. Out of the 142 unique haplotypes, 34
were shared by two or more individuals within one group (multiple unique), whereas the
remaining 108 haplotypes belonged to each individual (single unique). The highest number
of shared haplotypes (6 haplotypes) was found between SOA-PUT, but none were shared
among five pairs of populations: MON-BON, MON-LAO, MON-PUT, BON-KHM, and
BON-SOA.

Genetic diversity within population and population expansion results are reported in
Table 1. Haplotype diversity (h) varied from 0.9899 (LAO) to 0.7920 (SAK) which wasin
the same range as previous published populations in Thailand™>*>%?! albeit rather alow h
value was found in SAK, indicating possible drift effect. The lowest nucleotide diversity (7z)
was observed in MON (0.0098), while PUT had the highest value (0.0153).The intraaMPD
ranged from 5.5254 (MON) to 8.6956 (PUT), reflecting genetic homogeneity or recent
diverged mtDNA within the MON and genetic heterogeneity in the PUT.

The highly significant negative values of the Fu's Fs (P< 0.05) were predictions of
demographic expansion in KHM, MON, SOA, LAO, and PUT. The lower raggedness index
(lessthan 0.03) as well as the unimodal mismatch distribution graph for these populations
(data not shown) also provide congruent evidence for population growth and expansion.®®

Genetic relationships
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Among 45 pairwise Fg comparisons, 36 (80%) were statistically significant (P< 0.01)
(Table 3). The MON, BON, and SAK showed significant F« values for all comparisons,
indicated high genetic differentiation. The KHM had genetically differentiated from almost
al other populations, except the LAO. Itisinteresting that SUY and BON has genetic
similarity. Most Fs comparisons between populationsin SN Basin were not statistically
significant, particularly among the SOA, PUT, and Y OH, reflecting genetic homogeneity.
The corrected MPD among popul ations showed a similar pattern to F« result (see
supplementary Table 2), which indicate that the SAK were most differentiated while the next
most respectively differentiated populations were the BON, MON and SUY .

Inserted Table3 here

To visualize the genetic relationship among populations, we plotted a pairwise F
matrix through MDS analysis and performed SAMOVA analysis. Inthe MDS as shownin
Figure 3, most populations residing in the SN basin (YOH, PUT, SOA and KAL) were
clustered in the center of the plot with the exception of the SAK which appear to be the most
genetically differentiated population, even if still genetically more closely related to
neighbors in the SN Basin than to populations from the KR basin. Surprisingly, although the
LAO resided in the KR Basin, they clustered together with other SN dwelling populations.
For the ethnicities located in the KR basin, the KHM were quite genetically proximate to the
SUY and BON, while the MON was considerably distanced from other studied populations
indicating their genetic distinction. In SAMOVA analysis, when number of group was
increasing from 2-groups until 6-groups category, the SAK, MON, SUY, BON, and KHM
respectively were partitioned from the other populations (Table 4). The maximal percent of
variation with significant value was observed at 6-groups category (7.287%, P< 0.01): SAK,
MON, SUY, BON, KHM, YOH-PUT-SOA-KAL-LAO. Interestingly, population grouping

by SAMOVA was concordant to MDS plot.
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Inserted Figure 3 here
Inserted Table4 here

Correlation among genetics, geography and language

The AMOVA was used to infer the proportion of total genetic variation accounted by
groups. Groupings were defined on the basis of geographic and linguistic classification
(Table 5). When populations were grouped according to geography, the results revealed that
it can be used to describe the genetic structure of studied populations, since the amount of
observed variation among groups was 4.68% with statistical difference (Fu= 0.0468, P<
0.01), whereas the proprtion of variance among population within groups explain 7.429 %
(Fs=0.07429, P< 0.01) and within populations explain 11.765% (Fg= 0.11765, P< 0.01).
The average F« of populationsin the SN basin (Fg= 0.06902, P< 0.01) and in the KR basin
(F¢= 0.07900, P< 0.01) were much lower than the overall F4 (0.09889, P< 0.01). It seems
evident that thereis a certain level of genetic homogeneity among populations within each
geographic region, with an higher homogeneity in populations from the SN basin than in
populations from the KR basin.

Based on linguistic classification, the proportion of genetic variation among groups
was considerably low (0.913 %) with no statistical significance (Fq= 0.00913, P> 0.01),
reflecting no relationship between genetic distance and linguistic affiliation. Most of the
genetic variance (89.74%) was found within populations (Fs.= 0.09434, P< 0.01), while
variance among popul ations within the linguistic groups was 9.35% (F¢= 0.10260, P< 0.01).
We observed a dlight higher value of average Fg of AA (Fg= 0.10681, P< 0.01) respect to Tai
speaking group (F«= 0.07820, P< 0.01), possibly indicating more genetic heterogeneity
among Austro-Asiatic than among Tai-Kadai groups. A notable amount of genetic variance

was found among geographic groups, which is higher than variance among linguistic groups.
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Mantel testing showed that genetic distances strongly correlated to geographic
distances by means of correlation test (r = 0.4713, P< 0.01) and partial correlation test (r =
0.4449, P< 0.01), whereas, we detected no correlation and partial correlation between genetic
and linguistic distances (r = 0.1735, P> 0.01 and r = 0.0008, P> 0.01, respectively). Among
geographic and linguistic matrices, no correlation (r = 0.3667, P> 0.01) and partial
correlation (r = 0.3281, P> 0.01) was observed.

Inserted Table5 here

Model Selection

Table 6 shows the posterior probabilities of the three considered evolutionary
scenarios. Model 2, in which the geography has a major role in shaping the genetic variation,
received the strongest support. The posterior probability of Model 2 was never lower than
87%, considering both AR and LR and remained stable over different number of retained
simulations. To assess the reliability of the probabilities estimated, we also evaluated the
models' posterior probabilities within two times the range of the standard error associated to
the B coefficients of the regression model (in both directions). The support remained in favor
of Model 2.

Inserted Table 6 here

To evauate whether there is enough power in the data for these models to be
discriminated, we calculated atype | error, i.e., the incorrect rejection of atrue null
hypothesis. This analysis has fundamentally verified the reliability of the estimated
probabilities because the compared models were quite similar to each other, and only asingle
genetic locus was analyzed. Thetypel error analysis considered both AR and LR as criterion
of model selection, and several probability thresholds to identify the support for a specific
model (Table 7). The results of the logistic regression (50,000 best simulations) werein

genera better than those obtained with the acceptance-rejection, especially for higher
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probability thresholds. The models appeared to be well recognized even when the decision
probability threshold was 0.5, since the probability of recognize the right model was never
lower than 0.6. Moreover, when the right model was not selected as the “true” one, the
aternative models aimost never reached a probability high enough to be supported by the
ABC model selection procedure. Thiswas particularly true when the decision probability
threshold was very high (0.9), i.e., similar to the value we obtained from the real datafor
Modd 2. All together these results can be considered highly significant, and the model that
has been selected here (Model 2) can be confidently regarded as the best one.
Inserted Table7 here

Discussion

MtDNA sequences data analyzed in the current study provide us a better understand
about the level of genetic variation in a micro-geographic scale and about past population
dynamicsin several ethnicities of the Isan region or Northeastern Thailand. Whether
geography or language most influenced genetic variation of populations within regional,
continental, and worldwide scales have been long-standing questions for molecular
anthropologists and human geneticists.***® To date, there has been no report aimed to answer
the above question for populations residing in the Northeast of Thailand, addressed here for
thefirst time. Results obtained from Mantel test, AMOVA, SAMOVA, and ABC procedures
indicate that geography plays an important role to determine Northeastern Thai genetic
structure, according to IBD model. Under IBD, current patterns of genetic variation would
simply result from the interaction between genetic drift and dispersal of individuals between
populations, thus resulting in a decrease of genetic similarities between populations when
geographic distance increases “**. Based on linguistic and archaeological data, each of the

two different geographic regions in Isan was occupied by linguistically distinct groups of
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people. The native AA populations were mainly resided in KR basin®, while the TK people
who migrated from Laos and Vietnam were centered in the SN Basi n.2

Living in close geographical proximity, the SOA and their neighbors (PUT, SAK,
KAL, and YOH), have languages of unrelated ancestry. Our genetic findings revea the
parallelism between genetic variation and geographic factors. The SOA’s historical
homeland is in the forested covered hills of Khammuan Provincein Laos. Some of the tribe
members migrated to Thai soil, in the area of Kusumal District, in 1844 A.D.! Basedon
ABC procedure (Figure2), the three demographic scenarios might be suggested to explain the
degree of genetic resemblance between SOA and other SN populations, possibly linked to a
recent common origin. The SOA and other neighbors within SN Basin might have shared
genetic similarity from the time they resided in their historical homeland in Laos and
Vietnam. At that time, they might have come into contact and after the migratory time with
spatial and tempora different settlement in Thailand, their genetic homogeneity continued.
The two greatest numbers of shared haplotypes between SOA-PUT and SOA-Y OH,
respectively, could be additionally explained by the same genetic source between the SOA
and their neighbors.

In accordance with pairwise Fg¢, MPD and SAMOVA, the peculiar genetic divergence
of the SAK made this population particularly interesting. Historicaly, the SAK originated in
Vietnam and then with the influence of the Kinh (the vast majority of Vietnamese) they
moved westward to Laos around 380 years ago. The mgjority of SAK are centered in
Khammuan Province of Laos and they migrated across the Mekong river into Nakorn Panom
Province of Thailand about 200 years ago." The greatest differentiation as seen in the SAK is
likely a consequence of genetic drift associated with female immigrants during the settlement
period. The limited genetic diversity, as reflected by the lowest haplotype diversity and

second lowest intra-MPD (Table 1), were regarded as reliable indicators of agenetic
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bottleneck.*” The debates on the origin of the SAK have arisen in linguistic classification. At
first, the language of the SAK was classified as belonging to the AA family in the Mon-
Khmer sub-family, but later most linguists classified the SAK language to the TK family in
the Northern Tai branch, spoken mainly by the Tai in Gwangsi Province of China* The
SAK exhibited closest genetic relationship to the SOA. It might be indicated that the SAK
are genetically more closely related to AA than to TK groups. Thus, based on several articles

reporting the strong association between linguistic and genetic classifications' >

, toour
knowledge, the present-day SAK language classification is not in agreement with genetic
affinity. However, it should be cautioned that the genetic ancestry of the SAK might be
blurred by strong influences of the geographic factor.

Almost all AA groups, KHM, BON, SUY, and MON, aswell asthe only TK village
of the LAO, were dispersedly situated in the KR basin. LAO or Lao Isan refers to peoples
who are ethnically Lao but are Thai citizens.* They comprise the majority of inhabitants and
are widely distributed in all provinces of Northeastern Thailand. Most of Lao Isan people
were forcibly migrated from their historical homeland in the present-day Laos during 1827-
1870 A.D.2 Although the LAO village in this study was located within the area of KR Basin,
close genetic affinity between the LAO and populationsin the SN Basin was detected.
Through previous massive migration, the LAO in the SN and KR Basins might have still
preserved genetic similarity, thus, close genetic relationship might have resulted in low levels
of differentiation between LAO populations in the SN and KR Basins. Future study with
more broadly samples of LAO from the SN Basin will be helpful to evaluate this assumption.

Interestingly, non-significant pairwise F¢ between LAO and KHM could be plausibly
explained by extensive gene flow, concordant with an earlier genetic study®, and socio-
linguistic research.>*>> Although current study’ s results support that geography explains

genetic variation and relationship among populations, we somehow detect significant genetic
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differentiations among populations within the KR Basin. It might be suggested that
geographic proximity determined the genetic homogeneity among AA populationsin the
past, but later on the factors of cultural and linguistic differences as well as evolutionary
factors, like drift effect, inbreeding, and genetic exchange, overcame the influence of spatial
isolation, as reflected in KHM, BON, SUY, and MON.

A certain degree of inbreeding is evident particularly in the Chaobon (BON),
aternately called Nyahkur. Chaobon inhabited the areathat is now Thailand preceding the
coming of the Khmer and the Tai groups. They now lived in Thailand only in Chaiyabhum,
Petchaboon, and Nakorn Rachasima provinces. The bulk of these people live in Chaiyabhum
Province, scattered among different deep jungle and mountainous villages.>**>" The most
original Chaobon tribe in Wang Ai Pho village in Chaiyabhum Province, who still preserved
their language and culture, was sampled in this study. Lossof genetic diversity, asindicated
by low values of h, Sand intra-MPD, might reflect consanguineous marriage due to cultural
isolation. This study has documented the sequential genetic effects from preserved cultural
practice within this population before they may be possibly erased by the opportunity for
admixture with Lao Isan people. Based on linguistic research, Chaobon are believed to be
the remaining descendants of the ancient Mon from the historic Dvaravati period. Contrary
to our expectation, the present results do not support the genetic bond between the extant
BON and MON.

The Mon are one of the oldest settlersin Southeast Asia. Their origin is uncertain. It
is known that they once lived in Southwest China, and moved down to upper Myanmar early
in the Christian era. They were politically driven southward to settle in Pegu and Thaton, in
Myanmar and eastward to the present-day Central and Southern Thailand, respectively. The
great Mon Dvaravati Kingdom with an advanced civilization was founded between the 3"

and 10" century A.D. in the area of Central Thailand®. The prosperous Mon Kingdom
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expanded to present-day Southern, Northern and Northeastern Thailand. In 1775 A.D., the
first group of studied Mon migrated from Myanmar to settle down in Nakorn Rachasima,
further increasing in population size to approximately 2,500 around 1793 A.D. The studied
MON who historically migrated from Myanmar was indeed different from Dvaravati Mon in
Central Thailand, therefore a genetic link between BON and MON was not apparent.
Another important finding emerged from the results of genetic diversity and demographic
expansion parameters which exhibit the lowestz, intraaMPD, and number of multiple unique
haplotypes. These, aswell as positive signas of population growth in the MON (Table 2),
provide congruent evidence for arecent bottleneck followed by an expansion in the
population, which have not yet been recognized in socio-linguistic and historic literatures.

Worthy of attention is the genetic ancestry of the Suay (SUY). MDS result reveals
the close genetic relatedness between SUY and KHM, while pairwise F« indicates non-
significant genetic difference between SUY and BON. These results seem to be congruent
with previous historic research documenting connections between SUY and KHM in
language, history, society, and ancestry. The Suay or Kui, called Kamen-boran (meaning
ancient Khmer) by Khmer people, are the original inhabitants of part of Thailand, Laos, and
Cambodia, predating the invasion of the Khmer and the Ta group. Nowadays Suay in
Thailand have been adopted a Thai-Lao language referred to as Lao-Suay or a Khmer
language referred to as Khmer-Suay.! The current studied Suay from Surin Province
migrated at first from Southern Laos during 1656-1688 A.D. and then sporadically moved
until around 1760 A.D. when the mass migration period occurred.®® However, it has been
proposed by some scholars™ that SUY share ancestry with BON, now strengthened by our
investigation.

To summarize, this study highlighted some main aspects of maternal genetic structure

of various populations in Northeastern Thailand. Genetic findings obtained through this
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study made it possible to infer the influence of geographic factors in shaping patterns of
genetic variations and affinity among linguistically diverse populations. Genetic divergence
between populations was primarily influenced by geography. Then, within the same
geographic location different driving forces, including language and culture as well as
evolutionary driven factors, like genetic drift from founder effect, inbreeding, and admixture
are considered to be the plausible additional factors. Our results remain open to future
investigations with further mtDNA sequences from other populations and genetic data from
different genetic markers to gain more insight into genetic history of Northeastern Thai

people.
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Titlesand legendsto figures
Fig. 1 Map of Khorat Plateau showing the locations of studied populations in different
geographic areas of Northeastern Thailand. Population codes are given in Table 2. Filled

circles: Austro-Asiatic linguistic family; Empty symbols: Tai-Kadai linguistic family.

Fig. 2. Schematic presentation of the three models described by language (Model 1),
geography (Model 2), and recent migration (Model 3). Ne, Tsand m are the effective
population sizes, separation times and the migration rates, respectively. Population codes are

givenin Table 2.

Fig. 3. Threedimentional scaling plot (3D-MDS) constructed based on pairwise Fg.

Population codes are given in Table 1. Stress value for MDS = 0.0339.
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Table 1. General information of studied populations and summary statistics

Populations Khmer Mon Suay Chaobon So Lao Isan Phutai Nyaw Saek Kaleung
Code KHM MON SUY BON SOA LAO PUT YOH SAK KAL
L atitude 14.90 14.69 15.01 15.59 17.37 15.62 17.28 17.55 17.45 17.33
Longtitude 103.49 102.06 103.94 101.46 104.30 103.50 103.65 104.09 104.74 104.59
L anguage AA AA AA AA AA 1T T TT TT TT
Geography KR KR KR KR SN KR SN SN SN SN
Sangkla, and | Pakthongchai, Kusuman, Kaset Nawa, Mueang, Kuruku,
Location (District, | Chumpolburi, Nakorn Sam Rong Thepsatit, Sakon Wisai, Waritchabhum, Sakon Nakorn Nakorn
Province) Surin Rachasrima Tap, Surin | Chailyabhum Nakorn Roiet Sakon Nakorn Nakorn Panom Panom
Samplesize 68 a4 44 42 47 35 38 41 28 46
*Population size 1,266,828 1,000 407,724 6,283 71,532 11,135,493 457,411 406,738 3,535 68,431
Haplotype 37 23 22 12 27 30 23 20 11 21
Unique 24 19 12 10 16 21 14 9 6 11
Single unique 20 12 11 6 12 17 10 7 4 9
Multiple unique 4 7 1 4 4 4 4 2 2 2
Non-unique 13 4 10 2 11 9 9 11 5 10
h 0.9583 0.9545 0.9397 0.8583 0.9584 0.9899 0.9573 0.9402 0.7920 0.9063
/4 0.0130 0.0098 0.0143 0.0121 0.0141 0.0149 0.0153 0.0131 0.0114 0.0115
IntraMPD 7.3995 5.5254 8.1057 6.8269 8.0324 8.4924 8.6956 7.4317 6.4929 6.5266
Polymor phic site 54 40 47 23 43 54 47 39 33 35
Tajima'sD -1.0596 -1.3277 -0.9632 1.1116 -0.9327 -1.3016 -0.8134 -0.6458 -0.8067 -0.5512
(p-value) (0.1370) (0.0710) (0.1730) (0.8990) (0.1850) (0.0780) (0.2270) (0.2900) (0.2200) (0.3170)
Fu'sFs -17.1136 -8.3834 -3.8913 1.4256 -8.3333 -19.0744 -5.6044 -3.3709 0.3691 -4.3474
(p-value) (0.0000) (0.0080) (0.1130) (0.7610) (0.0080) (0.0000) (0.0400) (0.1190) (0.5630) (0.0760)
r 0.0204 0.0195 0.0332 0.0572 0.0154 0.0095 0.0108 0.0203 0.0694 0.0399

AA = Austro-Asiatic linguistic family; TT = Tai-Kadai linguistic family; KR= Khorat Basin; SN = Sakon Nakorn Basin
#Popul ation size estimated in Northeastern Thailand
h = haplotype diversity; 7z = nucleotide diversity; r = araggednessindex value




Table 2. Linguistic distance matrix (below diagonal) and geographic distance matrix (above

diagonal) using the Mantel test. See the population abbreviation key in Table 1.

KHM MON SUY BON SOA LAO PUT YOH SAK KAL
KHM 15563 50.07 237.46 28691 79.85 26469 30036 312.93 29354
MON | 3 20548 11845 380.8 18571 33354 383.36 409.11 397.83
suy 2 3 27447 26415 8247 25375 28165 28379 265.91
BON | 3 3 3 36154 21926 30024 354.87 406.89 385.84
SOA | 2 3 1 3 21157 69.04 2961 4838 3153
LAO | 4 4 4 4 4 184.99 22263 24241 221.96
PUT | 4 4 4 4 4 1 5484 117.38 997
YOH | 4 4 4 4 4 1 1 7031 5855
SAK | 4 4 4 4 4 2 2 2 21.41
KAL | 4 4 4 4 4 1 1 1 1




Table 3. Genetic distance based on pairwise F« (below diagonal) and shared haplotypein

each pairwise comparison (above diagonal). Population codes are given in Table 1.

KHM | MON | SUY BON SOA LAO PUT | YOH SAK | KAL

KHM 1 5 0 3 3 3 4 0 5
MON | 0.1517 1 0 1 0 0 1 1 1
SUY | 0.0469 | 0.1061 1 2 3 1 4 1 3
BON | 0.0628 | 0.1537 | 0.0403 0 1 1 1 1 1
SOA | 0.1006 | 0.1103 | 0.1306 | 0.1792 4 6 5 1 2
LAO | 0.0264 | 0.0897 | 0.0488 | 0.0686 | 0.0513 3 2 2 2
PUT | 0.0467 | 0.0916 | 0.0744 | 0.1055 | 0.0396 | 0.0260 3 1 1
YOH | 0.0537 | 0.0775 | 0.0461 | 0.0851 | 0.0401 | 0.0233 | 0.0326 2 5
SAK | 0.2280 | 0.2979 | 0.2827 | 0.3316 | 0.0632 | 0.1720 | 0.1581 | 0.1781 2
KAL | 0.0516 | 0.2007 | 0.1230 | 0.1624 | 0.0406 | 0.0503 | 0.0519 | 0.0539 | 0.1184

Bold letters indicate statistical significance at P< 0.01




Table4. SAMOVA anaysis. Population codes are givenin Table 1.

Group Group of population Fu

categor

y

2 SAK | KHM,MON,SUY ,BON,SOA,LAO,PUT,YOH,KAL 0.1276

3 SAK | MON | KHMSUY,BON,SOA,LAO,PUT,YOH,KAL 0.0849
vy,

4 SAK | MON | BON KHM,SOA,LAO,PUT,YOH,KAL 0.0809
vy,

5 SAK | MON | BON KHM | SOA,LAO,PUT,YOH,KAL 0.0713

6 SAK | MON | SUY BON KHM | SOA,LAO,PUT,YOH,KAL 0.0728

SOA,
7 SAK | MON | SUY BON KHM | KAL LAO,PUT,YOH 0.0693
8 SAK | MON | SUY BON KHM | SOA KAL | LAO,PUT, 0.0702
YOH
9 SAK | MON | SUY BON KHM | SOA KAL | YOH | LAO | 0.0664
,PUT

Bold lettersindicate statistical significance at P< 0.01

F« = Fixation index among groups




Table5. AMOVA analysis

% of variance

Among
populations

No. of No. of Within Within Among

groups | populations | populations groups groups Fg Fs Fao
Geography
All samples 1 10 90.11 9.89 0.09889
SN 1 5 93.10 6.90 0.06902
KR 1 5 92.10 7.90 0.07900
SN/KR 2 10 88.235 7.081 4684 | 0.11765 0.07429 0.04684
Language
All samples 1 10 90.11 9.89 0.09889
TT 1 5 92.18 7.82 0.07820
MK 1 5 89.32 10.68 0.10681
TT/MK 2 10 89.74 9.35 0.91 |0.10260 0.09434 0.00913

Bold lettersindicate statistical significance at P< 0.01

F« = Fixation index among populations and groups

F«= Fixation index among popul ations but within groups

F = Fixation index among groups

AA = Austro-Asiatic linguistic family; TT = Tai-Kadai linguistic family; KR=

Khorat Basin; SN = Sakon Nakorn Basin




Table 6. Posterior probabilities of three population models computing by acceptance-

rejection procedure (AR) and weighted multinomial logistic regression (LR) approaches.

Threshold | Model1 | Modd 2 Mode 3

AR

100 0.090 0.910 0.000

200 0.070 0.910 0.020

300 0.077 0.907 0.017

500 0.078 0.904 0.018
LR

25000 0.009 0.873 0.118

50000 0.006 0.870 0.124

75000 0.005 0.883 0.112

100,000 0.004 0.906 0.090




Table 7. Typeone error results for three best model emerging from an ABC analysis.

AR

LR

probability of recognize the right model

probability of recognize the right model

probability probability
Modd 1 Not Model 1 Not
threshold threshold

(true) Mode 2 Model 3 Assigned (true) Model 2 Model 3 Assigned
>0.5 0.49 0.1 0.01 04 >0.5 0.59 0.12 0.06 0.23
>0.6 0.4 0.02 0.01 0.57 >0.6 0.54 0.07 0.03 0.36
>0.7 0.33 0 0 0.67 >0.7 0.45 0.05 0.01 0.49
>0.8 0.2 0 0 0.8 >0.8 0.35 0.03 0 0.62
>0.9 0.08 0 0 0.92 >0.9 0.19 0 0 0.81
Modd 2 Not Model 2 Not

Modd 1 (true) Model 3 Assigned Model 1 (true) Model 3  Assigned
>0.5 0.08 0.45 0.06 0.41 >0.5 0.07 0.61 0.18 0.14
>0.6 0.03 0.33 0.01 0.63 >0.6 0.04 0.5 0.07 0.39
>0.7 0.01 0.26 0 0.73 >0.7 0.01 0.41 0.03 0.55
>0.8 0 0.11 0 0.89 >0.8 0 0.32 0.02 0.66
>0.9 0 0.05 0 0.95 >0.9 0 0.17 0 0.83
Model 3 Not Mode 3 Not

Model 1  Modd 2 (true) Assigned Model 1  Modd 2 (true) Assigned
>0.5 0.02 0.08 0.59 0.31 >0.5 0.04 0.09 0.7 0.17
>0.6 0 0.05 0.37 0.58 >0.6 0.02 0.06 0.61 0.31
>0.7 0 0.02 0.16 0.82 >0.7 0 0.02 0.49 0.49
>0.8 0 0.01 0.04 0.95 >0.8 0 0.01 0.38 0.61
>0.9 0 0 0 1 >0.9 0 0 0.23 0.77
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