BQ GIAO DUC VA PAO TAO VIEN HAN LAM KHOA HOQC
VA CONG NGHE VIET NAM

HOQC VIEN KHOA HQOC VA CONG NGHE

HA HUU HAO

NGHIEN CUU MOT SO CHI THI TREN
NHIEM SAC THE Y PE UNG DUNG TRONG GIAM
PINH PHAP Y

LUAN AN TIEN SY SINH HQC

HA NOI - 2023




VIEN HAN LAM KHOA HQOC VA CONG NGHE VIET NAM
HOQC VIEN KHOA HQC VA CONG NGHE

NGHIEN CUU MOT SO CHI THI TREN
NHIEM SAC THE Y PE UNG DUNG TRONG GIAM
PINH PHAP Y

Chuyén nganh: Cong ngh¢ sinh hoc
Mi s6: 9 42 02 01

LUAN AN TIEN SY SINH HQC

Nguwoi huéng dan khoa hoc:
1. GS.TS. Chu Hoang Ha
2. PGS.TS. Lé Van Son

Ha Noi — 2023




LOI CAM POAN

To6i xin cam doan:

Lu4n 4n 1 cong trinh nghién ctru cta téi va mot sé két qua cing nghién ciru, cong
tac voi cac nha khoa hoc khéac;

Cic s liéu va két qua trinh bay trong luan 4n 12 trung thyc, mot phan di duoc
cong bd trén céc tap chi khoa hoc chuyén nganh ciing nhu cdc hdi nghi trong nudc va
quéc té v6i sy ddng ¥ va cho phép ciia dong tic gia; nhirng két qua con lai trong ludn 4n

chua dugc tic gia nao cong bd trong bat ky cong trinh nao khéc.

Ha Noi, ngay thdng nam 2023

Nghién ctru sinh

Ha Hru Héo



LOI CAM ON

Loi dau tién, t6i xin bay to 1ong biét on siu sic t6i GS.TS. Chu Hoang Ha - Vién
Cong nghé sinh hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam da hudng dan,
chi bao, gitip d& tan tinh trong sudt qud trinh t6i thyc hién luan 4n. Thay khéng chi truyén
thu cho toi nhiéu kién thirc chuyén mén ma con gitip t6i bdi ddp 1ong say mé, sy nghiém
tdc, tinh can than trong nghién ctru khoa hoc. B¢ 1a nén tang cho qua trinh thyc hién luan
an la hanh trang gidp t6i tu tin viing budce trén con duong khoa hoc sau nay.

Tbi ciing xin dugc bay té 1ong biét on siu sic dén PGS.TS. Lé Vin Son - Vién
Cong nghé sinh hoc - Vién Han 14m Khoa hoc va Cong nghé Viét Nam - Nguoi thay da
st sao diu dat, truyén lai cho tdi phuong phap méi vé nghién ctru phén tich trinh ty hé
gen ty thé ciing nhu niém say mé nghién ctru vé Hé gen hoc.

T6i xin chan thanh cdm on sy gidp dd cia Ban phu trach dao tao Hoc vién Khoa
hoc va Cong ngh¢ va Vién Cong nghé sinh da tan tinh huéng dan t6i hoan thanh moi
thi1 tuc trong suét qué trinh hoc tap, 1am nghién ctu sinh tai hoc vién.

Tdi ciing xin chan thanh cam on TS.BS. Nguyén Puc Nhy, Vién trudng Vién
Phép y qudc gia dd nhiét tinh gitp d&, dong vién va tao diéu kién thuan loi cho toi trong
sudt thoi gian thuc hién luan an nay.

Trong sudt qud trinh thuc hién P8 tai nghién ctru, toi ¢3 nhan duogc sy gidp d& tan
tinh vé& chuyén mon cua cdc nha khoa hoc, cic cdn bd nghién ciru cong tc tai Khoa Y
sinh hoc — Vién Phép y quéc gia. Ho da ludn bén canh gitp d& va cb vii toi trong sudt
thoi gian qua.

Vi tit ca 1ong biét on, tdi xin danh cho bd me, gia dinh va ban be d3 ludn tin
tudng, thong cam, dong vién, tao diéu kién va chia sé khé khin trong thoi gian qua,
gitiptdi hoan thanh tét ludn 4n nay.

Nghién ctru sinh

Ha Hiru Hao



MUC LUC

MO DAU ...ttt 1
CHUONG 1. TONG QUAN .......oostiiriiriineireeaseseeesssssesssesssesssssssssesssessssesssssenes 4
1.1. Phan tich ADN trong gidm GInh PhAP Y c..eveeeverieieiieicceeee e 4
1.2. Céc loai chi thi phan t (MATKET)........ccoveuirieieiieeieeeee e 5
1.3. TONE qUAN Chi thi STR ....ooeeeeeeeeeeeeeeee e eeee e ee e ees e ses e eeseseseeseseeee s ses e ess e eenees 8
1.3.1. Dac dEM trong DO SN c.....vevieeeeeeeeeeeeeee oo 8
1.3.2. Phan 1021 STR ....oiiiiii ettt et 9
1.4. STR trén nhiem Sac the GG NN Y cooe.veeeeeeeeeeeeee e 11
1.5. Céc huéng tmg dung ctia chi thi STR trén nhiém sic thé gidi thh Y ......eeevereeeeane.. 12
1.5.1. Y-STR trong nghién ctru ciu tric di truyén quan thé (genetic structure)........... 12
1.5.2. Ung dung cdc Y-STR trong x4c dinh huyét thOng ..........cccoveveveeveereeceereeennnn. 14
1.5.3. Ung dung cua ciac Y-STR trong linh vyc khoa hoc hinh sur...........occceeeieinen. 15
1.6. Phuong phap phan tich cac chi thi Y-STR.....cccooiiiiiiiieeeeeeee e, 19
1.6.1. Phan tich dua trén phuong phédp dién di mao qUAaN.........cc.ccceeveeiiiiiiiiiniiieeen. 19
1.6.2. Phan tich stir dung cac b kit Y-STR thuong mai hda ..........ccocceeiviiiiniiicnnnnn. 25
1.6.3. Phan tich st dung chién lwocmini STR ... 28
1.7. TAm quan trong cua viéc tinh todn tan sudt alen céc chi thi STR ..., 30
1.8. Tinh hinh nghién ctru c4c chi thi Y-STR......ccoiiiiieeeeeee e, 31
1.8.1. Tinh hinh nghin ctru trén the GIGi.........o.eveeeeeeeeeeeeeeeeeeeeeeeeeee e 31
1.8.2. Tinh hinh nghién ctru tai Vi€t Nam .......ccccceerviiiiiniiiiiiiiiie e 35
CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU .........ccccccoueen..... 37
2.1. VAt liGU NZIIEN CUU ...ttt 37
2.1.1. MAU NZIIEN CUUL...vveeeeeeeeeeeeeeee et 37
2.1.2. HOA ChAt NERIEN CTU. ..ot 37
2.2. Thiét bi chinh GUQC ST AUNE ......oeveeeeeeeeeeee e 39

QUANTUS™ FIUOTOMELET ... .uviiieieeeeeeiiiieee e e e e e eeecrre e e e e e e e eeeaavaaeeeeeeeeesssnssssasaeaeeseasnnnens 39



2.3. Phuong phap nghi€n ClU.......ccc.eiiiiiiiiiiii e 39

2.3.1. Phuong phap tach chiét ADN .........cccocooviimiiieeeeeeeeeeeeeeee e, 39
2.3.2. Phuong phap dinh Tugng ADN .......coooiiiiiiiiee et 42
2.3.3. Phuong phap di€n di €l..........cooviiiiiiiiiiiieee e 42
Phuong phap dién di duoc sur dung dé x4c dinh su ¢6 mat cia ADN déng thoi phan biét
su khdc nhau vé kich thudc giita nhitng doan ADN quan tAm. ..............ccoevevereeveenene 42
2.3.4. Phuong phap PCR ........ooiiiiee ettt et e e 43
2.3.5. Phuong phap di€n di Mao qUAN.........cceeeiiiiiiiiiieiiiieeieeeee e 45
2.3.6. Phuong phap giai trinh t0 @EN....ccovuiiiiiiiiiiieeciiee et 46
2.3.7. Phan tich VA XU 1Y S8 U .....ovoveveeeeveeeeecee e, 46
2.4. Dao dUc trong NZhIEN CUU......cocviiiiiiieeiiie ettt e sree e eeeseraeenes 47
CHUONG II KET QUA VA BAN LUAN .......coooiinieieeeeeeeeeeeeeeeeeee e 48
3.1. Két qua tich chiét ADN tong s6 tir cdc mau nghién clu........coovveevieeeereeen. 49
3.1.1. Mau téch chiét theo phuong phap CheleX ..........oo.ovvvreveeereesereeeseseessseesssessseeene 49
3.1.2. Mau tach chiét bang Kit thUrONE Ma ..........vveeveeeeereeeeeeeeeeeseeeee e 50
3.2. Két qua khao sat 29 chi thi Y-STR tir 2 bo kit PPY23 va Yfiler Plus.................... 51
3.2.1. XAY dUNg hO SO Y-STR .....ovimieieieeeeeeee oot 51
3.2.2. Bang phén bd tan suat alen thudc 29 chi thi Y-STR ....c.vuevvieeeeeeeeeeeeeeeeeeee. 53
3.2.3. Danh gia dac diém cdc alen thudc 29 chi thi Y-STR ...coeeevreeeeeeeeeeeeeeeeeeeenn. 70
3.2.4. B¢ da hinh ctia 29 chi thi Y-STR...cc.coiiiiiiiiiiiiiieeeeeeteeeeseeeseene 73
3.2.5. b§ da dang haplotype (HD) va kha nang phan bi€t...........ccceevivieniiieniieeeieen, 76
3.3. Két qua nghién ctru mot s6 chi thi mini Y-STR MG ...vveveeeeeeeeeeeeeeeeeeen. 77
3.3.1. Lua chon chi thi mini Y-STR ....ueeiiiiiiiii e 77
3.3.2. T6i uu hod phan TN PCR .........c.ovovoeeeeeeeeeeeeeeeeeeeeeeee e 78
3.3.3. Giai trinh tu xdc dinh céu tric 1ap cdc mini Y-STR ..coooviiiiiiiiiiiieeeeee 81
3.3.4. Ty 1é khuéch dai thanh cong c4c mini Y-STR .....coovuevimieeeeeeeeeeeeeeeeeeee e 83
3.4. Hi¢u qua cua céc chi thi Y-STR trong xét nghiém ADN ..........cccoeeieviiienieeieenen. 86

3.4.1. Hiéu qua trong phan tich mau da bi phan huy ...........cccooeveieeeeeeeeieeeeeeeeean 86



3.4.3. Hiéu qua sir dung Y-STR trong phan tich mau 1an (mixture sample) ................. 95

3.4.1. Hiéu qua trong viéc tang kha nang phén biét gifta cdc cd thé..........cocovvvveveenanen. 98
3.4.4. Ung dung chi thi Y-STR & so sanh khoang céch di truyén giita cdc quan thé .....102
KET LUAN VA KIEN NGHI ..o et ee e sre e 107
KET LUAN ..ottt e e e eeeee e e s e eee s s seseeeeneas 107
KIEN NGHI ....oooovoviiiieeeeeeeeeee et s s 108
DANH MUC CAC CONG TRINH KHOA HQC CUA TAC GIA LIEN QUAN PEN
LUAN AN TIEN ST ..ot e e e eeee s e s s e 109
TAILIEU THAM KHAO ........oooiomiiiiiiieeeeeeeeeeeeeeeeeeee e 110

PHAN PHU LUC. ...ttt ees e 118



DANH MUC CAC KY HIEU, CAC CHU CAI VIET TAT

Tén viét tit

Tén day di

ADN

Acid deoxyribonucleic

AMOVA Analysis of molecular variance (phan tich phuong sai phan tir)
AS-STR Autsomal STR (STR trén nhiém sac thé thuong)

Bp Base pair (Cap base)

CE Capillary electrophoresis (Pién di mao quan)

CRI Combined Paternity Index (chi s6 c¢6 quan hé huyét thong két hop)
DC Discriminating capacity (chi s6 vé kha ning phan biét)

DI Degration index (Chi s6 phin huy)

ADN Deoxyribonucleic acid

HD Haplotype diversity (P9 da dang Haplotype)

HUGO Human Genome Organisation (T6 chirc vé bd gen ngudi)

GD Gene diversity (46 da dang gen)

ISFN International Society for Forensic Genetic (Hiép hoi Di truyén Phép y
LR Likehood ratio (ty s6 trong dong)

MDS plot Multidimensional scaling plot (D6 thi phan b khong gian da chiéu)
MHL Minimal haplotype loci (B haplotype toi thiéu)

Mulitplex Mulitplex Polymerase chain reaction (Phan tng PCR da moi)

NIST National Institute of Standards and Technology (Vién ti€u chuan va
NGS Next generation sequencing (giai trinh ty gen thé hé méi)

NST Nhiém sic thé

OL Off ladder (Léch thang)

PAGE Polyacrylamide gel electrophoresis (Di¢n di trén gel polyacrylamide)
PCR Polymerase chain reaction (Phan tng chudi tring hop)

PD Power of discrimination (Kha nang phan biét)

PP Y23 PowerPlex® Y23 System

RFLP Restriction Fragment Length Polymorphism (da hinh chiéu dai doan




RM Y-STR

Rapidly mutating Y — STR (Y-STR c6 toc d6 dot bién nhanh)

RFU Relative fluorescence units (don vi do tin hiéu huynh quang tuong doi)
SNP Single nucleotide polymorphism (don hinh nucleotit)

SSR Simple sequence repeats (Trinh tu 1dp lai don gian)

STR Short tandem repeat (Trinh ty 13p lai ngén)

SWGDAM Scientific Working Group on ADN Analysis Methods (Hi¢p hdi céc
VNTRs Variable Number of Tandem Repeats (tiéu vé tinh)

X-STR STR trén nhiém sac thé gi6i tinh X

YHRD Y-STR Haplotype Reference Database (Co s¢ dir liéu tham khao
Y-STR Y Chromosome - Short tandem repeat (STR trén nhiém sic thé giéi
YPlus Yfiler™ Plus PCR Amplification Kit (bo kit khuéch dai Yfiler™ Plus
Yfiler AmpFLSTR™ Yfiler™ PCR Amplification Kit




DANH MUC HINH VE, PO THI
Hinh 1. 1. Céu tric 1ap dién hinh ctia mot STR ....o.ovveveeeeeeeeeeeeeeee e, 8

Hinh 1. 2. M6 hinh di truyén cdc marker theo kiéu tdi t6 hop (trén NST thuong), theo

dong cha (trén NST Y) va theo dong me (trén ty thé) ................................................... 12
Hinh 1. 3. M6 hinh biéu thi su phan ho4 cdc nhém Y haplotype khdc nhau bat ngudn tir
1 £6 BN CHUNEG [17] e 13
Hinh 1. 4. Céu tric MDS plot va ciy phan loai mé ta mbi quan hé gita cdc quan thédya
trén dit [iCu Y — halotype [18] ..coueeieeiieeeieeeee et 14
Hinh 1. 5. So sénh viéc 1ap hd so ADN duya trén STR trén NST thuong vatrén NST Y..... 16
Hinh 1. 6. Vidu vé 1 hd so Y-STR tir 1 c4 thé v6i mdi locus chi gdm 1 alen (ngoai trir
locus DYS385 gdm t6 hop 2 10cus DYS385a VA D) ..o 18
Hinh 1. 7. Minh hoa qud trinh khuéch dai ciing Itic 3 locus sir dung 3 cip mdi khic nhau
trong phan ing multipleX PCR ... 21
Hinh 1. 8. Cac budc hoat dong chinh cia mdt hé théng dién di mao quan [35]........... 23

Hinh 1. 9. Két qua phan tich Y-STR tir I mau nam gidi véi cic locus DYS3891, DY S439,
DYS437, DYS389II bi dot bién 1ap doan véi 2 alen trong 1 locus Y-STR chi hon kém
Nhau 1 don VI IAP [35] oottt et et 25
Hinh 1. 10. Minh hoa vé vi tri khuéch dai ciing 1 locus STR gitta cip mdi PCR kich

thudce 16n va cap moi mini STR (3] e 30
Hinh 1.11. Sy gia ting s6 lugng hd so Y-STR trén YHRD.org tir ndm 1999 dén 2018
(56 nAM bicu thi (I 1 AN 59 [56] coveuuvvrmrirriireriireeiereiesieesssesssee e ssseessessseseesas 33
Hinh 2.1. Vi tri 29 locus Y-STR trén ban d0 NST Y .eeeeveeeeeeeeeeeeeeeeeseeeeeeeeeeeeneenn. 44
Hinh 2.2. So d6 thi nghiém trong NZHIN CUU ........ovveeeeeeeeeeeeeeeeeeee e, 48
Hinh 3. 1. Anh dién di ADN tdng s6 tich chiét bang Chelex® 100 trén gel agarose 0.8%
........................................................................................................................................ 49

Hinh 3. 2. Dang dinh lap xuét hién & locus DYS481 khi phan tich v&i b PPY23 (mau
phan tich ky hiéu ID101) va Dang dinh gai xuat hién & locus DYS533 khi phan tich véi
b6 Yfiler Plus (miu phan tich Ky hi€u IDS56).......ccooiiiiiiiiiieeeeeee e 52



Hinh 3. 3. S6 liéu thong ké s6 haplotype déng gbp tir quan thé ngudi Viét Nam trén YHRD

........................................................................................................................................ 70
Hinh 3. 4. S6 alen cua 29 locus Y-STR dua trén 2 bo kit PPY23 va YPlus................ 71
Hinh 3. 5. Céac trudong hop mat locus trong hd so Y-STR (A) vi tri mat 18/29 locus Y-
STR trén ban @5 NST Y (B) ho so Y-STR cua trudng hop mét 4/23 locus Y-STR......72
Hinh 3. 6. Xép hang d6 da hinh céc chi thi Y-STR theo gid trj tir cao dén thip........... 75
Hinh 3. 7. Anh dién di san pham sau PCR v&i 10 locus Y-STR trén gel Polyacrylamide
6% (St dung thang chuén ILS 500 (Promega - M§)). ccocveeeiiiiiieeieeeeeeeee e 79
Hinh 3. 8. Anh dién di trén gel polyacrylamide cdc phan tmg PCR da moi.................. 80
Hinh 3. 9. Két qua giai trinh tr 10cus DYS503 . ..ooovvevieeeieeeeeeeeeeee e, 81
Hinh 3. 10. Két qua giai trinh tr 10cus DYSS508 ........oovieeeieeeeeeeeeeeee e, 82
Hinh 3. 11. Két qua giai trinh tr 10cuS DY S522 ...emveeieeeeeeeeeeeeeee e, 82
Hinh 3. 12. Két qua giai trinh tr 10cus DY S388 .....vuvuvieeeeeeeeeeeeeeee e, 82
Hinh 3. 13. Két qua tao thang chuan mini Y-STR vdi chi thi DYS643.........cc.ccoevne.... 83
Hinh 3. 14. Ho so Y-STR cta mau hai ¢t st dung bd kit PPY23 ..o, 84
Hinh 3. 15. So sénh hd so Y-STR tir mau hién truong (trdi) va mau nghi pham (phai) vu
AN KT HIEU V234 .ottt st sttt sbe e b 87

Hinh 3. 16. So sanh mini STR tir mau hién truong va mau nghi pham vu 4n ki¢u V213 .88

Hinh 3. 17. So sanh ho so Y-STR gilta mau nan nhan (trdi) va mau nghi pham (phai) vu

AN KY NICU V31O oo ettt ettt et esatee e 89
Hinh 3. 18. So sanh mini STR tr mau mau nan nhan va mau nghi pham vy an........... 89
Hinh 3. 19. So sénh mini STR tir mdu mAu hai c6t va mau than nhan .............c........... 93

ADN Lottt ettt ettt r et 96
Hinh 3. 21. D6 thi so sanh kha ning tao hd so Y-STR tir mau 1an tir bd PPY23 va YPlus
........................................................................................................................................ 97



DANH MUC CAC BANG BIEU

Bing 1.1. Danh séch cdc locus Y-STR c6 mit trong cédc b kit thuong mai phd bién

hI€N NAY [20] oot et 27
Bing 2.1. Kit va hod chét chinh sir dung trong nghién clu ..........coevvveveeveereveeennnn. 37
Bing 2.2. Trinh ty mdi khuéch dai 10 mini Y-STR trong nghién ctu....................... 38
Bing 2.3. Thiét bi chinh duoc st dung trong nghien Clu ...........oovveveeveveeeeeeeeeneenn. 39
Bing 3. 1. Két qua realtime PCR ctia mau xuong, rang ky hiéu R1-R5. ................... 51
Bdng 3. 2. Tan suit phan b6 chung cta 25 locus Y-STR thudc hai bo kit PPY23 va
YPlus (4 chi thi DYS385a/b va DYF387S1 duoc théng | S 5 (53173 RS 53
Bing 3. 3. Tan suat phan b cac alen thudc 1ocus DYSS576 ........ooovveveveeeeeeeeeene. 54
Bdng 3. 4. Tan suat phan bd cdc alen thudc locus DYS389L.........oovvvvieeeeeeeenennne, 55
Bing 3. 5. Tan suat phan bd cdc alen thudc locus DYS448 ........cooveveeveeeeeeeeeane. 55
Bing 3. 6. Tan suat phan b cac alen thudc locus DYS389I ........c.cvvvvevereeecnenn. 56
Bdng 3. 7. Tan suat phan bd cdc alen thudc 10cus DYS19..o.vuivivivieeeeeeeeeeenan, 56
Bing 3. 8. Tan suat phan b cac alen thudc locus DYS391 ......oovivvieeeeeeeeeeeeenn. 56
Bing 3. 9. Tan suat phan bd cdc alen thudc 1ocus DY S481 ......uvvveeeeeeeeeeeeeeenan. 57
Bing 3. 10. Tan suat phan b cic alen thudc 1ocus DYS549 ......ooovovivveeeeeeeeenn. 57
Bing 3. 11. Tan suét phan bd cic alen thudc 10cus DYS533 .....vveeeeeeeeeeeeeeeenae. 58
Bing 3. 12. Tan suét phan bd cic alen thudc 1ocus DYS438 .......ovveeuveeeeeeeeeeeeane. 58
Bdng 3. 13. Tan suat phan b cic alen thudc 1ocus DYS437 ......ovvvviveeeeeieeeeene. 59
Bdng 3. 14. Tan suit phin bd cic alen thudc locus DYS570.......oovvvvveeeeereeeerennn, 59
Bdng 3. 15. Tan suat phan b cic alen thudc 1ocus DYS635 .......ovvveiveeeeeeeeeeennn. 60
Bdng 3. 16. Tan suit phin bd cic alen thudc locus DYS390..........coovvvvevevveeeenennn, 60
Bdng 3. 17. Tan suat phan b cic alen thudc locus DYS439 ..o, 60
Bdng 3. 18. Tan suit phin bd cic alen thudc locus DYS392.......ovvvvvvveevereeeeenennn, 61
Bing 3. 19. Tan suét phan bd cic alen thudc 1ocus DYS643 .......ovevevveeeeeeeeeeane. 61
Bdng 3. 20. Tan suat phan b cic alen thudc 1ocus DYS393 ......cooviviveeeeeeeeeeeennn. 61

Bing 3. 21. Tan suét phan bd cic alen thudc 1ocus DYS458 ......ovveeeeeeeeeeeeeeane. 62



Bing 3. 22. Tan suat phan b cic alen thudc 1ocus DYS456 ........oovvveeeeeeeeeenne. 62

Bing 3. 23. Tan suét phan bd cic alen thudc locus YGATA-H4........covvucvvemeeennn. 63
Bing 3. 24. Tan suat phan b cic alen thudc 1ocus DYS460.........c.covveveeveereeennnnn. 63
Bing 3. 25. Tan suat phan b cic alen thudc 1ocus DYS627 ......oovvveiveeeeeeieeennn. 63
Bing 3. 26. Tan suét phan b cic alen thudc 1ocus DYS518 ......vvveeeeeeeeeeceeeenn. 64
Bdng 3. 27. Tan suat phan b cic alen thudc locus DYS449 .........ooviveveeeeeieeenne. 64
Bing 3. 29. Tan suét phan bd cic td hop alen thudc locus DYS385a/b..................... 65
Bing 3. 30. Tan suat phan b cic alen thudc locus DYF387S1 ..o, 66
Bing 3. 31. Tan suét phan bd cic td hop alen thudc locus DYF387S1 .................... 66

Bing 3.32: H6 so Y-STR ctia 2 miu so sdnh tir nghi pham va dau vét hién truong..68
Bing 3.33: HO so Y-STR ctia 2 mAu so sdnh tir chd va chdu trai .........oo.ooeeveveeneee.. 68

Bing 3. 34. Thong ké s lwong Haplotype Y-STR & mét sé nudc trén thé gisi duoc

CONE DO N YHRD ... 69
Bdng 3. 35. B§ da dang gen cua 29 locus Y-STR trong nghién ctru va so sanh véi gia
trj trung binh ctia quan thé nEUOT ChAU A .....o.ovovieeeeeeeeeeeeeeeeeeeeee e 73
Bing 3. 36. Do da dang cua cdc mini Y-STR méi trong mot sé quan thé ................. 78
Bing 3. 37. Két qua t6i uu héa ndong d6 moi khuéch dai 10 locus Y-STR ................ 79
Bing 3. 38. Bang thong ké ty 18 khuéch dai thanh cong 10 locus mini Y-STR trén 30
MAU GA DI PRAN NUY ..ot 85
Bing 3.39: So sanh trinh ty ving HV?2 gitta mau hai ¢t va mau than nhan ............. 91
Bdng 3.40: So sanh trinh ty ving HV1 giita miu mau hai c6t va mau than nhan .....92

Bing 3. 41. So sanh cic chi sé di truyén thu dugc tir tap hop céc chi thi Y-STR c¢6 kich
thudc < 220 bp trong 2 b PPY23 va YPIUS ....coiiiiiiiiieeeece 94
Bdng 3. 42. Danh séich 12 locus mai c6 trong b kit PPY23 va YPlus........ccceeeeee. 99
Bing 3. 43. So sanh s lugng haplotype quan sét dugc va cdc chi sé théng ké thu duoc

tir tap hop cdc marker Y-STR trong cic bd haplotype tir dit liéu 200 mau v4i bd YPlus



Bing 3. 44. So sinh s6 lugng haplotype quan sét dugc va cdc chi sb thong ké thu duoc

tir tap hop céc marker Y-STR trong cdc bd haplotype tir dit liéu 200 mau véi bo PPY23

Bing 3. 45. Két qua phan tich khoang céch di truyén theo cip dya trén cdc gid tri Rst
giita quan thé Viét Nam trong nghién ctru véi cdc quan thé duoc chon. Gid trj P duogc
hién thi phia trén dudng chéo, gid tri rst phia dudi duong chéo............ccovvveeenee.. 104

Bang 3.46. Khoang céch di truyén giira cdc quan thé ngudi Viét Nam.................. 105



1
MO PAU
Tinh cip thiét cia luin én

Ngay nay cling véi sy phét trién vuot bac ciia cong nghé sinh hoc, phin tich ADN
da tro thanh cong cu dac lyc khong thé thiéu trong xét nghiém mdi quan hé huyét thong,
gidm dinh phdp y, diéu tra hinh su...Viéc phdn tich ADN gitp giai quyét tir nhirng vu viéc
mang tinh dan sy nhu xdc dinh cha cho con, tranh chap quyén thira ké...dén céc vu 4n hinh
su giét ngudi, hiép dim...ADN la bang chig c6 tinh phép 1y cao va c6 gid tri quyét dinh
trong céc phién toa. Hon thé nita, trong nhitng vu thién tai, tham hoa vé&i s6 luong nguoi tir
vong 16n hay khi viéc nhan dang thong thuong khong thé thyc hién thi gidm dinh ADN dé
xdc dinh danh tinh nan nhéan tré thanh bién phap kha thi nhat.

Su lya chon céc chi thi phan tir 1a cdc doan gen (locus gen) c6 tinh bén virng, da hinh
cao, mang dic trung cho ting cé thé tré thanh ddi twong cho viéc nghién ctru ing dung
ADN trong khoa hoc diéu tra, phdp y. Céc doan lap lai ngin - STR (short tandem repeat) -
12 nhitng trinh ty ADN lip lai lién tiép voi mdi don vi lip lai gdm 1 - 6 bp dwgc nghién ciru,
lra chon va trg thanh chi thi phan tir pho bién nhét hién nay. Cac locus STR di duoc khao
sat, hé thong lai tao thanh cdc bo kit thwong pham véi kha nang khuéch dai dong thoi nhiéu
locus STR mdt cach nhanh chéng, chinh xéc, c6 d§ nhay cao.

Song song véi cédc locus STR trén cip nhiém sac thé thuong, viéc nghién ciru img
dung cdc locus STR trén nhidm sic thé giéi tinh X va Y ciing dang thu hit sy quan tim cta
céc nha khoa hoc. Cac STR trén NST gidi tinh Y (goi tit 12 Y-STR) ¢6 dic diém chinh 12
chi di truyén theo dong cha ma khéng c6 su tdi td hop. Phan tich Y-STR gitp giai quyét
nhiéu trudng hop khi viée sir dung cdc STR trén nhiém sic thé thuong khong thé ddp tng
dugc yéu cau gidm dinh, dic biét 1a gidm dinh ADN dbi voi cdc mAu tir nam gidi nhu trong
viéc xac dinh mbi quan h¢ cha - con, anh - em trai, cic vu 4n hiép dam...

Hién nay viéc phan tich Y-STR chu yéu thuc hién qua céc bd kit thuong mai hod ma
phd bién nhit 12 bo PowerPlex® Y23 system (hing Promega) phan tich 23 Y-STR va bd
Yfiler™ Plus PCR Amplification Kit (hang Thermo Fisher Scientific) phan tich 27 Y-STR.
Hai b kit t6 6 hiru hiéu voi nhiéu tng dung khdc nhau: phén biét c4 thé nam trong quan

thé, x4c dinh quan hé huyét thong theo dong cha, giam dinh hinh sy trén mau c6 nong do
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ADN thip, mau 13n tir nhiéu ngudn, miu vi vét. Do cu tric di truyén cua tirng quan thé 12
khéc nhau nén viéc dénh gid do da hinh, tinh phu hop cua cic STR néi chung va Y-STR
néi riéng 1a diéu can thiét trudce khi d4p dung trong quan thé. Mdi phong thi nghiém, vién
nghién ctru dugc khuyén cdo nén xay dung bang tan suat phan bd céc alen voi timg quan
thé nguoi khac nhau nham phuc vu cho viéc tinh todn dg tin cay, xac suit c6 quan h¢ huyét
thdng. Viéc st dung cdc bo kit trén dé nghién ctru va tng dung céc chi thi Y-STR trong
khoa hoc k¥ thuat, hinh sy, gidm dinh huyét thong da duoc dp dung phd bién trén thé gidi.
Tuy vay tai Viét Nam hién nay van chua c6 nhiéu nghién ctru chi tiét dé khao sat tan suét
phan bd, do da hinh, tinh phit hop, kha niang tng dung cta céc chi thi Y-STR trén quan thé
dai dién cho nam gidi nguoi Viét. Cac nghién ctru méi chi dung lai & s it céc chi thi trén
quy mo mau nho. Viéc khao sdt thém cdc locus Y-STR nham phuc vu cho viéc tinh todn do
tin cay hd so Y-STR, xdc suat c6 quan hé theo dong cha, Gmg dung trong khoa hoc hinh s
13 thue sy can thiét va c6 ¥ nghia thuc tién cao. Vi vay ching toi tién hanh thyuc hién dé tai
“Nghién ctru mot s6 chi thi trén nhiém sac thé Y dé ung dung trong gidm dinh phap y” véi
muc tiéu:

1. Lya chon va danh gid cac dac diém lién quan (tan suét phan bd alen, d6 da hinh,
kha nang phén biét c thé ...) cia 29 chi thi Y-STR trong quan thé nam giéi Viét Nam dén
tdc Kinh.

2. Khao sat mot sb chi thi ¢6 kich thudc nhé trén NST Y (mini Y-STR) nhidm tng
dung trong phan tich cdc miu c6 ADN dut gdy nhiéu, miu di bi phan huy.

3. Péanh gi4 tinh (mg dung ciia céc chi thi Y-STR trén nhiéu loai mau khéc nhau
(miu 14n, mAu c6 chat lvong kém, mAu da phan huy).

No¢i dung nghién ciru

1. Lua chon ddi tuong nghién ciru, tién hanh thu thap mAu va téch chiét ADN.

2. Thuc hién quy trinh phén tich chi thi Y-STR tir cdc mau nghién ctru. Lap bang
phan bd tan suat alen ciia cdc chi thi locus Y-STR va tinh todn céc chi sb lién quan: s6 alen,
d6 da hinh, d6 da dang haplotype, kha ning phén biét c4 thé.

3. Lya chon va tdi uu diéu kién khuéch dai mot sé mini STR trén NST Y va budc

dau Gmg dung trong cong tic gidm dinh ADN.
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4. Khao sat kha nang tao chi thi Y-STR trén nhiéu loai mau gidm dinh khac nhau
nhu miu 14n tir nhiéu nguén, mau hai cét 1au nim, mau vi vét.
Poéng gop méi cia luin an

1. Pay la nghién ctru dau tién & Viét Nam khao sat toan dién 29 chi thi Y-STR trong
quan thé nam gidi dan toc Kinh, Viét Nam véi tong cong 400 mau nghién ctru va s chi thi
Y-STR 16n hon so v6i nghién ciru trude ddy trong quan thé nguoi Kinh, Viét Nam. Nghién
ctru da x4y dung bang phan bd tan sut alen ctia 29 chi thi Y-STR 1a co s¢ dé tinh todn do
hiém ctia mot hd so ADN trong quan thé ciing nhu chi sb ¢6 quan hé ho hang (kinship
index) gifta cdc ho so ADN. Két qua nghién da tim ra nhitng chi thi Y-STR c6 s6 alen 10n,
d6 da hinh cao, tiém ning tng dung 16n trong phan biét giita cdc cd thé nam nhu DYS385,
DYF387S1, DYS518, DYS 627, DYS458 va céc chi thi ¢6 alen hiém gdp trong quan thé.

2. Pay la nghién ctu dau tién & Viét Nam thuc hién viéc khao sat cac mini Y-STR -
13 cdc chi thi c6 kich thude ngéan dudi 200 bp, ¢6 hiéu qua cao trong viéc phan tich cdc mau
da bi phan huy so v6i cdc chi thi Y-STR thong thudng trong bd kit thuwong mai.

3. Nghién ctru da khéo sét tiém ning tmg dung cia cdc chi thi Y-STR trong bo kit
thwong mai va cdc mini Y-STR theo nhiéu huéng méi trong linh vuc gidm dinh phép y tai
Viét Nam bao gém: gidm dinh cdc miu c6 quan hé huyét théng theo dong cha, gidm dinh
mau trong khoa hoc hinh sy déc biét 1a voi truong hop mau lan gitta nam va nit, gidm dinh
mAu 1au nim, mAu di bi phan huy. Bén canh d6 két qua tir 400 hd so Y-STR con duoc tng
dung dé xdy dung khoang céch di truyén giita quan thé ngudi Viét Nam trong nghién ctru

vOi cdc nhom quan thé khéc trén the gioi.
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CHUONG 1. TONG QUAN

1.1. Phan tich ADN trong giam dinh phap y

Giam dinh phdp y 1a mot nganh khoa hoc stir dung nhiing thanh tyu trong linh vuc y
hoc, sinh hoc, hod hoc, vat 1y hoc, tin hoc... dé ddp tmg nhitng yéu cau ctia phdp luat trong
hoat dong td tung hinh sy va dan sy thong qua hoat dong gidm dinh khi dugc cac co quan
trung cau. Céc thanh twu tir linh vuc sinh hoc va cong nghé sinh hoc dugc dic biét tng
dung trong linh virc gidm dinh phdp y, phan 4nh nhitng dic trung riéng biét ciia timg cd thé
dé tir d6 c6 thé truy nguyén c4 thé [1].

Tir nhitng ndm 1930, dau vén tay dugc dua vao tng dung trong phép y va trd thanh
cong cu can thiét trong phong xét nghiém dé nhan dang c4 thé. Tuy nhién diu vén tay ciing
boc 16 nhiéu khiém khuyét khi 4p dung trong thuc té nhu chi ¢ thé thu miu ¢ dau ngén
tay, c6 thé bi thay ddi qua phau thuét, hung thu khong dé lai du vén tay tai hién truong. ...

Chi trong vong hon 60 nam ké tir khi cu tric ADN dugc Watson va Crick cong bd
nganh sinh hoc da phat trién manh mé&, dwoc Gmg dung rong rii. Mot trong nhitng tng dung
quan trong 12 str dung dic tinh ADN dic trung cia ting cé thé vao gidm dinh phdp y dé
nhan dang, phin biét gitta cdc cd thé. Pugc bat dau vao gitta nhitng nim 1980 k§ thuét phan
tich ADN duoc coi 1a mdt cudc cdch mang trong khoa hoc hinh sy ctia nhan loai. Giéng
nhu dau van tay, mdi nguoi déu 6 dic trung riéng vé cau triic di truyén cia minh dugc xic
dinh b'flng trinh tu nucleotide trén ADN. Viéc phan tich ADN nham xdc dinh céc dic trung
riéng ctia ting c4 thé hinh thanh nén thuat ngir k¥ thuat 1a ddu van ADN (DNA fingerprint),
dau van di truyén (genetic fingerprinting) hay 14p hd so ADN (ADN profiling) va mé ra
huéng nghién ciru méi 1a giam dinh ADN [2]. K§ thuat nay 1an dau tién dugc md ta vao
nim 1984 bdi nha khoa hoc ngudi Anh Alec Jeffreys. Tién si Jeffreys nhan thay tai céc khu
vuc nhit dinh trong chudi ADN c6 cdc doan ADN dugc lip di lap lai nhiéu 1an lién tiép.
Ong ciing phét hién ra rang s6 lugng céc trinh tu 13p lai c6 thé khic nhau & céc c4 thé nham
rmg dung vao viéc phan biét giita cdc cé thé. Bang k¥ thuét xdc dinh su thay ddi chiéu dai
clia cdc chudi ADN c6 trinh tu 13p lai, Tién si Jeffreys da phat hién ra céc k¥ thuat phan

tich nhan dang c4 thé tir ADN. Do d6, Alec Jeffreys di cong bd rang: “ADN la duy nhit &
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mdi cd thé, trong d6 c6 nhitng cip base dugc di truyén tir cha va me sang con. Cau tric cua
ADN khéng thay dbi tir Iic con 12 phdi thai cho dén sudt cude doi”.

Cho dén nay gidm dinh ADN trong khoa hoc hinh su va phdp y di phé bién va phit
trién manh mé&. Hau hét cic nude déu c6 phong xét nghiém ADN cho muc dich hinh sy va
dan sy. O Viét Nam k¥ thuat phan tich ADN duoc 4p dung vao nhitng nim cudi cua thap
nién 90 va thuc sy phit trién trong khoang 10 nam trd lai dy.

Hién nay, gidm dinh ADN ¢6 2 loai chinh theo muc dich tng dung d6 la: gidm dinh
dé xdc dinh mbi quan hé huyét thdng va gidm dinh phdp y.

+ Giam dinh ADN d¢é xdc dinh méi quan hé huyét thong

MOi ngudi déu thira hudng céc trinh ty ADN tir bd va me, céc trinh tu dic biét nay
¢6 thé duoc st dung dé xem xét mdi quan hé huyét théng. Tiy theo trinh tu dugc Iya chon
viéc gidm dinh ADN c6 thé xdc dinh nhiéu mbi quan hé huyét thdng khac nhau:

- Dya vao céc chi thi trén NST thuong: thuong 1a cac doan 1dp lai trung binh (VNTR)
va doan 13p lai ngfm (STR) c6 thé x4c dinh mbi quan hé tryc hé cha/me - con.

-Dua vao chi thi trén NST gidi tinh X hodc Y c6 thé xdc dinh moi quan h¢ huyét
thong phy hé nhu anh — em trai, 6ng ndi — chdu trai, chi— em géi, ba noi — chdu géi.

- Dua vao chi thi trén ADN ty thé c6 thé xéc dinh mdi quan hé huyét théng phu hé
theo dong me nhu ba ngoai — chdu ngoai, anh/chi - em cung me, di — chdu....

+ Gidm dinh phdp y

Phan tich ADN duoc tng dung trong gidm dinh phdp y, khoa hoc hinh sy véi muc
dich xdc dinh huyét thong trong nhitng vu viéc dan su, hinh sy, xdc dinh danh tinh cua hai
cbt liét si, mo ma bi that lac, nhirng nan nhan bi chét trong cdc thién tai, tham hoa hodc véi
muc dich xin thi thyc di dan. Ngoai ra béng céch so sanh ADN thu tir ddu vét, béng chirng
thu duoc ¢ hi¢n trudong vu dn véi ADN cua nguoi bi tinh nghi ¢6 thé xdc dinh nguoi lién
quan dén vu 4n. V&i d6 chinh xéc cao viéc gidm dinh ADN trong diéu tra toi pham dang
ngay cang phd bién va 12 bang ching khong thé chdi cii trudc Tda 4n.

1.2. Cac loai chi thi phan tir (marker)

V& co ban chi thi (marker) 12 mot dau hiéu, mot dic trung c6 thé nhan biét duoc gidp

ching ta phan biét thir nay véi th khdc. Vi du, khi mudn phén biét giita lda té va lda nép

chiing ta c6 thé quan sat hinh thdi cua hat; hat lda nép thuong tron hon hat lda té. Khi do,
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hinh dang hat 1a mot loai chi thi, goi Ia chi thi hinh thédi (morphological marker). Tuong tu,
chi thi phén tir (molecular marker) hay chi thi di truyén (genetic marker) ciing 1 cdc dau
hi€u, hoac cac dac trung ¢ tinh phan biét gitra cdc ca thé. Diém khdc biét 1a nhirng chi thi
nay khong dua trén hinh théi bén ngoai ma la dya trén sy khac biét vé trinh tw ADN cua
mdi sinh vat [3].

Chi thi phan tr thuong la cdc doan ADN ngz“'ln da biét vi trf trén nhiém sic thé, duge
di truyén cho thé h¢ sau. Chi thi ADN dugc hinh thanh tir cdc loai dot bién ADN khéc nhau
nhu thay thé (d6t bién diém), sz“'lp Xép lai (thém vao hoac bot di nucleotide) hoac cac sai sot
trong sao chép cdc doan ADN ldp lai lién ké. Céc chi thi ADN thuong nam & céc ving
khong phién ma. Khéc vdi cdc chi thi hinh thdi va sinh héa, chi thi ADN thuong khong gidi
han vé sb lugng, khong anh hudng boi yéu to moi truong va giai doan phat trién cta cd thé.
Chi thi ADN dugc st dung nhiéu trong nghién ctru quan hé di truyén, phét sinh chung loai
va phan loai phan tir; trong 14p ban d6 lién két di truyén, nhan biét gen; va trong chon gidng,
dinh danh c4 thé va xdc dinh mdi quan hé huyét thong giira cdc c4 thé. ..

MB&i loai chi thi ADN dugc phat trién bang mot ky thudt twong Gng. Mot chi thi ADN
1y twéng can phai c6 céc tiéu chi sau: c6 do da hinh cao (c6 nhiéu alen) va phan b déu
trong genome; cho sy phan biét rd sy khic nhau vé di truyén, tao nhiéu chi thi doc lap va
chinh xéc; don gian, nhanh va it ton kém; can it mau va ADN; c6 tinh 6n dinh cao; két qua
phan tich 13p lai thong nhét trong cdc nghién clru, mic do sai sét thap nhat, phén tich sb
liéu dé va chinh xdc.

Ké tir khi chi thi ADN dau tién dugc phét trién va tng dung cho dén cudi nhitng nim
90 cua thé ky XX, hang loat chi thi ADN duoc ra doi [4]. Trong linh vuc giam dinh phap
y, xdc dinh huyét théngcé thé ké dén cac loai pho bién bao gom:

- C4c tiéu v¢ tinh (minisatellite): B6 la cac trinh ty base 161 1ap lai gém 6 — 100bp,
goi 12 céc tiéu vé tinh VNTRs (Variable Number of Tandem Repeats - S6 lugng thay
ddi cdc trinh tu base lap lai), sb 1an lap lai c6 thé dé hang ngan lan. Su sai khéc trong s6
1an 13p lai c6 thé tao ra cdc alen c6 kich thudc tir 500 bp dén hon 30 kb. Cédc VNTRs
nay hi¢n dién rai rdc tai nhiéu vi trf trén bd gen, la tiéu vé tinh da vi tri (multilocus

minisatellite); hay chi c6 tai mot vi tri trén bo gen, 1a tiéu vé tinh don vi tri (single-locus
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minisatelite) [5]. VNTRs 12 loai da hinh dau tién duoc st dung trong hd so ADN va
duoc st dung thanh cong trong nhiu vy 4n gidm dinh trude ddy. Xét nghiém diu van
tay ADN ma Jeffereys thuc hién nam 1985 1a xét nghi¢ém phéat hién céc tiéu vé tinh da
vi trf bang k¥ thuat phat hién sy da hinh vé chiéu dai cdc doan ADN cua bo gen bj cat
boi enzyme cit han ché (Restriction Fragments Lenght Polymorphism = RFLP). Tuy
nhién viéc sir dung VNTRs van c6 nhiéu han ché nhu ddi hoi luvong ADN dau vao phai
16n, khong 4p dung dugc véi cdc mau da bi phan huy, viéc dién giai dir liéu gip nhiéu
khé khan vi kich thude 16n [6].

- Pa hinh don nucleotide (SNP-single nucleotide polymorphism): day la loai da hinh
don gian nhét, dugc hiéu 12 su khéc biét ¢ 1 nucleotide trong chudi ADN. SNPs duoc hinh
thanh khi xay ra dot bién trong qué trinh nhan d6i ADN. SNP thudng chi ¢6 2 alen do d6
khong c6 tinh da hinh cao va khong phu hop véi cdc dac tinh ly tudng cua 1 chi thi phan ti
ding trong phdp y. Tuy nhién s6 lugng SNP trong bd gen 1 rat 16n nén khi két hop phan
tich dong thoi nhiéu SNP s& 1am ting hiéu qua phén biét giita cic cd thé. Nguoi ta wdc tinh
rang dé dat duoc kha nang phan biét trong duong khi phén tich 10 locus STR thi can phai
phan tich dong thoi tir 50 dén 80 SNP. Véi cong nghé hién nay viéc phan tich nhiéu SNP
van dang bi giéi han va khé phuc tap [7].

- ADN vi v¢ tinh (microsatellites) hay con lai trinh ty cic doan 1ap lai ngén (short
tandem repeat- STR) hoac doan lap lai don gian (simple sequence repeats - SSR). Cac doan
13p lai ngan duoc bit dau nghién ctru tir nhitng nam cudi thap nién 1980, dugce dinh nghia
12 nhitng trinh ty ADN dac hi¢u c6 chiéu dai khoang dudi 400 bp (nén goi la ngz“'ln - short),
duoc ciu thanh tir khoang 5 dén 50 don vi 13p lai, mdi don vi lap lai c6 chiéu dai khoang 1
dén 6 bp (goi 12 doan lip lai - short tandem) (hinh 1.1) . Vi nhiéu vu diém vuot tréi nhu c6
kich thudc ngin, d6 da hinh cao, k¥ thuét phén tich don gian STRs dugc coi 1a tiéu chuan
vang trong di truyén hoc phdp y duong dai va s& dugc dé cp siu trong cdc phan tiép theo

cua luan an [8].
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Hinh 1. 1. Céu tric 1ap dién hinh ctia mot STR

1.3. Tong quan chi thi STR
1.3.1. Dic diém trong bj gen

Danh phép: Tén locus STR duoc dit theo tén ciia gen néu locus ny nim mot phan
hodc nam toan bod trong gen. Vi du marker STR THO1 tir gen tyrosine nam trén NST s6 11.
Chit “TH” xudt pht tir chit cdi dau tyrosine hydroxylase. Phan “01” cua ky hiéu “THO1”
xudt phdt tr viing intron 1 (viing khong ma héa protein) ctia gen tyrosine hydroxylase. Poi
khi tiép dau ngit HUM duoc thém vao dau danh phédp cua chi thi nay dé xdc dinh d6 12 tir
b gen nguoi (Human). Vi vay, locus STR nay s€ dugc goi chinh la HUM THO1 hay THO1.
Cac marker ADN nam ngoai viing gen thi duoc xédc dinh bai vi trf cta ching trén NST. Vi
du, cic locus STR D5S818 va DYS19 d6 1a nhitng marker khong nam trong ving gen.
Trong truong hop nay chit D ¢6 nghia 1a ADN. Con s tiép theo 1a s6 thir ty cia NST hoic
tén ctia NST gi6i tinh X, Y. Chit “S” thuc chit 13 ban sao duy nhit cia ADN marker. Con
s0 cudi ciing 12 vi trf nucletide nam trén NST. Con s6 nay 1a duy nhét dbi véi marker ADN
nhan dang cé thé. Vi du, STR D16S539 c6 nghia 12 D: ADN, 16: nhiém séc thé s 16, S:
trinh ty ban sao don 1¢ (single copy sequence), 539: vi tri thir 539 xdc dinh trén NST s6 16
[9].

Swphédn bo STR: STR dugc tim thiy trong hdu hét céc loai sinh vét nhin so va nhin
chuan. O ngudi, STR xuat hién trén tat ca 22 cip nhiém sic thé thudng va trén ca 2 nhiém
sdc thé gi6i tinh X va Y. STR xuét hién rai rac trén cdc NST véi udce tinh ctr khoang 2.000
cap base lai xudt hién 1 STR trong bd gen ngudi va chiém khoang 3% tong chiéu dai bd
gen. Udc tinh ¢6 khoang hon 1 triéu STR trong bd gen ngudi.

Phan 16n STR nam trong viing khéng ma héa (non-coding region) trong khi chi

khoang 8% nam trong ving ma héa. Mat do phan bd cdc STR trén cic NST ciing ¢6 su
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khéc nhau, vi du NST s 19 ¢6 mat d6 phan bd STR cao hon so v6i cdc NST khdc [10]. O
ngudi, dang STR phd bién nhét thudng cé nhiéu nucleotide A, vi du nhu A, AC, AAAN,
AAN hoac AG.

Su phan bd STR giita cdc loai khic nhau ciing khéc nhau. Dir liéu nghién ctru di chi
ra ri‘mg ¢ chudt va céc loai dong vat gam nham cé ty 1€ cac doan lap lai nhiéu hon han &
nguoi. Mat do cdc STR thuong c6 xu hudng ty I¢ thuan véi kich thudc cua bo gen. Trong
sO céc loai sinh vat nhan chuin duoc giai trinh ty hoan chinh, STR xuét hién nhiéu nhat &
dong vat c¢6 vi. Tuy nhién ¢ thyc vat mat do STR lai ty I¢ nghich véi kich thudc bo gen véi
dic thii 1a dang (TA)n 1a dang xuat hién nhiéu nhat.

Téc d¢ dot bién ciia STR: Céc chudi ADN duy nhat trong hé gen c6 ty 18 dot bién
rat thap (khoang 10 qua mdi thé hé), trong khi ty 1& d6t bién trong chudi STR thudng cao
hon vai bac, dao dong tir 10° dén 102 qua mdi thé hé. Tc d6 dot bién STR 1a dic trung ddi
véi ting sinh vat. Vi dy, ty 1€ dot bién STR trong ndm men va con nguoi lan luot 12 10 nt
va 103 - 105 qua mdi 1an phén chia té bao. Cdc udc tinh truc tiép vé ty 1& dot bién
microsatellite d3 dugc thyc hién & nhiéu sinh vat, tir con trung dén nguoi. O loai
Schistocerca gregaria, ty 18 dot bién microsatellite woc tinh 12 2,1 x 10 mdi thé hé cho
mdi locus [11]. Ty 1 @6t bién STR trong dong té bao sinh tinh ctia con ngudi cao hon tir 5
dén 6 1an so véi dong té bao sinh trimg té bao sinh tring va dao dong trong khoang tir 0
dén 7 x 10 trén mdi locus qua mdi thé hé.

Sw di truyén ciia STR: STR nam trén NST thudng va nhidm sic thé gidi tinh X déu
dugc di truyén qua cdc thé hé theo quy luat Mendel, bai vay tan s6 cic alen cua ting locus
STR trong quan thé ciing tuan theo ding dinh luat cin bang Hardy — Weinberg [12].

Mot c4 thé c6 mot locus ddng hop tir s& ¢6 cuing s6 1an lip lai trén ca hai nhiém sic
thé, trong khi mot ca thé di hop tir s& ¢6 s6 1an lap lai khac nhau trén hai nhiém sac thé.
Nhitng viing xung quanh locus STR, dugc goi 1a ving hai bén (flanking region) c6 thé c6
cung trinh tu. Diéu nay rat quan trong bdi vi nhirng viing hai bén c6 thé duoc diing nhu moi
ctia phan tmg PCR khi n6 s& khuéch dai STR va viing hai bén nay s& bao ton giira cic gidng
hay doi khi gifra cac ho trong cing mot loai.

1.3.2. Phédn loai STR
Trén co s& cac don vi 1ap lai khac nhau, STR c6 thé duoc phan loai thanh céic loai

khdc nhau. M6t mat dua theo chiéu dai cua don vi 13p lai chinh, cidc STR dugc phan loai
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thanh cac dang 1ap lai mono- (1), di- (2), tri- (3), tetra- (4), penta- (5) va hexa- (6)
nucleotide. STR pho bién nhat trong hé gen cua nguoi 1a dang lip lai dinucleotide. Trong
sd céc dinucleotide, (CA)n 1a dang 13p lai thudng xuyén nhat, tiép theo 1a (AT)n, (GA)n va
(GC)n 12 loai l3p lai hiém gdp nhat.

Mait khdc dya theo céu tric cta don vi lap lai, STR dugc phan loai thanh ba loai
chinh [13]:

- Dang 1dp lai hoan hao (1ap lai don gian) chi chita mdt don vi 1ap di 1ap lai, vi du:
(GTG)15.

- Dang lap lai khong hoan hdo (1dp lai gidn doan véi su thay thé bazo), vi du:
(GTG)7CTCTG(GTG)S.

- Dang 13p lai phuec tap (g@)m nhiéu don vi 1ap lai khac nhau), vi du: (GTG)8(AT)16.

Duya theo vi trf phan bd trén Nhiém sic thé STR c¢6 thé duoc phan thanh 3 nhém
chinh: STR trén NST thudng (autosomal STR — AS STR), nhiém séc thé trén NST gidi tinh
X (X-STR) va STR trén NST gioi tinh Y (Y-STR).

Ngoai ra dua theo vi tri phan b6 c6 thé phén 3 loai chinh:

- STR trén NST thudng (autosomal STR — AS STR): dic diém chinh 1a thuong gom
2 alen trong 1 vj tri locus. STR trén NST thudng dugc ding phd bién trong xét nghiém méi
quan hé tryc hé va dinh danh c4 thé. Hién nay c6 rat nhiéu bo kit cho phép phan tich 24 —
30 STR trén NST thuong.

- STR trén NST giéi tinh X: NST gi6i tinh X va Y 1a duy nhét va khic voi NST
thudng & mot vai khia canh. O nir gi6i, NST gidi tinh tao thanh cip twong dong XX gidng
nhu NST thudng. Tuy nhién, mic di co thé c6 nhiéu hon 1 NST X nhung chi 1 NST X
trong té bao dugc biéu hién. Nhitng ban sao khdc ctia NST X bi bat hoat theo gia thuyét
Lyon giai thich tai sao co thé chi c6 1 NST X hoidc 3 NST X hoic nhiéu NST X van c6 kha
nang song s6t. Hién nay, hang Qiagen da phat trién bo kit Investigator Argus X-12 Kit gdbm
12 chi thi STR trén NST X. Viéc phan tich cédc locus trén NST X lam tang co hdi cho cac
truong hop yéu cau phan tich quan hé huyét thong khong tryc hé khi chi 6 miu so sanh 12
mot ngudi ho hang xa, dac biét 1a trong tim ngudi than sau chién tranh hodc sau céc cudc

di dan nhu ba ndi — chdu géi, chi - em gdi cling cha...
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- STR trén NST gidi tinh Y: so voi STR trén NST thuong va STR trén NST gidi tinh
X, STR trén NST Y ¢6 diém khéc biét ndi bat 12 chi gom 1 alen trong mdi vi trf locus. Diéu
nay tré thanh wu diém 16n trong viée dién giai dir liéu, phn tich quan hé cd thé theo dong
cha.

1.4. STR trén nhiém sic thé giéi tinh Y

STR ndm trén NST Y thuong duoc goi tat1a Y-STR (Y - short tandem repeat). Locus
STR dau tién duoc xdc dinh trén NST Y 1a DYS19 [14]. Vao khoang giita thap nién 90 ctia
thé ky XX, chi c6 mét sb it cdc locus Y-STR duogc phat hién véi kha ning tng dung cao
trong cdc nghién ctru khoa hoc hinh sy. Chiing bao gom céc locus Y-STR c6 kiéu lap lai
gdém 2 nucleotide (YCA I, YCA II, YCA III, DYS288), kiéu lap lai gdbm 3 nucleotide
(DYS461, DYS462) va kiéu 1dp lai gdm 4 nucleotide (DYS19, DYS288, DYS385, DYS390,
DYS391, DXYS156Y, DYS393). Hau hét cdc cip mdi Y-STR khuéch dai mot san pham
PCR, trong khi mét s6 cip mdi Y-STR khuéch dai hai hodc nhiéu san pham PCR (YCA I,
YCA II, YCA III, DYF371, DYS385, G10123). Nhan thiy tiém ning cia viéc ung dung
Y-STR trong xdc dinh huyét théng va gidm dinh trong diéu tra hinh su cdc nha khoa hoc
khong ngirng nghién ciru va tim ra nhiéu locus Y-STR méi. Nam 2006, cic nha khoa hoc
d3 tién hanh giai trinh ty toan bd NST Y véi dién giai ddy du va xdc dinh duoc khoang hon
400 marker Y-STR riéng ré& c6 tiém ning tng dung trong gidm dinh ADN phuc vu diéu tra
cac vu an [15].

Danh phdp cta Y-STR ciing tudn theo quy tic dit tén chung cho STR va duoc thdng
nhét tén bai T chic vé bod gen ngudi (Human Genome Organisation — HUGO). Mot sb
cong ty thtr nghiém c6 cdc dinh dang khic nhau cho céch viét cic marker Y-STR. Vi dy:
marker DYS455 c6 thé duoc viét 1a DYS455, DYS 455, DYS # 455 hodc DYS # 455. Tuy
nhién, tiéu chuin khoa hoc duoc HUGO va NIST (Vién tiéu chuin va cong nghé quéc gia
Hoa Ky) chap nhan 1a DYS455.

Ngoai cdc dic diém chung cta cdc STR nhu di trinh bay ¢ trén STR trén nhiém sic
thé Y c6 mot s6 diém khéc biét nhu sau:

Do hau hét Y-STR nam trong viing khong tdi t6 hop cia NST Y nén véi céc locus

Y-STR s& chi ton tai & dang ddng hop tir (mdi locus sé& chi c6 1 alen twong tng). Dic diém
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nay khién cho viéc phén tich dit liéu, so sdnh ddi chiéu giira cdc miu trd nén don gian hon
nhiéu so voi cdc STR trén NST thudng.

Khong gidng nhu cdc marker STR trén NST thuong, cdc marker STR trén NST Y
duoc lién két trén cing mot NST va khong c6 sy tdi to hop gitta cdc marker qua céc thé hé
[16]. Do d6 dinh luat cin bang Hardy - Weinberg (thuong duoc dp dung dé tinh todn tan
suit céc alen trén NST thuong) khong phit hop dé tinh todn tan sb cdc alen & mdi locusY-
STR. Pé xic dinh dugce tan s6 cic STR dic trung trén NST Y dir liéu phai dugc so sanh
gitra nhiéu tap mau khac nhau va trén ) luong du 16n dé dai dién chinh xéc cho tan sb cua
cac haplotype trong quan thé dang nghién ciru. Boi vy nhiéu mau Y-STR duoc tap hop va
bd sung vao cic co s¢ dir lieu phuc vu hitu ich cho viéc tra ciru. Tuy nhié€n, hi€én nay co so

dir liéu vé Y-STR con qud it so véi cdc dit liéu vé STR trén NST thuong da thu duoc.

DOQO:O )
? o

trén NST thwrdrng Trén NST giddi tinh ¥ Trén ty theé

Hinh 1. 2. Mb hinh di truyén cdc marker theo kiéu tdi to hop (trén NST thudng), theo
dong cha (trén NST Y) va theo dong me (trén ty thé)

Do NST Y chi ¢6 & nam gidi nén Y-STR ciing duoc di truyén theo dong cha tir dng
n6i dén bd rdi dén céc con trai. Trén 1y thuyét néu khong c6 dot bién xdy ra trén Y-STR tat
ca nam gidi trong cing mot dong ho sé& c¢6 kiéu Haplotype gidng nhau trong mot tap hop
céc Y-STR duoc phéan tich (Hinh 1.2).

1.5. Cac huéng ing dung ciia chi thi STR trén nhiém sic thé giéi tinh Y
1.5.1. Y-STR trong nghién ciru cdu triic di truyén quan thé (genetic structure)

CAu triic di truyén ctia mot quan thé duoc dic trung boi sé luong quan thé trong do,
tAn s6 cua cdc bién thé di truyén khac nhau (alen) trong mdi quan thé, tin s kiéu gen
(genotype) va mirc d6 phan l4p di truyén ctia cdc quan thé. Tan sb caa haplotype trong quan

thé ciing rat quan trong, dic biét voi tinh todn xdc suét trong gidm dinh ADN. Viéc ting
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cuong sur dung céc chi thi Y-STR cua nguoi ung dung trong gidm dinh ADN, trong nghién
ctru nhan chung hoc va khao ¢6 hoc di tao ra su nd luc hop tac dé thu thap dir liu haplotype
tir cdc quan thé khéc nhau va dé xdy dung cdc co sé dit liéu ADN trén NST Y. Viéc phan
tich co s& dir liéu va md hinh héa phan phdi xéc suat cia céc haplotypes Y-STR gitip kham
phé ra cdu tric quan thé c6 lién quan 4n trong mot quan thé tham chiéu bao gdm cdc
haplotypes duoc t6 chirc trong cdc cum gbe ¢ ngudn gbe tir ngudi séng lap duoc két ndi

boi cdc su kién dot bién (Hinh 1.3).

Hinh 1. 3. M6 hinh biéu thi su phan hod cic nhém Y haplotype khéc nhau bat ngudn tir 1
to tien chung [17]

Dua vao bang sd liéu tan s6 alen cua timg locus Y-STR trong quan thé nghién ciu,
st dung cong cu online AMOVA (phuong phédp phan tich phuong sai phan tr) trén trang
yhrd.org c6 thé tinh todn khoang cdch di truyén theo cip (gid tri Rst) va xdc suit két hop
(P value) giira quan thé trong nghién ciru voi mot sd quan thé khéac dé tir d6 thay duge mbi
quan hé giira cdc quan thé, dit ra cdc gia thuyét vé ngudn goc lién quan theo dong cha giira
cdc quan thé. Mot vi du minh hoa nhu trong nghién ctru quan thé cua Kyu Sik Jeong di sir
dung co so dir liéu Y-haplotype va cong cu AMOVA dé xay dung cau tric MDS plot md
phong mdi quan hé giira cdc quan thé. Két qua cho thiy ngudi Viét Nam c6é quan hé gan
gili voi cdc quan thé ngudi Thai Lan, Trung Québc, Han Quédc nhung c¢6 khoang cich xa so
v6i quan thé ngudi Mong Co va Dai Loan [18]. Phuong phép neighbor-joining dua trén gid

tri Rst cling dugc sir dung dé xay dung ciy phén loai ctia 8 quan thé (Hinh 1.4).
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Hinh 1. 4. Cu tric MDS plot va ciy phan loai mo ta mdi quan hé gitta cdc quan thédya
trén dit liéu Y — halotype [18]

Bén canh cdc STR trén NST Y trong nghién ctru cdu tric di truyén quan thé ciing sir
dung cdc chi thi SNP trén viing khong trao dbi chéo cia NST dé danh gi cau triic di truyén
theo dong cha giita cdc nhém quan thé khdc nhau, ngudn gdc va sy phén tich cdc nhém

theo nhiéu hudng.

1.5.2. Ung dung cdc Y-STR trong xdc dinh huyét thong

“Hd so ADN” (DNA profile) 12 mot phan nho trich tir cAu trdc toan bd cua chudi
ADN (ctia mét c4 thé) du dé phéan dnh dic thu riéng nhét ciia mdi c4 thé khong 1an 16n véi
nhitng c4 thé khdc. Va ciing tir 6 ma thuét ngit “Van tay ADN” (DNA fingerprint) - ciing
chinh 12 “hd so ADN”, do mét nha Di truyén hoc ngudi Anh Alec Jeffreys dé xuat, néi 1én
mot dic trung duy nhat cho mdi cé thé giéng nhu 12 ddu van tay (khong c6 hai ngudi bat
ky c¢6 cling mot van tay) [2]. “Van tay ADN” ciia 1 c4 thé 1a hoan toan giong nhau & tat ca
cdc té bao, to chirc mo, tang phu trong mot co thé; va van tay ADN 1a khong thé thay doi
dudi bang bt ctr tic dong ndo tir bén ngoai. Viéc 14p hd so ADN dua trén cdc marker STR
d3 bat dau phat trién tir nhitng nam 1990 va try thanh cong cu khong thé thiéu trong linh
vuc gidm dinh phép 1y, dinh danh c4 thé. Nhiéu nudc trén thé giéi da dé xuit viéc st dung
hd so ADN thay thé cho ching minh thu/thé cin cudc théng thuong. Tuong ty nhu vy,
mot hd so Y-STR ciing ¢6 thé duoc tao 1ap. Tuy nhién, do dic diém di truyén theo dong
cha ma khong c6 sy tdi to hop nén hd so Y-STR khong c6 gid tri phan biét cdc cé thé (PD:

power of discrimination) cao nhu cdc STR trén NST thuong.
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Bdi vi cdc kiéu haplotype Y-STR duoc chia sé giita nhitng nguoi dan éng c¢6 cling
quan hé theo dong cha, nén viéc phan tich Y-STR 1a ph hop dé giai quyét tranh chéap vé
quan hé cha con, cdc cau hoi lién quan dén quan hé huyét thong theo dong cha va tim kiém
ngudn gbc gia dinh [19]. Phéan tich Y-STR ciing dic biét phit hop trong céc trudng hop
thiéu hut théng tin, mot trong nhitng trudng hop d6 1a ngudi cha gia dinh cia mot dira tré
nam d3 chét va khong thé thu miu dé xét nghiém. V& 1y thuyét, bang cdch st dung cdc Y-
STR tiéu chudn véi ty 1& dot bién trung binh, nhitng ngudi than theo dong cha cla ngudi
cha gia dinh da chét (nhu b, anh/em trai cua nguoi cha gid dinh) s chia sé cung mot Y-
STR haplotype voi ngudi cha gia dinh va ciing gidng véi con trai ctia ngudi cha gia dinh
da chét. Qua d6 than thé cua dira tré ¢ thé duge xéc dinh.

Phéan tich Y-STR cling phu hgp véi cac truong hop nhan dang nam gidi li€n quan
dén tir thi, hai cdt nhu nan nhan trong tham hoa va nhan dang nguoi mét tich.

1.5.3. Ung dung ciia cdc Y-STR trong linh vuc khoa hoc hinh sw

Céc hd so ADN tiéu chuén dya trén mot tap hop cac STR trén NST thuong c¢6 d¢ da
hinh cao, dugc lya chon k¥ ludng 1a diéu kién 1y tudng trong viée xdc dinh thu pham duy
nhat dé lai cdc dau vét tai hién truong. Ngay nay, cdc diéu tra vién c6 thé dé dang khdp ndi
hd so STR cuia nhitng nguoi da timg pham ti bi két 4n, da ting c6 tién 4n duoc luu trix
trong ngan hang dit liéu ctia co quan diéu tra vdi hd so STR thu dugce tir ddu vét hién truong
vu an duoc so sanh va tim kiém sy trung khop. Tuy nhién, viéc khop ndi hd so tuy dong nhu
vay c6 thé khong thanh cong trong truong hop thu pham thuc sy cia vu 4n chua duoc luu
hd so STR trong ngan hang dit liéu. Pic biét trong truong hop hd so STR thu tir ddu vét
hién truong la hon hop cua nhiéu hon 1 nguoi (vu dn co nhiéu hon mot thu pham hodc mau
13n giita thii pham va nan nhan) thi viéc khép ndi hd so STR sé& gap nhiéu khé khin. Chi ¢6
trong diéu kién rat 1y tuéng, chang han nhu ndng dd6 ADN cua 1 trong 2 tht pham c6 trong
dau vét hién truong nhiéu hon han ngudi con lai mai c6 thé 1ap nén hd so STR hoan chinh
du dé so sanh khép ndi, trong khi phan 16n céc truong hop khic khong thé thuc hién viée
so sanh tring khép [20]. Lidc nay viéc mo rong phén tich Y-STR c6 thé gitip giai quyét van dé.

Bat dau tr nam 1992, cdc STR c¢6 d6 da hinh cao nam trén phan khong tai to hop
ctia NST gidi tinh Y da duoc cong bd va ing dung ngay vao viée giai quyét cdc vu 4n hinh

su [14]. Ngay cang c¢6 nhiéu marker Y-STR duoc nghién ctru dé tao ra nhiéu haplotype Y
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khéc nhau [21-25]. Hién nay c6 t6i 27 marker Y-STR pho bién c6 trong céc bo kit thuong
mai (bg kit Yfiler™ Plus PCR Amplification Kit —hang Thermo Fisher Scientific) [26].
Do tinh da dang haplotype cao, cdc cong cu nay cho phép phan tich dic tinh mau thu
dugctheo dong cha. Hon nira, cac b kit Y-STR thuong mai nay cho phép phat hién va phan
tich ADN tir mau nam gidi c6 trong cdc mau hdn hop c6 ndong d6 ADN tir ngudi nir chiém
vu thé. Cuy thé, trong cdc vy 4n hiép dAm mau thu tai hién trudng thudng 13 hdn hop cta ca
ngudi nam va nguoi nit (cha yéu 12 miu dich trong 4m dao nguoi bi hiép dam), trong d6
lrgng ADN thu tir ngudi nir thuong vuot troi hon so véi ndng dd6 ADN thu tir ngudi nam
(thii pham hiép dam). Khi phén tich hd so STR trong NST thuong do ndng d6 ADN vuot
troi tir té bao biéu md cua ngudi nit va do tiém ning chia sé mot sb locus STR gidng nhau
gilta ngudi nam voi ngudi nit nén rat khé cé thé 1ap duoc hd so STR trén NST thuong tir
thu pham nam cua vy an [27]. Do chi Xuét hién & nam gidi nén viéc phan tich hd so Y-STR
12 lya chon tdi wu dé so sdnh gitta miu ngudi nghi pham va mau dé lai hién truong.
Female-Male Mixture Performance with Autosomal vs. Y-Chromosome DNA Markers
'|
I

x S [ ||| Khang co tin hiéu du'o'c
Mau nan nhan nir II i iy

clla vu an [
Mau ﬂ_:ll.-j ph@rm nam Ad ‘
clia vu @n

|
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Méu thu tai higén oA M
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STR trén NST thudng STR trén NSTY

Hinh 1. 5. So sanh viéc 14p hd so ADN duya trén STR trén NST thudng va trén NST Y
Véi mau hdn hop thu tai hién truong néu stir dung STR trén NST thuong rat khé cé
thé phan tach, 1ap duogc hd so ADN cua ca nan nhan va thu pham, tuy nhién néu dung Y-
STR c6 thé 1ap riéng duoc hd so Y-STR cua tha pham 12 nam gi¢i ma khong xuat hién céc
locus cua nan nhan ni.
Cic khuyén nghi vé phan tich phdp y voi Y-STR di duoc thanh 1ap boi Uy ban di
truyén hoc phdp y qudc té [28,29] va cdc bo kit Y-STR di dugc kiém dinh mot cach hop

phép [30,31] cho phép cic diéu tra vién khong chi loai trir cic nghi pham nam khéi lién
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quan dén viéc pham toi thong qua hd so Y-STR khong khép voi mau thu tai hién truong
ma con xdc dinh ngudn gdc gia dinh cta ngudi nam c6 trong dau vét hién trudng. Vi du,
mot nghién ctiru gdn ddy vé hang trim trudng hop tin cong tinh duc, trong d6 viée phén tich
hd so Y-STR dugc dp dung ciing véi hd so STR NST thudng cho thay rang 1/10 trong sb
cdc trudng hop ndy s& van khong dua ra duoc két luan néu khong st dung céc chi thi Y-
STR va hon nita, phan tich Y-STR haplotype c6 kha ning nhan dang nhiéu nguoi pht hop
gap ba 1an so véi hd so STR trén NST thudng [32].

Phén tich cdc STR trén NST Y ¢6 wu diém hon so v6i trén cdc NST thuong boi mot
s6 dic diém chinh sau:

Thir nhat, khong can tich chiét riéng cédc thanh phan tir mau hdn hop cia ngudi nam
va nit trong cdc vu an hinh sy dac biét 1a trong cdc vu xam hai tinh dyc. Thong thuong, dé
c6 thé phan tich STR trén NST thudng tir miu tinh dich ¢6 trong mau dich thu & 4m dao
hoic mau quin/do cia mot nit gidi bi hiép dam cidn mot sé phuwong phap dé tich riéng thanh
phan tinh tring ra khoi mau 13n trong qu4 trinh tach chiét ADN. Qud trinh nay doi hoi nhiéu
thoi gian, héa chit, cong strc va khong phai lic nao cling dat hiéu qua néu sb luong tinh
tring c6 trong mau hon hgp qud it hodc di bi thodi héa qua thoi gian, ngoai ra con phu
thudc rat nhiéu vao kinh nghiém cua can bo thuc hi¢n cac thi nghi¢ém. Tuy nhién véi viée
phan tich cdc Y-STR s& khong doi hoi qud trinh nay do dé giam déng ké cic cong doan
trong tach chiét ADN.

Thtr hai, mét dir liéu Y-STR dﬁy du van c6 thé duoc tao ra tir luong ADN nam cuc
nho c6 trong mau vat hodc ¢ dang mau 13n noi ma lugng ADN cua nit gi6i chiém uu thé.
D3 c6 rat nhiéu nghién ciru chirg minh kha ning phan tich thanh cong hd so Y-STR trong
mau c6 ty 16 ADN nit/ADN nam gi6i chénh 1éch nhau rét 16n. Prinz va cong su cho théy
trong céc thi nghiém mo hinh ma thanh phan mau ciia nam gi6i nho trong hdn hop nam/nir
6 thé dugc phét hién 1én dén ty 18 1 :4000 véi 0.4 ng ADN nam gidi ban dau [32]. Sibille
bdo cdo két qua phan tich Y-STR 1a duong tinh trong khoang 1/3 cdc trudng hop xam hai
tinh duc vé6i két qua dinh tinh cdc mau thu dich Am dao ban dau 12 “4m tinh” ddi vdi tinh
dich [33]. Hiéu suat, d6 nhay cua phan tich Y-STR trong phan ng multiplex PCR phu
thudc vao viée thiét ké moi, viéc tdi vu héa cdc diéu kién phan tmg. Cic bo kit Y-STR

thuong mai phd bién hién nay 1a PowerPlex®Y23 (hing Promega) va Yfiler® Plus (Thermo
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Fisher scientific) dd phat trién rat tot, ching minh d nhay cao trong viéc phat hién luong
ADN nam ban dau rat nhé (duéi 0.5 ng) [34].

Thir ba, mdi locus trén NST Y chi gdm 1 alen, do cic locus Y-STR chil yéu nim
trong phan khong bit cip twong dong trén NST Y nén ngoai trir mot sé trudong hop dic biét,
moi cip mdi chi khuéch dai cho 1 alen trén 1 locus Y-STR. Do d6 viéc phan tich sau dién
di mao quan ciing duoc thuc hién nhanh chéng, dé dang hon khi so vi STR trén NST
thudng. Ngay cé trong trudng hop phén tich hdn hop tir nhiéu nam gidi khac nhau, hd so

Y-STR riéng r& cta tirng ngudi cling ¢6 thé duoc xédc dinh.
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Hinh 1. 6. Vi du vé 1 o so Y-STR tir 1 cd thé v6i moi locus chi gdm 1 alen (ngoai trir
locus DYS385 gom t6 hgp 2 locus DYS385a va b)

Thr tu, kha nang khuéch dai nhiéu Y-STR gitip tiét kiém ddng ké thoi gian, héa chat.
Ciing giéng nhu cdc STR trén NST thuong, phén tich ddng thoi nhiéu locus Y-STR c6 thé
dugc thong qua phan tng multiplex PCR va viéc sir dung nhiéu loai mau (dye) huynh quang
khéac nhau. Sy phat trién cua céc bd kit thuvong mai da dugc kiém dinh, nghién clru cang
hitu ich cho trng dung Y-STR trong khoa hoc hinh sy (Hinh 1.6).

Vi nhitng vu diém néu trén, viéc phan tich ho so Y-STR c6 thé 4p dung trong diéu
tra hién trudng téi pham trong cic truong hop cu thé sau day:

Trudng hop thir nhat, mau 1an tir ngudi nam va nit trong d6 ndng 46 ADN mau ni
chiém uu thé hon han miu nam (thuong 12 mau thu dich trong 4m dao cia mot nir gidi bi

hiép dam).
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Trudng hop th hai, nghi pham bj cdo budc xam hai tinh duc trong d6 két qua thir
dinh tinh phat hién d4u vét tinh dich 12 4m tinh hodc khong tim thay x4c tinh tring khi quan
sdt dudi kinh hién vi.

Truong hop thir ba, mau vat thu tir hién truong cac vu xam hai tinh dyc cé két qua
thir dinh tinh phét hién vét tinh dich 12 duong tinh nhung khong phat hién duoc ADN cua
tht pham do céc alen tai céc locus STR trén NST thudng cta thu pham nim duéi ngudng
phét hién.

Truong hop thir tu, trong cdc vu xam hai tinh duc c6 mau thu tai hién truong la mau
14n ctia nam va nir hodc ctia 2 ngudi nam tré 1én khi phan tich véi hd so STR trong nhén.

Trudng hop thir nim, vét tinh dich da dé 14u, phan 16n céc té bao tinh tring duoc du
dodn 12 da bi thodi héa va phén tich cic thanh phan trong tich chiét ADN khong thanh
cong hodc rui ro.

Trudng hop tht sdu, mau hung khi trong cdc vu ¢ y gdy thuong tich, giét ngudi 1a
mAau hén hop tir nhiéu ngudi nam hoic mau 14n cia nam gidi va nir gidi.

1.6. Phwong phap phan tich cac chi thi Y-STR
1.6.1. Phdn tich dwa trén phwong phdp dién di mao qudn

C6 mot sé phwong phdp ding trong phan tich STR nhu PCR véi cip méi dic hiéu
va phdt hién trén anh dién di gel, phan tich da hinh chiéu dai cdc phan doan cét giéi han
(RFLP - Restriction Fragment Length Polymorphism)... Hién nay véi su phdt trién cta sinh
hoc phén tir quy trinh phan tich STR tai cdc phong xét nghiém di dwoc chuan héa dya trén
phuong phdp PCR da mdi c6 gin huynh quang két hop véi dién di mao quan cho phép phan
tich déng thoi nhidu STR véi do nhay, do chinh xdc cao, tiét kiém thoi gian va cong stc.
Céc budc co ban ctia mot quy trinh phan tich STR bao gdm: tich chiét ADN, dinh luong
ADN sau tach chiét, PCR khuéch dai céc locus STR, dién di phat hién san pham sau PCR,
phéan tich két qua [35].

Téch chiét ADN

Tay thudc vio ndong d6 ADN c6 trong mau sinh pham dé lya chon phuong phép téch
chiét ADN phit hop. Phuong phap duoc sir dung phd bién véi mau c6 lwong ADN nhiéu

(mAu téc, niém mac miéng, mo twoi, mau...) 1a phuong phap Chelex® 100. Vi nhitng mau
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c6 lugng ADN it hoac mau di bi phan huy viéc sir dung céic bg kit tach chiét ADN chuyén
biét dugc dp dung nham ting hiéu qua tich chiét.

Dinh lwgng ADN

Sau téch chiét lugng ADN thu dugc can phai dinh lugng chinh xac va kiém tra cht
lwong ADN. Xéc dinh du luong ADN dau vao cho phan tmg PCR sé& cho két qua tot nhat. Piéu
nay cuc ky quan trong ddi v6i nhitng mau ADN trong phép y. Phuong phép dinh lugng phd
bién 12 dién di trén gel agarose, ngoai ra con c6 thé dinh lwong bang Real-time PCR.

Thuc hi¢n phdn irng PCR khuéch dai cdc locus Y-STR

Phéan tich STR néi chung va Y-STR néi rieng dugc thyc hién béng k¥ thuat PCR
(Polymerase Chain Reation). Py 13 k¥ thudt nhan ban ADN trong dng nghiém dya vao
viéc ting giam nhiét theo chu ky, nhd d6 ma cdc miu nghién ctru dit chita ADN véi sb
lugng rét it van c6 thé nhan ban thanh nhiéu ban sao dic hiéu gidng nhau vé kich thudc va
trinh tu [36].

Trong hé gen clia ngudi ¢ nhiéu STR dwgc nghién ciru va ¢6 kha ning tng dung
trong phén biét cd thé. Pé dat duoc kha ning phan biét giita cdc cd thé s6 lugng STR phan
tich phai du 16n. S6 lugng STR dugc lva chon phu thudc vao do da hinh, s6 cdc alen trong
1 locus va tan sudt phin bd cdc alen trong timg quan thé nguoi nhat dinh. Thong thudng sb
lugng STR dugc lya chon 1a tir 17 locus STR tré 1€n. Tuy nhién néu thuc hién viéc khuéch
dai riéng r& tmg STR trong phan tg PCR s& ddi hoi tiéu tén héa chat, cong stc rat nhiéu.
Su ra doi cua k¥ thuat PCR da mdi (multiplex PCR) di gitip giai quyét van dé nay. Phan
mg PCR da mbi (Multiplex PCR) dugc dinh nghia 1a sy khuéch dai dong thoi ctia nhiéu
viing ADN trong mét phan tng PCR duy nhét. Trong phan tng nay nhiéu viing gen dich
6 thé duoc khuéch dai nhd b sung dong thoi nhiu cip mdi. Nhuw méot phuong phép cai
tién ctia phan (mg PCR thong thudng, phuong phép nay gitip rit ngan thoi gian thuc hién
ma lai khéng anh huong t6i két qua thi nghiém. Ké tir 1an dau tién dugc mé ta trong 1988,
multiplex PCR d3 duogc dp dung trong nhiéu linh vuc nghién ctru ADN nhu phét hién dot
bién mat trong gen, dinh lwong mau, xdc dinh tic nhan giy bénh [37].

Uu diém 16n nhét cua k§ thuat multiplex PCR 1a c¢6 thé khuéch dai dong thoi nhiéu
locus STR trong mét phan (mg. Piéu nay gidp tiét kiém thoi gian, chi phi, cong stc rat
nhiéu so véi viéc khuéch dai timg locus STR riéng r&. Phan tmg multiplex PCR gidp tiét

kiém dang ké chi phi héa chat dic biét 12 ADN polymerase, mdi trong diéu kién thiéu hut.
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Két hop voi phuong phdp dénh ddu mdi huynh quang, dién di mao quan va st dung phan
mém phan tich dit liéu, hién nay toan b thoi gian phan tich mot bd gdm 17 - 24 locus trong
xét nghiém huyét thong chi mat khoang 2 gid.
Thém vao d6 trong phan tmg multiplex PCR c6 thé ddnh gid duoc hiéu qua khudn
ADN (d9 tinh sach, ndng d6) dugc dua vao tét hon so voi trong phan tng PCR don 1é.
Mot uu diém khéc cta phan Gmg multiplex PCR 12 ¢6 thé ddnh gid duoc truong hop
am tinh gia (do phan ttng PCR that bai) hoac duong tinh gia (do mau nhiém) tdt hon.

> > >
< < -«

Locus A Locus B Locus C
Hinh 1. 7. Minh hoa qua trinh khuéch dai cuing ltic 3 locus st dung 3 cip moi khic nhau
trong phan trng multiplex PCR

Ciing gidng nhu phan tmg PCR thong thuong, viée toi uvu héa diéu kién phan tng
trong multiplex PCR ciing 1a budc quan trong va tham chi con phtrc tap hon nhiéu 1an so
v6i trong phan tng PCR thong thudng [38]. Mot sd diéu kién chinh trong phan tng
multiplex PCR can duoc téi wu:

Do dai moi: Phan ing multiplex PCR lién quan dén viéc thiét ké mot s6 lugng 16n
cdc mdi do d6 yéu cau mdi dugce thiét ké phai c6 do dai thich hop. Thong thudng, mdi phai
c6 d6 dai ngdn khoang 18-22 bazo.

Nhiét d6 néng chay (Tm): cdc mdi c6 Tm twong tu nhau, tét nhét 1a tir 55°C- 60°C
nén dugc sur dung. Ddi véi céc trinh tu ¢6 ham lugng GC cao nén st dung mdi c¢6 Tm cao
hon (t6t nhat 12 75°C- 80°C). C6 thé chip nhan sy thay d6i Tm trong khoang tir 3° -5°C ddi
v6i cdc moi st dung trong cing mot phan tng

Tinh dic hiéu: trong multiplex diéu quan trong 13 phai dam bao tinh dic hiéu cua
cdc doan moi dugc thiét ké nham khuéch dai céc trinh ty muc tiéu khéc nhau trong mot
phan mg duy nht

Trénh hinh thanh Primer Dimer: cdc mdi duoc thiét ké trong cting 1 hdn hop phan
mg phai duoc kiém tra xem c6 hinh thanh céc dimer hay khong. Sy hinh thanh dimer s&
dan dén sy khuéch dai khong dic hiéu.

Ngoai ra dé thu duoc lugng cdc san pham khuéch dai sau PCR ¢6 sy cin bang véi

ning suat twong tw nhau 12 mot nhiém vu day thach thirc. Ngay nay, véi su san c6 ctia nhiéu
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b6 kit thuong mai, cdc phong thi nghiém don 1¢ thuong hiém khi thue hién céc thi nghiém
t6i vu héa phan tmg multiplex PCR nira. Thay vao d6, cdc nghién ctru kiém dinh noi bd
thudng tap trung vao viéc ddnh gid hiéu suat cua phan tng multiplex PCR véi cic diéu kién
khéc nhau xung quanh céc tham sd t6i vu dugc cung cap trong protocol cua bd kit. Vi du,
hiéu suat PCR thé hién do cao cta céc dinh tin hiéu (peak) STR thu dugc theo protocol tir
cdc kit thuong mai c6 thé dugc ddnh gid ¢ nhiét d6 gan méi tdi uu (vi du 59°C) va nhiét do
cao hodc thip hon nhiét d6 gin mdi tdi wu 2-4°C (vi du 55°C, 57°C, 61°C va 63°C).

Dién di phdt hién sin pham PCR

Budc tiép theo sau phan tmg PCR 12 qu4 trinh phén tdch va phét hién cdc san pham
khuéch dai. Phan tng multiplex PCR khuéch dai cac STR c6 thé tao ra mot hon hop céc
phan tir ADN c¢6 kich thudc khdc nhau (trong khoang tir 100 d&én 400 bp) va can dugc phin
tach khoi nhau mot céch ro rang. Pac biét 1a can phan tach cdc alen c6 khoang cich gﬁn
nhau (vi du nhu 2 alen 9.3 va 10 cua locus THO1 chi hon kém nhau 1 bp). Vi¢c nay doi héi
phai c6 phuong phdp phin tich ADN hiéu qua. Ngoai ra, didu quan trong 13 phuong phép
phan tich c6 thé tién hanh 1ap lai va mang lai két qua c6 thé so sdnh két qua phan tich giira
céac phong thi nghiém v61 nhau.

Dé phan tich céc phén tir ¢6 kich thude khdc nhau, can phai c6 qué trinh kéo cic
manh c6 kich thude khdc nhau téch roi nhau qua qud trinh goi 1a dién di. Mot s6 phuong
phép dién di c6 thé dugc st dung bao gém (1) Pién di trén gel polyacrylamide (PAGE) két
hop v&i phét hién biang bing phwong phdp nhudém bac hoic may quét gel huynh quang (néu
mdi duge gin huynh quang) va (2) Pién di mao quan (CE) v6i cam tng huynh quang laser.
Hién nay di¢n di mao quan véi nhiéu vu diém nhu: cho do phan giai cuc cao, tbc d6 va do
nhay cao ddi véi viéc phén tich cidc mau rat nho, tw dong héa, khong can st dung gel, mau
6 thé duoc bd sung thém. .. dang 13 phuong phdp pho bién trong phan tich STR [39].

Pé c6 thé dugce nhan biét boi cam bién laser va phan tich dugc cic locus ¢6 kich
thudc gan nhau trong hé théng may dién di mao quan doi hoi phan tir ADN phai dwgc dénh
dau huynh quang (fluorescence dye). Panh dau huynh quang vao cic doan ADN c6 thé
dugc thuc hién bang nhiéu cach khdc nhau. Tuy nhién, phuong phdp pho bién nhét duoc sir
dung ddnh du cdc alen STR 1a st dung céc dye huynh quang dé ddnh diu ¢ ddu 5' ctia mot
moi PCR (mdi xudi hodc mdi nguoc) [40]. Mdi loai mau nay s& phdt huynh quang & cic

budc séng khac nhau. Qud trinh danh dau dugc thuc hién ngay tir khi tong hop mdi. Sau
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d6, sir dung cdc mdi nay dé PCR nhén boi céc locus STR tuwong tng sé& tao cdc san pham
PCR dugc ddnh ddu. Céc san pham PCR nay duogc dién di phén tich trén hé thong dién di
mao quan. Hai sgi ADN dugc phan tach trong qué trinh dién di va chi sgi ADN dugc danh
dau s& duoc phat hién bang thiét bj phat hién nho cam bién laser.

Viéc gan mdi huynh quang ¢6 nhiéu vu diém nhu gidp két qua phién giai duoc doc dé
dang vi chi ¢c6 mot trong hai mach cua phan tr ADN dugc phét hién. Ngoai ra, trong phan tng
multiplex PCR khuéch dai dong thoi nhiéu locus STR viée ddnh ddu méi bang huynh quang
gitip d& dang phan biét c4c san pham khuéch dai c6 kich thudc twong ty [41].

== Argon ion
LASER
| | (488 nm)
kich thudc e : spectrograph
] g-*—- )
= Phan tach cdc

P \ mau
[3. Phén tiach méu] = | gquang \

B Meo e mm

quan
(chira  CCD Panel (v&i cdc kinh loc)
dung dich
|__| polymer) I 4. Phét hién méu I
(—
[2. Lay méu vao ]“‘"—‘"
mao quan - Phan tich bAng ph&n mém
x : : 2 = 1 GeneMapper ID

Hon hop cdc san phiam o) iy |
PCR da duoc danh diu w0 I ||
huynh quang tir phan ing o W U A g ‘ N AT
PCR da méi =

1. Chuén bi [ 5. Phén tich két qua ]
méu

Hinh 1. 8. Cac budc hoat dong chinh cia mot hé théng dién di mao quan [35]

Phan tich xi Iy sé li¢u

Phan mém thu nhan dit liéu s& gitp tinh todn, xtr 1y dit liéu thd va hién thi phd dir
liu dudi dang céc nhiéu dinh tin hiéu (peak). Budc cubi cung trong viéc tao ra hd so STR
12 viéc gin tén cdc locus, tén alen cua timg locus twong Gmg véi cdc dinh tin hiéu. Khi gén
tén alen, céc dinh tin hiéu chua biét s& dugc so sdnh véi thang alen va kich thudc cua tin
hi€u do6 phai roi vao mot khe vdi do rong trong khoang +/- 0.5 bp so véi kich thude tuong

{rmg 6 thang alen chuan. Néu kich thudc cta dinh tin hiéu khéng ndm khoang nay s& bi phan
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loai thanh nhém Iéch thang (OL - off ladder) va doi hoi phai tién hanh phan tich lai [42].
Su so sdnh céc dinh tin hiéu chua biét voi thang alen c6 thé dugc thyc hién thu cong hoac
tw dong bang cdc phan mém chuyén dung. Két qua cudi ciing s& 1a mot hd so (profile) trong d6
cdc alen cua tirng locus STR duoc biéu thi dudi dang céc chir ) hay chinh 1a s6 lan lap lai
trong 161 STR.

Véi STR trong nhan té bao tuy thudc vao dang dong hop tir hay di hop tir tin hiéu
phan tich sau dién di mao quan sé& hién thi ¢ dang 1 hoic 2 peak. Tuy nhién, véi Y-STR do
mdi locus thuong chi ¢6 1 ban sao trén 1 NST Y nén khi phén tich két qua thong thudng tai
1 locus STR trén NST Y s& chi xuét hién 1 peak twong tng. Viéc xuat hién 2 hoic nhiéu
peak hon tai mdi locus thuong 14 do 2 nguyén nhan chinh sau:

Mau hdn hop (thuong 12 mAu thu tir hién truong vu dn) c6 thé duoc nhan biét bang
hd so ADN xuét hién nhiéu hon 1 alen tai mdi locus Y-STR. Thong thudng trong truong
hop nay s€ ¢ 2 hodc 3 alen cung Xuét hién tai mdi locus (phu thudc vao $6 luong nguén
mau khéc nhau c6 trong mau hdn hop) va sy cin bang gitra cdc dinh tin hiéu (peak) ciing
khong con. Ngoai ra trén thuc té ¢6 nhiéu vung trén NST Y c6 thé bi mAt hoac duoc nhan
d6i, nhan ba & mot s6 té bao hodc c4 thé qua qud trinh phan bao. Do d6, thyc té nay c6 thé
1am phirc tap két qua phién giai mau. Mot s6 cdc mau da duoc quan sit v6i nhidu Y-STR
duoc nhan d6i nhu minh hoa trong Hinh 1.9. Ban sao thudng sé hitu céc alen chi hon kém
nhau 1 don vi ldp lai va s6 hitu chiéu cao peak twong dwong nhau. Nghién ctru v6i cip mau
cha - con da dugc chirng minh su xuét hién ctia dot bién nhan d6i, nhan ba va xéa 1 don vi

1ap lai trong cac locus Y-STR [43].
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Hinh 1. 9. Két qua phan tich Y-STR tir 1 mau nam gidi véi cac locus DYS3891, DYS439,
DYS437, DYS389II bi dot bién 1ap doan véi 2 alen trong 1 locus Y-STR chi hon kém
nhau 1 don vi 1ap [35]

Trong gidm dinh hinh sy, can phai phan biét rd 2 hién twong khi xuét hién nhiéu hon
1 alen trong mdi locus Y-STR: (1) do dot bién lap 1 doan (vung) trén NST Y vdi cac locus
d6t bién xuit hién lién k& nhau trén NST Y; (2) 12 do nhi®m tir nhiéu ngudn khic nhau,
thudng xuat hién nhiéu peak tai mdi locus & cac locus Y-STR khong lién ké nhau.

Mot nguyén nhan khic c6 thé din dén xuat hién khong day du cic locus Y-STR
trong hod so phan tich 1a do chét lwvong cia miu ADN. Vi nhitng mau thu tir hién truong
vu 4n di tiép xic 14u v6i méi truong trong diéu kién: vi sinh vat, do 4m, nhiét do cao s&
khién ADN bj phan huy, dat giy, khong con nguyén ven. Diéu nay din dén viéc khi phan
tich Y-STR s¢€ chi phat hién dugc cic alen c6 kich thudc nho, ty 1€ thanh cong giam theo
kich thudc cua céc alen. Cdc alen c6 kich thude 16n c6 thé bi dot bién trong hd so ADN, d&
gdy nham 13n khi phan tich két qua.

1.6.2. Phdn tich sw dung cdc b¢ kit Y-STR thwong mai hoa

Do hiém gip ctia mot profile cdc STR trén NST thuong s& ty thuan véi sd luong
STR dugc phan tich. Hay néi cach khic, cang nhiéu STR duoc phan tich s& tao cang nhiéu
hd so dir liéu STR khdc nhau giira cdc mau trong quan thé. Diéu nay ciing ding véi céc Y-
STR. Tuy nhién trong s6 hon 400 locus Y-STR da duogc biét dén viéc lya chon Y-STR

can thiét ¢6 thé tng dung duoc trong gidm dinh phép y phai dya trén mot sb yéu cau sau:
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Thir nhat, cdc locus Y-STR phai c6 tinh da hinh, ¢6 nhiéu alen khdc nhau. Diéu nay
gitip cdc chuyén gia phan tich tao ra s6 lwong Y haplotype nhiéu nhat nham phan biét cic
c4 thé mot cach hiéu qua nhat.

Thir hai, cic Y-STR phai ¢6 kich thuéc ngan tir 100 - 300 bp. Do céc doan ADN
ngan c6 tinh bén vitng cao hon, it bi dut gdy hon khi c6 tdc dong cua diéu kién ty nhién va
qud trinh nhan gen PCR c6 thé duoc thyc hién d& dang va hiéu qua hon. Pdi vé6i nhitng
doan ADN c¢6 tinh da hinh cao nhung kich thudc 16n, trong thuc té chi ¢6 thé thyc hién
phan tmg PCR véi nhitng miu sinh phdm con twoi, méi hodc duge bao quan trong nhitng
diéu kién t6t. Ngoai ra, dién di mao quan c6 d6 phan giai cao thi khé phan tach chinh xic
d6i véi cac bang ADN c6 kich thudc 16n. Vi vay, khong nén thiét ké cac STR c6 kich thude
16n hon 400 bp.

Thir 3, c4c locus phai c6 trinh tuy cdc vung phan bd hai bén STR dac hiéu (don ban,
khong c6 SNP) dé viéc thiét ké mdi c6 thé d& dang dugc thuc hién.

Dua trén céc tiéu chi d6, ban ddu mot bo gom 9 locus Y-STR tdi thiéu ban du duoc
chon khi co s& dit liéu dan s6 vé Y-STR bt dau duoc tao ra vao cudi nhitng nam 1990 &
chdu Au. Nhitng locus d6 bao gébm marker chi ¢c6 mot ban sao: DYS19, DYS389I,
DYS3891I1, DYS390, DYS391, DYS392 va DYS393 va mot marker da ban sao DYS385
a/b (thuong tao ra hai san phém khuéch dai véi mot cap mdi). Tap hop nay dugc goi 1a b
161 hay b haplotype Y tdi thiéu (minimal haplotype loci - MHL) [47]. Vao nam 2003, khi
My tién hanh Iya chon b0 161 Y-STR, Hiép hdi khoa hoc 1am viéc trong linh vuc phén tich
ADN (SWGDAM) d3 khuyén cdo bo sung thém 2 locus méi 1a DY S438 va DYS439 so véi
b6 161 Y-STR trude ddy, thanh tong s6 11 locus.

Ngay sau d6, mdt loat cac bg kit thuong mai Y-STR duoc phat trién dya trén bo 16i
nay. PowerPlex®Y, bo Y-STR thuwong mai dau tién tir tip doan Promega nim 2003 da thém
DYS437 vao bo 16i cia SWGDAM. Bo kit AmpFISTR® Yfiler (viét tat: Yfiler) ctia hing
Applied Biosystem nim 2004 bd sung vao 5 locus méi so voi bo PowerPlex® Y: DYS448,
DYS456, DYS458, DYS635 va Y-GATA-H4, thanh tong s6 17 locus Y-STR [48].

Vao nim 2012, PowerPlex® Y23 system (hdng Promega) duoc phat hanh bao gdm
17 locus cua bo Yfiler va thém 6 locus moi: DYS481, DYS533, DYS549, DYS570,
DYS576, va DYS643 [49]. Bo kit PowerPlex® Y23 System (viét tit: PPY23) cho phép
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khuéch dai va phét hién dong thoi 23 locus voi hé théng 5 dye huynh quang. Bo kit dugc

cAu thanh véi phan 16n cic locus ¢6 @ da hinh cao, kha ning phan biét 16n véi kich thudc

khuéch dai nho hon. Do kich thudc khuéch dai nhé hon, dic biét c6 thé khuéch dai duoc

lugng ADN trong mau vi vét, tiém ning phan biét cdc mau khi sir dung bd PP Y23 ¢6 thé

duoc dat dugc rat 16n. B kit cling cung cép tat ca cdc thanh ph?m can thiét cho viéc khuéch

dai cdc ving Y-STR trong ADN nguoi nhu ADN polymerase, moi, dém. ...

B0 kit ciing dugc thiét ké dé twong thich véi nhiéu hé théng may dién di mao quan

nhu 3130, 3130x1, 3500 va 3500xI va da dugc chiing minh hi€u qua cao trong nghién ctru

cAu triic di truyén quan thé va trong linh vuc hinh su [49,50].

Bing 1.1. Danh sich cdc locus Y-STR c6 mit trong céc bo kit throng mai phd bién hién

nay [20]

Y-STR
marker

Cic b kit thwong mai Y-STR chii yéu hién nay

B9 tbi
thiéu

PowerPlex® Y?

AmpFISTR® Yfiler®

PowerPlex® Y232

Yfiler™ Plus®

DYS19

DYS385a/b

DYS3891

DYS38911

DYS390

DYS391

DYS392

DYS393

NIENIEN I BN IR IES

DYS437

DYS438

DYS439

NIENIEN I IS BN IES BN RN AR EEN

DYS448

DYS456

DYS458

DYS635

Y-GATA-H4

AN RN BN N N N N N N N N Y N N N RN

DYS481

AN NN AN N N BN N N N Y BN N N N B NE BN

NIENIEN NN NN NN N S N N N I RN EEN
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Céc bd kit thwong mai Y-STR chii yéu hién nay

Y-STR

marker ?l?_géi PowerPlex® Y* | AmpFISTR® Yfiler® | PowerPlex® Y23 | Yfiler™ Plus
eu

DYS533 %

DYS549

DYS570

DYS576

NIEN NIV EEY

DYS643

DYS449

DYS460

DYS518

DYS627

<« & &] «

DYF387S1a/b

Nam 2014, hang Applied Biosytstem (Thermo Fisher Scientific) cho ra doi b kit
Y-STR méi c6 tén goi 1a Yfiler™ Plus PCRAmplification Kit (goi tat 12 YPlus) voi 6 dye
huynh quang, b6 sung thém 10 locus Y-STR méi so v6i bd Yfiler trude ddy, trong d6 bao
gém 7 Y-STR c6 téc d6 dot bién nhanh bao gém: DYF387S1a/b, DYS449, DYS518,
DYS570,DYS576, DYS627 ning téng sb locus Y-STR duoc phén tich 1én thanh 27 locus.
Tinh dén thoi diém nay, day ciing 12 bo kit thwong mai c6 s6 luong cic Y-STR nhiéu nhat
[51]. Hién nay PPY23 va YPlus la 2 bo kit thuong mai vé Y-STR dang dugc st dung rong
rdi trong ca linh vuc nghién ctru va tng dung trén thé gidi.

1.6.3. Phan tich sir dung chién lwgc mini STR

Trong thyc té viéc nhan dang ca thé khong phai lic nao cling dugc thyc hién voi cac
mau c6 chét lugng tot (mau thu truc tiép tir co thé sdng, cic mau con gilt nguyén ven vé
cAu trdc va di ndng do ADN phan tich). Rt nhiéu truong hop phén tich da bi bién tinh
hodc & tinh trang phan hiy manh nhu mau ddu vét hinh sy, mau hai ¢t 1du nam. Sau khi
co thé chét, mdu ngirng cung cip oxy va dinh dudng cho cdc md, din dén giam san xuét
adenosine triphosphate (ATP) cua té bao. Mirc ATP ndi bao xdc dinh qud trinh nio trong
s6 hai qu trinh chét t& bao ma mot té bao cy thé sé trai qua: apoptosis hodc hoai tir. Mang

té bao bi phd v& va su phan hily bao quan theo sau va cdc enzym lysosome dugc giai phdng
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tao ra mot kiéu phan huy ADN ngiu nhién, ADN bi bé giy thanh cdc doan dai nhé béi cdc
enzym ndi sinh. Diéu nay lam cho viéc khuéch dai ADN tré nén khé khan. Mot khi chiéu
dai doan ADN trung binh giam xudng dudi 300bp, thong tin di truyén s& bi mét déng ké do
thiéu ADN khudén méu thich hop dé khuéch dai

Cic qud trinh phan huy tich liy theo thoi gian, trong khi cdc diéu kién moi trudng
nhu nhiét d, d6 4m va do pH 1am thay ddi tbc d6 va murc do tich cuc ciia qud trinh phén
hay. Lira, d6 am cao (vi du mau ngim trong nudc, chon trong dat) va sy xAm nhap cua vi
sinh vat 12 tat ca cdc yéu té anh huong dén sy phan hity cia ADN con s6t lai. Su phdt trién
clia vi sinh vat da dugc chirng minh 1a mot nguyén nhan ding ké gay ra ton thuong ADN.
Cdc vi sinh vat tiét ra cdc enzym tiéu héa 1am ton thuong ADN thong qua céc loai oxy phan
ung va dut gay soi kép.

Ngoai ra, sy hién dién cua chét trc ché trong mau cling c6 thé 1a mot thiach thirc ddi
v6i phan Gtmg PCR. Céc chat e ché PCR 12 nguyén nhan phd bién nhit cua sy thét bai
trong qué trinh khuéch dai mic di c6 du lugong ADN dau vao [42]. Phan ung PCR c6 chua
chét trc ché dan dén viéc mét alen tir céc locus STR ¢6 kich thudc 16n hoac thét bai hoan
toan trong viéc khuéch dai tat ca cdc locus. Cac két qua nay c6 thé bi nham 13n véi cdc mau
bi phan huy nghiém trong (miu c6 néng do ADN thap).

Pé khic phuc tinh trang d6 mot sd nghién ctru da chi ra rang vé mit 1y thuyét cau
tric ADN c6 thé duoc phuc hdi hiéu qua tir cdc miu ADN di bi phan hily bang céch khuéch
dai ting doan ADN c6 kich thudc nhé hay con goi la chién lugc mini STR [44].

Bang cdch di chuyén vi trf bat cip mdi lai gan nhét c6 thé dén ving 16i 1ap ctia STR
c6 thé giam kich thudc cua san phim PCR dong thoi van gitt duoc thong tin viing 16i can
thiét nhu cdc STR binh thudng. Chién lugc nay duoc goi 1a khuéch dai cdc mini STR. Viée
phan tich mot sb locus mini-STR nay s& gép phan b sung thong tin vé hd so ADN (kiéu
gen) cd thé trong nhing trudng hop phan tich STR thong thudng khong thu duge mot ho
so kiéu gen day du. Ti 1é thanh cong cua céc hé mini-STR so v6i cdc hé STR “truyén théng”
trén cdc mau bi phin hily manh di dwgc chirmg minh: Mini-STR c6 thé cung cip mot hd so
ADN v6i thong tin di truyén gap 3 1an va day di hon hé STR tiéu chuan. Cdc nghién ctru
trén mau bi phan hay manh cho thdy ring cdc locus mini-STR ¢6 kich thuéc dudi 120 bp

déu cho két qua tdt, céc trinh tu trén 150 bp thuong khé thu duoc két qua hon.
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Megaplex PCR miniSTR
primer primer

- 7

STR repeat region <t ol

miniSTR *

primer Megaplex PCR
primer

Hinh 1. 10. Minh hoa vé vi trf khuéch dai c‘l‘mg 1 locus STR gitra cap moi PCR kich
thudce 16n va cap moi mini STR [35]

Tuong ty nhu vy céc locus Y-STR c¢6 kich thude nhé c6 thé duoc phén tich trong
mot s6 tmg dung nhu tim nguoi thin mat tich theo dong cha trong chién tranh, thién tai,
hoa hoan..., phan tich ADN tur mau vi vét thu tai hién truong cic vu 4n voi $6 luong ban
sao ADN thdp va ADN di bi phén cit.... Phuong phdp nay ciing khic phuc nhuge diém
cua viéc phan tich Y-STR so v&i viée st dung cac b kit thuwong mai cé san. Nam 2007,
Myung Jin Park va cong su di sir dung phuong phép trén dé giam kich thudc cta 17 locus
Y-STR (trong s6 27 locus Y-STR ctia bo kit AmpFISTR®Yfiler™ - AppliedBiosystem) va
da ching minh dugc uu thé vuot trdi trong viéc phan tich céac mau ADN c6 chit luong kém
tir mau hai cot hon 50 nam [45]. Nam 2017, Y.Gu va cong sy ciing thiét ké lai cdc cip moi
nham khuéch dai dong thoi 3 locus DYS385a/b, DYS3891I va DYS392 c¢6 kich thudc nho
hon khoang 140 bp so v&i trong bd kit PowerPlex® Y (Promega) nhim 4p dung trong viéc
phan tich ADN da bi phan hiy trong cac vu 4n hinh sy [46].

1.7. Tam quan trong ciia viéc tinh toan tin suit alen cac chi thi STR

Tan suét alen chinh 12 ti 1& xuét hién ctia mét alen nao d6 trong quén thé & mot locus
gen trén NST. Thyc té, trong xét nghiém ADN c6 hang chuc locus gen duoc nghién ciru va
str dung & dang bo Kit thuwong pham, cic locus gen nay nam trén cidc NST khéc nhau tir cap
s6 1 dén cap sb 23.

Trong gidm dinh huyét théng cha/me - con, cdc nha nghién ctru van phai sir dung tan
suit alen trén co s& dwa vao quy ludt di truyén vé kha ning cho nhan cdc alen cua bd me
v4i con cdi. Mot ngudi dan ong bat ky thoa mén diéu kién cho ngudi con mot nira sé alen
ctia minh thi nguoi d6 ¢6 kha ning 12 bd dé. Tuy nhién, ching ta cn biét ring trong mot
sd truong hop phai tinh ca xdc sudt dé xem c6 nguoi dan éng nao khic ciing c¢6 kha ning

nhu vay khong? Néu phén tich it locus gen (tir 10 -12) tham tri dén 16 locus gen thi van c6
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truong hop mot vai ngudi dan 6ng khac nhau cing cho con nhitng alen twong tu, nhung
ngudi bd dé chi c6 mot. Piéu nay van ¢ thé xay ra 1a do cha dé chi truyén cho con mot
alen & mdi locus gen chir khong phai toan bd kiéu gen ctia minh.

Boi vay dé tinh toan dugc xdc suét tring hop gitta hai hd so STR ciing nhu d6 tin
cay cua vi€c c6 quan hé huyét théng thi viéc xac dinh tan suét alen ctia cdc locus STR 12 rat
quan trong. Theo khuyén cdo ctia Hiép hoi phdp y qudc t& (ISFN) mdi mot quan thé, dén
toc can ty xdy dung bang tan suat phan b cic alen ctia riéng minh va phai dugc kiém dinh
chinh x4c nhdm phuc vu cho viéc phn tich quan hé huyét théng, diéu tra hinh sy, tim nguoi
mat tich trong thién tai, tham hoa... [52].

Thong thuong, cac chuyén gia phan tich ADN s€ sir dung nhitng locus gen khac nhau
trén NST khdc nhau dé dam bao tinh phan ly dc 1ap ciing nhu tinh da hinh cao. Trong mdi
locus gen lai c6 nhiéu alen khéc nhau vi vay s€ c6 rat nhiéu dic diém khéc nhau duge phan
tich. Pé xdc dinh duoc tin suit alen, cdc nha khoa hoc can nghién ctru, khao sét vé nhiéu
STR thudc s6 quan thé, dan tdc ngudi nhat dinh. Pidu ndy sé& gidp xdc dinh tinh da hinh cua
locus STR d6, su khédc biét gitra cdc tdc ngudi, ty 16 dot bién cao hay thap dé tir d6 quyét
dinh c6 nén st dung STR dé hay khong [53].

Bén canh d6, viéc thu thap mau va lua chon kich thuéc mau 1a rat quan trong. Cac
nha nghién ctru can phai thu thap duoc mau di biét chinh xdc vé ngudn gdc: toc ngudi,
khoéng c6 quan hé huyét thdng, & cdc ving dia 1y khéc nhau trén cdc ving lanh thd. Dé dam
bao do tin cdy, s6 lwong mAu phan tich can 16n. Khi d6, két qua phan tich thdng ké tan sb
alen va kiéu gen phai phi hop giita mau nghién ciru va quan thé Iy thuyét c6 thé sir dung
tiéu chuan khi binh phwong (x2). Chi khi nao dat duoc tiéu chuin nay thi tin suét alen nay
moi c6 gid tri va du tin cdy dé sir dung xdc dinh trong truy nguyén c4 thé va xdc dinh quan
hé huyét thong.

S lugng locus gen: Bén canh tan sudt alen, do tin cay cua xét nghi¢ém con phu thudc
vao ca sb luong locus tham gia phn tich. S6 lwong locus STR phén tich cang nhiéu, tin
sudt ctia 1 s6 alen nio d6 cang thp thi mau phan tich d6 cang c6 do chinh xdc cao, han ché
t6i da kha nang trung 13p ngau nhién mau trong quan thé.

1.8. Tinh hinh nghién ctru céc chi thi Y-STR
1.8.1. Tinh hinh nghién ciru trén thé gici
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Nhirng nim gan ddy, huéng nghién ctru vé Y-STR dic biét 1a tan suit céc locus alen
Y-STR xuit hién & nhitng nam gidi cu tri tai cdc quan thé, qudc gia nhat dinh da duoc cic
phong thi nghiém & nhiéu nudc trén thé giéi quan tim va nghién ctru. Vi viée sir dung cic
bo kit thuwong mai san c6 dic biét 1 2 bd kit PPY23 va YPlus viéc tinh todn tin suét alen,
d6 da hinh ctia cdc Y-STR, tan sudt phan bd cdc haplotype dang dugc nghién ctru rong rii
tai nhiéu quan thé nguoi trén thé gidi va lién tuc cip nhat trén hé théng co s& dit liéu chung.

Viéc xy dung bang tan suat alen cic locus Y-STR ctia mot bo kit méi trd thanh diéu
kién can thiét ctia mdi co s& nghién ctru, phong thi nghiém khi tién hanh 4p dung cho viéc
xét nghiém huyét thong, giam dinh ADN lién quan dén hinh sy theo khuyén cdo ctia Hiép
hoi cac nha khoa hoc lam vi€c trong linh vuc phan tich ADN (SWGDAM) [54].

Hién nay co so dir liéu Y-STR vé di truyén va quan thé 16n nhat dang duogc st dung
rong rii nhat 12 Co s& dit liéu tham khao Haplotype Y-STR (YHRD - Y Chromosome
Haplotype Reference Database, trang web https://yhrd.org/), dugc Lutz Roewer va céc
déng nghi¢p tai Pai hoc Humbolt ¢ Berlin, Dtic tao ra va da c6 san trén Internet tir nAm
2000 [55]. Tinh dén niam 2018, YHRD chtra két qua tlr hon 265,324 hd so Y-STR tir 1251
quan thé, nhém nghién ciru thudc hon 100 nude trén thé gidi véi sd luong Y-STR 1a 29
locus [56] (hinh 1.11). YHRD ciing bao gdm céc cong cu online cho phép kiém dinh sé liéu
Y-STR, céng cu AMOVA dé tinh todn khoang cich di truyén giita cdc quan thé dua trén
s6 liéu Y-STR duogc cap nhat. SO lugng hd so Y-STR khéng ngirng gia ting trén YHRD
trong nhitng nim gin day cho thiy hudng nghién ctru Y-STR dang ngay thu hit sy quan

tam cua cac nha khoa hoc.



33

3,00,000

2,50,000

M Minimal Haplotype B Yfiler Powerplex Y23 M YFilerPlus
2,00,000

1,50,000

1,00,000

50,000

U |||||||||||||HH UL CLL LT CELLCLELERELARRRRAN

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
L R S et S e e i ol B i By B B B e B B8 BB Rty BT By By B B TR T dl i T T i s s, S i G T ST B oy S TR L
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Hinh 1.11. Sy gia ting s6 lugng hd s0 Y-STR trén YHRD.org tir ndm 1999 dén 2018 (s6
nam biéu thi tr 1 dén 59 [56]

Trén thé gidi, c6 thé thay cdc bo kit Y-STR thuong mai héa dang ngay cang duoc
phét trién véi xu huéng ting s6 lugng cdc Y-STR, véi muc tiéu 1am ting hiéu qua cia Y-
STR trong viéc phan biét giita c4 thé trong quan thé, kha ning tng dung Y-STR trong
nghién ctru khoa hoc hinh sy, phat hién ADN tir mau vi vét. Tuy nhién, theo cdc nghién
clru trong céc quan thé ngudi khdc nhau trén thé gidi, cdc bo kit nay chua phan biét duoc
toan bo cdc cd thé nam trong mot qu?m thé nguoi nhét dinh, dic biét 1a & céc qu?m thé dan
toc thiéu s6. Vi du nghién ctru trén quan thé gdm 268 nam gidi nguoi Ghana sir dung bd
PPY23 chi cho kha ning phan biét 12 0.9627 [57]. Khao sét trén quan thé nguoi Man Chu
tai tinh Liéu Ninh, Pong Bic Trung Qudc cho kha ning phin biét caa bd kit PPY23 1a
0.9847 [58]. V&i nghién ctru trén 1225 nam gi6¢i nguoi Hén, tai tinh Ha Nam, mién Trung
Trung Qudc sir dung bd YPlus kha nang phan biét ciing chi dat 98.94 % [59].

Giira nhitng ngudi khong ¢6 quan hé huyét thong theo dong cha vin c6 thé c6 ciing
mot kiéu haplotype Y-STR gidng nhau. Diéu nay din dén nhu ciu phan tich thém céc locus
Y-STR khdc dé ting kha ning phan biét giita cdc cd thé va ciing dé phi hop véi tirng quan
thé dan cu véi ciu tric di truyén khéc nhau. Do d6, bén canh cic bg kit thuong mai san c6
nhiéu phong thi nghiém ciing phat trién cdc bé mdi riéng nham khuéch dai céc locus Y-

STR khéc nhau phuc vu cho nhiéu muc dich: nghién ctru di truyén quan thé, ting kha nang
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rmg dung Y-STR trong khoa hoc hinh su... Dién hinh nhu nim 2007, nghién ctru ctia Lim
va cong su di phat trién phan tmg multiplex PCR khuéch dai 52 locus Y-STR nham dénh
gid d6 da hinh trong quan thé nguoi Trung Quéc [60]. Amato va cOng su ciing phdt trién
phan ung multiplex PCR khuéch dai 10 locus Y-STR c¢6 d6 da hinh cao hon so vdi cic
locus dd c6 trong cdc bo kit thuong mai truée dé6 nham phit hop hon véi cic nghién ctu
trong quan thé nguoi Nam Phi [61].

Mot s tic gia cling dé xut thém hudng tng dung méi ctia Y-STR trong viéc 1ap
pha hé, xdc dinh ngudn gdc dong ho cha ctia nam gidi. Viéc sir dung nhiém séc thé Y trong
1ap pha hé di truyén di din dén cédc tng dung hitu ich trong mot s6 nganh nghién ctru cu
thé nhu: nghién ctru lich st gia dinh, nhin khau hoc, nhin chung hoc, khoa hoc phép vy, di
truyén dan sb va tién héa nhiém sic thé gi6i tinh [62].

Trén thé gi6i nhu cau 4p dung Y-STR trong cdc linh vuc dang ngay cang gia ting.
Tuy nhién ciing con mét sé van d& chinh can giai quyét. Vi du nhu khi ting sé luong locus
Y-STR thi ciing s& 1am ting s6 kiéu haplotype c6 thé tim thay trong quan thé va doi hoi
phai phan tich, théng ké trén mot s6 luong mau cuc 16n dé dat du do tin cdy. Hon nira, voi
hai g dung chinh ciia cc b kit Y-STR hién nay 1a: phan tich ngudn gbc tién héa quan
thé theo dong cha thich hgp v6i cac Y-STR ¢6 tde do dot bién cao va phan tich nhan dang
c4 thé trong gia dinh phit hop véi cdc Y-STR c6 toc do dot bién thap doi hoi cac viéc thiét
Kké bo kit Y-STR phai can nhéc va Iwra chon cac marker hét strc can than.

Hon nita viéc phan tich qud nhiéu locus Y-STR (khoang hon 27 locus) s& tién t&i
gidi han phén tich cta phuong phép dién di mao quan dang duogc sir dung phd bién hién
nay [20].

Céc van dé néu trén c6 thé duge khic phuc b?mg céch su dung nhiéu loai mau (dye)
d4nh ddu huynh quang hon, doi héi sy phat trién ctia nhiéu héa chét, thiét bi méi. Ngoai ra,
céc bo kit Y-STR khéc nhau dé c6 thé dugc phat trién nham phyc vu cho 2 huéng tmg dung
riéng biét cia Y-STR. Ngoai ra, cong nghé giai trinh gen thé hé méi (NGS) hién nay c6 thé
déng vai trd thay thé phwong phdp dién di mao quan véi kha ning phan tich sb lugng 16n
Y-STR, nhu da duoc 4p dung cho STR trén NST thuong, Y-STR va SNP véi b kit
ForenSeq (Illumina). Tuy nhién, cdc nén tang NGS hién tai pht hop véi kha ning phan tich

ADN c¢6 kich thudc gioi han trong pham vi nhét dinh. Céc 1an doc trinh tu ngén thu duoc
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phit hop v6i nhidu Y-STR c6 tde d6 dot bién trung binh thap nhung ching khong di cho
cdc Y-STR ¢6 toc do dot bién nhanh véi trinh ty dai cua doan 1ap lai. Do d6, cac cong nghé
NGS cho phép giai trinh tu cdc doan ADN c6 kich thude dai, hay phan tich mAu chét luong
thp ciling can duoc phat trién trong tuwong lai [63].

M6t van dé khdc d6 1a viéc lua chon cdc locus Y-STR nham muc dich phan biét gitra
cdc cd thé trong mot quan thé nhét dinh ciing can duoc can nhic chinh xdc béi Iy do NST
Y 12 NST ¢6 téc d6 tién héa cao, gitta cdc quan thé khdc nhau c¢6 su khdc nhau trong tan
sudt phan bd cdc locus Y-STR nguoc lai giita cdc quan thé ¢6 ciing ngudn gdc ¢ thé c6 su
trong dong 16n trong phan bd tan sut céc locus Y-STR.

1.8.2. Tinh hinh nghién ciru tai Viét Nam

Tai Viét Nam céc locus Y-STR dang dugc st dung tai mot s6 & Trung tdm xét
nghiém ADN, cdc Vién nghién ctru nham xdc dinh quan hé huyét thong theo dong cha, diéu
tra cac vu 4n t01 pham khi diu vét dé lai tai hién truong rat it. Tuy nhién cic nghién ctru tn
suét locus Y-STR trén nam gidi cia mot s6 dan tdc & Viét Nam con han ché. Mot sd nghién
ctru cong bd méi chi khao sét dugc tan sut tir 13 dén 17 locus Y-STR.

Cu thé, nim 2003 Nguyén Quang Tuyén va céc cong sy Nhat Ban di tinh todn tin
suét cic alen ctia 13 STR trén NST Y tir 119 nguoi dan 6ng Viét khong ¢6 quan hé ho hang
[64].

Nim 2013 Vit Lé Loi di tinh todn tan suit Haplotype, tinh chi sé Haplotype va chi
s6 cédc locus gen dya trén $6 li€u phan tich cac alen thudoc h¢ 17 Y-STR trén NST Y cua 80
nguoi dan 6ng Viét (Kinh) ¢ cac vung mién cta Viét Nam [65]. Méi day céc nha khoa hoc
Arghentina d3 phéi hop véi cdc nha khoa hoc Viét Nam tién hanh khao sét tin suét 17 locus
Y-STR tir 218 mau nam gid1 thudc mot s6 nhém dan toc chinh tai Viét Nam bao gém dan
toc Kinh, Tay, Mong, Nung, Hoa, Thai [66].

C6 thé néi hién nay van chua c6 nghién ctru toan dién trén mot sb lugng mau du 16n
dé dic trung cho quan thé ngudi Viét Nam. Hién tai cling chua c6 nghién ciru ndo mé rong
s6 lugng locus gen nghién ctru 18n 23-30 locus. Viée mé rong sé lugng locus Y-STR nghién
ctru 12 diéu hét strc can thiét dé danh gid dugc tan suat phan bd, dic diém cia timg locus Y-

STR trong quan thé nguoi Viét Nam dé tir d6 Iya chon va tao nén mot tap hop Y-STR phi
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hop, dat duoc do tin cdy cling nhu kha ning phin biét hai c4 thé nam gidi khong c6 quan
hé huyét thong véi nhau trong quan thé nguoi Viét Nam mot cdch chinh xé4c nhét.

bac biét trong linh vuc xét nghiém huyét théng, diéu tra khoa hoc hinh sy hién nay
tai Viét Nam hién nay van chu yéu dua vao céc chi thi STR trén NST thuong. Céc chi thi
nay thudng chi c¢6 ¥ nghia trong xét nghiém huyét théng truc hé va nhiéu khi khong dp dung
duogc trong nhiéu truong hop: cdc mau phan tich thiéu hut thong tin, miu nan nhin trong
tham hoa hang loat, mu c6 chira nhiéu ngudn ADN....Viéc nghién ctru khao sit cdc thém
cdc chi thi Y-STR - 1a céc chi thi don alen, di truyén it bién d6i theo dong cha 12 vo cling
can thiét, ddp tng nhu cau gidm dinh trong nhiéu trudng hop. Do d6 dé tai “Nghién ciru
mét sé chi thi trén nhiém sdc thé Y dé vmg dung trong gidm dinh phdp y” dugc thuc hién
véi muc tiéu chinh 12 khao sdt dic diém céc chi thi Y-STR mdi ndty trén mau nam gidi Viét
Nam nhim ddnh gi4 tinh phi hop trong phén tich Y-STR & quan thé ngudi Viét Nam. Ngoai
ra trong nudc ciing chura c6 mot nghién ctru nao vé cdc mini Y-STR méi nim ngoai cdc bd
kit thuong mai do dé dé tai nay cling dat myc ti€u khao sat thém mot s6 locus Y-STR méi
¢6 d6 da hinh cao nhim 1am ting kha ning phan biét giita cdc cd thé nam gidi trong quan
thé ngudi Viét Nam.

Bén canh d6, dé tai cling nghién ctru viée Gmg dung cdc chi thi Y-STR theo nhiéu
huéng khic nhau: xét nghiém huyét théng theo dong cha, gidm dinh miu nam gidi trong

céc vu an hinh sy, gidm dinh mau da bi phan huy.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu nghién ctru
2.1.1. Méu nghién ciru
2.1.1.1. Péi véi nghién cuu khao sdt da hinh locus Y-STR thuoc bo kit PPY23 va YPlus

Chiing tdi tién hanh nghién ctru trén tong s6 400 mau nam gidi dan toc Kinh ¢ mién
bic Viét Nam trong d6 mdi bo kit Y-STR sir dung 200 méiu khéc nhau. Kich ¢& mau nghién
cuu duoc lya chon theo nguyén 1y udc lugng cho mdt ty 1€ (khong biét téng thé).

Tiéu chuén lya chon mau:

+ Mau duoc cung cp boi nhitng ngudi di dén xét nghiém ADN tai Vién Phép vy
quéc gia.

+ Mau duoc lya chon ngau nhién, gilta cic mau duoc xac dinh khong c6 quan hé
huyét thdng theo dong cha, thudc dén toc Kinh dua trén hd khiu, ching minh nhan dan.

+ Mau duoc thu 12 miu madu (miu mdu kho thim trén thé FTA), téc (nhd truc tiép
5-10 s¢i téc c6 chan) hodc niém mac miéng (mau thu trén que tam bong).

Mau sau khi thu dugc bao quan nhiét do 4°C.
2.1.1.2. Déi véi nghién ciru trén mdu da bi phan huy

Nghién ctru str dung 30 mau xuong hai ¢t dugc thu thap tir: Nghia trang liét si Hiru
Nghi Viét Lao, huyén Anh Son, tinh Nghé An (15 mau) va Nghia trang liét si huyén Pinh
Héa, tinh Thai Nguyén (15 mau).
2.1.1.3. Déi véi nghién ciru trén mdu lan (mixture sample)

50 mau dich 4m dao thu tir nan nhan nit trong nhitng vu 4n hiép dam, tn cong tinh
duc duoc cung cip béi co quan cdng an céc tinh, thanh phd trung cau gidm dinh ADN.

Mau d3 duoc tich chiét ADN va bao quan ¢ diéu kién -20°C.
2.1.2. Hod chit nghién ciru

Bdng 2.1. Kit va hod chat chinh sir dung trong nghién ctru

TT Tén kit, héa chat Hang san Xuat NucrcAsan
xuat
1 bém PBS Thermo scientific My
2 | bém TE, proteinase K Promega My
3 | Chelex® 100 Biorad My
4 | QIAamp® DNA micro Kkit. Qiagen Dic
5 | QIAamp® DNA investigator kit Qiagen Drc
6 | GoTaq® G2 Master Mixes Promega My
7 Primer IDT Singapore
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8 EDTA 0,5M pH 8 Thermo scientific My
9 Tris-base Merck Puc
10 | Ethanol 100% Merck Ptic
11 | NaOH Merck Dric
12 | AgNO3 Fisher My
13 | Acetic acid Merck Ptic
14 | Formaldehyde Merck buc
15 | Polycarylamid Merck buc
16 | GelRedTM Nucleic Acid Gel Stain Fisher My
17 | Nudc DEPC Promega My
13 Wizard SV Gel and PCR Clean - Up Promega My
System
19 | BigDye ™ Terminator 3.1 Thermo scientific My
20 | BigDye ™ Xterminator Purification kit Thermo scientific My
21 | Pop-7 ™ polymer Thermo scientific My
Bing 2.2. Trinh ty modi khuéch dai 10 mini Y-STR trong nghién ctru
. MJdi xubi (chiéu 5°-3°) Kich thudc
STT | Primer ID M&i nguoc (chiéu 3°-5%) bing (bp)
1 DYS533 TCAATCTTCTACCTATCATCTTTCT 107 — 127
TCAGTTCTTAACTCAACCAAACA
) DYSI19 CTACTGAGTTTCTGTTATAGT 177 - 213
ATGGCCATGTAGTGAGGACA
3 DYS481 AGGAATGTGGCTAACGCTG 119 — 149
ACAGCTCACCAGAAGGTTG
4 DYS643 GCCATGCCTGGTTAAACTACT 121 — 166
TAACCAAACACCACCCATTCC
5 ) ATGCTGAGGAGAATTTCCAA 121 — 141
YGATA-H4 CTATTCATCCATCTAATCTATCCATT
6 DYS505 TCTGGCGAAGTAACCCAAAC 164 — 176
TCGAGTCAGTTCACCAGAAGG
7 DYS508 CCCAAATTCCAGCTTATTATTCC 105 — 129
AGGTGATAGATGATATGCAGAGAGT
8 DYS522 TGGATAGACATAGGTGACAGATGAT 112 — 132
GGAACCTCATGGTGGACATC
9 DYS388 AGCGAGAGTCCGTCTCAAAT 91 — 106
TCATGTGAGTTAGCCGTTTAGC
10 DYS460 GAGGAATCTGACACCTCTGACA 101 — 121

GTCCATATCATCTATCCTCTGCCTA
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2.2. Thiét bi chinh dworc sir dung

Bing 2.3. Thiét bi chinh duogc str dung trong nghién ciru

Hang san xuat

STT Tén thiét bi Model ;
(nwéce)
1 H¢ thong dién di mao quan va | ABI 3500  Genetic | Thermo Scientific,
giai trinh ty gen Analyzers My
N tiA 1e A Emperor Penguin P10 | Thermo scientific —
2 B9 dién di dung DS My
3 Mady ly tam nhanh Mini centrifuge Labnet - M§

Thermo scientific -

4 H¢ thong mdy Realtime PCR | 7500 My

Mdy do nong d6 ADN huynh

™ - v
5 quang Quantus™ Fluorometer | Promega - My
6 Mady ldc 6n nhiét Vortemp 56TM Labnet - M§
7 | M4y PCR ProFlex ﬁ‘;rmo scientific -
8 Ta an toan sinh hoc cép II AC2-4E1 Esco - Singapore

Cic thiét bi phu trg khéc:
+ Giang tay tiét trung, khau trang, gidy khtr tring.
+ Pipette céc loai: 10 ul, 20 ul, 100 pl, 200 ul, 1000 pl va céc loai dau con turong
tmg. Ong eppendorf céc loai
+ Ong ly tam cc loai.
+ Pia 96 giéng
+ Capillary array 36,50 cm (Applied Biosystems).
2.3. Phwong phap nghién ciru
2.3.1. Phwong phdp tdch chiét ADN
Téch chiét ADN vdi 2 tiéu chi chinh:
(1) Pam bao mau gidm dinh di lugng ADN dé phan tich.
(2) Pam bao luong ADN tinh sach dé phan tich.
Nguyén tic gdm 3 giai doan:
(1) Phd v& mang té bao va giai phéng axit nucleic (ADN va ARN)
(2) Bién tinh protein.
(3) Tach ADN ra khoi protein di bi bién tinh cling cic tap chét khéc.
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Tuy theo tirng loai mau: mdu, 16ng/téc, ring hay xwong s& tién hanh tich chiét ADN
theo phuong phdp tich chiét theo cic phuong phép khac nhau dé dam bao thu duoc luong
ADN t6i da nhat.
2.3.1.1. Phwong phdp tdch chiét ADN bang Chelex® 100

Dy 1a phuong phép tich chiét duoc chap nhan st dung trong cdc phong thi nghiém
ADN, phii hop dé sir dung ddi v6i cdc mau mdu, 16ng, téc va ca mau mo chwa bi phan huy
[67]. Trong nghi€n ctru phuwong phdp dua trén cac budc thyc hién nhu sau:

Budc 1: Xir Iy mau.

- Pbi voi miu mau:

+ Mau méu kho trén thé lvu miu, gac tiét tring: LAy dao tich khoang V4 dién tich
vong tron trén thé hoic 0,5 cm2 vét mau khd trén gac thanh nhitng manh nho cho vao 6ng
eppendorf 1,5 ml vo trung.

+ MAu méu tuoi: Lay khoang 5 - 50 ul mdu vao dng eppendorf 1,5 ml vo tring.

- Péi voi mau 10ng, téc ¢6 chan: Lay dao cit 2 - 4 chan 16ng, téc cho vio ong
eppendorf 1,5ml.

Budc 2: B6 sung 1ml dém PBS vio trong dng eppendorf, vortex déu 5 - 10 gidy.

Budc 3: Ly tdm ¢ nhi¢t do phong 12000 vong/phiit trong vong 5 phuit.

Budc 4: Hiit bo dich ndi, giit lai can (Lap lai budc 2 - 4 tir 1 dén 2 1an dé lam sach mau).

Budc 5: Bb sung 150 - 200 ul dung dich Chelex 10% va 10 - 15 ul dung dich
Proteinase K (10mg/ml).

Budc 6: U ¢ nhiét do 56°C trong khoang 30 - 60 phiit.

Budc 7: Pun miu ¢ nhiét d6 100°C trong 8 phut dé dam bao tat ca mang té bao bi
phé v& va protein bi bién tinh.

Budc 8: Ly tim 12000 vong/phiit trong 2 - 3 phit. Sau d6 hit dich ndi sang mot dng
eppendorf 1,5ml méi va bao quan ¢ nhi¢t do -20°C.
2.3.1.2. Phurong phdp tdch chiét ADN bdng Qiamp® DNA micro kit

Phuong phép nay duogc st dung ddi v6i cdc mau c6 ndng do ADN thdp, miu thu
thap tai hién trudng cic vu 4n, mau dich Am dao va kho tach chiét ADN. Bd kit QIAamp
DNA Micro Kit sir dung cong nghé da duoc thiét 1ap t6t dé tich chiét ADN trong nhén va

ty thé tir luong hodc kich thudéc mau nho. Bo kit két hop cdc dic tinh lién két chon loc cua
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mang silica voi thé tich rira giai linh hoat tir 20 dén 100 pl. Quy trinh nay phit hop véi nhiéu
loai vat liéu mau nhu lugng mau nho, thé mau va mau mé nho. Quy trinh dugc thiét ké dé
dam bao rang khong c6 sy 1y nhiém chéo tir mau nay sang mau khéc va cho phép xir 1y an
toan cdc mau c6 kha ning 1ay nhiém. ADN duoc rira giai trong Buffer AE hodc nudc va
san sang dé sir dung trong cdc phan tng khuéch dai hoic dé bao quan & —20 ° C. ADN tinh
khiét khong chtra protein, nuclease va cdc tap chit khdc.

Co ché cuia bo kit gdm 4 bude chinh: 1. Ly giai ADN khoi té bao: Mau dugc ly giai
trong diéu kién bién tinh cao & nhiét d0 cao vd&i sy hién di¢n cta proteinase K va Buffer
ATL. 2. Gan ADN 1én mang silica gel ctia cot QIAamp MinElute. Céc diéu kién vé mudi
va pH dam bao rang protein va cdc chit giy nhidm khéc c6 thé e ché phan tmg PCR va
cdc phan ng enzym khac khong bi gilr lai trén mang cta cot QlAamp MinElute 3. Rua
cot: Trong khi axit nucleic van lién két v6i mang cia cot QIAamp MinElute, cdc chit giy
nhiém duoc rira tréi mot cach hiéu qua bﬁng céach su dung Buffer AW1 va sau dé la Buffer
AW?2. Bé 1am sach ADN trong nhin, mét budc rira duy nhét véi Buffer AW2 1a da dé loai
b6 cdc chét gdy 6 nhiém. 4. Thoi ADN: ADN duoc rira giai tir cot QlAamp MinElute bang
céch st dung mot thé tich nho cia Buffer AE hodc nudce cat.

Cic bude tach chiét cu thé tuan theo huéng dan cua nha san xuat.
2.3.1.3. Phirong phdp tdch chiét ADN bang QIAamp® DNA investigator kit

Phuong phép nay duogc str dung d6i v6i cdc mau xwong, ring hai cbt di bi phan huy,
c6 ndng d6 ADN thip, ADN bi dut giy nhiéu. Co ché ctia bo kit va cdc budc turong tw nhu
Qiamp® DNA micro Kkit.

Trudc khi tich chiét mau can duoc xir 1y theo cic bude:

* Lam sach béng co hoc

- Lam sach bén ngoai miu xuong/ ring bing co hoc.

- Pdi véi mau xwong, cua nho thanh cic miéng khoang 1 - 2 cm, mai sach phan da
phan huy bén ngoai va bén trong éng xwong bang mdy mai.

* Lam sach bang hod chat

- Rira xuong/ ring bang Natri hypoclorit 1% - 5%, trong 20 - 40 gidy (tily theo chat
luong mau).

- Rira lai bang nudc khir ion vo tring, khong chita ADN (l3p lai 3 1an).
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- Ngam mau xuong/ rang trong Ethanol 100% trong 10 phuit.
- Pé kho miu xwong/ ring & nhiét dd phong, trong 3 - 5 gid (hodc cho dén khi mau
kho6 hoan toan).
* Nghién mau xuong/ ring
- Nghién xuong/ ring bing mdy nghién chuyén dung st dung trong phong thi
nghiém.
- Lay tir 300 - 500 mg bot xuong/ ring di nghién vao ong ly tim 15 ml.
- Quy trinh tdch chiét: C4c budc tach chiét tuin theo hudng dan cua nha san xuat.
2.3.2. Phwong phdp dinh luwong ADN
2.3.2.1. Do néng dg ADN
Po ndéng d6 ADN sau tich chiét bang mdy Quantus™ Fluoromter (Promega — M¥)
- Hiéu chinh mdy vé&i QuantiFlour Dye theo huéng dan cia nha san xuat.
- Tron déu hodc vortex 1 pl mau véi 200 pl QuantiFlour® ONE dsADN Dye trong
6ng PCR 0.5 ml.
- U hdn hop phan Gng trong 5 phit & nhiét do phong (can tranh 4nh sing).
- Pat éng PCR vao mdy, déng nip va doc két qua hién trén man hinh.
2.3.2.2. Pinh lwong bang Realtime PCR
Sau khi tich chiét ADN ta tién hanh dinh luong ADN bang phuong phdp Realtime
PCR theo Trio DNA Quantification Kits (Applied Biosystem, M¥) trén may 7500 Real-
Time PCR (Applied Biosystem, M¥) theo huéng dan ctia nha san xuét voi cdc bude chinh
bao gom:
- X4y dung dudng chuin
- Chuan bj phan tng
- Tién hanh phan Gng: chay trén hé théng 7500 Real-Time PCR
- Phan tich dir licu
2.3.3. Phwong phdp dién di gel
Phuong phép dién di dugc sir dung dé xdc dinh su ¢6 mit cia ADN dong thoi phin
biét sy khic nhau vé kich thudc giira nhitng doan ADN quan tam.
Nghién ctru stru dung phuong phdp dién di Polyacrylamide 6% dé phat hién san
pham sau PCR. San pham sau dién di duoc phdt hién bang phuong phap nhudém bac.
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Phuong phdp dién di Polyacrylamide duoc sir dung dé phan tich cdc doan ADN c6 kich
thude nho (5 - 500 bp) phu hgp voi nghién clru cac doan mini Y-STR c6 kich thudc nho
dudi 200 bp.

2.3.4. Phwong phdp PCR

2.3.4.1. Phuong phdp PCR phan tich Y-STR theo bo kit PPY23 va YPlus

Tinh dén nay c6 khoang 400 marker Y-STR riéng r& dugc nghién ctru rd vé cau tric
va vi trf trén NST. Tuy nhién dé dugc lya chon thanh locus c6 tiém nang ting dung trong
gidm dinh ADN can d4p tng mot s6 yéu ciu nhu: ¢6 do da hinh cao, s alen twong dbi 16m,
céu tric 1ap khong qud phtic tap, da dugc nghién ctru 1 vé trinh ty gen, phurong phép phan
tich don gian, c6 do chinh xdc khi doc két qua. Dya trén cdc tiéu chi d6 trong dé tai nay
chiing tdi Iira chon 29 locus Y-STR dé khdo st trong quan thé nam gi6i ngudi Kinh & Viét
Nam, str dung hai bo kit Y-STR thwong mai phd bién hién nay 12 bd PowerPlex®Y23
System (hing Promega, goi tit 12 PPY23) va bo Yfiler™ Plus PCR Amplification Kit (hdng
Thermo Fisher Scientific, goi tat 12 YPlus). Hai bo kit st dung ciling da dugc chirng minh
c6 d6 tin cdy cao va duoc sir dung rat nhiéu trong viéc 14p bang tAn sudt phan b alen cic
Y-STR ciia céc quan thé trén thé gidi [48,49,50].

29 chi thi Y-STR duoc luya chon cling da dugc nghién ctru 10 trén nhiéu quén thé
khac nhau cho thay c6 d da hinh cao, tiém ning img dung trong xét nghiém huyét thong,
phan tich hinh su. Ngoai ra céc locus ndy ciing c6 mit trong nhiéu bo kit thuong mai theo
khuyén cdo cta cdc to chtrc phan tich ADN (SWGDAM, NIST...) véi phuong phdp phén
tich don gian 12 phan tng PCR da mdi ¢6 gan huynh quang va dién di mao quan. Do d6 cho
phép phén tich va doc dit liéu dong thoi cua nhiéu locus trong thoi gian ngan.

Thong tin chi tiét vé cau tric 1ap, s6 alen pho bién thuong gip, tan suat dot bién,
kich thudc cta ting locus duoc trinh bay chi tiét trong phu luc 1. Kich thude céc locus,
khoang alen dao dong trong 2 bo kit ¢6 thé khac nhau tuy theo viéc thiét ké moi. Truong
hop DYS385 va DYSF387S1 cung 1 cip mdi nhung khuéch dai dong thoi 2 doan lip khéc
nhau c6 vi tri nam gén nhau, nén van duoc tinh 12 4 locus DYS385a, DYS385b, DYF387S1a
va DYF387Sb [73].
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Physical map of STR used in Y23 and YPlus

151,1920p

DYS$439 DY5389111DYS438 DY5390 D¥5518 DYS643 DYS533 GATA H4

DY5391 DYS635 DY5437 Y5392 DYS448 DYF38751

[I Yp1l.2 Yq11.21 JREH -‘l'q11.223

DYS385a DYS385b DYS460 DYS549

DY¥5393 DYS456 DYSS70 DYS576 DYS458 DyS449 DYS481 DYS627 DYS19

Hinh 2.1. Vi tri 29 locus Y-STR trén ban d6 NST Y

Phan tmg PCR nham muc dich khuéch dai cdc trinh ty ADN quan tim. Trong bd
PowerPlex® Y23 System phan ing PCR 12 phan tmg da mdi (multiplex PCR) c¢6 gan huynh
quang cho phép khuéch dai dong thoi 23 chi thi Y-STR.Trong bd Yfiler™ Plus PCR
Amplification Kit khuéch dai dong thoi 27 chi thi Y-STR.

Thanh phan phan tng va chu trinh PCR véi hai bo kit PowerPlex® Y23 System
(hang Promega - My) va Yfiler™ Plus PCR Amplification Kit (Thermo Fisher Scientific —
My¥) tudn theo ding hudng din ciia nha san xuét [68,69].
2.3.4.2. Phuwong phdap PCR voi 10 chi thi mini Y-STR

Trinh ty cdc cip mdi nhan cic locus Y-STR c6 kich thudce ngdn: Duwa vao cdc nghién
clru da cong bd trude d6 chiing ti da Iya chon cdc cip moi phit hop, tién hanh dit moi dé
thyc hién phan tng khuéch dai 10 chi thi mini Y-STR néu trén [45, 46, 71].

- Thanh phan phan tng PCR:

2x PCR Master mix 2 12,5 ul

Moi xudi 10pmol/ pl 0.5 ul

Mdi ngugc 10pmol/ ul ~ : 0.5 ul

ADN khudn 1yl

H>O : 10,5 ul



45

- Chu trinh nhiét dugc thuc hién trén mdy PCR (Eppendorf-Durc)

Nhiét do Thoi gian S6 chu ky
96°C 5 phut
94°C 30 gidy 30 — 38 chu ky**
56-58°C* 30 gidy
72°C 60 gidy
60°C 10 phut
10°C o

*Nhiét dg gan moi tity thudc vao tirng locus Y-STR
#%S6 chu ky thay doéi tity thuéc nong do ADN (5 — 50 ng/ul) trong mdu nghién civu
2.3.5. Phwong phdp dién di mao qudn

Piy 12 mot phuong phdp phd bién cho sy phan tich dién di va c¢6 tng dung ngay
cang nhiéu trong nghién ctru sinh héa. Pién di mao quan 1a mot bién ddi cua dién di trén
gel str dung ciing nguyén tic phan tich dua trén dién tich, kich thuéc cia phan tir, nhung
duogc thyc hién trong dng mao dan véi chit gel hoic polyme 1ong. Cic dng mao dan dugc
chuan bj bang silica nung chay, va mdi ng mao din c6 duong kinh trong tir 50-100pum va
dai 25-100 cm. Céc mau dugc tiém vao 6ng mao dan chia vat lidu polyme va duoc tich
nhanh hon nhiéu so véi phuong phdp dién di trén gel thong thudng.

Cac budc thuc hién

- Trudc khi dién di mao quan, san pham PCR dugc pha lodng dé 1ay 1 pl.

- Chuén bi mau dién di:

- B6 kit PPY23: Thanh phan phan mg véi tong thé tich 11 ul: ILS-500 0,5 ul + Hi-
Di Formamide: 9,5 ul + San phdm PCR di pha loang: 1.0 ul

- B6 kit YPlus: Thanh phan phan tng véi tong thé tich 11 ul: GeneScan™ — 600
LIZ™ Size Standard v2.0: 0.4 ul + Hi-Di Formamide: 9,5 pl + San pham PCR da pha
loang: 1.0 pl.

Vi thang chuan Allelic ladder: 1,0 ul allelic ladder + 10,0 ul hdn hop mix ké trén.

Déi v6i miu tring (blank): 11,0 ul Hi-Di Formamide
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Céc mau sau khi mix dugc tra vao giéng trén dia 96 giéng, séc o nhiét do 95°C, trong
3 phit. Sau d6 chuyén ngay 1ap tirc vao d4 lanh dé bién tinh 3 phdt va cho vao hé thong
mdy dién di mao quan 3500 Genetic Analyzer (Applied Biosystems - M) dé phan tich véi
chuong trinh dugc cai dat theo hudng din cua nha san xuat.

2.3.6. Phwong phdp gidi trinh tw gen

San pham khuéch dai 10 locus STR duoc giai trinh tu st dung phwong phép giai
trinh ty gen Sanger. San pham sau PCR dugc tinh sach bang kit Wizard SV Gel and PCR
Clean - Up System (Promega - M¥). Trudc khi tinh sach can dién di trén gel agarose dé thu
duogc bang dic hiéu, cat bang va 1am theo huéng dan ctia nha san xuat theo cdc budc chinh:

- Thuc hién phan tng PCR v&i BigDye Terminator v3.1 Cycle Sequencing Kit.

- Tinh sach san pham sau chay bigdye: st dung BigDye Xterminator purification kit.

- Tién hanh gidi trinh tu: Quad trinh gidi trinh ty gen dugc thuc hién trén may hé
théng mdy ABI 3500Genetic Analyzer (Thermo Scientific, M¥) v4i cAu hinh cai dit theo
ding hudng dan cta nha san xuat. Dit lidu duoc thu nhan trén phan mém 3500 series Data
collection software 3.

2.3.7. Phan tich va xi¢ Iy 56 ligu
Dit liéu phan tich sau dién di mao quan duoc phan tich bang phin mém
GeneMapper® ID-X 1.3 (Applied Biosystems - My).

Dt liéu sau giai trinh ty dugc doc va phan tich trén phén mém BioEdit, hiéu chinh
str dung phan mém SeqA, so sdnh trinh ty cdc mau st dung phan mém ApE dé dua ra trinh
tu diing ctia mau.

Tan s cta ting alen trong cdc locus, tdn sudt ca ting haplotype, tong sb alen va
téng sd haplotype trong céc nghién ctu duoc x4c dinh bang Excel 2013 va phan mém
Arlequin 1.3.

Do da dang vé gen (gene diversity — GD) cua ting locus Y-STR duoc tinh theo cong
thtrc:GD = n*(1- X pi2)/(n-1).

Haplotype diversity (HD) theo cong thirc cua Nei [70]

HD = n*(1- Z pim?)/(n-1)
Kha ndng phan biét (Discrimination capacity - DC) duogc tinh theo cong thtrc:

DC=h/n
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Trong d6 n 12 s6 mau, pi 12 tan sb cua cdc alen twong Gng, pm 12 tin s cdc haplotype
tuong tng, h 12 sé haplotype khic nhau dugc quan sét thay trong quan thé. Ngoai ra chiing
t6i ciing str dung cong cu online AMOVA trén webiste http://yhrd.org dé tinh todn khoang
cach di truyén quan thé (Rst) va gid tri x4c suit két hop (P value) giira quan thé nghién ciru
va cdc quan thé 14n can khéc

Tinh ty sb twong déng (LR- likehood ratio) giita hai hd so Y-STR tuén theo Dinh ly
Bayes. dya theo cong thtrc [111]:

P{E|Hy)
P(E|H;)

;r_ R =

Ty s6 LR 1a ty 1& cua 2 xdc suat v6i ciing mot chimg ¢t voi 2 gia thuyét khéac nhau.
Trong d6 P(E|Hy) 1 gia thiét giira hai hd so Y-STR c¢6 quan hé theo dong cha hay mau thu
duogc tai hién truong ding 1a cua hung thu, P(E|H,) 12 1a gia thiét gitra hai hd so Y-STR
khoéng c6 quan hé theo dong cha hay dau vét ¢ hién trudong khong phai ciia thi pham ma 1a
ctia mot nguoi ngau nhién khac khong lién quan.

Tir d6 tinh duoc xdc sudt c6 quan hé huyét thong hay con goi 1a chi s6 Combined
Paternity Index (CPI) theo cong thtrc:

Probability of Relationship = (CRI X Pr/[CRI x Pr + (1 — Pr)]) x 100

Trong d6 CRI chinh 14 LR, pr (prior probabilty) 1a x4c suit tién nghiém 13 mot
phuong phdp du doin kha nang mdt bién cd s& xut hién theo mot cdch nhét dinh dua trén
tilé phén tram, chtr khong phai dugc xac dinh tir dir li€u lich str. Pr thuong duogc gia thiét
12 0.5.
2.4. Pao dirc trong nghién ciru

- MAu chi diing cho muyc dich nghién ciru, khong diing cho bat ky muc dich nao khac.

- Két qua va thong tin mAu hoan toan duogc bao mat.

- Nghién ctru duoc hdi dong khoa hoc Vién Phdp y qudc gia thong qua.

- Thong tin mau va cdc loai mau st dung trong nghién ctru dugc su cho phép cia
hoi dong khoa hoc.

- Nghién ctru duoc tién hanh tai Khoa Y sinh hoc — Vién Phédp y qudc gia trong
thoi gian 4 nam tir thang 1/2016 dén thang 12/2020.



2.5. So’ @6 thi nghiém

48

Xac dinh muc
tiéu

l

Thu thap miu,
tach chiet DNA

Lwa chon

Chi thi Y-STR
thwong mai

X4y dwng ho so Y-

STR

Lap bang phan bo
tan suat, phan tich
dac diem

chi thi Y-
STR

Chi thi mini

Y-STR

A 4

Thiét ké moi, toi
wu hoa dieu kién
PCR

Danh gia hiéu qua trong

xét nghiém ADN

Giai trinh tu,
danh gia hi¢u
qua khuech dai

Hinh 2.2. So b thi nghiém trong nghién ctru

CHUONG IIL. KET QUA VA BAN LUAN




49

3.1. Két qua tach chiét ADN tong sé tir cic mau nghién ciru
3.1.1. Mdu tdch chiét theo phwong phdp Chelex

Dé tach chiét ADN dat hiéu suét va do tinh sach cao thi viéc luya chon mét phuong
phép tich chiét pht hop véi ddi twong nghién ciru 13 rat quan trong. Chat luong ADN thu
duogc sau téch chiét va tinh sach anh huong dén két qua qud trinh nghién ctru. Trong nghién
clru nay vé6i nhitng miu ngudi sdng c6 ndong do ADN cao bao gdm: mau mdu, téc, niém
mac miéng chiing t6i sir dung phuong phép tich chiét bang Chelex® 100 — 12 phuong phép
don gian, nhanh va c¢6 hiéu qua cao. Phuong phdp tich bang hat chelex c6 vu diém 12 ngin
chin sy phan hity ADN tir cdc enzym phan hiy (ADNse) va tir céc chat gdy nhiém tiém an
nhu Mg2+ c6 thé trc ché cdc phén tich sau. Tuy nhién phuong phép c6 han ché 1a cdc budc
gia nhiét 1am bién tinh chudi xoan kép va két qua 12 ADN soi don kém 6n dinh hon trong
qud trinh bao quan, ndng do ADN thu dugc sau téch chiét khong cao va khong loai bo duoc

hoan toan cdc chat giy nhidm hoidc tc ché phan tmg PCR nén phit hop véi phén tich sir

dung céc kit thuong mai c6 do nhay 16n.

Hinh 3. 1. Anh dién di ADN tong sd tich chiét bang Chelex® 100 trén gel agarose 0.8%
Giéng 1,2: mau mdu, giéng 3.4: mdu niém mac miéng, giéng 5,6,7,.8: mau téc.

ADN téng sb sau téch chiét duoc kiém tra trén gel agarose 0.8% va do ndng do trén
mdy Quantus™ Fluoromter (Promega). Py 1a phuong phéap do ndng d6 ADN dua trén tin
hi€¢u huynh quang phat ra, c6 d6 nhay va do chinh xac cao hon so vdi phuong phép do OD
truyén théng. Néng d0 ADN thu duogc tir cdc loai mau niém mac, téc, mau tach theo phuong
phép Chelex® 100 dao dong trong khoang tir 2,70 ng/ul d&én 10,05 ng/ul. Nhu vdy, cdc mau
ADN tdng s6 nay déu dat tiéu chuan vé sb luong va chét lwong dé str dung 1am ADN dau

vao cho nghién cuu 29 chi thi Y-STR st dung bo kit PPY23 va YPlus.
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3.1.2. Mdu tich chiét bang kit thwong mai

Vi cdc mau c6 chat luong kém, mAu di bi phan huy nhiéu nhu mau xuong hai cot,
mAau gidm dinh 4n c6 lwong ADN it, d bi phan huy dit giy nhiéu dudi tdc dong cua cic
yéu té méi trudng. Ngoai ra nhitng mau nay con dé nhiém tir nhiéu ngudn, ¢ chira cic chat
trc ché phan tmg PCR. Do d6 viéc tich chiét bang Chelex® 100 1a khong phi hop. Thay
vao d6 chiing t6i st dung QIAamp® DNA micro kit va QIAamp® DNA investigator kit —
12 phuong phép tach chiét bang cot siliica cho hiéu qua tich chiét ADN cao hon dong thoi
loai bo duoc nhirng chit giy nhidm khdc. Tuy vy phuong phép ndy ciing c6 nhugc diém
12 can nhiéu héa chét, thoi gian tach chiét hhon so v&i phuong phap Chelex® 100, can c6
mdy ly tAm, khé c6 thé thyc hién ty dong héa do d6 khi 4p dung trén s miu 16n doi hoi
tiéu ton thoi gian, cong sirc nhiéu hon.

Nong d6 ADN thu dugc sau tich chiét rat thap nén khé dp dung phuwong phdp dinh
lwong thong thudng nhu do OD hodc dién di gel dé kiém tra hiéu suét tich chiét. Thay vao
d6 chiing t6i str dung phuong phdp dinh lugng bang Trio DNA Quantification Kits (hing
Thermo Fisher Scientific — M) trén hé thong may Real time PCR. Phuong phip c¢6 do
nhay, d dac hi¢u cao cho phép danh gid dugc néng do tung loai ADN kich thudce dai, ngfm
va ADN trén NST Y c¢6 trong mau:

- ADN dich c¢6 kich thudc nho: xac dinh néng dd doan ADN c6 kich thudc 80 bp.

- ADN dich c6 kich thudc 16n: xac dinh néng do doan ADN c6 kich thude 214 bp,
12 chi sb dé danh gid mirc d6 phan huy khi so sénh véi ti 16 ADN c¢6 kich thuée nho

- ADN trén NST Y: xac dinh n6ng do cidc doan ADN kich thudce 75 bp trén NST Y,
cho phép dinh lugng thanh phan ADN b gen nam gidi va dic biét hitu ich trong viéc ddnh
gid cdc mau 13n nhiéu ngudén ADN tir cd nam va nil.

Két qua Realtime PCR ctia miu xuong, ring hai c6t ky minh hoa cho thiy ham lwong
ADN kich thudc 16n (T. Large autosomal) 1a rat it trong khi ham luong ADN kich thudc
nho (T. Small autsomal) lai cao hon. Chi ) phan huy (DI-Degradation Index) dugc tinh
bang ty 1é gitta ham luong ADN kich thudc nhd/ ADN kich thudce 16n déu 16n hon 1 ching
t6 mau hai ¢6t c6 ADN bi phan huy. Nhitng mau nhu trén s& duoc xép vio nhém miu da

phan huy va duoc dung trong nghién ctru céc chi thi mini Y-STR.
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Bing 3. 1. Két qua realtime PCR cta mau xuong, ring ky hiéu R1-R5.
T.Large autosomal: ADN kich thuoc lon, T.Small autosomal: ADN kich thudc nho, T.Y:

ham luong ADN trén NST'Y.

T.Large Autosomal 0.0572

MI1H1KA  [T.Small Autosomal 0.0787 1.376
T.Y 0.0721
T.Large Autosomal 0.0542

M3H1KA  [T.Small Autosomal 0.1028 1.897
T.Y 0.0974
T.Large Autosomal 0.0124

MI13HIKA |T.Small Autosomal 0.0202 1.633
T.Y 0.0196
T.Large Autosomal 0.0544

AS_151B5  [T.Small Autosomal 0.0947 1.740
T.Y 0.0575
T.Large Autosomal 0.0665

AS_172B5  [T.Small Autosomal 0.1007 1.514
T.Y 0.0975

3.2. Két qua khao sat 29 chi thi Y-STR tir 2 b kit PPY23 va Yfiler Plus
3.2.1. Xdy dung hé so Y-STR

Viée lap hd so Y-STR ctia 400 mau nghién ctru duoc thyc hién dya trén nguyén 1y PCR
da modi gin huynh quang va dién di mao quan tuén theo huéng dan cua nha san xuat. Dit liéu
duogc doc két qua bang phan mém GeneMapper® ID-X 1.3. Trong qu4 trinh doc phan tich dix
liéu can luu y dén mot s6 van dé hay gip phai dé tranh doc sai cic dinh (peak).

Pho bién hay gap nhét 12 hién tuong dinh 1ap (stutter peak). Dang dinh 1ap dugc tim
thdy trong hau hét moi ban peak, thuong gip voi céc locus c6 cdu tric lip 4 nucleotit
(tetranucleotide). Pinh ldp 1a cac dinh nhé xuét hién ngay trudc hodc sau mot dinh thye su.
Nguyén nhén 12 do trong qud trinh khuéch dai PCR, enzyme polymerase c6 thé nhian nham
vi trf gdn mdi khi sao chép mot chudi ADN, thuong trugt vé phia trude hodc i vé sau bon
cap nucleotit. Két qua la mot s6 lugng nho céc ban sao doan ADN duoc 1dp lai véi kich

thudc nhod hon hodc 16n hon doan thue sy dugce khuéch dai mot hodc hai don vi 1ap. Thong
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thudng, cdc alen c6 sb lwong don vi lip lai nhidu hon s& biéu hién phén trim stutter peak
cao hon.Céc locus ldp lai dang trinucleotide cling thuong c6 stutter cao hon so véi cac locus
c6 do dai 1ap lai dai hon. DY S481 1a mdt dang 1ap lai trinucleotide 1dp lai va c6 dang stutter
peak cao (Hinh 3.2). Stutter peak dugc chép nhan khi ¢6 chiéu cao dinh nho hon 10% khi
so v4i dinh cua peak chinh. Khi doc dit liéu dic biét 1a trong céc trudng hop mau 1an, mau
c6 nong do ADN thip, tin hiéu dinh khong cao thi can phan biét dinh thyuc sy va peak lip
dé dua ra két luan chinh x4c hodc thuc hién lai phan tng PCR [74].

Trong nghién ctru nay ching t6i nhan thay khi phan tich véi bo kit PPY23 hién tuong
stutter peak thuong gdp & cic locus DYS391, DYS481, DYS635, DYS390, DYS458. Véi bo
kit YPlus stutter peak thuong gap ¢ cic locus DYS392, DYS518, DYS481, DYS449. Hi¢én
twong dinh gai thuong it gap hon véi ca 2 bo kit. Theo hudng dan ctia nha san xuét ching toi
gift nguyén cdc budc va thanh phan héa chit trong chu trinh PCR va dién di mao quéan tuy
nhién d3 t6i wu lai ndng do ADN dau vao cho phan tmg PCR dé han ché téi da cdc peak gia.
Theo huéng dan cta nha san xuét 2 bo kit cho phép khuéch dai ADN khuén véi ndng d6 0.5
ng/ul tré 18n nhung néu qué nhiéu ADN khuon c6 thé gy nén mot s6 van dé khi thyuc hién
PCR va doc dir liéu nhu dinh peak qué cao, tao nhiéu peak gia, chiu cao céc dinh peak khong
can bang. .. Trong nghién ciru khao sét véi hai b kit ching toi nhan thy nong do ADN t6i uu
trong khoang 0.5 — 10 ng/ul.
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Hinh 3. 2. Dang dinh 13p xuat hién & locus DYS481 khi phan tich v6i b PPY23 (mau
phan tich ky hi¢u ID101) va Dang dinh gai xuat hién ¢ locus DYS533 khi phan tich voi
bo Yfiler Plus (mau phan tich ky hi¢u ID56)

Pinh gai (spikes peak) ciing 12 mot dang dinh gia gip trong qu4 trinh phién giai mau.

Pinh gai thuong thé hién mot hinh dang dinh mong, hep bt thudng. Nguyén nhan xuat
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hién c6 thé do su dao dong cua dién dp hodc sy hi¢n dién cua bot khi trong mao quan khi
dién di. Dinh gai ciing c6 thé dugc gy ra bdi céc tinh thé trong polymer chay may. Pinh
gai, khong gidng nhu cdc dang peak gia khdc, thuong duoc nhin thiy ¢ cing mét vi tri trong
tat ca cdc kénh mau. Sy xuit hién cua cdc dinh gai co thé duoc giam thiéu béng cach tuan
theo ding hudng din bao quan miu va thudc thir ciia nha san xuét.

Dt liéu duoc coi c6 du do chinh xdc va dung trong két lun loai trir khi dinh peak
trén 150 RFUs (RFU: relative fluorescence units). Nhitng truong hop khong dép trng du
yéu cau nhu dinh thip, miu bi nhiém trong qud trinh thao tdc (peak 1én nhiéu hon 2 & cic
locus thong thudng va nhiéu hon 3 ¢ hai locus DYS385ab va DYF387S1ab) s& khong dua
vao dit liéu théng ké chung dé dam bao tinh chinh xdc cho két qua théng ké. Mot dir licu
vé hd so Y-STR hoan chinh phai bao gdm du cic locus, mdi locus chi gdm 1 alen, céc dinh
nam trong khoang don vi cho phép, céc alen ndm gi6i han cua thang alen chuan. Nhu vay
v6i viée tudn theo ding huéng dan vé viéc phién giai dir liéu Y-STR do Uy ban ADN cua
Hiép hoi Di truyén Phap y Qudc t& (ISFN) ban hanh, chiing t6i da xay dyng ho so dir liéu
STR hoan chinh ctia 400 mau nghién ctru [28]. Cong cu “Data file validator” trén website
YHRD hd trg hiéu chinh, chi ra cdc alen nam ngoai gidi han duoc coéng bé gitip ich déng
ké cho viéc xem xét tham dinh lai dit liéu.

3.2.2. Bing phdn bé tan sudt alen thugc 29 chi thi Y-STR

Tan suét cta timg alen trong céc locus Y-STR duoc thong ké va tinh todn trén phan
mém Arlequin 1.3 dé 14p thanh bang tan suit phin b céc alen cua timg locus Y-STR. Bang
dir liéu tan suat alen ciia timg locus ciing duoc so sanh véi dit liéu chung da duoc tap hop
tir s6 liéu duogc cong bd trén trang web YHRD (www.yhrd.org) dé thay duoc sy tuong dong
cling nhu sai khac vé tan suat phan bé alen cuia 29 locus Y-STR trong nghién ctru. Véi méi
locus alen c6 tan suat phan bd 16n nhit duoc in d4m trong bang thong ké. Céc alen c6 tan
s0 thap 1a cdc alen c6 tan s < 5/2N, trong d6 N 1a kich thudc mau. Nhu vay, dbi véi nghién
ctru nay thi cdc alen c6 tan s6 < 0.0125 duoc coi 1a cdc alen c6 tan s thap, it xuat hién trong
quan thé.

Bing 3. 2. Tan suat phan bb chung cta 25 locus Y-STR thudc hai bo kit PPY23 va YPlus
(4 chi thi DYS385a/b va DYF387S1 dugc thong ké riéng)

DYS576 DYS389 I DYS448 DYS389 IT DYS19
Alen | PPY23 [ YPlus | Alen | PPY23 | YPlus | Alen | PPY23 [ YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus
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14 0.000 0.005 11 0.085 0.085 16 0.010 25 0.000 | 0.005 12 0.005
15 0.030 0.015 12 0.310 | 0.350 17 0.010 0.045 27 0.050 | 0.095 13 0.045 0.015
16 0.080 0.060 13 0.385 | 0.385 18 0.425 0.530 28 0.295 0.260 14 0.120 | 0.135
17 0.160 0.185 14 0.215 0.180 | 18.2 0.010 29 0.355 0.340 15 0.415 | 0.450
18 0.335 0.375 15 0.005 19 0.235 0.215 30 0.225 0.230 16 0.355 0.330
19 0.265 0.265 19.2 0.005 31 0.060 | 0.055 17 0.065 0.065
20 0.110 0.080 20 0.180 0.155 32 0.015 0.010
21 0.015 0.015 21 0.115 0.055 33 0.005
22 0.005 22 0.010
DYS391 DYS481 DYS549 DYS533 DYS438
sAlen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus
6 0.020 19 0.005 10 0.005 9 0.005 8 0.005 0.005
8 0.005 21 0.020 | 0.020 11 0.175 10 0.340 | 0.390 9 0.005 0.005
9 0.010 | 0.025 22 0.085 0.130 12 0.560 11 0.445 0.435 10 0.840 | 0.825
10 0.630 | 0.615 23 0.330 | 0.405 13 0.235 12 0.190 | 0.165 11 0.120 | 0.145
11 0.325 0.330 24 0.295 0.170 14 0.015 13 0.015 0.010 12 0.030 | 0.015
12 0.015 0.025 25 0.140 | 0.115 15 0.010 14 0.005 14 0.005
26 0.095 0.105
27 0.030 | 0.035
28 0.005 0.015
DYS437 DYS570 DYS635 DYS390 DYS439
Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus
12 0.000 | 0.005 14 0.000 | 0.025 18 0.005 0.005 22 0.025 0.035 10 0.035 0.025
13 0.005 0.000 15 0.040 | 0.045 19 0.050 0.030 23 0.255 0.180 11 0.255 0.260
14 0.730 | 0.730 16 0.330 | 0.310 20 0.130 0.110 24 0.360 | 0.385 12 0.530 | 0.520
15 0.255 0.250 17 0.230 | 0.175 21 0.365 0.405 25 0.305 0.365 13 0.160 | 0.160
16 0.010 | 0.015 18 0.135 0.135 22 0.195 0.205 26 0.055 0.035 14 0.015 0.030
19 0.145 0.140 23 0.190 0.195 15 0.005 0.005
20 0.075 0.120 24 0.050 0.040
21 0.025 0.030 25 0.015 0.010
22 0.015 0.010
23 0.005 0.010
DYS449 DYS518 DYS393 DYS458 DYS627
Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus
23 0.005 32 0.005 10 0.000 0.005 12 0.010 13 0.005
25 0.040 33 0.005 11 0.000 0.025 13 0.005 0.005 14
26 0.160 34 0.015 12 0.375 0.310 14 0.025 0.015 15
27 0.080 35 0.060 13 0.180 0.165 15 0.120 | 0.135 16 0.005
28 0.090 36 0.120 14 0.400 0.465 16 0.170 | 0.190 17 0.005
29 0.105 37 0.120 15 0.045 0.030 17 0.195 0.200 18 0.065
30 0.095 38 0.095 18 0.310 | 0.295 19 0.080
31 0.145 39 0.105 19 0.140 | 0.085 20 0.230
32 0.125 40 0.150 20 0.025 0.045 21 0.230
33 0.050 41 0.145 21 0.015 22 0.235
34 0.040 42 0.105 22 0.010 | 0.000 23 0.100
35 0.040 43 0.065 23 0.005 24 0.045
36 0.025 44 0.005
45 0.005
DYS456 YGATAH DYS643 DYS460 DYS392
Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus | Alen | PPY23 | YPlus
12 0.005 10 0.130 | 0.125 8 0.015 9 0.110 10 0.010
13 0.090 | 0.060 11 0.365 0.425 9 0.075 10 0.645 11 0.100 | 0.045
14 0.180 | 0.165 12 0.465 | 0.425 10 0.190 11 0.190 12 0.035 0.030
15 0.525 0.570 13 0.040 | 0.025 11 0.290 12 0.050 13 0.655 0.700
16 0.160 | 0.155 12 0.350 13 0.005 14 0.200 | 0.205
17 0.025 0.040 13 0.080 15 0.010 | 0.010
18 0.020 | 0.005

3.2.2.1. Locus DYS576
Bdng 3. 3. Tan suat phan b cic alen thudc locus DYS576

DYS576
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ALEN | 14 15 16 17 18 19 20 21 22
PPY23 0.030 | 0.080 | 0.160 | 0.335 | 0.265 | 0.110 | 0.015 | 0.005
YPlus | 0.005 | 0.015 | 0.060 | 0.185 | 0.375 | 0.265 | 0.080 | 0.015

Locus DYS576 c6 tat ca 9 alen dugc phét hién trong 400 mau nghién ctru trong dé
mdi bo kit phat hién duogc 7 alen. Alen 14 va 22 la cic alen hiém, mdi alen chi gap 6 01 ca
thé trong quan thé. Alen s6 18 c6 tan suét cao nhatvédi tan suat khoang 0.335 — 0.375 kha
twong dong véi dit liéu thong ké chung. Tiép theo 12 alen 19, 17 1an lugt c6 tan suat Ion thir
2, 3 trong nghién ctru. Tuy nhién, trong dit liéu cong bd chung tan suat 2 alen nay lai c6 su
phan bd nguoc lai so véi trong nghién ciru.
3.2.2.2. Locus DYS3891

Bing 3. 4. Tan suat phan b cic alen thudc locus DYS3891

DYS3891
ALEN 11 12 13 14 15
PPY23 | 0.085 | 0.310 | 0.385 | 0.215 | 0.005
YPlus | 0.085 | 0.350 | 0.385 | 0.180

Locus DYS389I c6 tat ca 5 alen dugc phat hién trong d6 alen 15 1a alen hiém chi bat
gip & 1 c4 thé trong quan thé khi phan tich voi bo kit PPY23. Alen 13 ¢ tin suit cao nht
tan suat v4i ca 2 bo kit déu 1a khoang 0.385, tiép theo 1a alen 12 véi tan suat khoang 0.31-
0.35. Sy phan bd céc alen trong locus DY S3891 tuong dbi gidng véi dit liéu théng ké chung.
3.2.3.3. Locus DYS448

Bing 3. 5. Tan suat phan b cic alen thudc locus DY S448

DYS448
ALEN 16 17 18 18.2 19 19.2 20 21 22
PPY23 | 0.010 | 0.010 | 0.425 | 0.010 | 0.235 | 0.005 | 0.180 | 0.115 | 0.010
YPlus 0.045 | 0.530 0.215 0.155 | 0.055

Locus DYS448 c6 tat ca 9 alen dugc phat hién trong d6 céc alen 16, 18.2, 19.2, 22
1a cdc alen twong ddi hiém chi gap & 1-2 c4 thé khi phan tich véi bo kit PPY23. O ca
2 bd kit alen 18 12 alen c6 tan suét cao nhit tan suit khoang 0.435-0.53, tiép theo 1a

alen 19, va 20. Sy phan bd cdc alen & locus DYS448 ¢6 su sai khac 16n so vé6i dit liéu
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théng ké chung khi & d6 alen 19, 20 méi 12 alen c6 tan suit cao nhét, alen 18 chi c6
tan suat khoang 0.17-0.18.
3.2.2.4. Locus DYS389I1

Bing 3. 6. Tan suat phan b cic alen thudc locus DYS389II

DYS389 11
ALEN | 25 27 28 29 30 31 32 33
PPY23 0.050 | 0295 | 0.355 | 0.225 | 0.060 | 0.015

YPLUS | 0.005 | 0.095 | 0260 | 0.340 | 0.230 | 0.055 | 0.01 | 0.005

Véi locus DYS389II ¢6 tat ca 8 alen dugc phat hién trong d6 alen sb 25, 27, 33 1a
alen tuog d6i hiém. Alen 29, 28, 30 lan luot 1a cdc alen c6 tan sudt cao nhat va twong ddi
giong véi dir liéu thong ké chung trén YHRD.
3.2.2.5. Locus DYS19
Bing 3. 7. Tan suét phan bd cdc alen thudc locus DYS19

DYS19
ALEN 12 13 14 15 16 17
PPY23 0.045 | 0.120 | 0.415 | 0.355 | 0.065

YPlus | 0.005 | 0.015 | 0.135 | 0.450 | 0.330 | 0.065

DYS19 1a locus dau tién dugc khdm phé va khuéch dai bang phwong phadp PCR [75].
Khi phan tich v6i locus DYS19 ¢6 tat ca 6 alen dugc quan sit thdy trong quan thé nghién
ctru trong d6 alen 12 12 alen hiém chi bat gip & 1 c4 thé khi phan tich v6i bo kit YPlus. Alen
s6 15 c6 tan sudt cao nhat (0.415-0.45), tiép theo 12 alen 16, cdc alen con lai c6 tan suat khd
thap. Nguoc lai, trong dit liéu thong ké chung alen c6 tin suat alen cao nhét 13 14 cho thay

su khac biét trong sy phan bd céc alen thudc locus DYS19 ¢ quén thé nguoi Viet Nam.

3.2.2.6. Locus DYS391
Bdng 3. 8. Tan suat phan bd cdc alen thudc locus DYS391

DYS391
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ALEN 6 8 9 10 11 12
PPY23 | 0.020 0.010 | 0.630 | 0.325 | 0.015
YPlus 0.005 | 0.025 | 0.615 | 0.330 | 0.025

Véilocus DYS391 c6 tit ca 6 alen duoc phat hién trong d6 alen sb 6, 8 1a alen hiém.

MGdi alen chi quan sat thdy & 1 c4 thé véi mdi bo kit phan tich Alen s6 10 1a alen chiém da

sd trong quén thé vé6i tan suit khoang 0.615-0.63 va phan 4nh su twong dong véi dit lidu

thong ké chung trén YHRD. Pay ciing 12 locus dugc lua chon dé c6 trong tap hop STR

phan tich quan hé huyét théng truc hé cha/me-con cua hau hét céc bo kit hién nay nhu

PowerPlex® Fusion System (Promega), GlobalFiler™ PCR Amplification Kit (Thermo

Fisher Scientific)... nhu mot chi thi b trg gitip phan biét gitta mau nit gidi va nam gidi.

3.2.2.7. Locus DYS481

Bing 3. 9. Tan suat phan b cic alen thudc locus DYS481

DYS481
ALEN 19 21 22 23 24 25 26 27 28
PPY23 0.020 | 0.085 | 0.330 | 0.295 | 0.140 | 0.095 | 0.030 | 0.005
YPlus | 0.005 | 0.020 | 0.130 | 0.405 | 0.170 | 0.115 | 0.105 | 0.035 | 0.015

Pay dugc coi 1a 1 trong nhitng locus ¢6 s6 luong alen nhiéu nhat khi phan tich véi

ca 2 bo kit. Locus DYS481 ¢6 tat ca 9 alen dugc phat hién trong 400 mau nghién ctru trong

d6 alen 19 1a alen hiém, chi bat gip ¢ 1 cd thé. Alen s 23 c6 tan suét cao nhat (khoang

0.33-0.40), tiép theo 1a alen 24. So sanh véi dir liéu phan bd chung trén YHRD cho thay

¢6 su khdc biét nho khi & d6 alen 22 c6 tn sut 1on thir 2 véi khoang > 0.2 nhung & quan

thé nguoi Viét Nam 1a alen 24 méi 1a alen c6 tan suat 16n thir 2 trong khi alen 22 c6 tan
suét it hon han (chi khoang 0.08 - 0.13).
3.2.2.8. Locus DYS549
Bing 3. 10. Tan suat phan b cic alen thudc locus DYS549

DYS549

ALEN

10

11

12

13

14

15
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0.015

‘PPY23‘ 0.005 | 0.175 ‘ 0.56 ‘ 0.235 0.01 ‘

Locus DYS549 chi c6 trong b kit PPY23 véi 6 alen dugc phat hién trong dé alen
12 ¢6 tan sudt cao nhat. Alen 10, 15 1a cdc alen hiém. Su phén b cdc alen trong locus nay
turong d6i gidng voi dit lidu thdng ké chung trén YHRD.
3.2.2.9. Locus DYS533
Bing 3. 11. Tan suat phan b cic alen thudc locus DYS533

DYS533
ALEN 9 10 11 12 13 14
PPY23 | 0.005 | 0.340 | 0.445 | 0.190 | 0.015 | 0.005
YPlus 0.390 | 0.435 | 0.165 | 0.010

Khi phan tich véi locus DYS533 phat hién duoc tat ca 6 alen trong d6 c6 alen s6 9,
14 12 hai alen hiém chi bat gip & 01 c4 thé khi phan tich v6i bo kit PPY23. Alen 11 ¢6 tan
sudt cao nhat khoang 0.43 twong tu nhu trong dir lidu cong bd chung YHRD, tiép theo 1a
alen 10. Tuy nhién trén YHRD véi locus DYS533 alen c6 tan sudt cao the 2 lai 1a alen sb
12 véi tan suat khoang 0.4 trong khi & quan thé ngudi Viét Nam alen nay c6 tan suét chi
khoang 0.18 cho thay su khac biét trong su phan bd céc alen gitra quan thé ngudi Viét Nam
va dit liéu chung trén thé gidi.
3.2.2.10. Locus DYS438
Bing 3. 12. Tan suat phan bd cic alen thudc locus DYS438
DYS438
ALEN 8 9 10 11 12 14
PPY23 | 0.005 | 0.005 | 0.840 | 0.120 | 0.030
YPlus | 0.005 | 0.005 | 0.825 | 0.145 | 0.015 | 0.005

Véi alen DY S438 ¢6 tat ca 6 alen dugc quan sét thay trong quan thé nghién ctru véi
alen s6 8, 9 va 14 1a cdc alen hiém. Alen s6 10 chiém uu thé rat 16n trong quan thé nghién
clru voi tan suat khoang 0.85-0.84. Trén dit liéu YHRD alen nay ciing 12 alen chiém uu thé
nhung tin sudt phin bd chi khoang 0.45.
3.2.2.11. Locus DYS437
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DYS437
ALEN 12 13 14 15 16
PPY23 0.005 | 0.730 | 0.255 | 0.010
YPlus | 0.005 0.730 | 0.25 | 0.015

Pay duoc coi 12 mét trong nhirng alen c6 s alen it nhat duoc khao sét trong nghién

clru véi chi 5 alen dugc quan sét thay, trong d6 2 alen s6 12, 13 1a cdc alen hiém. Alen sb

14 véi tan sut phin bd 0.73 & ca 2 bo kit 12 alen chiém wu thé tdi da, tiép theo 12 alen 15,

16. Su phan bé cdc alen trén locus DYS437 hoan toan twong dong véi dit liéu chung YHRD.
3.2.2.12. Locus DYS570

Bing 3. 14. Tan suat phan b cic alen thudc locus DYS570

DYSS570
ALEN | 14 15 16 17 18 19 20 21 22 23
PPY23 0.040 | 0.330 | 0.230 | 0.135 | 0.145 | 0.075 | 0.025 | 0.015 | 0.005
YPlus | 0.025 | 0.045 | 0.310 | 0.175 | 0.135 | 0.140 | 0.120 | 0.030 | 0.010 | 0.010

DYS570 1a locus chung cua ca 2 bd kit c6 sb lugng alen nhiéu nhat véi 10 alen duoc

quan sdt thdy trong nghién ctru. Cic alen c6 tan suit phan bd 16n nhét 1an luot 12 alen sb

16, 17, 18. Su phan bd nay hoi khéc so véi dit liéu chung YHRD khi alen s6 17, 18 méi 1a

céc alen chiém phan b uu thé, alen s6 16 chi ¢ tan suat khoang 0.16.

3.2.2.13. Locus DYS635
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Bing 3. 15. Tan suat phan b cic alen thudc locus DYS635

DYS635
ALEN 18 19 20 21 22 23 24 25
PPY23 | 0.005 | 0.050 | 0.130 | 0.365 | 0.195 | 0.190 | 0.050 | 0.015
YPlus | 0.005 | 0.030 | 0.110 | 0.405 | 0.205 | 0.195 | 0.040 | 0.010

Véi locus DYS635 c6 tat ca 8 alen dugc quan sdt thiy trong quan thé nghién ciru.
Trong d6 alen 18 1a alen hiém, alen 21 1a alen c6 tan suat phan b 16n nhat khoang 0.365-
0.40 kh4 tuong dong so véi dir liéu YHRD. Céc alen 22 va 23 ¢6 tan suat x4p xi nhau Ia
cdc alen c6 tAn sudt phin bd 16n thir 2 trong nghién ciru. Nguoc lai trong dit liéu YHRD
alen sb 22 c6 tan suét khé thap so véi 2 alen con lai.
3.2.2.14. Locus DYS390

Bing 3. 16. Tan suat phan b cic alen thudc locus DYS390

DYS390
ALEN 22 23 24 25 26
PPY23 | 0.025 | 0.255 | 0.360 | 0.305 | 0.055
YPlus | 0.035 | 0.180 | 0.385 | 0.365 | 0.035

Locus DYS390 c6 tat ca 5 alen dugc phét hién trong d6 alen 24 13 alen c6 tan suat
cao nhét tan suit & ca 2 bo kit (khoang 0.36-0.385), tiép theo 12 alen 23, 25 v&i tan suit gan
bang. Su phéan bd cdc alen nay twong ddi giéng voi dir lidu théng ké chung trén YHRD.
3.2.2.15. Locus DYS439

Bing 3. 17. Tan suat phan bd cic alen thudc locus DYS439

DYS439
ALEN 10 11 12 13 14 15
PPY23 | 0.035 | 0.255 | 0.530 | 0.160 | 0.015 | 0.005
YPlus | 0.025 | 0.260 | 0.520 | 0.160 | 0.030 | 0.005

Locus DYS439 c6 tit ca 6 alen dugc phat hién trong d6 alen 15 12 alen hiém. Alen
12 12 alen c6 tan suét cao nhit tan suit & ca 2 bo kit (khoang 0.52), tiép theo 1a alen 11 c6
tan suat khoang 0.25. Sy phan bd céc alen nay twong dbi gidng véi dit liéu thong ké chung
tréen YHRD.
3.2.2.16. Locus DYS392
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Bdng 3. 18. Tan suat phan bd cdc alen thudc locus DYS392

DYS392
ALEN 10 11 12 13 14 15
PPY23 0.100 | 0.035 | 0.655 | 0.200 | 0.010

YPlus | 0.010 | 0.045 | 0.030 | 0.700 | 0.205 | 0.010

Véi alen DYS392 c6 tat ca 6 alen dugc quan sét thay trong quan thé nghién ciru.
Alen s6 13 chiém wu thé rat 16n trong quan thé nghién ctru vé6i tan suat khoang 0.655-0.70,
tiép theo 12 alen s6 12 véi tan suat khoang 0.30, cdc alen khéc c6 tan suat khd thap >0.20.
Trai nguoc lai trén dit lieu YHRD alen 11 va 13 mai 1a céc alen c6 tan suét cao nhat, alen
s6 12 lai ¢6 tan sudt phan bd rat thip dudi 0.10.
3.2.2.17. Locus DYS643

Bing 3. 19. Tan suat phan bd cic alen thudc locus DY S643
DYS643

ALEN 8 9 10 11 12 13

PPY23 | 0.015 | 0.075 | 0.190 | 0.290 | 0.350 | 0.08

Cung vé6i locus DY S549 day 1a locus thir 2 chi c6 mat trong bd kit PPY23 ma khong
c6 trong bo kit YPlus. C6 tat ca 6 alen dugc quan sdt thiy véi alen 12 ¢6 tan suat 16n nhat.
Su phan bd cic alen trong locus nay ciing ¢6 su khd biét ddng ké so voi dir lidu thong ké
chung khi & YHRD alen s6 10 mdi 12 alen c6 tan suét phin bd cao nhat, alen sé 12 lai chi
c6 tan suat <0.2.
3.2.2.18. Locus DYS393

Bing 3. 20. Tan suat phan b cic alen thudc locus DYS393

DYS393
ALEN 10 11 12 13 14 15
PPY23 0.375 | 0.180 | 0.400 | 0.045

YPlus | 0.005 | 0.025 | 0.310 | 0.165 | 0.465 | 0.03

S6 lugng céc alen duwoc quan sét thay trén locus DYS393 khd it v6i chi khoang 4

alen pho bién va 2 alen hiém sd 10, 11. C6 su khéc biét vé phan bd alen trén locus DYS393
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gifta quan thé nam gidi Viét Nam véi dit liéu chung trén YHRD. Trong nghién ctru nay
alen s 14 c6 tan sudt 16n nhat (khoang 0.40-0.46), tiép theo 1a alen s6 12. Nguoc lai trén
YHRD alen sb 13 méi 1 alen c6 tan sut 16n nhét, alen s6 14 ¢6 tan suat < 0.2.

3.2.2.19. Locus DYS458
Bing 3. 21. Tan suat phan b cic alen thudc locus DYS458

DYS458
ALEN 12 13 14 15 16 17
PPY23 0.005 | 0.025 | 0.120 | 0.170 | 0.195

YPlus | 0.010 | 0.005 | 0.015 | 0.135 | 0.190 | 0.200
ALEN 18 19 20 21 22 23

PPY23 | 0.310 | 0.140 | 0.025 0.010
YPlus | 0.295 | 0.085 | 0.045 | 0.015 0.005

Pay dugc coi 1a locus chung cia ca 2 bd kit ¢6 s6 luong alen nhiéu nhat véi tong
cong 12 alen duoc quan sét thiy. Alen 12, 13, 22, 23 1a cdc alen twong ddi hiém gip. Alen
18 12 alen c6 tan suit phan bd 16n nhét, tiép theo 1a cdc alen 17, 16. Trén YHRD alen 17,
16 méi 1a cdc alen c6 tan sut phin bd 16n nhit va 16n hon cé alen 18. DAy ciing 1a khic
biét ctia quan thé nguoi Viét Nam so véi dit liéu chung.
3.2.2.20. Locus DYS456

Bing 3. 22. Tan suat phan b cic alen thudc locus DYS456

DYS456
ALEN 12 13 14 15 16 17 18
PPY23 0.090 | 0.180 | 0.525 | 0.160 | 0.025 | 0.020
YPLUS | 0.005 | 0.060 | 0.165 | 0.570 | 0.155 | 0.040 | 0.005

Vi locus DYS456 ¢6 tit ca 7 alen dugc phat hién trong d6 alen s6 12 1a alen tuwong
d6i hiém. Alen 15 12 alen chiém wu thé hon hin so véi céc alen khéc. Su phan bd céc alen
thudc locus DY S456 trong quan thé ngudi Viét Nam twong ddi giéng véi dir lidu théng ké
chung trén YHRD.

3.2.2.21. Locus YGATA-H4
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Bing 3. 23. Tan suat phan bd cdc alen thudc locus YGATA-H4

YGATAH4
ALEN 10 11 12 13
PPY23 | 0.130 | 0.365 | 0.465 | 0.040
YPLUS | 0.125 | 0.425 | 0.425 | 0.025

Locus YGATA-H4 c6 tit ca 4 alen dugc phdt hién trong d6 alen 12 13 alen c6 tan

sudt cao nhét tan suit ¢ ca 2 b kit (khoang 0.425-0.465), tiép theo 12 alen 11 v&i tan suat

gan bang. Sy phan b céc alen nay twong dbi gidng véi dir liéu théng ké chung trén YHRD.
3.2.2.22. Locus DYS460
Bing 3. 24. Tan suat phan bd cic alen thudc locus DYS460

DYS460
ALEN 9 10 11 12 13
YPL | 0.110 | 0.645 | 0.190 | 0.050 | 0.005

Pay 1a 1 trong sd 6 locus méi dugce bd sung vao bo YPlus ma cdc bo kit trude day

khéng c6. Locus nay c6 alen tuong dbi it v6i chi 5 locus dugc quan sat thiy. Trong d6 alen

s6 10 chiém wu thé 16n véi tan suét 0.645, cic locus khic c6 tan suét thip hon han < 0.20.

Diéu nay hoi khéc biét so voi ditr li€u chung khi alen s6 9 va 11 cling ¢6 tan suat tuong doi

16n va alen s6 10 chiém wu thé voi tan suét chi khoang 0.40.
3.2.2.23. Locus DYS627
Bing 3. 25. Tan suat phan bd cic alen thudc locus DYS627

DYS627
ALEN | 13 16 17 18 19 20 21 22 23 24
YPlus | 0.005 | 0.005 | 0.005 | 0.065 | 0.080 | 0.230 | 0.230 | 0.235 | 0.100 | 0.045

Dy ciing locus méi xuét hién trong bo kit YPlus v6i 10 locus duge quan sit thiy

trong quan thé ngudi Kinh, Viét Nam. Alen 13,16, 17 1a cdc alen hiém gip. Céc alen 20,

21, 22 1a céc alen chiém tan sudt cao nhat. Sy phan bd cdc alen nay ciing twong dong véi

dir li€u chung trén YHRD.

3.2.2.24. Locus DYS518
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Bing 3. 26. Tan suat phan bd cic alen thudc locus DYS518

DYS518
ALEN 32 33 34 35 36 37 38
YPLUS | 0.005 | 0.005 | 0.015 | 0.060 | 0.120 | 0.120 | 0.095
ALEN 39 40 41 42 43 44 45
YPLUS | 0.105 | 0.150 | 0.145 | 0.105 | 0.065 | 0.005 | 0.005

Véi tit ca 14 alen dugc quan sét thiy trong 200 mau day duoc coi 1a locus ¢6 sb
lwgng alen nhiéu nhat trong nghién ctru. Diéu ddng luu ¥ ddy cling 12 alen méi xudt hién
trong bo kit YPlus. C4c alen 32, 33, 44, 45 twong ddi hiém gdp trong quan thé. Alen 40, 41
chiém tan suat 10n nhat nhung khéng c6 su chénh léch dang ké so véi cdc alen con lai nhu
36, 37, 38. Su phan bd nay hoi khac biét so voi dir liéu chung khi alen 37, 38, 39 méi la cac
alen c6 tan sut cao nhat.
3.2.2.25. Locus DYS449

Bing 3. 27. Tan suat phan b cic alen thudc locus DY S449

DYS449
ALEN 23 25 26 27 28 29 30
YPlus | 0.005 | 0.040 | 0.160 | 0.080 | 0.090 | 0.105 | 0.095
ALEN 31 32 33 34 35 36
YPlus | 0.145 | 0.125 | 0.05 0.04 0.04 0.025

Locus DYS449 méi dugc b sung trong bo kit YPlus bao gom 13 locus duoc quan
st thay trong 200 mAu nghién ctru. Trong d6 alen 31, 32 1an luot 12 cdc alen chiém tan sut
16n nhat tuong ty nhu trong dir liéu céng bd chung. Céc alen con lai 26, 27, 28, 29 ¢6 tan
suat chénh léch nhau khong 16n.
3.2.2.26. Locus DYS385a/b

Véi locus DYS385 ¢6 16 alen dugc quan sit thdy trén 2 locus DYS385a va
DYS385b trong d6 alen 13 c6 tan sudt cao nhét, tiép dén 1a alen 18, alen 12. Su phan bd
nay khéic so véi thong ké chung trén YHRD véi alen 14,13, 11 1an luot 1a cdc alen c6 tan

suat phan bo cao nhat
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Bing 3. 28. Tan suat phan b cic alen thudc locus DYS385a/b

DYS385
ALEN 9 10 11 12 12.3 13 14 15
PPY23 | 0.0025 0.0525 | 0.1175 | 0.0025 | 0.2675 | 0.0575 | 0.0500
YPLUS 0.0300 | 0.1100 0.3000 | 0.0475 | 0.0875
ALEN 16 17 18 19 20 21 22 23
PPY23 | 0.0400 | 0.0500 | 0.1475 | 0.1050 | 0.0725 | 0.0300 | 0.0050
YPLUS | 0.0450 | 0.0400 | 0.1275 | 0.1225 | 0.0675 | 0.0150 | 0.0050 | 0.0025

Tuy nhién véi DYS385 do ciing 1 cip mdi nhung khuéch dai ddng thoi 2 vi tri khic

nhau thudng duoc thong ké theo tip hop 2 locus DYS385a va b nhu bang 3.3. Két qua

thdng ké cho thy c¢6 55 t6 hop khdc nhau dugc tao ra béi 2 locus DYS385a va b trong d6

t6 hop 13,18 chiém tan sudt nhiéu nhat.

Bing 3. 29. Tan suat phan bd cic td hop alen thudc locus DYS385a/b

Haplo | DYS385 | DYS385 | Haplo | DYS385 | DYS385 | Haplo | DYS385 | DYS385
type | PPY23 | YPlus | type | PPY23 | YPlus | Type | PPY23 | YPlus
9,17 | 0.005 12,19 | 0035 | 0035 | 14,19 | 0.020 | 0.025
11,11 | 0015 | 0005 | 12,20 | 0.040 | 0055 | 14,20 | 0.010

11,12 0.015 | 12,21 | 0.010 1421 | 0.015

11,13 | 0.005 13,13 | 0.065 | 0080 | 15,15 0.010
11,14 | 0.005 | 0.005 | 1314 | 0015 | 0015 | 1516 | 0.005 | 0.010
11,15 | 0.005 13,15 0.015 | 15,17 0.010
11,17 | 0.005 | 0.005 | 13,16 | 0.005 | 0015 | 1518 | 0.030 | 0.005
11,18 | 0.035 | 0.020 | 1317 | 0.050 | 0.045 | 1519 | 0.020 | 0.060
11,19 | 0.010 13,18 | 0.150 | 0.185 | 1520 | 0.015 | 0.025
11,20 | 0010 | 0.005 | 13,19 | 0.120 | 0.105 | 1521 | 0.015 | 0.015
12,12 | 0.025 | 0010 | 1320 | 0.040 | 0.035 | 1522 0.005
12,123 | 0.005 1321 | 0.005 | 0010 | 15,23 0.005
12,13 | 0.005 | 0010 | 13,22 | 0.010 | 0.005 | 16,17 | 0.005

12,14 | 0.005 | 0.015 | 14,14 0.005 | 16,18 | 0.005

12,15 0.005 | 14,15 | 0.010 16,19 | 0.005 | 0.015
12,16 | 0015 | 0015 | 1416 | 0.005 | 0015 | 1620 | 0.020 | 0.015
12,17 | 0.020 | 0.020 | 1417 | 0.005 1621 | 0.015 | 0.005
12,18 | 0.050 | 0.030 | 1418 | 0.025 | 0010 | 17,20 | 0.010
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18,19 | 0.005

3.2.2.27. Locus DYF387S51

Xét trén ca 2 locus 12 DYF387S1a va b ¢6 tat ca 8 alen dugc quan sat thiy trong d6
alen 37, 38 1a céc alen c6 tAn suat cao nhat. Sy phin bd cic alen trong locus ndy ciing trong
d6ng véi dir liéu thong ké chung trén YHRD. Theo t6 hop 2 locus c6 tat ca 28 haplotype
khéc nhau trong d6 t6 hop 37,38 chiém tan sut nhiéu nhit.

Bdng 3. 30. Tan suat phan bd céc alen thudc locus DYF387S1

DYF387S1
ALEN 34 35 36 37 38 39 40 41
YPlus | 0.0175 | 0.0425 | 0.175 | 0.245 | 0.2725 | 0.155 | 0.0725 | 0.02

Bing 3. 31. Tan suét phan bd cic td hop alen thudc locus DYF387S1

Haplotype | Tans6 | Haplotype | Tansd | Haplotype | Tan s
34,34 0.010 36,36 0.040 37,40 0.015
34,36 0.005 36,37 0.050 37,41 0.010
34,37 0.005 36,38 0.100 38,38 0.095
34,40 0.005 36,39 0.070 38,39 0.040
35,36 0.005 36,40 0.025 38,40 0.030
35,37 0.010 36,41 0.015 39,39 0.040
35,38 0.045 37,37 0.090 39,40 0.020
35,39 0.015 37,38 0.140 39,41 0.005
35,40 0.010 37,39 0.080 40,40 0.020

40,41 0.005

Nhan xét: Nhu vay tu viéc lap hd so Y-STR cua 400 mau nghién ctru véi 2 bo kit
PPY23 va YPlus chiing t6i d 1ap duoc bang phan bd tan suat alen ctia 29 locus Y-STR.
Két qua so sdnh cho thdy c¢6 16/29 locus c6 sy phan bd tan sut alen twong dbi gidng véi
dit liéu chung trén YHRD. Nguoc lai ¢6 13/29 locus c6 sy phan bd khéc so voi dit ligu
chung. Ngoai ra thong ké cling cho thiy c6 41 alen hiém/ 29 locus. Diéu niy cho thay su
sai khdc trong ciu tric di truyén ctia quan thé nguoi Kinh, Viét Nam khi so sanh véi céc

quan thé khac. Bang phan bd tan suit tong hop cia 29 locus Y-STR dugc thiét 1ap trong
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bang 3.2 12 bang dit liéu hoan chinh nhit phan 4nh su phan bd céc alen thudc Y-STR trong
quan thé ngudi Kinh, Viét Nam.

Viéc l4p bang tan suat phan bd alen c6 ¥ nghia rat quan trong trong gidm dinh ADN
gitip chling ta nhan biét c4c alen pho bién, alen hiém trong timg locus, tinh to4n chi s c6
quan hé ho hang (kinship index) giita cic hd so ADN nham xé4c dinh huyét théng, dinh
danh c4 thé mat tich trong thién tai tham hoa, truy nguyén c4 thé dic biét 1a trong diéu tra
hinh sy. Vi locus trén NST Y do ddc diém bao thu 1 chi di truyén theo dong cha, khong
c6 tdi to hop qua cdc thé hé nén khi so sanh hd so ADN Y-STR giita Q (miu hién trudng)
va K (mau nghi pham da biét) s& c6 03 truong hop xay ra: (1) loai true: néu hd so ADN tur
Q va K la khic nhau, (2) khong két luan duge: khi thu duge dit liéu ADN khong déy du
hodc khong rd rang, (3): khong loai trir dugc khi hd so ADN gitra Q va K 1a trung khép.
Truong hop (3) rat phtc tap vi theo quy luat di truyén va loai trir d6t bién xay ra tat ca
nhitng c4 thé ho hang nam ctia nghi pham (6ng ndi, chd, bd, anh - em trai nghi pham) déu
¢6 chung hd so Y-STR. Khi d6 viéc udc lugng xdc suét tring khop hd so Y-STR trong
quan thé 1a diéu can thiét dé dua ra két luan cudi cung cho vu 4n.

S6 luong c4 thé khong c¢6 quan hé ho hang trong co so dit lidu khao sit cang 1on
(nghia 12 mu s trong tinh todn phuong phdp dém), sé liéu théng ké cho udc tinh tin sb
kh6p ngau nhién sé cang c6 do chinh xdc cao. Viée khao sét tan suét haplotype Y-STR va
tan sudt timg locus trong quan thé sé& gitp ich cho viéc tinh todn ti suat trong dong (LR) va
dua ra dugc xdc suit gitta 2 hd so c6 bao nhiéu % xdc sut c6 quan hé huyét thdng theo
dong cha. Tir d6 gitip ich ddng ké cho viéc dua ra két luan cho vu viéc. S¢ di phai str dung
phuong phdp tinh LR vi dé tra 16i cAu hoi rang: Liéu ¢6 mot ngudi nao khéc khong phai 1a
tht pham da d¢é lai diu vét & hién trudng? Néu kiéu gen cuia tha pham va dau vét tai hién
truong hoan toan trung khép nhau, khi d6 LR sé& dugc tinh xem kha ning thi pham dé lai
dau vét gap bao nhiéu 1an so véi dan sé qudc gia. V&i tam quan trong d6, mdi trung tim,
phong thi nghiém dugc khuyén cdo nén xiy dung bang tan suit phan bd céc alen cho cic
chi thi Y-STR dang str dung khi 4p dung vao viéc dua ra két luan trong thuc té dé dam bao
dd chinh xdc cao nhét [76, 77].

Dua vao bang tan sudt phan bd alen cuia 29 chi thi Y-STR va st dung cong cu Kinship

Analysis trén YHRD.com chidng t6i da tinh toan dugc duoc ty sé tuong dong (likehood
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ratio — LR) va xéac suét c6 quan h¢ theo dong cha tur cac hd so Y-STR. Vi du minh hoa:
trong vu 4n hiép dam khi phan tich hd Y-STR sir dung bo PPY23 thu tir mau nghi ngd tinh
dich trén ga trai givong (ky hiéu V218A) cho thiy tring khép véi nghi pham Nguyén Trung
K (ky hiéu V218B). St dung bang tan suat phin bd tir nghién ctru trén ching tdi tinh duoc
chi s6 LR 12 23.300 véi do tin cay 12 99.9978 %. Chi s6 LR nay con duoc hiéu 1a kha ning
bit gip hd so Y-STR thu tir mau hién trudng c¢é quan hé huyét thdng theo dong cha véi
mau thu tir nghi pham cao hon 23300 lan so v&i kha nang hai miu khong lién quan.

Bing 3.32: HO so Y-STR ctia 2 miu so sdnh tir nghi pham va dau vét hién truong

Ky DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS
hi¢u 576 481 549 533 570 456 | 3891 | 390 | 389I1 | 458 19

V218A | 17 22 12 10 16 16 13 24 30 18 16

V218B | 17 22 12 10 16 16 13 24 30 18 16

Ky DYS | DYS | DYS | DYS | DYS | GAT | DYS | DYS | DYS | DYS | DYS
hi¢u 393 391 439 635 392 | AH4 | 437 643 438 448 385

V2I8A | 14 10 12 22 13 11 14 12 10 18 13,18

V2I8B | 14 10 12 22 13 11 14 12 10 18 13, 18

Ngoai ra, bang tin sudt con hd trg trong viéc tinh todn xdc suit c6 quan hé huyét
thdng theo dong cha trong truong hop cé dot bién xay ra. Vi du minh hoa trong trudng hop
duéi day: hai mau ky hiéu 12 CHO1 va CTO1 nghi ngd c6 quan hé chd rudt — chéu trai. Két
qua phan tich hd so Y-STR v&i bd PPY23 cho thy sai khéc tai mot locus DYS393 (chénh
1éch nhau 1 alen). V&i gia thiét xay ra dot bién qua 1 thé hé ty suit twong dong LR giita
mdi quan hé huyét thong so voi mdi quan hé khong ciing huyét théng 13 0.1667. Vi ty 1¢
LR c6 thé két luan giita hai mau khong c6 quan hé huyét thong theo dong ch

Bing 3.33: HO so Y-STR ctia 2 miu so sdnh tir chd va chdu trai

Ky DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS
hi¢u 576 481 549 533 570 456 | 3891 | 390 | 389I1 | 458 19
CHO1 | 17 27 13 11 17 13 12 25 28 18 16

CTO1 |17 27 13 11 18 13 12 25 28 18 16

Ky DYS | DYS | DYS | DYS | DYS | GAT | DYS | DYS | DYS | DYS | DYS
hi¢u 393 391 439 635 392 | AH4 | 437 643 438 448 385

CHO1 | 12 10 12 20 13 12 14 11 10 19 12, 20

CTOI |13 10 12 20 13 12 14 11 10 19 12,20

Tuy nhién ciing v6i hai hd so Y-STR néu trén gia thiét xay ra dot bién tai locus

DYS570 thay vi DYS393 s& cho két qua LR 1a 108. Piéu d6 c6 nghia 13 hai miu c6 xic
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suat ¢6 quan hé huyét thong theo dong cha 1én t&i 99.539%. Piéu nay c6 thé dugc hiéu 1a
do tan s6 dot bién & céc locus khic nhau 12 khac nhau. Locus DYS393 ¢6 tan suat dot bién
rat thap 12 0.00122 trong khi DYS570 lai duoc coi 12 locus ¢6 tbe dd dot bién nhanh véi tan
suat 12 0.00922 nén xéc suit xay ra sai khic giira hai c4 thé cing dong cha 1a cao hon so

vO1 cac locus khac (tén suit dot bién cua cdc locus duoc théng ké trén YHRD.org).

Bang tan sudt phan bd Y-STR duoc x4y dung trong nghién ctru nay 12 bang c6 sd
lugng miu nghién ciru cling nhu sé locus nhiéu nhat dugc khao sét trong quan thé nguoi
Viét Nam cho dén nay véi sb luong mau va phuong phdp nghién ctru dat do tin ciy cao.
Cic cong bd trude dy ddi v6i quan thé ngudi Viét Nam chu yéu duoc thyc hién voi 13-17
Y-STR trén s6 lvgng mau twong ddi nhé dudi 200 miu. Viée xay dung bang tan sudt caa
nhiing locus Y-STR ciing méi 1a diéu can thiét, ddp ing nhu cau tinh todn chi s hinh sy

lién quan dén nam gidi trong quan thé ngudi Viét Nam.

Trén dit liéu chung YHRD c6 thé thay s luong haplotype dugc cong bd sir dung 2
b kit PPY23 va YPlus tir cdc nghién ctru v6i cdc quan thé trén toan thé gidi 1a kha 16n.
Nguoc lai v6i quan thé nguoi Viét Nam trudc nghién ctru nay s lwong haplotype duoc
cong bd con rat han ché (Bang 3.32) chi véi 45 haplotype tir bd PPY23 va 47 halotype véi
bd YPlus dugce déng gép thong mot sé nghién ciru nho 1¢ trén quan thé nguoi Viét Nam.

(https://yhrd.org/pages/resources/national _databases).

Bing 3. 34. Théng ké s luong Haplotype Y-STR ¢ mot sO nudc trén thé gidi duge cong

bo trén YHRD

Tén nuéc B PPY23 B¢ YPlus
An Do 1950 Haplotypes 558 Haplotypes
Trung qudc 28502 Haplotypes 51515 Haplotypes
Nhat Ban 323 Haplotypes 1299 Haplotypes
Han Qudc 1309 Haplotypes 1040 Haplotypes
Thai Lan 497 Haplotypes 140 Haplotypes
Duc 2821 Haplotypes 522 Haplotypes
Nigeria 81 Haplotypes 358 Haplotypes
Thuy Si 1349 Haplotypes 756 Haplotypes
Anh 3798 Haplotypes 144 Haplotypes
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Tén nuéc Bo PPY23 Bo YPlus
My 5717 Haplotypes 2122 Haplotypes
Viét Nam 45 Haplotypes 47 Haplotypes

Vi nghién ctru nay ching t6i da déng gép thém 200 haptype st dung bd PPY23 vao
dit liéu chung YHRD véi ma s6 truy cap 1a YA004576 ning tong sd hapotype trén dit liéu
YHRD Ién 245 v6i bd PPY23 (Hinh 3.3).

Hinh 3. 3. S6 lidu thong ké sd haplotype déng gdp tir quan thé ngudi Viét Nam trén YHRD

3.2.3. Ddnh gid dic diém cdc alen thuéc 29 chi thi Y-STR

Véi 29 chi thi Y-STR duoc khao sét 6 tat ca 209 alen duge quan sat théy. Sd luong
alen dao dong tir 4 dén 15 alen vé6i trung binh 12 7 alen / 1 locus. Trong d6 véi bo kit PPY23
c6 tong s6 144 alen, bo kit YPlus 14 183 alen. Vi riéng t6 hop gom 2 alen, DYS385ab c¢6
55 t6 hop alen khac nhau, DYF387S1ab c6 28 t6 hop alen khac nhau duoc quan sit thay.
V6i ca hai bo kit néi chung, DYS458, DYS570 Ia cdc locus ¢6 s6 lugng alen nhiéu nhat véi
khoang 10 alen cho mdi locus. Ngugc lai locus DYS437 tiép theo 12 DYS438, DYS393,
DYS390 c6 s alen it nhét (4-5 alen/locus). Riéng bd kit YPlus ¢6 DYS518, DYS449 1a
céc locus méi duge bo sung thém so véi bd PPY23 dong thoi ciing 1a céc locus ¢6 sd lugng

alen nhiéu nhat (DYS518: 14 alen, DYS449: 13 alen).



71

S
o N B~ O

Hinh 3. 4. S6 alen cta 29 locus Y-STR dua trén 2 bo kit PPY23 va YPlus

o N B~ OO ®

DYS576
DYS389 |
DYS389 |

DYS448

DYS19

DYS391

DYS481

DYS549

B DYS533

DYS438

DYS437
, DYS570

DYS635

DYS390

B pysa3g

DYS392

DYS643
> DYS393

DYS458

DYS385

DYS456
YGATAH4

DYS627

DYS460

DYS518

DYS449

DYF387S1

wm
Ox
=
(0]
]
o
-0
—<
N
w
wm
Ox
=
(0]
]
o
-O:
—<
N
~

Tong sb alen quan sit thdy trong nghién ciru 12 209 alen, nhiéu hon ddng ké so vai
cdc cong bd trude day voi quan thé nglroi Viét Nam. Trong nghién ciru khao st trén 205
nam gidi st dung bd kit AmpFLSTR™ Yfiler™ PCR Amplification Kit gdm 17 locus, tdc
gia Toan T.T ghi nhan 99 alen [78]. S6 alen trong nghién ciru ciing & mirc trong duwong khi
so sdnh voi quan thé khac. Vi du nhu trong nghién ctru khao sat trén 581 nam gidi dan toc
Hén thudc tinh Thiém T4y — Trung Qudc st dung bo kit PPY23 quan sét thdy 237 alen [79].
Nghién ctru khao st trén 436 mau ngudi nam gidi thude cic tiéu Vuong qudc A rap Thong

nhit (UAE) str dung bd YPlus cho thiy c6 202 alen khéc nhau [80].
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Hinh 3. 5. Céc truong hop mat locus trong hd so Y-STR (A) vi trf mat 18/29 locus Y-
STR trén ban d6 NST Y (B) ho so Y-STR cua trudng hop mat 4/23 locus Y-STR.

Nhirng truong hop alen bi 1éch thang, mét alen (null alen), alen bién thé doi hoi
ngudi phan tich dit liéu phai c6 kinh nghiém dé tranh nham 14n gifta cdc tinh hudng. Vi du
nhu bién thé alen c6 thé bi nhdm véi trudng hop 1éch thang. Dé chac chin nén kiém chimg
lai bang phuong phdp giai trinh ty v6i nhitng locus xuét hién bién thé. Trong nghién ctru
nay trén tit ca locus déu khong phat hién thiy truong hop ndm ngoai thang alen (off ladder),
phét hién thdy 02 bién thé alen tai cdc locus DYS448 (alen 18.2, 19.2), 1 bién thé tai locus
DYS385b (alen 12.3).

Véi truong hop mat alen trong mot hodc nhiéu locus can phan biét 1a do thuc su bi
mat alen hay khong 1én du alen do mau c6 chat lwgng ADN kém. Cu thé, trong qud trinh

khao sit 400 mau nghién ctru ching t6i dd phat hién hai truong hop mat alen tai mot sb
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locus. Véi trudng hop dau tién 12 miu nam gi6i phat hién mat 18/23 locus Y-STR khi phén
tich voi bo kit PPY23. Phan tich x4c nhén lai bang bo kit YPlus ciing cho két qua twong tuy.
Dua vao viée xdc dinh vi tri cdc locus bi mét trén ban dd NST Y nhu trong hinh 3.5A nhan
thdy day 1a truong hop mét doan 16n trén NST Y. Viéc phan tich thém ho so cdc STR trén
NST X nhén thiy c6 1 sb locus & dang di hop tir. Diéu nay din dén gia thiét c6 2 NST X
va mau nam gidi nay c6 thé cip NST gidi tinh & dang XXY (hoi ching Klinefelter). Trong
qud trinh nghién ctru dé tai dang dot bién nay kha hiém gip va chi ¢6 1 truong hop tuwong
tr duwoc cong bd trén thé gisi [81]. Do han ché cua dé tai ching toi chwa c6 diéu kién 1am
nhiém sic thé 46 ciia mau nghién ctru dé ching minh gia thiét néu trén.

Truong hop con lai 1a c6 null alen tai 4 locus DYS481, DYS576, DYS570, DY S458
(hinh 3.5B). Viéc mat alen cua 4 locus nam ké tiép nhau trén cénh ngan caa NST Y ciing
v6i méat doan AMEL Y khi phdn tich bang bo kit PowerPlex® Fusion System (hdng
Promega) goi y cho thiy nguyén nhdn 1a do mat doan trén canh ngin NST Y chir khong
phai do dot bién tai vi tri gén mdi clia cic locus Y-STR. Dé dam bao viéc tinh todn tan suat
alen dugc chinh x4c ching t6i khong dua 2 truong hop nay vao bang dir liéu chung.
3.2.4. Dg da hinh cia 29 chi thi Y-STR

Tir tan suat phan bd cdc alen chdng t6i di tinh todn dugc d6 da hinh hay 1a d6 da
dang gen (GD - gene diversity) cua tung locus Y-STR trong nghién ctru. Bang so sanh d6
1éch chuén gitta 2 bo kit cho thdy khdng c6 sy sai khdc nhau nhiéu vé gié tri GD giita 2 bd
kit PPY23 va YPlus (d6 léch chuan déu < 0.05) do d6 gid tri GD cubi cung s& dugc tinh 13
trung binh cua 2 b kit (Bang 3.35).

Bdng 3. 35. D) da dang gen cta 29 locus Y-STR trong nghién ctru va so sdnh véi gid tri
trung binh cua quan thé nguoi chau A

STT | Tén alen PPY23 | YPlus | Dy léch GD trung GD | B léch
GD GD chuan binh chau A | chuan
1 DYS576 0.776 0.748 0.01 0.762 0.7996 0.02
2 DYS389 1 0.713 0.693 0.01 0.703 0.6564 0.02
3 | DYS38911 | 0.734 0.751 0.01 0.742 0.6585 0.04
4 DYS448 0.713 0.647 0.03 0.680 0.7650 0.04
5 DYS19 0.685 0.669 0.01 0.677 0.6920 0.01
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STT | Tén alen PPY23 | YPlus | D) léch GD trung GD | B léch
GD GD chuan binh chau A | chuan
6 DYS391 0.499 0.514 0.01 0.507 0.4136 0.05
7 DYS481 0.771 0.768 0.00 0.769 0.8416 0.04
8 DYS549 0.603 0.603 0.6425 0.02
9 DYS533 0.653 0.635 0.01 0.644 0.6265 0.01
10 DYS438 0.280 0.300 0.01 0.290 0.5707 0.14
11 DYS437 0.404 0.406 0.00 0.405 0.4891 0.04
12 DYS570 0.795 0.821 0.01 0.808 0.8313 0.01
13 DYS635 0.774 0.745 0.01 0.760 0.7700 0.01
14 DYS390 0.712 0.687 0.01 0.700 0.7325 0.02
15 DYS439 0.630 0.638 0.00 0.634 0.6823 0.02
16 DYS392 0.522 0.467 0.03 0.495 0.7434 0.12
17 DYS643 0.749 0.749 0.7510 0.00
18 DYS393 0.668 0.662 0.00 0.665 0.6597 0.00
19 DYS458 0.806 0.813 0.00 0.809 0.8275 0.01
20 DYS385 0.947 0.936 0.01 0.941 0.9741 0.02
21 DYS456 0.661 0.622 0.02 0.641 0.6093 0.02
22 | YGATAH4 | 0.635 0.626 0.00 0.630 0.6345 0.00
23 DYS627 0.820 0.820 0.8120 0.00
24 DYS460 0.536 0.536 0.6750 0.07
25 DYS518 0.893 0.893 0.8670 0.01
26 DYS449 0.900 0.900 0.8820 0.01
27 | DYF387S1 0.934 0.934 0.9450 0.01

Két qua cho thiy hai locus véi t6 hop 2 alen 12 DYS385a/b va DYS387S1 1a céc
locus c6 d6 da dang di truyén cao nhit (GD lan luot 0.941, 0.934). Vi cdc locus don alen
c6 chung & hai bd kit DYS458, DYS570 duogc coi la cac locus ¢6 d§ da hinh cao nhét (GD
trung binh 1an luot 12 0.809, 0.808) dong thdi ciing 12 cic locus ¢ s6 alen nhiéu nhét (9 -
10 alen). Nguoc locus DYS438 1a locus c6 d6 da hinh thép nhét (GD khoang 0.28) véi chi
4 - 5 alen phat hién dugc trong quan thé ngudi Viét Nam, tiép theo 12 DYS437 (GD: 0.490),
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DYS392 (GD: 0.495), DYS391 (GD:0.507). bay duoc coi la cac locus c6 do da hinh thép
nhat nho hon 0.5.

Cic nghién ctru trude ddy vé quan thé nguoi Kinh Viét Nam ciing cho thiy DY S437,
DYS438 ciing 12 cic locus ¢6 gid tri GD thap nhét [63,66,78]. Két qua nay ciing kha twong
d6ng véi phan tich toan cau vé 23 locus Y-STR cho thay cdc locus DYS391, DYS437 va
DYS438 ¢6 gid tri GD thdp hon so véi céc locus Y-STR khéc trong cdc quan thé nguoi
chiu Aduya theo nghién ctru khao sdt tin sudt 23 Y-STR tir 129 quan thé thudc 51 qudc gia
ctia Josephine Purps va cs [82]. Két qua so sanh do da hinh 23 locus Y-STR véi mét sb
nuée khic trong khu vuc ciing cho thay sy twong dong. Cu thé trong nghién ciru trén quan
thé ngudi Philipine cho thdy DYS391 va DYS438 ¢6 d6 da hinh thip nhat (dudi 34%), 2
markers DYS385 va DYF387S1 ¢6 do da hinh cao nhat [83]. Trong khao sét 29 locus Y-
STR véi quan thé ngudi Thuong Hai (Trung Qudc) cho thdy DYS449 1a locus ¢6 tan s6
cao nhit (GD: 0.8696), nguoc lai DYS438 c6 tan suat thip nhat (GD: 0.4186) tiép theo 12
DYS437 [84]. B da hinh cta 6 locus méi trong bd YPlus dugc so sanh véi théng ké trén
quan thé ngudi chau A tai My do nha san xuit cung cp ciing cho thiy twong quan trong

gid tri [69].

GD trung binh nguoi Kinh, Viét Nam
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Hinh 3. 6. Xép hang d6 da hinh céc chi thi Y-STR theo gid tri tir cao dén thap

Tuy nhién d da hinh ciing ¢6 su chénh 1éch ddng ké so véi dit liéu chung & 4 locus
1la DYS392, DYS391, DYS438 va DYS460. Trong d6 locus DYS392, DYS438, DYS460
trong quan thé ngudi Viét Nam c6 do da hinh thap hon kha nhiéu so véi cdc nude cling khu
vuc, nguoc lai DYS391 lai c6 d6 da hinh cao hon. Nhitng khac biét nay phan dnh dac trung

va sy phan tich von gen trong quan thé nguoi Kinh, Viét Nam so v6i cdc quan thé khéc.
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Két qua sip xép theo do da hinh cta 29 locus Y-STR trong hinh 3.6 cho thiy sb
locus ¢6 d6 da hinh tir 0.7-1 chiém ty 1& nhi€u nhét véi 55.2% (bao gdm 16/29 locus véi 5
locus GD > 0.9, 4 locus GD nam trong khoang 0.8- 0.9, 7 locus GD trong khoang 0.7-0.8),
9 locus ¢6 GD trong khoang 0.5 — 0.6 chiém 31% va chi c6 4 locus c6 GD < 0.5. Qua d6
cho thdy hau hét céc locus trong nghién ctru déu c6 d6 da hinh khd cao, c6 tiém ning 16n
trong viéc phan biét c4 thé nam gidi trong quan thé ngudi Kinh, Viét Nam duoc khao sit.
3.2.5. D¢ da dang haplotype (HD) va khd ndng phan biét

Véi riéng ting bo kit khi phén tich 200 mau nghién ctru ching tdi quan sdt thdy 200
haplotype khac nhau, nghia 12 mdi haplotype déu 1a duy nhét trong quan thé khao sit. Do
d6 do da dang haplotype (haplotype diversity - HD) la 1.00. Kha ndng phan biét
(discriminating capacity - DC) dugc tinh 12 ty s6 ctia s6 haplotype khdc nhau duoc quan sat
thdy trong quan thé/ tong s6 mau nghién ciru. Do céc haplotype déu 1a duy nhit nén kha
ning phin biét cd thé 12 100% véi ca 2 bod kit PPY23 va YPlus. Diéu nay phan 4nh tiém
ning cao ctia 29 locus Y-STR trong viéc phan biét cdc cd thé nam khong c6 lién quan huyét
thong theo dong cha. Két qua nay cho thiy tiém ning tng dung 16n cua tip hop Y-STR
trong phén biét cd thé nam thudc quan thé ngudi Viét Nam. Két qua nay ciing phit hop véi
nghién ctru cia Toan T.T khi khdo sét trén quan thé ngudi Kinh, Viét Nam véi t6 hop 17
Y-STR trong bd YPlus ciing cho kha ning phan biét 100% [66,78]. Ciing trén quan thé
ngudi Viét Nam trong nghién ctru ciia Koji Dewa khéo st trén 119 mau véi to hop 13 Y-
STR chi cho kha ning phan biét chi 95% [64]. Diéu nay cho thiy viéc ting sd lwong Y-
STR phan tich s& gép phan lam ting d da dang haplotype va kha niang phan biét.

Nghién ctru khao sdt v6i b kit PPY23 trén 129 quan thé khac nhau trén thé gidi
cling cho thdy cdc quan thé chau A c6 kha nang phan biét cao nhat (> 97%), tiép theo 1a
Chéau Au va Chau My Latinh (DC khoang 96%) va cudi ciing 1a Chau Phi (DC khoéng
85%) [82].

Tuy nhién khi so sdnh véi mot s6 quan thé khdc trong ciing khu vuc gid tri HD lai
khong dat duoc tuyét ddi. Khao sét trén 255 nam gidi nguoi Han ¢ Bic Kinh sir dung bd
PPY23 cho thdy HD 1a 0.99996 véi kha ning phan biét 1a hon 99.6% [85]. Khéo sit trén
142 nam giéi thudc cdc dan toc khac nhau nguoi Nigeria cho thay HD 12 0.9998 (+0.0009)

v6i DC 12 98.5% [86]. Piéu nay c6 thé giai thich do sé lwong mau khao sét trong cic cong
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b 16n hon nén x4c suit bat gip 2 haplotype tring nhau ciing cao hon hoic do dic diém di
truyén khac nhau giita cdc quan thé.
3.3. Két qua nghién ctiru mot s6 chi thi mini Y-STR méi

Do yéu cau trong cdc bo kit thwong mai phai khuéch dai dong thoi nhiéu locus Y-
STR khéc nhau nén dé phan biét duoc trong qué trinh dién di mao quan ddi héi cic locus
phai c6 kich thudc khdc nhau. Két qua 1a mot s6 locus Y-STR c¢6 kich thude kha 16n (>200
bp) rat khé dé phan tich thanh céng voi cdc mau c6 ADN di bi phan hiy, ADN bj dut gay
nhiéu. Trén thé giéi nhan thiy tim quan trong ctia STR néi chung trong viéc phan tich cic
mAu di bi phan hiy nhiéu phong thi nghiém da nghién ctru va phat trién cic bo kit gdm cic
mini STR nhu bo kit AGCU Mini-STR Amplification Kit (AGCU ScienTech
Incorporation, China), AmpFLSTR Minifiler™ kit (Applied Biosystem) gdm 8 STR trong
nhan va chi thi Amelogenin xédc dinh gidi tinh [87-89]. Tuy nhién ddy hau hét 1a cic STR
trong nhén, dén nay vin chua c6 bo kit riéng no vé cdc mini Y-STR duoc thuong mai héa.
Cac mini Y-STR voi dic diém 1a c¢6 kich thudc ngan dudi 200 bp phit hop véi cic loai mau
sinh hoc d phan huy c6 ADN bi dirt gdy nhiéu.

Hién nay, tai Viét Nam s6 lugng cac cong trinh nghién ciru vé locus Y-STR con rat
han ché va ciing chua ¢6 nghién ctru vé thiét ké céc cip moi khuéch dai locus mini Y-STR
nham tmg dung phén tich ADN cho cdc mau sinh hoc da phan hity. Vi vdy, dé tao diéu kién
thuan loi cho cong tic gidam dinh ADN ciing nhu gidm dinh hai c6t tai Vién Phép y quéc
gia dat dugc két qua tt bén canh 29 locus Y-STR c¢6 trong 2 bd kit néu trén ching tdi thir
nghién ctru céc chi thi mini Y-STR c6 kich thudc ngan hon va ¢6 tiém niang tng dyung trong
gidm dinh ADN véi quan thé ngudi Viét Nam.

3.3.1. Lua chon chi thi mini Y-STR

Trong nghién ctru nay ching toi lira chon cdc locus c6 do da hinh cao trong quan thé
ngudi Viét Nam, ngoai ra con cé kich thudc 16n trong cédc bo kit thwong mai va cb ging
giam tdi thiéu kich thudc cdc locus Y-STR dé dat duoc ty 18 phan tich thanh cong cao véi
cdc mau da bi phan huy. Trong s6 29 chi thi Y-STR thudc hai b kit chung t61 lya chon céc
chi thi ¢6 d6 da hinh cao > 0.6, ¢6 kich thudc > 200 bp va c6 kha nang rit gon kich thudce

viing 161 ldp (ving 16i 13p & dang don gian gém 3 — 5 nucleotit, s6 1an 1ip cua 16i < 30). Dya
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trén cac ti€u chi d6 ching t6i da lya chon 5 chi thi Y-STR [a DYS481, DYS643, DYS533,
DYS19, Y-GATA-H4. Pay déu 1a céc chi thi nam trong b kit PPY23.

Bén canh d6 ching tdi ciing thiét ké mdi dé khuéch dai thém 1 chi thi DYS460 nim
trong bo YPlus va 4 chi thi mini Y-STR la: DYS505, DYS522, DYS508, DYS388 la nhitng
locus chua c6 trong kit thwrong mai nhung theo mot sé nghién ciru di duoc céng bd cho
thdy c6 do da hinh cao, c6 tiém ning tng dung trong phan tich Y-STR..

Bing 3. 36. Do da dang cua cdc mini Y-STR méi trong mot sd quan thé

D) da dang gen DYS508 | DYS522 | DYS388 | DYS505
Bic Bd Dao Nha [90] 0.497 0.63

Nhat Ban [91] 0.406 0.58

Trung Qudc [92] 0.723 0.495

Tunisia [93] 0.59

Théi Lan [94] 0.654 0.6692

3.3.2. Téi wu hod phdn iing PCR

Phan tng PCR duoc khdo sat voi 10 cap moi trong 10 phan tng PCR riéng r€. Nhiét
d6 gin moi cua ting locus dao dong tir 56 — 58°C. Chu trinh phan tng PCR duoc tdi uu
héa véi cdc diéu kién bao gém: ndng do moi, nhiét do gin mdi, thoi gian kéo dai chudi.
San pham sau PCR duoc kiém tra trén gel Polyacryamide 6%. Hinh anh dién di cho thay
cdc bang san pham PCR 16 nét, khong c6 bang phu va c6 kich thudc ding nhu cdc cong bd
truée d6. Kich thudce cdc locus dao dong tir 91-213bp. Diéu nay cho thdy cdc cip mdi duge
thiét ké c6 tinh kha dung cho viéc khuéch dai céc locus Y-STR mong mudn.

Phan ing PCR duoc khao sat trong 10 phan irng PCR riéng ré. Chu trinh phan ing
PCR duoc tdi wu héa véi cdc diéu kién bao gém: néng dd mdi, nhiét do gfln moi, thoi gian
kéo dai chudi. San pham sau PCR duoc kiém tra trén gel Polyacryamide 6%. Cu thé:

Nhiét d6 gan moi duoc lua chon téi wu trong khoang nhiét d tir 55 - 66°C sir dung
cong nghé gradient nhiét 2 chiéu trén mdy PCR effendorf méi gidp tdi wu hod phan tng
PCR dugc nhanh chéng. Két qua cho thiy 8/10 locus 1én band rd nét ¢ nhiét d6 gin moi
58°C. Riéng locus DYS19 va DYS522 nhiét do gan mdi duoc ha xudng khoang 56°C dé
cho két qua band dién di rd nét va khong c6 band phy.

Nong d6 mdi xudi va mdi nguge cho mdi phan tmg PCR dugc tdi vu & 4 diéu kién:
5, 10, 15, 20 ppmol. Két qua thong ké trong Bang 3.37 cho thdy véi tat ca cdc ndong d6 mdi

déu cho két qua band 1én rd nhung & néng d6 mdi 15-20 ppmol c6 hién twrong du mdi sau
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PCR. Nong do mdi du c6 thé anh hudng dén két qua giai trinh ty gen. Hon thé qud nhiéu
moi s& 1am ting kha ning lién két khong dic hiéu hodc tham chi bat cip 13n nhau trong
phan trng multiplex PCR ¢ budc tiép theo. Vi ndng d6 5 ppmol bang ADN 1én khong duoc
13 khi so sénh véi ndng do 10 ppmol. Thém vao d6 do cdc bang c6 kich thude khd gan nhau
nén dé dam bao hiéu qua phan biét trong qud trinh dién di chiing t6i lwa chon ndng d6 moi
t61 wu cho phan tng khuéch dai 10 locus gen 13 10 ppmol.

Bing 3. 37. Két qua ti uvu héa ndng 6 mdi khuéch dai 10 locus Y-STR

Nong d6 moi Két qua dién di gel Du mdi
5 Lén band rd Khong
10 Lén band rd Khong
15 Lén band rd Cé
20 Lén band rd Cé

Thoi gian kéo dai chudi dugc tdi vu & 3 diéu kién khac nhau: 30s, 60s va 90s. Két
qua cho thiy & ca 3 diéu kién vé thoi gian kéo dai chudi déu cho két qua band rd nét, khong
¢6 band phu. Do cdc locus ¢6 kich thuée ngin nén thoi gian kéo dai chudi tdi wu dugc Iya
chon 1a 60s.

ddithg, Saall

Hinh 3. 7. Anh dién di san pham sau PCR v6i 10 locus Y-STR trén gel Polyacrylamide
6% (Su dung thang chuan ILS 500 (Promega - M¥)).
Véi diéu kién phan tmg PCR duoc téi wu cho két qua dién di 1a cdc bang san phim
PCR 13 nét, khdng c6 bang phu va c6 kich thuéc ding nhu cic céng bd trude d6. Kich
thudc céc locus dao dong tir 91-213 bp (Hinh 3.7). Diéu nay cho thiy cic cip mdi duoc

thiét ké c6 tinh kha dung cho viéc khuéch dai céc locus Y-STR mong mudn.
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Viéc thuc hién cdc phan ing PCR don 1& véi cling mot mau nghién ctru doi hdi tiéu
t6n nhiéu héa chat, thoi gian va céng strc. Phan tmg PCR da moi duoc thiét ké dua trén viée
trén nhiéu cip mdi vao trong ciing 1 phan tng nham khuéch dai dong thoi nhiéu locus Y-
STR 1a cai tién phit hop hon. Nguyén tic dé Iya chon cdc locus Y-STR khuéch dai cling
nhau 12 c4c locus phai c6 nhiét do gin méi twong ddng nhau, nguoc lai san phdm PCR phai

¢6 kich thuée chénh 1éch nhau dé dam béo sy phan tich trong qud trinh dién di kiém tra.

Hinh 3. 8. Anh dién di trén gel polyacrylamide céc phan tmg PCR da moi

Trong nghién ctru nay do céc locus Y-STR déu c6 kich thude trong khoang 100 -
200 bp, kich thuéc chénh 1éch nhau khéng nhiu nén sé cic locus trong phan tng PCR da
modi khong vuot qué 4 locus. Chiing t6i di tdi wu ndng d6 mdi, nhiét d6 gin mdi va khuéch
dai thanh cong 8 trong s6 10 locus Y-STR thong qua 3 phan tmg PCR da mdi khdc nhau,
cu thé:

- Phan (g multiplex 1: gdm céc locus DYS505, DYS643, DYS460, DYS388

- Phan tng multiplex 2: gdm cdc locus DYS481, DYS508

- Phan (g multiplex 3: gdom céc locus Y-GATA H4, DYS533

- Riéng 2 locus DYS19 va DYS522 do nhiét d6 gidn mdi khdc nhau nén khong thé
ghép chung trong phan tng PCR da moi.

Phan tmg multiplex PCR véi nhiéu cip moi ciing cling 12 co sé dé tao nén céc bo kit

STR va Y-STR thuong mai hién nay c6 thé phan tich 1én t6i 27 locus thong qua mot phan
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tmg PCR duy nhét. Trong nghién ctru ndy voi k¥ thuat PCR da mdi va dién di gel
polyacrylamide van doi hoi tiéu ton khd nhiéu thoi gian, cong sirc va chua dat d nhay cao.
Viéc thiét ké cdc mdi c6 gin ddu huynh quang (flurescence dye) két hop véi phuong phép
dién di mao quan s& 12 giai phép t6i wu cho viéc phén tich dong thoi nhiéu STR va 1am ting
kha ning phat hién céc locus STR ngay ca & nong d6 ADN thap. DAy ciing 12 han ché va 1a
muc tiéu tiép theo ma dé tai can giai quyét.

3.3.3. Gidi trinh tw xdc dinh céu triic lip cdc mini Y-STR

Dé kiém tra chinh xdc san pham sau PCR c6 phai 12 cdc locus Y-STR mong muén,
san pham PCR duoc giai trinh ty gen. Sau khi tinh sach san pham sau PCR c4c mau duoc
chay cycle sequencing PCR v61 Bigdye Terminator Kit, tinh sach sau phan trng Bigdye va
giai trinh ty trén may ABI 3500, capillary 50 cm va pop 7. Theo huéng dan ciia nha san
xudt voi thoi gian kéo dai chudi 1a 60°C trong 4 phidt. Véi chu ky nhiét nay, phong thi
nghiém ching t6i da st dung cho céc cip mdi nhin doan trén 400bp di cho két qua giai
trinh tu dep.

Tuy nhién trong nghién ctru do cdc doan can giai trinh ty c¢6 kich thude dudi 200bp
nén ching t6i da diéu chinh giam mot nira thoi gian kéo dai chudi trong chu trinh nhiét chay
phan tng PCR Bigdye dé rit ngin tong thoi gian chay phan tng Bigdye, vi thé da tiét kiém
dang ké thoi gian cho phan tng giai trinh ty tiép theo. Két qua giai trinh tu trén mdy ABI

3500 voi chuong trinh chay cua hang cho trinh tu c6 cdc dinh séng 1o rang.

AT TITTTIT C TOTT CTCT GTTCTTTTTCTCTCCT T CCTTCCTT CCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCCTTCTTITCC
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CTCCTTCTTTCTCTTTACCTTCTGGTGGACTGACTCGAA GAT
90 108 110 120 13

ANAANNAAA AN AR AA AN

Hinh 3. 9. Két qua giai trinh ty locus DYS505

Két qua giai trinh tu locus DYS505 cho thiy kich thudc doan khoang hon 170 bp va
cAu triic 1ap TCCT.
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o

G CAIC A IC TTCHTCTATCTAT CTATCTATCTATCTATCTAT CTAT CAT CTATAT CTACT CTCTGCATATCATCTAT CACC
0 K] 4 50 60 0 ]

Hinh 3. 10. Két qua giai trinh tu locus DYS508

Két qua giai trinh tu locus DYS508 cho thiy kich thudc doan khoang hon 110 bp va
cAu tric 1ap TATC.

Leonempdes A e

CTATIA &G AT A GAT A GATA GAT A GATA GAT AGAT A GAT A GAT A GAT A GACA GAT GI'CC\CC\ I'G AGGT | cc
Hinh 3. 11. Két qua giai trinh tir locus DYS522

10 20 30 40 50

Két qua giai trinh ty locus DYS522 cho thdy kich thudce doan khoang hon 120 bp va
cAu tric 1ap GATA

TT CATGTGAGTTAGCCGTTTAGCGATATATACATATTATGAAACATTATATATATMATAAGC A G
10 20 30 40 50 60

I e WO‘N

Hinh 3. 12. Két qua giai trinh ti locus DYS388

Két qua giai trinh ty locus DYS388 cho thay kich thudc doan khoang hon 90 bp va
cAu tric 1ip ATT. Do kich thuéc doan giai trinh ti ngén va vi tri bit cip moi ngay sdt ving
161 nén két qua giai trinh ty c6 thé thiy vi tri doan 161 lip ndm ngay cubi va khong duoc doc

hét. Trong nhirng tredng hop nay nén thiét ké cap modi khdc dé giai trinh tu.
Viéc giai trinh ty cling cho phép xéc dinh 16 dang lip, s6 1an 1ip dic trung cua ting

locus Y-STR. Vi du locus DYS505 ¢6 céu triic 1dp 12 TCCT véi s6 1an lap 1a 15 hay chinh



83

1a alen 15 (hinh 3.9). Py ciing 12 co s dé xdy dyng thang alen cho cic locus méi chua c6
trong cac bo kit thuong mai.

Minh hoa véi locus DYS643, véi cdc mau dd dugce xdc dinh 16 alen béng bo kit
PPY23 chiing t6i da liwa chon cdc mau c6 alen khdc nhau va thyc hién phan ing PCR bang
phuong phdp mini Y-STR. Tiép d6 ching tdi thyc hién giai trinh ty dé kiém dinh lai s alen
giita phuong phép phan tich bang kit PPY23 va mini Y-STR ¢6 tring khép nhau khong.
Viéc dém s6 1an 1ap cua cdu tric 16i bang phuong phdp giai trinh ty ciing cho két qua tring
khép voi viée phan tich béng kit thuong mai nhu minh hoa vi locus DYS643 (Hinh 3.13A).
Tron 13n san pham PCR va dién di gel cic mau c6 s6 alen khdc nhau 1an luot 12 10, 11, 12,
13 cho phép x4y dung thang alen chuan cho locus mini DYS643 (hinh 3.13C) . Thang alen
nay s& 1am co s dé xéc dinh s alen chinh xdc ma khong can phai giai trinh tu lai trong cic

phan tich sau nay dong thoi cling 1a co s& dé phan biét su sai khic alen gitra cdc mau.

CIUEU TSI 103

1L "
AAAGE AT AT C T CITTICTITICTTTTCTTTTCTTITCTTITCTTTTCTTITCTTTCTTTTTMM CTTTTIACTTOGTACMTTTTGLCCACAMTGCGTGLICITTGETTA
] b L i Kl (] n L] L] 1] 1] 2

320 400 480

11 11

Hinh 3. 13. Két qua tao thang chuan mini Y-STR vdi chi thi DYS643

A. Két qua GTT véi s6 lan lgp CTTTT la 11, B. Két qud phan tich sir dung bé PPY23 véi
sé alen la 11, C: Thang chudn chi thi DYS643 véi 4 alen 10, 11,12, 13

3.3.4. Ty 1¢ khuéch dai thanh cong cdc mini Y-STR
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Dua vao phuong phdp PCR da mdi véi 10 cip mdi néu trén ching toi da tmg dung
trong viéc phan tich 30 mAu da phan huy 13 nhitng mau xuong va ring hai cbt liét s§ thu
thap tlr cdc nghia trang. Nhitng mau nay da dugc phan tich st dung bo kit PPY23 va YPlus
nhung khong cho dugc két qua hodc két qua c6 cdc dinh tin hiéu 1én rat thap khong du do
tin cay dé doc.

Véi cdc miu ring, xwong dd bi phan huy ty 18 khuéch dai thanh cong cua 10 mini
Y-STR dao dong tir 44 % dén 82%. Cu thé: ¢6 2 locus DYS533 va DYS481 dat ty 1¢ thanh
cong cao nhat (1an luot 12 80%, 76.7%) véi kich thudce locus chi khoang 100 - 150 bp. Tiép
theo 1a cac locus DYS388, DYS508, DYS460, YGATA-H4 dat ty 1€ thanh cong tir 66.7 —
73.3% véi khoang kich thude khuéch dai dao dong tir 91 — 141 bp. Hai locus DYS522,
DYS505 véi kich thude khoang 112 — 176 bp chi dat ty 1€ thanh cong 53,3% va 56,7%.

Riéng hai locus c6 kich thudc 16n 12 DYS19 (177-213 bp) va DYS643 (121 — 166 bp) dat
ty 1& khuéch dai kha thap, 1an luot 12 43.3 % va 50%.
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Hinh 3. 14. H6 so Y-STR ciia mau hai cdt sir dung bo kit PPY23

Ty 18 khuéch dai voi mau hai c6t da phan huy ¢ cdc mini Y-STR ¢6 sy chénh léch

nhau. Piéu nay c6 thé dugc 1y giai do locus ¢6 kich thudc cang 16n (vi du locus DYS19 ~
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200bp) thi ty 1& khuéch dai thanh cong cang thap. Dic biét 1a v6i cdc mau hai cbt c6 ADN
d3 bi phan huy, dut giy nhiéu. Trong nghién ciru cia Myung Jin Park trén cdc mau di bi
phan ty I¢ thanh cong vdi locus DYS19 cling chi dat 23,3%, YGATA-H4 1a 33,3% [45].

Bing 3. 38. Bang thong ké ty 1¢ khuéch dai thanh cong 10 locus mini Y-STR trén 30 mau

da bi phan huy
Locus Kich thuée Kich thwéc | Kich thwéc dung | Ty 1¢ khuéch
trong PPY23 trong YPlus mini Y-STR dai thanh cong
DYS533 245-285 338-379 107-127 80.0%
DYS19 312-352 184-224 177-213 43.3%
DYS481 139-184 207-252 119-149 76.7%
DYS643 368-423 121-166 50.0%
Y-GATA-H4 374-414 236-264 121-141 70.0%
DYS460 79-109 101-121 60.0%
DYS505 164-176 56.7%
DYS508 105-129 73.3%
DYS388 91-106 66.7%
DYS522 112-132 53.3%

Ngoai ra mot yéu t6 khdc anh huong dén hiéu suat PCR 12 chit lugng mau nghién
ctru. Trong nghién ctru v6i nhitng mau hai cbt 14u nim da phan huy ning (chi sé phan huy
¢ muc cao), ADN bi dut gay nhiéu thi viéc khuéch dai hét céc locus Y-STR cling gap kho
khan. Pac biét trong diéu kién khi hau Viét Nam néng am, nhiéu loai vi sinh vat trong long
dat anh huong 16n dén chat lugng mau xuong.

C6 thé thay viéc tmg dung mini Y-STR giai quyét trong nhiéu tinh hubng dic biét
13 trong cong tic giam dinh mau phan hiy. Mot s6 nghién cru khdc ciing chi ra viée tdi vu
lai kich thudc cdc locus Y-STR gitip ich ddng ké trong viéc phan tich mau da bj phan huy.
Dién hinh trong nghién ctru ciia Y. Gu va cs cho thdy véi viéc giam kich thuée 3 locus
DYS385a/b, DYS389 II, and DYS392 cho phép khuéch dai thanh céng mau c¢6 ADN &
ndng do rat thap chi tir 0.25 ng [46]. Trong nghién ctru khic ctia Park MJ cho thdy mini Y-
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STR tu thiét ké cho tin hiéu phan tich t&t hon so véi st dung b kit thwong mai c6 sin khi
phan tich trén mau xwong 50 ndm tudi va cdc mau di bi xir Iy phan huy bang enzyme [45].
3.4. Hi¢u qua cua cac chi thi Y-STR trong xét nghiém ADN
3.4.1. Higu qua trong phén tich méu da bi phan huy

Sau khi nghién ctru thanh cong k§ thuat khuéch dai cdc mini Y-STR vdi cdc cip moi
twong tng, ching toi da thir tng dung vio mot sb trudng hop gidm dinh cy thé tai tai Khoa
Y - Sinh hoc, Vién Phdp y quéc gia.
3.4.1.1. Trong cong tdc giam dinh dn

Hién nay mdi nam tai Khoa Y sinh hoc dang thyc hién nhi¢ém vu gidm dinh vu an tur
quyét dinh trung ciu gidm dinh cia Co quan c6ng an. Rt nhidu miu thu thap tai hién
truong vu an dugce thu sau thoi diém xay ra vy 4n mot thoi gian khién chét lugng ADN trén
mau vat khong con nguyén ven hodac lugng ADN thu thip trén mau rét it (mau & dang vi
vét). Diéu nay giy khé khin rat nhiéu cho cong tic gidm dinh va dua ra két luan. Véi hiéu
qua trong nghién ctru mini Y-STR chiing t6i da ung dung trong thyc té gidm dinh va thu
duoc céc két qua nhét dinh c6 thé minh hoa qua truong hop cu thé sau:

Truong hop 1. Co quan canh sét diéu tra Cong an tinh Son La trung cdu gidm dinh
ADN tai Vién Phdp y qudc gia vu 4n ky hiéu V234: Tt thi chét chua 18 nguyén nhén. Tai
nuong cua gia dinh anh Thio A Thao thudc xa Chiéng Son, huyén Moc Chau, tinh Son La
phét hién mét tir thi nam gidi chét trong tu thé ndm sip, ving dau cta nan nhin c6 nhiéu
vét thuong. Co quan canh sit diéu tra cong an tinh Son La da phdi hop ciing cic don vi
chtic ning tién hanh khdm nghiém hién truong, kham nghiém tir thi, tién hanh diéu da xac
minh ban dau tir thi 1a Xénh A V (Nam sinh: 1990; Tru tai: Phu Yén, Son La). Qua trinh
diéu tra, Co quan CSPT Cong an tinh Son La da tién hanh thu mau con dao cdch hién
truong gy 4n 20m va thu mau ctia Lo Vin D (Nam sinh: 1994) 1a nghi pham trong vu 4n.
Co quan CSDT trung cau gidm dinh ADN tim trén c4n ctia con dao c6 ADN triing nghi pham
hay khong?

Khi tién hanh phén tich mau phét phan cdn con dao thu dugc hd so STR ¢6 14n tir nhiéu
nguoi va 1én thiéu peak, chiing t6i tién hanh phan tich hd so Y-STR sir dung bo kit PPY23. Két
qué cho thdy mau cdn dao thu dugc 9/23 locus va c6 8/9 locus déu tring véi hd so Y-STR ctia

nghi pham. Thuc té nghi ngd ddy 12 mau cic té bao niém mac da va md hdi ctia nghi pham
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dinh trén cdn dao, hung khi lai duoc thu thap sau 3 ngay ké tir khi xay ra vu viéc nén ndng do
ADN thu dugc rat thap. Piéu nay ciing duoc thé hién rd qua cudng do tin hiéu peak ctia mau
cén dao rét thip so v6i mau so sanh tir nghi pham. So sanh dit liéu ADN thu tir mau hién trudng
v6i dir liéu 400 mau trong nghién ctru cho thay tring khép véi 1 hd so. Do d6 cu hoi duoc dit
ra 12 voi 1 chi thi Y-STR khdc nhau khi so sanh hd so Y-STR giita 2 mau chua du dé dua ra
két luan hai hd so nay 1a khac nhau hay do dot bién?

Vi vay dé c6 co sé khang dinh, chiing t6i tién hanh phén tich thém 5 mini STR ¢6
trong bd PPY23 bing phuong phdp PCR don moi. Két qua phan tich cho thiy c6 su sai
khéc rd ¢ 2 locus Y-GATA H4 va DYS643, va DYS19. 3 locus DYS533, DYS481 trung
nhau. Tai vi trf locus DYS19 v6i mau hién trudng khong 1én dugc bang do néng do ADN
kém. Piéu nay ciing dii cho phép chiing t6i riit ra két luan nghi pham ADN thu duoc trén
cao khong trung véi ADN cua nghi pham. Trong trudong hop nay phan tich thém chi thi Y-

STR da gitp loai trtr nghi pham li€n quan vu an.
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Hinh 3. 15. So sénh hd so Y-STR tir miu hi¢én truong (tréi) va mau nghi pham (phai) vu
an ki hiéu V234



250

200
|

—

DYS481  Y.GATA-H4 DYS19  DYS533 Dyse43

100

Hinh 3. 16. So sanh mi~ni STR tir mau hién truong va m5u~nghi pham vu an ki¢u V213
Gieng 1,3,7,9,11: mau tuw hién truong, giéng 2,4,6,8,10: mau twr nghi pham, 5: ladder

Truong hop 2: Co quan canh sat diéu tra Cong an huyén Sép Cop, tinh Son La trung
cau Vién Phédp y qudc gia vu 4n ky hiéu V319: Chét ngudi khong roé nguyén nhan:

Chi Giang Thi D (Nam sinh: 2001; trd tai xa Lam Lach, huyén Sép Cop, Son La) di
du ddm cudi & ban khéc trong ciing xd dén tdi khong thdy vé nha nén gia dinh t6 chirc di
tim kiém; Sau 2 ngay tim kiém gia dinh phat hién thi thé ctia Giang Thi D trén dbi cdch noi
c6 ddm cudi 4 km. Gia dinh trinh bdo chinh quyén. Céc co quan chirc ning vao cudc. Qud
trinh khdm nghiém tir thi ciia Giang Thi D dé xdc dinh nguyén nhan cdi chét va dong thoi
thu mau dich 4m dao ctia Giang Thi D trung ciu giam dinh ADN mau dich am dao cua
Giang Thi D c6 tinh dich khong? Néu c6 tinh dich trong 4m dao ctia Giang Thi D tring véi
3 mau nghi pham (Co quan canh sét diéu tra Cong an huyén Sop Cop sir dung nghiép vu
tim ra dugc 3 nghi pham c6 kha ning lién quan dén vu 4n).

Tién hanh tich chiét ADN tir mau dich 4m dao va phén tich hd so STR trén NST
thudng chi thu duoc ADN cila nan nhan. Piéu nay dugc If giai 1a do nong do ADN trong
dich Am dao ctia nan nhan 12 rit nhiéu va l4n 4t hoan toan ADN nam gi6i ctia nghi pham dé
lai (néu c6). Khi dé phan tich chi thi Y-STR - la nhiing chi thi chi ¢c6 & nam gidi s€ la
phuong phdp hitu ich. Két qua phan tich hd so Y-STR tir mau dich 4m dao sir dung bd
PPY23 phit hién duoc 18/23 locus va déu tring véi 1 nghi pham.
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Hinh 3. 17. So sénh ho so Y-STR gitta mAu nan nhan (trdi) va mau nghi pham (phai) vu
an ky hiéu V319

Hinh 3. 18. So sanh mini STR tr mau mau nan nhan va mau nghi pham vu 4n
ky hiéu V319
Giéng 1,3,6,8,10: mau tir nghi pham; Giéng 2,4,7,9,11: mdu tir nan nhan, giéng 5: ladder
Do ca 3 déu tri tai cling x4 nén c¢6 kha ning c6 quan hé ho hang theo dong cha hoic

hd so Y-STR tring kh6p nhau nhidu nén dé dam bao két qua chinh x4c chiing toi tién hanh
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phan tich thém 5 chi thi mini Y-STR c6 trong nghién ctru. Két qua phén tich véi cip moi
don cho thdy tring khép nhau hoan toan giira hai mau & ca 5 chi thi Y-STR 12 DYS19,
DYS643, DYS481, DYS533 va Y-GATA H4, Két qua nay clung véi tinh hinh thyc té caa
vu 4n du cho phép ching t6i dua ra két luan ADN thu tir mau thu dich 4m dao nan nhan
trung khop vo1 ADN cua nghi pham.
3.4.1.2. Trong cong tdc giam dinh danh tinh liét sy

Trong cong tic gidm dinh danh tinh hai ct liét s§; hai cot — 1 nhitng mau c6 ADN
bi phan huy, dt gdy nhiéu viéc ing dung mini Y-STR ciing dem lai nhiéu hiéu qua. Thong
thuong dé thuc hién giam dinh hai c6t s& dua vao phan tich va so sanh trinh ty cdc viing
siéu bién HV1, HV2 trén ADN ty thé nham xdc dinh mdi quan hé huyét thong theo dong
me. Tuy nhién trong mot sb trudng hop khi phan tich ving HV 1, HV2 trén ADN ty thé cho
thdy c6 su sai khic rat nho tai 1-2 vi tri. Sy sai khdc nay nhat c6 thé do sy khic nhau vé
huyét théng gitra 2 c4 thé hodc do dot bién ty thé, sy amin hod do mau tiép xic lau véi diéu
kién moi truong khong thuan loi. V&i nhitng trudng hop nay s& khong di co so dé két luan
mdi quan hé huyét thong theo dong me. Hodc c6 trudng hop chi c6 mau so sanh theo dong
cha (con trai, ch4u trai...) thi khong thé d4p dung phuong phép phén tich ADN ty thé. Khi
d6 viéc phan tich thém Y-STR s& cung cap dir liéu bd sung c6 gid tri quan trong trong viéc

dua ra két luén cudi cung.

Trudng hop dién hinh 12 viéc phén tich miu hai ¢t ky hiéu NCC3035. Két qua phan
tich ving HV1 trén ADN ty thé gitta mAu hai ¢t v mau than nhan so sdnh cho thiy c6 su
sai khéc tai ding mot vi tri trén ving HV 1. Trinh ty ving HV?2 gitta 2 mau hai c6t va than
nhan ciing chi khdc nhau tai 1 vi tri. V6i két qua nay rat khé dé dua ra két luan cudi ciing
bdi theo khuyén cdo giira hai mau phai khdc nhau tir vi tri 2 nucleotit trd 1én méi dugc phép
Kkét luan hai mau khong c6 quan hé huyét théng theo dong me. Su sai khéc tai 1-2 vi tri
nulcoetit ¢6 thé do dot bién, do miu hai cdt bi khir amin hodc do sy sai khdc that su gitta
hai miu can so sdnh. Vi mau hai c6t vA mau than nhan dugc cho 1a 2 anh em trai rudt cing
cha cling me nén ching tdi dé thir phan tich thém 5 locus mini Y-STR trong dé tai nghién
ctru. Két qua cho thay c6 sy sai khic gitra 2 mu tai locus DYS19 va DYS481. Piéu nay

gitip ching t6i c¢6 thém co sé dé két luan gitta mau hai c6t NCC3035 va mau than nhan ky
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hiéu 3035ET khong c6 quan hé huyét théng theo dong cha ddng thoi cing cb thém co s&
cho két luan giita 2 mau ciing khéng c6 quan hé huyét thong theo dong me.

Bing 3.39: So sanh trinh ty ving HV?2 gitta mAu hai ¢t v mau than nhan

80 90 100 110 120 130 140 150 160 170
B I R e I I e I e I e I B I N R e
rCRS HV2 ATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTGCCTCATCCTATTATTTATCGCACCTACGT
3035ET HV2 Gt e e e e e e
D (0 0B T - 4
180 190 200 210 220 230 240 250 260 270
B I T I I e I e I B I N T e
rCRS HV2 TCAATATTACAGGCGAACATACTTACTAAAGTGTGTTAATTAATTAATGCTTGTAGGACATAATAATAACAATTGAATGTCTGCACAGCCACTTTCCACA
B035ET HVZ2 ottt i ettt et e e e e e e e e e e e e e e e e T e G.........
NCC3035 HV2 ........ .t L T T T SR G.........
280 290 300 310 320 330 340
B e S L s I I |
rCRS HV2 CAGACATCATAACAAAAAATTTCCACCAAACCCCCCCTCCCCC~GCTTCTGGCCACAGCACTTAAACAC
3035ET HV2 ...ttt ittt e et e C...... G e
NCC3035 HV2 ...ttt ittt ittt e eaean C...... G e
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Bing 3.40: So séanh trinh ty ving HV1 gitra mau mau hai c6t va miu than nhin

16030 16040 16050 16060 16070 16080 16090 16100 16110 16120
N P 1 e e e e e L e e e o e e [
rCRS HV1 TTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATAT
T 0 1 5 - 4 PN T
003 01 - 1
16130 16140 16150 16160 16170 16180 16190 16200 16210 16220
N P 1 e e e [
rCRS HV1 TGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCC
3035ET HV1I  ..... A e e e G......... L
NCC3035 HV1I ..... A e e e G......... L
16230 16240 16250 16260 16270 16280 16290 16300 16310 16320
N T 1 e e e e e e e e e S [
rCRS HV1 TCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCAT
T 0 23 5 - A C.
NCC3035 HV L .ttt tt et ettt ettt ee ettt et tae et e e C.
16330 16340 16350 16360
O e [ I [ I |
rCRS HV1 TTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCC

3035ET HVL ..t ittt e
NCC3035 HVL ...ttt it et e i

Két qua phan tich kha ning tao 14p hd so Y-STR ciing goi ¥ viéc thiét ké va lya chon
cic Y-STR trong bo kit thwong mai dé dam bao vira c6 kha nang phan tich mau c6 ADN bi
phan huy, ADN ndng d6 thip vira c6 kha ning tao haplotype c6 d6 da dang cao. Trén thé
gidi viée két hop phén tich Y-STR va ADN ty thé nhim xdc dinh danh tinh hai c6t 1au nim
dd dugc dp dung trong nhiéu trudng hop. Phan tich dong thoi dir lidu gidp cung cap thém

thong tin vé danh tinh hai cdt, truy nguyén cé thé [95].

C6 thé néi bén canh cdc STR trong nhan, Y-STR 1a céc chi thi 1y tuéng trong viéc

xdc dinh quan hé huyét théng, dinh danh c4 thé, diéu tra hinh su.
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Hinh 3. 19. So sanh mini STR tir mau mau hai cét va mau than nhan
Giéng 1,3,7,8,10: mdu hai cot, giéng 2,4,6,9,11: mau than nhan, 5: ladder
3.4.1.3. Hiéu qua ciia 2 bé kit trong phan tich mau da phdn hiy

Bén canh cdc mini Y-STR, hai bo kit PPY23 va YPlus ciing déu gom mot sd cic
alen vura c6 kich thudc nhd vira ¢6 d§ da dang gen cao nhu locus DYS576 (kich thudc
khoang 80 - 130 bp, sb alen: 6, GD = 0,73), locus DYS570 (kich thude khoang 100 - 160bp,
s6 alen: 8, GD = 0,83), DYS458 (kich thudc khoang 110 - 160 bp, s6 alen: 9, GD = 0,80)
s& 1a céc locus gen 1y tudng cho viéc phan tich bd sung trong cic truong hop gidm dinh
ADN v6i mau di bi phan hity nhiéu, ADN d bj dit gdy thanh cdc doan nhé nhu trong mau
xuong hai c6t, mau sau tham hoa, thién tai...

Trong nghién ciru nay dé danh kha nang phan tich voi mau di bi phan huy cia 2 bd
kit chiing t6i loc riéng dif liéu hd so ADN tir 400 mau nghién ctru khao sat véi 2 bo kit gom
céc Y-STR c6 kich thudc < 220 bp thudc 2 bo kit va tinh todn cic chi s6 di truyén lién quan.
B PPY23 gdm 8 locus c6 kich thude < 220 bp (DYS576, DYS3891, DYS391, DYS481,
DYS570, DYS635, DYS393 va DYS458). B6 YPlus gém 10 locus c6 kich thudce < 220 bp
(DYS576, DYS3891, DYS458, DYS456, DYS390, DYS570, DYS437, DYS393, DYS439
va DYS460). Két qua trong Bang 3.39 cho thay bo PPY23 c6 haplotype giéng nhau & 2, 3
c4 thé trong khi bo YPlus c6 haplotype gidng nhau & 2, 3, 4 va 7 c4 thé. S6 haplotype quan
sdt dugc trong bd PPY23 va YPlus lan luot 1a 193, 185 haplotypes (trén tong sé 200 mau



phan tich). Kha ning phan biét ciia bd PPY23 13 97% ciing nhiéu hon dang ké so vdi bo

YPlus 1a 93%.

Bing 3. 41. So sanh cdc chi s6 di truyén thu dugc tir tip hop céc chi thi Y-STR ¢6 kich
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thudce < 220 bp trong 2 bo PPY23 va YPlus

S6 haplotype B¢ haplotype PPY23 B¢ haplotype YPlus
Chi xuat hién & 1 c4 thé 188 178
Xuat hién ¢ 2 c4 thé 3 4
Xuat hién & 3 c4 thé 2 1
Xuat hién ¢ 4 c4 thé 0 1
Xuat hién & 5 c4 thé 0 0
Xuat hién & 6 c4 thé 0 0
Xuat hién ¢ 7 c4 thé 0 1
Xuat hién ¢ 8 -10 ¢4 thé 0 0
Tong sb6 locus 8 10
Téng s6 haplotype 193 185
HD 0.99954 0.99829
DC 97 % 93%

C6 thé nhan thp dii c6 s6 lugng chi thi Y-STR it hon nhung tip hop Y-STR kich
thudc < 220 bp trong bd PPY23 lai c6 kha ning phan biét tot hon so véi tp hop trong bd
YPlus. Diéu nay duogc 1y giai do cic locus ¢ kich thudc nho nhung ¢6 do da hinh cao
trong bd PPY23 1a DY S481 (GD: 0.77), DYS635 (GD: 0.76). Hai locus nay da c6 hi¢u qua
lam ddng ké kha ning phan biét cho bd kit. Ngwoc lai tdp hop trong bd YPlus tuy ¢ sb
lugng locus kich thudc nhé nhiéu hon nhung lai chii yéu Ia céc locus c6 d6 da hinh thap
(GD khoang 0.5 — 0.6) nén d0 da dang haplotype va kha nang phan bi¢t chung khong dugc
cao.

Két qua nay ciing phit hop véi cdc cong b trude ddy cho thiy tiém ning cao ciia bo
PPY23 trong viéc phan biét cic mau da bi phan huy [25]. Bén canh d6, hiéu qua cta bo kit
YPlus trong viéc phan tich cic mau xwong lau nim, nan nhan sau tham hoa ciing ciing da
duoc khao sat trong nghién ctru ctia Ambers va cs [96]. Trong nghién ciru nay cdc mau

xuong thu thap tir Noi chién Hoa Ky (1861-1865), ky nguyén dao vang cudi thé ky XIX &
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Deadwood, Hoa Ky (1874-1877), Chién tranh Bay nam (1756-1763), mdt dia diém khao
c6 thé ky XVII ¢ Raspenava, Bohemia (Cong hoa Séc) va Thé chién II (1939-1945) duoc
phan tich véi ca 2 b kit Yfiler va YPlus. Két qua 22 trong s6 24 mau xuong thu duoc sb
lugng alen 16n hon khi sir dung bd YPlus cho thdy tiém nang bo kit ing dung trong gidm
dinh cdc miu xuong hai cbt dd bi phan huy. Boi vay, viéc két hop phan tich Y-STR véi
STR trong nhan 12 xu huéng giai quyét nhiéu trudng hop miu da bi phan huy, dic biét Ia
xéc dinh danh tinh hai cét [97].

3.4.3. Hiéu qua sir dung Y-STR trong phén tich mdu lin (mixture sample)

Tai Viét Nam, phan tich ADN di bat dugc (mg dung tir nhitng nim 1990 va dan tr&
thanh c6ng cu dic luc phuc vu cong tic diéu tra, phd 4n. ADN duoc coi 1a bang ching
khong thé chdi cai cling nhu c6 do chinh x4c cao nhét tai cdc phién toa. Pac biét hién nay
cdc vu 4n c¢6 xu huéng ngay cang phirc tap do mot sé nguyén nhan nhu: cdch thirc pham
t01, x6a ddu vét va che gidu hién truong tinh vi...S6 luong cic vu 4n ciing khong ngimg ting
doi hoi viéc str dung phuong phdp phan tich cho két qua nhanh chéng, chinh xédc. Véi dic
thit d6 phan tich ADN trong diéu tra hinh sy dang ngay cang dwgc dp dung phd bién tai
Viét Nam ciing nhu trén thé gidi.

Hié¢n nay tai céc trung tam gidm dinh, Vién nghién ctru phan tich ADN phuc vu khoa
hoc hinh su chu yéu tap trung vao 1ap ho so ADN dua trén cdc STR trén NST thuong vao
so sdnh khép ndi céc hd so nay gitta mau nghi pham va mau thu tir hién truong vu 4n. Tuy
nhién trong truong hop mau thu tai hién truong 13 mau 1an (mixture sample) c¢6 su déng
g6p ADN ciia nhiéu hon mot ngudi thi tai mdi vi tri locus phan tich thudng sé& thu duoc
nhiéu hon 2 alen. B&i vy viéc so sdnh khép ndi trong hd so ADN sé& gip nhiéu khé khin
va khé xdc dinh ngudn gbc cic alen tir nhitng nguoi tham gia déng gép trong hd so ADN.

Mot trong nhirng dang mau 13n thudng gip nhat 1a miu thu tir dich 4m dao cia nan
nhan nit trong céc vu dn hiép dam, tin cong tinh duc. Trong d6 thuong rat khé thu dugc hd
so ADN hoan chinh ctia cdc STR trong nhan tir nghi pham nam do néng d6 ADN cua nan
nhan nit thudng 14n 4t, cao hon nhiéu 1an. Khi d6 viéc phan tich thém chi thi Y-STR dic

trung cho nam gidi c6 kha nang cung cip thém thdng tin, cing ¢b do tin cdy ctia hd so ADN.
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Hinh 3. 20. Ho so STR phan tich tir miu dich 4m dao c6 dang mau 1an nhiéu nguén ADN

Trong nghién ctru nay, chiing t6i di thir phan tich 50 mau 1an véi ca 2 bo kit PPY23
va YPlus nham d4nh gid kha ning tao hd so Y-STR hoan chinh cta ca 2 bo kit. Nhitng mau
nay déu 12 mau dich trong am dao cua nan nhan nir thu thap tr vu gidm dinh dn hiép dam
tai Khoa Y sinh hoc, Vién Phdp y qudc gia. Phéan tich cdc STR trong nhin bang bo kit
Powerplex® fusion system (Promega) trong nhitng mau nay déu cho thiy hd so ADN thu
dugc chu yéu ¢ dang mau 14n gitra nam va nir nén khong thé duoc sir dung dé truy nguyén
cé the.

Ching t6i da tién hanh phan tich cdc mu trén v6i hai bo kit Y-STR nham thu thap
hd so STR tir nam gidi. Két qua cho thay véi bo kit PPY23 s6 mau 1én duoc hd so Y-STR
day du 12 36 miu chiém ty 18 nhiéu nhat 12 72% tong sé mau nghién ctru, sé mau 1én dugc
mot phan 12 5 mau chiém 10%, mau khong 1én duoc dit 1iéu Y-STR chiém 18%. Vi bo kit
YPlus s6 mau 1én dugc dit liéu hoan chinh chiém da sb véi 27 mu (54%), s6 mau 1én mot

phan dit liéu 12 11 mau chiém 22%, con lai 1a 12 mAu khong 1én dugc dit liéu chiém 24%.



97

BG PPY23 BG YPIus

10.0%

i 54.0%
T12.0%
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» mau khéng l&n méu I&n 1 phin
mau l&n di Y-STR

Hinh 3. 21. Do thi so sanh kha ning tao hd so Y-STR tir mau 13n tir bo PPY23 va YPlus

Thir nhét 13 do s6 Iwong locus Y-STR trong bo kit YPlus nhiéu hon bd PPY23 nén
vé 1y thuyét ty 1& khuéch dai thanh cong tit ca cdc Y-STR s& thip hon. Hon nira, phan 16n
cic locus méi dugc bd sung trong bd YPlus déu c6 kich thudc 16n nén s& khé khuéch dai
thanh cong dic biét 1a nhitng mau c6 di bj phan huy ADN bj dit gay nhiéu hodc mau c6
ndéng do ADN thip. Mot s nghién ciru trude d6 cling ching minh véi mau ¢ ndng do
ADN nam gidi < 0.5 ng bd PPY23 ¢6 d6 nhay va kha nang khuéch dai thanh cong cao hon
so voi bo YPlus [34].

Mot giai thich khéc 1a do cdc mau ADN c6 ngudn goc tir hién trudng vu 4n thuong
¢6 chira cdc chat trc ché phan tng PCR nhu axit tannic va axit humic. PPY23 va YPlus cho
thdy d6 nhay twong tu nhung PPY23 cho thay kha ning chiu axit humic cao hon YPlus theo
nghién ctru ctia Ju Yeon Jung va cs [98]. Do d6, PPY23 s& 12 mot bo phit hop hon dé phan
tich cdc mAu thu thap tir hién truong vu 4n — 13 dang mAu c6 thé dé dang bi 6 nhiém boi
diéu kién moi trudong. Tuy nhién ciing can luu ¥ rang bd YPlus cho phép khuéch dai dong
thoi 27 locus va c6 nhiéu locus RM Y-STR hon, trong khi bd PPY23 chi cho phép khuéch
dai 23 locus. Do d6 bd YPlus c¢6 uu diém hon trong viéc phan biét gitta cdc c4 thé véi do
da hinh cao cuta céc locus Y-STR méi dugc thém vao trong YPlus so vai PPY23.

Kha ning phan tich mau 13n cta 2 bd kit PPY23, YPlus d dugc ching minh trong
mot s6 cong bd trude day. Trong nghién ctru kiém dinh bo kit Y23 cia Jessica Tokarz da

chtrng minh bd PPY23 c¢6 kha ning phan tich thanh cong hd so Y-STR tir mau 14n nam/ni
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voi ty 1€ ADN nam: ADN nit 1a 1: 19. Nghién ctru cling chirng minh bd kit c6 kha nang tao
ho so Y-STR tir mau 14n 2 nam gidi voi ty 1€ ADN nam: ADN nam lan lwotla 1:1, 1:2, 1:5,
2:1, and 5:1 [99]. Jonelle M. Thompson va cs di ching minh b PPY23 ¢6 kha ning tao hd
s0 Y-STR tir mau 14n c6 nong d6 ADN ni gidi cao gap 24 1an ADN nam gidi [25]. B kit
YPlus ciing chirng minh c¢6 kha ning tao hd so Y-STR hoan chinh tir dang mau 14n c6 ndng
d6 ADN nit gidi rat cao 1én t6i 1 ug. Do nhay ctia bo kit ciing khd cao cho phép phét hién
Y-STR khi ndong do ADN nam gi6i trong mau chi khoang 125 pg [100]. B kit ciing cho
thdy kha ning phat hién hd so Y-STR nam gidi trong nhiing truong hop xét nghiém dinh
tinh phét hién tinh dich/tinh tring trong mau dich thu 4m dao cho két qua 4m tinh [101].
Day 12 nhitng trudng hop khong c6 hién twong xuét tinh khi xam hai tinh duc nhung van
¢6 té bao biéu md nam gidi dé lai trong mau dich 4m dao voi lugng rat nho.

Nhu vay véi viée bd sung dir liéu Y-TR da gidp bd sung thém thong tin, ting ty 16
thanh cong trong cdc trudng hop ¢6 mau 1an, hd tro ddng ké cho viéc dua ra két luan cho
vu dn. Tai Khoa Y sinh hoc tr nam 2016 ching t61 da dua viéc bd sung dir licu Y-STR
trong cong tic gidm dinh 4n va thu dwoc nhitng két qua nhat dinh. Véi nhitng hd so Y-STR
1én du hoan toan chiing t6i c6 thé dya vao d6 dé dbi chiéu véi mau so sanh tir nghi pham
dé cung ¢ két qua, dua ra két luan cudi ciing. V6i nhung hd so Y-STR 1én duoc mot phan
cling c6 hi¢u qua trong vi¢c loai trir nghi khong phai nghi pham thyc su cua vu an.

3.4.1. Hiéu quad trong viéc ting khd néng phén biét giira cdc cd thé

So véi cdc bo kit trude ddy ma phd bién nhat 1a bo Yfiler gdm 17 chi thi Y-STR,
trong bo kit PPY23 va YPlus d bd sung thém 12 locus nhu trong bang 3.42. Céc locus méi
dugc bo sung dd dem lai nhitng wu thé dang ké cho 2 bo kit trén. DAy ciing 12 nhitng locus
14n dau tién duoc khao st trong quan thé ngudi Kinh, Viét Nam khi so sdnh véi cdc nghién
ctu trude do.

Viéc bo sung thém 2 locus da ban sao trong bg kit YPlus va PPY23 (la locus c6
nhiéu hon 1 phién ban STR & nhitng vi tri khac nhau trén NST Y) so véi cac bo kit trude
d6. DYF387S1a/b va DYSS385a/b chirng to 1a cdc locus c6 d6 da dang gen cao gbép phan

dang ké trong viéc tang kha niang phan biét cia bo kit nay.
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Bdng 3. 42. Danh sach 12 locus mai ¢6 trong b kit PPY23 va YPlus

Tén alen B PPY23 | By YPlus | Séalen | GD Tal;i‘; dot
DYS481 v V 9 0769 | 0.0046
DYS533 v V 6 0.644 | 0.0029
DYS549 v 6 0.603 | 0.0041
DYS570 v V 10 0.808 |  0.0092
DYS576 v V 6 0.762 |  0.0121
DYS643 v 9 0.749 | 0.0010
DYS449 V 13 0.900 |  0.0102
DYS460 v 5 0.536 | 0.0044
DYS518 v 14 0.893 |  0.0119
DYS627 v 10 0.820 |  0.0147
DYF387S1a/b v 28 0934 | 0.0079

Ngoai ra trong s6 29 chi thi Y-STR ¢6 7 Y-STR la céc locus c6 téc d6 dot bién nhanh
(rapidly mutating Y-STR, goi tat 1a RM Y-STR). B9 kit PPY23 b6 sung 02 RM Y-STR Ia
DYS570, DYS576; b6 kit YPlus bd sung ca 7 RM Y-STR. Pay dugc hiéu 1a cic locus Y-
STR c6 tan suét dot bién cao hon mirc trung binh (> 1 x 10~ theo nhu nha san xuét kit cong
bd). Cac RM Y-STR c6 vai trd quan trong trong viéc phan biét gitra cdc cd thé nam c6 quan
hé huyét thong gan giii (vi du: anh trai - em trai, bd - con trai). Theo mot nghién ctru, khoang
50% cap bd - con trai, 60% cdp anh - em trai c6 thé duoc phan biét boi td hop g@)m 13 RM
Y-STRs trong khi con sb nay 1an luot chi khoang 7,7% va 8% néu dung t6 hop 17 locus
trong bo Yfiler [43]. Py dugc coi 1a mot cai tién 16n trong hai bo kit. Két qua théng ké tir
bang 3.34 cho thiy 7 locus RM Y-STR méi duoc b6 sung ciing déu 1a céc locus c6 sd luong
alen nhiéu, do da dang gen cao. Nhu vy c6 thé thay cdc locus méi duge bd sung vira lam
tang kha ning phan biét cdc c4 thé nam trong quan thé vira c6 y nghia 16n trong viéc phan
biét cdc cd thé nam c6 thé quan hé ho hang gan.

Hai b6 kit mé&i phit trién ciing dugc t6i vu hod diéu kién phan tmg PCR bao gém
dém, enzyme hot-start Taqg ADN polymerase dé khuéch dai cic mdu ADN sau tdch chiét

va ciing phit hop véi kiéu khuéch dai ADN tryc tiép tir nhiéu loai chat nén, bao gdm mau
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mdu va niém mac miéng thu trén gidy FTA (GECare / Whatman) ciing nhu cdc mau niém
mac miéng thu trén tdm bong chuyén dung [34].

Dé d4nh gid hiéu qua cua cic locus méi duge bd sung trong 2 bo kit PPY23 va YPlus
ching t6i cling 14p bang so sanh gia tri HD, DC véi cdc to hop Y-STR khéc nhau thuong
duoc dung trong phan tich hinh su. Céc td hop bao gom:

- Bo haplotype t6i thiéu (MHT - European Minimal Haplotype) bao gdm 9 locus:
DYS19, DYS385a/b, DYS389I/11, DYS390, DYS391, DYS392 va DYS393.

- B6 haplotype theo khuyén céo ctia Hiép hoi Cac nha khoa hoc 1am viéc trong linh
vuc phan tich ADN (SWGDAM): bao g@)m 9 locus cuaa bd MHT va 2 locus: DYS438,
DYS439.

- Bo AmpFLSTR™ Yfiler™ PCR Amplification Kit (goi tat 1a Yfiler, hing
ThermoFisher) duoc phdt trién vao nim 2004 gom 11 locus theo khuyén cdo cua
SWGDAM ké trén va 6 locus méi cé do da hinh cao la: DYS437, DYS448, DYS456,
DYS458, Y GATA H4, DYS635.

- B6O PPY23 va bg YPlus: bao gém 17 locus néu trén va thém cac locus moi.

Bing 3. 43. So sanh s6 luong haplotype quan st dugc va céc chi s6 th§ng ké thu dugc tu
tap hop cac marker Y-STR trong céc b haplotype tur dit li¢u 200 mau véi bo YPlus

S haplotype Bo haplotype | B& haplotype Bo Yfiler Bo
Chi xuAt hién & 1 ¢4 thé 154 168 188 200
Xuét hién ¢ 2 c4 thé 15 11 3 0
Xuét hién ¢ 3 c4 thé 1 2 2 0
Xuét hién ¢ 4 c4 thé 2 1 0 0
Xuét hién ¢ 5 c4 thé 1 0 0 0
Xuat hién ¢ 6 c4 thé 0 0 0 0
Téng s6 locus 9 11 17 27
Téng sb haplotype quan sét 173 182 193 200
HD 0.9979 0.9988 0.9995 1.000
DC 87% 91% 97% 100%
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Bing 3. 44. So sanh sb lugng haplotype quan sét dugc va cdc chi sb thfmg ké thu dugc tu
tap hop cic marker Y-STR trong cac bd haplotype tur dit lieu 200 mau véi b PPY23

S6 haplotype B0 haplotype | B0 haplotype Bo Bo

quan sét dugc t6i thiéu SWGDAM Yfiler PPY23
Chi xudt hién & 1 c4 thé 153 169 192 200
Xuét hién ¢ 2 c4 thé 11 11 4 0
Xuit hién & 3 c4 thé 5 0 0 0
Xuit hién & 4 c4 thé 0 1 0 0
Xuit hién & 5 c4 thé 2 1 0 0
Xuit hién & 6 c4 thé 0 0 0 0
Téng s6 locus 9 11 17 23
Téng s6 haplotype quan sat 171 182 196 200
HD 0.9977 0.9986 0.9958 1.000
DC 86% 91% 98% 100%

Két qua so sdnh trong Bang 3.43 va 3.44 cho thiy viéc gia ting sd luong cdc marker
Y-STR trong phan tich (tir 9 marker & bo Haplotype Y co ban 1€n 23-27 marker ¢ bd YPlus)
s& 1am gia ting ddng ké sd haplotype doc nhat (chi xuat hién ¢ 1 c4 thé nam duy nhét trong
quan thé nghién ctru), giam sb luong céc haplotype xuat hién ¢ 2 ngudi tré 1én. Qua d6 1am
tang tong s haplotype quan st dugc tir 171 -173 haplotype (B 9 locus) -> 193 - 196
haplotype (B 17 locus) 1&én 200 haplotype (B0 23 va 27 locus). Ttr d6 d6 da dang haplotype
va kha nang phan biét cling duoc gia ting. Cuy thé gid tri DC tang tir 86% ¢ bdo MHT-> 98
% & bo Yfiler 1én 100% & bd PPY23 va YPlus.

Tir céc két qua cua nghién ctru chiing tdi ciing dd manh dan 4p dung viéc phan tich
cdc chi thi Y-STR tir hai b kit PPY23 va Yfiler Plus trong cic cong tic gidm dinh tai Khoa
Y sinh hoc va dat dugc nhiéu két qua. Trong gidm dinh huyét thdng, cdc chi thi Y-STR
dugc str dung gidm dinh trong nhirng trudng hop khong con miu ngudi bd so sanh, xic

dinh mbi quan hé huyét thdng gitta nhitng ngudi cing dong cha nhu anh — em trai, ong
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noi/chi/ bac — chau trai. Pac biét véi mot $6 truong hop xét nghiém huyét théng cha —con
ma c6 su sai khac tai 1 hodc 2 locus - nghi ngo do dot bién hoic 15i phan tich, ching t6i

cling 4p dung phan tich mé rong bd Y-STR dé dam bao dwa ra két luan chinh xdc nhat.

3.4.4. Ung dung chi thi Y-STR dé so sdnh khodng cdch di truyén giiva cdc quan thé

Khoang cdch di truyén 1a thude do su khéc biét di truyén giita cdc loai hodc giita cic
quan thé trong mot loai, c¢6 thé 1a do khoang céch thoi gian tir to tién chung hay mirc d6 cua
su phan héa. Cdc quan thé cang c6 nhiéu alen twong ty c¢6 khoang cach di truyén cang nho.
Diéu nay chi ra ring chiing c¢6 lién quan chit ché va c6 to tién chung gan ddy. Khoang cdch
di truyén rat hitu ich cho viéc tdi cau tric lich sir cia quan thé, tim hiéu dugc ngudn gbc
chung cta cdc quan thé phn tach.

Thudce do khoang cdch di truyén thudng dugc st dung 1a chi s6 ¢b dinh (Rst — chi
sd khoang cdch di truyén quan thé theo cip). Rst lién quan truc tiép dén Phuong sai
(variance) vé tan sb alen giita cdc quan thé va nguoc lai voi mirc d6 twong dong giita céc
cd thé trong quan thé. Néu Rst nho, diéu d6 c6 nghia 12 tan s alen giita cdc quan thé rat
gidng nhau hay néi cich khdc hai quan thé 1 gibng nhau vé mit di truyén (rat nho hoic
khéng c6 sy da dang di truyén giira hai quan thé); néu gid tri Rst cang 16n ¢6 nghia 1a tan
sd alen giita cdc quan thé rat khdc nhau va hai quan thé 1a khéc biét vé mit di truyén (da
dang di truyén tdi da gitra hai quan thé). Do d6 dua vao bang phin bd tan suét alen trong
quan thé c6 thé tinh todn duoc gid tri Rst dé ude lugng khoang céch di truyén giira cdc quan
thé kho sit.

Do kiéu di truyén dic trung cia nam giéi va ban chat don boi ctia nhiém sic thé Y,
céc chi thi trén NST Y ¢6 d6 nhay cao hon so véi cic chi thi trén NST thuong trong vi¢c
danh gia su troi dat di truyén (genetic drift), khoang cach di truyén va hiéu tng sdng lap.
Y-STR duoc st dung rong rdi dé danh gid cu tric hodc sy khéc biét trong quan thé bang
cdch kiém tra khoang cdch di truyén theo cip. Viéc phan cum hoic chia tich céc quan thé
¢6 thé duge hinh dung ro béng céach sir dung phan tich ty 1€ da chiéu (MDS) dya trén sy
gidng nhau ctia khoang cdch di truyén theo cip giira cdc quan thé. Céc nghién clru trudc

day cho thay mot s6 bo haplotype, chang han nhu bd haplotype tbi thiéu, bo Yfiler, bd
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PowerPlex Y23 va bd YPlus, c6 thé duoc sir dung dé ddnh gid khoang cach di truyén giita
cdc quan thé [103-106].

Trong nghién ctru nay cong cu online AMOVA trén www.yhrd.org duoc st dung dé
tinh toan khoang céch di truyén dua vao so sanh theo cap (gia tri Rst) va xac suat két hop
(P value) giita quan thé nguoi Viét Nam trong nghién ctru véi s lidu di dugc cong bd trude
day cua 13 quan thé khdc trén thé gi6i. Danh sdch cdc quan thé so sanh duoc liét ké trong
bang 3.43. Cong cu ciing cho phép thiét 1ap so d6 minh hoa khoang cdch giita cdc quan thé
trong khong gian 2 chiéu (MDS) (hinh 3.22).

Két qua trong bang 3.43 cho thdy quan thé ngudi Kinh (Viét Nam) trong nghién ciru
¢ y nghia khéc biét nhit so voi quin thé ngudi Chau Phi va chau Au (Namibia va Bi) véi
Rst > 0.2, P < 0.001. Ngugc lai, quan thé nguoi Kinh, Viét Nam c6 khoang cdch di truyén
kh4 gan voi quan thé ngudi Thai Lan va nguoi Han (Trung Qudc) hon so véi cdc quan thé
ngudi chiu A khéc. Trong d6 khoang céch di truyén gitra ngudi Kinh (Viét Nam) va nguoi
Thai Lan (Rst =0.0085, P = 0.0157) 1a gan gili nhat.

Khoang céch di truyén gan giii giita quan thé ngudi Kinh, Viét Nam va ngudi Thai
Lan cling da dugc dé cap trong mét sb nghién cuu. Cu thé dy 4n hé gen nguoi Viét Nam
cong bd nam 2019 cho thay ngudi Kinh va Thdi ¢6 sy twong dong cao trong bd gen va mdi
quan hé tién hoéa chit ché. N6 cing ¢ gia thuyét khoa hoc rang nhitng ngudi tir Chau Phi
dinh cu & Pong Nam A va sau d6 di cu sdu vao luc dia tir phia nam dén phia bic [107].
Nghién ctu khado sit 23 locus Y-STR trén 235 nam gidi nguoi Théai Lan cua tac gia K.
Vongpaisarnsin va cs (2015) ciing cho thdy khoang cédch di truyén gan giii v6i quan thé
ngudi Viét Nam hon so véi cdc quan thé khéc trong khu viue nhu: Singapore, Malaysia,

Philipine, Trung Qudc [108].
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Hinh 3. 22. So d6 biéu thi khoang cich di truyén giita cdc quan thé trong khong gian 2 chiéu

Quan trong hon, so sanh khoang cach di truyén gitta tip hop bd haplotype Y co ban

(MHT) ctia 400 mau tir nghién cru nay va céc quan thé Viét Nam khic da duoc cong bd

trén YHRD cho thay su chénh léch gid tri Rst khong ddng ké. Piéu nay goi y khoang cch

to1 thiéu gitra cic nhdm mau va chi ra cac quan thé dan tdc trong Viét Nam n6i chung tuong

doi twong dong, it ¢ sai khéc trong cau tric di truyen.

Bang 3.46. Khoang cich di truyén giira cdc quan thé ngudi Viét Nam

Population The north | Ho-Chi-Minh | Vietnam Hanoi, Vietnam

of Vietnam | City, Vietnam | [Kinh] Vietnam [Vietnamese]
[Kinh] [Vietnamese]

The north of Vietnam - 0.3075 0.1634 0.0331 0.6759

Ho-Chi-Minh City, Vietnam 0.0015 - 0.0276 0.1955 0.4549

[Kinh]

Vietnam [Kinh] [66] 0.0029 0.0253 - 0.0574 0.0399

Hanoi, Vietnam 0.0193 0.0101 0.0163 - 0.0336

[Vietnamese][109]

Vietnam [Vietnamese] [110] -0.0016 -0.0019 0.0099 0.0207 -

Qua céc phan tich trén c6 thé néi tiém ning tng dung cta cic chi thi Y-STR 1a rat

16n gép phan bd sung dit liéu trong nhiéu loai xét nghiém ADN khédc nhau. Két qua cua
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luan 4n véi tong cong 29 Y-STR thudc 2 bo kit thuong mai phd bién va 10 chi thi mini Y-
STR da dugc nghién ctru, khao sat da chi rd nhitng chi thi Y-STR c6 d¢ da hinh va hi¢u
qua khuéch dai cao ap dung trén nhiéu loai 12 co s& dé lya chon va phat trién bo chi thi phan

tich riéng cho nam giéi nguoi Viét Nam.
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KET LUAN VA KIEN NGHI

KET LUAN

Tir nhitng két qua nghién ctu trong luin 4n ching toi xin dua ra mot sb
két luan nhu sau:

1. Trong nghién ctru, ching t6i da khao sét dic diém cua 29 chi thi Y-STR trong
quan thé nam gidi phan bd & mién Bic, Viét Nam. Cu thé:

+ Bang tan suat phan dnh nhitng dic trung trong cau tric di truyén ctia quan thé nam
gidi nguoi Kinh, Viét Nam khi so sanh véi cic quan thé khdc va c6 ¥ nghia trong tinh todn
chi s6 quan hé huyét thdng theo dong cha.

+ Két qua khao st ciing cho thdy mot s chi thi ¢6 do da hinh cao > 0.7 (chiém 55.2%
téng s6 locus khao sat) hira hen 12 céc locus c6 do da hinh cao, ¢6 tiém nang 16n trong viéc
phan biét cic cd thé nam trong quan thé nguoi Kinh, Viét Nam.

+ Két qua khao sdt st dung hai bo kit Y-STR phd bién hién nay 12 PowerPlex®Y23
system (Promega) va bo Yfiler™ Plus PCR Amplification Kit (Thermo Fisher Scientific)
cho kha ning phan biét 100% céc c4 thé trong tdp hop 400 mau nghién ctru.

2. Xay dung thanh coéng quy trinh khuéch dai 10 mini Y-STR 14 nhitng chi thi
¢6 kich thude nhé dudi 200bp, d6 da hinh cao. Két qua phan tich véi cdc mau di bi phan
huay cho thay ty 1¢ khuéch dai ctia 10 mini Y-STR dao dong tir 44 % dén 82% s& gbp phan
b sung dit liéu khi két qua phén tich véi chi thi Y-STR thong thudng khong thanh cong.

3. Két qua khao sét trén cdc mau thuc té cho thay cédc 29 chi thi Y-STR va 10
mini Y-STR c¢6 tiém ning cao trong nhiéu hudng tmg dung:

+ Trong xét nghiém huyét thong theo dong cha, phan tich mau c6 chét lwong kém,
mAau da bi phan huy, mau Ian tir nhiéu nguén ADN. Tty vao nhu ciu phan tich c6 thé lya
chon loai chi thi Y-STR phtu hop.

+ Nghién ctru ciu tric di truyén quan thé: két qua so sdnh tan suat, d6 phan bd 29
chi thi Y-STR trong nghién ctru cho thdy ciu tric di truyén khd ddng nhit giita cdc nhém
dan toc trong quan thé ngudi Viét Nam va c6 khoang céch di truyén gan giii nhat véi quan

thé ngudi Thdi Lan.
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KIEN NGHI
Nhoém nghién ctru cling xin dua ra mot s6 kién nghi dé nghién ctru dugc

hoan thién trong thoi gian téis

1. Tién hanh khao sit thém tan sudt phan bd alen cic chi thi Y-STR véi cic
nhém dén tdc khdc phd bién trong quan thé ngudi Viét Nam, dic biét 12 tan suat cdc locus
¢6 do da hinh cao.

2. Phit trién phuong phap khuéch dai cdc mini Y-STR va cic chi thi Y-STR ¢6
d6 da hinh cao bang mdi gin huynh quang va dién di mao quan dé tao nén bo kit riéng cho

nguoi Viét Nam.
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PHAN PHU LUC

PHU LUC 1

Thong tin cac chi thi Y-STR sir dung trong nghiél} ctru, ? trong bo PPY23, P trong b
YPlus, tan so dot bién dwoc lay theo thong ké trén website: yhrd.org
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] Khoin Kich thwée | Kich thuwée TAn sb dot
TT Y-STR Cau tric lap alen g trong bo trong bo bién
Y23 Yplus (bp)
1 DYS19 TAGA 9-19 312-352 184-224 0.00212
2 DYSSSSa/ GAAA 7-28 223-307 225-302 0.00286
3 DYS3891 (TCTG) 9-17 147-179 147-179 0.00244
(TCTA)
(TCTG)
4 DY 11 24 - 259- 265- .00464
S389 (TCTA) 35 59-303 65-309 0.0046
5 DYS390 (TCTA) 17 -29 207-255 144-192 0.00203
(TCTG)
6 DYS391 TCTA 5-16 86-130 353-398 0.00240
7 DYS392 TAT 4-20 314-362 274-322 0.00052
8 DYS393 AGAT 7-18 101-145 90-135 0.00122
11-18
9 DYS437 TCTA 10-18" 344-380 178-210 0.00132
10 DYS438 TTTTC 6-16 293-343 207-258 0.00035
11 DYS439 AGAT 6-17 263-307 150-195 0.00515
12 DY S448 AGAGAT 14-24 196-256 278-338 0.00137
11-23%
13 DYS456 AGAT 10-24 316-364 76-134 0.00430
10-24%
14 DYS458 GAAA 11245 159-215 120-171 0.00660
I5 | DYS635 (TGTA) | 15-28" |50 h0 191-252 0.00424
(TCTA) 15-30P
Y-GATA- 8-182
16 Ha TAGA 8_15b 374-414 236-264 0.00301
17 DYS481 CTT 17-32 139-184 207-252 0.00458
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Danh sach vi tri thu thap 30 méu hai c6t di bi phan huy

] Khoin Kich thwéce | Kich thwdce TAn sb dot
TT Y-STR Cau tric lap al(:e n g trong bo trong bo bién
Y23 Yplus (bp)
18 | DYS533 ATCT 7-17 245-285 338-379 0.00294
19 | DYS549 GATA 7-17 198-238 0.00407
20 | DYS570 TTTC 10-25% 90-150 98-163 0.00922
10-26°
21 | DYS576 AAAG 11-23% 97-145 72-133 0.0121
10-25°
22 | DYS643 CTTTT 6-17 368-423 0.00103
23 | DYS449 TTTC 22-42 325-398 0.0102
24 | DYS460 ATAG 6-14 79-109 0.00441
25 | DYS518 AAAG 28-48 332-401 0.0119
26 | DYS627 AAAG 11-28 324-387 0.0147
27 | DYF387S RAAG 29-44 264-319 0.00791
la/b
28 | DYS505 TCCT 9-15 0.003
29 | DYS508 TATC 8-15 0.0031
30 | DYS522 GATA 8-17 <10
31 | DYS388 ATT 10-18 0.000378
PHU LUC 2

2.1. Mau thu thap tai nghia trang hitu nghi Viét Lao, huyén Anh Son, tinh Nghé An
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STT | Ky hiéu miu Vi tri quy tap mo
1 AS 51BS Nghia trang Nam Phu Néc Céc, ban Phu Néc Céc,
- huyén Muong kham, tinh Xiéng Khoang
) AS_111B5 Nghla .tkrang N09ng Pu, ban Hoi 1, huyén Muong Khun,
tinh Xiéng Khoang
Nghia trang 1 Thim Tau, ban Phu Pha Xay, huyén Pha
3 AS_151B5 Xay, tinh Xiéng Khoang
Nghia trang 1 Tham Tau, ban Phu Pha Xay, huyén Pha
4 AS_I61B5 Xay, tinh Xiéng Khoang.
5 AS_221B5 Nghla .tArang Bar} Xao 2, ban Xao 2, huyén Muong Pec,
tinh Xiéng Khoang
6 AS_72B5 Nghla .tArang Na }Jong, ban Tha Viéng, huyén Tha Thom,
tinh Xi€éng Khoang.
7 AS._82B5 Sl_lfn Nam Han, ban Nam Han, huyén Muong Kham,
Xiéng Khoéang
Nghia trang ban Hom, ban Htu Ki¢m,
8 AS_I72B5 huyén Ky Son, tinh Nghé¢ An
9 AS 23385 | Nehia trang Tham Khim, Pa Chay, ban Na Xa La,
- Noong Pét, huyén Muong pec, tinh Xiéng Khoang.
10 AS. 263B5 Nghla .tArang Phuv Khi Mot, ban Phon, huyén Pha Xay,
tinh Xiéng Khoang
Nghia trang 1 Dong san bay Loong Cheng, ban Loong
1 AS_303B5 Cheng, huyén Xay Xom Bun, tinh Viéng Chan.
Nghia trang 1 Pong san bay Loong Cheng, ban Loong
12 AS_343B5 Cheng, huyén X4y Xom Bun, tinh Viéng Chin
Nghia trang 1 Pong san bay Loong Cheng, ban Loong
13 AS_373B5 Cheng, huyén X4y Xom Bun, tinh Viéng Chin
Nghia trang 1 Pong san bay Loong Cheng, ban Loong
14 AS_383B5 Cheng, huyén Xay Xom Bun, tinh Viéng Chan
15 AS._403B5 Nghia trang Phu Thudng, ban Na Péac, huyén Muong

Khun, tinh Xiéng Khoang

2.2. Tai nghia trang liét s§ huyén Dinh Héa, tinh Thai Nguyén

STT

Ky hiéu

Vi tri quy tap mo

MIHIKA

NTLS Huyén Pinh Héa, tinh Thai Nguyén
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2 M3HIKA NTLS Huyén Dinh Héa, tinh Thai Nguyén
3 M5HIKA NTLS Huyén BPinh Héa, tinh Thai Nguyén
4 M6HIKA NTLS Huyén Dinh Héa, tinh Thai Nguyén
5 M8HIKA NTLS Huyén Dinh Héa, tinh Thai Nguyén
6 M9HI1KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
7 MI10HIKA NTLS Huyén Dinh Héa, tinh Thai Nguyén
8 MI11HIKA NTLS Huyén Dinh Héa, tinh Thai Nguyén
9 MI13HIKA NTLS Huyén BPinh Héa, tinh Thai Nguyén
10 MI18H2KA NTLS Huyén DPinh Héa, tinh Thai Nguyén
11 MI19H2KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
12 M20H2KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
13 M21H2KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
14 M22H2KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
15 M29H2KA NTLS Huyén Dinh Héa, tinh Thai Nguyén
PHU LUC 3: Danh sich cac quin thé so sanh khoang cach di truyén

Population Accession number

Kinh (Northern Vietnam) YA004576

Han (Beijing PRC) YA004160, YA003197

Han (Guangdong PRC) Y A004066

Han (Singapore) YA003270

Indian (Singapore) YA003271, YA004368

Malaysian (Singapore) YA003272, YA004367

Thai (Central Thailand)

YA003923, YA003414

PHU LUC 4: Nong @9 ADN tong s6 400 miu tach chiét bang phwong phap Chelex

100 ( ndng dj do bang may Quantus Fluorometer, hiing Promega - My).
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Ky lgiéu Loai mau Nzrll)gl\?o hIi<é); Loai mau zi\ll)olr\llgtgr?g Ky Eiéu Loai mau Nzrll)gl\?o
mau tén g s& mau s6 mau téng s6
1IDO1 Téc 5.3 ID51 Toc 2.7 ID101 Toc 4.2
1D02 Toc 4.2 1D52 Toéc 3.2 1D102 Toéc 3.5
1D03 Toc 5.8 1D53 Toc 3.6 1D103 Toc 3.6
1D04 Téc 6.5 ID54 Toc 5.6 ID104 Toc 6.2
ID05 Toc 3.6 1ID55 Toéc 4.2 ID105 Toc 5.3
1D06 Téc 5.6 ID56 Toc 3.5 ID106 Toc 4.2
ID07 Toc 4.2 1D57 Toéc 3.6 ID107 Toéc 5.8
1DO08 Téc 3.5 ID58 Toc 6.2 ID108 Toc 6.5
1D09 Téc 3.6 ID59 Toc 5.3 ID109 Toc 3.6
ID10 Toc 6.2 1D60 Toc 4.2 ID110 Toc 5.6
ID11 Téc 5.3 1ID61 Toc 5.8 ID111 Toc 4.2
ID12 Toc 4.2 1D62 Toc 6.5 ID112 Toc 3.5
ID13 Téc 5.8 1D63 Toc 4.5 ID113 Toc 3.6
ID14 Toc 3.6 1D64 Toéc 3.8 ID114 Toéc 5.8
ID15 Toc 5.8 1D65 Toc 3.9 ID115 Toc 6.5
ID16 Téc 6.5 1D66 Toc 7.2 ID116 Toc 4.5
ID17 Toc 4.5 1D67 Toc 5.6 ID117 Toc 3.8
ID18 Téc 3.8 1D68 Toc 6.3 ID118 Toc 3.9
ID19 Toc 3.9 1D69 Toéc 6.2 ID119 Toéc 7.2
1D20 Téc 7.2 ID70 Toc 6.4 ID120 Toc 5.6
1ID21 Téc 5.6 ID71 Toc 3.8 ID121 Toc 6.3
1D22 Toc 6.3 1D72 Toc 4.5 1D122 Toc 4.5
1D23 Téc 3.8 ID73 Toc 2.9 ID123 Toc 3.8
1D24 Toc 3.9 1D74 Toc 6.3 1D124 Toc 3.9
1D25 Téc 7.2 ID75 Toc 5.8 ID125 Toc 7.2
1ID26 Toc 5.6 1D76 Toéc 9.3 1ID126 Toéc 6.2
1D27 Toc 6.3 1D77 Toéc 8.3 1D127 Toc 5.3
1D28 Téc 4.5 ID78 Toc 7.5 ID128 Toc 4.2
1D29 Toc 3.8 1D79 Toéc 6.5 1D129 Toc 5.8
1D30 Téc 3.9 1D80 Toc 8.5 ID130 Toc 6.5
ID31 Toc 7.2 1ID81 Toéc 4.6 ID131 Toéc 4.5
1D32 Téc 5.8 1D82 Toc 5.6 ID132 Toc 4.5
1D33 Téc 6.5 1D83 Toc 7.5 ID133 Toc 2.9
1D34 Toc 4.5 1D84 T6c 4.6 ID134 Toc 6.3
1D35 Téc 4.5 1D85 Toc 8.5 ID135 Toc 5.8
ID36 Toc 2.9 1D86 T6c 4.5 ID136 Toc 9.3
1D37 Téc 6.3 1D87 Toc 7.5 ID137 Toc 8.3
ID38 Téc 5.8 1D88 Téc 6.5 1D138 Toéc 5.6
1D39 Téc 9.3 1D89 T6c 8.8 ID139 Toc 7.5
1D40 Téc 8.3 1D90 Toc 8.9 1D140 Téc 4.6
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ID41 Toc 5.6 1D91 Toéc 7.5 ID141 Toc 8.5
1D42 Toéc 9.3 1D92 Téc 8.5 1D142 Té6c 4.5
1D43 Toc 8.3 1D93 Toéc 4.6 1D143 T6c 7.5
1D44 Toéc 5.6 1D9%4 Toéc 5.6 ID144 Téc 6.5
ID45 Toc 7.5 1D95 Toéc 7.5 1D145 Toéc 6.5
1D46 Toc 4.6 1D96 Toéc 5.6 1ID146 Toc 6.5
1D47 Toéc 8.5 1D97 Toc 5.6 1D147 Toéc 8.5
1D48 Toc 4.5 1D98 Toc 7.5 1D148 Toéc 4.6
1D49 Toéc 7.5 1D99 Toc 4.6 1D149 Toéc 5.6
ID50 Toc ‘6.5 ID100 Toéc ‘8.5 ID150 Toéc ‘7.5
LA Nong do Ky Nong do L in Nong do
IIf%uhwu Loai mau ;Dgl\io hi;é}:l Loai mau AI;)fotgr?g Ilféuhleu Loai mau ;Dgl\io
tong so mau SO tong so
ID151 Niém mac 7.5 ID201 | Niém mac 8.9 1ID251 Niém mac 5.8
ID152 Niém mac 8.7 ID202 | Niém mac 7.5 1D252 Niém mac 6.7
ID153 Niém mac 4.6 ID203 | Niém mac 9.2 1D253 Niém mac 8.9
ID154 Niém mac 5.8 ID204 | Niém mac 4.5 1D254 Niém mac 7.5
ID155 Niém mac 6.7 ID205 | Niém mac 10.5 1D255 Niém mac 9.2
ID156 Niém mac 8.9 ID206 | Niém mac 7.5 1D256 Niém mac 4.5
ID157 Niém mac 5.8 ID207 | Niém mac 5.8 1D257 Niém mac 8.6
ID158 Niém mac 6.7 ID208 | Niém mac 6.7 1D258 Niém mac 7.5
ID159 Niém mac 10.5 ID209 | Niém mac 8.9 1D259 Niém mac 5.8
ID160 Niém mac 7.5 ID210 | Niém mac 7.5 1ID260 Niém mac 6.7
ID161 Niém mac 9.2 ID211 | Niém mac 9.2 1D261 Niém mac 8.9
ID162 Niém mac 4.5 ID212 | Niém mac 4.5 1D262 Niém mac 7.5
ID163 Niém mac 8.6 ID213 | Niém mac 8.6 1D263 Niém mac 9.2
ID164 Niém mac 7.5 ID214 | Niém mac 7.5 1D264 Niém mac 4.5
ID165 Niém mac 9.3 ID215 | Niém mac 5.8 1D265 Niém mac 8.6
ID166 Niém mac 8.5 ID216 | Niém mac 6.7 1D266 Niém mac 10.5
ID167 Niém mac 6.2 ID217 | Niém mac 8.9 1D267 Niém mac 7.5
ID168 Niém mac 8.6 ID218 | Niém mac 7.5 1D268 Niém mac 9.2
ID169 Niém mac 4.6 ID219 | Niém mac 9.2 1D269 Niém mac 4.5
ID170 Niém mac 7.5 ID220 | Niém mac 4.5 1ID270 Niém mac 8.6
ID171 Niém mac 6.5 ID221 | Niém mac 8.6 1ID271 Niém mac 7.5
ID172 Niém mac 8.5 ID222 | Niém mac 7.5 1D272 Niém mac 9.3
ID173 Niém mac 9.5 ID223 | Niém mac 7.5 1ID273 Niém mac 8.5
ID174 Niém mac 8.6 ID224 | Niém mac 9.2 1ID274 Niém mac 6.2
ID175 Niém mac 4.6 ID225 | Niém mac 9.3 1D275 Niém mac 8.6
ID176 Niém mac 7.8 ID226 | Niém mac 8.5 1D276 Niém mac 4.6
ID177 Niém mac 9.8 ID227 | Niém mac 6.2 1D277 Niém mac 8.5
ID178 Niém mac 9.5 ID228 | Niém mac 8.6 1ID278 Niém mac 6.2
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ID179 Niém mac 9.3 ID229 | Niém mac 10.5 1D279 Niém mac 8.6
ID180 Niém mac 8.6 ID230 | Niém mac 8.5 1D280 Niém mac 4.6
ID181 Niém mac 7.6 ID231 | Niém mac 6.2 1D281 Niém mac 7.5
ID182 Niém mac 8.5 ID232 | Niém mac 8.6 1D282 Niém mac 6.5
ID183 Niém mac 8.2 ID233 | Niém mac 4.6 1D283 Niém mac 8.5
ID184 Niém mac 8.4 ID234 | Niém mac 7.5 1D284 Niém mac 9.5
ID185 Niém mac 8.6 ID235 | Niém mac 6.5 1D285 Niém mac 8.6
ID186 Niém mac 7.6 ID236 | Niém mac 6.2 1D286 Niém mac 8.6
ID187 Niém mac 7.8 ID237 | Niém mac 8.6 1D287 Niém mac 4.6
ID188 Niém mac 10.5 ID238 | Niém mac 4.6 1D288 Niém mac 7.8
ID189 Niém mac 5.6 ID239 | Niém mac 7.5 1D289 Niém mac 9.8
ID190 Niém mac 7.6 ID240 | Niém mac 6.5 1D290 Niém mac 9.5
ID191 Niém mac 8.6 ID241 | Niém mac 8.5 1D291 Niém mac 9.3
ID192 Niém mac 8.7 ID242 | Niém mac 9.5 1D292 Niém mac 8.6
ID193 Niém mac 7.5 ID243 | Niém mac 8.6 1D293 Niém mac 7.6
ID194 Niém mac 7.5 ID244 | Niém mac 8.6 1D294 Niém mac 8.5
ID195 Niém mac 7.1 ID245 | Niém mac 4.6 1D295 Niém mac 8.2
ID196 Niém mac 7.4 ID246 | Niém mac 7.6 1D296 Niém mac 5.6
ID197 Niém mac 7.3 ID247 | Niém mac 7.8 1D297 Niém mac 7.6
ID198 Niém mac 7.5 ID248 | Niém mac 4.6 1D298 Niém mac 8.6
ID199 Niém mac 7.9 ID249 | Niém mac 5.6 1D299 Niém mac 8.7
ID200 Niém mac 7.6 ID250 | Niém mac 7.6 1ID300 Niém mac 7.5
LA Nong 3o Ky Nong do

Kryn};f“ Loai miu ADgN,' hig}; Loai miu ADN%térig

tong so mau sO
1D301 Mau 2.8 1ID351 Maiau 3.6
1D302 Miau 3.6 1D352 Mau 34
1D303 Mau 34 1D353 Mau 3.5
1D304 Mau 3.5 1D354 Mau 34
ID305 Mau 3.8 1D355 Mau 5.6
ID306 Mau 5.6 1D356 Mau 3.6
1D307 Mau 34 1D357 Mau 3.8
1D308 Mau 5.6 1D358 Mau 6.1
1D309 Mau 3.6 1D359 Mau 5.3
ID310 Mau 3.8 1D360 Mau 5.2
ID311 Mau 6.1 1D361 Mau 4.5
1ID312 Maiau 5.3 1D362 Mau 4.6
ID313 Mau 5.2 1D363 Mau 3.5
ID314 Mau 4.5 1D364 Mau 3.8
ID315 Mau 4.6 1D365 Mau 5.6
ID316 Mau 5.2 1D366 Mau 34




1ID317 Miéu 3.6 1D367 Miéu 5.2
ID318 Miu 3.5 1D368 Miu 3.6
ID319 Miéu 34 ID369 Miu 3.5
1D320 Miu 3.8 1D370 Miu 34
1D321 Miéu 3.7 1D371 Miu 3.8
1D322 Miéu 4.5 1D372 Miéu 3.7
1D323 Miu 6.2 ID373 Miu 4.5
1D324 Miéu 2.7 1D374 Miu 2.9
1D325 Miu 6.5 ID375 Miu 6.3
1D326 Miu 6.4 1ID376 Miu 6.5
1D327 Miu 6.5 1D377 Miu 2.7
1D328 Miu 6.1 1D378 Miu 6.5
1D329 Miéu 5.3 1D379 Miéu 6.1
1D330 Miu 5.2 1D380 Miu 53
1D331 Miéu 3.5 1D381 Miu 5.2
1D332 Miu 34 1D382 Miu 3.5
1D333 Miu 3.2 1D383 Miu 34
1D334 Miéu 3.5 1D384 Miéu 3.2
1D335 Miu 4.2 ID385 Miu 2.7
ID336 Miéu 4.6 1D386 Miéu 6.4
1D337 Miu 2.7 D387 Miu 6.5
ID338 Miu 4.6 1D388 Miu 29
1D339 Miu 4.2 1D389 Miu 53
1D340 Miu 4.1 1D390 Miu 4.6
1D341 Miéu 4.8 1D391 Miéu 5.2
D342 Miu 5.2 1D392 Miu 4.6
1D343 Miu 3.1 1D393 Miéu 4.2
1D344 Miu 35 1D394 Miu 4.1
1D345 Miu 3.8 1D395 Miu 4.8
1D346 Miéu 3.5 1D396 Miéu 5.2
1D347 Miu 6.2 D397 Miu 3.1
1D348 Miu 6.4 1D398 Miéu 2.8
1D349 Miu 5.2 1D399 Miu 3.8
ID350 Miu 4.6 1D400 Miu 3.5

PHU LUC 5: Nong do ADN tong s6 30 miu tich chiét bang kit ( ndng do do sir dung
kit Trio ADN Quantification Kits, hang Thermo Fisher Scientific — My trén hé thong
may Real time PCR)
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Ky hi¢u . Nongds | SMS® | Ky higu ) Néngdp | Chiso
1};1511' ADN dich ADgN * [;lhl;l;l I);li:lll ADN dich ADgN * [;lhl;l;l
T.Large Autosomal 0.0572 T.Large Autosomal | 0.047852

MIH1KA | T.Small Autosomal 0.0787 1.376 AS_51B5 | T.Small Autosomal 0.07685 1.606
T.Y 0.0721 T.Y 0.0721
T.Large Autosomal 0.0542 T.Large Autosomal 0.0635

M3H1KA | T.Small Autosomal 0.1028 1.897 AS_111B5 | T.Small Autosomal 0.1223 1.926
T.Y 0.0974 T.Y 0.0675
T.Large Autosomal 0.0718 T.Large Autosomal 0.0544

M5H1KA | T.Small Autosomal 0.0921 1.282 AS_151B5 | T.Small Autosomal 0.0947 1.740
T.Y 0.0886 T.Y 0.0575
T.Large Autosomal 0.0695 T.Large Autosomal 0.0862

M6H1KA | T.Small Autosomal 0.1279 1.839 AS_161B5 | T.Small Autosomal 0.1335 1.549
T.Y 0.0559 T.Y 0.0559
T.Large Autosomal 0.0539 T.Large Autosomal 0.0537

M8H1KA | T.Small Autosomal 0.0740 1.373 AS_221B5 | T.Small Autosomal 0.0633 1.181
T.Y 0.0576 T.Y 0.0576
T.Large Autosomal 0.0504 T.Large Autosomal 0.0635

MOH1KA | T.Small Autosomal 0.0511 1.014 AS_72B5 | T.Small Autosomal 0.0856 1.348
T.Y 0.0579 T.Y 0.0579
T.Large Autosomal 0.0666 T.Large Autosomal 0.0688

MI10H1KA | T.Small Autosomal 0.1007 1.513 AS_82B5 | T.Small Autosomal 0.1123 1.631
T.Y 0.0975 T.Y 0.0975
T.Large Autosomal 0.0647 T.Large Autosomal 0.0665

MI11H1KA | T.Small Autosomal 0.0909 1.406 AS_172B5 | T.Small Autosomal 0.1007 1.514
T.Y 0.0789 T.Y 0.0975
T.Large Autosomal 0.0124 T.Large Autosomal 0.03546

M13H1KA | T.Small Autosomal 0.0202 1.633 AS_233B5 | T.Small Autosomal 0.056321 1.588
T.Y 0.0196 T.Y 0.0196
T.Large Autosomal 0.0495 T.Large Autosomal 0.0465

M18H2KA | T.Small Autosomal 0.0559 1.129 AS_263B5 | T.Small Autosomal 0.0565 1.214
T.Y 0.0468 T.Y 0.0468
T.Large Autosomal 0.0572 T.Large Autosomal 0.0634

MI19H2KA | T.Small Autosomal 0.0787 1.376 AS_303B5 | T.Small Autosomal 0.0734 1.157
T.Y 0.0721 T.Y 0.0721
T.Large Autosomal 0.0635 T.Large Autosomal 0.0962

M20H2KA | T.Small Autosomal 0.0808 1.272 AS_343B5 | T.Small Autosomal 0.1533 1.593
T.Y 0.0821 T.Y 0.0821
T.Large Autosomal 0.0671 T.Large Autosomal 0.0863

M21H2KA | T.Small Autosomal 0.0798 1.190 AS_373B5 | T.Small Autosomal 0.0963 1.116
T.Y 0.0824 T.Y 0.0824
T.Large Autosomal 0.0542 T.Large Autosomal 0.0334

M22H2KA | T.Small Autosomal 0.1028 1.897 AS_383B5 | T.Small Autosomal 0.0532 1.593
T.Y 0.0975 T.Y 0.0975

M29H2KA | T.Large Autosomal 0.0679 1.396 AS_403B5 | T.Large Autosomal 0.0862 1.117
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T.Small Autosomal
T.Y

T.Small Autosomal

T.Y 0.0575 0.0575

0.0947 | ‘

0.0963 |
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PHU LUC 6: Ho so Y-STR ciia 200 miu sir dung bd kit PowerPlex® Y23 System

STT | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | YGA
576 389 448 389 19 391 481 549 533 438 437 570 635 390 439 392 643 393 458 385a | 385b | 456 TAH4

I 11
1 19 12 19.2 | 28 16 11 24 12 11 10 14 19 22 26 12 13 10 12 17 12 12 14 13
2 19 11 18 27 15 10 23 12 10 10 14 16 22 25 12 13 12 14 18 14 18 14 10
3 19 12 19 29 15 10 25 13 11 10 14 18 23 25 12 13 11 12 18 12 18 13 12
4 16 13 20 29 15 11 25 12 12 10 14 16 21 23 10 11 9 14 16 11 18 15 12
5 19 12 19 29 15 10 25 13 11 10 14 17 23 24 12 13 11 12 18 12 20 13 12
6 18 12 19 29 15 10 25 13 12 10 14 17 23 26 12 13 11 12 18 12 20 13 12
7 18 12 20 28 16 10 24 12 12 10 15 20 22 23 11 13 11 12 17 15 18 15 12
8 20 13 18 29 16 11 23 12 10 10 14 17 23 24 13 13 12 14 18 13 18 15 11
9 19 12 19 29 15 10 25 13 11 10 14 17 23 25 12 13 11 12 20 12 20 13 12
10 15 14 21 30 15 10 25 13 12 10 14 16 21 23 12 11 8 15 15 11 19 14 11
11 18 13 18.2 | 28 15 10 24 13 10 11 14 19 21 25 14 13 11 14 17 13 18 15 11
12 17 14 21 31 16 10 23 11 11 10 15 18 21 24 11 13 11 12 18 16 21 13 13
13 18 14 18 30 16 11 23 11 10 10 14 15 22 24 12 13 12 14 18 14 19 15 11
14 16 13 20 29 15 11 24 12 12 10 14 17 21 23 10 11 9 14 15 11 18 15 12
15 19 12 20 28 14 10 24 12 11 11 15 16 20 24 11 14 12 12 19 13 17 15 11
16 19 12 19 29 15 10 25 13 11 10 14 17 25 25 12 13 11 12 18 12 20 13 12
17 18 13 21 28 16 10 26 12 11 10 15 19 23 26 12 13 10 12 17 13 19 15 12
18 18 14 21 29 16 10 22 11 12 10 14 18 20 24 13 11 9 15 17 11 18 15 11
19 19 14 22 29 15 10 24 12 12 10 14 18 21 24 12 11 9 15 17 11 18 15 11
20 18 12 20 28 14 10 23 12 11 11 14 18 20 24 12 14 11 12 17 14 17 15 12
21 18 13 18 29 16 11 23 11 10 10 14 16 21 24 12 13 12 14 18 13 19 15 11
22 17 11 18 28 16 11 23 12 10 10 14 15 21 25 12 13 12 14 17 13 18 14 10
23 17 12 20 28 14 10 23 13 11 11 14 19 20 23 12 14 11 12 17 13 19 15 12
24 19 14 20 30 15 10 23 13 11 11 15 17 20 25 14 14 12 12 18 13 17 15 12
25 18 12 19 28 16 10 24 13 11 10 14 19 22 26 13 13 10 12 22 14 19 16 11
26 20 13 18 29 16 11 24 11 10 10 14 16 21 24 12 13 12 15 18 13 18 15 11

114




115

27 17 13 18 30 17 10 23 12 10 10 14 15 22 23 12 13 12 14 17 14 18 16 11
28 19 14 19 30 13 6 24 12 11 12 14 19 22 24 11 14 10 14 17 16 20 17 10
29 21 12 20 28 15 11 25 12 11 10 14 19 21 23 11 13 11 12 16 12 16 14 11
30 17 13 18 29 17 11 22 12 10 10 14 16 22 24 12 13 11 14 17 13 19 15 11
31 18 13 20 29 14 10 23 12 11 11 14 18 20 24 12 14 11 12 17 12 13 16 12
32 19 13 18 29 15 10 23 12 10 10 14 16 22 25 12 13 12 15 15 16 21 15 11
33 18 12 20 28 15 10 24 13 12 10 15 17 20 23 12 13 12 13 17 12 12 15 12
34 18 14 18 30 15 10 23 12 11 10 14 16 21 24 11 13 13 14 15 15 20 15 11
35 17 13 18 29 15 11 21 12 10 10 14 16 22 25 13 13 13 14 15 14 21 15 11
36 17 13 21 28 16 10 26 11 11 10 15 19 22 25 11 13 10 12 17 13 18 15 12
37 18 13 18 29 16 10 24 12 10 10 14 16 22 24 13 13 12 14 17 13 18 15 11
38 20 14 18 30 15 10 23 12 12 10 14 16 21 25 12 13 13 14 15 15 20 16 11
39 18 12 19 30 14 10 25 12 12 11 15 17 19 24 11 11 10 13 17 15 16 14 12
40 17 14 22 31 16 10 24 12 12 10 14 18 21 23 11 11 9 13 16 11 17 15 11
41 18 12 20 27 14 10 23 12 11 11 15 17 20 25 13 14 12 12 18 13 17 15 12
42 18 13 21 28 16 10 25 11 11 10 15 19 23 25 12 13 10 12 18 13 18 15 12
43 18 12 20 28 15 10 24 13 12 10 15 17 21 23 13 13 12 13 17 13 19 16 12
44 19 13 18 29 17 11 22 12 10 10 14 16 23 24 12 13 12 13 17 13 19 15 11
45 18 14 18 31 15 10 23 13 10 10 14 18 23 24 12 13 11 14 15 12 17 15 12
46 20 11 18 27 16 11 23 12 10 10 14 16 21 25 12 13 12 14 18 13 18 14 10
47 17 11 20 27 14 10 26 13 11 10 14 19 23 24 13 13 11 12 19 13 19 15 12
48 20 12 20 28 14 10 24 13 11 11 15 17 20 25 13 14 13 12 19 13 17 16 12
49 19 14 19 32 15 10 25 12 12 10 15 16 20 26 11 12 12 12 18 12 16 15 12
50 17 13 18 29 17 11 22 12 10 10 14 16 23 24 11 13 12 13 18 13 19 15 11
51 20 13 18 29 16 11 23 11 10 10 14 16 20 24 12 13 12 14 16 13 14 15 11
52 18 13 18 29 16 10 23 13 10 10 14 15 22 24 12 13 12 13 18 13 20 15 11
53 18 11 18 27 15 10 23 12 10 10 14 16 21 25 12 13 12 14 18 13 18 14 10
54 20 14 18 30 15 10 23 12 11 10 14 16 21 25 11 13 13 15 16 15 19 16 11
55 18 11 18 28 16 11 23 13 10 10 14 16 21 25 12 13 12 14 18 13 17 14 10
56 16 12 20 28 15 11 24 12 12 10 14 16 21 23 10 11 9 14 15 11 18 15 12
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57 15 12 16 28 15 10 27 13 11 10 16 19 22 23 11 14 11 13 18 14 15 18 12
58 18 12 20 28 15 11 23 15 11 11 14 18 20 24 12 14 12 12 19 12 17 15 11
59 19 12 17 29 16 10 24 11 10 10 14 16 22 25 12 13 12 14 19 14 18 15 10
60 17 14 18 30 16 11 22 12 10 10 14 16 22 23 12 13 12 14 18 13 18 15 11
61 19 13 18 29 16 10 24 12 10 10 14 16 22 23 12 13 12 13 20 13 17 15 11
62 17 14 19 30 15 10 24 13 12 9 14 17 18 22 13 11 9 12 18 16 20 15 12
63 16 14 19 29 14 10 25 12 12 10 14 18 23 23 11 14 10 13 15 11 11 17 12
64 16 11 18 29 16 11 23 12 10 10 14 16 23 25 12 13 12 13 18 13 18 14 10
65 20 14 19 30 13 6 24 13 12 12 14 19 22 24 11 14 10 14 16 17 20 17 10
66 20 13 21 28 16 10 26 11 11 10 15 20 23 25 12 13 10 12 18 13 19 15 12
67 18 11 18 27 16 11 22 12 10 10 14 16 21 24 12 13 12 14 18 13 18 14 10
68 18 13 18 28 15 10 23 12 10 10 14 16 21 25 12 13 12 13 18 17 20 16 11
69 18 13 21 30 15 10 28 12 12 10 14 16 20 23 11 11 8 14 13 11 20 15 11
70 18 14 21 31 15 11 23 12 11 10 15 20 21 24 11 13 11 12 19 14 21 14 12
71 20 13 18 29 16 11 23 12 10 10 14 16 23 24 12 13 12 14 19 13 18 15 11
72 18 13 182 | 28 15 10 24 14 10 11 14 19 21 25 13 13 11 14 16 13 18 15 11
73 17 13 21 28 16 10 26 11 11 10 15 20 23 25 12 13 10 12 16 13 19 15 12
74 18 13 18 29 15 10 25 13 11 11 14 17 23 23 13 14 12 14 18 12 17 14 12
75 17 13 21 28 16 10 26 11 11 10 15 19 22 25 12 13 10 12 19 13 18 15 12
76 19 13 17 31 16 11 23 11 10 10 14 16 22 24 12 13 12 14 17 12 19 15 11
77 18 13 20 29 15 11 24 12 12 10 13 16 21 23 10 11 9 14 16 12 18 15 12
78 21 12 19 28 17 10 24 13 11 10 14 17 21 23 11 13 10 12 18 12 19 14 12
79 18 13 18 30 15 10 23 11 10 10 14 17 21 24 12 13 12 14 18 13 19 15 12
80 16 13 18 29 15 11 21 12 10 10 14 17 21 25 12 13 13 14 16 15 18 15 12
81 18 12 19 28 15 10 25 13 11 10 14 17 23 25 12 13 11 12 18 12 21 13 12
82 17 15 18 32 16 11 23 11 10 10 14 16 23 24 12 13 12 14 19 12 18 15 11
83 19 12 20 27 16 10 24 11 12 10 15 20 21 23 11 13 12 12 17 15 18 15 12
84 18 12 20 28 16 10 24 12 12 10 15 22 24 23 12 13 11 12 17 15 19 14 12
85 18 14 19 29 17 10 23 12 11 10 14 17 23 24 12 13 10 12 19 12 19 14 13
86 18 13 18 29 16 11 23 11 10 10 14 15 21 24 12 13 12 14 19 13 19 15 11
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117 17 12 18 30 15 10 24 12 12 10 14 19 24 23 11 14 11 13 15 12 14 16 12
118 16 14 19 30 14 10 24 12 11 10 14 19 19 23 12 14 11 13 16 13 14 15 12
119 19 14 19 29 17 10 24 12 11 10 14 18 23 24 12 13 10 12 19 12 19 14 13
120 18 13 19 30 16 11 23 11 10 10 14 16 21 24 13 13 12 14 19 13 19 15 11
121 20 13 20 29 14 10 22 12 11 11 15 19 20 24 12 14 10 12 19 13 17 15 12
122 16 11 18 28 15 10 24 12 12 10 14 21 21 23 12 14 11 13 15 13 13 16 12
123 18 11 18 28 15 11 23 12 10 10 14 16 21 25 12 13 12 14 18 13 18 14 10
124 | 20 13 18 28 15 11 23 12 10 10 14 16 21 24 12 13 13 14 16 15 21 15 11
125 16 13 20 29 16 11 24 12 12 10 14 16 21 23 10 11 9 14 16 11 18 15 12
126 19 13 19 29 15 10 22 12 11 10 15 16 19 25 13 13 11 12 19 13 13 15 12
127 | 20 12 19 29 15 10 25 13 11 10 14 17 22 25 12 13 11 12 18 12 20 13 12
128 19 14 21 29 16 10 26 11 11 10 15 20 23 25 12 13 10 12 18 13 19 15 12
129 18 11 18 28 16 10 24 12 10 10 14 16 22 25 12 13 12 14 18 13 18 14 10
130 19 12 18 29 15 11 23 12 12 10 14 16 25 25 13 13 10 12 18 14 21 18 11
131 15 13 18 28 14 10 25 12 12 10 15 22 21 22 12 14 11 13 14 13 13 15 12
132 | 21 12 20 28 14 10 22 13 11 10 15 17 20 23 13 12 11 12 20 11 15 16 13
133 18 12 21 29 16 10 23 11 11 10 15 19 21 24 12 13 11 12 16 13 18 15 12
134 19 13 18 29 16 11 23 12 10 10 14 17 22 24 13 13 12 14 18 13 18 15 11
135 18 13 20 30 17 10 25 12 11 10 14 17 21 23 12 14 10 12 17 12 123 | 15 11
136 19 13 18 29 15 10 23 12 10 10 14 16 21 25 11 13 12 15 15 16 21 16 11
137 | 20 12 19 29 13 10 22 13 13 10 15 19 22 25 12 12 9 13 17 12 12 14 12
138 | 20 13 19 29 15 10 22 12 11 10 15 16 19 24 13 13 11 12 18 12 12 15 11
139 18 14 19 29 17 10 24 12 11 10 14 18 24 24 12 13 10 12 18 13 20 14 13
140 18 14 20 30 16 10 27 12 11 8 15 20 21 24 12 14 11 12 17 13 20 16 12
141 16 14 18 31 16 12 23 11 10 10 14 16 25 24 12 13 12 14 18 12 18 15 11
142 17 14 18 29 15 10 23 12 11 10 14 16 21 24 11 13 13 14 15 15 19 16 11
143 | 20 13 18 30 16 11 23 12 10 10 14 17 22 24 12 12 12 13 18 13 19 14 11
144 17 12 19 30 14 10 24 12 12 11 14 18 19 24 11 11 10 13 16 14 16 14 11
145 18 11 18 28 16 10 24 12 10 10 14 16 21 25 13 13 12 14 18 12 18 14 10
146 19 12 19 29 15 10 25 13 11 10 14 17 22 25 11 13 11 12 18 12 19 13 12
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147 16 12 18 28 16 10 24 12 11 10 14 19 20 23 11 14 11 13 17 13 13 16 12
148 17 14 19 29 17 10 24 13 11 10 14 17 23 24 11 13 10 12 18 12 18 14 12
149 19 14 19 30 13 6 24 12 12 12 14 19 22 24 11 14 10 14 16 16 20 16 10
150 17 12 19 28 17 10 24 12 11 10 14 20 22 26 13 13 10 12 22 14 19 14 11
151 19 13 18 30 16 11 23 11 9 10 14 16 21 24 11 13 12 14 18 13 20 15 11
152 18 12 21 28 16 10 23 12 11 10 15 20 22 23 13 13 13 12 17 13 22 16 12
153 15 13 20 29 15 10 24 12 13 10 14 17 21 23 10 11 9 14 16 11 11 15 12
154 15 13 18 29 14 10 25 12 11 10 15 21 21 22 12 14 11 13 14 13 13 15 12
155 19 12 19 29 16 12 25 13 11 10 14 17 21 25 11 13 10 12 20 12 18 14 11
156 17 13 19 30 15 11 23 12 10 10 14 17 23 25 12 13 12 14 16 15 21 16 11
157 18 14 18 30 16 10 24 12 11 10 14 16 21 24 11 13 13 14 15 16 19 16 11
158 19 12 19 29 15 10 25 13 11 10 14 17 24 25 12 13 11 12 18 12 19 13 12
159 17 13 18 30 15 11 21 12 10 10 14 17 21 25 12 13 13 14 16 15 18 15 12
160 18 12 18 29 15 11 26 12 11 10 14 18 19 23 11 14 11 13 15 13 13 16 12
161 17 13 20 29 15 10 24 13 11 10 15 20 21 24 11 13 12 13 16 13 22 15 11
162 16 13 20 30 13 10 24 12 12 10 14 18 21 23 13 11 13 13 16 16 17 16 11
163 19 12 18 28 15 11 24 13 11 10 14 18 21 23 12 14 11 13 14 13 13 15 12
164 19 13 18 30 16 11 23 11 10 10 14 15 21 24 13 13 12 14 19 13 19 15 11
165 19 13 18 29 15 11 25 13 11 11 14 16 21 23 13 13 12 14 17 12 17 14 12
166 19 13 18 30 16 11 23 10 10 10 14 16 21 25 12 13 12 14 18 13 19 15 11
167 19 13 19 29 16 10 27 13 11 10 15 18 21 23 11 13 11 12 18 14 20 15 12
168 16 13 18 29 14 10 24 11 11 10 15 19 21 23 12 14 11 13 15 13 13 15 12
169 | 20 12 19 29 15 10 25 12 11 10 14 17 23 25 12 13 11 12 18 12 20 13 12
170 18 14 19 31 13 6 24 12 12 12 14 19 22 24 11 14 10 14 15 16 20 18 10
171 19 13 18 30 16 11 22 12 11 12 14 21 21 23 12 13 11 13 18 9 17 15 11
172 18 14 21 30 15 10 26 13 14 10 14 17 21 22 10 11 8 15 15 11 19 15 11
173 18 12 19 29 15 10 25 13 11 10 14 17 23 26 12 13 11 13 19 12 20 13 12
174 | 22 14 18 30 15 10 24 12 10 10 14 17 21 25 12 13 13 14 16 16 18 15 11
175 19 13 18 30 15 11 23 12 10 10 14 16 24 24 11 15 12 14 16 14 20 15 10
176 19 12 19 28 15 10 25 14 11 10 14 17 23 25 12 13 11 12 18 13 20 13 12
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177 18 13 21 28 16 10 26 12 12 10 15 19 23 25 12 13 10 12 18 13 18 15 12
178 17 14 18 30 16 11 23 11 10 10 14 17 22 24 12 13 12 14 17 13 18 15 11
179 17 14 20 32 15 10 26 12 11 10 14 20 22 23 11 12 12 14 14 14 15 13 10
180 19 14 19 30 13 9 26 12 12 12 14 22 22 24 12 14 10 14 16 15 20 16 10
181 20 12 19 29 15 10 26 12 11 10 14 17 23 25 12 13 11 12 18 12 20 13 11
182 19 12 20 28 14 10 22 13 11 10 15 17 20 23 13 12 11 12 20 11 11 18 13
183 17 13 18 30 15 11 23 11 10 10 14 16 21 24 13 13 12 14 16 13 18 15 11
184 16 12 18 29 15 10 24 12 12 10 14 21 21 23 13 14 11 13 15 13 13 16 12
185 19 12 19 28 16 10 24 13 11 10 15 20 22 26 14 13 10 12 17 12 18 14 12
186 | 20 12 18 28 16 10 23 12 12 10 14 16 23 25 13 13 10 12 17 13 20 16 11
187 19 13 18 29 15 10 23 11 10 10 16 18 24 24 12 13 13 14 18 13 18 15 11
188 18 11 18 27 16 11 23 12 10 10 14 16 21 25 11 13 12 14 17 13 18 14 10
189 19 13 20 29 14 10 22 12 11 11 15 18 20 24 12 14 11 12 19 13 17 15 12
190 19 14 18 30 15 10 23 11 10 10 14 18 23 24 12 13 12 13 16 14 18 16 11
191 19 14 21 31 15 10 27 11 12 10 14 16 22 25 12 11 12 13 16 13 13 17 12
192 18 12 19 28 16 10 24 13 11 10 15 20 23 26 15 13 10 12 17 12 18 14 12
193 18 13 18 29 16 11 24 12 10 10 14 15 24 24 13 13 12 14 19 13 19 15 11
194 19 12 19 28 13 11 22 12 11 10 15 16 19 23 12 12 11 12 18 12 16 15 11
195 17 13 21 30 15 10 26 13 12 10 14 16 21 23 11 11 9 15 16 11 20 16 11
196 18 14 18 30 15 9 24 12 10 10 14 16 21 24 11 13 13 14 15 15 18 16 11
197 15 13 18 31 14 10 24 12 11 10 15 19 20 23 12 14 11 13 16 13 13 15 12
198 18 11 18 28 16 10 23 12 10 10 14 17 22 25 12 13 12 14 19 13 18 13 10
199 18 13 18 29 15 10 23 12 10 10 14 16 21 23 11 13 12 14 19 13 17 15 12
200 16 13 20 29 15 11 24 12 12 10 14 16 21 23 11 11 9 14 16 11 18 15 12
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PHU LUC 5: Hb so Y-STR ciia 200 miu sir dung by Yfiler™ Plus PCR Amplification Kit

STT DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | YGA | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS | DYS DYS | DYS | DYS | DYS | DYF DYS
576 3891 | 635 38911 | 627 460 458 19 TAH4 | 448 391 456 390 438 392 518 570 437 385 449 393 439 481 387S1 | 533
1 18 11 21 27 21 10 18 16 10 18 11 14 25 10 13 40 16 14 13,19 | 25 14 12 26 37,38 | 11
2 18 14 21 30 21 12 18 16 12 21 10 15 24 10 11 35 18 14 12,18 | 30 15 12 24 34,37 | 12
3 17 12 21 29 19 10 18 15 13 20 9 14 24 10 13 39 18 14 14,19 | 28 12 11 24 36,36 | 11
4 19 13 21 31 19 10 17 15 11 18 10 15 24 10 13 41 21 14 12,20 | 30 14 12 23 34,34 | 11
5 17 14 21 29 20 10 16 15 11 18 10 14 24 10 13 38 19 14 11,17 | 28 14 11 23 36,38 | 10
6 18 11 21 28 21 10 20 16 10 18 11 14 25 10 13 41 16 14 13,18 | 23 14 12 23 38,38 | 11
7 19 13 21 30 20 10 18 16 12 18 11 15 25 10 13 42 16 14 13,19 | 25 14 12 23 36,39 | 10
8 18 11 21 27 21 10 18 16 10 18 11 14 25 10 13 40 16 14 13,19 | 25 14 12 23 37,38 | 10
9 17 12 22 29 23 10 18 15 11 19 10 14 25 10 13 36 20 14 12,12 | 31 12 12 24 36,37 | 12
10 18 13 24 28 22 10 15 16 13 21 10 15 24 10 13 40 20 15 13,18 | 34 12 11 26 40,40 | 11
11 19 13 23 28 21 10 18 16 12 21 10 15 25 10 13 41 19 14 13,18 | 35 12 12 26 39,40 | 11
12 18 12 20 28 18 9 17 13 12 20 10 15 23 11 14 36 19 14 13,19 | 36 12 11 23 35,38 | 11
13 17 12 21 27 20 10 18 16 11 20 11 14 25 10 13 41 20 14 13,19 | 27 13 11 26 36,39 | 11
14 17 13 25 30 21 12 18 16 11 18 10 15 24 10 13 41 17 14 14,16 | 27 14 12 23 37,39 | 10
15 18 12 23 28 24 10 20 17 11 19 10 14 26 10 13 37 20 14 14,19 | 31 12 13 24 36,36 | 11
16 17 13 21 30 20 10 17 15 11 18 11 15 24 10 13 43 16 14 13,19 | 26 14 13 23 37,39 | 11
17 18 13 23 28 21 10 18 16 12 21 10 15 25 10 13 39 19 15 13,19 | 35 13 12 26 40,40 | 11
18 19 12 21 28 18 9 17 14 12 20 10 15 24 11 14 36 17 15 13,18 | 32 11 14 23 35,38 | 11
19 17 11 21 28 21 10 19 16 10 18 10 14 25 10 13 40 16 14 13,18 | 26 14 12 23 37,38 | 11
20 18 12 23 28 20 11 19 16 12 19 10 15 26 10 13 37 21 15 12,18 | 32 12 14 24 37,38 | 11
21 20 12 20 28 18 10 18 14 12 20 10 15 25 11 14 35 16 15 13,17 | 34 12 13 23 36,38 | 11
22 19 13 21 29 22 10 16 15 12 18 10 15 23 10 13 39 17 14 13,13 | 28 12 12 25 36,36 | 11
23 20 12 22 29 20 10 18 15 12 19 11 13 24 10 13 37 17 14 12,20 | 31 12 12 25 36,38 | 11
24 19 12 23 29 20 10 18 15 12 19 10 13 25 10 13 36 17 14 12,20 | 31 12 12 25 36,38 | 11
25 20 12 21 28 22 10 17 16 12 19 10 17 25 10 14 38 16 16 12,18 | 34 11 11 25 39,41 | 13
26 18 12 20 27 18 9 17 14 11 20 11 15 24 11 14 36 21 15 13,19 | 32 12 12 24 36,38 | 11
27 18 13 22 30 22 10 17 15 11 18 10 17 25 10 13 40 16 14 15,15 | 28 14 14 22 36,37 | 11
28 16 13 22 29 21 10 18 16 10 18 11 15 24 10 13 43 14 14 13,18 | 26 14 12 23 37,38 | 10
29 17 13 25 29 23 10 18 15 10 18 10 15 24 10 13 37 17 14 14,19 | 29 14 11 23 38,38 | 10
30 17 13 22 29 20 10 18 16 13 18 11 15 24 10 13 41 17 14 13,19 | 27 14 13 22 36,39 | 10
31 18 12 20 28 22 10 17 15 12 19 11 16 23 10 12 36 18 15 13,16 | 34 12 15 22 36,40 | 11

121




122

32 19 13 23 29 22 10 16 15 11 18 10 16 25 10 13 42 17 14 16,19 | 30 14 12 25 37,37 | 10
33 18 13 21 29 24 10 15 15 11 18 10 15 25 10 13 38 15 14 15,21 | 29 14 12 23 36,37 | 10
34 18 13 21 31 22 10 18 15 10 18 11 15 25 10 13 40 16 14 16,21 | 32 14 12 23 37,37 | 10
35 18 12 20 28 18 9 18 14 12 20 10 15 24 11 14 34 19 14 13,18 | 35 12 12 21 35,40 | 11
36 17 14 22 30 21 12 15 15 11 20 10 15 22 10 11 38 16 14 11,18 | 29 14 12 26 39,39 | 12
37 18 12 22 28 21 10 17 15 11 18 11 15 24 10 13 40 15 14 13,18 | 26 14 12 22 37,39 | 10
38 19 14 22 29 20 10 23 16 11 18 11 15 24 10 13 43 16 14 13,18 | 27 14 12 22 36,39 | 10
39 18 13 23 28 22 10 17 16 12 21 10 15 25 10 13 40 20 15 13,13 | 36 12 12 26 41,41 | 11
40 18 14 21 29 22 10 16 15 11 18 10 17 24 10 14 43 16 14 16,20 | 28 14 12 23 38,39 | 10
41 20 13 23 28 24 11 16 16 12 21 10 15 25 10 13 40 20 15 13,18 | 35 12 12 21 36,38 | 10
42 19 13 21 29 20 11 20 16 11 18 10 15 23 10 13 40 16 14 13,18 | 26 14 12 26 39,39 | 11
43 17 12 21 25 20 10 19 16 11 20 11 14 24 10 13 40 20 14 12,19 | 28 13 11 24 38,38 | 10
44 19 12 23 28 20 10 18 15 12 19 10 13 25 10 13 36 17 14 12,20 | 32 12 12 26 36,38 | 11
45 17 12 21 30 23 10 15 15 12 19 10 16 23 11 14 38 19 14 12,14 | 28 13 12 25 36,38 | 11
46 | 20 13 23 29 21 11 16 15 11 18 10 16 25 10 13 40 17 14 15,20 | 28 14 12 25 36,39 | 12
47 18 13 23 28 21 10 17 16 12 21 10 15 25 10 13 40 19 15 13,18 | 36 12 13 22 36,37 | 10
48 19 12 19 30 18 12 16 14 12 19 10 15 24 11 11 37 18 15 15,16 | 25 13 11 26 39,39 | 11
49 19 12 23 27 20 10 18 15 12 19 10 13 25 10 13 37 17 14 12,20 | 32 12 12 24 36,36 | 12
50 18 12 23 28 21 9 20 17 12 20 10 15 24 10 13 38 20 15 13,22 | 33 12 11 26 36,38 | 11
51 18 12 21 28 21 9 18 15 11 19 10 16 24 10 13 39 17 15 13,21 | 33 12 12 22 36,41 | 11
52 17 13 21 29 20 11 15 14 12 18 10 15 23 10 14 35 20 15 13,14 | 31 13 12 28 38,38 | 11
53 18 14 18 30 20 11 14 14 12 18 10 15 22 10 14 34 20 15 13,13 | 32 13 12 24 36,39 | 12
54 | 21 14 23 31 21 10 18 16 11 18 11 15 24 10 13 41 16 14 13,20 | 26 14 12 25 36,38 | 11
55 17 13 21 28 19 17 15 11 19 10 15 24 10 14 42 18 15 13,13 | 34 12 13 22 36,40 | 11
56 | 20 12 22 27 22 18 15 12 19 10 16 23 11 12 37 15 15 13,16 | 32 12 11 28 37,38 | 11
57 19 13 21 30 20 10 17 16 11 18 11 15 24 10 13 43 16 14 13,17 | 25 14 13 22 35,38 | 11
58 18 13 22 29 19 10 17 16 11 18 11 15 24 10 13 39 15 14 13,19 | 27 14 12 23 36,41 | 10
59 17 14 20 30 22 11 21 15 11 19 10 15 24 10 10 34 21 15 15,16 | 31 12 11 23 37,38 | 10
60 17 12 21 28 20 10 20 16 12 18 10 14 25 10 13 37 20 14 12,19 | 32 12 11 27 37,37 | 12
61 18 14 22 30 21 10 16 13 10 20 10 17 24 12 14 35 19 14 16,20 | 30 14 11 23 35,39 | 11
62 18 12 19 29 22 10 15 15 12 18 10 16 23 10 14 39 18 14 13,13 | 30 13 11 24 37,37 | 12
63 20 12 21 27 22 9 19 15 12 19 10 16 23 11 12 37 14 16 12,16 | 32 12 11 25 38,38 | 11
64 16 13 21 29 21 11 16 15 12 20 11 15 23 10 11 38 16 14 11,18 | 31 14 10 22 35,38 | 12
65 19 14 21 30 23 10 19 16 12 20 10 16 24 10 14 40 20 15 13,20 | 30 12 13 24 36,38 | 12
66 18 12 22 28 22 10 16 15 12 18 10 15 24 10 13 37 14 15 13,15 | 30 13 12 26 36,40 | 11
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67 19 14 21 30 22 11 15 15 12 18 10 17 25 10 13 41 16 14 16,19 | 29 14 11 24 39,39 | 12
68 18 13 24 30 21 11 16 14 12 19 10 15 23 11 14 36 18 14 11,12 | 28 13 13 23 37,37 | 11
69 18 13 23 29 21 11 17 14 12 19 11 15 24 12 13 39 17 15 12,14 | 31 13 12 22 38,38 | 12
70 18 12 22 29 19 10 18 15 10 18 10 15 24 10 13 39 16 14 14,16 | 27 15 10 19 35,36 | 12
71 18 14 22 29 19 11 16 16 11 18 11 15 24 10 13 41 15 14 13,18 | 27 14 12 24 37,38 | 10
72 17 12 22 28 23 10 16 15 12 18 10 15 24 10 13 36 14 15 13,16 | 31 13 11 23 36,39 | 10
73 20 12 23 29 20 10 18 14 12 19 10 13 25 10 13 35 18 14 12,19 | 31 12 12 24 39,39 | 12
74 19 13 20 31 22 10 16 15 10 18 10 15 24 11 13 39 16 14 14,18 | 26 14 11 25 36,39 | 11
75 20 12 20 28 16 9 19 14 12 20 10 15 25 11 15 35 16 15 13,17 | 32 12 13 23 36,38 | 10
76 | 21 14 21 30 21 11 15 15 11 18 10 16 25 10 13 43 16 14 15,20 | 29 14 11 23 35,38 | 11
71 18 13 22 29 22 10 19 16 11 18 10 15 25 10 13 41 16 14 13,20 | 26 15 12 23 37,37 | 11
78 20 12 23 29 20 10 18 15 12 19 10 13 25 10 13 35 18 14 12,19 | 31 12 12 26 36,39 | 11
79 18 13 23 28 22 10 17 16 12 20 10 15 25 10 13 39 22 15 13,18 | 35 12 13 26 37,41 | 11
80 18 12 20 28 21 18 14 12 20 11 15 23 11 14 40 17 15 15,17 | 32 12 12 23 35,39 | 11
81 17 12 22 28 19 17 15 12 20 10 14 23 10 13 38 21 15 15,19 | 33 12 12 25 37,41 | 12
82 18 11 21 27 22 10 18 16 10 18 11 14 25 11 13 40 16 14 13,18 | 26 14 13 23 37,38 | 10
83 14 13 24 30 20 12 15 14 12 19 10 18 23 10 14 35 18 14 11,12 | 28 13 11 22 36,36 | 13
84 17 13 21 29 21 11 14 14 12 18 10 15 22 10 14 36 21 15 13,13 | 32 13 12 25 35,39 | 11
85 19 13 21 30 21 10 18 16 11 18 10 15 24 10 13 42 18 14 13,18 | 26 14 12 23 37,38 | 10
86 19 12 23 30 20 10 16 17 11 18 10 17 24 14 13 39 18 14 15,19 | 28 14 12 22 36,37 | 10
87 19 12 24 29 20 10 18 15 12 19 10 14 25 10 13 36 17 14 12,20 | 31 12 12 25 36,38 | 11
88 17 12 22 28 22 10 21 16 11 19 10 15 26 10 13 36 20 14 14,19 | 31 12 12 24 36,36 | 11
89 18 12 20 28 17 10 19 14 11 20 10 15 24 11 14 33 18 15 15,18 | 30 12 11 23 35,38 | 11
90 19 13 21 29 20 10 17 16 11 18 11 15 25 10 13 40 16 14 13,19 | 26 14 12 23 37,39 | 11
91 18 11 21 28 19 10 18 15 10 18 11 14 25 10 13 42 16 14 13,18 | 26 14 12 23 37,38 | 10
92 17 12 20 28 22 12 15 15 10 18 10 15 23 10 14 38 19 14 13,14 | 31 13 11 24 36,40 | 11
93 18 13 23 29 21 10 17 15 12 18 11 16 24 10 13 40 17 14 16,20 | 29 14 12 23 37,37 | 10
94 18 11 22 28 21 10 18 16 10 18 11 13 25 10 13 40 16 14 13,18 | 26 14 12 23 38,38 | 10
95 18 11 23 28 20 10 18 16 10 18 12 14 25 10 13 41 17 14 12,18 | 26 14 13 24 37,37 | 10
96 18 13 22 30 18 10 17 16 11 18 10 15 24 10 13 43 18 14 13,18 | 27 13 12 22 39,39 | 11
97 19 13 22 30 22 10 17 15 11 18 10 17 25 10 13 40 16 14 13,14 | 28 14 14 22 37,37 | 10
98 17 13 21 29 20 11 19 15 11 18 9 15 23 10 13 40 16 14 12,18 | 26 14 12 22 38,38 | 10
99 19 11 21 27 22 10 18 16 10 18 11 14 25 10 13 42 16 14 13,18 | 26 14 12 23 37,38 | 10
100 | 20 14 22 30 23 10 16 13 10 19 9 16 24 12 14 35 19 14 15,23 | 30 14 11 24 38,38 | 12
101 | 18 14 22 30 22 11 15 16 11 18 10 16 24 10 13 41 16 14 16,19 | 29 14 11 23 37,39 | 12
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102 | 16 12 23 27 24 10 17 17 11 18 10 15 23 10 13 32 19 15 13,20 | 36 13 13 27 36,36 | 12
103 | 19 13 22 29 22 11 16 15 11 18 10 15 25 10 14 42 16 14 15,19 | 29 14 13 23 37,38 | 10
104 | 17 12 21 30 20 10 19 17 12 18 10 14 24 10 13 38 19 15 14,14 | 32 12 11 24 36,38 | 11
105 | 17 13 23 30 23 11 16 15 11 18 11 16 25 10 13 41 17 14 15,15 | 30 14 13 23 35,37 | 10
106 | 19 14 21 30 20 11 15 15 11 18 11 16 25 10 13 41 15 14 15,20 | 29 14 12 24 36,37 | 10
107 | 18 12 21 29 18 10 17 14 12 20 11 15 24 11 14 36 18 15 13,18 | 33 12 12 23 38,38 | 10
108 | 17 13 20 29 22 11 18 16 11 21 10 15 24 10 11 37 17 14 11,18 | 31 15 11 24 34,36 | 12
109 | 16 13 21 30 21 11 15 16 12 18 10 16 24 10 14 37 20 14 13,13 | 32 13 13 26 37,38 | 12
110 | 18 13 21 29 20 9 16 15 11 20 10 15 24 10 13 40 19 15 13,18 | 31 13 11 24 37,39 | 12
111 | 16 12 20 28 21 11 17 14 12 18 10 15 24 10 13 38 19 16 13,13 | 32 13 13 24 36,40 | 11
112 | 19 13 21 29 19 11 19 16 11 18 10 15 23 10 13 39 16 14 13,13 | 27 14 12 23 38,38 | 10
113 | 19 11 21 29 21 10 19 16 10 19 11 14 25 10 13 42 16 14 14,18 | 25 14 12 23 37,38 | 10
114 | 19 14 23 31 21 10 16 14 12 18 10 15 24 10 13 42 16 14 15,20 | 28 14 12 24 37,38 | 10
115 | 17 14 21 31 21 10 16 15 10 18 10 15 24 10 12 38 19 14 15,17 | 27 14 12 22 36,38 | 11
116 | 16 12 21 30 20 10 15 15 12 17 10 15 22 10 13 38 20 14 12,13 | 30 13 12 26 38,38 | 12
117 | 18 12 22 27 20 10 17 14 11 18 11 15 23 10 13 41 15 14 13,19 | 26 14 12 22 37,39 | 10
118 | 19 13 22 29 22 10 16 15 11 18 10 15 25 11 14 43 16 14 15,19 | 29 14 13 23 37,38 | 10
119 | 18 13 23 28 22 10 17 16 12 20 10 15 25 10 13 39 20 15 13,18 | 36 12 12 27 40,40 | 11
120 | 19 14 21 30 23 10 16 16 10 18 11 14 24 10 13 42 18 14 13,18 | 26 14 12 23 36,36 | 10
121 | 19 13 20 29 21 10 12 15 12 18 11 15 25 10 13 43 18 14 15,22 | 29 15 11 23 38,38 | 10
122 | 19 13 21 29 22 10 16 16 11 18 10 15 26 10 13 42 17 14 13,18 | 27 14 12 23 37,37 | 10
123 | 18 13 20 29 21 10 12 15 12 18 11 15 25 10 13 43 17 14 15,21 | 29 14 11 23 38,38 | 10
124 | 17 13 23 29 21 10 18 17 11 18 11 15 24 10 13 39 16 15 13,17 | 25 13 12 22 38,39 | 10
125 | 15 12 21 29 22 11 15 15 12 19 10 16 23 10 14 37 19 14 13,13 | 30 13 13 26 36,41 | 12
126 | 15 13 23 29 20 11 16 15 12 20 11 15 23 10 11 38 16 14 11,18 | 33 14 10 24 37,39 | 12
127 | 18 12 19 29 22 10 15 15 12 18 12 16 23 10 14 37 19 14 13,13 | 32 14 11 27 38,40 | 11
128 | 18 11 21 28 21 10 19 16 10 18 10 14 25 10 13 41 16 14 13,17 | 26 14 12 23 37,38 | 10
129 | 19 13 23 28 21 9 18 16 12 21 10 15 25 10 13 41 19 15 13,19 | 35 12 13 26 40,40 | 11
130 | 19 12 20 27 22 10 17 15 12 19 11 15 23 10 12 37 16 15 12,13 | 35 12 12 22 37,39 | 12
131 | 16 13 22 30 21 10 19 15 11 18 10 14 24 11 14 41 17 14 13,20 | 25 12 13 24 37,37 | 10
132 | 18 12 22 28 19 11 18 16 11 18 10 15 25 10 13 41 18 14 13,18 | 33 14 12 23 38,39 | 10
133 | 18 12 22 28 20 10 17 14 11 17 11 15 24 10 13 41 19 14 13,21 | 27 14 12 22 37,39 | 11
134 | 16 14 21 32 20 10 18 14 11 20 10 15 23 11 10 37 20 15 12,17 | 29 14 11 27 37,40 | 11
135 | 19 13 19 29 24 10 16 15 12 19 10 15 24 10 13 37 19 15 12,16 | 32 12 12 22 38,39 | 12
136 | 18 12 24 28 20 9 17 16 12 20 10 14 23 10 13 37 19 15 15,19 | 32 12 12 24 37,40 | 12
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137 | 18 11 21 27 23 10 18 16 10 18 11 14 25 10 13 42 16 14 13,18 | 26 14 12 24 37,39 | 10
138 | 19 13 22 31 20 16 15 11 18 11 15 25 10 13 41 17 14 13,19 | 26 14 13 23 38,38 | 11
139 | 19 12 20 28 18 19 14 12 20 10 15 24 11 14 35 17 15 13,18 | 31 11 13 23 35,38 | 11
140 | 19 12 20 29 22 16 16 12 20 10 16 22 10 13 37 17 14 11,20 | 32 12 11 25 37,39 | 11
141 | 18 14 20 32 24 18 15 12 19 10 14 26 10 12 36 16 15 12,16 | 31 12 11 25 35,40 | 12
142 | 19 13 22 30 18 10 17 16 11 18 11 15 24 10 13 40 16 14 13,17 | 28 14 12 23 38,39 | 10
143 | 19 12 23 29 21 10 18 15 12 19 10 13 25 10 13 36 18 14 12,20 | 31 12 12 25 36,38 | 11
144 | 19 14 21 30 23 12 16 15 11 18 10 16 23 10 13 40 16 14 15,19 | 29 14 11 23 37,37 | 11
145 | 17 12 21 28 20 11 16 15 12 18 10 15 23 10 14 35 20 14 13,13 | 31 13 11 24 35,38 | 11
146 | 20 13 21 30 23 10 15 15 11 17 11 15 25 10 13 39 16 14 14,16 | 30 13 12 23 36,37 | 10
147 | 18 13 22 29 22 12 18 16 11 17 11 15 24 10 13 41 17 14 13,18 | 28 14 13 23 38,39 | 10
148 | 18 13 21 29 22 12 21 16 12 18 11 16 24 10 13 39 19 14 12,15 | 31 12 12 22 37,39 | 10
149 | 18 14 21 30 24 10 18 16 11 18 10 16 25 10 14 41 16 14 15,19 | 32 15 14 22 37,38 | 10
150 | 17 11 21 27 23 10 18 15 10 18 12 14 25 11 13 42 16 14 13,18 | 26 14 12 23 38,38 | 10
151 | 15 12 24 28 22 12 17 15 11 19 11 15 25 11 11 39 23 14 15,19 | 27 13 11 25 38,38 | 12
152 | 19 12 23 29 20 10 18 15 12 19 10 13 25 10 13 36 17 14 12,20 | 30 12 12 25 36,38 | 11
153 | 18 13 22 30 19 10 16 16 11 18 11 15 24 10 13 40 16 14 18,19 | 27 14 13 23 37,38 | 10
154 | 17 14 22 30 19 11 18 16 11 18 11 15 24 10 13 42 17 14 13,18 | 26 14 12 23 36,39 | 10
155 | 19 12 21 29 22 10 20 17 12 19 11 14 23 10 14 36 18 14 13,19 | 31 12 12 24 37,38 | 10
156 | 18 14 22 30 21 10 13 17 11 17 11 15 24 10 13 40 16 14 13,19 | 27 14 13 21 37,37 | 10
157 | 17 11 21 27 21 10 18 17 11 17 11 14 25 10 13 42 16 14 13,18 | 26 14 13 23 37,38 | 10
158 | 20 13 23 31 19 10 18 15 11 18 10 15 23 10 13 41 23 14 12,20 | 32 14 12 23 34,34 | 10
159 | 19 14 22 29 21 11 15 15 11 18 10 15 25 10 13 41 16 14 15,19 | 29 14 11 23 36,38 | 11
160 | 20 13 22 29 20 10 17 17 11 19 10 15 24 10 13 41 15 14 13,19 | 26 14 12 23 37,38 | 10
161 | 19 12 22 29 22 10 16 15 12 19 10 13 25 10 13 36 18 14 12,19 | 31 12 12 25 36,38 | 11
162 | 20 14 21 30 22 11 15 15 11 18 10 16 24 10 13 42 16 14 15,19 | 29 14 11 23 37,38 | 11
163 | 18 13 20 30 19 10 18 14 12 20 10 16 24 11 14 37 19 14 12,14 | 33 12 12 23 35,37 | 11
164 | 17 13 20 29 20 11 14 14 12 18 10 15 23 10 14 36 20 15 13,13 | 32 14 12 24 36,39 | 11
165 | 21 13 23 29 21 10 16 15 11 18 11 15 25 10 14 45 16 14 15,19 | 28 14 14 23 37,38 | 10
166 | 16 12 21 30 13 11 15 15 11 18 10 15 23 10 14 36 20 14 13,13 | 30 13 12 24 37,39 | 11
167 | 18 14 21 29 22 10 16 15 12 18 10 15 24 10 13 39 19 14 12,17 | 30 14 11 23 36,38 | 10
168 | 19 13 21 30 20 10 18 16 11 18 11 15 24 10 13 41 16 14 13,19 | 26 14 12 23 36,39 | 10
169 | 18 12 24 29 21 10 18 16 11 18 10 15 25 10 13 38 16 14 13,20 | 34 12 13 23 38,38 | 12
170 | 19 11 21 27 20 10 18 16 10 18 11 14 25 10 13 42 16 14 13,18 | 26 14 12 24 37,38 | 10
171 | 17 13 22 29 22 11 19 16 11 18 11 15 23 10 15 41 16 14 13,17 | 26 14 12 23 38,39 | 10
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172 | 17 13 21 29 23 10 15 12 11 17 11 14 24 9 13 40 16 14 13,19 | 26 14 11 23 37,38 | 10
173 | 17 13 21 28 22 10 15 15 11 18 11 15 25 10 13 38 17 14 15,21 | 29 14 12 23 36,37 | 10
174 | 18 13 21 29 23 10 18 16 11 18 11 16 26 8 13 42 16 14 13,18 | 29 13 12 23 37,37 | 10
175 | 19 12 23 28 20 10 18 15 12 19 10 13 25 10 13 37 17 14 12,20 | 31 12 12 25 36,37 | 11
176 | 19 14 21 30 23 10 15 15 11 19 11 12 25 10 13 42 15 14 13,15 | 34 12 13 23 37,37 | 10
177 | 19 13 21 30 21 11 17 17 11 17 12 15 24 10 13 43 18 14 13,18 | 26 14 11 23 39,39 | 10
178 | 18 12 21 27 23 10 16 15 11 18 11 16 25 11 13 41 14 14 13,15 | 29 10 12 23 38,39 | 10
179 | 16 12 21 28 22 10 17 16 12 18 10 15 23 11 13 37 17 15 12,19 | 30 11 11 27 34,40 | 11
180 | 18 12 19 29 23 10 15 15 12 18 11 16 23 10 14 37 18 14 13,13 | 31 13 12 25 38,40 | 11
181 | 18 14 21 30 22 11 15 15 11 18 10 16 24 10 13 42 16 14 15,19 | 30 14 11 23 37,37 | 11
182 | 17 14 20 31 20 11 16 15 12 18 10 15 24 10 13 38 18 14 12,17 | 29 14 11 23 38,40 | 11
183 | 16 14 21 29 21 10 16 15 11 18 10 14 24 10 13 38 19 14 12,17 | 28 14 11 23 36,39 | 10
184 | 18 11 23 27 24 10 17 15 12 21 10 15 25 10 13 40 20 15 13,17 | 35 12 12 26 39,40 | 11
185 | 18 13 21 28 24 10 17 17 11 17 12 15 24 10 13 42 18 14 13,18 | 26 14 11 23 37,39 | 10
186 | 18 14 23 31 21 11 15 14 11 19 11 16 24 11 14 36 18 14 11,12 | 30 13 11 23 38,40 | 12
187 | 18 12 19 29 23 10 17 15 13 18 10 17 23 10 14 37 19 14 13,13 | 31 13 13 25 38,40 | 11
188 | 18 14 23 31 18 11 17 15 13 20 10 15 25 11 11 44 19 14 11,14 | 33 13 10 23 38,38 | 11
189 | 19 12 22 28 23 10 18 15 12 19 9 14 25 10 13 35 18 15 12,20 | 33 12 11 26 36,39 | 11
190 | 18 13 21 28 22 9 18 16 12 19 10 16 22 10 13 39 17 15 11,11 | 32 12 12 24 37,40 | 12
191 | 18 13 21 30 19 10 18 16 11 18 8 14 22 10 13 40 17 14 13,19 | 27 14 12 22 37,39 | 10
192 | 16 13 21 29 20 9 20 15 10 20 11 15 23 10 11 38 20 12 13,20 | 32 14 10 28 38,40 | 11
193 | 19 13 22 29 22 10 16 15 11 18 11 15 26 10 13 39 16 14 15,20 | 28 14 12 22 37,38 | 10
194 | 19 12 24 29 20 10 18 15 12 19 10 13 25 10 13 36 17 14 12,18 | 31 12 12 25 36,37 | 12
195 | 18 14 21 30 22 10 15 15 11 19 10 16 24 10 13 43 22 14 14,19 | 29 12 11 23 37,37 | 11
196 | 20 12 21 28 18 9 20 14 12 19 9 15 24 11 14 36 17 15 13,18 | 31 11 13 23 35,38 | 11
197 | 17 14 23 31|20 10 20 17 11 18 11 15 24 10 13 43 16 14 12,12 | 26 14 12 23 39,40 | 10
198 | 18 13 23 29 23 10 17 16 12 21 10 15 25 10 13 40 20 15 13,17 | 34 12 12 27 39,39 | 11
199 | 19 11 23 27 19 10 19 14 12 20 10 15 25 10 13 39 19 15 13,19 | 31 12 11 26 39,40 | 11
200 | 18 12 21 28 18 13 17 15 12 20 10 15 24 11 14 36 20 15 12,19 | 33 13 11 21 37,37 | 11
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