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TOM TAT

Viéc xac dinh gidi tinh tir nhitng nhitng diu vét DNA hodc vét mau tai hién trudng la mot bude quan trong trong
linh vuc phap y. SRY gene (sex determining region) 1a gene riéng biét nam trén nhiém sic thé Y nén chi c6 &
nam gidi va dugc sir dung dé chi ra kiéu gene nam gi6i. Dya trén dic diém cua SRY gene, ky thuat sinh hoc
phén tor PCR da duoc su dung dé khuéch dai SRY gene nham phan biét gi6i tinh tir mau mau ngudi. Tuy nhién,
phuong phap PCR van c6 mot s6 nhuge diém nhu tén thoi gian va chi phi cho viéc thyc hién, can dau tu nhiéu
thiét bi dat tién va khong thé thuc hién dugc tai hién truong. Trong nghién ctru nay, phuong phap LAMP duoc
sir dung von dugc biét 1a mot phuong phap don gian, nhanh, ¢6 do tin ciy cao, gia thanh thap, dé thyc hién, phat
hién nhanh tai hién truong dugc sir dung cho viéc phan biét gidi tinh nguorl truc tiép tir mau mau _ma khong can
qua ly trich DNA. Phian tmg LAMP dugc thuc hién ¢ nhiét do 65°C véi cac mau mau tuoi VA mau mau dé kho
thém qua gléy loc. Két qua dat dugc & hai loai mﬁu khi sir dung ky thuat LAMP déu thu dugc duorng tinh véi
mau ¢6 gidi tinh nam. Qua do, ¢6 thé khang dinh ring phuong phap LAMP c6 kha nang phén biét gidi tinh trén
mau mau ngum nhanh chéng va do nhay cia LAMP cao hon so véi k¥ thuat PCR. Diéu nay c6 ¥ nghia rat 16n
cho cong tac xac dinh nhanh giéi tinh nguoi trong phap y va nhiéu ing dung khac trong y sinh.

Tir khoa.: Sex determination, SRY, LAMP, phat hién nhanh, PCR, phép y.

MO PAU

Bo nhiém séc thé clia nguoi binh thuong bao gom 22 cap nhiém sac thé thuong va 1 cap nhiém sac thé gioi
tinh, XX quy dinh gi&i tinh nir hoac XY quy dinh gIOI tinh nam.Trén nhiém séc thé X va Y, co ton tai rat nhiédu
gene quy dinh cac tinh trang khac nhau va trong so nhirng gene do, xuét hién mét gene dac biét chi ndm trén vai
ngan nhiém sic thé Y gilp ich cho viéc nhan dang gidi tinh trong sinh hoc phan t&r d6 la SRY (Sex determining
region Y) (Gubbay et al., 1990; Sinclair et al.,1990). Gene SRY ma hoda protein cé chira nhom HMG khoang 78
amino acid. Protein nay gén ADN hoat héa mét hay nhiéu gen khac trong hé théng cac nhan tb hoat hoa cac gen
didu khién sw phat trién cia tinh hoan (KeIIermayer et al.,, 2005). Khi thiéu sy hién dién ctia TDF
(testisdetermining factor) md sinh duc sé& phat trién thanh noan hoang TDF ¢6 tinh bao tdn & déng vat cé v,
chung c6 nhiéu diém gidng nhau gitra cac loai. Vao gitra tuan tht 5 va thi 6 cia phoi thi gen SRY xuét hién. N6
kh&i dong mét loat qua trinh phirc tap: nhitng t& bao nguyén thdy cla tinh hoan, duong vat xuét hién.
Testosterone tiy tinh hoan tiét ra lam biét hda phéi thanh bé trai. Hién nay viéc dinh lwgng va xac dinh giéi tinh
phuc vu trong y hoc va linh vic phap y dwoc thwe hién bang ky thuat PCR, multiplex PCR va realtime PCR
(Andreasson, Allen, 2003; Kastelic, 2009; Finch et al., 1996). Uu diém cla nhitng phwong phap nay chinh Ia tinh
chinh xac, 6 nhay, d6 tin cay va co6 tinh tng dung cao trong xét nghiém phap y. Tuy nhién, nhitng phwong phap
trén doi hoéi phai dwge thwe hién trong phong thi nghiém, chi phi dau tw trang thiét bi cao, mat thoi gian trong
phan tich, can bo ky thuat phai co k§ ndng, chi phi cao va diéu quan trong la khoéng thwe hién chin doan nhanh
tai hién trwong. Loop mediated isothermal amplification (LAMP) dwoc xem 1a mot phwong phap mang tinh thay
thé vi nhitng wu diém la ch&n doan nhanh trong vong 30 phut, khéng bi &nh hudng béi chat lwong DNA, chi phi
it, @ nhay va dd chinh xac cao va quan trong la c6 thé thyc hién dwoc tai hién trwdng. Viéc xac dinh gidi tinh
bang ky thuat LAMP ciing dwoc phat trién dwa trén trinh tw cia gen TTTY va SRY vén 1a 2 gen tiéu biéu ndm
trén nhiém sic thé Y (Anantasomboon, 2016; Almasi, Almasi, 2017). Cac phwong phap nay chu yéu st dung
DNA tinh sach truc tiép tir mau mau va nuwéc tiéu khong thich hop cho viéc phat hién nhanh tai hién truedng.
Trong nghién ctru nay viéc phan biét gioi tinh nguoi bang ky thuat LAMP sé& dwoc thwe hién tryc tiép trén mau
mau khéng qua ly trich DNA. Két qua dat dwgc trong nghién ctru ndy sé cd y nghia rat I16n trong cong tac phap y
tai hién trudng.

NGUYEN LIEU VA PHUONG PHAP

Ly trich DNA tir mau mau

Tién hanh tach chiét DNA tir 9 mau mau thu thap tir bénh vién, nhitng mau nay da nam rd va xac dinh duoc
thong tin giGi tinh. Phwong phap tach chiét DNA tir mau mau twoi bang hoa chat dwoc thiye hién nhu sau: Mau
dwoc ra dong sau dé hut 1ml mau cho vao 6ng eppendorf thé tich 2 ml. Thém 0,8 ml 1X SSC buffer, mix, va ly
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tam 12000 rpm/1 phut. Loai bd 1 ml dich ndi, thém 1 ml 1X SSC buffer, vortex, ly tam 12000 rpm/1 phuat sau d6
bo hét dich ndi. Thém 0,375 ml va NaOAc 0,2 M, vortex nhanh, sau dé thém vao 0,025 ml 10% SDS va 0,005 ml
proteinase K, vortex nhanh, G 1 gi&’ & nhiét do 55°C. Buérc tiép theo thém 120 ml Phenol:Chloroform:lsoamyl:Alcohol
vao cac tuyp eppendorf da 0, vortex khodng 30 gidy. Sau do, ly tam 12000 rpm/2 phut. Ht dich ndi qua tuyp méi,
thém 1 ml cold 100% ethanol, mix, G 15 phat & nhiét dd - 20°C. Ly tam 12000 rpm/2 phdt, loai dich ndi dé rao tw
nhién. Thém 0,18 ml 10:1 TE buffer, vortex, & 10 phat & nhiét dd 55°C. Sau d6 ta thém vao 0,02 ml NaOAc 2 M
vao eppendorf da G, mix déu bang pipet, tiép theo cho thém 0,5 ml 100% ethanol vao tuyp da mix. Hén hop dwoc
mang di ly tdm 12000 rpm/1 phat. Sau ly tam, dich ndi dwoc loai bd, tién hanh rira pellet béng
1 ml ethanol 80%. Ly tam 12000 rpm/1 phut. Loai dich ndi, d& pellet khd (khodng 10 phut) cho dén khi kho. Cb
dinh pellet bang 0,2 ml 10:1 TE buffer. Git*r mau qua dém & 55°C, vortex dinh ki d& hoa tan DNA bd gene. Bao
quan & - 20°C. Cac mau DNA sau ly trich s& dwoc dién di trén gel agarose c6 ndng dé 1% va chay & nhiét d6
100°C trong 25 phat va 100 V. Sau dé két qua sé& duoc quan sat va chup bén dwéi dén UV 302 nm (UVP,
Hoa Ky).

Phwong phap so6c nhiét

S6 lwgng mau duoc séc¢ nhiét bao gébm: 3 mau mau twoi & nam, 3 mau mau twoi & niv, cdc mau mau khd theo
cac mbc thoi gian bao gom sau 3 va 5 thang. Phuong phap séc nhiét duoc thuc hién bang cach pha loang mau
v&i nudc cat khiv ion ( dbi voi mau mau twoi) va TE buffer (dm v&i cac mau mau kho), khi pha lo&ng phai mix déu
gitra mau va nuwédc ddi véi mau mau twoi hodc TE dbi vai mau khd. Sau d6 mau pha lodng sé duoc tach riéng nam
va ni¥ tranh bj tap nhiém va dwoc gitr trong ti G nhiét voi nhiét do 100°C trong 10 phit. Mau dwoc u sau 10 phut
dwgc mang di ly tdm 12000 rpm/3 phat. Cubi cung hut dich ndi chuyén sang tuyp moi, phan dich néi nay la phan
mau twong da dwoc pha vé té bao, phan cén dwoc loai bd. Mau sau khi sbc nhiét c6 thé dwoc dung truc tiép dé
thwe hién phan trng LAMP ma khéng can phai gitr qua dém.

Phan tvng PCR

Khuéch dai PCR dwoc thuwc hién bang mdi ctia 2 gen ATL1 va SRY duoc liét ké trong bang 1. Gen ATL1 la gen
d&u xuat hién & nam va ni giéi cho nén gen ATL1 dwoc st dung nhw I& ddi chirng no6i dé danh gia chéat lwong
DNA sau khi ly trich tir mau mau. Gene SRY la gene chi xuat hién & nam gi¢i ma khong xuét hién & ni gi¢i. Thé
tich phan (rng PCR 13 25 pl bao gébm: 12,5 ul GoTagq clia nha san xuit Omega, 1,2 pl mdi xudi, 1,2 ul médi nguorc,
9,5 pl nwéc cat khir ion, 1 ul DNA mau. Chu trinh phan (rng PCR bao gdm 95°C trong 2 phut, 35 chu ky vé&i 95°C
trong 1 phut, 48°C (ATL1)/ 52°C (SRY) trong 30 giay va 72°C trong 30 gidy. Phan (rng PCR duwoc gitv & 72°C
trong 5 phat. Phan (rng PCR duoc dién di trén gel agarose gel 1,5% nhudém véi thudc GelRed, chay trong dém
0,5 X TBE buffer & 100 V trong 30 phut va sau d6 dwoc quan sat va chup dwéi dén chiéu UV 302 nm.

Phan &vng LAMP

Phan rng LAMP duoc thuc hién bdi bd mdi duwoc thiét k& cho viéc phat hién gen SRY (Bang 1). Cac mau mau
twoi va mau mau khé déu s dung trong nghién ctru ndy. Phwong phap sbc nhiét dwoc thuwe hién bang cach pha
lodng mau véi nudc cét khiy ion (@i véi mau mau twoi) va TE buffer (d6i véi mau mau kho), khi pha lodng phai mix
déu gitra mau va nwéc ddi véi mau mau twoi hodc TE dbi véi mau khd. Sau d6, mau pha lodng sé duoc tach riéng
nam va ni tranh bj tap nhiém va dwoc giir trong ti sdy & nhiét dd 100°C trong 10 phat. MAu dwoc G sau 10 phuat
dwoc mang di ly tam 12000 rpm/3 phat. Cudi cung hut dich néi chuyén sang tuyp méi, phan dich ndi nay la phan
mau twong da dwoc pha vé té bao, phan can dwoc loai bd. Mau sau khi sbc nhiét cé thé dwoc dung truc tiép trong
thi nghiém nay. Phan rng LAMP dwoc chuan bi v&i ndng d6 mdi phu hop (1,6 uM of F3/B3, 0,4 uM of FIP/BIP,
3,2 uM of LoopF/LoopB), 15 ul isothermal Master Mix (OptiGene, UK) va 1 ul DNA khuén. Cac mau mau tuoi va
khé sau khi s6c nhiét cé thé siv dung truec tiép cho phan tng LAMP dwoc thue hién & nhiét do 65°C va dwoc thyc
hién bdng may Genie Il clia nha san xuét Optigene, Anh qubc. Mau sau phan (*ng LAMP dwoc dién di & 50 V
trong 50 phut, gel agarose néng d6 1,5%, GelRed (TBR, Vietnam). Sau dé quan sat va chup hinh dwéi anh dén
UV 302 nm.

Kiém tra do nhay cta phan rng LAMP

D6 nhay, ngwdng phat hién cua phwong phap LAMP dugc danh gia qua cac ndng d6 gidm dan cta DNA. Phan
trng bao gom DNA déi chirng duong va mau mau nam da dwoc soc nhiét tir mau twoi dwgc pha loéng dén 107,
mau LAMP am (nwéc cét hai 1an). Phan (rng LAMP di&n ra véi hdn hop Master mix, 7 mau & cac ndng do pha
lodng ttr 10™ dén 107, bd mdi LAMP ctia gene SRY va nwdc cat. Phan (rng dwoc thuc hién bing may Genie |l
b&i nha san xuét Optigene, Anh Quéc.

KET QUA VA THAO LUAN
Phan biét gi&i tinh ngwei bang ky thuat PCR

Téng cdng 9 mau mau trong nghién ctru nay bao gém~5 nam va 4 nir duoc ly trich DNA va danh gia kha nang
khuéch dai PCR béng mdi ATL1 vén hién dién trén nhiém sic thé X va Y. Két qua qua khuéch dai cho thay san
phdm PCR véi kich thwéc khoang 300 bp dwoc ghi nhan trén cac mau DNA cla cad nam gi¢i va niy gidi
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(hinh 1A). Bidu nay cho thay chat lwong DNA sau khi ly trich tir mau mau la dat chat lwong, khong bi tap nhiém,
chét lwong mdi ATL1 tét va dac hiéu do khdng xuét hién cac band phu, cac thanh phan s dung cho phan rng
PCR khéng bi tap nhi&m, d6 sang san pham khuéch dai t6t, ding kich thwéc clia gene ATL1. San phdm DNA
clia 9 mau mau nay tiép tuc dwoc st dung cho viéc danh gia kha nang phan biét gi6i tinh bang kj thuat PCR st
dung mdi F3 va B3 clia gen SRY (bang 1). Mdi F3 va B3 13 hai mdi viing ngoai clia doan trinh tw dung dé thiét ké
moi LAMP véi kich thwéde 1a 200 bp. Két qua cho thy doan khuéch dai 200 bp xuét hién trén cac mau DNA cla
nam gi&i nhung lai khéng xuét hién trén cac mau DNA nir gidi (hinh 1B). Két qua nay twong déng véi két qua
clla cac nghién ctru trwéc day chi ra tinh chuyén biét cia gen SRY trong viéc phan biét gi¢i tinh nguoi
(Kanchanaphum, 2013). Viéc str dung gen SRY trong phan tich phap y va y sinh da chirng minh tinh hiéu qua
clia gen nay trong viéc phan biét nam gi¢i mét cach dé dang théng qua cac phuong phap sinh hoc phan ti nhw
PCR, nested PCR va realtime PCR (Andreasson, Allen, 2003; Kastelic, 2009; Finch et al., 1996).

Bang 1. Bang liét ké moi PCR va LAMP dung trong nghién ctru nay

Gen Trinh tw nucleotide Ghi chad
ATLLF 5 CCCTGATGAAGAACTTGTATCTC 3 Gunter et al.. 1998
ATLLR 5 GAAATTACACACATAGGTGGCACT 3 .
SRY-F3 5 AACAGTAAAGGCAACGTCCA 3' N .
SRY-B3 5 TCTCTGTGCATGGCCTGTA 3' Moi F3 va B3 cho phan (ing PCR
SRY-F3 5 AACAGTAAAGGCAACGTCCA 3'
SRY-B3 5 TCTCTGTGCATGGCCTGTA 3'
SRY-FIB 5 CCATCTTGCGCCTCTGATCGCTTTTAGA
GTGAAGCGACCCATGAA 3 .
SRY-BIP 5" AGAGATCAGCAAGCAGCTGGGTTTTAGA Moi SRY cho phan (ng LAMP
ATGGCCATTTTTCGGCT 3
SRY — LoopF 5 AGACCACACGATGAATGC 3
SRY — LoopR 5 CCAGTGGAAAATGCTTACT 3

(A) M F1 F2 F3 F4 M1 M2 M3 M4 M5 (9

<— 300 bp

(B) M F1 F2 F3 F4 M1 M2 M3 M4 M5 (-

1kb -

~
200 bp > <— 200 bp

~ Hinh 1. Két qua phan biét gii tinh ngwei bang ky thuat PCR
_ (A) Két qua dién di sén pham PCR cda gen ATL1 (B) Két qua dign di cta gen SRY.
Mau nam gi6i: M1, M2, M3, M4, M5; mau ni¥ gioi: F1, F2, F3, F4; doi chuimg am: (-); ladder 1Kb: M.

Phan biét gi&i tinh ngwei bang ky thuat LAMP

Nghién ctru (rng dung k¥ thuat LAMP trwéc day trong viéc phan biét gidi tinh & ngwoi chi yéu 1a s& dung DNA ly
trich tr m&u mau cla céc thai phu & tudn thir 8 va mau nwéc tiéu lan lwot dwa trén gen SRY va TTTY (Almasi
and Almasi, 2017; Anantasomboon, 2016). Trong nghién ctru nay, ching t6i nghién ctru kha néang tng dung
LAMP trong viéc phan biét gi6i tinh nguoi truc tiép trén mau mau twoi va mau khé ma khdng qua ly trich DNA.
Trong nghién ctru nay thi nghiém duoc thuc hién voi 3 mau mau twoi clia nam va 3 mau mau twoi cta niv. Mau
thi nghiém dwoc x& ly bang phuong phap sbc nhiét trwdc khi tién hanh phan 'ng LAMP béng thlet bi Genielll
(Optigene, Anh quéc). Ket qua chi ra rang duong khuéch dai (ampllflcatlon blot) dwgc thdy trén 3 mau nam gioi
nhwng khodng c6 trén 4 mau niv gidi va mau am tinh (hinh 2A). K&t qua dién di sdn pham LAMP ciing chi ra ring
chi ¢c6 3 mau nam gidi thé hién dwong tinh 1& nhitng vét DNA dang hinh thang nhwng khdng cé trén cac mau niv
gi¢i va mau am tinh (hinh 2B).

Dé danh gia kha nang phan biét gi&i tinh nguwdi trén vét mau khd béng ky thuat LAMP, 7 m&u mau ctia nam gidi
dwoc nhd vao gidy loc, d& kho & nhiét dé phong theo cac méc thdi gian khac nhau gdm, 3 va 5 thang va dwoc xt
ly bang sbc nhét trwdc khi thwe hién phan ¢ng LAMP. Két qua dién di sdn phAm LAMP trén agaroase gel chi ra
réng tat cd cac mau mau nam sau 3 va 5 thang d&u xuét hién vach thang DNA so v&i mau am LAMP khong xuét
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hién vach thang DNA (hinh 3A va 3B). Két qua nay cho thdy du diéu kién chét lwvong mau phic tap do dé kho
lau, di kém véi ly trich soc nhiét trong méi trwdng khéng ly twdng nhwng phuwong phap LAMP van c6 thé phat
hién duwoc gene SRY trong mau.

Apkficaton
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Hinh 2. Két qua phan biét gi&i tinh nguei bang ky thuat LAMP
(A) Buong cong khuéch dai sén phédm LAMP duoc quan sét trén céc mau nam giGi dua trén thiét bj Genielll (Optigene,
Anh quéc). (B) Két qua dién di sén phdm LAMP trén gel agarose. M&u nam gi6i: M1, M2, M3; mau ni¥ giéi: F1, F2, F3, F4;
dbi ching am: (-), Ladder 1Kb: M

M -LAMP M1 M2 M3 M4 M5 M6 M7

1kb -

200 bp -

M -LAMP M1 M2 M3 M4 M5 M6 M7

1kb -

200 bp -

Hinh 3. Két qua dién di san pham LAMP cua gen SRY tréngel agarose
B (A) Mau mau khé sau 3 thang (B) Mau mau khé sau 5 thang.
Mau nam giéi: M1, M2, M3, M4, M5, M6, M7; doi chtrng &m: (-LAMP), Ladder 1Kb: M

So sanh d6 nhay ctia phan irng PCR va LAMP

Pha lo&ng mAu DNA nam gIO’I theo cAp do tir 10™ - 10”7 cho viéc so sanh dd nhay clia phan (ng PCR va LAMP
trong viéc phan biét gi¢i tinh & ngudi. Két qua phan (rng PCR cho thay chi phat hién duwgc SRY & nong do pha
lodng la 10" trong khi cac nong d6 khac khong phat hién dugc (hinh 4A). Trong khi d6 LAMP c6 thé phat h|en
SRY khoéng chi trén cac mau DNA ma ca trén mau miu mau sau khi séc nhiét & cac ndng dé pha lodng dén 107
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(hinh 4B va 4C). Két qua nay cho thay, do nhay clia LAMP cao hon so véi PCR va c6 mét sb wu diém ma PCR
khong thé thwe hién dwoc chinh Ia kha nang phat hién tai hién trwong trong thoi gian rat ngén khoang 30 phut,
khong can ly trich DNA ma chi can vét mau & ndng do rat it van c6 thé phat hién dugc. Didu nay cé y nghia rat
I&n va quan trong trong phap y giup phan biét gi®i tinh nguwdi mét cach nhanh chéng va chinh xac.

107" 102 103 10* 10° 106 107 M

<=

(A) <« 1kp

200 bp

M 10" 102 10 10* 105 10° 107 ©

(B) 1kb
200 bp -
M 10" 102 10 104 10° 106107 ©
(C) 1kb -
200 bp »

Hinh 4. So sanh d6 nhay cua hai phwong phap PCR va LAMP trong viéc phan biét gi&i tinh nguoi
(A) Ket qua kiém tra d6 nhay cua phan tng PCR (B) Két qua kiém tra do nhay cta 1 phan tng LAMP trén mau DNA pha loédng &
céc néng dé khac nhau (C) Két qua kiém tra dé nhay cta phan tng LAMP trén mau méu pha lodng & cac néng dé khac nhau.
dbi ching LAMP &m: (-), Ladder 1Kb: M

KET LUAN

Viéc xay dwng phwong phap LAMP phan biét gi¢i tinh ngwdi bAng mau mau xr Iy séc nhiét d& chi ra nhitng wu
diém cta phwong phap nay so véi két qua clia mot s6 nghién ciru trwéc day (Finch et al., 1996; Kasteic et al.,
2009; Almasi, Almasi, 2017). Phwong phap LAMP khéng ddi héi nhidéu hoa chét hay thiét bi dat tién, thoi gian
phat hién rat nhanh, khéng cAn DNA tinh sach va diéu dac biét 13 c6 kha néng phan biét gi6i tinh ngudi tai hién
truéng voi nhikng vét mau kho vén rat khé khan khi stv dung cac phwong phap truyén théng. Két qua dat dwoc
trong nghién ctru nay minh chirng rét ré nét viéc rng dung k¥ thuat LAMP cho viéc phan biét gi¢i tinh 1a vo cing
hivu ich va hiéu qua, hd trg ddy y nghia trong phap y va trong nhiéu (rng dung khac trong linh vire y sinh.

Loi cam on: Chiing t6i xin chdn thanh cam on Vién Cong nghé Sinh hoc va Moi trwong, Truong Dai hoc Nong Lam Thanh
pho Ho Chi Minh va Bénh vién Ung bucu Thanh pho Ho Chi Minh da ho tro cho nghién ciru nay.
TAI LIEU THAM KHAO

Almasi MA, Almasi G (2017) Loop mediated isothermal amplfication (LAMP) for embryo sex determination in
pregnant women eat eight weeks of pregancy. J Reproduct Infert 18(1): 197-204.

Anantasomboon G (2016) Human sex-identification using loop-mediated isothermal amplification (LAMP)
technique of Gene TTTY in urine samples. Siriraj Med J 68: 3.

Andréasson H, Allen M (2003) Rapid quantification and sex determination of forensic evidence materials.
J Forensic Sci 48:1280-7.

Finch J, Hope RM, van Daal A (1996) Human sex determination using multiplex polymerase chain reaction.
Sci Just 36: 93-5.

Gubbay J, Collignon J, Koopman P, Capel B, Economou A, Munsterberg A, Vivian N, Goodfellow P, Lovell-Badge
R (1990) A gene mapping to the sex-determining region of the mouse Y chromosome is a member of a novel
family of embryonically expressed genes. Nature 346: 245-250.

722



HOI NGHI CONG NGHE SINH HOC TOAN QUOC 2020

Gunter C, Paradee W, Crawford DC, Meadows KA, Newman J, Kunst CB, Nelson DL, Schwartz C, Murray A,
Macphersn JN, Sherman SL, Warren ST (1998) Re-examination of factors assciated with expansion of CGG
repeats using a single nucleotide polymorphism in FMR1. Human Mol Genet 7(12):1935-1946.

Kanchanaphum P (2013) Development of Loop mediated isothermal amplification (LAMP) of Gene SRY in human
blood samples for sex determination. Rangsit J Art Sci 3: 129-135.

Kastelic V, Budowle B, Drobnic K (2009) Validation of SRY marker for forensic casework analysis. J Forensic Sci
54: 551-555.

Kellermayer R, Halvax L, Crzko M, Shahid M, Dhillon VS, Husain SA, Sule N, Gomori E, Mammel M, Kosztolanyi
G (2005) A novel frame shift mutation in the HMG box of the SRY gene in a patient with complete 46, XY pure
gonadal dysgenesis. Diagn Mol Pathol 14(3): 159-63.

Sinclair AH, Berta P, Balmer MS, Hawkins JR, Griffiths BL, Smith MJFoster JW, Frischauf AM, Lovell-Badge R,
Goodfellow PN (1990) A gene from the human sex-determining region encodes a protein with homology to a
conserved DNA-binding motif. Nature 346: 240-244.

SEX DETERMINATION IN HUMAN USING LOOP MEDIATED ISOTHERMAL
AMPLIFICATION (LAMP) APPROACH.
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SUMMARY

On-site sex determination from DNA or blood traces is essential for forensic science. The SRY gene (sex-
determining region) is found on the Y chromosome that can be used for identifying the male genotype. Previous
studies showed that sex determination can be done from human blood samples by using PCR technique based on
the SRY gene. However, PCR has some obstacles such as time-consuming and costly for implementation, well-
equipped facilities, well trained human resource and impossible for on-site detection. Here in, the LAMP
approach has been known to be a simple, fast and reliable method, low cost and particularly in on-site detection.
The LAMP reactions were performed at 65°C with heat-shocked fresh and dry blood samples. The results
obtained in two kinds of blood samples, when using the LAMP approach, were positive for samples with male
sex. Thereby, this study confirmed that sex determination can be done rapidly when using the LAMP approach
and the sensitivity of LAMP is higher than PCR technique. This has great implications for the rapid
identification of human sex in forensics and biomedical applications.
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