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(57) Giai phap hitu ich dé cap dén chung nAim men Pichia pastoris KM71-3 tai to hop co

kha ning tong hop lactoferrin bo va quy trinh tao ra ching nay. Ching ndm men Pichia

pastoris KM71-3 tai to hop theo giai phap hitu ich mang cau trac pPICZ-mbLf,,; chira Goan

gen mbLf,, co trinh tu dugc tdi wu dua trén trinh tu gen tur bo nha Bos taurus ¢6 ma ) truy

cap trén ngan hang gen NCBI 1a FJ589071.1 va dugc néu trong SEQ ID NO. 1.
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Linh vye ky thuit dwoc dé cap

Giai phép hitu ich thude linh vuc cong nghé sinh hoc, cu thé 1a dé cap dén ching
Pichia pastoris KM71-3 tai t6 hop sinh tdng hop lactoferrin bo va quy trinh tao ra ching
nay. |
Tinh trang k¥ thuit cda giai phap hitu ich

Lactoferrin (LF) 1a mot protein da chire ning, c6 vai tro diéu hoa can bang ndng do
st trong mau, c¢6 hoat tinh khang vi khuan, khang nim, khang virut, khang ky sinh tring,
khang ung thu, khang viém, diéu hoa mién dich, hoat tinh enzym. Do d6, LF da va dang
duoc st dung nhiéu lam thuc pham chirc nang; bd sung vao m§ phim va san phdm chiam
soc rang miéng,.... Vi nhidu tng dung thuc tién ¢ loi nhu vay nén nhu ciu vé LF ngay

mot tang 1én (185 tn nam 2012 — 262 tn nim 2017).

Vé6i nhiéu ung dung c6 loi nhu vdy nén nhu ciu vé lactoferrin ngay mét ting 1én.
Dé dap ung nhu cau d6 di c6 nhiéu giai phap duoc dua ra nhu tach chiét tir sita dong vat,
tao dong vét chuyén gen ting cuong ham luong LF trong sita, tao thuc vat va vi sinh vét
chuyén gen sinh tong hop LF. Do LF ¢6 ham lugng khong cao trong sita tu nhién (50 —
100 mg/L) nén viéc tach chiét LF tir sita 1a khong hiéu qua va san pham tao ra c6 thé c6
nhiém tac nhan gy bénh tir dong vat cho sita. Nhu di phén tich & trén, huéng tiép can
san xuit LF bang con dudng tai to hop da va dang duge thuc hién boi nhiéu nhém nghién

ctru va duogc nhiéu cong ty san xuat LF quan tdm vi n6 c6 hi€u suat tong hgp LF cao.

Pichia pastoris 1a ching nam men dugc danh gia 1a c6 thé str dung dé san xuét LF
trong cong nghiép. Viéc sir dung ndm men P. pastoris cho san xuit LF ¢6 nhiéu uu diém:
c¢6 kha ning téng hop LF cao nhét trong s6 cac vi sinh vat duogc nghién ctru st dung lam
vat chu biéu hién, c6 kha nang lén men v&i hiéu suét cao, pht hop 1én men quy mo 16n va
dac biét LF sau khi duoc téng hop dugce duong hoa va bién ddi tao thanh protein c6 hoat
tinh twong tu nhu LF tu nhién. Gen mi hoa lactoferrin Lf c6 ngudn gbc tir dong vat co vi
(ngudi, bo) trong khi d6 vét chu 1a nAm men nén c6 thé chua thuc sy phut hop, hiéu suét

téng hop chua thuc su ti wu.
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Do d6, can thiét t6i wu hda gen ma hoa lactoferrin ngudn gde tir bo nha bLf phu hop
v6i ching chi P. pastoris va tao dugc ching Pichia pastoris tai to hop ¢6 kha nang sinh
tong hop lactoferrin, tién t6i c6 thé phat trién thanh ching c6 kha ning san xuét quy mo
16n.

Ban chat k§ thuat cia giai phap hitu ich

Dé giai quyét cac van dé ton tai néu trén, giai phap hitu ich dé xuit chung ndm men

Pichia pastoris KM71-3 tai t6 hop c6 kha nang tong hop lactoferrin bo, va quy trinh tao

ra chung nay.

Theo khia canh thér nhét, giai phap hitu ich dé cip dén ching ndm men Pichia
pastoris KM71-3 tai t6 hop co kha nang tong hop lactoferrin bo, khac biét & chd cac
chiing nay mang ciu tric pPICZ-mbLfyy chita gen mbLfyy toi wu co trinh tu néu trong

SEQ ID NO. 1.

Theo phuong 4n wu tién ciia khia canh nay, ching ndm men Pichia pastoris KM71-
3 tai to hop mang gen mbLf, da duge tdi uu theo giai phap hitu ich c6 kha nang 1én men

sinh tong hop lactoferrin bo.

Theo khia canh tha hai, giai phap hitu ich dé& cap dén quy trinh tao ching ndm men

Pichia pastoris KM71-3 tai to hop, quy trinh nay bao gdm cac budc:

a) khuéch dai doan gen mbLfyy c6 trinh tu néu trong SEQ ID NO. 1 tir trinh tu gen
o1 wu duoc téng hop hoé hoc béng PCR st dung cap mdi dic hiéu co trinh tu néu trong

SEQ ID NO. 2 va SEQ ID NO. 3 thu dugc san pham PCR;

b) tach dong doan gen mbLfon vao vecto pPICZaA bang cach xtr 1y 1an luot san
phim PCR bang cip enzym cit han 1a EcoRI/Xbal véi luong 5U/ug ADN & 37°C, sau do
ndi doan gen niy vao vecto pPICZaA bang ADN enzym T4 ligaza véi luong 5U/phan
ung, sau khi bién nap vao E.coli DH5a kha bién va chon loc trén mdi truong thach LB

chtra 100 pg/ml bleomycin, chiét thu dugc vecto tai to hop pPICZ-mbLfop ; Vi

¢) tao chung ndm men Pichia pastoris KM71-3 tai td hop bang cach bién nap vecto
tai to hop pPICZmeLﬁp; vao chiing nim men Pichia pastoris KM71H tuong tng, sau khi
chon loc trén moi trudng YPD chira khang sinh bleomycin thu duoc ching ndm men

Pichia pastoris KM71-3 tai to hop chira gen mbLfyy c6 trinh tu néu trong SEQ ID NO. 1.
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Theo mot phuwong an wu tién cta khia canh nay, quy trinh theo giai phap hitu ich dé
cap dén gen mbLfopy c6 trinh tur toi uu néu trong SEQ ID NO. 1 va ching ndm men Pichia
pastoris KM71-3 tai to hop c6 kha ning sinh tong hop lactoferrin bo.

M@ ta chi tiét giai phap hiru ich

Sau day, giai phap httu ich dugc mo ta chi tiét v4i cac phuong an thuc hién va vi du

cu thé, tuy nhién, cac vi du nay chi nham muc dich 1am 16 ban chét cua giai phap hiru ich

chtr khong nham muc dich thu hep pham vi yéu cau bao ho cua giai phap.

Giai phép hitu ich dé cap dén xuét ching nim men Pichia pastoris KM71-3 téi t6

hop ¢6 kha nang téng hop lactoferrin bo va quy trinh tao ra chung nay.

Theo khia canh tht nhét, giai phap hitu ich dé cap dén ching ndm men Pichia
pastoris KM71-3 téi to hgp c6 kha nang tong hop lactoferrin bo, khic biét & chd ching
nay mang vecto biéu hién pPICZ-mbLfy chira gen mbLfop c6 trinh ty néu trong SEQ ID
NO. 1.

Gen mbLf, ma hoa tong hop lactoferrin bo, ddy 1a gen c6 trinh tu duoc t6i vu dwa
vao trinh gen ty nhién c6 ma sd truy cép trén ngéﬁ hang gen NCBI la FJ589071.1. Gen
mbLfp bao gdbm 2100 nucleotit ¢6 trinh tw néu trong SEQ ID NO. 1. Chung ndm men
Pichia pastoris KM71-3 tai t6 hop chira gen mbLf,, theo giai phdp hitu ich c6 kha ning

1én men sinh tong hop lactoferrin bo.

Chung Pichia pastoris KM71-3 tai to hop theo giai phap hitu ich 1a chung Pichia
pastoris KM71H mang vecto biéu hién pPICZ-mbLfyy chita gen mbLfop duge t61 wu va
tong hop hoa hoc tir trinh tu gen ¢6 ngudn gdc tir bo nha Bos taurus. Hién ching nam
men Pichia pastoris KM71-3 tii t6 hop theo giai phap hitu ich duoc luu giit tai Trung
tam Nghién ctru va Phat trién Cong nghé Sinh hoc, Vién Cong nghé Sinh hoc va Cong
nghé Thuc phém, Truong Dai hoc Bach khoa Ha Noi, Viét Nam voi sb hiéu luu gilt 1a
CRDB-002.

Theo khia canh thtr hai, giai phap hitu ich d& cap dén quy trinh tao ching nam men
Pichia pastoris KM71-3 tai t6 hop theo gidi phap hitu ich, quy trinh nay bao gdm céc
bude: a) khuéch dai doan gen mbLfy tdi wu; b) tach dong doan gen mbLfyy vao vecto

pPICZaA; ¢) tao chiing nAm men Pichia pastoris KM71-3 tai t6 hop.



2821

DAu tién, trinh tu gen tu nhién ma hod lactoferrin tir bd nha c6 ma sb truy cap trén
ngan hang gen NCBI 1a FJ589071.1 dugc t6i wu hoéa phit hop chiing chi Pichia pastoris
va sau d6 duoc tién hanh téng hop bing phuong phép hoa hoc. Tac gia tién hanh x4c dinh
khung doc m¢ cua trinh tu gen ma sb FI589071.1, cong cu OptimumGene™ Codon
Optimization ctia Genscript (M§) dugc su dung dé t6i wu trinh tu gen dich theo mot loat
cac tham s (kha ning sir dung ma di truyén, thanh phin GC, thanh phan dinucleotit
CpG, cAu trac bac 2 ciia mARN, céac vi tri PolyA chua trudng thanh, ddo CpG am tinh,
motif ARN khong én dinh, cac trinh tu lap, cac vi tri cat enzym gi6i han co thé anh
huéng dén viée tach dong, trinh tr khéi ddu dich ma, ma két thic). Trinh tu t6i wu hoa
duge Iua chon dua trén tan sb st dung ma di truyén thong qua hé s6 thich tmg ma di
truyén (Codon Adaptation Index — CAI), tAn s ma di truyén téi uu (Frequency of
Optimal Codons — FOP), su diéu chinh thanh phén GC, su thay dbi vi tri cat enzym han
ché dam bao cho qua trinh tach dong, mtc do loai bo trinh tu ldp lai. Cubi cung, két qua

thu duogc trinh tu doan gen mbLf,, da dugc tdi wu nhu néu trong SEQ ID NO.I.

Tiép theo, tac gia tién hanh khuéch dai doan gen mbLfy, trong d6 doan gen mbLfop
1a trinh tu dugc tong hop hod hoc. Sau d6 ADN tong hop nay duoc st dung lam khuon dé
tién hanh PCR bing cach sir dung cip mdi dic hiéu ¢ trinh ty néu trong SEQ ID NO. 2
va SEQ ID NO. 3 sau:

Cap mdi LF F/R:
GAATTCGCCCCAAGAAAGAACG SEQ ID NO. 2
TCTAGACTAATGGTGGTGATGA SEQ ID NO. 3

Phan ing dugc thuc hién theo diéu kién nhu sau: tién bién tinh 95°C — 5 pht, thuc
hién 30 chu ky v&i cac giai doan bién tinh 95°C — 30 gidy, gan moi 59°C — 45 gidy, kéo
dai chudi 72°C — 1 phut 30 gidy. Hoan tat kéo dai 72°C trong 5 phut thu dugc san pham
PCR cho doan gen mbLfop:.

Trong budc tach dong doan gen mbLfoy vao vecto pPICZoA, san phdm PCR duoc
xtr 1y bang cip enzym giéi han EcoRl/Xbal va gin vao vecto biéu hién da dugce xu ly
bang EcoRI/Xbal. Sau khi bién nap vao E.coli DH5a. bang phuong phap soc nhiét (vi du,
phuong phap cua Sambrook et al., 2001) va nud1 ciy trén méi trudong chon loc LB chta

bleomycin. Do d6, sau khi chon loc s& thu dugc ching E. coli DH5a. tai t6 hop. Vecto
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pPICZ-mbLfyy trong ching E. coli DH50 tai to hop nay duoc chiét tach theo quy trinh

chuan.

Trong budc tao chung nim men Pichia pastoris tai td hop bang cach bién nap vecto
tai t6 hop pPICZ-mbLfyy vao ching nAm men Pichia pastoris KM71H. Sau d6 chon loc
trén moi truong YPD chira khang sinh bleomycin thu duoc ching nim men tai té hop

Pichia pastoris KM71-3 chtta gen mbLfop c6 trinh tu néu trong SEQ ID NO. 1.
Vi du thwe hién giai phap hitru ich

Céc vi du dudi day chi nhim minh hoa cac phuong 4n thuc hién giai phap hitu ich
ma khong 1am han ché pham vi yéu cau bao h cta giai phap hitu ich.
Vi du 1: Xéc dinh ching tai t6 hop Pichia pastoris téi to hop

Tach chiét ADN tdng s6 tir chiing Pichia pastoris tai to hgp theo giai phéap hitu ich:
1 khuén lac trén mai truong thach dia dugc cdy vao 2 ml méi truong YPD léng chia
bleomycin 100 pg/ml va nudi lac 200 vong/phiit, & 28°C qua dém. Ly tdm thu sinh khéi &
5000 vong/phit trong 5 phut. Hoa tan sinh khéi trong 500 ul dém pha té bao (400 mM
Tris-HCI pH 8,0; 60 mM EDTA, 150 mM NaCl, 1% natri dodecyl sulfat), gitt & nhiét do
phong trong 10 phut. BS sung 150 pl 3M CH3COOH pH 4,8 va tron déu. B6 sung CI
(hdn hop chloroform: isoamylalcol = 24 : 1) theo ti 18 1 : 1, tron déu bang cach 16n nguoc
6ng 5 lan. Ly tdm 10000 vong/phtt, trong 10 phut, thu pha trén sang 6ng eppendorf méi.
B6 dung isopropanol (ti 1& 1 : 1), dé 30 phut, & & - 20°C. Ly tim 12000 vong/phut trong 5
phut, thu tiia. Rira tda bang 300 pl EtOH 70%, ly tim 12000 vong/phit trong 5 pht, thu
tiia. Lam kho cdn, hoa tan ta trong 30 pl H>O. Dién di trén gel agaroza 0,8% dé kiém tra

su c6 mat cua ADN tong so.

Khuéch dai doan gen mbLfy. St dung cip mdi dac hiéu nhu da dugec mo ta & trén.
Phan tng duogc thuc hién theo diéu kién nhu sau: tién bién tinh 95°C — 5 phut, thuc hién
30 chu ky véi cac giai doan bién tinh 95°C — 30 gidy, gan mdi 59°C — 45 gidy, kéo dai
chudi 72°C — 1 phut 30 gidy. Hoan tit kéo dai 72°C trong 5 phut thu duoc san pham PCR
cho doan gen mbLfop:.

San pham thu dugc: bang ADN véi kich thuéce khoang 2,1 kb tuong tng véi doan
gen mbLfop.

Vi du 2: Lén men sinh tong hop lactoferrin bo

-6-
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Chung ndm men Pichia pastoris KM71-3 tai td hop dugc bdo quan trong 50%
glycerol & -80°C. Chiing dugc nudi 1én trong méi trudng YPD trong dng thach nghiéﬁg, o
ti 4m 28°C.

Quad trinh 1én men dugc thuc hién theo hai giai doan:

Té bao Pichia pastoris duoc nudi cly 24 gidr trong binh tam gidc ¢& 250 ml c¢6 chira
50 ml moi truong nhan giéng gdm 1% cao nim men, 2% pepton, 100 mM dém phosphat
pH 6,0, 1,34% YNB; 4 x 10°% biotin, 1% glycerol, & diéu kién 28°C, lic 200 vong/phut.
Dich nu6i sau nhan giong duoc chuyén vao binh 1én men chtta méi truong gdm 1,7 %
KH2PO4; 0,2 % MgSO4.7H20; 1,5% (NH4)2SO04; 0,5% glycerol va 0,2 % PTM4 (g/lit):
CuS0O4-5H20, 2,0; Nal, 0,08; MnSO4 H>0O, 3.0; NaxMoO4-2H>0, 0,2; H3BOs, 0.02;
CaS04-2H>0, 0,5; CoCly, 0,5; ZnCly, 7; FeSO4-7H20, 22; biotin, 0,2; va 1 ml HoSO4 ddm

dac.

Qua trinh 1€n men sinh téng hop lactoferrin dugc thuc hién trong thiét bi 1én men 2
lit hodc 100 lit & diéu kién 28°C, pH 6,0, khudy 200-500 vong/phat. Nhiét do, pH va DO

duoc kiém soét boi cadc cam bién trong binh 1én men.

Sinh khéi sau 1én men 96 gid duoc thu nhan bang phuong phap ly tdm va dugc st
dung dé tach chiét protein lactoferrin theo phuong phap xit ly v6i dém chira 50 mM Tris-
HCI, pH 7.,4; 2% SDS; siéu am 30 gidy va ly tdm 14000 vong/phut trong 30 phut & 4°C
dé thu dich chtra protein lactoferrin. Dich protein lactoferrin dugc bao quan & -20°C.
Hiéu qua dat dwgc cia giai phap hiru ich

Chuing nAm men Pichia pastoris KM71-3 tai to hop theo giai phap hitu ich da dugc
t6i wu dé co kha nang téng hop lactoferrin bd mot cach hiéu qua. Ching Pichia pastoris
tai to hop ndy c6 kha nang sinh tong hop lactoferrin bo trong didu kién méi truong nudi
don gian, ré tién, phi hop san xuét & quy mo céng nghiép. Pay la dic diém rat c6 y nghia

trong chién lugc phat trién san xuét lactoferrin bang con duong cong nghé sinh hoc.
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YEU CAU BAO HO

1. Chung nidm men Pichia pastoris KM71-3 tai td hop c6 kha nang tong hop lactoferrin
bo, khéc biét & chd chung nay mang cau triic chtra gen mbLf;, c6 trinh tu néu trong SEQ

ID NO. 1 va ma hoa cho protein lactoferrin bo.

2. Quy trinh tao ching ndm men Pichia pastoris KM71-3 tai t6 hop néu trong diém 1,

quy trinh nay bao gdm céac budc:

a) khuéch dai doan gen mbLfyy 6 trinh tu néu trong SEQ ID NO.1 tir trinh tu gen tbi
uu duoc téng hop hod hoc bﬁng PCR str dung cé@p mdi dic hiéu c6 trinh tu néu trong SEQ
ID NO. 2 va SEQ ID NO. 3 thu duoc san pham PCR;

b) tach dong doan gen mbLfyy vao vecto pPICZoA bang cach xir ly 1an luot san
phdm PCR bang cip enzym cit han 1a EcoRI/Xbal véi lugng 5U/ug ADN & 37°C, sau dé
ndi doan gen nay vao vecto pPICZoA bang ADN enzym T4 ligaza v6i luong 5U/phan
ung, sau khi bién nap vao E.coli DH5a kha bién va chon loc trén moi truong thach LB

chtra 100 pg/ml bleomyecin, chiét thu dugc vecto téi td hop pPICZ-mbLfops; va

¢) tao chung nim men Pichia pastoris KM71-3 tai tb hop bang cach bién nap vecto
tai t hop pPICZ-mbLfyy vao ching ndm men Pichia pastoris KM71H, sau khi chon loc
trén moi truong YPD chua khang sinh bleomycin thu duoc ching ndm men Pichia
pastoris KM71-3 tai té hop chira gen mbLfyy ¢6 trinh tu néu trong SEQ ID NO. 1 va ma

hoa cho lactoferrin bo.



<110>
<120>

Chung

ndm men

2821

DANH MUC TRINH TU

Pichia

Trudng Pai hoc Bach Khoa Ha N&i
pastoris

tai

té hop

lactoferrin bo va quy trinh tao ra chung nay

<160> 3

<210> 1

<211> 2100
<212> ADN
<213>

<400> 2100

GAATTCGCCC
TGTAGAAGAT
AGAGCTTTTG
TTGGATGGTG
GCTGARATCT
AAGAAAGGTT
TTGGGTAGAT
ACTGAATCTT
CCATGTATTG
AATCAATGTG
TTGCAAGATG
CCTGAGAAGG
GTTGATGCTT
TCCGTTGATG
GGTAAAAACA
TTGTTTAAAG
TACTTGGGTT
AAGGCTAGAT
CAACAATGGT
GATTGTATCG
ATCTACACTG
AAGCATTCTT
GTTAAGAAAG
ACTGCTGTTG
GGTTCTTGTG
TCCAGATTGT
TCTAAGGAAA
GATGTCGCTT
GATTGGGCTA
AAGCCAGTTA
TCCAGATCCG
GGTAAARACG
TTGTTGTTCA
GAGTATTTGG

Tai té hop

CAAGAAAGAA
GGCAGTGGAG
CTTTGGAATG
GTATGGTTTT
ACGGTACTAA
CTAACTTCCA
CCGCTGGTTG
TGGAGCCATT
ATAGACAAGC
CTTGTTCTTC
GTGCTGGAGA
CTGATAGAGA
TTARAGAGTG
GTAAAGAAGA
AGTCCAGATC
ATTCTGCTTT
CCAGATATTT
ACACTAGAGT
CCCAACAATC
TTTTGGTTTT
CTGGTAAATG
CTTTGGATTG
CTAACGAGGG
ATAGAACTGC
CTTTTGATGA
GTGCTTTGTG
AATACTATGG
TCGTTAAAAA
AAAACTTGAA
CTGAGGCTCA
ATAGAGCTGC
GTAAAAATTG
ACGATAACAC
GTACTGAATA

CGTCAGATGG
AATGAAGAAG
TATTAGAGCT
CGAAGCTGGT
GGAGTCTCCT
ATTGGATCAA
GATTATTCCA
GCAAGGTGCT
TTATCCTAAC
CAGAGAACCA
TGTTGCTTTC
TCAATACGAA
TCATTTGGCT
TTTGATTTGG
CTTTCAATTG
GGGTTTCTTG
GACTACTTTG
TGTTTGGTGT
TGGTCAAAAT
GAAAGGTGAA
TGGTTTGGTT
TGTTCTTAGA
TTTGACTTGG
TGGTTGGAAC
ATTTTTCTCT
TGCTGGAGAT
TTACACTGGT
TGATACTGTT
CAGAGAAGAT
ATCTTGTCAT
TCATGTTAAA
TCCTGATAAG
TGAGTGTTTG
CGTTACTGCT

TGTACTATCA
TTGGGTGCTC
ATTGCTGAGA
AGAGATCCAT
CAAACTCATT
TTGCAAGGTA
ATGGGTATTC
GTTGCTAAAT
TTGTGTCAAT
TACTTTGGTT
GTTAAGGAGA
TTGTTGTGTT
CAAGTTCCTT
AAGTTGTTGT
TTCGGTTCTC
AGAATCCCAT
AAAAACTTGA
GCTGTTGGTC
GTTACTTGTG
GCTGATGCTT
CCAGTTTTGG
CCAACTGAAG
AACTCTTTGA
ATTCCAATGG
CAATCTTGTG
GATCAAGGTT
GCTTTTAGAT
TGGGAAAACA
TTCAGATTGT
TTGGCTGTTG
CAAGTTTTGT
TTCTGTTTGT
GCTAAGTTGG
ATCGCTAATT

-0

GTCAGCCAGA
CATCTATTAC
AGAAAGCTGA
ACAAACTTAG
ACTATGCTGT
GAAAGTCTTG
TTAGACCATA
TTTTCTCTGC
TGTGTAAGGG
ATTCTGGTGC
CTACTGTTTT
TGAACAACTC
CTCACGCTGT
CTAAAGCTCA
CACCTGGTCA
CTAAGGTTGA
GAGAAACTGC
CTGAAGAGCA
CTACTGCTTC
TGAACTTGGA
CTGAGAACAG
GTTATTTGGC
AGGATAAGAA
GTTTGATTGT
CTCCAGGTGC
TGGATAAGTG
GTTTGGCTGA
CTAATGGAGA
TGTGTTTGGA
CTCCTAATCA
TGCACCAACA
TCAAATCTGA
GTGGTAGACC
TGAAGAAATG

sinh

GTGGTTTAAG
TTGTGTTAGA
TGCTGTTACT
ACCAGTTGCT
TGCTGTTGTT
TCACACTGGT
CTTGTCTTGG
TTCTTGTGTT
TGAAGGAGAG
TTTCAAATGT
CGARAAACTTG
TCGTGCTCCA
TGTTGCTAGA
AGAGAAGTTC
AAGAGATTTG
TTCTGCTTTG
TGAAGAGGTT
AAAGAAATGT
TACTACTGAT
TGGTGGTTAC
AAAGTCTTCT
CGTCGCTGTT
ATCTTGTCAC
TAATCAAACT
TGATCCTAAA
TGTTCCTAAC
GGATGTCGGA
GTCTACTGCT
TGGTACTAGA
CGCTGTTGTT
AGCTTTGTTC
AACTAAGAAC
TACTTACGAA
TTCTACATCC

téng hop

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
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CCACTTTTGG AGGCTTGTGC TTTTCTTACC AGACACCATC ATCACCACCA TTAGTCTAGA 2100

<210> 2
<211> 22

<212> ADN
<213> Méi xubi
<400> 22

GAATTCGCCCCAAGAAAGAACG
<210> 3

<211> 22

<212> ADN

<213> Mbdi nguoc

<400> 22

TCTAGACTAATGGTGGTGATGA
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