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Linh vue kj thuét dwoce dé cap

Sang ché thudc linh vuc cdng nghé sinh hoc va virut hoc; va cu thé hon, sang ché
dé cap dén vecto vacxin va vacxin phong bénh dai, bg kit chira vacxin, phuong phap va

bo kit dung dé diéu ché vacxin nay.
Tinh trang k§y thuit ciia sang ché

Bénh dai 1a bénh 1ay chéo gitra nguoi va dong vat dan dén tr vong gay ra bdi cac
loai virut dai va dac trung bdi su tdc dong dén hé than kinh trung vong. Bénh dai lam
chét hon 50.000 ngudi mdi ndm trén toan thé gidi, tao nén tic dong rit 16n dén cudc
séng, stc khoe va kinh té xa hoi. Virut dai 1a loai virut ARN am s¢i don, thudc chi
Rhabdoviridae ho Rhabdoviridae, c¢6 hinh vién dan, va nucleocapsit xodn 6¢ déi xtng
va ¢6 16p v6 bao trén bé mat. Khang nguyén glycoprotein (Gp) ¢ trén mang ngoai clia
virut dai, 1a thanh phén cua céc gai bé mit cta virut, va né c6 kha ning két dinh céc té
bao, va ¢6 thé lién két v6i cac thu thé axetylcholin dé virut c6 tinh huéng than kinh;
glycoprotein c6 thé kich thich co thé tao ra khang thé trung hoa va kich thich mién dich
té bao. Khang thé trung hoa c6 chirc ning bao vé hoan toan chéng lai su 14y nhiém virut.
Theo yéu ciu cta T8 chirc Y t& Thé giéi (World Health Organization: WHO), khi hiéu
gia ctia cac khang thé trung hoa virut dai & huyét thanh ngudi hodc dong vat cao hon 0,5
[U/ml thi dugc coi 1a da dat duge mic dd bao vé hiéu qua (Nishizono A et. al., Panh gia
thtr nghiém phat hién khang thé trung hoa nhanh cai tién (RAPINA) dé phat hién dinh
tinh va ban dinh luong ctia khang thé trung hoa bénh dai & ngudi va ché. Tap chi Vacxin.

2012; 30(26): 3891-6).

Ché bénh 1a ngudn 14y nhiém bénh dai chi yéu, tiép theo 1a cac loai dong vat hoang
da hodc nudi nhét ching han nhu meo, lon va cdo. Virut dai chi yéu lay truyén qua céc
vét cin hodc nude bot ciia chd bénh xam nhap vao qua ving niém mac hodc da bi ton
thuong. Pa c¢6 bdo cdo xac nhén rang virut dai c6 thé 1ay truyén qua sol khi, sau khi
duoc dong vat hit vao virut dai s€ di vao dAu mut ddy than kinh khiru giac dé nhanh
chong tiép cén vao hé than kinh trung wong. Do do, su tiép xtic gan giii gilta nguoi va
cac dong vat mic bénh dai 1a nguyén nhén chu yéu dan dén ty 1é mac bénh dai & ngudi

ludn & mutc cao. Tiém vacxin phong bénh dai la mot bién phap hiéu qua dé ngin ngura
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va kiém soat bénh dai. Hién nay, vacxin thu dugc béng cach nuoi céy té bao so cép va
vacxin thu dugc béng cach loc va tinh ché té bao chuyén tiép khong thuén tién cho viéc
ching ngtra cho vt chu cta virut dai, do nhidu yéu t6 han ché nhu chi phi san Xudt cao,
can chuing ngira qua nhiéu 14n, va can st dung két hop véi ta dugc. Do do, tai Trung
Quéc, viéc diéu ché vacxin phong bénh dai co chét lwrong cao, chi phi thép, tién loi, dé
ching ngura la rat quan trong dé phong va kiém soat bénh dai & dong vat. Viéc kiém soat
hiéu qua cac ngudn lay nhiém virut dai va cit dat con duong lay truyén virut dai phu

thudc vao su phat trién thé hé vacxin phong bénh dai mé&i dya trén k¥ thuét di truyén.

Su tng dung vecto adenovirut da thu duogc thanh tyu nhét dinh trong nghién ctru
vacxin va liéu phap gen, vi du, adenovirut tai t4 hop typ huyét thanh s6 5 & ngudi AdHuS
(human serotype 5 adenovirus) biéu hién p53 (“Gendicine™) dd phat huy vai trd quan
trong trong liéu phap gen déi voi khdi u. Trong cac nghién cttu vé kiém soat virut, da c6
cong bd rong rai vé viée st dung vecto adenovirut, mot loai vacxin tai td hop gen dugc
didu ché thong qua viéc biéu hién cac gen ngoai lai va thong qua viéc két hop vé6i k¥
thut can thiép ARN dé ngin chin virut phu thudc vao chu ky sébng cua vat cha.
Adenovirut, véi vai trd 1a vecto duge tng dung dé phat trién vacxin ¢6 céc uu diém sau:
(1) pham vi vét chu bj truyén nhiém rong, trong d6 c6 thé truyén nhiém cho cac té bao
phan chia va khong phan chia véi hiéu qua xam nhép vao té bao twong dbi cao; (2) nén
tang di truyén rd rang, va kha niang gy bénh thap, khong tich hgp vao nhiém séc thé
hodc thé dot bién thém doan; (3) gen ngoai lai ¢6 biéu hién & muc cao, va ¢ kha ning
nhén cac gen ngoai lai kich thuéc khoang 8-10 kb, ¢6 thé biéu hién dong thoi nhiéu gen;
(4) tbe do nhan gidng cao, va nudi cdy dé dang, do d6 c6 kha nang tao ra hiéu gid cia
virut cao hon, c6 thé ap dung dé ching ngtra theo nhiéu con dudng; (5) kha ning tao
mién dich manh, c6 kha ning két hop véi cac protein ngoai lai dé tao ra sy mién dich té
bao dic hiéu manh va mién dich thé dich manh. Duya trén cac uu diém trén, dang dé thu
nghiém va phd bién adenovirut dudi dang vecto vacxin, va nghién ctru trén vacxin voi

k¥ thuat di truyén méi cho thy trién vong mg dung t6t hon.

Vi adenovirut trong huyét thanh thong thudng & ngudi, ching han nhu AdHu5 va
AdHu2 thuong lay nhiém cho ngudi, nén 60%-80% nguoi dan c6 khang thé trung hoa
tuong ung sé& lam yéu hi¢u qua mién dich clia vacxin st dung vecto la AdHuS, AdHu2
va tuong tu. Dé khic phuc vAn dé nay, can tim ra céc loai adenovirut tir cac typ huyét

thanh hiém & ngudi hodc ¢6 ngudn goc tir cac dong vat khac lam vecto cua vacxin hodc
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liéu phap gen.
Ban chit ky thuit clia sang ché

Muc dich cua sang ché 1a dé xuat vacxin phong bénh dai va phuong phap diéu ché

vacxin nay.

Theo khia canh tht nhit, sang ché dé xuét vecto vacxin phong bénh dai, trong do
vecto vacxin phong bénh dai bao gdm: vecto adenovirut tai td hop khuyét sao chép, va
trinh ty ma hoa ctia khang nguyén glycoprotein (Gp) cia virut dai dugc lién két giira cac

vi tri phén giai bang enzym I-Ceu I va PI-Sce I clia vecto nay.

Trong do6, vecto adenovirut tai tb hop khuyét sao chép bao gém: trinh tu hé gen
AdC68 adenovirut & tinh tinh da cai bién, trong d6 phé‘ln 16n trinh ty ma hoa cta E1 dugce
thay thé bang doan ndi; cac vi tri phan gidi bang enzym I-Ceu I va PI-Sce I dugc cung

cap trong doan noi.

Theo mot vi du duoc wu tién, trinh tw ma hoa cua khang nguyén glycoprotein (Gp)

& virut dai dugc thé hién bang trinh tu s6 1 (SEQ ID NO: 1).

Theo vi du dugc uu tién khac, trinh tu doan ndi duoc thé hién bang SEQ ID NO:

Theo vi du duoc uu tién khéc, trinh tu axit nucleic ciia vecto bicu hién adenovirut

duoc thé hién bang SEQ ID NO: 2.

Theo vi du dugce vu tién khac, vecto adenovirut tai td hop khuyét sao chép duoc

diéu ché thong qua phuong phap bao gdm:

chia hé gen AdC68 adenovirut & tinh tinh thanh bén doan, dat 1an lugt cac doan
vao vecto khung (bd khung vecto), va thay thé phan 1én trinh ty ma héa cua E1 trong

hé gen AdC68 bing doan nbi,
trong do bdn doan 1an luot nhu sau:
cac vi tri tu tha nhét dén th 6025 cta hé gen AdC68 adenovirut & tinh tinh;
cac vi tri tu tht 6026 dén thr 17279 ctia hé gen AdC68 adenovirut & tinh tinh;
cac vi tri tur thir 17280 dén thir 34196 cia hé gen AdC68 adenovirut & tinh tinh; va

céc vi tri tir thir 34197 dén thtr 36519 ctia hé gen AdC68 adenovirut & tinh tinh.
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Theo vi du dugc uu tién khac, cac vi tri axit amin clia cdc doan twong tng dugc
tinh to4n trén co s& cac trinh tu axit nucleic véi so dang ky tai Ngéan hang gen (GenBank)

la AC_000011.

Theo vi du dugc uu tién khéc, ph?m 16n trinh ty ma hoa cua El cua adenovirut
dugc cét nho sy phan giai bing hai enzym gi6i han (Nde I va SnaB I), véi kich thude
khoang 3,5 kb, va dugc thay thé bang cac doan doan ndi chtra cic enzym endonucleaza

[-Ceu I va PI-Sce L.

Theo vi du dugc uu tién khac, vecto khung la vecto pNEB193.

Theo khia canh khac, sang ché dé xuat phuong phép didu ché vacxin phong bénh
dai, trong d6 phuong phép nay bao gdm:

(1) chuén bi vecto vacxin phong bénh dai;

2) chuyén nhiém té bao tao virut v6i vecto vacxin phong bénh dai & bude (1),
trong d6 virut dugc boc trong té bao dé thu duoc vacxin phong bénh dai c6 kha ning tao

mién dich.

Theo khia canh khac, sang ché dé& xuét vacxin phong bénh dai, trong d6 vacxin

dugc diéu ché theo phuong phép néu trén.

Theo khia canh khéc, sang ché d& xuit bo kit, trong d6 bd kit chira vacxin phong
bénh dai.

Theo khia canh khac, sdng ché dé xut bo kit dung dé diéu ché vacxin, trong d6 bd

kit chtra vecto vacxin phong bénh dai dugc md ta ¢ trén.

Theo mot vi du dugce uu tién, bd kit con chira té bao tao virut.

Theo vi du dugc wu tién khéc, té bao tao virut 1a t& bao HEK293.

Déi voi nguoi co hiéu biét trung binh trong cung linh vuc k¥ thudt, cac khia canh
khac cua sang ché sé tré nén ro rang thong qua ndi dung duge mo ta cua sing ché.
M5 ta vin tit cdc hinh vé

Fig.1 thé hién chién lugc xay dung vecto vacxin phong bénh dai méi theo sang
ché;

Fig.2 thé hién két qua dinh dang phan giai bing enzym dbi véi vecto pUC57-0/Gp
va vecto con thoi adenovirut pAdshuttle-CMV/Gp;
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A: dinh dang nho phén giai bang enzym. 1. Chi thi ADN 1 Kb; 2. Binh dang vecto
pUC57-0/Gp nho phan giai bang enzym v&i hai enzym 1a Nhe I va Xba [; 3. Dinh dang

vecto pshuttle-CMV nho phan gii bing enzym véi hai enzym 1a Nhe I va Xba I.

B: dinh dang vecto pAdshuttle-CMV/Gp nh¢ phan giai bing enzym véi hai enzym
la Nhe I va Xba I; 1: thang chuian ADN 1 Kb; 2 va 3: tach dong nguoc; 4. tich dong
dung (thudn).

C: dinh dang vecto pAdshuttle-CMV/Gp nho phén giai bing enzym véi hai enzym
la Nhe I va EcoR I.

Fig.3 thé hién két qua dinh dang vecto adenovirut tai to hop pAdC68-Gp va hé gen

virut tai to hop nho phan gidi bing enzym;
1: thang chuan ADN 1 Kb;

2,3, va 4: su phan giai bang enzym d6i voi hé gen adenovirut téi td hop pAdC68-

Gp véi Bgl 11, BamH I, va Xho I.
5: thang chudn ADN 1 Kb;

6, 7, va 8: su phén giai bing enzym d6i v6i ADN plasmit adenovirut tai t6 hop

pAdC68-Gp véi Bgl I, BamH I, va Xho L.
Fig.4 thé hién phép do do 1ay nhiém cua adenovirut tai t hop;

A: gdy nhiém té bao HEK293 (ttrc 12 293A) v6i adenovirut tai t6 hop pAdC68-Gp

¢6 kich thuge 108 tiéu don vi protein (viral protein - vp) va 1010 vp (24 gio).

B: gy nhiém té bao Huh7 véi adenovirut tai td hop pAdC68-Gp c6 kich thude 108
vp va 10'% vp (24 gio).

Fig.5 thé hién su phét hién do 4n dinh di truyén ctia adenovirut tai to hop;

A: dinh dang nh¢ phan giai béng enzym dbi voi thé hé thr 5 va thé hé thir 15 cla
hé gen adenovirut tai td hop AdC68-Gp.

1: thang chudn ADN 1 Kb.

2, 3, va 4: su phan giai béng enzym dbi v6i thé hé tht 5 ctia hé gen adenovirut tai

td hop vai Bgl I, BamH I, va Xho 1.

5: thang chudn ADN 1 Kb.
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6,7, va 8: su phan giai bang enzym ddi vai thé hé thir 15 ctia hé gen adenovirut tai

to hop véi Bgl 11, BamH I, va Xho I.

B: Lan luot gy nhim céc té bao HEK293 va té bao Huh7 bang thé hé adenovirut
tai td hop pAdC68-Gp thir 15 véi 10" vp (24 gio).

Fig.6 thé hién danh gia hiéu gid ctia khang thé trung hoa virut dai trong huyét thanh.
O bén trai 1a hiéu gia cta céc khang thé trung hoa & nhom chudt duge ching ngira béi
adenovirut tai to hop AdC68-Gp; va bén phai 1a hiéu gia cla cc khang thé trung hoa
cta chudt duoc chung ngira véi vecto adenovirut tréng AdC68-ept.
M3 ta chi tiét sang ché

Qua nghién ciru chuyén sdu, nhom tac gia ciia sing ché di xay dung vecto vacxin
phong bénh dai mdi, trén co s vecto vacxin cua hé gen adenovirut AdC68 ¢ tinh tinh,
bing cach cai tién phuong phap xay dung. Vecto vacxin c6 thé dugc st dung dé diéu

ché vacxin virut ¢6 hiéu qua biéu hién cao va kha nang tao mién dich tot.

Dé giai quyét cac van d& con ton tai trong cac giai phap k§ thuét hién ¢, nhom tac
gia ctia sang ché lua chon adenovirut tir typ huyét thanh hiém hoic c¢6 ngudn gbce tir cac
loai khéc dé 1am vecto vacxin. Vi phan 1én con ngudi thudng khdng c6 khéng thé trung
hoa v6i adenovirut & tinh tinh, nén ¢ thé thu duoc hiéu qua mién dich t6t hon néu léy
adenovirut ¢ tinh tinh 1am vecto vacxin. Do d6, nhom tac gia da xdy dung adenovirut &
tinh tinh AdC68 1am vecto biéu hién tai td hop khuyét sao chép. Qua kiém nghiém, nhan
thdy vecto ndy c6 kha niang tao mién dich tot va do 6n dinh di truyén tét. Dya trén vecto
AdC68 nay, nhom tac gia sang ché da diéu ché dugc vacxin phong bénh dai méi. Sau
khi chudt duoc chung ngira bang vacxin méi nay, khang thé trung hoa chéng lai virut
dai c6 thé duoc kich thich san sinh mot cach hidu qua, va tao ra kha ning dé khang cao

chdng lai su 1y nhiém virut.

Do do, sang ché dé xuét vecto biéu hién adenovirut, trong do vecto biéu hién bao
gdm: vecto adenovirut tai to hop khuyét sao chép, va trinh ty ma héa ctia khang nguyén
glycoprotein (Gp) cua virut dai dugc lién két gitra cac vi tri phan giai bang enzym I-Ceu
I va PI-Sce I cua vecto, trong d6 vecto adenovirut tai tb hop khuyét sao chép bao gbm:
trinh tu hé gen AdC68 adenovirut ¢ tinh tinh da cai bién, trong d6 phén Ién trinh tuy ma
hoa cua E1 dugc thay thé bang doan ndi; voi cac vi tri phan giai bang enzym I-Ceu | va

PI-Sce I dugc cung cp trong doan ndi nay.
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Dbi v6ihé gen AdC68 adenovirut, nhom téc gia sang ché, sau khi so sanh cén thin
trinh tu, cudi ciing di xac dinh dung cac vi tri phan gidi bang enzym I-Ceu I va PI-Sce I
lam cac vi tri chén céc gen ngoai lai, sao cho vecto biéu hién adenovirut s& khong bi ct
O cac vi tri khéc.

Vi hé gen adenovirut tvong déi 16n, khoang 36 kb, khién cho viéc truc tiép tach
dong vecto adenovirut tai td hop tré thanh nut thit ¢d chai cua k¥ thuat. Do do, nhom
tac gia sang ché da phat trién phuwong phap lién két nhanh nho su phan giai bang enzym,
dé truc tiép xdy dung nén vecto vacxin trén co s¢ AdC68 adenovirut ¢ tinh tinh, tirc la
stir dung ddy du cac vi tri phan giai bing enzym tdn tai trong hé gen adenovirut. Theo su
phéan tich trén toan bo trinh tu hé gen AdC68 adenovirut, trinh ty dugc chia thanh bdn
doan, cu thé 1a KE, AK, XA, va PX, va sau d6 cac doan duoc tur tir tich dong vao trong
vecto pNEB193 theo phuong phép lién két nho phan giai bing enzym, cudi cing thu
duoc dong adenovirut khiém khuyét sao chép. O day, trong phan PX ctia AdC68
adenovirut, phan E1 12 phan lién quan dén kha ning sao chép adenovirut dugc loai bo
bo béi hai vi tri phan giai enzym Nde I va SnaB I ¢6 kich thudc khoang 3,5 kb, va duoc
thay thé bang doan lién két chira cac endonucleaza diéu khién I-Ceu I va PI-Sce I. Sau
khi tuyén tinh héa, AdC68 adenovirut khiém khuyét sao chép dugc dung lén bang
phuong phéap nay co thé duoc boc trong té bao HEK293 va dugc khuéch dai dé thu duogc
adenovirut tai t6 hop 6n dinh di truyén. Cac vi tri gi¢i han phan giai bang enzym c6 thé
co trong bdn doan KE, AK, XA, va PX, tao thuan loi cho viéc lién hét hitu co cua cac

thanh phan.

Vecto biéu hién thuong con bao gdm diém bét dAu sao chép va/hodic gen danh dau,
v.v. Cac phuong phap da biét ma nguoi co hiéu biét trung binh trong cting linh vuc k¥
thuat c6 thé str dung dé xay dung vecto biéu hién mong mudn theo sang ché. Cac phuong
phép nay bao gdm k¥ thuat téi td hop ADN in-vitro (trong 6ng nghiém), k¥ thuat téng
hop ADN, k¥ thuat tai t6 hop in-vivo (trong co thé séng), v.v. C4c trinh tw ADN c6 thé
duoc lién két hiéu qua trén cac vung gen khaoi dong thich hop (vi du, CMV) trong vecto
biéu hién dé dinh huéng tong hgp mARN. Vecto biéu hién con bao gdm vi tri gin dinh
ribosom dugc st dung cho diém khoi dau dich ma va diém két thac phién ma. Bén canh
do, vecto biéu hién tbt nhét 1a bao gém mot hodc nhiéu gen danh d4u c6 chon loc dé

cung cAp céc tinh trang kiéu hinh cta té bao vat chu dung dé chuyén héa chon loc.

Sang ché con dé xuét trinh ty ma héa ctia khang nguyén glycoprotein (Gp) & virut
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dai duoc toi vu cum ma nhu duge thé hién béng SEQ ID NO: 1. Trinh ty ma héa nay c6

thé biéu hién hiéu qua cao.

Sang ché con dé xuat phuong phéap didu ché vecto biéu hién adenovirut. Phuong
phap bao gdm: chia hé gen AdC68 adenovirut & tinh tinh thanh bbn doan, 1an luot dua
cac doan nay vao vecto khung, va thay thé trinh tw ma hoa ciia E1 trong hé gen AdC68
bang doan ndi, trong d6 cac vi tri phan giai bang enzym I-Ceu I va PI-Sce I dugc cung

cap trong doan noi.

Sang ché con d& xudt phuong phap didu ché vacxin phong bénh dai. Phuong phap
bao gdm: chudn bi vecto vacxin phong bénh dai; chuyén nhidm té bao tao virut véi vecto
biéu hién d6, trong dé virut dugc boc trong té bao dé thu duoc vacxin phong bénh dai

¢6 kha ning tao mién dich.

Sau khi thu dugc vecto biéu hién adenovirut, té bao tao virut dugc gay nhiém voi
vecto biéu hién adenovirut, dé thuc hién tang sinh virut. Co thé thu dugc virut sau mot
khoang thoi gian tir khi chuyén nhiém. Theo phuong 4n uu tién cua séng ché, virut thu
duoc c6 thé truyén nhiém lap di ldp lai vao té bao tao virut, dé phat trién lién tuc. Hiéu
gid ctia virut (TCIDso) ¢6 thé duoc do bang phuong phap thong thuong trong linh vuc
nay. Do d6, sang ché con dé xuét vacxin phong bénh dai dugc didu ché theo phuong

phdp ctia sang ché.

Dua vao cac cai tién mai cia sang ché, sang ché con dé xuat bo kit dung dé dicu

ché vacxin, trong d6 bo kit chira vecto vacxin phong bénh dai.

Bo6 kit c6 thé con chira té bao tao virut, vi du té bao HEK293. Bén canh d6, bo kit

c6 thé con chira tai liéu huéng dan mo ta phuwong phap diéu ché vacxin.

Sau day, sang ché dugc mo ta két hop véi cac vi du cu thé. Can hiéu ring, cac vi
du nay chi duge str dung dé giai thich sang ché ma khong dung dé gi6i han pham vi ctia
sang ché. Trong céac vi du dudi day, khi khong chi ra diéu kién cu thé nhu trong phuong
phap thuc hién cdc phuong 4n, sang ché s& duoc thuc hién ¢ diéu kién théng thuong, vi
du, diéu kién néu trong Tai liéu huéng din thi nghiém tdch dong phén tir (T4i ban lin
tht ba, bién soan: Joseph Sambrook, va ddng su, Nha Xuit ban Khoa hoc, 2002) (A
Laboratory manual (Third Edition, edited by Joseph Sambrook, et al., Science Press,
2002)), hodc trong didu kién duge khuyén cdo bai nha san xuét. Trir khi c6 chi dinh

khéc, phan tram va sé phan dugc tinh theo trong luong.
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1. Vat liéu va phuong phap
1.1 Plasmit va dong chung
Vecto con thoi pShuttle-CMV dugc mua tir Clontech Laboratories, Inc.

AdC68 adenovirut kiéu dai (s dang ky tai ngdn hang gen AC_000011) dugc mua
tir Bao tang giéng chuén Hoa Ky (American Type Culture Collection - ATCC).

Plasmit pNEB193 dugc mua tir New England Biolabs.

Plasmit tai té hgp PUC57-0/Gp mang gen dich Gp (dong ERA) da t61 vu cum ma
duoc tong hop bdi GenScript (Nanjing) Co. Ltd.

Chung kha bién Stb12 dugc mua tr Invitrogen.
Té bao HEK?293 (293A) ciia dong té bao mang adenovirut duoc mua tir ATCC.,

Phuong phap xdy dung vecto adenovirut khiém khuyét sao chép da mét doan El

pAdC68 (pAdC68 mét doan E1) bao gdm:
(1) xay dung plasmit pPNEB193-KE,

trong do6 theo cdc vi tri tdch dong da diém trén vecto pNEB193 va trinh tu cua hé
gen AdC68 adenovirut, cdp mdi dung dé khuéch dai doan KE dugc thiét ké (Bang 1),
va san pham dich 1a doan KE duoc khuéch dai bang phan tng chudi trung hop
(Polymerase Chain Reaction: PCR); tdng thé tich cta hé khuéch dai PCR 1a 50 uL, va
cac tham sb chu ky phan tng la: bién tinh so bd & nhiét dd 95°C trong thoi gian 5 phut;
bién tinh & nhiét d§ 94°C trong thoi gian 1 phut; G dé gin mdi & nhiét do 57°C trong thoi
gian 30 gidy; kéo dai & nhiét do 72°C trong thoi gian 2,2 phut; cac doan KE da duogc
khuéch dai PCR dugc phén giai bing hai enzym EcoR I va Kpn I; cdc doan KE duge
tinh sach st dung gel agaroza, dugc li€n két v6i cac vecto pNEB193 da dugc phén giai
bing céc enzym tuong tu, va dugc bién nap vao cac té bao kha bién DH5a; chon ra cac
dong duong tinh, va thu duge pNEB193-KE sau khi phén giai bang enzym va nhan dang

trinh tu,

Bang 1: Céc trinh tu mdi cho phan tmg PCR
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(SEQ D NO: 7)

DNO'S)

Doan n61 ?“ AL (SE ID NO 9)

"A(SEQ ID NO: 10) -

trong do céc vi tri endonucleaza gidi han duoc gach chén,
(2) x4y dung plasmit pNEB193-KE-AK,

trong d6 hé gen AdC68 dugc phén gidi bang hai enzym Asc I va Kpn I, cac doan
AK dugc thu hdi bing céch dién di voi gel agaroza c6 diém néng chay thap, dugce lién
két voi cac vecto pNEB193-KE da dugc phén giai bing cling cic enzym, va dugc bién
nap vao cac té bao kha bién Stb12; chon ra cac dong duong tinh, va thu dugc pNEB193-
KE-AK sau khi dinh dang nho phén giai bang enzym,

(3) xay dung plasmit pNEB193-KE-AK-XA,

hé gen AdC68 dugc phan giai béng hai enzym Xba I va Asc I; vi Asc I co ba vi tri
phan giai enzym trong AdC68 adenovirut, hé gen AdC68 dugc phan giai mot phin bing
Asc I & nhiét do 37°C trong thoi gian 10 gidy; sau khi phan giai bang enzym, cic doan
XA 16n nhét duge thu hdi véi gel c6 diém nong chay thap, va dugc lién két véi cac vecto
pNEB193-KE-AK da duoc phén giai bang cung cc enzym, va thu dugec pNEB193-KE-
AK-XA sau khi phén giai bing enzym,

(4) xay dung plasmit pNEB193-PX,

trong do theo céc vi tri tach dong da diém trén vecto pNEB193 va trinh ty cua hé
gen adenovirut, cdc doan moi dung dé khuéch dai doan PX duoc thiét ké (Bang 1), va
san phém doan PX dich duogc khuéch dai bé‘mg PCR; téng thé tich cua hé khuéch dai
PCR 14 50 uL, va céc tham sb chu ky phan tmg 1a: bién tinh so bd & nhiét do 95°C trong
thoi gian 5 phut; bién tinh & nhiét do 94°C trong thoi gian 1 phit; 0 dé gin mdi & nhiét
d6 55°C trong thoi gian 1 phut; kéo dai & nhiét dd 72°C trong thoi gian 6 phut; cac doan
PX da dugc khuéch dai bing phan tmg PCR va dugc thu hdi s& duge phan giai bang hai
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enzym Pme I va Xba I; cic san pham doan PX dich dugc thu hdi vé6i gel agaroza, dugc
lién két vi cac vecto pNEB193 da dugc phan giai bang cung cic enzym, va dugc bién
nap vao trong té bao kha bién Stb12; chon ra dong dwong tinh, trong d6 ving gin véi
dau trai ITR cia AdC68 adenovirut dugce nhan biét nho dinh dan g trinh tu, hé gen AdC68
adenovirut duoc phan giai bang cac phén Xba I, Xba I-Xba I trong AdC68 dugc thu hoi
nho st dung gel agaroza c6 diém nong chay thap, dong thoi thay thé lién két vao trong
vecto pNEB193-PX da dugc phan giai bang enzym Xba I, dugc bién nap vao trong té
bao kha bién Stb12, chon ra dong duwong tinh, va thu dugc pNEB193-PX sau khi dinh

dang nho phan giai bing enzym,
(5) loai bo phan E1 trong hé gen AdC68 ctia plasmit pPNEB193-PX

cac plasmit pShuttle-CMV dugc phan giai bang hai enzym EcoR I va Mfe 1, cac
vecto tréng duoc lién két theo ban chit cia cip enzym phén gidi tuong hd (isocaudamer),
va chung dugc bién nap vao cac té bao kha bién DH5a dé thu dugc plasmit pShuttle-
EM; cédp mdi dung dé khuéch dai doan ndi duoc thiét ké theo trinh tu cta plasmit
pShuttle-EM (Béang 1), va san phim doan ndi dugc khuéch dai nho phan tmg PCR; tong
thé tich ctia hé khuéch dai PCR 1a 50 uL, va cac tham sb chu ky phan tng la: bién tinh
so bd & nhiét do 95°C trong thoi gian 5 phut; bién tinh & nhiét do 94°C trong thoi gian 1
phut; G d& gin mdi & nhiét do 55°C trong thoi gian 1 phut; kéo dai ¢ nhiét do 72°C trong
thoi gian 1 phut; cac doan doan ndi da duoc khuéch dai bang phan tng PCR dugc phan
giai bang hai enzym SnaB I va Nde [; cdc san phim doan ndi dugc thu hdi véi gel
agaroza, dugc lién két voi cac vecto pNEB193-PX da dugc phan giai bang clng céac
enzym (thdong qua sy phan tich trén trinh tu ctia hé gen AdC68, co thé loai bo trinh tu
phén E1 sir dung hai vi tri phan giai nho enzym la SnaB I va Nde I), va dugc bién nap
vao trong t& bao kha bién DHS5a; chon ra dong duong tinh, va thu dugc pNEB193-PX-

doan néi sau khi dinh dang nhd phan giai bing enzym,

trong d6 trinh tu doan ndi dugc chén vao giita cac vi tri thit 459 va 3011 ctia hé
gen AdC68 dé thay thé ph?ln 16n trinh tu cta E1, va trinh ty doan ndi dugc thé hién béng,
vi du, SEQ ID NO: 3,

(6) xay dung plasmit pAdC68 adenovirut khiém khuyét sao chép,

trong d6 cac plasmit pNEB193-PX-doan ndi ADN d3 dugc phan giai bang hai

enzym Xba I va Pme I, va cac doan PX-doan ndi dugc thu hoi véi gel agaroza, duoc lién
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két v6i vecto pNEB193-KE-AK-XA da duoc phan giai bang ciing cac enzym va dugc
thu hdi vai gel agaroza c6 diém nong chay thép, va duge bién nap vao céc té bao kha
bién Stb12; chon ra dong duong tinh, va thu dugc pAdC68 mét doan E1 sau khi dinh

dang nho phén giai bang enzym.

Trinh ty axit nucleic cia vecto adenovirut tai t& hop khuyét sao chép pAdC68 mat

doan E1 dugc thé hién boi, vi du, SEQ ID NO: 2.
1.2 Céc dong vat thi nghiém

Chu6t cai ICR, tir 6 dén 9 tuan tudi, dugc mua tir Shanghai SLAC Laboratory
Animals Co., Ltd.

1.3 Chét thtr chinh

Toan bd Enzym lagaza T4ADN, polymeraza Taq ADN, bd kit thu hdi ADN trén
gel, va b kit tach chiét plasmit, v.v. duoc mua tir Takara Biotechnology (Dalian) Co.,
Ltd. Tét ca cac endonucleaza gi6i han nhu Bgl I, BamH I, Nhe I, va Pac I, v.v. dugc

mua tur cong ty NEB.
Chét thir chuyén nhiém Lipofectamine2000ADN dugc mua tr Invitrogen.
1.4 Thu gen dich

Theo trinh tu axit nucleic cua ving ma hoa Gp trong dong virut dai ERA trong
ngan hang gen GenBank, tong hop gen GP da t6i vu cum ma (SEQ ID NO: 1), dau 5’
cua gen dich da t6i vu cum ma lan luot dugc nbi voi vi tri phan giai enzym EcoR I va
Nhe I, va ddu 3’ duoc ndi véi vi tri phan giai bang enzym ctia Xba I (nhu thé hién trén
Fig.1); sau khi phan giai bang hai enzym EcoR I va Xba I, gen Gp t6i wu dugc tao dong
v6i vecto thuong phdm PUC57 dé thu dugc plasmit tai t& hop PUC57-0/Gp.

1.5 Thu vecto con thoi adenovirut tai t6 hop

Sau khi plasmit PUC57-0/Gp dugc phan giai bang hai enzym Nhe I va Xba I, gen
dich ¢6 cac dau dinh duoc tao ra, déng thoi, vecto con thoi adenovirut pshuttle-CMV
duoc phan giai bang hai enzym Nhe I va Xba I dé thu duoc vecto dudi thing, str dung
ligaza T4AADN dé lién két cac ddu dinh cta céc san phdm trén. San pham da lién két
duoc bién nap bang phuong phép thong thudng, duoc sang loc trén dia thach co kha
nang khang Kanamycin, va dugc nudi qua dém trong mdi truong dich dinh dudng LB ¢

nhiét d6 37°C, dé chiét tach plasmit ADN. Plasmit tai to hgp duong tinh thu dugc sau
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khi dinh dang biang phuong phap nhu phan giai bing enzym va PCR, v.v., va plasmit
nay dugc dat tén 1a pAdshuttle-CMV/Gp.

1.6 Thu plasmit adenovirut tai to hop

Sau khi plasmit pshuttle-CMV/Gp dugc phan giai biang hai enzym PI-Sce I va I-
Ceu I, gen dich ¢6 cac dau dinh duge tao ra, ddng thoi, vecto adenovirut pAdC68 mat
doan E1 duoc phan giai bing hai enzym PI-Sce I va I-Ceu I dé thu dugc vecto dudi
thing. Céc doan gen dich dugc tach ra sir dung gel agaroza c6 diém néng chay thap, gel
chtra trong cac doan gen dich va céc vecto dugc u ¢ nhi¢t do 65°C trong thoi gian 5 phut,
va sau khi tan hoan toan, cac ddu dinh ciia cac san phdm néu trén dugc lién két st dung
ligaza TAADN. Cac san phim da lién két dugc bién nap vao té bao kha bién Stb12 cta
vi khudn theo phuong phap thong thuong, ldy mot lugng san pham bién nap thich hop
pht 1én dia thach ¢6 kha nang khang ampixilin, va dugc nudi & nhiét do 30°C trong tho1
gian 24 gi0d. Chon dong c¢6 kha nang khang ampixilin. Mot luong nhé plasmit ADN
duoc chiét tach. Phan tich linh dong dién di dugc thuc hién st dung gel agaroza 0,8%,
ddng thoi 14n luot tién hanh phan tich ban db phan giai bing enzym dbi voi cac enzym
Bgl I, BamH I, va Xho I. Mt lugng 16n plasmit ADN chét lugng cao thu dugce sau khi
md rong quy md nudi cdy (1:1000) dich vi khuén chtra plasmit adenovirut tai t6 hop thu
duoc. Vecto adenovirut tai to hop thu dugc chita gen Gp cua virut dai dugc dat tén la

pAdC68-Gp.
1.7 Diéu ché adenovirut téi t6 hop

Plasmit pAdC68-Gp adenovirut téi té hop duoc dudi thing str dung endonucleaza
giéi han Pac 1. Céc plasmit dugc bién nap vao céac té bao HEK293 (dia nuoi cdy 6 giéng)
bing phuong phap chuyén nhiém liposom, va duge G & nhiét d6 37°C trong thoi gian tir
6 dén 8 ngdy, va cac mang rd rang xuét hién. Céc té bao dugc gom lai sau khi khoanh
ving va tao huyén phu. Sau khi lap lai viéc dong bang va lam tan ba 14n, huyén phu virut
duoc thu d& gdy nhidm vao cac t& bao HEK293 (lo nudi cdy té bao dung tich 75 ml).
Cac budc ¢ trén dugc lap lai dén khi thu duoc luong virut thich hop (khoang tir 20 dén
40 lo nudi cdy té bao dung tich 150 ml), cic virut dugc tinh sach bang phuong phap ly
tAm theo gradien ti trong st dung xeri clorua, gia tri mat d¢ quang (optical density —OD)
duoc do lai, va glyxerol c6 ndng do 10% dugc thém vao dé bao quan & nhiét do -80°C.

Céc ADN hé gen virut duoc tach chiét (lvgng virut 1a 10'2vp), va cac phan tich ban do
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phan giai biang cac enzym Bgl IT, BamH I, va Nhe I dugc thuc hién. Trinh tu axit nucleic
cua doan gen dich dugc phat hién st dung vung gen khoi dong CMV doan mdi phd bién.
Céc virut da tinh sach 1an luot dugc truyén lién tuc 15 thé hé trong té bao HEK293, danh

gia su 6n dinh di truyén clia cac vecto téi td hop.
1.8 Phén tich kha nang tao mién dich

Céc adenovirut tai td hop c6 hiéu gia nhét dinh duge tiém vao bép dé ching nglra
cho chudt ICR. Sau ba tuén, tién hanh do ndng d6 khang thé trung hoa trong huyét thanh.
Hiéu gi4 cta khang thé trung hoa dugc do bdi Vién nghién ctru san pham sinh hoc Vii

Han (Wuhan Institute of Biological Products).

Nhom thi nghiém: 10 ca thé chudt ICR dugc tiém adenovirut téi td hop AdC68-
Gp v6i luong 10'° vp; nhém dbi chimg: 10 c thé chudt ICR duge tiém vecto adenovirut

trong AdC68-ept c6 lugng 100 vp.
Vi du thwe hién sang ché
Vi du 1: Tach dong ving ma hoa Gp cua virut dai

Dién di trén gel agaroza da thé hién rang PUC57-0/Gp, da dugc phan giai bing
enzym, ¢6 kich thudce phu hop nhu mong doi (bp), nhu dugce thé hién trén Fig.2; vi Nhe
[ va Xba I 1a cip enzym phén giai twong hd, su tach dong nguge c6 thé xay ra trong khi
sang loc plasmit con thoi tai t6 hop pAdshuttle-CMV/gp. Trudc hét, dong duong tinh
duoc x4c dinh nho su phén giai bing enzym véi hai enzym Nhe I va Xba I, va sau do vi
tri phan giai bing enzym don EcoR I trong viing ngoai doan gen dich cia pAdshuttle-
CMV/gp dugc sir dung dé tai dinh dang, va két qua cta su phan giai bang enzym clia
vecto con thoi adenovirut tai t6 hop pAdshuttle-CMV/Gp 1a pht hgp nhu mong doi. Két
qua giai trinh tuy da cho thdy rang cac trinh tu axit nucleic thu dugc la gidng véi trinh tu

axit nucleic ctia doan gen dich d t&i wu cum ma.
Vi du 2: Dinh dang adenovirut tai td hop

pAdshuttle-CMV/gp va pAdC68 dugc phan giai bing hai enzym PI-Sce I va I-Ceu
I, va san pham thu dugc tir d6 dugc lién két v6i nhau str dung ligaza T4AADN. Sau khi
dong c6 kha ning khang ampixilin dugc chon ra, plasmit pAdC68-Gp dugc dinh dang
nho su phan giai bang enzym, nhu dugc thé hién trén Fig.3, va c6 kich thudc nhu ky

vong. Két qua giai trinh tu cho thay rang trinh ty axit nucleic thu dugc la gidng nhu trinh
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tu axit nucleic ca doan gen dich dugc to1 vu cum ma.

Mot lugng 16n ADN plasmit adenovirut tdi tb hop duogc tao ra, va cac té bao
HEK293 dugc chuyén nhidém véi cic plasmit téi td hop sau khi dugc phan giai bang Pac
I. Sau tir 6 dén 8 ngay, su bién dbi bénh 1y té bao ro rét da xuét hién. Cac vét tan xuat
hién trong céc té bao ¢ giai doan ban dAu cta thuong ton, va chiing dan tré nén 16n hon
va sau do la ¢ trang thai dan luéi, va cudi cung tAt ca cac té bao hoan toan bi ndi lén.
Céc té bao trong 20 lo (150 ml) da 1dy nhiém virut dugc thu gom. Cac virut dugc tinh
sach tir hon hop di trai qua viéc 1dp lai dong lanh va ra dong, bang phuong phép ly tAm
theo gradien ty trong st dung xesi clorua. Gia tri OD cua adenovirut tai t hop do duge
12 8,9x10'? vp/ml. Hé gen virut dugc tach chiét, va sau khi dinh dang nho phan giai bang

enzym, kich thu¢c cac doan nhu ky vong.

Vi du 3: Do lugng hiéu qua cia adenovirut tai td hop va phan tich do dn dinh di

truyén ctuia adenovirut téi to hop

Céc t& bao HEK293 va dong té bao ung thu gan Huh7 dugc gdy nhiém véi cac
virut voi sb lugng khéac nhau, nhu dugc thé hién trén F ig.4. Tai thoi diém 24 gid sau khi
gdy nhiém, céc vét tan xudt hién trong céc té bao HEK293 (lugng virut 1a 10® vp); tuy
nhién, cic té bao Huh7 di 1ay nhiém (lwong virut 1a 108 vp) khong khac biét dang ké véi
nhom dbi chimg. Khi luong virut dat dén 10" vp, cac vét tan cling xut hién trong céc
té bao Huh7. Céc virut da tinh sach duoc 1an luot truyén lién truc 15 thé hé trong té bao
HEK?293. Mot luong nhé virut duge thu gom va tinh sach. Cac hé gen cta cac virut ¢
thé hé thi 5 va thé hé tht 15 1an luot duge dinh dang nhd su phén giai bang enzym. Céc
két qua cho thay cac virut tai t6 hop khong bi dot bién, va vAn dam bao kha nang lay
nhidm nhu & virut ban diu, nhu dugc thé hién trén Fig.5.

Vi du 4: Po hiéu gia ctia khang thé trung hoa trong huyét thanh

Vecto adenovirut tai to hop AdC68-Gp dugc st dung dé chung ngtra cho chuot
ICR. Sau ba tudn, do hiéu gié ciia khéng thé trung hoa trong huyét thanh, nhu dugc thé
hién trén Fig.6. Hiéu gia (gia tri trung binh la 38,3 IU/ml) cua khang thé trung hoa trong
huyét thanh ctia chudt ctia nhém chiing ngira cao hon déng ké so v6i nhom ddi ching,
va adenovirut ti t& hop & tinh tinh AdC68-Gp c6 thé kich thich san sinh khang thé trung
hoa hiéu qua vai hiéu gia cao hon.

Tom lai, nhom téc gia sang ché da hoan thanh viéc xdy dung nén vecto vacxin
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phong bénh dai tai td hop méi, kiém tra tinh 6n dinh di truyén va kiém tra kha nang tao
mién dich. Cac két qua cho théy vacxin phong bénh dai méi dya trén vecto adenovirut
AdC68 ¢6 thé kich thich chudt sinh ra khang thé trung hoa dic hidu v6i hiéu gid cao hon,

va hiéu gia nay cao hon nhiéu so véi tiéu chuan hiéu qua bao vé dugc WHO dua ra.

TAt ca céc tai liéu duoc dé cap trong sang ché duoc sir dung dé tham khao dbi véi
don ciing giéng nhu mdi tai liéu duge trich dan dé 1am tai liéu tham khao ddc 1ap. Ngoai
ra, cling can hiéu rang, sau khi doc phin md ta néu trén clia sing ché, ngudi c6 hiéu biét
trung binh trong ciing linh vuc k¥ thuat c6 thé thuc hién cac thay d6i hodc cai bién khac
nhau ddi véi sang ché, va nhiing hinh thic twong duong nay ciing thudc pham vi cia

sang ché nhu dugc xac dinh boi cac diém yéu cau bao ho kem theo.
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YEU CAUBAO HOQ
1. Vecto vacxin phong bénh dai, khéac biét & chd, vecto vacxin phong bénh dai nay bao
gbm: vecto adenovirut tai td hop khuyét sao chép, va trinh tu mi héa ctia khang nguyén
glycoprotein cta virut dai duoc lién két gitra cac vi tri phan giai enzym, I-Ceu I va PI-

Sce I cua vecto nay; trong do

vecto adenovirut tai t& hop khuyét sao chép bao gdm: trinh tw hé gen AdC68
adenovirut & tinh tinh da cai bién, trong do phén 16n trinh ty ma hoa cta E1 duogc thay
thé boi doan ndi; cac vi tri phan giai enzym I-Ceu 1 va PI-Sce I dugc cung cip trong

doan noi;

vecto adenovirut tai td hop khuyét sao chép duogc didu ché bang phuong phap bao
gbm: |

chia hé gen AdC68 adenovirut & tinh tinh thanh bén doan, dit lan luot cac
doan nay vao vecto khung, va thay thé phan 16n trinh tw ma héa ctia E1 trong hé gen
AdC68 bang doan ndi, trong do trinh tu axit nucleic ctia vecto adenovirut tai t6 hop

khuyét sao chép dugc thé hién boi SEQ ID NO: 2,
trong d6 bbn doan 1an luot nhu sau:
cac vi tri tir 1 dén 6025 cua hé gen AdC68 adenovirut ¢ tinh tinh;
cac vi tri tir 6026 dén 17279 ctia hé gen AdC68 adenovirut ¢ tinh tinh;
cac vi tri tir 17280 dén 34196 cta hé gen AdC68 adenovirut ¢ tinh tinh; va
cac vi tri tir 34197 dén 36519 ctia hé gen AdC68 adenovirut & tinh tinh,
vecto khung 1a vecto pNEB193;
trinh ty ma héa cia khang nguyén glycoprotein cta virut dai dugc thé hién béi
SEQ ID NO: 1, trinh tu doan ndi duoc thé hién boi SEQ ID NO: 3.
2. Phuong phap diu ché vacxin phong bénh dai, khac biét & chd, phuong phap nay bao
gdm cac bude:
(1) chuén bi vecto vacxin phong bénh dai theo diém 1;

(2) chuyén nhiém té bao tao virut véi vecto vacxin phong bénh dai ¢ bude (1),
trong do6 virut nay dugc boc trong té bao dé thu dugc vacxin phong bénh dai c6 kha nang

tao mién dich.
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3. Vacxin phong bénh dai, khac biét ¢ chd, vacxin nay duoc didu ché bang phuong phép
theo diém 2.
4. Bo kit, khac biét & chd, bo kit nay chira vacxin phong bénh dai theo diém 3.

5. B6 kit dung dé didu ché vacxin, khac biét & chd, bo kit nay chira vecto vacxin phong

bénh dai theo diém 1.

6. B0 kit theo diém 3, khéc biét & chd, bd kit nay con bao gdm té bao tao virut.
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ggaagggttg
cgctcagcag
acagccaggt
cggtgaagaa
tgatctcagc
gggtggttgce
atcggacgct
cgcactccgt
gcgagatccc
aggtcagcectg
tcgaagttcg
tagaccgagg
tgcgaggacg
gatccggcga
tcgttgagcet
tgacgacaca
gcctgggegt
gcggcegggece
tctaggagta
ccggcgctga
atctggggcet
ggaggcggcet
gggcgcggge
ctcgagagtg
gcgcagagaa

ggcatagagg

caccgcagct
gtacgaacag
tagcgctatt
tcggagctca
ttggtggagg
gtggaaggtg
gaagagctgg
gactccgtcg
gaggtacttc
caaagactgg
ttttattata
agatgcagta
ggctgaagat
gggccgggcec
gagcgaagca
cgccaccatg
ggatgaactc
gagtgaactc
aactctccaa
gttggaagac
gtgtgcctct
gggtggcgcece
ctcgcggaag
aattacgcgg
tctggtttcg
gccaattcat
ggtagctcca
agggcgaagyg
tactctttaa
cgctgaagtt
cggttcttga

gtgggaaaga
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cactagggtg
caagggaggt
aacccaacca
cctcecggtgt
ttagtttggt
tgatggcagg
agcttgcttc
ttgtcgcagt
ttgtggggcet
ttgatggatt
ctcagtacac
cagagtcaga
ccgaagcagg
ctgagggtgc
gcggaagcgg
ggacattcaa
gtccgggtag
ctccacgaac
agtcaggacg
tccgtcaggt
gccccggatce
gcccgcecage
tagtacggtc
attgaggtga
gtgggcgcegg
gcgggtggag
catgtaaggc
gcacaggtga
gagtgagcge
ggtcttcgct
ctttcagttc

tccggttect

atcttcccca
ataggtagca
cctcccaggg
gggtggtagt
tgttagtagce
gtcccgagac
tgcgggtgga
ggttgacaac
tacactggag
caggaacaca
agcagacaac
agggtctgtc
tgggagtcga
tcctcgggeca
cggcagtggt
tcgtagccgt
tggccggggg
tggagagtgc
gcctgacgag
cgcagaccca
accagccgcet
tggacacctg
gtgggctggg
ttgcggggeg
atgtcattca
tagtcctggg
gtgggaatct
cgtaattccc
gcagtacttg
cttgtgatac
ctgctcctgce

cagctcccgg
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tttcttaaac
gagaaccaaa
gccgtagtaa
attagattca
ggggagcgac
gcactgatag
aaaagtaagg
ggcgatcggg
ctggagctcg
cggaagtccg
aaagactttc
cttgctcgcg
ggccccecttce
gctcaaagta
ccaggtgtcg
ccaccgactc
agccggagaa
cgatgccacc
gcgtgaagga
gcgaagagct
ttataccctg
agttagtcag
gaatttcctg
tggcggtgag
cccgtgagat
cggcaccggc
ctttgctcat
gcctttttet
ttgaagagag
agacaactgc
ccccgactcet

gtttgcgccg

cagcaacaca
agcccacccg
atcccagagg
gaaaggtcgce
gctgtggtat
gtcccgggga
ttggcagggce
gagccctgga
gtctcgttcc
gagtagtcgc
atgcaggccg
ctcgaccagg
gacgacgatc
ggcaaactcg
aagccgagcet
gctgatggcg
ggggttgaag
¢gagcggggce
agatctcccc
caccacctcg
agcggggcgyg
ctggacttcg
gtacaccagg
cgctgactgt
catcgcgggce
ggccaggccce
gatgatgggt
gcgactggge
cctcggegtce
gggtgagcga
gctggaagat

gctcgttcge

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800



cgcgatcctce
ggtctttttc
agtaatgcaa
tgaaggagat
gccaggactt
gtccggtctc
tatccgtgcet
ccacctcctc
ctgcctgagt
cccagtcttce
ggggcatcct
ccgcggccct
aggatcgccc
tcctcgtaga
gccgaggtcc
tcgctgggcec
ttgcaggcca
ccctcgeccgce
agcaggtagc
tccgagggca
cgaaagtttt
ctgaggcgct
ccggtccaca
tccteccagac
tagacgcagt
ttctgcccca
acgttggaga
tcctcgacct
acggtcacca
gcattaggac
gagtcttgca

atgaccgcgc

agtccacctg
tgctgctgcet
gatgttgcgg
gttgccccecceg
gtatccctgce
gtcccatcta
gcttgctttc
ctctgcctcc
gctgtcccag
ctccaaatcc
gggggaagcc
ttttcagcaa
cctgggtgat
acctgatctc
acagccccgg
cttgcaactc
gggagcggtyg
tgacgtcctce
agtggctcca
gcgcggagca
gcaacatgct
cggggaaaat
gacccttgag
actgctgcca
cgcggatgta
ggcggttctc
tcttgcaggc
tgcgcagggt
ggaccacggc
ccagccaccg
tgcecctegte

tcatgacttt
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ctgccgceccegce
gcctcttett
ggaaagttca
caggcctgca
cgctccttct
ctgtgtggtc
tcceceecgeeg
tcctegtett
tcttcctcceca
tccacgggcg
ggggttgagc
gaattcttgg
gacgcaggcc
gaagggatgg
ggtgagtttc
gaaggtgccg
cggcgtgcag
gatcacgtcc
cagcggcggyg
ggtggcgggce
ttggctcata
gaggtcggcec
gttcttctge
cacgcccatg
gtcgcgeegg
gtgcaagatg
ctggcgcacg
ctccgegtceg
catcatgagt
ggccagctgce
ctcggagatg

ggggggcagg

tgtggatttt
ggaagtagta
ccccgecggtg
agcaggagac
taccggtctg
gagcgggacc
aggacgacgg
cctccagact
tctcectecte
gcagctccac
tcctcaccgg
cgggatttct
gacagctcgg
tagtcctcgg
agacccccct
atgatctggg
aggttgcagce
gagtggtagg
gggcactcge
aggattccgg
aagtcgggca
aggtccgagg
aggagcttgc
cccgtcectgcec
gcctceccecege
cccatgtagg
aacccgtgcc
gcgaagaagc
ttgcgccgcet
tcgtcgctga
ggcgacgcgc

ttcagagccg
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ctagctgctg
ggggctgtgg
gaagagcagg
gatggcgttt
ggtggtgggg
ccgacccgga
tctggcggceg
gtcttgcagg
ctctgcctga
tttcagcttc
tctgggggtce
ggatggcttg
ccttgggcgg
gcacgaactt
tggcggctga
tctcgctcag
ggcagtggca
ccaggtagtt
ggaaggtcag
agcgttcgag
ggccgttgeg
cggtggtgcg
agagctcttt
aggtgtggca
gcagggtggt
agaccaggtt
tgaagaggta
ggcgcaggca
cttccaaact
ccacgggctt
gcttgatgag

ggtaggcgaa

gttttctgct
aggtgacggt
tagcgccggg
ttgtgccccecce
ttcgggaatc
gcggagatgg
gctgcttctt
ctgtcctcecct
ctgctgttct
ttgtttcctce
gaggtagacc
caattgggcc
atgggattgg
gcgcaagtag
accctcgcect
cagctggggg
ctcgagcagg
ggccaggcgce
cggcacgaag
gatgaaagag
cagcgtcagc
ctcgtcgaac
caggttctgc
gaggtagagg
gtgcagcacg
ggtcagctcc
gtgcaggttc
ctccagctcc
ctggggacta
gccctecteg
cacctggtcc

atgggtcagc

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720



tcgaccgtgce
ctgtggtgct
ctgcccagac
gcgccgggac
gggatctttt
accgggtaga
ggcacgcgceg
ggcacctcgg
ttgatgagcg
gcctgactct
gaaaagcgca
tcgatggatt
ggcggcgggyg
gatggcgagg
atggccggcc
aggggctctg
cccccgaaga
gtggtgagcg
cccaagaaga
gaggacgaaa
cggatcaccg
gccgceggcetyg
gcctgggaga
gacctgaaag
cacctgtaca
ctgaccacca
cacaagaact
ggcaagctgc
gatgtggcga
acccagaacc
gtgcacgacg

accgagggag

gtttgagcac
catgctctcc
cctcgaagat
ccaggttgaa
ggttcttgaa
agttgaggcg
gcgagaagag
tgcggtcgag
cgtcctcccecce
gctcattctc
ctgccagctc
cctccatctc
cggttaagct
ttggcgatgg
gcggaggaag
ccagccatcc
gacataccta
agaactcgcg
aaccccgcaa
gacaggccga
agaaggacgg
ctagcgctaa
agggtatgga
ccaacttcca
tcaacgagga
tgatgggccg
gggagtgcac
ggtgcctgca
gcgagaacgg
gctgggggceg
ccgggtgecge

ccaaggccca
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cgccagccgce
tcecttetect
cttgggaacc
aagggcgtcg
aaagatgtgg
cgggttgggce
gttcaactcg
cagcgcatcc
cccgcectcagg
tgcttcecctge
ctcctcgtge
ttgcatgtct
ttcattctgc
ctgagtctcc
tcagtcagag
gccaagtcgce
ccgccecgegtg
ctcccecteg
gaccaagcat
ggaggagctg
caagcggagc
gatgatggtg
aatcatgact
gctgatgccc
gcaccgcggce
cttcctgcag
cgggtgcgceg
cgggaccacec
gcagcgegceg
cagcgtggtg
caccaaccag

gcaggcgttc

gcgttgtcge
tgcagagcgt
tcttccaagg
gcgcgggtge
taggtggcca
tcgcaggtgce
taggcgegge
ttgacgatgg
tggaggtagt
tctggctgtt
tccgegggeg
gggacggccg
tgctgctgcet
atgcttgttg
cgccgecggyg
ggcggcgaga
gcctcggacc
ccatctccaa
gtggtcctgce
gcggccgtgg
tttgagaccc
aagaacccta
atgctgatgg
gagcagggcg
attccgctga
ggcttcgtgce
ctgtggctgc
atgatccaga
ctgaaggaga
cagctggcca
ttctctagca

aggcaattgg
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cttccaactc

tcgcggceccg
aggcgatatc
ggttggcgeg
gggcctcggg
cattgggctg
tgagctcctc
tggcctgecg
cgccgtcatg
cttggtgtat
tcacatagcc
cgtcggaggt
tctcgtcgge
ttcctccecta
agcgcacccc
gcccgtcecgece
aagaagagga
catctccgcece
aggacgtcag
gcttcagcta
tggacgagag
tgagcctgcce
accgctaccg
aggtgtaccg
ccttcactag
acgcgcattc
acgggtgcac
aggagcacat
accccgaccg
acaacgacgc
agtcctgcgg

aggctttcat

gaccagggcg
agtctcgtcg
aggtaggcgg
gcaggagacg
caccgcgaag
gcgcttgggg
cacgctgagg
ggccagatgc
ctcgagccca
ctcttcttgt
caggtcaatc
ggcggggcetg
ggtgggggca
ggagaacaca
cgaacgcgga
tccgectctg
agagatagta
gccgctgcecg
ccaggacagc
ccecececggtg
cgaccccctg
catcgtctcg
cgtggagacc
ccgcatctgce
caacaagacc
ccagatcgcc
cgaggccgag
gatcgagatg
ggccaagatc
gcgctgctge
ggtcttcttc

gaaggccatg

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640



tacccgggga
aaccacaagc
gggatggcca
agcgtgaagc
cgcgcgcaga
gccctgcaac
ctgctgatcc
gcgggccatg
atgtgtaaca
tcttgattca
taggcggagt
tccacctggg
ttcttgtcca
agcccgcagg
cagcggtcct
atctgcttga
cgcgggttcc
acgatggcgc
cccaggaagt
gagcccgcegg
agggggtgcg
cgtcgaagac
aattcatgtc
gcgcgeccat
ggaacttttt
tggcggggta
tgttgtgctg
cctggcggcet
cgggcacgta
agtccttggt

tttcgaactc

aggtgatgga

tgaacgccga
ccgggtgegt
acgccgagga
acccggccect
acgcgggtcc
tgacgcggaa
ccgagttcaa
ccgagacccg
tgaaagtgct
tgcggtcgaa
gggagttgag
gcgactggag
tggggcggtce
cggccgagceg
cggtggccag
ggcgctcgtce
aggcgaaggc
aggccagctt
agggcccgca
ccatggcttg
caggtagacg
ttcgaagaca
tagcgcgtgg
ggacatgaag
ctgggtgacg
gggctggcecc
gtaggccagg
catgggctgg
gaagccctgg
catgttgcac
gttgggcgtc

gaccttcttg
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ccaggcccag
gcccaccatg
cctcgacgtg
gatggtgttc
caactgcgat
gctgtggacc
gtggctggcc
gcagaaccct
gtttattaaa
ggcggtggcec
gaagcggtag
catgccgttg
gggccagtge
cggaccctgc
ggcgcetgegg
cgagaacccg
cagccagtgc
gtgcggggcece
gcccaggtcg
caagaagcaa
gcctcgatga
acatagagaa
gcggagttgg
ttgctggaga
ctggtgacgg
tggcgcatgg
gtgacggcct
aagttgcgga
tagccgatgt
tgggccacgt
aggagccggt

aaggtgtggt

atgatgctga
ggaaggcaga
gagagcatca
cagtgctgca
ttcaagatct
gactccttcce
aagtaccagt
ttcgatttct
gacatttaac
ttctcgatgce
agcgcctcect
ggcacccccg
acgaaggcgt
acggtctgygg
cgcagcaggc
aaggggtcga
tcgcecececegg
atgaatcccg
cggatgatgg
gagcttaggt
cgccgeggtg
gggtggactc
catagagcat
aggggatgcg
cgctcttgcce
tgggcgcgag
ggtagtcctt
agaaggagta
tgtagtgggc
tgtagcccte
cgttgccggg

tgaggtagaa
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tccececectgea
cctgcaagat
ccgacgcgac
accccgtgta
ccgcgcccga
ccgacacccce
tccgcaacgt
aaataaatca
atacacacac
gcgcgeggtg
ggttgcggceg
tcagcaagtt
gcaggaacat
tggacttttc
cctcgtactce
agaggtagca
tctcgecggece
ggaagcgctt
ccctgagctce
ggtggcgtta
gggctggtge
atccatgggg
gttctggccg
ccacatgacc
gatgagcggg
gtagccgacg
gtagttgacc
catgcggtcc
cagcatctgg
gccgtcgacg
ccagctgacg

ggtgcegteg

ctgcgattgce
gaccccctte
ggtgctggceg
ccgcaactcc
cctgctgggce
gctgcccaaa
gtccctgceccce
tctcagatgce
ggtttacatg
ggagcgaaag
cagggtgggt
catggtgggg
gcagcagaag
cagggtgacg
gaactggtag
ggtgttcgag
ggccgtgttg
atcgaaggtg
ctgctcgceccg
ccggccgaga
actcggacga
tcgacttcga
aggtcggtga
ctgtcgcaga
taggggtagt
aagcccgagt
tcgtccacca
ttgtagccct
accaggaacc
gtgcgcttga
gaggagtcga

aggtagggga

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560



tggagcccga
tcttgagacg
tgggcacgtt
cgttgaagga
tgtgcgccat
cgtccgtgeg
agttccactc
tctggggcac
agcgcagccc
accagcgcgc
tcatgtaatc
aagagtcggg
ggatgttgat
tgtcatcttt
ctgttctgcc
gattttcaat
aataccgggt
tgtcttgcaa
tgccagtgcet
gtctgttggg
ctttgtatac
tttctggagce
catattcttt
taggcttggce
ctccatactt
caggctgata
taccatcttt
ctgtggcagt
gggccagact
cgccgcggat
gcgtgtagceg

gcgtcagccg

gtagacgaag
cgtgaaggac
ggtggcgttg
ctggtcgttg
ggggaagaag
caggtcgttg
gtaggtgtag
ctggatgtgg
cgcattgcgg
cccgatgttg
gtaggtgttg
caggtacagg
ttccatggcg
ggtccatgtg
aacagcatcc
aatgcgcaca
tctgtcaccc
gtcaaccaca
gttgtagtac
catggcttgce
aatatgggta
taggccagceca
agtagtgcct
aaaagaacca
ttcatcagta
ggttttatct
tgtgatgtta
ttcaccatcg
gttgtaggceg
gtcaaagtag
cactttgtac

ctggctgcgg
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taggggtcga
cagccgcgga
gccgggatgg
gtgtcgttgc
gtggcgtaga
ccgagggagc
gacccgggca
aagggcacgt
tggtggttga
atgtaggagt
gtgttggtgg
gccacgttgg
aatggattac
gtttgatcag
agagggaaac
tcaggatcat
agagagtcaa
gcattcagct
atgagcccga
tgacccaaat
tctggagttt
gcagccgcac
gttcctgttt
taacaaggct
ccagtgatgt
gcgtagattg
atgccctgca
gctttatatg
gtgccggagt
gtgctggcca
gagtaggtgt

tcggtggtca

acccggagcc
aggcggccca
ggtagagcat
gcagcatggc
ggttgatgct
tctgcaggat
ggagcaggag
agcgcccgtt
aggggttcac
ccaccagcga
gcagggtaac
cgtagaggaa
ccttgcctat
ttccattagce
aatagttggg
agctgtccac
gcaagagctg
gagaagcctg
taaagttgtc
taatagaaga
ccaaatccac
ttctgttgtc
tcacatttgc
tcattttggt
catgccattc
gctgatcatc
cgggtgcatt
tccactgaca
agggtttgaa
tgtccagcac
tgtcctcgeg

catcgtgcgt
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cagcgaggge
gttgcgcgag
gttggccgcce
ctcgagcgtg
ggtgaaggag
catgttgacg
gctcttgatg
gcccaggagce
gttgtccatg
gggcgccacc
attggccggce
gttcctccac
ctcattagca
cttaattccc
aagttcatcc
cgcctgattce
gtaggacagc
accggccagc
tctgaaacca
gctgctgtca
attttcagta
aaagaaagcc
ctgacctcct
atcaggctta
agcatcaccc
ggtgtcagtt
tccatatgta
agtgttgggt
gctagggccc
gcggttgtcg
gtccacgggc

gggcgccacc

gtctccttgg
gggatggaga
gagaggtagt
gaggccgtgt
atggaggccc
tccttgecgga
gcgaaaaatt
atggagcggt
ggatccagcg
acccggcecgt
gtgtacttgt
aggttggctt
tcattgacac
tgataagtat
tccacaccat
cacatactga
tcggtgtttc
acccccatat
atgtagttag
tctgtgectg
tacaaaacaa
atgtctatgt
tctttattag
agagctctgce
acttgaggtt
ccaagttgaa
taggtttttt
gctcccttgg
cgatccagca
cccacggcca
acgaagcgca

gtggggttcc

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480



taaacttgtt
gactcaggta
tcgatggggt
cagcggcggce
gtttaatagc
gtgctctgcc
accggcggca
agggtcgcgg
gtgggcagac
agcgtctcct
tcctcectcecca
ttgatctgcc
agcccatcga
cctgtggtgce
agcccgctcce
tcgctccagg
atgtcttcca
ttattacaag
agcaatgccg
gcctcceccccce
gttccccgcece
aaggcggcat
gggtggtagce
accagggcgg
ttgcggcggce
gggatgatgg
cgccggggte
ctggtgctgg
atgtccacgg
tcgggcectgcea

ttgggcacca

cgcggcegecyg

ccccagactg
ctccgaagcg
ggccatcttg
ggcgacataa
agcggeggedg
agttcgcatg
ggggcttage
gcttttcggg
ccagtttcac
ccgcatcggg
cctgcggcecat
gctgcacggc
ccaccttctg
tgttccacgce
agagactgct
tgcccatgaa
tctgtctacg
atgtttccaa
gggatcgccc
aaccgcttgc
agccttctac
gtgagggcca
gcgcgegegyg
caggggtggt
ggctgetggt
aaggatgcag
ttcgactagg
gcttgatcat
tctgcacgcc
cgtccgggtce
tcagctgcecat

cggtcggeag
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aagtaggtgt
tcctgteccgg
caactcggcg
tacatacaca
cttcacactc
agggcgggceg
cactgtagag
tttcagcacc
cgcctceccteg
gcggggtcge
ctccacggag
ctggttggcc
ctggaagttc
cttgctgcca
ccaattgaag
cggccgegtg
aaaacacatc
gtgtgtctca
cgatcgccge
tgatggcgcg
ggcgeggttt
ttgatctgca
cagggtcaga
tgcagcggceg
atgaccgcgg
cgcgtagttg
agccgatggce
gggctcggte
caggcccggg
caccttcatg

ggtggggtac

cacctgctgc

ctgtggcgcg
cgatgtgcat
acgcgcctct
cacagacaag
tgcactccca
gtgcccccgg
gggcgggaag
ccggtggcecca
tacgggggcg
ttctcgcceccce
ccggcegggceg
aggtccacca
tgctctttca
taggttttaa
gcgccccegt
ccgtgtcecgeg
acaggaccag
gtggcgctga
ggcgatgatg
ccgccgcecgg
tcttectegg
aagctggcga
ggtgcgcgge
gtgcggcgac
tagaagcgcg
ggcatcagca
atccagggat
tgcgtttcca
gccacctgct
gtctccagca
agatcctcgc

aaggtcacgg
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ggcaaactgc
gtacgcccac
tcactcctcc
caagttaagc
gacccacgat
gtcgcgcgcg
gctggggagg
ggggcgcgat
gctcgtcegt
gcttgtccag
gcaccgggtc
cccegttgat
gcttatccct
gcgtggaccc
tcagttggct
gagccaggga
gagcgtcaga
gaggcctgca
gggatcagcg
tggtggtggce
tagcccgtaa
aagtttaaat
cgcggcggta
ggcggceggceg
tgccgcggta
ggctggccge
ccgtctgcecac
tgggctcegt
tgatgggccg
cgtcttccag
cctcgcecgcett

gcttgaggct

accagacccg
tggggcagca
ttctggtgga
gctacggtag
gctgttcaga
ggccacggcece
aggcaagtcc
gggccgcegtg
gtgcgtcagc
gggaggcagc
caggcggcetg
gcccgaggceg
cagcgcctge
gaaattctta
ggtgccgatg
cgaaaaattg
gtccatgggt
ccgccacgga
cgggcaggaa
gacgcatccc
tgggaacgcg
ggcgatgctc
cactctccgce
agtggtggtc
gcccggegtg
gccgtacttg
ctccatggtg
gggaatcttg
caccttgacc
cttctggcgc
gaacccccgg

cggcgtgggy

18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340

20400



ttgccgtggt
ccgtaagcaa
acctcgtcgt
gtggtgccgg
ggggcgaact
tcctttttga
tagatctcag
ctcgccgetg
tgcgcacggg
gcgggcggga
tgccggegcet
tgcgcctgge
gccgggcegat
cgctgtcgat
cgtcggceccac
tgagggcgcec
gttggcgage
tgggcgagat
tgcccagggce
gctggactcc
cgttttcact
ggaagcggtt
cctgctegtt
agttgctaac
accagtagac
gcacgccctt
ttatcttgtc
tgactatctt
aattatcgcc
catcctcctt
ccagatcctc

gcaggttgct

ccagcgggat
actcgcccag
aggagcgctt
gtctcagcac
cgcgcacaaa
cccgcttgat
gcgcgatgac
ggacacatca
cacgcgcaca
catgctggcg
ggcgcctgaa
cctgcgcagce
gcgccgccge
gacggcgtcc
cacctggtcg
ccagggagcg
gcctcecgtac
gagaatggac
cttgtagacg
ccggatactg
gacggtggta
gaagacgtgc
gaagaagctc
ttgacgcgtg
ttgctccacg
ctcggggtceg
cggtagtacg
actttcggtt
cctgacctcg
gcttttctca

gtacatgatc

gaggcggctc
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ggacaccgcc
gcgctcggcece
ggaagcggtyg
cggttgcacc
ctccaccaat
tttgeggggce
ctggagcatc
acatcgcgaa
ccggtggegg
atggccgctg
gccgcgegte
aaggctcgeg
cggctcttgg
acggtggaga
atcacgtcgt
cggaagtgcc
atcttgctgg
atttagaagg
taggggcagg
ctgcgcagcg
atggtgggcg
gtaagcgagg
ttggagtaga
gagcggaagg
ccgcaggtga
ccatagttgt
ttgtagctcc
tcagccgect
gtagaggcgg
taggcgtcga
tggaagcctt

tcggtgaagt

tcttectteg
gcctgctcca
ccggagcegcet
ttccgecececge
ccgtccacat
tttctttecct
tcttccttga
gtgaacatct
cgtcgcgcac
ccgccgecgt
tggccgecect
ccgcgcgceat
cgcgggcgta
cgggcgeggce
cgacggtggt
cgcgcacgcg
gcgcgcgecag
tgcggctcga
tgcggecgtct
gcagggtccc
¢gggcgggcg
tgaaggcgcg
cgggcaggag
tgaccgggtc
cgtccgaggt
aggctaggta
tgttcttgct
cggccgctge
tagctacggc
catccaggag

cctggaaggg

ccaccccgcea
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gtgcggaacg
gaatatcatc
cgccgggcegt
gccactgcac
cactttcttc
ccttcaccac
atttgcgcett
tcaagtgcga
ccagtacacg
ggccgegegt
gagcatggcc
ggcgggggatyg
ccggcgegeg
ggcgggggtyg
gcgcgaccgce
cacggggtgt
gccccaaccyg
gaggacgcgce
ggcgtcagta
gtgatctgtg
gacgaggatc
cagctgctgc
ctcggcgceccce
ttgcatcatg
ggtgagcagc
ccagctgcgg
atccttctcc
cactgctgcg
tgcagttgct
cgcggggatg
ctgcctcttyg

gccgggcagc

gctgcgcecttg
atccccgtac
gaagaccacg
gcgccgecgg
ttcctttttg
cgcagggccg
ggacatcctc
999999<cggg
ttccctegcece
ctccgggtcecce
ctgcgtcccg
ctccggtgcc
tccgccacca
tagttgcgeg
acgcggccct
tgcgtggagce
gtgttattac
ggcgcgacta
acggtcacgc
agagcaggaa
tggttctcgg
gagtagacgg
accaccgggt
tcgggcageg
gtccaggagc
taggcggtgt
accggctgaa
gcgcttgcaa
tcagctgctg
ttgccceccect
cgaatgccca

aagacaatat

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320



cgggatggaa

agcccagcect
tctgccgecce
tggtcaccga
cctgactacc
tcacccgecge
gcatgatggt
tgctggcctce
ggtcgttctg
gggtggtatc
gcgccaggta
ccatcgecctg
tcatcatact
ttggtgagta
gtgagcgaac
ctcatcgtcc
gccccggcetce
cttccagcgg
ccgctcgggt
cgtgatcctg
aggactggcg
cgggcgtcgg
ggagaacacg
gtactcgccc
gaaatagtca
cgggcggttg
gctgggggtg
gatgcgctcc
cagcaaaaag
cacgtgggtg
gtacaggtta

gggggccacc

agcctcgttg
gaagttccta
caccgccaag
gaagttgcct
atcataatcc
cttgaacttg
tttcagctgg
cgtgggggtg
gtagttcagc
gtacaagggt
ccgcggggge
ctgcatcacg
agatacaaca
tcatttattt
gggttaccac
cacatctgtc
gtggccccect
ctcatcttgt
ctcaacagcg
cccagctcgce
gcctcgggca
tcgctgectt
ctgctgtcca
gtgtagaacc
gagttcatgg
ctggcgtaca
gccccecctect
tcctcggtge
ttcagggtgg
atctcctggt
atcaggtagc

agcagcagca
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gtgtacaccc
gtgtcgaact
taattgtcga
tcgggcagcet
tctgtcactg
ttgctgtaca
ccgccccacce
aagtcattgt
gaggcgatgt
gccagctccg
acgtaaggag
ctctcgtacg
acaacagaga
tcggtttcte
tcccacccaa
cccgctgect
gcgacgcccg
ccaccaggct
agtcattcaa
tgctgcggat
ccgccgeggce
ccttcttcca
catcgtccca
ccggceggcegyg
cggccgcccg
tgctgggctc
gcatcaggaa
tgagcgcgta
cttccaggtt
aggtctgctc

ccaggtacga

gcaggcgcga

cgggcatgac
tcacgccgat
tgatggcgtt
caaattccac
tcaccccatt
tgaactcgtt
gcgagcgctc
tctgcaccac
ccgccgactt
agtaacgaat
cctccagcgg
agggaggagg
agaaacgaac
ttacatcatg
gtccaacacg
gtcgtgccac
gggatcgtcc
ttctatcccg
gtactcctct
actgttcagc
agcaccctcg
caaggggcgce
caggaacccg
gagccagtgg
atgcaagtag
catgttgcgce
caggcccacg
ctggggcggg
gcccgggteg
gtccacgtgc
gttgcggttg

gttcggcgtce

-33-

cagctcggtc
gtcgctctcc
gttcatcagg
ccattcatac
gggggtcttg
cacgttgggc
gtcaaagttg
ggtggtcagg
gttgtccacc
gctgttccge
gggctgcatc
accctccggg
gcacgctggt
cgcccgatac
ctgctgtcgt
cggcgtttac
ctgtgctcct
ttattgggga
tcgcccagcea
gagaagggca
cggccggaca
tcgttagcac
tcattggggt
ggattcagga
tccatcagtt
gcggtcatgt
ctctgctgca
atcttctgcg
tcctggcecca
gcctggceccga
atgctgccgce

agcaggctcg

acggggtccc
agcaccccgt
tcgatggtca
ttcagctcat
cgggagacca
atgttggtgt
atggtctggg
aagttgctgt
aggtacaacc
ccctcegtag
gccgccgecg
tacgcacgcc
cgccatggcce
gggggcgcag
cggcggagtc
gggcggcgcet
gcgcatacgt
agttcttctc
agcgcgggceg
agctcgggaa
gcgccgagga
ccggtcgggg
cgggcatgtc
tggcgttggt
tattgatgaa
cgagcgcggce
cgtaacgcag
accggttggt
gggcgcggcet
tggcctcecgeg
tgtccgtgaa

acaccgtcgce

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240



gcggtcccecceg
caggttcacg
gtacacctcg
gtagtcctcc
caccatggat
cacgtcggtc
gcgctccagc
caccagcgcg
cacggcctcc
gttgcgggtce
aatgccggac
ttgttgcatc
tccacctcecat
ctgggctgcece
ccggtcaggg
ctggcgctca
gtcagcactt
ggcacgtacg
aagttgatgg
tgcagaatgt
gcctccctga
agcggcttgce
cccagggtca
aagttgctct
tgcgcgecgeg
accctctttc
atctcctcgg
tcgcgagegt
cgcgccagcce
ctcacggcgg
ggctgtggag

ggatgcatct

accggggcct
gtctgcaagc
ctctggggca
tggcceeggg
cccaggttgg
accatgcggt
agcgcgttgt
ttcacgatgg
aggatggccg
gtcagcgcca
ggctggctct
tagcaaaaat
cgtccacctc
agtgcaggtc
cccgctgcecag
ccgcacggtg
tcagggtcat
gggtcttgta
ccgccagcett
tcaccaggtc
acgcttcgtt
tggtggggtt
cctcctecgeg
cctccttcac
cggggctgat
ggtccaggcc
gctcctcgcece
cccttttecat
cctcgceccectce
ccgeggeggt
ggggctgttg

ggcaaaaaca
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gcacgcccca
cctggcgact
cctcggtcac
gcacgttggc
actcgcggtg
ccaggttggt
acaccaggcc
ccaggacctt
agagccggtt
tgatgcgttg
gcagcgccgce
acggtcgecgce
ttctacgtag
cgcgceccatg
actatgcatc
catcctgtcg
gcgcatgtaa
gatcttccta
ctcggacagc
caggagccag
gtcccgacta
ctgcacgatg
cgcgatcagg
ggtctgctcg
ccccgtcage
gcgccgcagce
gctcctgtcet
ctgcacgcgc
ttccaaggcc
cgtggctgga
ttgcggtgga

aacCaaaacaa

caggccctgce
ggtctggaag
catcaggcgc
gggctgggtg
gaaccgctcg
ctgcacgttg
ggcctcgtceg
ctcgtgcegtg
ggcctggggce
catggcctgg
ccgcatcgceg
catcagtctt
ggtcctgccg
tcaaagtagc
agctcctggt
ttgcggtaca
aacccgtcga
gcgtagtact
ggcagcccgce
cggccctegg
tgctgcacca
gcctccagca
gtgcgcacgt
tacgccgtga
tcgtccgect
tccecgececg
ctgaacaggt
gggtgccgcet
agctggtgat
agttgctgct
gggtggtggg

aagaggggct
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aagttcttga
aagtagtccg
agggcgctga
ctgaggaagg
cgctgggcca
gtgctgttgt
ccgcggatgg
gggttggagc
tgctgtctaa
gtccaatcgt
ggatcaggag
ccaggtactc
ccgcctccaa
tctcccecectce
cgctcagctce
cccccagatce
tcttcacctc
tgcccaaact
gctcctgcac
gctcggtgat
ccaggaacag
ggtcccacag
ggttgttgaa
ccaggttggce
cgaaatcctc
cgtggaaccg
tctgcttggg
ccggcgacga
cataactctg
g9999c99999
ggcgcatctg

cgctccgtaa

aagcctggcet
gcccggactg
tgaagttggt
cgttcagcgce
cggcctecgceg
agcgggccac
ccttgttctc
gcgagggcac
aggcttcggg
ccgaggagtt
gtggctgttg
gccctecteg
ggcccggcegyg
ggtcccggcec
gcgccgectg
gtcgctcagg
cttgtctatg
cagcaccgag
cacgatgctc
attcagcagc
ctgcgccgtce
gtgcatcagg
ggatttttgg
cgcggccacg
gtccctcagce
ggccgcegege
cacgtaggcc
cgcccccagg
tccagccccg
cagaagcgcc
ccgcagtacg

ctggagaagt

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100

26160



cggctggcta
cggccggcect
ggcagcgage
aaaaagttgc
acgggagtgc
tacacgcgca
ctttcgtttt
cccaccatga
cgcgcctcca
cgcaccatgc
cgccagcecgce
tacatcttcg
caccagaccg
taccaccgct
atcctcgcecg
ctcacgcgca
gactactaca
cgcatccagc
accgcctatt
ccgccagaag
cagcggtttt
gggcaattga
cacctggaga
accgagacca
gtgcgccgcec
gaagagatgt
cgcgaggtgce
tcggcgcgceca
ttggaggcgce
gtcaccgagc
gtcttcacgce

gagggcgtcg

tggggtcttg

Ccgaaccgggg

catcgcggtc
aaaacgaccc
caataccacg
gcccaacccg
tgcccgtata
actacttcct
ccaccgccgce
tcgaggacct
cgccgcactt
acacgcgcgce
tcaactggtc
tcgtcgactt
agcgcgtegt
tgcacggccg
aggacctggc
aagccgggcc
tcaacttcat
aaaccgtgct
cagatcccgt
taagatgcat
tgcgeggegg
tgcgacgccg
ggcgacgcag
tagtggagga
gcgccaccat
actcccagtt
tgggcgacgt
acatcgccac
gccacgtgga

tggtctacag
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gaaacgacgg
cacaccgcaa
ggccgctttce
gcctccgtat
ttagctgcgg
ttcgcttage
gagcatccac
gccgctgcegce
cggcatcacc
cgcgcccgge
cctcatcggce
ctactcgcgce
cgtcatggcc
tgatgacttc
cgccgacctg
cgcgggcgag
caggtgtcag
caaagacctg
caccagcagc
cagcctacct
ggatctcgag
cgtcagcgcec
cgtcttcacg
gcgcggcgag
gccccecctcecece
ggaagaagag
cgccgagctce
tttcaacttc
cagcgagatg
cacgctcaac
gctcaacctc

ccgecgtetgg

ggcagccacg
cgcaaccctg
cgcgcttact
cctggagggt
ctccagcctg
ctccaggcca
gactgcgcgce
aacatctgga
tggatgtcca
gccceccgeca
taccagtacc
ctcaagtacc
aactgctcct
cagaccaccc
gcgctcgtcec
gaggaggtgc
gaccacgcct
gtgctcctcg
atcgcccgcece
tgcgactgcg
acgctcaggt
ctctccectge
ctgcggcccc
accatcgagc
ccgccaccac
gaagtggagg
atccgtcttc
gccgtggact
ccgctccgece
tacctctacc
gcccaggtgg

aacgaggcgg
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ccctecgttag
gcgattcttc
agtctcatcc
tggtgcaggc
attcgagatt
cggagtcgag
gcctcacggg
accgcgtcecceg
ggtacatcta
ccgagcgatg
tggtgcgcac
acgagctcgt
acaccatcaa
tcacccagat
agccccagcg
ccgtggageg
ggggcatggce
ccaccatccg
ccgctcccaa
actggctcga
ccttgcgcgg
ccaacgggga
gcgaggacgg
gcttcatcga
tgccgcectga
aactcccggg
tggaggagga
tttacgaggc
gctggatcat
agcgcctctg
tcatgcgcgce

gcatgaacgc

ccgcggaatc
tccagactac
ggcctccaaa
ttgggtcgag
cgaaccgggg
ccgctgaccg
ccagaccgtg
cgagttcccg
cggctaccac
gccgctctac
ctgcaacgac
gcgtceggge
caccggagcc
ccagcaagcc
cggcttcggg
gctcatgcag
cgaccgtctg
ccgtctcaga
ccaacatgac
agccttegtt
agtccctacg
ccccceccgge
gcgcgccgtce
ccgtctgcececce
ggaggaagta
ggccttcgag
gttgaccgtc
catggaacgt
gtatttcttc
caactacgcg
cggcgatccc

cttctcgcag

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080



ctcatgggcc
cttcaagagg
gacgtgcaag
ctctctttca
gacgtcaacc
cccgegegceg
ccgcccggcg
cccagccgcece
aagccatcga
gcgccctgga
cgcagcgtcet
ccgctecgcege
aggcagaaga
gactccactt
tgcatccecgt
cggcgcgecg
aggagatcca
acgatgtgga
tggtcatgaa
agctcaaatg
aaatggccgt
tggatctctg
agcacgggct
tcaagggccg
acgagatcgt
gcatcactcg
ctttgcccaa
gcgacgatat
tcacgcacac
gctgcgccta
acgggttccc

tgtggaaaca

gcatctccaa
aggagatcga
agatcctgcecg
ggttcaaact
gtcgcgtcgt
gcgccgacgt
cgcgtcctcg
caagaagaaa
cgtcgccacc
aaaactcctg
caggaccctg
cgaggtctgg
gggccaggcece
cccactgaaa
gcagcgttgce
tcggcatttce
gttcttccce
aacctacacc
actctccggg
ggatcgctgg
cgggcagcag
gacttccttc
cagcgacccc
tccgcgattce
gctcgccgcece
caactttatg
ccccgcectac
cgacttcaag
ctccctgege
caaggccgtce
cctcgaagag

aaagggacag
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cgacctcgcg
gcagttcatg
gcaggccgcc
cacgggtccc
cgctcacgcecc
gcccctgecg
ccgccegcette
¢gggggacgg
aatggcgcegg
caagtcaacc
gacagctccg
acctgcctcc
gaccaccacg
ttcctcgtca
gagcactgtg
tacttccatc
atcggctcgce
tggatggggt
gacgaccggc
cacggggacc
ttccgtcagt
ctccgcgceca
gacgagctca
gtggaactct
caggtcatca
ccccgcecgcegg
aagaagcgca
caccagttcc
aaggccgccc
aaccagttct
tactggaagg

ctcaagtatg

gccaccgtgg
accgagatcg
gtcaacgata
gtggccttca
agtcttctcc
ccectgectce
taaccatgga
tggtcacacc
tggagatcaa
gcgcgccgcece
gcctgcgegce
cgcgcgggcet
acgtagtaca
aaggaactca
gccgcecttgta
acatcaacag
atcctcgcac
ccttcggcaa
tcgtcgaget
cccgcacctt
accgggaccg
acccccatct
cctacgagga
acatcgtggg
acaaccgggc
gcaagatcct
cggacttcca
tcaaggtcat
aggcctacgc
acatgctagg
accgcgaaga

acatcatcca

-36-

agcgcgecgg
cctaccagga
ccgagattga
cccagaggcg
gggcgcagta
cgggccccga
agaggcaccg
ccaggggcac
gtaccatctg
gctgcccact
cctecgtecte
cgtcagcatg
gcacgagatg
ggtacagctc
taaacacaag
ccattcctcc
cgaaaggctc
gcagctcgtc
cgccctcecgat
ctactgcgtc
tctgcaaacc
cgccgactgg
gctcaagaaa
ccacaacatc
cgaggtgccc
cttcaacgat
gctctgggag
ggtcagggac
cctcccegtg
ctcttaccgt
gttccttctc

ggagaccctc

ccgcggagac
caactcgggc
ttctgtcgaa
tcagatccag
ccagaaccta
gccgcceccectg
ccececegtege
gggaccctgce
gacctcccgce
gacctgactc
gctctccgac
accaccatcg
caggcgccac
gtgcagcacg
cacgagtgtt
aattggtggc
ttcctcacct
cccttcatgce
ctcgccectcecce
acccccgaaa
gccctggcecg
gcgctcgagce
ctgccccacg
aacggcttcg
caacctttcc
gttactttcg
caggggggcet
actttcgccc
gagaagggct
gcagatcagg
aaccgcgagc

gactactgcg

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000



ctctggacgt
tcatccgcga
tctcctccaa
gcaccaacct
ccagcatccg
acgtctacga
cgcccctcag
atctggccac
atgccgaccc
gcggacgcct
tcatcaccct
tcttccecega
agcgcgccga
ccctctacgg
tggacgaggg
ttctagaaac
cccaacagct
caccctttta
tcaccttcct
cgctggtgga
gggctttcgt
aggaccggcc
gacacgagct
tttttgaccc
actgcggcgc
tcaagtccct
gccacgcggce
agggcgcecga
gcgcccagcec
gaccctggaa
gcagccgtcc

caccgagctc

cctagtcacc
ctcggtcgga
ctcgcatgcc
gggcccgggyg
¢ggggggcgce
catctgcggce
tccctacgag
ttccatcagc
ccccgacgag
ctgctggact
gcataatcgg
atggaagtgc
caaggaaaaa
ctccttcgcee
gctcttgaaa
tgacaacctg
ggcgctcctg
tacccccceceg
ggatgtggac
caacgaccgc
ctcggagtgg
cataaagtcg
catggagacc
cgaccagccc
ggacgcctac
cctctgtcce
cgaggcgctc
tcgggagegg
cggcgcgcac
ggaccggacc
caacccgcga

tgggaccgcc
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gccgagctcg
ctgccccacg
attttccgcecce
ctcctcgecce
tgctacccca
atgtacgcct
cgcgcgctgg
tactttgacc
gtcatgctgg
aatgagcccc
ggctggcagg
gtggcgcgeg
aaccagacca
accaagctcg
ggcatctccg
agtgccgagg
gacagcgatc
gccgggaccce
gagggggaca
tacccgtccce
gcggggttcee
gtctacgggg
aaaggtaaga
gacctcacct
gcccccgagt
gcctgcggge
aactacgaac
ttttcgacca
cccttcaccg
ctggctgcgce
aacgaggagg

tggaactctt

tcgccaagct
cccacttcaa
agatcgtcta
cctcgcacga
cctacatcgg
ccgcgcttac
ccgtgcgcecga
ccgacctcct
accccctgcec
tgcgcggcga
tcagaatcgt
agtacgtgca
tgcgctccat
acaacaaaaa
ccggcaccgt
tcatgcccgce
cggaagacag
ccggtcacgt
tgtgtttgca
acgtggcctc
tctacgagga
acacggacag
aacgcatcaa
ggctcgtgga
ccgtcttecect
agacttccaa
tcatggtcaa
gccggatgag
tgacggagac
tggacgccca
tctgctggat

gcaacaaacc

-37-

gcaagactcc
catcttccaa
ccgcgcecgaa
gctgtatgac
catcctcgag
ccatcccatg
atggcaagct
gcccggcecatce
ccccttetge
ggtggccacc
gcccgacgag
gctcaacatc
cgccaagctc
gatcgtcttt
caatatcaaa
cttcgagagg
tgaggacgag
ggcctacact
taccctggaa
cttcgtgctg
ggaccgcgge
cctctttgte
aaagaacggc
gtgcgagacc
cgcccccaag
aggtaagctc
ttgctacctg
cctgaagcgc
caccctgacg
tcgtctggtg
cgagatgccg

ctctccaaaa

tacgcccact
aggcccacca
aagcccagtce
tacgtgcgcg
gagcccctcet
ccctggggcea
gccctggacg
ttcaccatcg
tcgcgcaagg
agtgtggacc
ctgaccaccg
gccgccaagg
ctctccaacg
tctgaccaga
tcctectegt
gaatacctac
cagggacccg
tacaagccaa
aaggtggacc
gcctggaccce
acaccgctcg
acccagcggg
gggaaactgg
gtctgcgceccecc
ctctacgccc
cgcgccaaag
gccgacgcgce
accctcgcaa
cggacgctge
ccctactccce
tagagcacat

tgcccatggce

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920



cgacggactc
agagcgcctc
ggtggccccce
ggtcatcggg
gctttcggcec
ggacatgatc
cgcccccggg
taaaatggcc
cgtctttgcecce
aaacctgggc
tgataaattc
caggcgggat
ctcccecececge
gcccgtggece
ctatgactgg
ccacccccgg
cctggaaaag
gcgaaaaatc
tattgattca
agctgagcca
atcagcagca
gccaccagag
gatgcagcag
agggttgaag
tgacgcactc
tcaaaggagc
ttctggcect
tcceegetgg
tcctecegtcea
gctcggcacc
tcaaacaccc

taattcaggt

aagccgctga
ctggcggaac
ctcctecggg
gtcatctacg
cagctcatct
cccccecteeg
atcgagggta
tatgatgacc
caggccgccg
gggcacaaag
cccaagtgca
ctgggcggta
atgcatccct
atcagtctcc
gtgatttaca
gacgggctca
atccaccggg
aaataaagat
ttttttattt
cctgctgggt
acagcttctc
tgccgtagta
ctgcggcggce
agttcgcggg
ccgcccagga
cgcttccget
catgcaggtc
aaccgaactc
catccacaca
tggtcttgga
ccgtcaggcet

tgcactggta
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aaaacttcgc
tggtgcgcga
aggacggcag
gccccaccgg
cccecgeccece
agctcaaagc
cctttgtccc
tcacccagga
cccacgggcec
gcgtcgccaa
ccggatacac
acatcgccaa
cccagctcaa
tcctcaaaga
acaccacccc
tgcccatgta
tgctcaatga
tcagactctg
ggatttcacc
cagctcgccc
ctcgttcagg
gccggcgccce
agctgcgtcc
ctgcacgggc
ggggagacgce
catgctgctg
ctccccecgec
cgtcccggtg
cacgggctgg
ttcatcatat
cactctggac

gggcatgaac

ctcgctccag
gaacatgcac
ctgtctctcc
ctgcggcaag
ggaaaccgtg
ctgggagatg
ccagtccgge
ccacaactat
catcgccatc
attctttcac
cgtgctggtg
tctcaagatc
cagatttgta
tattgtgcaa
cgagcacgag
cctcaacatc
tcgagaccgg
tgttaaaatc
gtggcaaccg
aggcgctggg
ctggcgggat
atggccattc
aacgacgaag
cggccgtcca
cccgtcagat
caacacacag
ccagaacact
cagggcaaca
aacctggcat
ctcagaatct
atggcatcgg

atgcctcggce

-38-

gagctcctat
gtgcgcgaga
ctcaactacc
tcccagcectge
ttctttatcg
cagatctgtg
accctccgcec
gatgtgtccg
atcatggatg
gccttccecett
gtcctgcaca
caggccaaga
aacacctaca
caccatgccc
gccctgcecaat
caagcccacc
tggtccaggg
aacaaccgtc
cggcccgcegt
tcaaggcctc
tattggtgga
cgcgcacggce
agctcagggt
ccgtggatcc
aagggctgaa
aaaagcacag
actcactcta
ccaaatgatc
gcttcecctcec
tccacacctc
gctccagcag

gggaccccag

ccctgggggg
tgatgaacga
acctgcagcc
tccggaactt
ccccecgcaggt
aggggaacta
ccaaattcat
acccccgaaa
agtgcatgga
ccaagttgca
acatgaaccc
tgcacctcat
ccaaagggct
tgcgccectyg
ggagctacct
tctaccgggt
cctaccgcgce
tccgtttatt
ctgctcctge
gagctgggece
actcgagttg
gctggcggea
tgcataggtc
catcacattc
tacccctccce
atttcagtta
gtcagattct
gggtcgcagg
gcactcgcag
cacattcatg
caccttcaca

atgcatattg

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

33120

33180

33240

33300

33360

33420

33480

33540

33600

33660

33720

33780

33840



cacctggtca
tgtacggtgg
ataatgccat
ttgccttgtt
agggagcaga
taggggatcg
cacttttcgg
ggaaatttag
ggccctcggce
cattcagttt
ttcctgtcag
cgtcactttt
gtcactcgcc
aaattcaaac
gatggttaat
ctgtttcctg
ataaagtgta
tcactgcccg
cgcgegggga
ctgcgctcgg
ttatccacag
gccaggaacc
gagcatcaca
taccaggcgt
accggatacc
tgtaggtatc
cccgttcagce
agacacgact
gtaggcggtg
gtatttggta
tgatccggca

acgcgcagaa

tgacattgtg
ccagcatatg
ttcattacct
gtagcttaaa
tactggctta
ggagatctga
ggaaatgtgc
gtgaaaaaca
aaatactcct
tcgcgcgaaa
agagcgcggg
cccacgagaa
ccgcccctaa
gcctcatttg
taagggttta
tgtgaaattg
aagcctgggg
ctttccagtc
gaggcggttt
tcgttcggcet
aatcagggga
gtaaaaaggc
aaaatcgacg
ttccceectgg
tgtccgcecctt
tcagttcggt
ccgaccgctg
tatcgccact
ctacagagtt
tctgcgcectcect
aacaaaccac

aaaaaggatc
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ctcgaactcg
cgcgcgttgg
ctttctccge
ttttgctcgce
actatgcggce
gctttcgcta
gcggaactac
cggtaatcga
ccctgccata
atggcccgtt
aaaattgagt
cttgcaaact
cggtcgctca
catattaacg
aacctgcagg
ttatccgcectc
tgcctaatga
gggaaacctg
gcgtattggg
gcggcgagceg
taacgcagga
cgcgttgctg
ctcaagtcag
aagctccctc
tctceetteg
gtaggtcgtt
cgccttatcc
ggcagcagcc
cttgaagtgg
gctgaagcca
cgctggtagce

tcaagaagat

ggccagggct

ccgattcatt
acccgacata
gcactactca
atcagagcag
ccttaggacc
gtaaaaacac
aacccccacg
aacgcgaaat
ttcacttgca
atttccgtgt
ggctcctect
tcecctegacce
cgcacaaaaa
catgcaagct
acaattccac
gtgagctaac
tcgtgccagce
cgctcttccg
gtatcagctc
aagaacatgt
gcgtttttcc
aggtggcgaa
gtgcgctctc
ggaagcgtgg
cgctccaagc
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggttttt

cctttgatct

-30-

tgcgagcatg
aatgcagacc
gatgaattgt
gcgacctcca
attgtactga
gttatagtta
cggactttga
taatcggtca
tactcagatt
tccgcecccaga
tcaaaccaca
cgcaaccacg
aatcaccgcc
gtttgaggta
tggcgtaatc
acaacatacg
tcacattaat
tgcattaatg
cttccteget
actcaaaggc
gagcaaaagg
ataggctccg
acccgacagg
ctgttccgac
cgctttctca
tgggctgtgt
gtcttgagtc
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa

tttctacggg

ggaagccaca
cataataccc
cggtcaagcc
acacacaagc
gagtgcacca
cgtcaggtgg
caccgtacgc
aagtctactc
ttcacttcct
aacacctcat
cctcgtttga
tcatcaaaac
cttcctcccce
tattattgaa
atggtcatag
agccggaagc
tgcgttgecgce
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
ccccectgac
actataaaga
cctgccgcett
aagctcacgc
gcacgaaccc
caacccggta
agcgaggtat
tagaagaaca
tggtagctct
gcaggagatt

gtctgacgct

33900

33960

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400

35460

35520

35580

35640

35700

35760



cagtggaacg
acctagatcc
acttggtctg
tttcgttcat
ttaccatctg
ttatcagcaa
tccgectceca
aatagtttgc
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgctgttga
tttactttca
ggaataaggg
agcatttatc
aaacaaatag
attattatca
<210> 3

<211> 307

<212> ADN
<213>

<220>
<221>
<223>

<400> 3
cgcgcgttgg

ctttctccge
ttttgctcgce
actatgcggc

gctttcgcta

gcggaac

aaaactcacg
ttttaaatta
acagttacca
ccatagttgc
gccccagtge
taaaccagcc
tccagtctat
gcaacgttgt
cattcagctc
aagcggttag
cactcatggt
tttctgtgac
gttgctcttg
tgctcatcat
gatccagttc
ccagcgtttc
cgacacggaa
agggttattg

gggttcegeg

tgacattaac

ccgattcatt
acccgacata
gcactactca
atcagagcag

ccttaggacc
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ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcccc
tgcaatgata
agccggaagg
taattgttgc
tgccattgct
cggttcccaa
ctccttcggt
tatggcagca
tggtgagtac
cccggcgtceca
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctcatgagc
cacatttccc

ctataaaaat

Trinh tyu nhédn tao

dic diém da dang
Poan ndi

aatgcagacc
gatgaattgt
gcgacctcca
attgtactga

gttatagtta

ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgcgagacc
gccgagcgca
cgggaagcta
acaggcatcg
cgatcaaggc
cctccgatcecg
ctgcataatt
tcaaccaagt
atacgggata
tcttcggggce
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgc

aggcgtatca

cataataccc
cggtcaagcc
acacacaagc
gagtgcacca

cgtcaggtgg

-40-

gattatcaaa
tctaaagtat
ctatctcagc
taactacgat
cacgctcacc
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgcgcc
gaaaactctc
ccaactgatc
ggcaaaatgc
tcctttttca
ttgaatgtat
cacctgacgt

cgaggccctt

ataatgccat
ttgccttgtt
agggagcaga
taggggatcg

cacttttcgg

aaggatcttc
atatgagtaa
gatctgtcta
acgggagggc
ggctccagat
tgcaacttta
ttcgccagtt
ctcgtecgttt
atcccccatg
taagttggcc
catgccatcc
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat
ctaagaaacc

tcgtc

ttcattacct
gtagcttaaa
tactggctta
ggagatctga

ggaaatgtgc

35820

35880

35940

36000

36060

36120

36180

36240

36300

36360

36420

36480

36540

36600

36660

36720

36780

36840

36900

36955

60

120

180

240

300

307
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<210> 4
<211> 34
<212> ADN

<213> doan mdi

<400> 4
cggaattccc ttaattaacc atcatcaata atat

<210> 5
<211> 20
<212> ADN

<213> doan mdi

<400> 5
caccacctcc cggtaccaca

<210> 6
<211> 45
<212> ADN

<213> doan mdi

<400> 6
gggtttaaac ccttaattaa ccatcttcaa taatatacct caaac

<210> 7
<211> 31
<212> ADN

<213> doan mdi

<400> 7
ccggaattcc cgtttctaga aactgacaac c

<210> 8
<211> 31
<212> ADN

<213> doan mdi

<400> 8
agctacgtag ttccgcgcac atttccccga a

<210> 9
<211> 30
<212> ADN

<213> doan moéi

<400> 9
cgacatatgc gcgcgttgge cgattcatta

-41-

34

20

45

31

31
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