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Linh vue ky thuit dwoce dé cap

Sang ché dé cip dén liu phap diéu tri va/hodc ngédn ngira rdi loan vong mac, cu

thé 1a loan dudng té bao nén, loan dudng té bao nén-que va mu mau.
Tinh trang ky thuit ciia sang ché

Trong nhiéu loai dong vat c6 vii bao gdém chudt va ngudi, s6 té bao nhan séng
hinh que ma lam trung gian quan sét trong 4nh sang mo 16n hon nhiéu sb té bao nhin
sang hinh nén. Tuy nhién, & thé gigi cong nghiép héa noi ma sy chiéu sang cho phép té
bao non hoat dong sudt ban ngay va ban dém, quan st qua trung gian té bao que it quan
trong hon. Nhiéu bénh nhan khong c6 chirc nang té bao que tir khi ra doi chi dugc nhan
ra mot cach bat ngo va, thuc té 1a, khong thé nhan ra thi luc bét thuong cia ho. Nguoc
lai, khi loan chirc nang té bao nén c6 mit, bénh nhan ludn c6 triéu chirng va thudng chiu

su can trd vé hinh anh ma phu thudc vao do loan chirc nang té bao non cta ho.

Trong mot s6 tinh trang, chi, hodc hau hét 14, té bao nédn bi mat hoic loan chirc
ning, va té bao que van dugc bao quan tuong dbi. Céc tinh trang nay co6 thé dugc biét
1a loan dudng t& bao nén hoic loan dudng té bao non-que (cone-rod dystrophy - CRD).
Loan dudng té bao nén hodc té bao noén-que 14 loan dudng vong mac di truyén duoc dic
trung bing sy mit so cép té bao noén, hogc ddi khi mat ddng thoi ca té bao non va té bao
que. Triéu chirng bao gbdm mét thi luc, nhay vé6i anh sang choi va sy nhin mau kém. Vi
du, mu mau la loan dudng vong mac di truyén, nghiém trong véi sy vang mat hoan toan
ctia chte ning té bao non tlr khi ra doi nhung, ¢6 thé doan duogc, c6 chirc nang té bao
que binh thuong. Dot bién & nhidu gen bao gdbm CNGA3, CNGB3 va PDE6C c6 lién
quan dén bénh. Mdi gen gy bénh ma héa thanh phan thiét yéu ctia phan cap truyén dan
quang hinh nén ma chuyén 4nh séng thanh tin hi¢u dién bang cach gdy qua phan cuc té
bao nhan sang. Su thiéu, vi du, CNGA3 hodc CNGB3 protein 6 t€ bao nhan sang hinh
nén din dén sy bit luc cua té bao dé quéa phéan cuc dap ing voi anh sang. Két qua 13, té
bao ban dau séng sot, nhung khdng c6 chtre nang, va bénh nhan c6 tinh sdc bén hinh
anh kém, khong thé nhin mau va s¢ anh sang tir khi ra doi. Cac nhém khac nhau da phat
trién giao thitc liéu phap & chudt thiéu CNGA3 ma cai thién sy song s6t va chiic ning

ctia té bao hinh nén, ciing nhu thi lyc.
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Céc vi du khéac clia gen gay bénh c6 lién quan dén su gdy bénh loan dudng té bao
non bao gém KCNV?2, PDE6H, GNAT2 va CACNA2D4. Gen KCNV2 ma hoa protein
thanh phan 2 siéu ho V céi bién kénh kali ¢6 cdng dién ap. Dot bién & KCNP2 lién quan
dén loan dudng té bao non véi dién vong mac dd (ERG) té bao que khéac thuong, hodc
loan dudng té bao nén vong mac typ 3B, rdi loan gen 13n nhidm sic thé thuong ma gay
ra mét thi lyc subt doi két hop véi dép ing ERG khéc thuong véi dnh sang chéi nhip
nhay. Gen PDE6H ma héa nhém con (gamma) uc ché cua phosphodiesteraza cGMP dac
hiéu té bao nén. Dot bién & gen nay c6 lién quan dén loan dudng té bao non vong mac
typ 3A (RCD3A). Gen GNAT2 ma héa nhom con alpha déc hi¢u té bao non cla
transducin. Dot bién & gen co thé din dén loan dudng té bao non phat & tré em. Gen
CACNA2D4 ma hoa nhom con 4 alpha-2/delta, phu thudc dién ap, kénh canxi. Dot bién
& gen cO thé gy ra loan chirc ning té bao non khong tién trién (loan dudng té bao non

vdng mac 4, RCD4).

Trong thoai hoda diém vang lién quan dén tudi tac (age-related macular
degeneration - AMD), suy giam thi lyc chu yéu do thoai hoa hé giau té bao nén & diém
vang trung tim gdy ra. Vi vy bénh nhén mét thi lyc trung tm va tinh sdc bén, nhung
thuong c6 diém vang ngoai bién dugc bao quan tuong dbi tbt va vi vay c6 mot sb hinh
anh du thira hitu ich ma bi giéi han bai sb it 6i té bao nén bén ngoai hé.

Cén phat trién lidu phap ma c6 thé cai thién su séng sét va chirc ning té bao non,

dé didu tri hodc ngin ngira roi loan vong mac nhu loan dudng té bao non-que.
Ban chat ky thuit ciia sang che

Séng ché dé xuat axit nucleic, don vi kiém soét phién ma (transcriptional control
unit - TCU), trinh tu gen dugc tdi wu héa, cau tric bi€u hién, va vecto dé biéu hién gen

& t€ bao nhan sang hinh non.

TCU duoc sang ché mo ta chia gen khoi dau M-opsin hogc manh cua n6 trong
su kiém soat cua vung kiém soéat quy tich M/L-opsin (locus control region - LCR) va
hitu ich dé didu khién mérc biéu hién cao ¢ tat ca ba loai t€ bao nén cuia nguoi.

Sang ché con dé xuat cau tric biéu hién, chira gen CNGA3 clia nguoi trong sy
kiém sodt ctia TCU duoc toi wu hoa dé biéu hién gen ¢ t€ bao nhén sang hinh nén, trong
d6 TCU chita gen khoi ddu M-opsin hodc manh cta né trong su ki€m soat ctia vung

kiém soat quy tich M/L-opsin.
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Theo mot sb phuong an, TCU va c4u tric biéu hién chira dot bién ctia 6 bp ngay
xudi dong cua vi tri khdi dau phién ma & gen khoi ddu M-opsin hodc manh ciia n6 (dot
bién “M8>), trong d6 dot bién co thé ting tac dung diéu tri cia vecto va cdu tric biéu
hién chira dot bién nay theo thoi gian.

Sang ché con dé xudt trinh ty t5i wu héa codon ciia gen CNGA3, duoc dé xuit 1a
SEQ ID NO:8.

Sang ché con dé xuét vecto, nhu vecto virut, chira ciu tric biéu hién duoc sang
ché m6 ta. CAu tric biéu hién tét hon 12‘1 duogc truyén st dung vecto ¢6 ngudn goc tir
adenovirut kiéu huyét thanh 8 (AAV8) hoic kiéu huyét thanh AAV manh twong tu.

Sang ché ciing dé xuit phuong phap sir dung axit nucleic, don vi kiém soat phién
ma (TCU), trinh tu gen dugc t61 wu hoa, cdu truc biéu hién, va vecto dé diéu tri va/hodc
ngan ngua r6i loan hodc loan dudng vdng mac, bao gém nhung khong bi gidi han & loan
dudng té bao nén nhu mi mau.

Do dé, theo mot khia canh, sang ché d& xuét:

don vi kiém so4t phién ma (TCU) dai 1én dén 2500 nucleotit chira theo hudng tir
5’ dén 3’

(a) ving kiém soat quy tich (LCR) chtra

(i) SEQ ID NO 1; hoac
(ii) trinh ty c¢6 d6 tuong ddng trinh tu it nhét 90% vdi trinh tu (a)(i) nay;
va

(b) thanh phan gen khoi dau chra

(i) it nhét 200 nucleotit cia SEQ ID NO: 2 hozc SEQ ID NO: 17; hodc
(ii) trinh ty c6 d§ tuong déng trinh tu it nhat 90% véi trinh tu (b)(i) nay;

TCU nay biéu hién hoat déng gen khai déu dic higu té bao nhan sang hinh nén.

Theo khia canh trén, thanh phan gen khéi ddu (b) ¢6 thé tiy v chira it nhat 200
hodc 500 nucleotit cudi cta SEQ ID NO: 2 hodc SEQ ID NO: 17, hogc trinh tw c6 do

twong dong trinh tw it nhit 90% v&i 200 hode 500 nucleotit cudi ctia SEQ ID NO: 2 hodc
SEQ ID NO: 17.
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Theo khia canh bat ky trong s cac khia canh trén, thanh phén gen khai dau (b)
¢6 thé chira it nhét 200 nucleotit ciia SEQ ID NO: 3, tly ¥ trong d6 thanh phén gen khéi
dau (b) cling chura trinh tw cta it nhét 10 nucleotit lién k& dugc chon tir nucleotit 1 dén
35 ciia SEQ ID NO:3, hodc trinh tu chtra it nhat 10 nucleotit lién ké duge chon tir trinh
tw c6 do twong ddng trinh ty it nhit 90% véi nucleotit 1 dén 35 ctia SEQ ID NO:3.

Theo khia canh bat k¥ trong s6 cac khia canh trén, thanh phin gen khéi dau (b)
¢6 thé chira SEQ ID NO: 3 [thanh phin gen khéi ddu 529 bp & hG1.7] hoac SEQ ID
NO:5 [thanh phan gen khdi diu 247 bp & hG1.4] hodc trinh tu c¢6 do twong ddng trinh
tu it nhit 90% véi SEQ ID NO:3 hode SEQ ID NO: 5.

Theo khia canh bét ky trong sd cac khia canh trén, thanh phan gen khoi dau co
thé con chira SEQ ID NO:16 [dot bién M8]. Vi du, theo khia canh bt ky trong sb cac
khia canh trén, nucleotit twong Gng véi nucleotit 1934 dén 1939 (GGGCCQG) ctia SEQ
ID NO:2 ¢6 thé dugc thay thé bing SEQ ID NO:16.

Theo mdt khia canh, TCU chita SEQ ID NO: 4 [bién thé clia cAu tric gen khoi
d4u hG1.7, mét bbn nucleotit], SEQ ID NO: 6 [cu tric hG1.4] hodc SEQ ID NO:15

[cdu tric gen khoi diu hG1.7 & san pham].

Séang ché ciing d& xuét cAu trac biéu hién chira TCU duge md ta & déy, trong do
TCU duoc lién két ¢6 didu khién véi trinh tu cin dugc biéu hién theo cach dic higu té
bao nhan sdng hinh nén. Theo mdt phuong 4n, trinh ty duge lidn két c6 diéu khién voi
TCU chira gen md héa CNGA3, CNGB3, PDE6C, PDE6H, GNAT2, KCNV2 hodc
CACNA2D4. Theo mot sé phuong én, trinh tw dugc lién két co diéu khién chira SEQ
ID NO: 7, 8,9, 10, 11, 12, 13 hodc 14, hodic c6 do twong ddng trinh tu it nhat 80% voi
SEQ ID NO: 7, 8,9, 10, 11, 12, 13 hodc 14 va c6 kha néng ctru chirc nang té bao nhan
sang hinh nén. Theo mt phuong 4n, trinh tu dugc lién két ¢6 didu khién chtra SEQ ID
NO: 8 [trinh tw dugc tdi wu hoa codon CNGA3], hodc c6 do tuong ddng trinh tu it nhét
80% vai SEQ ID NO: 8 va ¢6 kha nang clru chirc ndng té bao nhan sang hinh non.

Séang ché ciing d& xuét vecto chira bt ky trong s axit nucleic, TCU, manh gen
khoi dau, gen dugc tdi wu hoa codon, va/hoidc cAu trac biéu hién duge mo ta & day. Theo
mot sd phuong 4n, vecto 1a vecto virut.

Theo mdt s& phuong 4n, vecto 1 vecto AAV va/hodc chira hé gen AAV hodc

din xuét ctia n6. Theo mot phuong an, dAn xuit 1a dan xuat kham, dugc bo tri lai hodc
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dugc cai bién capsit. Theo mot phwong 4n, hé gen AAV 1a tir kiéu huyét thanh c6 ngudn
géc tu nhién hodc thé phan 13p hodc nhanh cuia AAV. Theo mét phuong an, hé gen AAV
4 tir kidu huyét thanh AAV 2 (AAV2), kidu huyét thanh AAV 4 (AAV4), hoiic kiéu
huyét thanh AAV 8 (AAVS), va/hodc capsit AAV ¢o ngudn gbc tir AAVS. Theo phuong
4n dugc uu tién, hé gen co nguon gbe tir AAV2 va capsit ¢6 ngudn gbc tir AAVS. Theo

mét phuong an, vecto AAV mang gen ma hoa CNGA3.

Séng ché con dé xuat t€ bao cht chira axit nucleic hodc vecto dugc sang ché mo
ta, ciing nhu te bao chu tao ra axit nucleic hodc vecto virut nhu dugce sang ché mo ta.

Theo mét phuong an, té bao chi 13 t& bao HEK293 hosic HEK293T.

Sang ché con dé xuat dugc pham chira axit nucleic hogc vecto duge mo ta ¢ déy

va chit mang dugc dung.

Sang ché con dé xuét phuong phap sir dung axit nucleic, vecto, trinh tu gen dugce
t6i uu hoa, va/hoic cAu trac biéu hién dugc mé ta & ddy theo phuong phip ngan ngira
hodc diéu tri ri loan vong mac. Theo mdt phuong an, axit nucleic, vecto, trinh tw gen
duoc tdi uu hoa, va/hoic cau trac biéu hién duoc mo ta & day dugc su dung trong viéc
san xut thude dé diéu tri hodc ngin ngura rdi loan vong mac. Séng ché ciing dé xudt
phuong phap didu tri hodc ngin nglra rdi loan véng mac & bénh nhan can diéu tri, bao
gém st dung luong tac dung chira bénh clia vecto dugc sang ché mé ta. Theo mot
phuong én, rdi loan vng mac 1 mu mau. Theo mot s6 phuong an, vecto duge dung cho
bénh nhan b?ing cach tiém vong mac tryc tiép, dudi vong mac, hodc trong thé kinh.

Mo ta van tat cac hinh vé

Fig. 1 thé hién két qua cia nghién ctru biéu hién gen chi thi in vivo & chudt chuyén
gen dé danh gia tac dung vi tri cia ving kiém soat qu¥ tich (LCR) trén gen khoi dau 10i
opsin xanh 1& (M). Trén cung bén trai: mang gen sic t6 do va xanh binh thuong cta
nguoi thé hién vi tri cia LCR, don vi phién md, va exon. Phia duéi bén trai: mang gen
sic t6 hinh anh dugc cai bién duoc thé hién & ty 1€ phéng to gap 10 1an. Vi tri khoi dau
va hudng phién ma dugc thé hién bing cac mili tén. Pa, = gen khoi dAu sic t6 do cua
ngudi. Prann s = gen khoi ddu sic t§ xanh cua ngudi. AP, phosphataza kiém nhau thai
cua nguoi. lacZ, E. coli B-galactosidaza. Phai: Biéu dd hinh tron thé hién phan t& bao
biéu hién chuyé‘n gen chi thé hién AP (d0), chi lacZ (xanh dam), ca AP va lacZ (vang),

hodc lacZ>>AP (xanh nhat) trong chuot chuyén nhidm té bao mam hoic kham cho chu

5/103
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tric thé hién bén trai. S luong té bao tir cac con chudt khac nhau c6 ngudn gbc tir cling
dong té bao ES da dugc gop lai dé tao ra mot biéu dd hinh tron. S5 lugng té bao cho cac
dong chudt ma tur d6 danh d4u PGK-neo dugc loai bd b?mg cach lai v6i chudt tao té bao

mam duoc thé hién ngay & bén phai ctia biéu d6 hinh tron cho dong cha me twong tng.

Fig. 2 thé hién so d6 vé su sap xép nhiém sdc thé cta gen khoi dau opsin do (L-)
va xanh 14 (M-) (trong hdp, hang dau). Céc so dd trude day da phat trién phién ma don
vi (pR2.1 va PR1,7), cling nhu don vi kidm soat phién ma thiét ké boc 16 trong nghién

ctru nay. LCR = Vung kiém soat qu§ tich.

Fig. 3 minh hoa mAu chuyén nhidm cta té bao hinh nén dugc chuyén nhiém véi
vecto AAVssh10 biéu hién protein huynh quang xanh (GFP) trong su kiém soat ctia
hG1.4 TCU. Pugc thé hién 1a cac phan doan clia vong mac ¢ ngudn gde té bao gdc
phoi cia nguoi duoc chuyén nhiém véi AAVshh10-hG1.4(M8)-GFP. Mau chuyén
nhidm cta té bao hinh nén duoc hién thi héa béi hinh anh GFP (A). Dong khu tra opsin
xanh lam (S-opsin; B) vi GFP (B’) va opsin do/xanh 14 (L/M-opsin; C) véi GFP (C’)
duoc chi dinh sau khi nhudm st dung khang thé lién két v4i opsin xanh lam (S-opsin)

hodc opsin do/xanh 14 (L/M opsin).

Fig. 4 minh hoa rang viéc bao gbm trinh tw M8 & TCU nang cao sy ctru dép Ung
quang phd & chudt loai CNGA3. Cac dap tmg dién vong mac dd (ERG) choi clia chudt
loai Cnga3 dugc diéu tri véi vecto AAV?2/8 mang cu tric CNGA3 tbi vu héa codon
(coCNGA3) duge diu khién boi cac TCU khic nhau c¢6 hodc khong c6 trinh tw M8
duge thé hién. Cac dédp ung ERG & 1 thang (thanh bén trai) va 2 thang (thanh bén phai)
sau khi tiém duoc thé hién. Tt ca dong vat duge diéu tri khi dugc 1 thang tudi, trir nhém

& cuc bén phai; nhom nay duge diéu tri sau 2 tuén.

Fig. 5 minh hoa ring CNGA3 t6i wu hoéa codon ctru dap ng quang phd & chudt
loai CNGA3 tac dung nhiéu hon gen CNGA3 kiéu dai. Cac dap ing ERG choéi & chudt
loai Cnga3 duge diéu tri v6i vecto AAV2/8 mang chu trac CNGA3 ti uu héa codon

(“co”) va CNGA3 kiéu dai (“non-co”).

Fig. 6 minh hoa ring vecto AAV2/8 bidu hién CNGA3 trong sy kiém soat cta
hG1.4 TCU tac dung trong viéc khoi phuc chirc nang té bao nén & chudt loai CNGA3.
(A) Du vét ERG chéi ctia chudt loai Cnga3 duge diéu tri va khong dugc diéu tri AAVS.
Song A va B dugc chu thich. Truc Y biéu thi uV. Cai dat do sang: 10 Cdsm™. (B) Cac
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ddp tng ERG choi ctia chudt loai Cnga3 dugc diéu tri véi AAV2/8-
hG1.4(M8).coCNGA3 hodc AAV2/5-hG1.4(M8).coCNGA3. Cai dat do sang: 10 Cdsm
2.

Fig. 7 minh hoa cho viéc ctru d9 nhay vdng mac in vivo dai han véi vecto AAV2/8
biéu hién CNGA3 trong su kiém sodt hai TCU dugc t6i wu hoéa khac nhau 1én dén 6
thang sau khi diéu tri. Cac con chudt thiéu Cnga3 dugc tiém dudi vong mac & 2 tudn
tudi véi AAV2/8-hG1.4(M8).coCNGA3 (n=14) hoac AAV2/8-hG1.7(M8).coCNGA3
(n=13) (chuén d¢ 1 x 10'2 vg/ml cho c& hai). Khong dugc diéu tri (n=3). Cai dt d6 sang:
10 Cdsm-2.

Fig. 8 minh hoa viéc song sot ting clia t& bao non in vivo 3-4 thang sau khi diéu
tri v6i vecto AAV2/8 bidu hién CNGA3 trong su kiém soat ctia hG1.7 TCU. Hinh anh
ddng tiéu mat phang don clia vong mac ngam phang tir chugt C57BL/6J 3-4 thang tudi
(A) hogc chudt thiéu Cnga3 cling tudi khong duge tiém (B) hoac tiém (C) véi AAV2/8-
hG1.7(M8).coCNGA3 ltic 2 tudn tudi. Vong mac duge nhudm bang arrestin hinh non
va lam sach. Thanh ty 1€: 5 pm.

Fig. 9 minh hoa viéc sbng sot ting clia té bao nén in vivo, 13 thang sau khi diéu
tri voi vecto AAV2/8 biéu hién CNGA3 trong su kiém soat ctia hG1.7 TCU. Hinh &nh
tiéu diém chiéu Z (A, B) hodc hinh anh tiéu diém mot mit phang (C, D) cta vong mac
ngam phing tir chudt thifu Cnga3 14 théang tudi dugc tiém AAV2/8-
hG1.7(M8).coCNGA3 lic 2 tudn tudi. Khong dugc diéu tri thé hién khong nhuom PNA
duong tinh & tudi nay. Cac ngam phang vong mac duge nhudm bang PNA (A, C) va

arrestin hinh nén (B, D) va lam sach. Thanh ty 1&: 10 um (A, B), 5 um (C, D).

Fig. 10 minh hoa dinh luong cai thién tinh toan ven cta khop than kinh gitra té
bao hinh nén va cac té bao than kinh hd trg (té bao ludng cuc) in vivo 3-4 thang sau khi
diéu tri véi vecto AAV2/8 biéu hién CNGA3 trong su kiém soét ctia hG1.7 TCU. Danh
gia dugc thuc hién st dung cuong do tin hi¢u cua diém danh déu khép than kinh Gprl79.
Phan tich cuong dd tin hiéu nhudém Gprl79 dugce thuc hién trén hinh anh dong tiéu mat
phéang don cia vdng mac gin két phang tir chuot C57BL/6J 3-4 thang tudi hodc chuot
thiéu Cnga3 cung do tudi khong duge tiém hogc tiém AAV2/8-hG1.7(M8).coCNGA3
IGc 2 tudn tudi. Vong mac dugc nhudm bang Gpr179 va PNA va sau d6 lam sach. Céc

vét ban Gprl79 duoc truy tim bang cach vé& dudng lién tuc khong déu trén mot sé nhuom
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Gprl79 lién quan cudng hinh nén (nhuém PNA dugc st dung dé x4c nhan cac cubng
hinh nén) va hon 10 nhuém mau Gpr179 lién quan hinh cau nho que (A). Cudng do tin
hiéu 1a dau ra (B; vach tréng: Gprl79, vach dé: PNA). Dinh ctia cuong do tin hi€u ti
mdi diém gde duge tinh trung binh, va ty 1€ GPr179 lién quan cudng hinh nén véi hinh
que (CP/RS) dugc tinh toan. CP/RS tir bén dia diém khac nhau dugc sir dung dé phén
tich théng ké (kiém dinh so sanh nhiéu nhém Bonferroni (ns: p>0,05, **: p<0,01, *:
p<0,05)). Thanh bao 15i chi ra SEM. (C).

Fig. 11 minh hoa rang biéu hién cia CNGA3 trong sy kiém soat cia hG1.4 TCU
& vecto AAVS din dén dap tng ERG cai thién & chudt thiéu CNGA3 so v6i vecto AAV
Anc80L65, AAV44.9, hoic AAVS, tuong Gng. (A). So sanh Anc80L65 va AAVS.
AAV-Anc80L65 hoic AAVS mang caset bidu hién hG1.4(M8).coCNGA3 dugc truyén
dén chudt thiéu Cnga3 & 2 tudn tudi. **: p <0,01, *: p <0,05. Thanh bao 15i chi ra SEM.
(B). So sénh AAVS va AAV44.9 d& giao CNGA3 & chudt thiéu Cnga3 lic 4 tudn tudi.
Thanh b4o 15i chi ra SEM. (C) So sénh AAV5 va AAV8. AAVS5 hodc AAVS mang caset
biéu hién hG1.4(M8).coCNGA3 duoc truyén dén chudt thiéu Cnga3 & 2 tuan tudi. **:
p<0,01, *: p<0,05. Thanh béo 15i chi ra SEM.

Fig. 12 minh hoa muc biéu hién cai thién cho TCU hG1.4 va hG1.7 mang dot
bién M8 so véi mirc biéu hién quan sat duoc cho gen khai diu hinh nén da biét. (A)
hEB tir 17-19 tun tudi duoc chuyén nhiém véi eGFP biéu hién AAVShHI0 trong hai
gen khoi dau opsin xanh 14 khac nhau (hG1.4 va hG1.7) va dugc thu thap 2 tudn sau d6
(n = 6-8 cho mdi gen khéi ddu). Sau khi phén ly, té bao dugc phan tich vé cuong do
huynh quang trung binh tuong d6i (MFI) trong té bao duong tinh GFP (MFI tuong a6i
trong hEB duogc chuyén nhiém hEB bang AAVShH10-eGFP dugc phan tich trong thi
nghiém cung ngay dugc tinh theo ty 1€ véi MFI trong EB dugc chuyén nhiém véi AAV
ShH10-1.7L-eGFP) bing phuong phép do té bao dong. Dau hoa thi biéu thi sw khéc biét
dang ké (p <0,01). Thanh bao 13i chi ra SEM. (B) Cac dap ung ERG chéi cua chuét loai
Cnga3 da diéu tri dugc didu tri véi AAV2/8-CAR-CNGAS3 hogc b khong diéu tri. Truc
Y biéu thi pV. Cai dit do sang: 10 Cdsm™.

MO ta vin tét trinh tu

SEQ ID NO: 1 thé hién trinh tw ADN cta 1,2 manh kb clia ving kiém soat qu¥

tich M/L opsin cua nguoi.
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SEQ ID NO:2 thé hién trinh ty ADN ctia manh 2,0 kb ctia gen khéi du M opsin
cua nguoi.

SEQ ID NO:3 thé hién trinh ty ADN ctia manh 500 bp ctia gen khéi dau M opsin
cua nguoi.

SEQ ID NO:4 thé hién trinh tw ADN cta bién thé ctia céu trac hG1.7(M8), bao
gdm manh 1,2 kb clia ving kiém soat qu§ tich M/L opsin cua nguoi theo sau 1a manh
500 bp cua gen khéi dau M opsin ctia ngudi, manh gen khai dAu opsin nay bao gdm dot
bién M8.

SEQ ID NO:5 thé hién trinh tw ADN ctia manh 200 bp ctia gen khoi dau M opsin
ciia nguoi.

SEQ ID NO:6 thé hién trinh tw cADN cua cdu triic hG1.4(M8), bao gdm manh
1,2 kb cta ving kiém so4t quy tich M/L opsin cta ngudi theo sau 1a manh 200 bp cua
gen khai dau M opsin clia ngudi, manh gen khai dau opsin nay bao gdm dot bién M8.

SEQ ID NO:7 thé hién trinh tu cADN ctia gen CNGA3 cua ngudi.

SEQ ID NO:8 thé hién trinh tw cADN td1 wu hoa codon cia gen CNGA3 cua
nguoi.

SEQ ID NO:9 thé hién trinh tw cADN cua gen PDE6C ctia ngudi.

SEQ ID NO:10 thé hién trinh tw cADN ctia gen PDEGH ctia nguoi.

SEQ ID NO:11 thé hién trinh tu cADN clia gen GNAT?2 cia nguoi.

SEQ ID NO:12 thé hién trinh tw cADN ctia gen KCNV2 clia nguoi.

SEQ ID NO:13 thé hién trinh tw cADN cua gen CACNA2D4 clia nguoi.

SEQ ID NO:14 thé hién trinh tw cADN cua gen CNGB3 clia nguoi.

SEQ ID NO:15 thé hién trinh ty ADN ctia cau trac hG1.7(M8), chira manh 1,2
kb cta ving kiém soat quy tich M/L opsin cta ngudi theo sau la trinh tw GATC, va
manh 500 bp ctia gen khoi d4u M opsin clia nguoi, manh gen khoi dau opsin nay bao
gbm dot bién M8,

SEQ ID NO:16 thé hién trinh tw cta dot bién M8.

SEQ ID NO:17 thé hién trinh tw ADN ctia manh 2,0 kb cua gen khoi dau M opsin

cuia nguoi chtra dot bién M8.
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MO ta chi tiét sang ché

Can duoc hiéu rang cac ung dung khac nhau cua trinh tu polynucleotit dugc boc
16 ¢6 thé duogc diéu chinh véi nhu cau cu thé trong linh vuc k¥ thuat. Cling can duoc
hiéu rang thuat ngt dugc st dung & day chi nhim muc dich mé ta phwong 4n cu thé cta

sang chg, va khong nham giéi han.

Ngoai ra, nhu dugc st dung trong ban mo ta nay va bg yéu cdu bao ho keém theo,
dang s6 it bao g@)m s6 nhiéu trir khi ndi dung o rang chi ra khac. Vi vay, vi dy, tham
khao dén “polynuclectit” bao gdm “céc polynucleotit”, tham khéo dén “gen khoi dan”
bao gém “cac gen khéi dAu”, tham khao dén “vecto” bao gdm hai hogc nhiéu vecto nay,
va tuong tu. “M/L opsin” va “L/M opsin” dugc st dung thay phién nhau dung dé chi

opsin xanh 14 va do.

Tét ca cac cong bo, patent va don xin cap patent dugc néu ¢ day, cho du ¢ trén

hodc & dudi, déu duoc két hop bang cach tham khao toan bd ndi dung cia chung.
Don vi kiém sodt phién ma (TCU)

Theo mdt khia canh, sang ché dé xuit TCU dugc t51 wu hoa dé biéu hién gen &
té bao nhan sang hinh nén. Theo mdt phuong 4n, sang ché @& xuit TCU ma chra manh
ctia vung kiém soét qu§ tich (LCR) M/L opsin. Theo phuong an dugc uu tién, TCU chira
manh cua ving kiém soét qu¥ tich (LCR) M/L opsin ctia nguoi.

Theo phuong an khac, sang ché d& xuét TCU ma chira ving gen khoi dau, nhu
gen khoi ddu M opsin hodc ménh cia nd. Theo phuong an duge wu tién, TCU dugce sang

ché md ta chira gen khéi dau M opsin ctia nguoi hodc manh cta no.

Theo mot s& phuong an, TCU chira ménh va/hodc bién thé cua vung kiém soét
quy tich (LCR) M/L opsin ciia nguoi va gen khoi dau M-opsin ctia nguoi hodc méanh

cia no, trong d6 TCU c¢6 hoat dong gen khoi dAu dic hiéu té bao nhan sang hinh nén.

Theo mot phuong an, TCU chira LCR ma chira trinh tu cuia nucleotit, thong
thuong 1a nucleotit lién k&, tir SEQ ID NO:1 ma tao ra biéu hién dic hiéu té bao nhan
sang hinh noén cua trinh ty polynucleotit dugc li€n két co diéu khién. Con dugc du dinh
14 LCR chtra trinh tw ma c6 do twong ddng trinh ty it nhit 75%, it nhat 80%, it nhét 85%,
it nhét 90%, {t nhit 95%, it nhat 98%, hoc it nhét 99% vdi SEQ ID NO:1. Theo mdt s

phuong 4n, LCR chtra x6a hodc chén mot hodc nhiéu nucleotit, trong d6 viéc xda hodc

10
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chén khong xda bd biéu hién ddc hiéu té bao nhan sang hinh nén cua tai trong gen duoc

lién két hoat dong véi LCR duoc cai bién.

Theo mot phuong an, TCU chira gen khéi dau M opsin hodc manh ctia né, trong
d6 gen khoi ddu M opsin hodc manh ctia n6 chira trinh ty cua nucleotit, thong thuong 1a
nucleotit lién k&, tir SEQ ID NO: 2 hoe SEQ ID NO:17 ma tao ra biéu hién dic hiéu té
bao nhéin sang hinh nén trén trinh tu polynucleotit dugc lién két co didu khién. Gen khoi
dau M opsin hodc manh cua né co thé, vi du, chira 1én dén 1200 nucleotit ciia SEQ ID
NO:2 hodc SEQ ID NO:17, va tbt hon 12 khong qua 1100, khong qué 1000, khong qua
900, khong qua 800, khong qua 700, khong qué 600, khong qua 500, khong qua 400,
khong qua 300, hodc khong qua 200 nucleotit ciia SEQ ID NO:2 hodc SEQ ID NO:17.
Theo mot s6 phuong an, manh gen khoi dau M opsin chia it nhat 200, 300, 400 hozc
500 nucleotit cia SEQ ID NO:2 hodc SEQ ID NO:17. Con dugc dy dinh 1a manh gen
khoi ddu M opsin ¢6 do tuong ddng trinh tw it nhét 75%, it nhat 80%, it nht 85%, it
nhét 90%, it nhat 95%, it nhat 98%, hodc it nhit 99% véi it nhat 200, it nhéat 300, it nhat
400, hogc it nhit 500 nucleotit 1ién ké ctia SEQ ID NO:2 hodc SEQ ID NO:17. Theo
mét sb phuong an, gen khoi dau M-opsin hodc manh cua né chtra x6a hodc chen mot
hodc nhiéu nucleotit, trong d6 viéc xda hoac chén khong x6a bd biéu hién dic hiéu té
bao nhén sang hinh nén cua tai trong gen dugc lién két hoat dong v6i gen khoi dau M-
opsin dugc cai bién hodc manh. Theo mot sb phuong én, gen khai dau M-opsin hodc
manh cia né vé& co ban bao gém SEQ ID NO:2 hodac SEQ ID NO:17. Theo mdt )
phwong 4n, gen khoi ddu M-opsin hogc ménh cia né bao gdm SEQ ID NO: 2 hodc SEQ
ID NO:17.

Tt hon 13, TCU chtra manh gen khoi dau M opsin ma chra SEQ ID NO:hoic
trinh tu vé co ban gidng hét véi SEQ ID NO:3. Con dugce du dinh 1a TCU chira manh
gen khoi ddu M opsin ma chira it nhét 200, it nhit 300, it nhat 400, hodc it nhat 500
nucleotit cia SEQ ID NO:3 hodc trinh ty cé do tuong déng trinh tu it nhat 75%, it nhét
80%, it nhat 85%, it nhat 90%, it nhat 95%, it nhat 98%, hoac it nhit 99% vdi it nhat
200, it nhit 300, it nht 400, hodc it nhat 500 nucleotit ciia SEQ ID NO: 3. Theo mot s
phuong an, manh gen khoi diu M opsin vé co ban bao gébm SEQ ID NO:3. Theo mot 56
phuong &n, manh gen khéi diu M opsin bao gdm SEQ ID NO:3.

Theo mdt s6 phuong 4n, TCU chira it nhat 200 nucleotit cia SEQ ID NO:3 hodc
trinh tw ¢6 do twong ddng trinh t it nhit 90% vdi it nhit 200 nucleotit cua SEQ ID NO:3

11
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va trinh tu chita it nhét 10, it nhét 15, it nhét 20, it nht 25, it nhat 30 hodc it nhat 35
nucleotit lién ké cta nucleotit 1-35 ctia SEQ ID NO:3. Theo mdot s6 phuong 4n, TCU
chira it nhat 200 nucleotit ctia SEQ ID NO:3 hodc trinh tu c6 do tuong déng trinh tu it
nhit 90% véi it nhat 200 nucleotit ciia SEQ ID NO:3 va trinh tw ¢6 do twong dong trinh
tir it nhat 90% v&i it nhét 10, it nhat 15, it nhat 20, it nhdt 25, it nhat 30 hofc it nhit 35
nucleotit lién ké twong g véi nucleotit 1-35 ctia SEQ ID NO:3.

T6t hon 13, TCU chita manh gen khoi dau M opsin ma chtta SEQ ID NO:5 hodc
trinh tu vé& co ban giéng hét véi SEQ ID NO:5. Theo mot s6 phuong 4n, méanh gen khai
dau M opsin vé co ban bao gdm SEQ ID NO:5. Theo mdt s6 phuong 4n, manh gen khoi
diu M opsin bao gbm SEQ ID NO:5.

Gen khéi ddu bd sung va manh ctia né duge du dinh dé st dung & TCU la gen
khoi dAu hodc manh gen khoi ddu ma khac biét vé trinh ty voi trinh tu & trén nhung gitt
duoc hoat dong gen khoi dau dic hiéu té bao nhan sang hinh nén. Céc trinh tu nay co6
d6 twong ddng trinh t it nhét 75%, it nhét 80%, it nhit 85%, it nhat 90%, it nhét 95%
it nhat 98%, hodc it nhat 99% véi trinh ty ctia nucleotit lién ké tir SEQ ID NO:2 hogc
SEQ ID NO:17 nhu dugc xac dinh & trén. Ty 1€ phén tram d0 tuong déng trinh tu cua
bién thé t6t hon 13 duogc xdc dinh trén toan bo do dai cua phan twong tng ctia SEQ ID
NO:2 hodc SEQ ID NO:17, hodc trén 500, 600, 700, 800, 900, 1000, 1100 hogc 1200
phin nucleotit ciia SEQ ID NO:2 hogc SEQ ID NO:17 phu hop véi trinh tw bién thé.
Con duge du dinh 1a gen khéi diu va manh cua n6 ma chira trinh tw ¢6 d6 twong dong
trinh tyr {t nhat 75%, it nhét 80%, it nhit 85%, it nht 90%, it nhit 95%, it nhat 98%,
hodc it nhit 99% véi SEQ ID NO:3 va/hodc SEQ ID NO:S.

Do twong dong trinh tu ¢ thé dugc tinh toan st dung bét ky thuat todn phu hop
nao. Vi du, céc thuat toan PILEUP va BLAST c6 thé dugc sir dung dé tinh toan do tuong
ddng hodc xép hang trinh ty (nhu xac dinh trinh ty tuong duong hodc tuong ung (thdng
thuong 1a trén cai dat mac dinh cua ching), vi du nhu duoc md ta & Altschul S. F. (1993)
7 Mol Evol 36:290-300; Altschul, S, F et al (1990) J Mol Biol 215:403-10. Software for
performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). Thuét toan nay lién quan
dén viéc xac dinh cap trinh tu diém cao (HSPs) truge tién bang cach xé4c dinh céc tur
ngin ctia do dai W trong trinh tu truy véAn phtt hop hogc thoa man mot s6 diém nguong

c6 gia tri duong T khi dugc can chinh v6i mot tr cung do dai trong trinh tu co s¢ dir

12
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licu. T duoc dung dé chi ngudng diém tir viing 1an can (Altschul et al, supra). Céc luot
truy cdp tir vung lan cén ban dau nay dong vai tro 1a hat gidng dé bt dau tim kiém dé
tim HSP chira chiing. Céc tlr truy cdp dugc md rong theo ca hai hudng doc theo moi
trinh tu chirng nao diém can chinh tich liy c6 thé duoc ting. Cac phan mé rong cho cac
luot truy cép tir trong mdi huéng bi dung lai khi: diém can chinh tich Iily giam bai dai
lugng X so vai gia tri dat duoc 16n nhét ctia né; diém tich liiy bang 0 hodc thap hon, do
su tich Ifly cia mot hodc nhiéu can chinh phén du cho diém am; hoic phén cudi cua mot
trong hai trinh tu dat dugc. Céac tham s6 thuat toan BLAST W, T va X xac dinh do nhay
va tdc dd can chinh. Chuong trinh BLAST st dung d6 dai tr mdc dinh (W) la 11, ma
tran diém BLOSUMBG62 (xem Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA
89: 10915-10919) cin chinh (B) 1a 50, ky vong (E) 14 10, M =5, N =4 va so sanh ca hai

SO1.

Thuét toan BLAST thuc hién phén tich théng ké vé su gibng nhau gitta hai trinh
tu; vi du xem, Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787.
Mot thudce do sy giéng nhau dugc dé xudt boi thuat toan BLAST 1a xac sut téng nho
nhit (P(N)), dé xudt déu hiéu cua xdc suit nho do su két hop giita hai trinh tu
polynucleotit hogc axit amin s& tinh c¢& xay ra. Vi dy, trinh tu dugc coi la tuong tu nhu
trinh tu khéac néu xac sudt tong nho nhét khi so trinh ty ddu tién véi trinh tu thi hai it
hon khoang 1, tdt hon 1a it hon khoang 0,1, t8t hon nira la it hon khoang 0,01, va ot
nhét 13 it hon khoang 0,001. Tuong tu, UWGCG Géi cung cap chuong trinh BESTFIT
¢6 thé duge st dung dé tinh toan do twong déng (vi du dugc st dung trén cai dat mdc

dinh cta né) (Devereux et al (1984) Nucleic Acids Research 12, 387-3 95).

Theo mét s6 phuong 4n, TCU chira gen khéi dau M-opsin hodc manh ctia n6 ma
chira trinh tu dot bién M8 TCTAGA (SEQ ID NO:16). Theo mot phuong an, TCU chira
gen khoi dau M-opsin hodc manh clia né ma chira, mot, hai, ba, bdn, nim hoic sau
nucleotit ctia SEQ ID NO:16. Vi dy, nucleotit tuong tmg v&i nucleotit tir 1934 dén 1939
(GGGCCG) ciia SEQ ID NO:2 ¢6 thé duge thay thé bang SEQ ID NO:16.

Theo mot sb phuong an, TCU bao gbm trinh ty nucleotit bd sung khdng tu nhién
tim thay trong LCR M/L opsin va/hodc ving gen Khoi d4u M-opsin. Trinh tu nucleotit
b6 sung c6 thé 12 5’ hodc 3” cia LCR hodc ving gen khoi d4u M-opsin. Theo mot s6
phuong an, trinh tu bd sung niam gitta LCR va ving gen khdi dau M-opsin. Theo mot

phuong én, trinh tu “GATC” nam gitra ving LCR va vung M-opsin.
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Theo mét phuong dn, TCU chitra SEQ ID NO:4. Theo mét phuong an, TCU chira
SEQ ID NO:6. Theo mot phuong an, TCU chira SEQ ID NO:15.

Con duoc du dinh 12 TCU chira trinh tu ¢6 do trong ddng trinh tu it nhat 75%, it
nhét 80%, it nhat 85%, it nhat 90%, it nhit 95%, it nhit 98%, hoic it nhit 99% véi SEQ
ID NO:4, SEQ ID NO:6 hoic SEQ ID NO:15.

Theo mdt phuong &n, TCU vé co ban bao gdm SEQ ID NO:4. Theo mdt phuong
an, TCU v& co ban bao gdm SEQ ID NO:6. Theo mét phuong én, TCU vé co ban bao
gdm SEQ ID NO:15.

Theo mot phuong éan, TCU bao gom SEQ ID NO:4. Theo mot phwong an, TCU
bao gdm SEQ ID NO:6. Theo mét phuong an, TCU bao gdbm SEQ ID NO:15.

TCU c¢6 thé con duge dinh vi & bt ¢t dau trong trinh tw 16n hon mién 13 hoat
dong gen khoi dau dic hidu té bao nhan sang hinh nén gitt duge. Theo cac phuong 4n,
TCU dugc mo ta & day nam & vi tri 5', hodic ngay 5°, v6i gen can duoc biéu hién (vi du,

tai trong) theo cach dac hiéu té bao nhan sang hinh nén nhu dugc moé ta ¢ day.

TCU ciing ¢6 thé duoc sir dung song song v&i cac thanh phan diéu hoa khac nhu

mdt hodc nhiéu gen khéi diu, chit tang cuong va/hodc LCR khéc.
TCU c6 thé duge d& xuit & dang phan tir axit nucleic phan lap.

TCU duoc dé xuét béi sang ché c6 thé dugc sit dung dé dan biéu hién cia gen
(tai trong) ¢ t& bao nhan sang hinh non theo cach didc hiéu té bao nhan sang hinh nén.
Biéu hién dic hiéu té bao nhan sang hinh nén ¢ thé duoc xac dinh dudi dang biéu hién
ma chi ¢6 mit & té bao nhan sang hinh nén, nhung khong dang ké trong cac loai té bao
khac. Biéu hién dic hiéu té bao nhan sang hinh non c6 thé duogc xéac dinh dudi dang biéu
hién 16n hon khoang 10 1an, 16n hon 20 14n, 16n hon 50 14n hogc 16n hon 100 1an tro 1én
& té bao nhan sang hinh nén so véi cac loai té bao khac, dic biét 1a té bao nhén sang
hinh que. Biéu hién & té bao nhan sang hinh nén va cac loai té bao khac c6 thé dugc xac
dinh bing bat ky ky thuat tiéu chun phit hop nao duge biét véi nguoi c6 hiéu biét trung
binh trong linh vuc k§ thuat. Vi du, mtc biéu hién ARN ¢6 thé dugc xéc dinh bang PCR
thoi gian thyc dinh luong. Biéu hién protein ¢6 thé duoc xac dinh bang phuong phap
thAm phuong tdy hodc hda md mién dich. TCU duoc dé xuit & day cung cip biéu hién

cta gen duoc lién két c6 dieu khién o tat ca kicu phu t€ bao nhan sang hinh nén.
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TCU duogc dé xuat boi sang ché ¢6 thé duoc st dung dé dan biu hién gen tang
dang k& & té bao nhan séang hinh nén so véi TCU hodc gen khoi du tham khao. Biéu
hién ting dang ké 6 thé duoc xac dinh 1a nhiéu hon khoang 10 14n, 20 14n, 50 1an, 100
14n, 200 14n hodc 300 lan biéu hién cla gen & té bao nhan sang hinh nén khi so vdi biéu
hién duoc din bsi TCU hodc gen khoi diu tham khao, bao gdm nhung khong bi gidi
han & gen khoi ddu M-opsin ban du. Biéu hién & té bao nhan sang hinh non va cac loai
t& bao khéc ¢6 thé duoc xéc dinh bai k§ thuat chudn thich hop bat ky duge biét voi ngudi
6 hiéu biét trung binh trong linh vue k¥ thuét. Vi du, mtc biéu hién ARN ¢6 thé duoc
xéc dinh bing PCR thoi gian thuc dinh lugng. Biéu hién protein c6 thé dugc xac dinh

bang thm tach tdy hoic héa md mién dich.

TCU dugc d& xuit boi sang ché ¢6 thé dugce st dung dé dan biéu hién ctia protein
mi héa trinh tw nucleotit & t& bao nhan sdng hinh non, bao gdm trinh tu nucleotit biéu
hién protein ma khong duoc biéu hién binh thudng & té bao nhan sang hinh nén nhu

GFP.

Vi du, TCU duogc dé xuét theo séng ché hitu ich dé bidu hién gen & té bao nhan
sang hinh nén can thiét cho chtrc nang binh thudng cla té bao nhéan sang hinh non, bao
gbm, nhung khong bi gii han ¢, nhém con protein G(t) lién két nucleotit guanin alpha-
2 (GNAT?), kénh cation nucleotit tao vong alpha-3 (CNGA3), kénh cation nucleotit tao
vong beta-3 (CNGB3), nhém con phosphodiesteraza vong 3',5' déc hi¢u cGMP hinh nén
alpha’ (PDE6C), nhém con gamma phosphodiesteraza vong 3', 5' c¢cGMP nhay véi
rhodopsin té bao nén véng mac (PDE6H), thanh phan 2 siéu ho V kénh cdng dién ap
kali (KCNV2), va nhém con alpha-2/delta-4 kénh canxi phu thudc vao dién ap
(CACNA2D4), 1a protein thiét yéu cho chirc ndng binh thuong ctia té bao non. Nhu vay,
séng ché d& xudt TCU va phuong phép bicu hién, vi du, gen GNAT2, CNGA3, CNGBS3,
PDEG6C, PDE6H, KCNV2, va CACNA2D4 & té bao nhan sang hinh nén. Cac gen
PDE6C, GNAT2, CNGA3 va CNGB3 1a bbn gen déng gbép vao mi mau. PDE6C la nhom
con alpha ctia phosphodiesteraza vong 3',5' ddc hi¢u cGMP hinh nén. GNAT?2 la thanh
phan alpha cta transducin hinh nén, thanh phan thiét yéu ctia phan cép truyén dan quang
hinh nén. CNGA3 1a nhom con alpha ctia kénh ion tao nucleotit vong hinh nén, dong
d4p tmg vGi anh sang, do dé si€u phén cuc té bao hinh né6n. CNGB3 1a nhom con beta
ctia kénh ion tao nucleotit vong hinh nén, déng déap Gmg véi dnh sang, do do siéu phén

cuc t€ bao hinh non.
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Cau truc biéeu hién
Sang ché cling dé xuét cau tric biéu hién chira TCU duoc sang ché mo ta, duogc
lien két c6 diéu khién véi trinh tu, nhu trinh tu gen, can duge bicu hién theo cach dac

hiéu té bao nhén sang hinh noén.

Thuat ngtt “duoc lién két c6 diu khién” dung dé chi vi tri ké nhau trong do6 thanh
phan duge mo ta dang & trong m&i quan hé cho phép chung c6 chtrc nang theo cach du
dinh cua chung. Trinh tu kidm soét “duoc lién két c6 diéu khién” véi trinh tu ma hoa
dugc budc theo cach ma biéu hién cta trinh ty ma hoa dat dugc trong diéu kién tuong
thich vé6i trinh tu kiém soat. Nhiéu ban sao polynucleotit gidng nhau hodc khic nhau c6
thé duoc dua vao cAu trac biéu hién. Céu tric biéu hién co thé dugc xac dinh 12 trinh tu
polynucleotit ¢6 kha ndng didu khién biéu hién protein tr trinh ty polynucleotit chira

trinh tv ma hoa.

Vi vay, cAu trac biéu hién vi du c6 thé chira trinh ty ma hoa PDEGH, PDEGC,
GNAT2, KCNV?2, CACNA2D4, CNGA3 hoic CNGB3, vi du polynucleotit dugc chon tix
SEQ ID NO: 7 dén 14, hoic bién thé cia SEQ ID NO: 7 dén 14 ma giit dugc chirc nang
ctia protein dich ma tir trinh ty duge chon tir SEQ ID NO: 7 dén 14.

Bién thé cua polynucleotit dugc chon tir nhém bao gém SEQ ID NO: 7 dén 14
c6 thé duge xac dinh dudi dang bién thé bit ky cua trinh tw ciia SEQ ID NO: 7 dén 14,
bao gém bién thé co trong tu nhién & trinh tu axit nucleic. Bién thé c6 thé dugc xac dinh
1a c6 do twong ddng trinh tur it nhat khoang 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%
hodc 99% voi SEQ ID NO 7 dén 14, trong d6 polypeptit dugc dich ma tir trinh tu bién
thé giit duge chirc ning ctia no. Bién thé c6 thé duoc x4c dinh 1a c¢6 do twong ddng trinh
tu it nhét khoang 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% hodc 99% voi SEQ 1D
NO 7 dn 14, trong @6 polypeptit duge dich ma tir trinh ty bién thé c6 kha ning ctu
chtc ning té bao nhan sang hinh nén. Theo cac phuong én, bién thé 1a phién ban dugc
td1 wu hda codon ciia trinh tw ma hoa.

Chu truc biéu hién duogc du dinh theo sang ché ¢6 thé tai tao chirc ning té bao
nhén sang hinh nén. Viéc clru chic nang té bao nhan sang hinh nén cé thé duoc xéc
dinh 1a phuc hdi it nhat khodng 50%, 60%, 70%, 80% 90%, 95%, 96%, 97%., 98%, 99%
hodc 100% chirc nang té bio nhan sang hinh nén. Chirc néng té bao nhan sang hinh nén

¢6 thé dugc phan tich boi ky thuat chudn thich hop bat ky duge biét voi ngudi ¢ hieu
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biét trung binh trong linh vuc k¥ thuét, vi du, bang phan tich dién hoc ctia dap ing vong

mac.

Viéc clru chire nang té bao nhan séang hinh nén cling c6 thé duoc xac dinh 1a kéo
dai su séng s6t té bao non. Viée kéo dai su séng s6t té bao non ¢o thé duge xac dinh 1a
kéo dai thoi gian ma té bao nhan sang hinh nén c6 chtrc nang khoang 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 100% hodc 16n hon
100% khi so v6i t& bao nhan sang hinh non bi anh hudéng bdi loan dudng té bao non.
Chtc nang té bao nhan sang hinh nén co6 thé duoc phan tich bdi ky thuat chuén thich
hop bét ky duoc bibt voi ngudi ¢6 hiéu biét trung binh trong linh vue k§ thuat, vi du,
bang phan tich dién hoc cia dap ung vong mac. Vi du cta kéo dai su séng sot té bao
noén ciing bao gOm cai thién hoat dong ERG hodc lam chim viéc mét hoat dong ERG,
cai thién d6 nhay vong mac hodc 1am chdm/tam dung viée méat do nhay vong mac tién
trién, 1am cham ho#c tam dung viéc mét té bao nhén sang, cai thién thi luc hodc lam

cham/tam dung viéc mét thi luc.

Céu trac bidu hién theo sang ché ¢6 thé chira TCU dugc lién két c6 diéu khién
véi gen CNGA3. Theo mot s6 phuong 4n, trinh tu gen CNGA3 chtra SEQ ID NO:7.
Theo mét s6 phuong an, gen CNGA3 chira trinh tu t6i wu héa codon. “Su t6i uu hoa
codon” dé cép dén qua trinh thay dbi trinh tu polynucleotit ¢6 trong tu nhién dé nang
cao biéu hién trong sinh vat dich, vi dy, ngudi. Theo mot phuong an cla sang ché, gen
CNGA3 cla ngudi, SEQ ID NO:7, di dugc t6i uu héa dé tao SEQ ID NO:8. Trong
cADN CNGA3 d3 t6i wu hoa cua SEQ ID NO:8 codon hiém da dugc thay thé bang codon
x4y ra thuong xuyén hon va/hodc codon thuong xuyén dugc tim thay & gen duoc biéu
hién cao clia nguoi.

Theo mot phuong an, cdu tric bidu hién chita TCU duge lién két c6 diéu khien

vGi SEQ ID NO:8.
Vecto

Sang ché dé xuat vecto chira axit nucleic, TCU, gen khdi dau va manh cua no,
gen dugc t8i wru hoa, va cu tric biéu hién duge sang ché mo ta. Vecto ¢o thé la loai bat
ky, vi du, n6 c6 thé la vecto plasmit hodc ADN vong mini.

Hiéu qué cua liéu phap noi chung 1a phu thude vao phan phdi day du va hiéu qua

ctia ADN hién tang. Qua trinh nay thuong la qua trung gian boi vecto virut. Nhu vay,
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sang ché dé xuit vecto virut, ¢6 thé dua trén, vi du, trén virut herpes simplex, adenovirut,
ho#c lentivirut. Vecto virut ¢ thé 1a vecto virut lién hop adeno (AAV) hodc dan xuét
clia n6. AAV la vecto dic biét hip dan vi n6 thuong khong gy bénh; phan 16n moi
ngudi da bi nhiém virut nay trong subt cude doi ctia ho ma khong co tac dung bat loi.
Dic quyén mién dich ciia md mét, két qua clia rao can giai phau va yéu t6 diéu hoa mién
dich, 1am cho mit phin 16n dugc mién dap Gng mién dich bat lgi.

Theo mdt phuong an, vecto virut chira hé gen AAV tu kiéu huyét thanh, thé phan

1ap hodc nhanh ctia AAV, hodc dan xuat ciia n6 ¢6 ngudn goc tur nhién.

“Hé gen AAV” 1a trinh ty polynucleotit ma ma héa chtrc nang can thiét dé san
xuat hat virut AAV. Céc chirc nang nay bao gbm hoat dong trong chu trinh sao chép va
dong goi cho AAV & té bao chu, bao gém tu tao boc hé gen AAV thanh hat virut AAV.
Céc virut AAV c¢6 trong tu nhién thiéu sao chép va dua vao sy cung cap ctia chirc nang
trg giap O trans dé hoan thanh chu trinh sao chép va dong goi. Do do va bang su loai bo

bd sung gen rep va cap AAV, hé gen AAV cua vecto theo sang ché thiéu sao chép.

Hé gen AAV ¢6 thé & dang soi don, chiéu duong hodac 4m, hodc theo cach khac
& dang soi kép. Vige st dung dang soi kép cho phép bod qua budc sao chép ADN ¢ té

bao dich va do d6 c6 thé tang tdc biéu hién chuyén gen.

Hé gen AAV ¢o thé tir kiéu huyét thanh hodc thé phéan 1ap hogc nhanh ciia AAV
¢6 ngudn gbc tw nhién bét ky. Nhu duge biét v6i ngudi c6 hiéu biét trung binh trong
linh vuc k§ thuat, virut AAV ¢6 trong tu nhién co thé duogc phén loai theo cac hé théng

sinh hoc khéac nhau.

Thong thuong, virut AAV dung @ chi vé& kiéu huyét thanh cia chung. “Kiéu
huyét thanh” tuong ing v6i loai phu bién thé ctia AAV do profin ctia n6 cua biéu hién
cua khang nguyén bé& mit capsit ¢6 hoat tinh khac biét ma c6 thé duoc sir dung dé phén
biét n6 vaéi loai phu bién thé khéac. Thong thudng 14, virut c6 kiéu huyét thanh AAV cu
thé khong phan Gng ngang hiéu qua véi khang thé trung hoa dac hiéu cho kiéu huyét
thanh AAV khéc bit ky. Céc kiéu huyét thanh AAV bao gdm AAV1, AAV2, AAV3,
AAV4, AAVS, AAV6, AAVT, AAVS, AAV9, AAV10 va AAV1I, ciing la kiéu huyét
thanh tai td hop, nhur Rec2 va Rec3, gin day duogc nhén ra tir ndo linh truéng. Trong

vecto theo sang ché, hé gen co thé c6 ngudn gbe tir kiéu huyét thanh AAV bat ky. Capsit
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ciing c6 thé co ngudn gbe tir kiéu huyét thanh AAV. Hé gen va capsit co thé c6 ngudn

gbc tir cling kiéu huyét thanh hodc céc kiéu huyét thanh khac nhau.

Theo mdt phuong an, hé gen cua vecto dugc sang ché mo ta co nguén géc tir kiéu
huyét thanh AAV 2 (AAV2), kidu huyét thanh AAV 4 (AAV4), kiéu huyét thanh AAV
(AAV5) hodc kiéu huyét thanh AAV 8 (AAVS). Cac vecto AAV khdc ma c6 thé dugc
str dung bao gdm vecto c¢6 ngudn goc tir AAV44.9 va AAV-Anc80. Puoc uu tién nhét
1a hé gen c6 ngudn gbe tir AAV2, lién két véi té bao dich qua thu thé proteoglycan
heparin sulphat, nhung cac kiéu huyét thanh khac quan tdm ddc biét dé sir dung theo
sang ché bao gdm AAV4, AAVS va AAVS, gitp chuyén nhiém hiéu qua mo trong mit,

nhu bi€éu md sac td vong mac.

Trinh tu ctia hé gen AAV hodc thanh phﬁn ctua hé gen AAV bao gém trinh tu
ITR, gen rep hodc cap dé st dung theo sang ché c6 thé c6 ngudn gbc tir s truy nhap sau
day cho toan bo trinh ty hé gen AAV: virut lién hgp adeno 1 NC_002077, AF063497;
virut lién hop adeno 2 NC_001401; virut lién hop adeno 3 NC_001729; virut lién hop
adeno 3B NC 001863; virut lién hgp adeno 4 NC_001829; virut lién hop adeno 5
Y 18065, AF085716; virut lién hgp adeno 6 NC_001862; AAV gia cam ATCC VR-865
AY186198, AY629583, NC 004828; chung AAV gia cim DA-1 NC_006263,
AY629583; AAV bo NC 005889, AY388617.

Virut AAV ciing c6 thé duge dung dé chi v& nhanh hodc nhan ban. Viéc nay dung
dé chi mbi quan hé phit sinh loai cta virut AAV ¢6 ngudn gbc tu nhién, va thong thuong
12 nhom phat sinh loai cta virut AAV ¢6 thé dugc bit ngudn tur td tién chung, va bao
gdm tét ca con chdu cta nd. Ngoai ra, virut AAV ¢6 thé dugc dung dé chi vé thé phan
lap déac hiéu, tuc la thé phan lap di truyén clia virut AAV dic hiéu tim thay trong tu
nhién. Thuét ngit thé phan 1ap di truyén mo ta quan thé ciia virut AAV ma trai qua tron
gen bi gi¢i han véi cac virut AAV c6 trong tu nhién khac, do d6 xac dinh quan thé khéc

biét c6 thé hiéu duge & cép do di truyén.

Vi du ctia nhanh va thé phan lap ciia AAV ma c6 thé dugc st dung theo sang ché

bao gom:

Nhanh A: AAV1 NC 002077, AF063497, AAV6 NC_001862, Hu. 48
AY530611, Hu 43 AY 530606, Hu 44 AY530607, Hu 46 AY 530609,
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Nhanh B: Hu. 19 AY530584, Hu. 20 AY530586, Hu 23 AY530589, Hu22
AY530588, Hu24 AY530590, Hu21 AY530587, Hu27 AY530592, Hu28 AY530593,
Hu 29 AYS530594, Hu63 AY530624, Hu64 AY530625, Hul3 AYS530578, Hu56
AY530618, HuS7 AY530619, Hud9 AY530612, Hu58 AY530620, Hu34 AY530598,
Hu35 AY530599, AAV2 NC 001401, Hu45 AY530608, Hu47 AY530610, HuSl
AY530613, Hu52 AY530614, Hu T41 AY695378, Hu S17 AY695376, Hu T8
AY695375, Hu T71 AY695374, Hu T70 AY695373, Hu T40 AY695372, Hu T32
AY695371, Hu T17 AY695370, Hu LG15 AY 695377,

Nhanh C: Hu9 AY530629, Hul0 AY530576, Hull AY530577, HuS3
AY530615, Hu55 AY530617, Hu54 AY530616, Hu7 AY530628, Hul8 AY530583,
Hul5 AY530580, Hul6 AY530581, Hu25 AY530591, Hu60 AYS530622, ChS
AY?243021, Hu3 AY530595, Hul AY530575, Hu4 AYS530602 Hu2, AY530585, Hu6l
AY530623,

Nhanh D: Rh62 AY530573, Rh48 AY530561, Rh54 AY530567, RhS5
AY530568, Cy2 AY243020, AAV7 AF513851, Rh35 AY243000, Rh37 AY242998,
Rh36 AY242999, Cy6 AY243016, Cy4 AY243018, Cy3 AY243019, CyS AY243017,
Rh13 AY243013,

Nhanh E: Rh38 AY530558, Hu66 AY530626, Hud2 AY530605, Hu67
AY530627, Hu40 AY530603, Hudl AY530604, Hu37 AY530600, Rh40 AY530559,
Rh2 AY243007, Bbl AY243023, Bb2 AY243022, Rh10 AY243015, Hul7 AY530582,
Hu6 AY530621, Rh25 AY530557, Pi2 AY530554, Pil AY530553, Pi3 AYS530555,
Rh57 AY530569, Rh50 AY530563, Rh49 AY530562, Hu39 AY530601, Rh58
AY530570, Rh61 AYS530572, Rh52 AY530565, Rh53 AY530566, Rh51 AY530564,
Rh64 AY530574, Rh43 AY530560, AAV8 AF513852, Rh8 AY242997, Rhl
AY530556,

Nhanh F: Hul4 (AAV9) AY530579, Hu31 AY530596, Hu32 AY530597, Clonal
Thé phan lap AAVS Y 18065, AF085716, AAV 3 NC_001729, AAV 3B NC_001863,
AAV4 NC 001829, Rh34 AY243001, Rh33 AY243002, Rh32 AY243003.

Nguoi ¢o hiéu biét trung binh trong linh vuc k§ thuét co thé chon kiéu huyét
thanh, nhanh, dong hodc thé phan lap ciia AAV phu hop dé sur dung theo séng ché trén

co s& su nhan biét chung thong thuong cta ho.
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Can dugc hiéu tuy nhién rang sang ché ciing bao gdm viéc sir dung hé gen AAV
ctia cac kiéu huyét thanh khéac ma c¢6 thé chua dugc nhan ra hoic dugce dic trung. Kiéu
huyét thanh AAV x4c dinh tinh dic hiéu mo lay nhiém (hodc 4i tinh) cua virut AAV.
Do d6, kiéu huyét thanh AAV dugc uu tién dé st dung & virut AAV duge dung cho
bénh nhan theo sang ché 1a kidu huyét thanh c6 ai tinh ty nhién hogc hiéu qua lay nhiém

cao cua té bao nhin sang hinh nén dich.

AAV kiéu dai, chira gen virut, xen vat li¢u hé gen cua ching vao nhiém sic thé
19 cta té bao chi. Hé gen ADN soi don AAV chua hai 1ap dau cubi dao nguge (ITR)

va hai khung doc mé, chira gen cAu truc (cap) va déng goi (rep).

Thong thuong 13, hé gen AAV cua kiéu huyét thanh hozc thé phan 1ap hodc nhanh
clia AAV ¢6 ngudn gbc tw nhién chira it nh4t mot trinh tw 1dp dau cudi dao nguoce (ITR).
Vecto theo sang ché thuong chira hai ITR, t6t hon 12 mdt & mdi dau hé gen. Trinh tu
ITR hoat dong & cis dé tao ngudn gbc chirc ning sao chép, va cho phép tich hop va loai
b6 vecto tir hé gen clia té bao. Trinh ty ITR dugc wu tién 12 ciia AAV2 va bién thé cia
n6. Hé gen AAV thudng chira gen dong goi, nhu gen rep va/hodc cap ma hoa chirc nang
doéng goi cho hat virut AAV. Gen rep ma héa mot hodc nhiéu protein Rep78, Rep68,
Rep52 va Rep40 hodc bién thé ctia chung. Gen cap ma hdéa mot hodc nhiéu protein capsit
nhu VP1, VP2 va VP3 hoic bién thé ctia chiing. C4c protein ndy tao nén capsit ctia hat
virut AAV. Bién thé capsit duoc thao luan dudi day.

Véi muc dich tri ligu, ITR ¢o thé duoc dé Xuét in cis ngoai gen tri li¢u. Virut
AAV do d6 c6 thé duoc cai bién: gen virut co thé dugc loai bd khoi hé gen, san Xuét
AAV tai td hop (rAAV). rAAV chtra gen tri liéu va it nhat mot ITR. Viéc loai bo gen
virut 1am cho rAAV khdng c6 kha ning xen hoat dong hé gen cua né vao ADN té bao
chu. Thay vao do, hé gen rAAV hop nhét théng qua ITR, tao thanh cAu trac hinh tron,
nhiéu tAng, hodc xen vao chd pha v& nhidm sic thé tir trude. Dé san xudt virut, gen cau
truc va dong goi, hién dugc loai bo khoi rAAV, dugc cung cép in trans, & dang plasmit
trg giap.

Tét hon 13 hé gen AAV s& dugc tao ddn xuit nhdm muc dich st dung cho bénh
nhan. Dan xudt ndy 1a chuén trong linh vuc k§ thuét va sang ché bao gbém viéc str dung
dAn xudit duoc biét bat ky ctia hé gen AAV, va din xuit c6 thé duoc tao ra bang cach ap

dung k¥ thuat duoc biét trong linh vyc k¥ thuét.
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DAan xuét cua hé gen AAV bao g6m dang bi cat cut hoic duoc cai bién bat ky cua
hé gen AAV ma cho phép biéu hién chuyén gen Rep-1 tir vecto theo sang ché in vivo.
Thong thuong 13, ¢6 thé cét cut hé gen AAV déng k& dé bao gdm trinh tw virut t6i thiéu
nhung gitt duoc chic ning & trén. Viéc ndy duge uwu tién vi ly do an toan dé giam nguy
co tai td hop vecto véi virut kiéu dai, va cling dé tranh kich hoat ddp ung mién dich té

bao boi su ¢6 mit clia protein gen virut trong té bao dich.

Thong thudng 13, dan xudt s& bao gdm it nhat mot trinh tu 13p dau cudi dao nguoc
(ITR), t&t hon 1a nhidu hon mot ITR, nhw hai ITR hogc nhiéu hon. Mot hosc nhiéu ITR
¢6 thé c6 ngudn gde tir hé gen AAV c6 cac kiéu huyét thanh khéac nhau, hodc c6 thé 1a
ITR kham hoac dot bién. ITR dot bién dugc vu tién 1a trinh tu mét rs (vi tri phan giai
dau cudi). Su mit nay cho phép sao chép lién tuc hé gen dé tao ra hé gen sgi don ma
chtta ca hai trinh tw ma héa va bd tro, tic 12 hé gen AAV tu bd trg. Viéc nay cho phép

bd qua sao chép ADN & té bao dich, va do d6 cho phép biéu hién chuyén gen ting toc.

Mot hodc nhidu ITR tét hon 1a s& & sudn caset cAu tric biéu hién chira gen khoi
dAu va chuyén gen theo sang ché. Su bao gdbm mot hozc nhiéu ITR duoc vu tién dé hd
tro dong gbi vecto theo sang ché thanh hat virut. Theo phuong an dugc vu tién, thanh
phan ITR sé& chi 1a trinh ty gilt duoc tir hé gen AAV nguyén thuy & dan xuét. Vi vy,
dan xuét t&t hon 1a s& khong bao gdm gen rep va/hodc cap clia hé gen nguyén thiy va
c4c trinh tu khac bat ky ctia hé gen nguyén thuy. Viéc nay duoc vu tién vi ly do duoc
md ta & trén, va ciing dé giam kha nang tich hop vecto vao hé gen té bao chu. Ngoai ra,
giam kich thu¢c cia hé gen AAV cho phép tang linh hoat trong viéc két hop cac thanh
phén trinh ty khac (nhu thanh phén diéu hoa) trong vecto ngoai chuyén gen.

Tham chiéu dén hé gen AAV?2, phén sau day do d6 ¢6 thé duoc loai bo & dan
xuét theo sang ché: Mot trinh tu 13p du cubi dao nguoce (ITR), gen sao chép (rep) va
capsit (cap). Tuy nhién, theo mét s6 phuong 4n, bao gdm phuong 4n in vitro, dan xuét
ngoai ra co thé bao gém mot hoac nhiéu gen rep va/hodc cap hodc céc trinh tu virut khac

cua hé gen AAV.

Dan xuit c6 thé 1a dan xuit kham, dugc bo tri lai hodc cai bién capsit cia mot
hozic nhiéu virut AAV ¢6 trong tw nhién. Sang ché bao gom sy cung céap trinh tu protein

capsit tur cac kiéu huyét thanh, nhanh, dong, hodc thé phan 14p cia AAV khéac nhau trong
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cung mot vecto. Sang ché bao gdm sy dong goéi hé gen ctia mot kiéu huyét thanh thanh

capsit ctia kiéu huyét thanh khac, tic 12 gid mao.

DAn xut kham, dugc bd tri lai hodc cai bién capsit thong thuong 1a s& dugce chon
dé tao mot hodc nhidu chirc ning mong mudn cho vecto virut. Vi vy, cac dan xuat nay
¢6 thé hién thi hiéu qua phan phdi gen tang, giam kha nang sinh mién dich (thé dich
hoiic té bao), pham vi 4i tinh bi thay dbi va/hogc viéc nhim dich duoc cai thién loai té
bao cu thé so v6i vecto virut AAV chira hé gen AAV c¢6 trong tu nhién, nhu hé gen cia
AAV2. Tang hiéu qua phan phéi gen co thé duoc thuc hién béng cach cai thién lién két
thu thé hodc ddng thu thé tai bé mit t& bao, cai thién ndi by, cai thién budn ban trong té
bao va thanh hat nhan, cai thién viéc phat hién ra hat virut va cai thién bién dbi hé gen
soi don thanh dang s¢i doi. Hiéu qud tang lén cling cd thé lién quan dén pham vi nhiét
déi bi thay ddi hodc viéc nham muc tiéu qu?m thé t& bao dac hiéu, sao cho lidu vecto

khong dugc pha lodng boi viée st dung cho mo khong can thiét.

Protein capsit kham bao gbm protein dugc tao ra béng cach tai to hop gitta hai
hay nhiéu trinh tr ma héa capsit clia kiéu huyét thanh AAV c¢6 trong tu nhién. Viéc nay
¢6 thé duge tién hanh vi du bang cach tiép can ctru ho diu hidu trong do trinh tu capsit
khong 14y nhidm cta mot kiéu huyét thanh duge ddng truyén nhiém voi trinh tu capsit
ctia kidu huyét thanh khac, va Iua chon theo hudng dugce sir dung dé chon cho trinh tu
capsit cd ddc tinh mong mudn. Trinh tu capsit cia cac kiéu huyét thanh khac nhau c6
thé dugc thay ddi bang cach tai t hop tuong dong trong té bao dé tao ra protein capsit
kham méi.

Protein capsit kham cling bao gdm protein dugc tao ra bang k¥ thuat ctia trinh tu
protein capsit dé chuyén mién protein capsit ddc hiéu, vong lap bé mat hodc gbc axit
amin dac hi¢u gitra hai hoac nhiéu protein capsit, vi du gilta hai hodc nhiéu protein capsit

ctia cac kiéu huyét thanh khac nhau.

Protein capsit dugc bd tri lai hodc kham cling ¢6 thé duoc tao ra bang cach x40
tron ADN hoic bing PCR d& bi 13i. Gen capsit AAV lai c6 thé dugc tao thanh bang cdch
phan manh ngau nhién trinh tu cua gen AAV lién quan vi du gen ma hoa protein capsit
ctia nhidu kiéu huyét thanh khic nhau va sau d6 tap hop lai cdc manh trong phan tng
polymeraza ty moi, phan tng nay cling ¢ thé gdy ra su giao nhau trong céc ving twong

ddng trinh tu. Thu vién gen AAV lai dugc tao thanh theo cach nay bang cach x40 tron
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gen capsit cua mot s§ kiéu huyét thanh c6 thé duoc sang loc dé xac dinh dong virut co
chire nang mong mudn. Twong tu, PCR ¢6 xu hudng sai s6 ¢6 thé duoc st dung dé dot
bién ngau nhién gen capsit AAV dé tao thanh thu vién bién thé da dang ma c6 thé sau

d6 duoc chon cho dac tinh mong mudn.

Trinh tu cta gen capsit cling c6 thé duoc cai bién vé mat di truyén dé dua doan
mét, thé hodc xen dic hiéu lién quan dén trinh tu kiéu dai nguyén thiy. Cu thé 13, gen
capsit co thé dugc cai bién bing cach xen trinh ty cta protein hodc peptit khong lién
quan trong khung doc md cua trinh tw ma héa capsit, hodc & dau cudi N va/hoic C cua

trinh tu ma hoa capsit.

Protein hodc peptit khong lién quan co thé thuan loi hoat dong nhu mot phéi t
cho loai t& bao cu thé, nhd d6 tao ra lién két dugc cai thién véi té bao dich hodc cai thién

tinh ddc hiéu nham dich cua vecto voi quan the té bao cu the.

Protein khong lién quan cling ¢ thé 14 protein ma hd trg tinh ché hat virut nhu
mdt phan ctia quy trinh san xuét tic 14 epitop hodc thé i luc. Vi tri xen thong thuong s€
dugc chon dé khong gy tré ngai cho cc chire nang khac cua hat virut vi du noi bd hoa,
budn bén hat virut. Ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuét c6 thé x4c dinh

vi tri thich hop @& xen dua trén sy nhén biét thong thuong chung cua ho.

Sang ché ngoai ra bao gdm su cung cép trinh tu ctia hé gen AAV theo thir tu va
cAu hinh khac v6i cia hé gen AAV nguyén thiy. Sang ché ciing bao gdm viéc thay thé
mot hoac nhiéu trinh tw AAV hodc gen voi trinh tu tir virut khdc hodc gen kham gém
trinh tu tu nhiéu hon mot virut. Gen kham nay c6 thé g@)m trinh tu tr hai hodc nhiéu

protein virut lién quan cta céac loai virut khac nhau.

Vecto theo sang ché ¢6 dang vecto virut chira gen khéi dau va cau tric biéu hién

theo sang ché.

Dé tranh nghi ngo, sang ché ciing d& xuét hat virut AAV chira vecto theo séng
ché. Hat AAV theo sang ché bao gdm dang chuyén capsit trong d6 hé gen AAV hodc
dan xuit c¢6 ITR cua mot kidu huyét thanh duge dong géi trong capsit cla kiéu huyét
thanh khac. Hat AAV theo sang ché ciing bao gdm dang kham trong do hdn hop cac
protein capsit khong cai bién tir hai hogc nhiéu kiéu huyét thanh khac nhau tao thanh vo

bao ctia virut. Hat AAV ciing bao gdm céc dang cai bién hoa hoc mang céc phoi tir dugc
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hép phu 1én bé& mit cla capsit. Vi du, cac phéi tir nay co thé bao gdm cac khéng thé dé

nhém dich thu thé cua bé mit té bao cu thé.

Hé gen AAV2, gidng nhu hé¢ gen cla tAt ca cac kidu huyét thanh AAV, ¢6 thé
duoc bao boc trong nhiéu protein capsit khac nhau. AAV2 ¢6 thé duoc dong goi trong
capsit AAV2 tu nhién ctia n6 (AAV2/2) hogc no6 ¢6 thé duoc tao kiéu gia (pseudotype)
véi céac capsit khac (vi dy, hé gen AAV?2 trong capsit AAV1, dan dén AAV2/1, hodc hé
gen AAV2 trong capsit AAVS, dan dén AAV2/8).

Theo phuong an dugc vu tién, capsit AAV ¢o ngudn goc tir AAVS. Theo phuong
4n duge dic biét wu tién, trong d6 trinh ty duoc lién két ¢6 diéu khién 1a gen CNGA3,

duoc vu tién 1a capsit 1a AAVS hodc capsit khic khac voi AAVS.

AAV chuyén héa té bao thong qua sy thue Am bao duge diéu tiét bsi thu thé dic
hiéu kiéu huyét thanh. Yéu td chinh anh hudng t6i dong hoc cla viéc biéu hién gen
chuyén rAAV la ty 1¢ cia hat virut thao v6 boc trong th nhan. V& phan minh, didu nay
phu thudc vao kiéu capsit bao boc vat liéu di truyén. Sau khi thdo vo boc, hé gen rAAV
soi don thang dugc lam dn dinh bang céach tao ra phan tir soi kép thong qua qua trinh
téng hop de novo sgi bd trg. Viéc sit dung ADN tu bd tro ¢ thé bo qua giai doan nay
béng cach san xuit ADN gen chuyén soi kép. Ba dugc phat hién ra rr?mg viéc biéu hién
gen AAV2/8 ty bd trg c6 sy bit ddu nhanh hon va bién do cao hon, so v6i AAV2/8 soi
don. Vi vdy, bang cach di tranh thoi gian tré lién quan dén viéc tong hop soi tht hai,
murc do biéu hién gen duge 1am tang 1én so voi su biéu hién gen chuyén tir cAu trac soi
don tiéu chuin. Cic nghién ctu tiép theo khao sat tdc dong cua ADN tu b trg & céac
kiéu gia AAV khac cling tao ra cac két qua turong tu. Mot luu y d61 véi k¥ thuat nay 1a,
do AAV c6 dung lugng déng goi khoang 4,8kb, nén hé gen tai t6 hop tu bo trg phai co
kich thuéc phu hop (nghia 1a 2,3kb hodc nhé hon).

Ngoai viéc thay d6i dung lugng dong goi, viée tao kiéu gia hé gen AAV2 vdi cac
capsit AAV khdc con ¢co thé lam thay d6i dic trung cla té bao va dong hoc cua viée biéu
hién gen chuyén. Vi du, khi AAV2 dugc tao kiéu gia voi capsit AAV4, su biéu hién gen
chuyén dic hiéu nhim dén té bao RPE. Ngoai ra, AAV2/8 duoc bao cdo la chuyén hoa
té bao nhan sdng hiéu qua hon so véi AAV2/2 hodc AAV2/S.

Chudn bi vecto
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Vecto theo sang ché c6 thé dugc chuén bi bang phwong phap tiéu chuin duoc
biét trong linh vuc k¥ thuat dé cung cép vecto cho liéu phap. Vi vdy, cac phuong phap
chuyén nhiém mién cong cong, dong goi va tinh ché da duoc biét rd c6 thé dugc st dung

dé tao ra ché phdm vecto thich hop.

Nhu dugc thdo luin & trén, vecto theo sdng ché ¢6 thé chira hé gen day du cla
virut AAV c6 trong tu nhién ngoai gen khai dAu theo sang ché hoic bién thé ctia né.
Tuy nhién, thong thuong, hé gen dugc phéi sinh s& dugc str dung, vidu thé phai sinh ma
¢6 it nhat mét trinh tu 1ap doan cudi dao nguge (ITR), nhung c6 thé thiéu gen AAV nhu

rep hodc cap.

Theo cac phuong an nay, dé cung cip cum hé gen da dugc phai sinh vao hat virut
AAV, céac ciu truc gen bd sung cung cdp AAV va/hodc cac chic ning virut hd trg c6
thé duge cung cip trong té bao chu két hop véi hé gen duge phai sinh. Cac céu tric bo
sung nay thuong sé& chira cac gen ma hoa protein capsit AAV cAu tric nghia 1a cap, VP1,
VP2, VP3, va cdc gen ma hoa cac chic nang khac duge yéu cAu cho chu trinh séng cua
AAV, nhu rep. Viéc chon lgc cac protein capsit chu trac dugc dua ra trén cac cAu truc

bd sung sé xac dinh kidu huyét thanh cta vecto virut da dong goi.

Vecto virut duoc dong goi duge dédc biét uu tién riéng dé str dung trong sang ché

chtra hé gen dugc phai sinh ciia AAV?2 két hop véi protein capsit AAVS.

Nhu duge dé cap 6 trén, cdc virut AAV khong c6 kha nang sao chép va do doé cac
chttc ndng virut hd tro, tot hon 14 cc chirc nang hd trg adenovirut cling ¢6 thé duogc dua
ra trén mot hogc nhidu ciu tric bd sung dé cho phép sao chép AAV. Cac h¢ théng ciing
duge biét véi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat ma st dung chu tric
don ma chtra chic nang hd trg rep, cap va Ad, vi vay chu trc hd trg bd sung khong

duogc yéu cau.

Tét ca cac cAu trac bd sung & trén co thé duoc dé xuét dudi dang plasmit hodc
cac yéu t6 episom khéc trong té bao chu, hodc theo cach khéac la mot hoac nhidu ciu tric
6 thé duge két hop vao hé gen cua té bao ch.

Don vi kiém soat phién ma theo sang ché c6 kha ning ctru viée mét chirc nang té
bao nhan sang hinh nén, cé thé xay ra vi du boi dot bién & gen CNGA3. “Ciu” thuong
¢ nghia 1a bat ky sy 1am giam hodc lam cham tdc do phat trién cua rdi loan vong mac

hogc kiéu hinh loan dudng, vi du khoi phuc sy hién dién cua protein CNGA3 trong té
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bao nhan sang hinh non, cai thién hoat tinh ERG hogc 1am cham viéc mat hoat tinh ERG,
cai thién do nhay vong mac hodc lam chdm/tam dung viéc mét tién trién do nhay vong
mac, lam chdm hodc tam dung méat té bao nhan sang, cai thién quan sat hodc lam

chim/tam dung viéc mét thi luc.

Dic tinh cta don vi kiém sodt phién ma theo sang ché ciing ¢ thé dugc thi
nghiém st dung k¥ thuét dua trén k§ thuét & vi du. Cu thé 13, don vi kiém soat phién ma
theo sang ché c6 thé duoc 1ap vao vecto theo sang ché va dugc truyén dén vong mac cla
dong vat thi nghiém thiéu CNGA3, nhu chudt, va tic dung dugc quan sat va so voi daoi
chung. T6t hon 13, dbi chung s& 1a mat khac cia cung dong vat, khong dugc didu tri
hogc dugc diéu tri v6i vecto d6i chung nhu vecto chia gen chi thi tri nguoc véi trinh
tu theo sang ché. Phan tich dién hoc ctia dap (g vong mac voi dnh sang sau d6 ¢ thé
dugce st dung dé xac nhan rﬁng té bao nhéan sang trong doi mét ma duoc diéu tri nhay
cam véi anh sang hon té bao nhan sang tir doi mat ma khong duge diéu tri hoic duoc
diéu tri véi vecto dbi ching. D nhay cua mét duoc diéu tri voi anh sdng co thé vi du
16n hon it nhat1a 1,1, 1,2, 1,5, 2, 5, 10, 20, 50, 100, 200, 500 hodc 1000 14n do nhay cta

mit duoc diéu tri d6i chtmg hodc khong duge diéu tri.
Phuwong phap diéu tri bénh va 1img dung trong y hoc

Theo mot khia canh, sang ché dé xuat phan tir axit nucleic (nhu TCU, gen khoi
dAu va manh cta nd, gen toi wu hoéa codon, cau truc bicu hign, va vecto) cling nhu
phuong phép diéu tri va/hodc ngan nglra roi loan hodc loan dudng vong mac ¢ bénh

nhén can dicu tri.

Vong mac gém 16p té bao biéu mo sic td vong mac (RPE) va ba 16p té bao than
kinh; cu thé 1a (tir ngoai vao trong), 16p hat nhan bén ngoai (chira té bao nhan sang hinh
que va hinh n6n), 16p hat nhan bén trong (chura té bao ludng cuc), va 16p té bao hach.
R&i loan hodc loan dudng vong mac cd thé duoc xac dinh 1a bénh cua vong mac, dugc
dac trung boi viée mat tién trién té bao nhan sdng va viéc mat quan sat dong thoi. Roi
loan hodc loan dudng vong mac co thé duogc di truyén rdi loan hodc loan dudng vong

mac.

Theo mdt phwong 4n, phn tir axit nucleic va phuong phap duoc dé xut dé didu
tri va/hodc ngan ngua loan dudng té bao non-que va/hodc loan dudng té bao noén. Loan

dudng té bao noén-que co thé duoc xac dinh 1a bénh dugc dac trung boi viée mat tién
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trién té bao nhan sang hinh nén va viéc mét quan sat ddng thoi va co thé duoc di truyén.
Theo mot phuong an, r6i loan vong mac 1a mu mau hodc thoai hoa diém vang. Thoai
hoa diém vang c6 thé 1a thoéi hoa diém vang lién quan dén d¢ di (AMD), vi du AMD
w6t hodc tao mach méi hodc teo dia ly, tinh trang bénh thoai hoa diém vang di truyén

hoic loan dudng t€ bao noén di truyeén.

Thuét nglt “bénh nhan” va “d6i tugng” c6 thé duoc st dung thay phién nhau.
Bénh nhan tot hon 13 dong vat c6 vi. Pong vat ¢6 vi ¢6 thé 1a dong vat dugc nudi thuong
mai, nhu ngua, bo, cru hodc lgn, dong vt phong thi nghiém, nhu chudt hodc chuot nhit,
hodc vat nudi, nhu meo, cho, thé hodc chudt lang. Bénh nhén tbt hon nira 1a nguoi. Péi
tuong co thé 1a duc hoic cai. DPoi tuong tot hon 1a dugc nhén ra 1a c6 nguy co, hoac co,

roi loan hodc loan dudng vong mac.

Thuat nglt “diéu tri,” “duogc diéu tri,” “dang diéu tri,” hodc “su diéu tri” nhu duoc
str dung & day dung dé chi ca bién phap diéu tri tri liéu va phong ngira hodc ngan ngira,
trong d6 d6i twong 1a ngdn nglra hodc lam cham (gidm bét) tinh trang bénh, rdi loan
hodc bénh sinh ly khong mong muén, hoic dé ¢ duge cac két qué loi ich hodc lam sang
mong mudn. V6i muc dich cia sang ché, cac két qua loi ich hodc 1am sang mong mudn
bao gdm, nhung khong bi gii han ¢, giam bét tri¢u chimg; giam mirc do6 cua tinh trang
bénh, rdi loan hodc bénh; 6n dinh (tire 1a khong x4u di) trang thai cta tinh trang bénh,
roi loan hodc bénh; tri hodn phat hodc lam chdm tdc do phat trién ctia tinh trang bénh,
r6i loan hodc bénh; 1am giam tinh trang bénh, r6i loan hodc trang thai bénh; va thuyén
giam (cho du mot phan hay toan bd), cho du ¢o thé phat hién dugc hodc khong thé phat
hién duoc, hodc ting cudng hodc cai thién tinh trang bénh, rdi loan hodc bénh. Diéu tri

bao gdm goi ra dp mg y nghia lam sang khong c6 qua nhiéu muc do tac dung phu.

Bénh nhan ¢6 thé khong c6 triéu chimg va/hodc co thé c6 khuynh huéng bénh.
Nhu vy, sang ché ciing dé xuét phuong phép hogc sir dung ma bao gbém budce xac dinh
xem c6 hay khong d6i tuong c6 nguy co phat trién, hogc 6, rbi loan véng mac, nhu loan
dudng té bao non, bao gbm, nhung khong bi gi6i han ¢, mi mau. Lugng cd tac dung
phong ngtra axit nucleic, nhu vecto, nhu dugc sang ché md ta c6 thé duge ding cho dbi
twong nay. Luong c6 tac dung phong ngira 1a lugng ma ngan ngura phét mot hodc nhiéu
triéu ching bénh. Nhu vay, theo mot sb phuong an, axit nucleic, nhu vecto, nhu duoc
sang ché mo ta ¢6 thé duge dung dé ngin nglra hodc tri hodn phat mot hoac nhiéu triéu

chung rdi loan vong mac, nhu loan dudng t€ bao non-que, bao gdm, nhung khong bi
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gioi han ¢, mu mau. Tuong tu, axit nucleic, nhu vecto, nhu dugc sang ché mo ta c6 thé
dugce dung khi triéu ching bénh xuét hién & dbi tuong tic l1a dé chira triéu chirng bénh
hién ¢6. Luong ¢6 tac dung chita bénh cua axit nucleic, nhu vecto, nhu duge sang ché
md ta ¢6 thé dugc dung cho ddi twong. Nhu duge st dung & day, “lugng c6 tac dung
chita bénh” c¢6 nghia 12 lugng axit nucleic dit ra ¢ ddy ma, khi dugc dung cho dong vt
c6 v, cb tac dung trong viée tao ra tdc dung tri li€u mong muén. Theo mot phuong 4n,
sang ché d& xuét phuong phap didu tri va/hodc ngin ngira rdi loan hodc loan dudng vong
mac, trong dé axit nucleic, nhu vecto, nhu duoc sang ché mo ta duoc dung cho bénh
nhan can diéu tri lugng c6 tc dung chita bénh. Theo mot s6 phuong an, r6i loan hoic
loan dudng vong mac la loan dudng té bao non, bao gdm, nhung khong bi gidi han &,
mu mau.

Sang ché cling dé xuét str dung axit nucleic, nhu vecto, nhu dugc sang ché md ta
trong viéc san xuét thudc dé diéu tri hoic ngan ngura rdi loan hodc loan dudng vong mac,
nhu loan dudng té bao non, bao gdm, nhung khong bi gi¢i han ¢, mu mau. Sang ché
cling d& xudt phuong phap diéu tri hodc ngdn ngira r6i loan vong mac, nhu loan dudng
té bao ndn, cu thé 14 mi mau & bénh nhan can diéu tri bao gém st dung lugng ¢ tac

dung chira bénh ctia axit nucleic, nhu vecto, nhu dugc sang ché mo ta cho bénh nhan.
Phuwong phdp sir dung

Néi chung, phan phéi axit nucleic vong mac truc tiép, dudi vong mac hodc trong
thé kinh, nhu vecto, nhu duoc sang ché mo ta, thuong 1a bang cach tiém, duge uu tién.
Phén phdi dén khong gian vong mac, dudi vong mac khong gian hodc trong thé kinh vi

vay dugc uu tién.

Sang ché do d6 cling dé xuit phuong phap diéu tri hodc ngan ngira loan dudng té
bao noén, cu thé 12 mu mau & bénh nhan can diéu tri, bao gém viéc st dung lugng tac
dung chita bénh cua axit nucleic, nhu vecto, nhu duge sang ché m6 ta cho bénh nhan
bang céach tiém vong mac truc tiép, dudi vong mac hoic trong thé kinh.

Theo khia canh lién quan, sang ché dé xuit st dung axit nucleic, nhu vecto, nhu
dugc sang ché md ta & phwong phap diéu tri hodc ngin nglra rdi loan véng mac, nhu
loan dutng té bao non, cu thé 1a mi mau béng cach sir dung vecto nay cho bénh nhin

bang cach tiém vong mac tryc tiép, dudi vong mac hodc trong the kinh.
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Ngoai ra, sang ché dé xuat sir dung axit nucleic, nhu vecto, nhu duge sang ché
mé ta trong viéc san xuat thudc dé diéu tri hodc ngdn ngura roi loan vong mac, nhu loan
dudng té bao non, cu thé 1a mu mau bang cach tiém vong mac truc ti€p, dudi vong mac

hodc trong thé kinh.

Sang ché cling dé xuat axit nucleic, nhu vecto, nhu duoc sang ché mo ta dé su
dung trong viéc diéu tri roi loan véng mac, nhu loan dudng té bao nén, cu thé la mu
mau, trong d6 vecto ndy duge dung truc tiép vao vong mac, khong gian dudi vong mac

hodc khong gian trong thé kinh.

Viéc st dung axit nucleic, nhu vecto, nhu dugc sang ché mo ta thong thuong la
bang cach tiém vong mac tryc tiep hodc dudi vong mac. Viée nay bao gom phan phdi

truc tiép dén té bao nhédn sang hinh nén.

Viéc phan phoi thong thuong la dugc tién hanh truc tiép, hoac dud¢i vong mac,
vdng mac thoai hda ¢ bénh nhan méc rdi loan vong mac, nhu loan dudng té bao non-

que, cu thé 1a mu mau.

Axit nucleic, nhu vecto, nhu duge sang ché mo ta co thé chuyén hoa té bao dich
& trén ma khong can nhap quén thé té bao khac bat ky. Tiém trong thé kinh cling c6 thé

duge st dung dé cung cip vecto theo séng ché.

Lidu axit nucleic, nhu vecto, nhu dugc sang ché mo ta c6 thé duge xac dinh theo
cac thong so khac nhau, déc biét 1a theo do tudi, khoi lugng va tinh trang bénh cua bénh
nhan can dugc diéu tri; duong st dung; va ché do dugc yéu cau. Lan nira, bac si s€ cb

thé xac dinh duong st dung va lidu lugng duge yéu ciu cho bénh nhan cu thé bat ky.

Lidu don thong thudong nim trong khoang tir 10" dén 10'2 hat hé gen, phu thudc
vao lugng md vdng mac con lai ma can chuyén nap. Hat hé gen dugc xic dinh ¢ déy la
capsit AAV ma chta phéan tir ADN soi don ma ¢ thé dugc xac dinh véi phuong phap
dic hiéu trinh tu (nhu PCR thoi gian thuc). Liéu d6 ¢6 thé dugce dé xudt dudi dang lidu
don, nhung c6 thé duge 1ap d6i v6i mét dong loai hodc trong truong hop axit nucleic,
nhu vecto, nhu dugce sang ché mo ta c6 thé khong nhdm dén vung véng mac chinh xac
Vi bt ky 1y do gi (nhu bién ching phiu thuat). Diéu tri tot hon 1a diéu tri dai han don
cho mdi mit, nhung tiém 14p lai, vi du trong nhitng nam tdi va/hodc voi cac kiéu huyét

thanh AAV khac nhau c6 thé duge xem xét.
Té bao chi
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Sang ché thém vao d6 dé xuit té bao cht chira axit nucleic, nhu vecto hodc vecto
virut, hodc hat virut AAV duoc sang ché mo ta. Té bao chi thich hop bat ky co thé duge
st dung dé tao ra axit nucleic, nhu vecto nay, dugc sang ché md ta. Thong thuong, té
bao nay sé& la té bao dong vat c6 va chuyén giao, nhung céc loai té bao khac, vi du té
bao con trung, cling coO thé duogc str dung. Vé hé théng san xuét té bao dong vat co vu,
HEK?293 va HEK293T dugc uu tién cho vecto AAV. Té bao BHK hoidc CHO ciing ¢

thé duoc str dung.
Duege pham va liéu lwong

Sang ché con dé xuét dugc pham chira axit nucleic, nhu vecto, dugc sing ché md
ta, cling nhu chét mang dugc dung, chét pha loang, ta dugc, chét bd tro, chit dém, chét
dn dinh, va/hodc cac vat liéu khac da dugc biét v6i nguoi c6 hiéu biét trung binh trong
linh vuc. Céc vét liéu nay khong nén doc hai va khong nén gy tré ngai cho hi¢u qua
cua thanh phﬁn hoat tinh. Cling dugc dé xudt 1a duoc phém ma chira chét mang dugc
dung, chét pha loang, ta duoc, chét bd trg, chét dém, chét 6n dinh, va/hodc cac vat liéu
khac da duoc biét véi ngudi co hiéu biét trung binh trong linh vyc va trinh tu axit nucleic,

plasmit, vecto, hodc vecto virut nhu duge mo ta & day.

Ban chit chinh xé4c ca chit mang hodc vat liéu khac ¢o thé duoc x4c dinh boi
ngudi ¢6 hiéu biét trung binh trong linh vyc k¥ thudt theo duong st dung, tirc 1a & day

tiém vOong mac tryc tiép, dudi vong mac hodc trong thé kinh.

Dugc pham thong thuong 12 & dang 16ng. Duge phim long thudng bao gdm chét
mang 1éng nhu nudc, xang dau, dau dong vat hodc thyc vat, dAu khoang hoac dau tong
hop. Dung dich mubi sinh 1y, magie clorua, dextroza hoac dung dich saccarit khac hodc
glycol nhu etylen glycol, propylen glycol hodc polyetylen glycol ¢o thé duoc bao gom.
Trong mot sd trudong hop, chét hoat dong bé mat, nhu axit pluronic (PF68) 0,001% co6

thé duoc st dung.

Dé tiém & vi tri phién ndo, thanh phan hoat chét s& & dang dung dich nudc khong
chira pyrogen va c6 do pH thich hop, dang truong va én dinh. Nguoi ¢6 hiéu biét trung
binh trong linh vuc ¢ thé tao ra dung dich thich hop sir dung, vi du, phuong tién déng
truong nhu tiém natri clorua, tiém Ringer, tiém Ringer lactat héa, dung dich Hartmann.
Chét bao quén, chét 6n dinh, chit dém, chét chdng oxy hoa va/hodc cac phu gia khac ¢6

thé dugc bao gom, nhu duge yéu cau.
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Dé giai phong cham, vecto ¢6 thé duoc bao gdm trong dugc pham ma dugc bao
ché dé giai phong tir tir, nhu trong céc vi nang dugc hinh thanh tir cac polyme twong hop
sinh hoc hogc trong hé théng chit mang liposom theo phuong phap dugc biét trong linh

vuc.

Liéu luong va ché do lidu luong co6 thé duge xac dinh trong hiéu biét trung binh
ctiia nguoi hanh nghé y té chiu trach nhiém vé viéc sir dung ché pham. Liéu luong cua
(c4c) hoat chét co thé thay ddi, phu thuge vao ly do su dung, dbi tuong ca thé, va Phuong
phép st dung. Liéu lugng co thé dugc diéu chinh dua trén khéi lugng clia dbi twong, do
tudi va stc khoe cia ddi twong, va dung nap dbi voi (cac) hop chét hodc ché pham.

Liéu phdp két hop

Axit nucleic, TCU, gen khéi dau, gen t6i wu hoa codon, cau tric biéu hién, vecto
va/hodc duge phim duge sang ché mo ta c6 thé duoe st dung két hop véi liéu phap khac
bat ky dé diéu tri va/hodc ngdn ngira rdi loan vdng mac, nhu loan dudng té bao non, bao
g6m, nhung khong bi. gidi han ¢, mi mau.

Kit

Axit nucleic, TCU, gen khéi dau, gen t6i wu hoa codon, cu tric biéu hién, vecto
va/hodc duge phdm dugc sang ché md ta c6 thé duge dong goi thanh kit.

Vi du thye hién sang ché

Vit liéu va phuong phéap

Céu trac plasmit

Dé tao thanh phién ban cai thién cta gen khdi dau opsin 1é bao nén xanh ld, ving
kiém sodt quy tich (LCR) 1250-bp (Smallwood et al., 2002) dugc két hop v6i cdc manh
gen khéi diu 16i opsin xanh 14 khic nhau (bp -480 dén +40) thanh plasmit cha me
pAAV/CMV.eGFP, tao ra cAu trac plasmit pAAV/hG1.7.eGFP va pAAV/hG1.4.eGFP.
CAu trac vecto mang gen khoi d4u dot bién ‘M8’ dugc tao ra bang cach gy dot bién dic
hiéu vi tri.

V6i cu tric gen tri liéu, pAAV/coCNGA3 dugc tao thanh béng cach nhan ban
v6 tinh trinh tw CNGA3 dugc t6i wu héa codon va Kozak tir plasmit pUCS7 (tao ra boi
GenScript) thanh plasmit pAAV mang cac ciu trac gen khéi dAu opsin té bao non xanh

14 (M) khéac nhau.
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Toi vu hoa codon

Téi uu hoéa codon dat dugc bing cong cu t8i wu hoa codon OptimumGeneTM

thich hop ctia GenScript.
Giao thtrc san xuat virut AAV2/8 va AAV2/5

Virut 8 kidu huyét thanh AAV2 va virut 5 kiéu huyét thanh AAV2 tai t6 hop
duoc tao ra st dung chuyén nhiém ba cua phuong phéap té bao 293T duge mo ta trude
d6 (Gao et el. 2002). Dia 145cm? cua dia té bao 293 T (20 dia mdi mé virut) dugc truyén
v6i hdn hop chira plasmit quan tdm:plasmit capsit virut: ADN plasmit hd trg theo ty 1€
1:1:3, polyetylenimin (PEI - Polysciences Inc., Eppelheim, Germany) va DMEM sau
khi & 10 phut. Cac té bao dugc chuyén giao dugc ndm trén givong trong 24 gio. 48 gio
sau khi chuyén nhiém, té bao duoc thu hoach, cd dic bang ly tam, tai sir dung trong dém
TD (NaCl 140 mM, KCl 5 mM, K2HPO4 0,7 mM, MgCI2 3,5 mM, Tris Base 25 mM
[d0 pH = 7,5]). Sau d6 dém nay dugc phén giai bing 3-4 chu trinh qua trinh dong lanh-
rd dong, theo ddi boi diéu tri Benzonase (Sigma Aldrich, Dorset, UK), va sau do cac

manh vun té bao duoc loai bo bang cach ly tam lién tiép va cac budce loc ong tiém.

Tinh ché duoc tién hanh bang sic ky trao dbi ion (stir dung phuong phéap dua trén
phwong phap boi Davidoff et al. 2004). Dich rira giai duoc co dac trong Ong co dic
Vivaspin 4 10kDa (Sartorius Stedim Biotech, Fisher Scientific, Loughborouh, UK), rira
trong PBS-MK, sau d6 ¢d déc vao 100-150ul thé tich, sau d6 duoc trich dé luu trix -80°C
(dai han) hoac + 4°C (ngén han).

San xut va chuyén nap céac co quan tr vong mac co ngudn gbe té bao gbc cua
nguoi

Dong té bao gbc bao thai (ESC) H9 cua nguoi duge duy tri ¢ tinh trang khong co
b cép lidu trén moi truong E8 va dia 6 16 phu geltrex. hESC dugc phan ly st dung dung
dich dispaza va collagenaza. Cac khdi ESC duge thu thap va tai huyén ph lai trong moi
truong E8. DE biét hoa than kinh véng mac ESC ctia nguoi dugce duy tri cho dén khi hop
luu khi méi truong khong c6 FGF duge thém vao cac gidng cdy trong hai ngay. Moi
trudng cam tng than kinh (DMEM/F12 nang cao, axit amin khong thiét yéu MEM, phén
bd sung N2, Glutamin va Pen/Strep 100mM) duoc thém vao cho dén khi mun nuéc duge
quan sat. Cac mun nude dugc cat bo thi cong va giir trong dia 96 16 & mdi trudng biét

héa vong mac (DMEM, F12, Pen/Strep va B27 khong co axit retinoic) va lic 6 tudn moi
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trrong biét héa duoc bd sung FBS, taurin va glutamax va luc 10 tudn RA da duoc bd

sung.

Cac vecto AAV (kiéu huyét thanh SsH10) mang cAu tric gen khdi dau opsin té
béo nén xanh 16 didu khién eGFP dugc thém vao moi truong ¢ 1,2 x 10" vg/1d (1-3 co
quan ti/16). Cac co quan tir duge nudi cdy trong 28 ngay nita trude khi thu hoach va
phén tich.

Hoéa mod mién dich

Mt duoc chuén bi dé c6 dinh bang cach x6 16 gidc mac, va sau d6 ngdm trong
paraformaldehyt 1% (PFA, do pH 7.4). Cac co quan tir vong mac duoc c¢b dinh bang
cach ngam trong paraformaldehyt 1% (PFA, do pH 7,4). Mit duge dé cb dinh & nhiét
dd phong trong tdi da mot gio, trude khi dugc loai bo khéi dung dich va duge ngdm
hoan toan trong nén nhing & nhiét do cat t6i uu (OCT), v6i phan trudc-sau cua mat lo
ltrng theo truc ngang-doc trong dng nhiing. Sau d6 chung dugce dong lanh va bao quan

& -20°C cho dén khi dugc yéu cau phan chia.

Cac phén 10 - 18 micron duogc chudn bi st dung Bright® OTF5000 Cryostat
(Bright Instrument Co Ltd, Cambridgeshire, UK), nh& d6 cho phép truc quan hoa cé hai
khia canh trén va dudi clia véng mac. Lat d@ dugc thu thap ngay sau khi phan chia trén
14t kinh hién vi phi polysin, va cho phép dé kho trong khong khi & nhiét do phong. Cac
lat duoc bao quan & -20°C hodc dugce phén tich truc tiép.

Déi véi hoa md mién dich, cac phan bi chin trong albumin 5% huyét thanh dé va
1% huyét thanh bo & PBS. Cac khang thé so cap opsin khéng t€ bao non (Millipore)
dugc u qua dém ¢ 4°C. Phan dugc G véi khang thé thir cap trong 2 gitr & RT va rira sach.
Céc khang thé thir cip alexa-fluor (Invitrogen-Molecular Probes) dugc sir dung ¢ do pha
loang 1:500. Céc lat dugc nhudom bang DAPI nhu mot phin bd sung vao moi trudng lap
(0,1% DAPI ¢ moi truong) hodc bang cach ngam trong DAPI 0,2% trong TBS va rira
PBS trude khi gén vao méi truong lip dén huynh quang (DAKO). Céc lat da gan duge
bao quan & 4°C.

Cac 14t d3 gén duge chup anh sir dung kinh hién vi dong tiéu Leica DM5500Q
(Leica Biosystems, Germany) hodc Zeiss AxioObserver Z1 (Carl Zeiss Inc, Gottingen,

Germany).
Tiém dudi vOong mac
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Tiém dudi vong mac duoc tién hanh trén CpfI5 (thiéu CNGA3) (Hawes et al.,
2006) va chudt C537BL/6 quanh 2 tudn sau khi ra doi. Kinh hién vi hoat dong duge st
dung subt phdu thuat nhan khoa. Kim tiém dudi da 1,5 cm, 34 gauge (Hamilton,
Switzerland) duge cai xen tiép tuyén bing mang cimg, tao ra vét thuong duong ham xo
ctiing tu bit kin (Tan et al. 2009). 1,0 — 1,5 pl dich huyén phu virut duge tiém trong ban
cAu trén va dudi cua khong gian dudi vdng mac, mdi ban cdu tao ra phan tach vong mac
béng nudce co thé nhin thiy dugc bing mét. C57BL/6 dugc st dung dé nghién ctru gen
khéi ddu va tiem 1x10'2 do chudn virut. Chudt Cpfl5 duge str dung 6 nghién ctru thoat
CNGA3. Chudt duge tiém cu tric virut CNGA3 trong mét duge chi dinh, véi clu trac
virut ddi chung dugc tiém vao mét bén. Tt ca cac con chudt déu duoc tiém hai bén.

Hiéu qua didu tri in vivo

Qué trinh khoi phuc chirc ndng vong mac duoc danh gia bang phuong phéap ghi
dién tir quang hoc. Ban ghi ERG thu dugc ddng thoi tir ca hai mét. Sau khi thich ung t6i
qua dém (~12 gi®), mdt giot 2,5% phenylephrin va 1% tropicamit (Minims, Bausch &
Lomb) dugc dung 1én mdi mét dé lam gian dong t&r va mét duoc gitt 4m bang céch boi
chét boi tron. ERG dugc thuc hién st dung thiét bi ¢6 ban trén thi truong (Espion ERG
Diagnosys System). Ghi 4&m nhép nhay don thich Gng 4nh sang thu dugc tai cuong do
4nh sang tang 0,1, 1, 3,16, 10, 31,6 va 75,28 cd.s/m” trén nén 1a 30 cd/m?. Tru khi céc
hinh v& chi dinh th& hién bién d6 séng b thich (mg anh sang trung binh (gia tri trung binh

+ SD) sau 4 tudn sau khi diéu tri, khi vecto dat dén biéu hién dinh.
Vi du 1: Téi wu hoa don vi kiém soat phién ma ddc higu té bao nén (TCU)

Vung kiém soét quy tich ciia ngudi (LCR), dugce b tri nguoc dong ctia gen opsin
mau dd, nang cao biéu hién cua ca hai gen opsin do (L-opsin) va opsin xanh 14 (M-
opsin), dugc dit song song véi nhau (xem Fig. 1, trén cung bén trai). Gen khoi dau dic
hiéu hinh n6n manh mé st dung truéc do LCR va gen khéi dau opsin mau dé, vi ching
[a thanh phan gan nhau vé mit vat ly. Trong nghién ctru biéu hién gen chi thi in vivo &
chudt chuyén gen bai Smallwood et al, cac miic biéu hién khéac nhau tir gen khai dau
opsin d6 hodc xanh 14 dua trén sy gan gili vat ly cua chung véi LCR duge kiém tra.
Smallwood et al. tao cdu triic mot s6 dan xuét ctia mang d6 va xanh 14 cia nguoi aé
chirng minh cac mirc biéu hién khac nhau tir gen khoi dau opsin d6 hodc xanh 14 dua

trén do gin vat Iy cta ching v6i LCR (xem Fig. 1, phia dudi bén tréi). Mdi dan xuét bao
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gdm gen chi thi phosphataza kiém (AP) trong su kidm soat ctia gen khoi ddu opsin do
va B-galactosidaza (LacZ) trong su kiém soét cta gen khoi dau opsin xanh l4. Vi moi
dong té bao gbc bao thai, vong mac dugc phan tich tir nhiéu gen sdng lap kham hodc tur
nhidu con chau da di truyén 6n dinh gen chuyén. Trong trudng hop tha hai, phan tich
duoc tién hanh ca trudce va sau khi lai v6i chudt cre dong mam dé loai bo caset PGK-

neo & suon loxP.

Trong cAu trac kiéu dai, str dung két cAu nhiém séc thé tu nhién (pPMS107), 65—
95% té bao non biéu hién AP (trong su kiém soat cuia gen khoi dau opsin do) hodc lacZ
(trong sy kiém so4t cua gen khoi dau opsin xanh 14), nhung khong cd hai. Viéc cai xen
gen dém 9-kb gifta hai don vi phién ma (tuc la tang khoang cach gitra LCR va gen khoi
dau opsin xanh 14, chu trac pPMS108) dan dén su thay dbi 16n tir t€ bao biéu hién lacZ
(gen khoi dau xanh 14) dén AP (gen khoi dau do). Su thay doi vi tri cia hai don vi phién
ma (pPMS101) va dat gen khoi dau 15i opsin xanh 14 ngay sau LCR (pPMS101), lam
1éch profin biéu hién cta cac con chudt chuyén gen nay hau nhu chi huéng t¢i phién ma

gen khoi dau 16i opsin xanh 14 (>99%).

Sang ché dé xuit don vi kiém soat phién ma (TCU) dac hiéu té bao non twong tur
st dung LCR ctia nguoi va gen khoi d4u opsin xanh 14 cua ngudi dugc t61 wu hoa. Thanh
phan 16i dugc bao tdn cia gen khoi dau opsin xanh 14 cua nguoi (0,2kb) dugc nhan ra
va mot loat TCU st dung gen khoi dau opsin xanh 14 ché tao duoc tao ra st dung vung
LCR va gen khoi dau opsin xanh 14 cua céc kich thuge khac nhau: 2,0Kb (hG2,0), 1,7Kb
(hG1.7) va 1,4Kb (hG1.4), xem Fig. 2. Manh gen khai dau opsin d6 1a 1,7Kb (PR1,7,
tuong tu nhu gen khaoi dau dugc stir dung béi AGTC, Ye et al., 2016)) cling duoc tao ra
lam ddi chung.

Ngoai ra, mot loat cac vecto AAVshh10 chtra gen bdo cao GFP dan boi gen khoi
dau dugc mo ta & trén duge tao ra va biéu hién & gidng chy vdng mac c6 ngudn gde tir

ES cta nguoi duge danh gia.

TAt c& cac céu tric duoc thi nghiém duoc dé xuét profin chuyén nap tuong tu vé
mitc bidu hién GFP va tinh dic hiéu té bao non. Cau trac v6i manh gen khoi dau nho
tao nhiéu khong gian dé goi gen 16n trong vecto AAV.

Vi du 2- TCU duoc t8i wu hoa @ xuét biéu hién manh cta gen chi thi & tAt ca cac

ki€u phu té bao nén
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Dé thir nghiém kha nidng ctia TCU dugc toi wu hoa duge sang ché mo ta dé thuc
dAy biéu hién protein gen bo céo & té bao hinh nén, vong mac c6 ngudn gbc tir ES cia
ngudi dwgc chuyén héa sir dung AAVshh10-hG1.4.GFP, . Bicu hién gen chi thi manh
(Fig. 3A) & tit ca cic kiéu phu té bao nén (Fig. 3B°, C*) duoc quan sat.

So v&i gen khéi dau arrestin hinh non (CAR) cuia ngudi khéc biét truée do, muc
biéu hién duoc dé xuit béi hG1.4 cao hon & té bao non ctia ngudi va khong ¢6 biéu hién
lac vi & té bao biéu md séc td vdng mac (RPE) hodc té bao hinh que. O chudt, gen khoi
dau hinh nén dua trén gen khoi dau opsin dé cta nguoi khong dac higu & té bao noén va

biéu hién qua trung gian & dang que (Ye et al., 2016).

Vi du 3: Tbi vu hoa bd sung ciia TCU va tdi wu hoa codon ctia gen CNGA3 cuia
nguoi

Thay ddi trinh tu GGGCCG & cac vi tri +5 dén +10 so v6i vi tr khoi dAu phién
ma cla gen opsin xanh 14 thanh TCTAGA, gép doi cap do biéu hién thu dugc. Sy thay
ddi trinh tu nay (M8), xem SEQ ID NO:16, do do6 duge tich hgp vao cdu tric hG1.4 va
hG1.7

Ngoai ra, trinh ty mé héa ciia CNGA3 dugc t6i wru hoéa codon, ¢b géng cai thién
thién vi st dung codon va thanh phé‘m CG, va loai bo vi tri xtr ly kin bét ky va cAu trac

vong gde tiém ning trong mARN.

Céc cu trac hG1.4(M8) (SEQ ID NO:6) va hG1.7(M8) (SEQ ID NO:15) dugc
str dung & vecto AAV2/8 mang cADN CNGA3 tdi wu hoa codon cuia nguoi (coOCNGA3)
va hiéu qua cua vecto dugc x4c dinh & mau chudt loai bd CNGA3 str dung danh gia dién
co (ERG) cua chtrc nang hinh nén. Mot thang sau khi st dung vecto, khong co 1oi thé
rd rang hon vecto khéng ¢6 trinh tu M8, mic du vecto hG1.7(M8) duong nhu cho thy
cai thién nho so véi vecto twong ung khong c6 trinh tu M8 (Fig. 4, thanh bén trai cua
cot). Khi dénh gia ERG ¢ cac con vét nay duoc 1ap lai sau 2 thang su dung, bién d§ ¢
con vét tiém v6i vecto ‘M8’ con duge lam tang lén (Fig. 4, thanh bén phai cta cot),
trong khi bién d6 ¢ con vat tiém v6i vecto chuén van khong dbi (hG1.4) hodc dugc lam
tang gi¢i han (hG1.7). Pugc chimg minh rang mirc biéu hién tdi da quan trong dé dat
dugc su ciru chttc nang t6t vé& mi mau do CNGA3 va céc két qua nay chi ra rang sw bao

gém trinh ty M8 & cau trac c6 lgi cho di€u tri.
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Gen CNGA3 ti wu hoa codon ctru dép tGng thich ung anh sang & chudt loai bo
Cnga3 hidu qua hon gen CNGA3 ciia ngudi kiéu dai (Fig. 5). Céu tric mang gen khoi
dAu opsin d6 (1.7L) diéu khién gen CNGA3 ctia ngudi kiu dai hodc gen CNGA3 cla
ngudi tdi vu hoa codon duge dong goi & kiéu huyét thanh AAV2/8 va tiém dudi vong
mac & chudt thiéu Cnga3. Cac dép mg ERG thich Gng dnh sang duoc danh gia 1 thang
va 2 thang sau tiém. Cac dap ung ERG ¢ dong vét nhan dugc vecto t61 wu héa codon

lién tuc cao hon & dong vat nhan gen kiéu dai (Fig. 5).

Vi du 4: Céc vecto AAV2/8 bidu hién CNGA3 ¢6 thé ciru dap tmg thich tng énh
sang & chuot loai bd CNGA3, trong khi cAu tric AA2/5 twong tmg dé xuét ctru nho nhat

Pé danh gia kha nang cia vecto AAV2/5 va AAV2/8 biéu hign CNGA3 ciru dép
tmg thich ng anh séng, vecto virut AAV2/ 8-hG1.4(M8).coCNGA3 va AAV2/5-
hG1.4(M8).coCNGA3 dugc tiém dudi vong mac vao chudt loai bo cnga3 1 thang tudi.
Pap ung ERG thich tng dnh sang dugc danh gia 4 tudn sau st dung. Céc tac gia sang
ché quan sét dap Gng thich ing 4nh sdng manh & mét duge diéu tri AAV2/8 véi bién do
song b ERG 1én dén 70 pV (Fig. 6 A va B). Boi mit nhan duoc tiém dudi vong mac &
¢4 hai ban cu (trén/dudi) cho thy cai thién tt nhit & bién do song b ERG. Dé so sanh,
chudt kiu dai c6 bién dd quanh 100-120 pV 6 cling cai dat thir nghiém. Khong c6 dap
ung tur mit khong duoc diéu tri va maét dugc diéu tri AAV?2/5 tao dap ung nho nhét (Fig.
6 A va B). Dit liéu nay thé hién ring vecto AAV2/8-hG1.4(M8).coCNGA3 ¢6 thé tao
murc biéu hién CNGA3 cao va khoi phuc chirc nang hinh nén & chudt loai bé6 CNGA3
vé6i khoang 60% chirc ndng cua kiéu dai, nhu dugce xac dinh boi bién do song b ERG
hinh nén.

Pé chiig minh thém rang ctru dd nhay vong mac bdi vecto AAV2/8 biéu hién
CNGA3 lau dai, chudt thiéu Cnga3 dugc tiém dudi vong mac vao 2 tudn tudi voi
AAV2/8-hG1.4(M8).coCNGA3 (n=14) hodc AAV2/8-hG1.7(M8).coCNGA3 (n=13)
(d6 chuén 1 x 10'2 vg/ml cho ca hai), hodc bé khong duge diéu tri (n=3). Ca hai su
chuyén nhiém véi vecto din dén su cu dd nhay vong mac lén dén sau thang sau khi
diéu tri (Fig. 7).

Vi du 5: Céc vecto AAV2/8 biéu hién CNGA3 thuc ddy sy song st hinh nén dai

han
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Kha nang cua vecto AAV2/8 bidu hiéen CNGA3 dé thuc day su sdng sot cua té
bao nén duoc danh gia bing céch tiém chudt thiéu Cnga3 lic 2 tudn tudi véi AAV2/8-
hG1.7(M8).coCNGA3. Chudt C57BL/6J 3-4 thang tudi, khong nhan tiém, lam dbi
chimg cho té bao non khoe. Vong mac duoc phan 1ap va nhudm biang arrestin hinh non

va lam sach.

Céc vong mac thiéu Cnga3 dugce chuyén hoa véi AAV2/8-hG1.7(M8).coCNGA3
(xem Fig. 8C) cho thdy su sdng sot cla t& bao nén in vivo 3-4 thang sau khi diéu tri.
Murc do séng sot twong tu voi sdng sot té bao non cua d6i chimg khoée manh (xem Fig.
8A) va dugc lam tang lén dang ké so véi vong mac thiéu Cnga3 khong dugce tiém (xem

Fig. 8B).

Kha ning cta vecto AAV2/8 bidu hién CNGA3 thuc diy su séng sot té bao non
Jau dai va vAn c6 thé dugc quan sat 13 thang sau khi diéu trj vecto (xem Fig. 9).

Vi du 6: Céc vecto AAV2/8 biéu hién CNGA3 bao ton két ndi synap in vivo

Pé danh gia kha ning ciia vecto AAV2/8 biéu hién CNGA3 cai thi¢n tinh toan
ven ctia khop than kinh gitta té bao hinh nén va hd trg céc té bao than kinh (t€ bao ludng
cuc), chudt thiéu Cnga3 luc 2 tudn tudi dugc tiém AAV2/8-hG1.7(M8).coCNGA3. 3-4
thang sau khi didu tri, vong mac dugc phén ldp va nhuom bang Gpr179 va PNA rdi x0a.
Két ndi synap cii duge xéac dinh bang cach do cuong do tin hiéu clia diém danh dau khép
than kinh Gpr179 & hinh anh tiéu diém mit phing don cia vong mac ngam phing. Phan
mém Leica Las X dugc st dung dé xir Iy hinh. Vét ban Gpr179 duoc truy tim bang cach
v& duong ranh tay trén mot s6 cubng hinh nén lién quan dén vét Gpr179 (nhudom PNA
duoc str dung dé xac nhan cac cudng hinh nén) va hon 10 spherule hinh que li€n quan
dén vét Gpr179 (A). Cudng do tin higu 1a dau ra (B; vach trang: Gpr179, vach do: PNA).
Dinh ctia cuong do tin hidu tir mdi ngudn gdc duge tinh trung binh va tlr cudng hinh nén
dén hinh que lién quan dén ty 1¢ GPr179 (CP/RS) duogc tinh toan. CP/RS tir bbn vi tri
khac nhau dugc sir dung dé phan tich théng ké (nhiéu kiém tra so sanh Bonferroni (ns:
p>0,05, **: p<0,01, *: p <0,05)). Vdng mac tir chudt thiéu Cnga3 khong dugc tiém va
chudt C57BL/6J khong duoc tiém ciia ciing do tudi (3-4 thang) 1a doi chimg duong va

am, tuong ung.
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Nhu duogc thé hién trén Fig. 10, su chuyén nap vong mac thiéu Cnga3 vé&i vecto
AAV?2/8 biéu hién CNGA3 din dén két ndi synap twong tw clia chudt d6i chung khoe

manh va dugc cai thién dang ké so véi vong mac thiéu Cnga3 khong duoc tiém.

Vi du 7: Phan phdi coCNGA3 st dung AAV2/8 dé xuét lgi ich 16n hon phan phoi
str dung kiéu huyét thanh AAV manh méi AAV-Anc80, AAV-44.9, va AAVS

Mot s6 kiéu huyét thanh va capsit AAV khéc nhau c6 sin dé biéu hién gen. Vi
du, capsit Anc80-L65 da phat trién mé&i duoc thé hién c6 ai tinh hiéu qua véi té bao nhan
sang va dé co thé so sanh hogic tham chi vuot trdi v6i AAVS. Ngoai ra, kiéu huyét thanh
mé&i AAV44.9 ciing dugc thé hién c¢6 hidu qua chuyén nap va bidu hién cao & té bao
nhéan sang khi dugc thi nghiém két hop véi gen danh ddu huynh quang. Vi vay, kha ning
clia bn vecto AAV khéc nhau— Anc80-L65, AAV44.9, AAVS, va AAV8 —dé biéu hién
coCNGA3 va tao dap ung ERG duy tri dugc so sanh.

Vecto tuong ing mang caset biéu hién hG1.4(M8)-coCNGA3 (1,0 x 10'? vg/mL)
dugc truyén dén khong gian dudi vong mac cia chudt thiéu Cnga3 & 2 tuan tudi, va
ERG thich tmg anh sang nhap nhay don dugc ghi lai tai cac thoi diém khac nhau sau khi
tiém (xem Fig. 11). Kich thich 4nh sang ctia 10cd.s/m* dugc sir dung dé phan tich. Nhu
duoc thé hién trén Fig. 11, chuyén gen qua trung gian AAV8 dan dén dap ung ERG cao
hon so véi Anc80-L65 (xem Fig. 11A), AAV44.9 (xem Fig. 11B), hodc AAVS (xem
Fig. 11C va Fig. 6).

Vi du 8: So sanh TCU duoc t5i wu héa v6i gen khoi ddu dic hiéu té bao non,

dugc biét trude do

Pé so sanh muc biéu hién cia TCU duoc sing ché md ta v6i mot trong cac gen
khéi diu dic hiéu té bao néon manh nhat c6 sin (1.7L), co thé phdi thai ctia ngudi (hEBs)
17-19 tudn tudi duge chuyén hoa voi vecto AAV AAVShH10 bi€u hién eGFP trong sy
kiém so4t ctia hG1.4(M8), hG1.7(M8) hodc P1.7L, twong ung, va dugc thu thap 2 tudn
sau (n = 6-8 cho mdi gen khdi d4u). Sau khi phan ly, té bao dugc phan tich cudong do
huynh quang trung binh tuong d6i (MFI) & té bao dwong tinh GFP. MFI tuong dbi trong
hEBs dugc chuyén héa véi cac vecto khac nhau duoc dénh gid bang phép do té bao dong
chay va duoc tinh toan theo ty 1€ véi MFI trong EBs dugc chuyén hoéa véi AAV ShH10-
1.7L-eGFP. Nhu dugc thé hién trén Fig. 12A, cAu triic hG1.7 @& xuét tang khoang 50%

& biéu hién GFP so vé6i gen khoi diu dugce biét trude d6 1.7L.
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Ngodi ra, vecto AAV2/8 didu khién hCNGA3 tir gen khoi dau hCAR (arrestin
hinh nén cta ngudi) & chudt loai bd CNGA3 duge thi nghi€ém. Dap img thich ng anh
sang ctru khong vuogt qua 30% mirc kiéu dai (Fig. 12B).

Pa duoc bao cdo riang vecto AAV2/5(Y719F) va gen khai dau opsin hinh nén
xanh lam cta chudt co thé dugc st dung dé ciru chudt loai bd CNGA3. Trong nghién
ctru d6, bién dd ERG thich tng 4nh sang dat dugc 30% cua kiéu dai khi dugc tiém &
P12 va dugc dénh gia 10 tudn sau didu trj (Michalakis et al., 2010). Gan day vecto AAVS
va gen khot dau opsin do 2.1 kb dugc str dung dé ctru ciru thiéu CNGA3. Trong nghién
ctru ndy, c6 gdp doi ERG nhép nhéy hinh non khi so véi khong dugce diéu tri (Banin et
al, 2015). Tuy nhién, ca gen khdi dAu duoc biét 1a chi ¢6 chirc ning trong tap con cua té
bao noén cua nguoi (gen khoi dAu opsin hinh n6n xanh lam chi hoat dong voi té bao non

mau xanh lam va gen khoi du opsin do 2.1 chi hoat dong trong té bao nén mau do).

Nghién ctru sit dung vecto AAV2/5 vé6i gen khéi dau CBA dé biéu hién CNGA3
ciia chudt & chudt loai bd CNGA3 bai phong thi nghiém Hauswirth cho thdy ctru 1én dén
70% bién do séng b hinh nén ERG kidu dai khi chudt duge diéu tri rat som (P14 duoc
danh gia 3 tuln sau diéu tri —d6 chuén virut 1E13) (Pang et al., 2012). Cac tac gia sang
ché dat duogc hiéu qua tuong tu trong viéc gidi ciru quan sat thich irng anh sang diéu tri
cung mau dong vat mudn hon trong cudc séng (1 thang — do chuén virut 7E12). Trong
khi mi mau & nguoi la roi loan khong lan ra cac noi khac, mau chudt CNGA3 c6 té bao
hinh nén chét trong thang dAu tién chi ra ring diéu tri sém hon 1a ¢6 lgi. Gen khdi dau
CBA khong dic hiéu khdng c6 kha nang duge si dung trong thir nghiém CNGA3, nhung
ang ho v kién clia cdc tac gia sing ché 1a mic biéu hién CNGA3 cao la quan trong aé
ctru thi uu.
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Thong tin trinh tu

SEQ ID NO:1 - manh 1,2 kb cta vung kiém soét quy tich (LCR) M/L opsin

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGGGAAAGGGCAT
GGGTGTTTCATGAGGACAGAGCTTCCGTTTCATGCAATGAAAAGAGTTTGG
AGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTA
CACTTTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAA
ATGGCCAAATGGTTCCTTGTCCTATAGCTGTAGCAGCCATCGGCTGTTAGT
GACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGG
CTCTCCCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAAC
ATCTAATCTTCCACCCTGGCCAGGGCCCCAGCTGGCAGCGAGGGTGGGAG
ACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGG
TCCCTCTGGCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCG
CCACTGCTCCCGCTCCTCTCCCCCCATCCCACCCCCTCACCCCCTCGTTCTT
CATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTG
TGGGACCACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCAC
AGGTGCTGAGTGACTTTCTAGGACAGTAATCTGCTTTAGGCTAAAATGGGA
CTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGC
AGAACCTACCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCC
TTCCTGGGATGTGGGGGCTGGCACACGTGTGGCCCAGGGCATTGGTGGGA
TTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGC
GAGCGGAGGGCCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAG
ACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATAGGGCACTTCGTGTIC
TCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTC
AGAGTTGCTTATCTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGA
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GAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGCGGTAATGGGAC
AAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGA
TCTCAGAGGAGGCTCACTTCTGGGTCTCACATTCTTG

SEQ ID NO:2- manh gen khéi dau opsin 2,0 kb M, manh 500 bp ciia SEQ ID
NO:3 gach chan, UTR in nghiéng khong c6 trinh ty M8

TAAAAAGCAAGTCTTGCCAGGGCAGTGGTGTGCACCTGTGGTCCCAGCTA
CTCAGGATGCTGAGGCAGGAGGATTACTTGTGCCCAGCAAGTAGAGGCTG
CAGTGACCTGTGACTGTGCTACTGCCCTCCAACCTGGGTGACAGAGTGAGA
CCTTGTCTCAAAAAAAAAAGAGCGGGGGGGGGGGGCCGGGCCGGGCGTG
GTGGCTCACAGCTGTAATCCCAGCACTTTGGGAAGCCAAGGCGGGTGGAT
CACTTGAGGTCAGGAGTTTGAGACCATCATGGTCAACACTGCGAAACACT
GTCCCTACTAAAAATACAAAAATTAGCCGGGCATGGTGGCACACACCTGT
AATCCCAGCTACTGGGGAGGCTGAGGCAGGAGAATTGCTTGAGCCGGGGA
GACGGAGGTTGCAGTGAGCCGAGACTGCGCCACTGCACTCCAGCCTGACT
GACAAGAGTGAGATTGTCTCAAAAAAAAAAAAAAAGTAATCACTAGAAA
AGAAGCTACATATGTACATAACATCCAAATAACCAAGAGGAGAAAAAAAT
GGGACTTGATTAATCAAAACAAAAACAAAAAAGAAAGAAAGAAAGGGGG
AGAAAATAAAACAAGGGCTGGGTGTGCTGGCTCATGCCTGTAATCCCAGC
ACTTTGGAAGCCAAGGTGGGTGGATCTCTTGAGCTCAGGAGGTCAAGACC
AGCCTGGGCAACATGGCGAAACCCCGTCTCTATTAAAAAAAAAATTAATA
CAACAATTATCCTGGAGTGGTGGTGCACACCTGTAGTCCCAGCTACCCAGG
ACGCTGAGACGGGAGGATCGCTTGATCCCGGGGATGTCGAGGCTGCCGTG
ATCGCACCACTGCCCTCCAGCCAGGGTGGCAGACTGAGACCCCATCTCAA
AAAATAAATAAATAAAAGCAAACAAGAAAAAAAAAGGCTTGAAACATAT
CTGATAGATAAAGGGCTAATCAACACAATATATAAAGAACTGCAAATCAG
TAAACTAAGAGCAAATAACCCAATATAAAGACATTAAAGGGTAGCCACGG
ACATCTCAGACGACGAAAAACAAAAGACAGTAAACGTATAATAAAACATG
TAATTGCAAGGTGATCCGGGAATAGTAAGCGAAAAGCAACAATTAAATAC
TATTTTCTCATCCACCAGAACGCCAAAAATTAAAAAGCCTAACAATGTCCA
GGGCTGGCGAGAATGTGGCAGAAGGTGATGTCACATACCCTGCAAGTGGG
AATCTAAACAGATTCAGGGTTTTGGTTTTTTTTTAATCGCAATTAGGTGGCC
TGTTAAATTTTTTTTCTTGAGACAGAGTTTTGCTCTTGTTGCCCAGGCTGGA
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GTGCAATGGCTCGATCTTGGCTCACCGCAACCTCGACCTCCCAGGTACAAG
CGATTCTCCTGTCTCAGCCTCCCAAGTAGCTGGGAGTACAGGTATTTGCCA
CTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACCATGTT
AGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCC
TCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTITTT
TTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATC
TCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCG
ACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCC
CCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGG
TCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCT
TTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCG
TGACCCTCAGGTGACGCACCAGGGCCGGCTGCCGTICGGGGACAGGGCTTTC
CATAGCC

SEQ ID NO:3- manh opsin 500 bp M, UTR in nghiéng, dot bién M8 gach chan

ACAGGTATTTGCCACTAAGCCCAGCTAATTGTTTTTTATTITAGTAGAAACG
GGGTTTCACCATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGAT
CTACCCGCCTTGGCCTCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGT
GCCCAGCCACTTTTTTTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAG
TTCAGTGGCGCCATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGC
GATTCTCCTGCCTCGACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAA
TCCCTCTGAGCCGCCCCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGG
GTGGGAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTG
TAGGATTTGGGAGCTTTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCC
GGTATAAAGCACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCG
GGGACAGGGCTTTCCATAGCC

SEQ ID NO:4 - bién thé ctia cdu trac hG1.7(M8), manh LCR opsin 1,2 kb M/L,
manh opsin 500 bp M, UTR in nghiéng, dot bién M8 gach chan

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGGGAAAGGGCAT
GGGTGTTTCATGAGGACAGAGCTTCCGTTTCATGCAATGAAAAGAGTTTGG
AGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTA
CACTTTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAA
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ATGGCCAAATGGTTCCTTGTCCTATAGCTGTAGCAGCCATCGGCTGTTAGT
GACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGG
CTCTCCCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAAC
ATCTAATCTTCCACCCTGGCCAGGGCCCCAGCTGGCAGCGAGGGTGGGAG
ACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGG
TCCCTCTGGCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCG
CCACTGCTCCCGCTCCTCTCCCCCCATCCCACCCCCTCACCCCCTCGTTCTT
CATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTG
TGGGACCACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCAC
AGGTGCTGAGTGACTTTCTAGGACAGTAATCTGCTTTAGGCTAAAATGGGA
CTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGC
AGAACCTACCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCC
TTCCTGGGATGTGGGGGCTGGCACACGTGTGGCCCAGGGCATTGGTGGGA
TTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGC
GAGCGGAGGGCCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAG
ACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATAGGGCACTTCGTGTIC
TCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTC
AGAGTTGCTTATCTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGA
GAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGCGGTAATGGGAC
AAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGA
TCTCAGAGGAGGCTCACTTCTGGGTCTCACATTCTTGACAGGTATTTGCCA
CTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACCATGTT
AGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCC
TCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTT
TTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATC
TCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCG
ACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCC
CCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGG
TCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCT
TTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCG
TGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACAGGGCTTTCC
ATAGCC
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SEQ ID NO:5 - manh opsin 200 bp M, UTR in nghiéng, dot bién M8 gach chan

GATCGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGCTCG
CCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGGTCTAAGTCCCAG
GCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAA
GAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGG
TGACGCACCATCTAGAGCTGCCGTCGGGGACAGGGCTTTCCATAGCC

SEQ ID NO:6 - cAu trac hG1.4(M8): manh LCR opsin 1,2 kb M/L, méanh opsin
200bp M, UTR in nghiéng, dot bién M8 gach chan

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGGGAAAGGGCAT
GGGTGTTTCATGAGGACAGAGCTTCCGTTTCATGCAATGAAAAGAGTTTGG
AGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTA
CACTTTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAA
ATGGCCAAATGGTTCCTTGTCCTATAGCTGTAGCAGCCATCGGCTGTTAGT
GACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGG
CTCTCCCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAAC
ATCTAATCTTCCACCCTGGCCAGGGCCCCAGCTGGCAGCGAGGGTGGGAG
ACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGG
TCCCTCTGGCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCG
CCACTGCTCCCGCTCCTCTCCCCCCATCCCACCCCCTCACCCCCTCGTTCTT
CATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTG
TGGGACCACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCAC
AGGTGCTGAGTGACTTTCTAGGACAGTAATCTGCTTTAGGCTAAAATGGGA
CTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGC
AGAACCTACCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCC
TTCCTGGGATGTGGGGGCTGGCACACGTGTGGCCCAGGGCATTGGTGGGA
TTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGC
GAGCGGAGGGCCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAG
ACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATAGGGCACTTCGTGTTC
TCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTC
AGAGTTGCTTATCTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGA
GAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGCGGTAATGGGAC
AAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGA
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TCTCAGAGGAGGCTCACTTCTGGGTCTCACATTCTTGGATCGATTACAGGT
TTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGCTCGCCTCAGGAGCAAG
GAAGCAAGGGGTGGGAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAG
ATCAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAAGAGGCCCGGGCTG
ATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTGACGCACCATCTA
GAGCTGCCGTCGGGGACAGGGCTTTCCATAGCC

SEQ ID NO:7- cADN CNGA3 t61 wu hoa khong codon

ATGGCCAAGATCAACACCCAATACTCCCACCCCTCCAGGACCCACCTCAA
GGTAAAGACCTCAGACCGAGATCTCAATCGCGCTGAAAATGGCCTCAGCA
GAGCCCACTCGTCAAGTGAGGAGACATCGTCAGTGCTGCAGCCGGGGATC
GCCATGGAGACCAGAGGACTGGCTGACTCCGGGCAGGGCTCCTTCACCGG
CCAGGGGATCGCCAGGCTGTCGCGCCTCATCTTCTTGCTGCGCAGGTGGGC
TGCCAGGCATGTGCACCACCAGGACCAGGGACCGGACTCTTTTCCTGATCG
TTTCCGTGGAGCCGAGCTTAAGGAGGTGTCCAGCCAAGAAAGCAATGCCC
AGGCAAATGTGGGCAGCCAGGAGCCAGCAGACAGAGGGAGAAGCGCCTG
GCCCCTGGCCAAATGCAACACTAACACCAGCAACAACACGGAGGAGGAG
AAGAAGACGAAAAAGAAGGATGCGATCGTGGTGGACCCGTCCAGCAACCT
GTACTACCGCTGGCTGACCGCCATCGCCCTGCCTGTCTTCTATAACTGGTA
TCTGCTTATTTGCAGGGCCTGTTTCGATGAGCTGCAGTCCGAGTACCTGAT
GCTGTGGCTGGTCCTGGACTACTCGGCAGATGTCCTGTATGTCTTGGATGT
GCTTGTACGAGCTCGGACAGGTTTTCTCGAGCAAGGCTTAATGGTCAGTGA
TACCAACAGGCTGTGGCAGCATTACAAGACGACCACGCAGTTCAAGCTGG
ATGTGTTGTCCCTGGTCCCCACCGACCTGGCTTACTTAAAGGTGGGCACAA
ACTACCCAGAAGTGAGGTTCAACCGCCTACTGAAGTTTTCCCGGCTCTTTG
AATTCTTTGACCGCACAGAGACAAGGACCAACTACCCCAATATGTTCAGG
ATTGGGAACTTGGTCTTGTACATTCTCATCATCATCCACTGGAATGCCTGC
ATCTACTTTGCCATTTCCAAGTTCATTGGTTTTGGGACAGACTCCTGGGTCT
ACCCAAACATCTCAATCCCAGAGCATGGGCGCCTCTCCAGGAAGTACATTT
ACAGTCTCTACTGGTCCACCTTGACCCTTACCACCATTGGTGAGACCCCAC
CCCCCGTGAAAGATGAGGAGTATCTCTTTGTGGTCGTAGACTTCTTGGTGG
GTGTTCTGATTTTTGCCACCATTGTGGGCAATGTGGGCTCCATGATCTCGA
ATATGAATGCCTCACGGGCAGAGTTCCAGGCCAAGATTGATTCCATCAAG
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CAGTACATGCAGTTCCGCAAGGTCACCAAGGACTTGGAGACGCGGGTTAT
CCGGTGGTTTGACTACCTGTGGGCCAACAAGAAGACGGTGGATGAGAAGG
AGGTGCTCAAGAGCCTCCCAGACAAGCTGAAGGCTGAGATCGCCATCAAC
GTGCACCTGGACACGCTGAAGAAGGTTCGCATCTTCCAGGACTGTGAGGC
AGGGCTGCTGGTGGAGCTGGTGCTGAAGCTGCGACCCACTGTGTTCAGCCC
TGGGGATTATATCTGCAAGAAGGGAGATATTGGGAAGGAGATGTACATCA
TCAACGAGGGCAAGCTGGCCGTGGTGGCTGATGATGGGGTCACCCAGTTC
GTGGTCCTCAGCGATGGCAGCTACTTCGGGGAGATCAGCATTCTGAACATC
AAGGGGAGCAAGTCGGGGAACCGCAGGACGGCCAACATCCGCAGCATTG
GCTACTCAGACCTGTTCTGCCTCTCAAAGGACGATCTCATGGAGGCCCTCA
CCGAGTACCCCGAAGCCAAGAAGGCCCTGGAGGAGAAAGGACGGCAGAT
CCTGATGAAAGACAACCTGATCGATGAGGAGCTGGCCAGGGCGGGCGCGG
ACCCCAAGGACCTTGAGGAGAAAGTGGAGCAGCTGGGGTCCTCCCTGGAC
ACCCTGCAGACCAGGTTTGCACGCCTCCTGGCTGAGTACAACGCCACCCAG
ATGAAGATGAAGCAGCGTCTCAGCCAACTGGAAAGCCAGGTGAAGGGTGG
TGGGGACAAGCCCCTGGCTGATGGGGAAGTTCCCGGGGATGCTACAAAAA
CAGAGGACAAACAACAGTGA

SEQ ID NO:8 - cADN CNGA3 ti wu hda codon

ATGGCAAAAATCAATACCCAGTACAGCCACCCCTCACGAACTCACCTGAA
AGTCAAAACAAGCGATAGAGACCTGAACAGAGCCGAGAACGGCCTGTCCA
GGGCCCACAGCTCCTCTGAGGAAACTAGTTCAGTGCTGCAGCCTGGAATC
GCTATGGAGACCAGAGGGCTGGCTGACTCTGGCCAAGGAAGTTTCACAGG
GCAGGGCATCGCCAGGCTGTCTAGACTGATTTTTCTGCTGAGGAGATGGGC
CGCTAGGCATGTGCACCATCAGGACCAGGGACCCGATAGTTTCCCTGAC
AGGTTCAGGGGGGCCGAACTGAAGGAGGTCAGCTCCCAGGAATCTAACGC
ACAGGCCAATGTGGGCAGTCAGGAGCCCGCTGATAGAGGACGGTCCGCAT
GGCCTCTGGCCAAGTGCAACACTAATACCTCTAACAATACAGAGGAAGAG
AAGAAAACTAAGAAAAAGGATGCCATCGTGGTCGACCCTTCTAGTAACCT
GTACTATAGGTGGCTGACAGCTATCGCACTGCCAGTGTTCTACAATTGGTA
TCTGCTGATTTGCAGAGCTTGTTTTGACGAACTGCAGAGTGAGTATCTG
ATGCTGTGGCTGGTGCTGGATTACTCAGCAGACGTGCTGTATGTGCTGGAT
GTCCTGGTGCGCGCACGAACTGGGTTCCTGGAGCAGGGCCTGATGGTGAG
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CGACACCAACAGACTGTGGCAGCACTACAAAACCACAACTCAGTTTAAGC
TGGATGTCCTGTCCCTGGTGCCAACCGACCTGGCCTACCTGAAAGTCGGCA
CAAACTATCCCGAGGTGCGGTTCAATCGCCTGCTGAAGTTCTCTCGGCTGT
TTGAGTTCTTCGATAGGACAGAGACTAGAACCAACTACCCAAATATG
TTCCGCATCGGCAACCTGGTGCTGTATATTCTGATCATTATCCACTGGAAT
GCTTGTATCTACTTTGCAATCAGCAAGTTCATTGGATTTGGGACCGACAGC
TGGGTGTATCCAAACATTTCCATCCCCGAACATGGACGACTGAGCAGGAA
GTACATCTATTCACTGTACTGGAGCACACTGACTCTGACCACAATTGGGGA
GACCCCCCCTCCAGTGAAGGATGAAGAGTACCTGTTCGTGGTCGTGGACTT
TCTGGTCGGCGTGCTGATCTTCGCAACAATTGTCGGCAATGTGGGA
AGTATGATCTCAAACATGAATGCCTCACGAGCTGAGTTCCAGGCTAAAATT
GACAGCATCAAGCAGTATATGCAGTTTAGAAAAGTCACTAAGGATCTGGA
GACCAGAGTGATCCGGTGGTTTGACTACCTGTGGGCCAACAAAAAGACAG
TCGATGAAAAAGAGGTGCTGAAGAGCCTGCCCGACAAACTGAAGGCAGA
GATTGCCATCAATGTCCATCTGGATACTCTGAAAAAGGTGCGGATCTTCCA
GGACTGCGAAGCAGGACTGCTGGTCGAGCTGGTGCTGAAGCTGCGCCCT
ACCGTGTTTAGCCCAGGCGATTATATCTGTAAAAAGGGGGACATTGGCAA
AGAAATGTACATTATCAACGAGGGGAAGCTGGCTGTCGTGGCAGACGATG
GCGTGACCCAGTTCGTCGTGCTGAGCGATGGCAGCTATTTTGGGGAAATTT
CCATCCTGAATATCAAAGGCTCCAAGTCTGGAAACCGGCGCACAGCTAAT
ATTCGGTCCATCGGATATTCTGACCTGTTCTGCCTGTCTAAGGACGATCTG
ATGGAGGCACTGACTGAATACCCCGAGGCCAAAAAGGCTCTGGAAGAG
AAAGGCCGGCAGATCCTGATGAAGGATAACCTGATTGACGAAGAGCTGGC
ACGAGCTGGAGCAGACCCTAAAGATCTGGAAGAGAAGGTGGAGCAGCTG
GGATCAAGCCTGGATACCCTGCAGACACGCTTCGCTCGACTGCTGGCAGA
ATACAATGCCACCCAGATGAAAATGAAGCAGCGCCTGAGTCAGCTGGAGT
CACAGGTGAAAGGCGGAGGGGACAAGCCCCTGGCAGATGGCGAAGTCCCT
GGCGACGCTACAAAAACAGAAGATAAACAGCAGTAA

SEQ ID NO:9 - cADN PDEG6C, NM_006204.3

ATGGGTGAGATCAACCAAGTTGCCGTGGAGAAATACCTGGAGGAGAACCC
TCAGTTTGCCAAGGAGTACTTTGACAGGAAGTTGCGGGTGGAGGTGCTGG
GAGAAATCTTCAAGAACAGCCAGGTGCCAGTCCAGTCCAGCATGTCCTICT
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CTGAGCTGACCCAGGTGGAGGAGTCAGCCCTGTGCTTGGAGCTGCTGTGG
ACCGTGCAGGAGGAGGGGGGCACCCCAGAGCAGGGGGTTCACAGGGCCC
TGCAGAGGCTGGCCCACCTGCTCCAGGCTGACCGCTGCAGCATGTTCCTGT
GCCGGTCCCGGAACGGCATACCTGAGGTGGCCTCTAGGTTGCTGGATGTCA
CCCCCACCTCCAAGTTTGAGGACAACCTGGTGGGCCCTGACAAAGAAGTT
GTGTTTCCATTGGACATTGGGATAGTGGGTTGGGCTGCTCACACGAAGAAA
ACTCATAATGTCCCAGATGTGAAAAAGAACAGCCATTTTTCTGACTTCATG
GACAAGCAAACTGGGTATGTCACTAAGAACCTGCTGGCAACCCCGATCGT
GGTGGGCAAGGAGGTTCTTGCTGTGATCATGGCAGTTAACAAAGTAAATG
CATCTGAATTTTCCAAACAGGATGAAGAGGTCTTTTCCAAATACCTCAACT
TTGTGTCTATCATCCTAAGGCTTCATCACACCAGCTACATGTACAATATTG
AATCCCGAAGAAGCCAGATCCTTATGTGGTCAGCCAATAAAGTATTTGAA
GAACTCACAGATGTTGAGCGACAGTTTCACAAAGCGCTCTACACGGTTAG
ATCATATCTGAACTGTGAACGATACTCCATTGGACTGCTGGACATGACCAA
GGAGAAGGAATTCTACGATGAATGGCCAATCAAGCTTGGAGAAGTAGAGC
CTTATAAAGGTCCAAAGACACCTGATGGCAGGGAAGTCAACTTTTATAAA
ATCATTGATTACATTTTACATGGAAAAGAAGAGATCAAAGTGATTCCGACG
CCTCCTGCAGACCACTGGACACTCATTAGTGGGTTGCCAACATATGTTGCT
GAAAATGGATTTATCTGTAACATGATGAATGCCCCTGCGGATGAATACTTC
ACATTTCAGAAAGGACCTGTAGACGAAACTGGTTGGGTCATTAAGAATGTT
TTGTCCCTGCCTATTGTCAACAAGAAAGAAGATATTGTGGGAGTGGCTACA
TTTTACAACAGGAAGGATGGAAAACCTTTCGATGAGCATGATGAATACATT
ACCGAGACTCTCACACAATTTCTTGGATGGTCTCTTTTAAATACTGACACCT
ACGATAAGATGAATAAGCTAGAAAACAGAAAGGACATTGCTCAGGAAATG
CTCATGAACCAAACCAAAGCCACTCCTGAAGAAATTAAGTCCATTTTGAA
ATTTCAAGAGAAGTTAAATGTTGATGTAATTGACGACTGTGAAGAAAAAC
AACTTGTTGCAATTTTGAAAGAGGACTTGCCAGACCCACGCTCAGCAGAA
CTGTACGAATTCCGCTTCAGTGACTTCCCCCTTACAGAGCACGGATTGATT
AAATGTGGAATACGACTGTTTTTTGAAATAAATGTGGTGGAGAAATTCAAA
GTACCTGTAGAGGTTCTTACCAGATGGATGTACACTGTGAGGAAAGGGTA
CCGAGCTGTCACTTACCACAATTGGCGGCATGGGTTCAACGTGGGGCAGA
CCATGTTTACTTTGCTGATGACAGGAAGATTAAAGAAGTACTACACAGATC
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TCGAAGCCTTTGCCATGCTTGCTGCTGCTTTCTGCCATGATATTGACCACAG
AGGCACCAATAATTTGTACCAGATGAAATCCACGTCTCCATTAGCAAGACT
TCATGGTTCTTCTATTTTGGAGAGGCACCACCTGGAGTACAGTAAGACTCT
GTTGCAGGATGAGAGTTTAAACATCTTCCAGAACCTAAATAAGCGGCAGTT
TGAAACAGTTATTCATTTGTTCGAGGTCGCAATAATAGCAACTGACCTGGC
TTTATATTTCAAGAAGAGGACCATGTTTCAAAAAATTGTTGATGCCTGTGA
ACAAATGCAAACGGAAGAAGAAGCCATCAAATATGTAACTGTTGATCCAA
CCAAGAAAGAGATTATCATGGCAATGATGATGACGGCATGTGACTTGTCT
GCTATTACCAAGCCCTGGGAGGTGCAAAGTCAGGTAGCACTTATGGTTGCA
AATGAATTTTGGGAACAAGGAGATCTGGAGAGAACAGTGTTGCAGCAACA
ACCCATTCCTATGATGGACAGAAACAAAAGAGATGAATTACCTAAACTTC
AAGTTGGATTTATTGATTTTGTTTGTACTTTTGTATATAAGGAGTTCTCACG
GTTTCACAAAGAAATCACACCTATGCTGAGTGGTCTTCAGAATAACAGAGT
AGAATGGAAATCACTAGCTGATGAGTATGATGCAAAGATGAAGGTCATTG
AAGAGGAGGCAAAAAAGCAAGAAGGAGGAGCCGAAAAAGCTGCTGAAGA
TTCAGGAGGTGGTGATGACAAAAAGTCCAAAACATGTTTAATGTTGTAA

SEQ ID NO:10 - cADN PDEG6H, NM_006205.2

ATGAGTGACAACACTACTCTGCCTGCTCCAGCTTCAAACCAGGGTCCTACC
ACCCCACGCAAAGGCCCTCCCAAGTTCAAGCAGAGGCAGACTCGCCAATT
CAAGAGTAAACCTCCAAAGAAAGGTGTGAAAGGATTTGGAGATGACATTC
CAGGAATGGAGGGGCTAGGAACAGATATCACAGTGATTTGTCCATGGGAG
GCATTCAGCCACCTGGAATTGCATGAGCTCGCTCAGTTTGGGATTATCTGA

SEQ ID NO:11 - cADN GNAT2, NM_005272,3

ATGGGAAGTGGAGCCAGTGCTGAGGACAAAGAACTGGCCAAGAGGTCCA
AGGAGCTAGAAAAGAAGCTGCAGGAGGATGCTGATAAGGAAGCCAAGAC
TGTCAAGCTGCTACTGCTGGGTGCTGGGGAGTCAGGAAAGAGCACCATCG
TCAAACAGATGAAGATCATTCACCAGGATGGCTATTCACCAGAAGAATGC
CTGGAGTTCAAGGCTATCATCTATGGAAATGTGCTGCAGTCCATCCTGGCT
ATCATCCGGGCCATGACCACACTGGGCATCGATTATGCTGAACCAAGCTGT
GCGGATGACGGGCGACAGCTCAACAACCTGGCTGACTCCATTGAGGAGGG
AACCATGCCTCCTGAGCTCGTGGAGGTCATTAGGAGGTTGTGGAAGGATG
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GTGGGGTGCAAGCCTGCTTCGAGAGAGCTGCAGAATACCAGCTTAATGAC
TCCGCATCTTACTACCTGAACCAATTAGAACGAATTACAGACCCTGAGTAC
CTCCCTAGTGAGCAAGATGTGCTCCGATCCAGAGTCAAAACCACGGGCAT
CATTGAAACCAAGTTTTCCGTCAAAGACTTGAATTTCAGGATGTTTGATGT
GGGAGGGCAGAGATCCGAGAGAAAGAAGTGGATCCACTGCTTCGAGGGA
GTCACCTGCATCATTTTCTGTGCAGCCCTCAGTGCCTATGATATGGTGCTGG
TGGAAGATGACGAAGTGAATCGTATGCATGAGTCTTTGCATCTGTTCAACA
GCATATGTAACCACAAATTCTTTGCGGCTACTTCCATTGTCCTCTTTCTCAA
CAAGAAGGACCTCTTTGAGGAAAAAATCAAGAAAGTCCATCTCAGCATTT
GTTTTCCAGAGTATGATGGTAACAACTCCTATGATGATGCGGGGAATTACA
TAAAGAGCCAGTTCCTTGACCTCAATATGCGAAAAGATGTCAAAGAAATC
TACAGTCACATGACCTGTGCTACAGATACACAGAATGTCAAATTTGTGTTT
GATGCAGTTACAGATATTATCATCAAAGAAAACCTCAAGGACTGCGGCCT
CTTCTAA

SEQ ID NO:12 - cADN KCNV2, NM_133497.3

ATGCTCAAACAGAGTGAGAGGAGACGGTCCTGGAGCTACAGGCCCTGGAA
CACGACGGAGAATGAGGGCAGCCAACACCGCAGGAGCATTTGCTCCCTGG
GTGCCCGTTCCGGCTCCCAGGCCAGCATCCACGGCTGGACAGAGGGCAAC
TATAACTACTACATCGAGGAAGACGAAGACGGCGAGGAGGAGGACCAGT
GGAAGGACGACCTGGCAGAAGAGGACCAGCAGGCAGGGGAGGTCACCAC
CGCCAAGCCCGAGGGCCCCAGCGACCCTCCGGCCCTGCTGTCCACGCTGA
ATGTGAACGTGGGTGGCCACAGCTACCAGCTGGACTACTGCGAGCTGGCC
GGCTTCCCCAAGACGCGCCTAGGTCGCCTGGCCACCTCCACCAGCCGCAGC
CGCCAGCTAAGCCTGTGCGACGACTACGAGGAGCAGACAGACGAATACTT
CTTCGACCGCGACCCGGCCGTCTTCCAGCTGGTCTACAATTTCTACCTGTCC
GGGGTGCTGCTGGTGCTCGACGGGCTGTGTCCGCGCCGCTTCCTGGAGGAG
CTGGGCTACTGGGGCGTGCGGCTCAAGTACACGCCACGCTGCTGCCGCATC
TGCTTCGAGGAGCGGCGCGACGAGCTGAGCGAACGGCTCAAGATCCAGCA
CGAGCTGCGCGCGCAGGCGCAGGTCGAGGAGGCGGAGGAACTCTTCCGCG
ACATGCGCTTCTACGGCCCGCAGCGGCGCCGCCTCTGGAACCTCATGGAG
AAGCCATTCTCCTCGGTGGCCGCCAAGGCCATCGGGGTGGCCTCCAGCACC
TTCGTGCTCGTCTCCGTGGTGGCGCTGGCGCTCAACACCGTGGAGGAGATG
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CAGCAGCACTCGGGGCAGGGCGAGGGCGGCCCAGACCTGCGGCCCATCCT
GGAGCACGTGGAGATGCTGTGCATGGGCTTCTTCACGCTCGAGTACCTGCT
GCGCCTAGCCTCCACGCCCGACCTGAGGCGCTTCGCGCGCAGCGCCCTCAA
CCTGGTGGACCTGGTGGCCATCCTGCCGCTCTACCTTCAGCTGCTGCTCGA
GTGCTTCACGGGCGAGGGCCACCAACGCGGCCAGACGGTGGGCAGCGTGG
GTAAGGTGGGTCAGGTGTTGCGCGTCATGCGCCTCATGCGCATCTTCCGCA
TCCTCAAGCTGGCGCGCCACTCCACCGGACTGCGTGCCTTCGGCTTCACGC
TGCGCCAGTGCTACCAGCAGGTGGGCTGCCTGCTGCTCTTCATCGCCATGG
GCATCTTCACTTTCTCTGCGGCTGTCTACTCTGTGGAGCACGATGTGCCCA
GCACCAACTTCACTACCATCCCCCACTCCTGGTGGTGGGCCGCGGTGAGCA
TCTCCACCGTGGGCTACGGAGACATGTACCCAGAGACCCACCTGGGCAGG
TTTTTTGCCTTCCTCTGCATTGCTTTTGGGATCATTCTCAACGGGATGCCCA
TTTCCATCCTCTACAACAAGTTTTCTGATTACTACAGCAAGCTGAAGGCTT
ATGAGTATACCACCATACGCAGGGAGAGGGGAGAGGTGAACTTCATGCAG
AGAGCCAGAAAGAAGATAGCTGAGTGTTTGCTTGGAAGCAACCCACAGCT
CACCCCAAGACAAGAGAATTAG

SEQ ID NO:13 - cADN CACNA2D4,NM_172364.4

ATGGTCTGTGGCTGCTCTGCCCTCCTTCCCCTCCCCAACCCCAGGCCCACC
ATGCCTGCAACTCCCAACTTCCTCGCAAACCCCAGCTCCAGCAGCCGCTGG
ATTCCCCTCCAGCCAATGCCCGTGGCCTGGGCCTTTGTGCAGAAGACCTCG
GCCCTCCTGTGGCTGCTGCTTCTAGGCACCTCCCTGTCCCCTGCGTGGGGA

CAGGCCAAGATTCCTCTGGAAACAGTGAAGCTATGGGCTGACACCTTCGG
CGGGGACCTGTATAACACTGTGACCAAATACTCAGGCTCTCTCTTGCTGCA
GAAGAAGTACAAGGATGTGGAGTCCAGTCTGAAGATCGAGGAGGTGGATG
GCTTGGAGCTGGTGAGGAAGTTCTCAGAGGACATGGAGAACATGCTGCGG
AGGAAAGTCGAGGCGGTCCAGAATCTGGTGGAAGCTGCCGAGGAGGCCG
ACCTGAACCACGAATTCAATGAATCCCTGGTGTTCGACTATTACAACTCGG
TCCTGATCAACGAGAGGGACGAGAAGGGCAACTTCGTGGAGCTGGGCGCC
GAGTTCCTCCTGGAGTCCAATGCTCACTTCAGCAACCTGCCGGTGAACACC
TCCATCAGCAGCGTGCAGCTGCCCACCAACGTGTACAACAAAGACCCAGA
TATTTTAAATGGAGTCTACATGTCTGAAGCCTTGAATGCTGTCTTCGTGGA
GAACTTCCAGAGAGACCCAACGTTGACCTGGCAATATTTTGGCAGTGCAA
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CTGGATTCTTCAGGATCTATCCAGGTATAAAATGGACACCTGATGAGAATG
GAGTCATTACTTTTGACTGCCGAAACCGCGGCTGGTACATTCAAGCTGCTA
CTTCTCCCAAGGACATAGTGATTTTGGTGGACGTGAGCGGCAGTATGAAGG
GGCTGAGGATGACTATTGCCAAGCACACCATCACCACCATCTTGGACACCC
TGGGGGAGAATGACTTCATTAATATCATAGCGTACAATGACTACGTCCATT
ACATCGAGCCTTGTTTTAAAGGGATCCTCGTCCAGGCGGACCGAGACAATC
GAGAGCATTTCAAACTGCTGGTGGAGGAGTTGATGGTCAAAGGTGTGGGG
GTCGTGGACCAAGCCCTGAGAGAAGCCTTCCAGATCCTGAAGCAGTTCCA
AGAGGCCAAGCAAGGAAGCCTCTGCAACCAGGCCATCATGCTCATCAGCG
ACGGCGCCGTGGAGGACTACGAGCCGGTGTTTGAGAAGTATAACTGGCCA
GACTGTAAGGTCCGAGTTTTCACTTACCTCATTGGGAGAGAAGTGTCTTTT
GCTGACCGCATGAAGTGGATTGCATGCAACAACAAAGGCTACTACACGCA
GATCTCAACGCTGGCGGACACCCAGGAGAACGTGATGGAATACCTGCACG
TGCTCAGCCGCCCCATGGTCATCAACCACGACCACGACATCATCTGGACAG
AGGCCTACATGGACAGCAAGCTCCTCAGCTCGCAGGCTCAGAGCCTGACA
CTGCTCACCACTGTGGCCATGCCAGTCTTCAGCAAGAAGAACGAAACGCG
ATCCCATGGCATTCTCCTGGGTGTGGTGGGCTCAGATGTGGCCCTGAGAGA
GCTGATGAAGCTGGCGCCCCGGTACAAGCTTGGAGTGCACGGATACGCCT
TTCTGAACACCAACAATGGCTACATCCTCTCCCATCCCGACCTCCGGCCCC
TGTACAGAGAGGGGAAGAAACTAAAACCCAAACCTAACTACAACAGTGTG
GATCTCTCCGAAGTGGAGTGGGAAGACCAGGCTGAATCTCTGAGAACAGC
CATGATCAATAGGGAAACAGGTACTCTCTCGATGGATGTGAAGGTTCCGAT
GGATAAAGGGAAGCGAGTTCTTTTCCTGACCAATGACTACTTCTTCACGGA
CATCAGCGACACCCCTTTCAGTTTGGGGGTGGTGCTGTCCCGGGGCCACGG
AGAATACATCCTTCTGGGGAACACGTCTGTGGAAGAAGGCCTGCATGACTT
GCTTCACCCAGACCTGGCCCTGGCCGGTGACTGGATCTACTGCATCACAGA
TATTGACCCAGACCACCGGAAGCTCAGCCAGCTAGAGGCCATGATCCGCT
TCCTCACCAGGAAGGACCCAGACCTGGAGTGTGACGAGGAGCTGGTCCGG
GAGGTGCTGTTTGACGCGGTGGTGACAGCCCCCATGGAAGCCTACTGGAC
AGCGCTGGCCCTCAACATGTCCGAGGAGTCTGAACACGTGGTGGACATGG
CCTTCCTGGGCACCCGGGCTGGCCTCCTGAGAAGCAGCTTGTTCGTGGGCT
CCGAGAAGGTCTCCGACAGGAAGTTCCTGACACCTGAGGACGAGGCCAGC
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GTGTTCACCCTGGACCGCTTCCCGCTGTGGTACCGCCAGGCCTCAGAGCAT
CCTGCTGGCAGCTTCGTCTTCAACCTCCGCTGGGCAGAAGGACCAGAAAGT
GCGGGTGAACCCATGGTGGTGACGGCAAGCACAGCTGTGGCGGTGACCGT
GGACAAGAGGACAGCCATTGCTGCAGCCGCGGGCGTCCAAATGAAGCTGG
AATTCCTCCAGCGCAAATTCTGGGCGGCAACGCGGCAGTGCAGCACTGTG
GATGGGCCGTGCACACAGAGCTGCGAGGACAGTGATCTGGACTGCTTCGT
CATCGACAACAACGGGTTCATTCTGATCTCCAAGAGGTCCCGAGAGACGG
GAAGATTTCTGGGGGAGGTGGATGGTGCTGTCCTGACCCAGCTGCTCAGCA
TGGGGGTGTTCAGCCAAGTGACTATGTATGACTATCAGGCCATGTGCAAAC
CCTCGAGTCACCACCACAGTGCAGCCCAGCCCCTGGTCAGCCCAATTTCTG
CCTTCTTGACGGCGACCAGGTGGCTGCTGCAGGAGCTGGTGCTGTTCCTGC
TGGAGTGGAGTGTCTGGGGCTCCTGGTACGACAGAGGGGCCGAGGCCAAA
AGTGTCTTCCATCACTCCCACAAACACAAGAAGCAGGACCCGCTGCAGCC
CTGCGACACGGAGTACCCCGTGTTCGTGTACCAGCCGGCCATCCGGGAGG
CCAACGGGATCGTGGAGTGCGGGCCCTGCCAGAAGGTATTTGTGGTGCAG
CAGATTCCCAACAGTAACCTCCTCCTCCTGGTGACAGACCCCACCTGTGAC
TGCAGCATCTTCCCACCAGTGCTGCAGGAGGCGACAGAAGTCAAATATAA
TGCCTCTGTCAAATGTGACCGGATGCGCTCCCAGAAGCTCCGCCGGCGACC
AGACTCCTGCCACGCCTTCCATCCAGAGGAGAATGCCCAGGACTGCGGCG
GCGCCTCGGACACCTCAGCCTCGCCGCCCCTACTCCTGCTGCCTGTGTGTG
CCTGGGGGCTACTGCCCCAACTCCTGCGGTGA

SEQ ID NO:14 - cADN CNGB3,NM_019098.4

ATGTTTAAATCGCTGACAAAAGTCAACAAGGTGAAGCCTATAGGAGAGAA
CAATGAGAATGAACAAAGTTCTCGTCGGAATGAAGAAGGCTCTCACCCAA
GTAATCAGTCTCAGCAAACCACAGCACAGGAAGAAAACAAAGGTGAAGA
GAAATCTCTCAAAACCAAGTCAACTCCAGTCACGTCTGAAGAGCCACACA
CCAACATACAAGACAAACTCTCCAAGAAAAATTCCTCTGGAGATCTGACC
ACAAACCCTGACCCTCAAAATGCAGCAGAACCAACTGGAACAGTGCCAGA
GCAGAAGGAAATGGACCCCGGGAAAGAAGGTCCAAACAGCCCACAAAAC
AAACCGCCTGCAGCTCCTGTTATAAATGAGTATGCCGATGCCCAGCTACAC
AACCTGGTGAAAAGAATGCGTCAAAGAACAGCCCTCTACAAGAAAAAGTT
GGTAGAGGGAGATCTCTCCTCACCCGAAGCCAGCCCACAAACTGCAAAGC
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CCACGGCTGTACCACCAGTAAAAGAAAGCGATGATAAGCCAACAGAACAT
TACTACAGGCTGTTGTGGTTCAAAGTCAAAAAGATGCCTTTAACAGAGTAC
TTAAAGCGAATTAAACTTCCAAACAGCATAGATTCATACACAGATCGACTC
TATCTCCTGTGGCTCTTGCTTGTCACTCTTGCCTATAACTGGAACTGCTGGT
TTATACCACTGCGCCTCGTCTTCCCATATCAAACCGCAGACAACATACACT
ACTGGCTTATTGCGGACATCATATGTGATATCATCTACCTTTATGATATGCT
ATTTATCCAGCCCAGACTCCAGTTTGTAAGAGGAGGAGACATAATAGTGG
ATTCAAATGAGCTAAGGAAACACTACAGGACTTCTCCAAAATTTCAGTTGG
ATGTCGCATCAATAATACCATTTGATATTTGCTACCTCTTCTTTGGGTTTAA
TCCAATGTTTAGAGCAAATAGGATGTTAAAGTACACTTCATTTTTTGAATTT
AATCATCACCTAGAGTCTATAATGGACAAAGCATATATCTACAGAGTTATT
CGAACAACTGGATACTTGCTGTTTATTCTGCACATTAATGCCTGTGTTTATT
ACTGGGCTTCAAACTATGAAGGAATTGGCACTACTAGATGGGTGTATGATG
GGGAAGGAAACGAGTATCTGAGATGTTATTATTGGGCAGTTCGAACTTTAA
TTACCATTGGTGGCCTACCAGAACCACAAACTTTATTTGAAATTGTTTTICA
ACTCTTGAATTTTTTTTCTGGAGTTTTTGTGTTCTCCAGTTTAATTGGTCAGA
TGAGAGATGTGATTGGAGCAGCTACAGCCAATCAGAACTACTTCCGCGCC
TGCATGGATGACACCATTGCCTACATGAACAATTACTCCATTCCTAAACTT
GTGCAAAAGCGAGTTCGGACTTGGTATGAATATACATGGGACTCTCAAAG
AATGCTAGATGAGTCTGATTTGCTTAAGACCCTACCAACTACGGTCCAGTT
AGCCCTCGCCATTGATGTGAACTTCAGCATCATCAGCAAAGTCGACTTGTT
CAAGGGTTGTGATACACAGATGATTTATGACATGTTGCTAAGATTGAAATC
CGTTCTCTATTTGCCTGGTGACTTTGTCTGCAAAAAGGGAGAAATTGGCAA
GGAAATGTATATCATCAAGCATGGAGAAGTCCAAGTTCTTGGAGGCCCTG
ATGGTACTAAAGTTCTGGTTACTCTGAAAGCTGGGTCGGTGTTTGGAGAAA
TCAGCCTTCTAGCAGCAGGAGGAGGAAACCGTCGAACTGCCAATGTGGTG
GCCCACGGGTTTGCCAATCTTTTAACTCTAGACAAAAAGACCCTCCAAGAA
ATTCTAGTGCATTATCCAGATTCTGAAAGGATCCTCATGAAGAAAGCCAGA
GTGCTTTTAAAGCAGAAGGCTAAGACCGCAGAAGCAACCCCTCCAAGAAA
AGATCTTGCCCTCCTCTTCCCACCGAAAGAAGAGACACCCAAACTGTTTAA
AACTCTCCTAGGAGGCACAGGAAAAGCAAGTCTTGCAAGACTACTCAAAT
TGAAGCGAGAGCAAGCAGCTCAGAAGAAAGAAAATTCTGAAGGAGGAGA
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GGAAGAAGGAAAAGAAAATGAAGATAAACAAAAAGAAAATGAAGATAAA
CAAAAAGAAAATGAAGATAAAGGAAAAGAAAATGAAGATAAAGATAAAG
GAAGAGAGCCAGAAGAGAAGCCACTGGACAGACCTGAATGTACAGCAAG
TCCTATTGCAGTGGAGGAAGAACCCCACTCAGTTAGAAGGACAGTTTTACC
CAGAGGGACTTCTCGTCAATCACTCATTATCAGCATGGCTCCTTCTGCTGA
GGGCGGAGAAGAGGTTCTTACTATTGAAGTCAAAGAAAAGGCTAAGCAAT
AA

SEQ ID NO:15 - cAu tric hG1.7(M8), manh LCR opsin 1,2 kb M/L, méanh opsin
500 bp M, UTR in nghiéng, dot bién M8 gach chan

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGGGAAAGGGCAT
GGGTGTTTCATGAGGACAGAGCTTCCGTTTCATGCAATGAAAAGAGTTTGG
AGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTA
CACTTTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAA
ATGGCCAAATGGTTCCTTGTCCTATAGCTGTAGCAGCCATCGGCTGTTAGT
GACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGG
CTCTCCCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAAC
ATCTAATCTTCCACCCTGGCCAGGGCCCCAGCTGGCAGCGAGGGTGGGAG
ACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGG
TCCCTCTGGCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCG
CCACTGCTCCCGCTCCTCTCCCCCCATCCCACCCCCTCACCCCCTCGTTCTT
CATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTG
TGGGACCACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCAC
AGGTGCTGAGTGACTTTCTAGGACAGTAATCTGCTTTAGGCTAAAATGGGA
CTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGC
AGAACCTACCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCC
TTCCTGGGATGTGGGGGCTGGCACACGTGTGGCCCAGGGCATTGGTGGGA
TTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGC
GAGCGGAGGGCCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAG
ACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATAGGGCACTTCGTGTTC
TCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTC
AGAGTTGCTTATCTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGA
GAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGCGGTAATGGGAC
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AAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGA
TCTCAGAGGAGGCTCACTTCTGGGTCTCACATTCTTGGATCACAGGTATTT
GCCACTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACC
ATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCT
TGGCCTCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCAC
TTTTTTTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGC
CATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGC
CTCGACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGC
CGCCCCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAG
GAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGG
GAGCTTTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAG
CACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACAGGG
CTTTCCATAGCC

SEQ ID NO:16 — Dot bién M8
TCTAGA

SEQ ID NO:17 — SEQ ID NO:2 2- manh gen khoi dau opsin 2,0 kb M, manh 500
bpamSEQH)NOSgmhdﬁmUTRmngmmgd&bﬁnNBgwhdﬁn

TAAAAAGCAAGTCTTGCCAGGGCAGTGGTGTGCACCTGTGGTCCCAGCTA
CTCAGGATGCTGAGGCAGGAGGATTACTTGTGCCCAGCAAGTAGAGGCTG
CAGTGACCTGTGACTGTGCTACTGCCCTCCAACCTGGGTGACAGAGTGAGA
CCTTGTCTCAAAAAAAAAAGAGCGGGGGGGGGGGGCCGGGCCGGGCGTG
GTGGCTCACAGCTGTAATCCCAGCACTTTGGGAAGCCAAGGCGGGTGGAT
CACTTGAGGTCAGGAGTTTGAGACCATCATGGTCAACACTGCGAAACACT
GTCCCTACTAAAAATACAAAAATTAGCCGGGCATGGTGGCACACACCTGT
AATCCCAGCTACTGGGGAGGCTGAGGCAGGAGAATTGCTTGAGCCGGGGA
GACGGAGGTTGCAGTGAGCCGAGACTGCGCCACTGCACTCCAGCCTGACT
GACAAGAGTGAGATTGTCTCAAAAAAAAAAAAAAAGTAATCACTAGAAA
AGAAGCTACATATGTACATAACATCCAAATAACCAAGAGGAGAAAAAAAT
GGGACTTGATTAATCAAAACAAAAACAAAAAAGAAAGAAAGAAAGGGGG
AGAAAATAAAACAAGGGCTGGGTGTGCTGGCTCATGCCTGTAATCCCAGC
ACTTTGGAAGCCAAGGTGGGTGGATCTCTTGAGCTCAGGAGGTCAAGACC
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AGCCTGGGCAACATGGCGAAACCCCGTCTCTATTAAAAAAAAAATTAATA
CAACAATTATCCTGGAGTGGTGGTGCACACCTGTAGTCCCAGCTACCCAGG
ACGCTGAGACGGGAGGATCGCTTGATCCCGGGGATGTCGAGGCTGCCGTG
ATCGCACCACTGCCCTCCAGCCAGGGTGGCAGACTGAGACCCCATCTCAA
AAAATAAATAAATAAAAGCAAACAAGAAAAAAAAAGGCTTGAAACATAT
CTGATAGATAAAGGGCTAATCAACACAATATATAAAGAACTGCAAATCAG
TAAACTAAGAGCAAATAACCCAATATAAAGACATTAAAGGGTAGCCACGG
ACATCTCAGACGACGAAAAACAAAAGACAGTAAACGTATAATAAAACATG
TAATTGCAAGGTGATCCGGGAATAGTAAGCGAAAAGCAACAATTAAATAC
TATTTTCTCATCCACCAGAACGCCAAAAATTAAAAAGCCTAACAATGTCCA
GGGCTGGCGAGAATGTGGCAGAAGGTGATGTCACATACCCTGCAAGTGGG
AATCTAAACAGATTCAGGGTTTTGGTTTTTTTTTAATCGCAATTAGGTGGCC
TGTTAAATTTTTTTTCTTGAGACAGAGTTTTGCTCTTGTTGCCCAGGCTGGA
GTGCAATGGCTCGATCTTGGCTCACCGCAACCTCGACCTCCCAGGTACAAG
CGATTCTCCTGTCTCAGCCTCCCAAGTAGCTGGGAGTACAGGTATTTGCCA
CTAAGCCCAGCTAATTGTTTTTITATTTAGTAGAAACGGGGTTTCACCATGTT
AGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCC
TCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTT
TTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATC
TCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCG
ACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCC
CCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGG
TCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCT
TTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCG
TGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACAGGGCTTICC
ATAGCC
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Yéu cé‘i.u bao ho

1. DPon vi kiém soat phién ma (TCU)vdéi 1én dén 2500 nucleotit chira theo huéng
5> dén 3°: '
(a) ving kiém soat qu¥ tich (LCR) chira

(i) SEQ ID NO 1; hozc

(ii) trinh tw c6 d0 twong ddng trinh t it nhit 90% véi trinh tw (a)(i) nay; va
(b) thanh phin gen khéi dau chira

(i) it nhét 200 nucleotit cudi ciia SEQ ID NO: 17; hoac

(ii) trinh tu c6 do twong ddng trinh tu it nhat 90% véi trinh tu (b)() nay va chira
SEQ ID NO: 16;

"TCU nay biéu hién hoat dong gen khdi dau dic hiéu té bao nhan sang hinh nén.
2. TCU theo diém 1, trong do (b) chira:
(i) it nhat 500 nucleotit cudi ciia SEQ ID NO: 17, hoac

(ii) trinh ty c6 d§ tuwong ddng trinh tur it nhat 90% véi trinh tu (i) nay va chia
SEQ ID NO: 16;

TCU nay biéu hién hoat dong gen khoi dau dic hiéu té bao nhéan sang hinh non.

3. TCU theo diém bét ky trong sé cac diém néu trén, trong d6 (b) chira it nhat 200
nucleotit cia SEQ ID NO: 3.

4. TCU theo diém bat ky trong s6 cac diém néu trén, trong d6 (b) chia trinh ty cua
it nhat 10 nucleotit lién k& duoc chon tir nucleotit 1 dén 35 cta SEQ ID NO:3, hodc
trinh tw chira it nhat 10 nucleotit lién ké dugc chon tir trinh tu c6 dO twong dé)ng trinh

tu it nhat 90% v6i nucleotit 1 dén 35 ctia SEQ ID NO:3.
5. TCU theo diém bat ky trong s6 cac diém néu trén, trong do (b) chira:

(1) SEQ ID NO: 3; hoac

(ii) trinh tw c6 d0 twong ddng trinh tw it nhat 90% véi trinh tw (i) nay;
TCU nay biéu hién hoat dong gen khoi dau dac hiéu té bao nhan sang hinh non.

6. TCU theo diém 5, trong d6 TCU chira SEQ ID NO: 4 hodc SEQ ID NO:15.
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7. TCU theo diém 5, trong @6 TCU chira trinh tir ¢6 d0 tuong dong trinh ty it nhat
90%, it nht 95%, it nhat 98%, hodc it nhat 99% véi SEQ ID NO:15.

8. TCU theo diém bét ky trong sd cac diém tir 1-dén 3, trong d6 thanh phan gen
khéi dAu chira SEQ ID NO: 5. |

9.  TCU theo diém 8, trong d6 TCU chita SEQ ID NO: 6.
10.  TCU theo diém 1, trong d6 TCU chta:

(a) LCR chtta SEQ ID NO: 1; va

(b) thanh phin gen khéi ddu chira SEQ ID NO: 3.
11.  CAu trac biéu hién chtra TCU theo diém bAt ky trong sb cac diém néu trén, duoc
lién két c6 didu khién véi trinh tu cAn dugc bidu hién theo cach dac hiéu té bao nhan
sang hinh non.
12.  CAu triic bidu hién theo diém 11, trong d6 trinh tw duoc lién két c6 diéu khién 1a
CNGA3, CNGB3, PDE6C, PDE6H, GNAT2, KCNV2 hodc CACNAZ2DA.
13.  Chu truc bidu hién theo didm 12, trong d6 trinh ty dwgc lién két c6 diéu khién
chua SEQ ID NO: 7, 8, 9, 10, 11, 12, 13 hodc 14, hodc ¢6 do tuong déng trinh tu it
nhit 90% véi SEQ ID NO: 7, 8, 9, 10, 11, 12, 13 hodc 14 va c6 kha ning ctru chirc
ning té bao nhan sang hinh nén.
14.  Chu trac bidu hién theo diém 12 hodc 13, trong d6 trinh ty dugc lién két c6 didu
khién c6 do twong dong trinh tu it nhat 90% voéi SEQ ID NO: 8, hodc co do tuong
ddng trinh tu it nhit 95% v6i SEQ ID NO: 8, va c6 kha ning ctru chirc ning té bao
nhén sang hinh noén.
15.  Chu truc bidu hién theo diém 14, trong do trinh ty dugc lién két c6 diéu khién
chtra SEQ ID NO: 8, va c¢6 kha nang ctru chirc nang té bao nhan sang hinh non.
16.  Vecto chira TCU theo diém bét k¥ trong sb cac diém tir 1 dén 10 hodc chu triic

biéu hién theo diém bét ky trong sb cac diém tir 11 dén 15.
17.  Vecto theo diém 16, trong d6 vecto nay 1a vecto virut.
18.  Vecto theo diém 17, trong dé vecto nay la vecto virut lién hop adeno (AAV).

19.  Vecto theo diém 18, trong d6 vecto chira hé gen AAV hodc dan xuét cia né.
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20.  Vecto theo diém 19, trong do vecto chira hé gen AAV hodc dAn xuét cia nd, va
trong do capsit AAV ¢6 ngudn goc tir AAVS.

21.  Vecto theo diém 20, trong d6 capsit AAV ¢6 ngudn géc tir AAVS va ciu tric
bidu hién dugce x4c dinh theo diém bét ky trong sb cac diém tir 11 dén 15.

22, Vecto theo didm 21, trong dé trinh tw duoc lién két c6 didu khién 1a CNGA3.

23.  Vecto theo diém bat ky trong sb cac diém tir 19 dén 22, trong d6 dan xuit nay
14 dAn xuét kham, duoc bb trf lai hodc duoc cai bién capsit.

24.  Vecto theo diém bét ki trong sb cac diém tir 19 dén 23, trong d6 hé gen AAV
nay la tu kiéu huyét thanh ¢6 nguén géc tu n;hién hodc thé phéan 1ap hodc nhanh cua
AAV.

25.  Vecto theo diém 24, trong d6 hé gen AAV nay 1a tir kiéu huyét thanh AAV 2
(AAV?2), kidu huyét thanh AAV 4 (AAV4), hodic kiéu huyét thanh AAV 8 (AAVS)
va/hodc trong d6 capsit ¢6 ngudn gbe tir AAVS,

26.  Vecto theo diém 25, trong d6 hé gen c6 ngudn goc tir AAV2 va capsit o ngudn
gbe tir AAVS,.

27.  Té bao cha chira vecto theo diém bét k¥ trong sé cac diém tir 16 dén 26 hoac

sén xuét vecto virut theo diém bat ky trong sé cac diém tir 16 dén 26.
28.  Té bao theo diém 27, trong d6 té bao nay 1a té bao HEK293 hogc HEK293T.

29.  Duogc pham chira vecto theo diém bét ky trong s6 cac diém tir 16 dén 26 va chat

mang dugc dung.
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<110>
<120>
VECTO NAY
<130>
<150>
<151> 2018
<160> 17
<170>
<210> 1
<211> 1253
<212> ADN
<213>
<220>
<223>
<400> 1
taggaataga
60
gaggacagag
120
actatacact
180
ctttttaaag
240
atcggctgtt
300
cggctctccce
360
tcttccaccc
420
agggcgctga
480
tctttcecttg
540
cctcaccccce
600
tgcaagagtg
660

N409521WO

GB 1800546.2

-01-12

agggtgggtg

cttecgttte

tacacacggt

tgtcaaaggc

agtgacaaag

gcgtggagte

tggccagggc

cattggggcc

gggctttctt

tcgttcttca

tgggaccaca

45007

DANH MUC TRINH TU

UCL BUSINESS PLC.

PatentIn version 3.5

Trinh ty nhidn tao

manh 1,2 kb cua ving kiém

caggaggctg

atgcaatgaa

agcgatggta

aaatggccaa

ccecctgagtce

atttaggagt

cccagctgge

cggecectggcet

gggccgecac

tatccttctc

aatgagtttt

PON VI KIEM SOAT PHIEN MA (TCU), VECTO CHUA NO VA DUQC PHAM CHUA

sodt quy tich (LCR) M/L opsin

aggggtgggg

aagagtttgg

cactttgtat

atggttcctt

aagatgacag

agtcgcatta

agcgagggtg

tgggtccctce

tgctcceget

tagtgctccc

cacctggcct

aaagggcatg
agacggatgg
tatgtatatt
gtcctatage
cagcccccat
gagacaagtc
ggagactccg
tggcctttcce
cctectecccce

tccactttca

ggggacacac

ggtgtttcat

tggtgactgg

ttaccacgat

tgtagcagcc

aactcctaat

caacatctaa

ggcagagcag

ccaggggccc

catcccaccc

tccaccctte

gtgcccccac
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aggtgctgag tgactttcta ggacagtaat
720

ctgttagccce taatcatcaa ttagcagagc
780

aggcctccte ccacctcectge cacctecact
840

gtgtggccca gggcattggt gggattgcac
900

agggcagaca gggcgagcgg agggccaget
960

ccagacaccc cactcctcet ctgetggacc
1020

agggcttcca aatagcatgg tggccttgga
1080

ccctctagac agaaggggaa tctcggtcaa
1140

cagccagctc atggcggtaa tgggacaagg
1200

ccggtgggge aggtgatctce agaggaggct
1253

<210> 2

<211> 1970

<212> ADN

<213> Trinh tuy nhdn tao

<220>

<223> manh gen khdi déng 2,0 kb
<400> 2

taaaaagcaa gtcttgccag ggcagtggtg
60

tgaggcagga ggattacttg tgcccagcaa
120

actgccctece aacctgggtg acagagtgag
180

ggggggcegg geccgggegtg gtggctcaca
240

gcgggtggat cacttgaggt caggagtttg
300

gtccctacta aaaatacaaa aattagccgg
360

45007

ctgctttagg
cggtgaaggt
ctccttectyg
tgagctgggt
ccggggctca
cccactteat
tgcccaggga
gagggagagyg
ctggccagcec

cacttctggg

ctaaaatggg

gcagaaccta

ggatgtgggyg

cattagcgta

ggcaaggctg

agggcacttc

agcctcagag

tcgccetgtt

atcccaccct

tctcacattc

acttgatctt

ccgcectttec

gctggcacac

atcctggaca

ggggcttecc

gtgttctcaa

ttgcttatct

caaggccacc

cagaagggac

ttg

M opsin, khéng cé trinh tu M8

tgcacctgtyg

gtagaggctg

accttgtctc

gctgtaatcc

agaccatcat

gcatggtggc

gtcccagecta

cagtgacctyg

aaaaaaaaaa

cagcactttyg

ggtcaacact

acacacctgt

ctcaggatgc

tgactgtgct

gagcgggggy

ggaagccaag

gcgaaacact

aatcccagct
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actggggagy
420

gagactgcgc
480

aaaaagtaat
540

gaaaaaaatg
600

aaaataaaac
660

aaggtgggtg
720

cccgtctceta
780

gtagtcccag
840

gctgcecgtga
900

aaataaataa
960

gggctaatca
1020

atataaagac
1080

aacgtataat
1140

ttaaatacta
1200

ggctggcgag
1260

attcagggtt
1320

agacagagtt
1380

caacctcgac
1440

tacaggtatt
1500

ctgaggcagg

cactgcactc

cactagaaaa

ggacttgatt

aagggctggg

gatctcttga

ttaaaaaaaa

ctacccagga

tcgcaccact

ataaaagcaa

acacaatata

attaaagggt

aaaacatgta

ttttctcatc

aatgtggcag

ttggtttttt

ttgctettgt

ctcccaggta

tgccactaag

agaattgctt

cagcctgact

gaagctacat

aatcaaaaca

tgtgctggct

gctcaggagg

aattaataca

cgctgagacg

gccctccage

acaagaaaaa

taaagaactg

agccacggac

attgcaaggt

caccagaacg

aaggtgatgt

tttaatcgca

tgcccagget

caagcgattc

cccagctaat

45007

gagccgggga
gacaagagtg
atgtacataa
aaaacaaaaa
catgcctgta
tcaagaccag
acaattatcc
ggaggatcgc
cagggtggca
aaaaggcttg
caaatcagta
atctcagacg
gatccgggaa
ccaaaaatta
cacataccct
attaggtggc
ggagtgcaat
tcctgtcectceca

tgttttttat

gacggaggtt

agattgtctc

catccaaata

agaaagaaag

atcccagcac

cctgggcaac

tggagtggtg

ttgatcccgg

gactgagacc

aaacatatct

aactaagagc

acgaaaaaca

tagtaagcga

aaaagcctaa

gcaagtggga

ctgttaaatt

ggctcgatct

gccteccaag

ttagtagaaa

gcagtgagcc

aaaaadaaaa

accaagagga

aaagggggag

tttggaagcc

atggcgaaac

gtgcacacct

ggatgtcgag

ccatctcaaa

gatagataaa

aaataaccca

aaagacagta

aaagcaacaa

caatgtccag

atctaaacag

ttttttcttg

tggctcaccg

tagctgggag

cggggtttca
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gacctcagga
ctgtgcccag
tggcgccatce
gacctcccag
ctcgcectcag
taagagatca

cactggccgg

ggacagggct

gttttttatt
acctcaggag
tgtgcccage
ggcgccatcet
acctcccagt
tcgectcagg
aagagatcag

actggcecggt

ccatgttagt caggctggtc gggaactcct
1560

ccaaagtgct gggattacag gcgtgtgcca
1620

tcttggtctg ttgcccaggce tagagttcag
1680

cctcccagat tcaagcgatt ctcctgectce
1740

cagcaaatcc ctctgagccg cccccggggyg
1800

ggaggaggag gtctaagtcc caggcccaat
1860

cttttaaggt gaagaggccc gggctgatcc
1920

aggtgacgca ccagggccgg ctgeccgtcgg
1970

<210> 3

<211> 529

<212> ADN

<213> Trinh tu nhin tao

<220>

<223> manh 500 bp M opsin, cé dét bién M8
<400> 3

acaggtattt gccactaagc ccagctaatt
60

catgttagtc aggctggtcg ggaactcctg
120

caaagtgctg ggattacagg cgtgtgccac
180

cttggtctgt tgcccaggct agagttcagt
240

ctcccagatt caagcgattc tcctgectceg
300

agcaaatccc tctgagccgce ccccgggggce
360

gaggaggagg tctaagtccc aggcccaatt
420

ttttaaggtg aagaggcccg ggctgatccc
480

gatctacccg

ccactttttt

tcagctcact

tagctgggat

gagcaaggaa

gatggtgtag

tataaagcac

ttccatagcc

tagtagaaac

atctacccgce

cacttttttt

cagctcactg

agctgggatt

agcaaggaag

atggtgtagg

ataaagcacc

ccttggectce

ttagacagag

gcaacctccg

tacaggtttc

gcaaggggtyg

gatttgggag

cgtgacccte

ggggtttcac

cttggcctec

tagacagagt

caaccteccge

acaggtttcc

caaggggtgg

atttgggagc

gtgaccctca
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81/103

ggtgacgcac catctagagc tgccgtcggg gacagggctt tccatagec

529

<210> 4

<211> 1782

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Dbién thd cua cidu trGc hGl.7, manh LCR 1,2 kb M/L opsin, manh 500
bp M opsin, cé dot bién M8

<400> 4

taggaataga agggtgggtg caggaggctg aggggtgggy aaagggcatg ggtgtttcat

60

gaggacagag cttccgtttc atgcaatgaa aagagtttgg agacggatgg tggtgactgg

120

actatacact tacacacggt agcgatggta cactttgtat tatgtatatt ttaccacgat

180

ctttttaaag tgtcaaaggc aaatggccaa atggttcctt gtcctatage tgtagcagcec

240

atcggctgtt agtgacaaag cccctgagtc aagatgacag cagcccccat aactcctaat

300

cggctctecce gegtggagte atttaggagt agtcgcatta gagacaagtc caacatctaa

360

tcttccacce tggccagggce cccagctggce agcgagggtg ggagactccg ggcagagcag

420

agggcgctga cattggggcc cggectgget tgggtcccte tggcctttcce ccaggggcecc

480

tcttteccttg gggctttett gggccgcecac tgctcccget cctecteccce catcccacce

540

cctcaccccce tcgttcttceca tatccttcte tagtgctccec tccactttca tccaccctte

600

tgcaagagtg tgggaccaca aatgagtttt cacctggcct ggggacacac gtgcccccac

660

aggtgctgag tgactttcta ggacagtaat ctgctttagg ctaaaatggg acttgatctt

720

ctgttagccc taatcatcaa ttagcagagc cggtgaaggt gcagaaccta ccgcctttce

780

aggcctccte ccacctetge cacctccact ctccttectg ggatgtgggg gctggcacac

840

gtgtggccca gggcattggt gggattgcac tgagctgggt cattagcgta atcctggaca

900



45007

ccggggctea
cccacttcat
tgcccaggga
gagggagagyg
ctggccagcec
cacttctggg
atttagtaga
gagatctacc
agccactttt
tctcagctca
agtagctggg
aggagcaagg
cagatggtgt
ggtataaagc

ctttccatag

agggcagaca gggcgagcgg agggccagcet
960

ccagacaccc cactcctcect ctgectggacc
1020

agggcttcca aatagcatgg tggccttgga
1080

ccctctagac agaaggggaa tctceggtcaa
1140

cagccagctce atggcggtaa tgggacaagg
1200

ccggtgggge aggtgatctc agaggaggct
1260

tttgccacta agcccagcta attgtttttt
1320

gtcaggctgg tcgggaactc ctgacctcag
1380

ctgggattac aggcgtgtgc cactgtgccce
1440

tgttgcccag gctagagtte agtggcgceca
1500

attcaagcga ttctecctgece tcgacctccc
1560

ccctctgage cgcccccggg ggctcgecte
1620

aggtctaagt cccaggccca attaagagat
1680

gtgaagaggc ccgggctgat cccactggcec
1740

caccatctag agctgccgtc ggggacaggyg
1782

<210> 5

<211> 247

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> manh 200 bp M opsin, cé dot bién M8
<400> 5

ggcaaggctyg

agggcacttc

agcctcagag

tcgcectgtt

atcccaccct

tctcacattc

aacggggttt

cgcecttggec

ttttagacag

ctgcaacctc

attacaggtt

aagcaagggyg

aggatttggg

accgtgaccc

cc

ggggcttecce

gtgttctcaa

ttgcttatct

caaggccacc

cagaagggac

ttgacaggta

caccatgtta

tcccaaagtg

agtcttggtce

cgccteccag

tccagcaaat

tgggaggagyg

agcttttaag

tcaggtgacg

gatcgattac aggtttccag caaatccctc tgagccgecce ccgggggctce gcctcaggag

60
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caaggaagca aggggtggga ggaggaggtc taagtcccag gcccaattaa gagatcagat

120

ggtgtaggat ttgggagctt ttaaggtgaa gaggcccggg ctgatcccac tggccggtat

180

aaagcaccgt gaccctcagg tgacgcacca tctagagctg ccgtcgggga cagggctttce

cd dot bién M8

240
catagcc
247

<210> 6
<211> 1500
<212> ADN
<213>
<220>
<223>
<400> 6
taggaataga
60
gaggacagag
120
actatacact
180
ctttttaaag
240
atcggcetgtt
300
cggctctccee
360
tcttccaccc
420
agggcgctga
480
tctttecttyg
540
cctcaccccec
600
tgcaagagtyg
660

agggtgggtg

cttecegtttce

tacacacggt

tgtcaaaggc

agtgacaaag

gcgtggagte

tggccagggc

cattggggcc

gggctttcett

tcgttecttca

tgggaccaca

Trinh ty nhdn tao

caggaggctyg

atgcaatgaa

agcgatggta

aaatggccaa

ccectgagtce

atttaggagt

cccagctggce

cggcctgget

gggccgecac

tatccttcectc

aatgagtttt

aggggtgggg

aagagtttgg

cactttgtat

atggttcctt

aagatgacag

agtcgcatta

agcgagggtyg

tgggtccctc

tgctecececget

tagtgctccce

cacctggect

chu trdc hGl.4: manh LCR 1,2 kb M/L opsin, manh

aaagggcatg

agacggatgg

tatgtatatt

gtcctatage

cagcccccat

gagacaagtc

ggagactccg

tggcctttce

cctctececcecc

tccactttca

ggggacacac

200bp M opsin,

ggtgtttcat

tggtgactgg

ttaccacgat

tgtagcagcc

aactcctaat

caacatctaa

ggcagagcag

ccaggggccc

catcccaccc

tccaccctte

gtgcccccac
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ctgctttagg
cggtgaaggt
ctccttcctg
tgagctgggt
ccggggctea
cccactteat
tgcccaggga
gagggagagyg
ctggccagcec
cacttctggg
ccececggggg
caggcccaat
gggctgatcc

ctgccegtegg

aggtgctgag tgactttcta ggacagtaat
720

ctgttagccc taatcatcaa ttagcagagc
780

aggcctcecte ccacctctge cacctcecact
840

gtgtggccca gggcattggt gggattgcac
900

agggcagaca gggcgagcgg agggccaget
960

ccagacaccc cactcctect ctgctggacc
1020

agggcttcca aatagcatgg tggccttgga
1080

ccctctagac agaaggggaa tctcggtcaa
1140

cagccagctce atggcggtaa tgggacaagg
1200

ccggtgggge aggtgatctc agaggaggct
1260

tacaggtttc cagcaaatcc ctctgagccg
1320

gcaaggggtg ggaggaggag gtctaagtcce
1380

gatttgggag cttttaaggt gaagaggccc
1440

cgtgacccte aggtgacgca ccatctagag
1500

<210> 7

<211> 2085

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> CNGA3 cADN tbi uu hoda khéng codon
<400> 7

ctaaaatggg

gcagaaccta

ggatgtgggg

cattagcgta

ggcaaggctg

agggcacttc

agcctcagag

tcgeccctgtt

atcccaccct

tctcacattc

ctcgcctcag

taagagatca

cactggccgg

ggacagggct

acttgatctt

ccgectttec

gctggcacac

atcctggaca

ggggcttecc

gtgttctcaa

ttgcttatct

caaggccacc

cagaagggac

ttggatcgat

gagcaaggaa

gatggtgtag

tataaagcac

ttccatagec

atggccaaga tcaacaccca atactcccac ccctccagga cccacctcaa ggtaaagacc

60

tcagaccgag atctcaatcg cgctgaaaat ggcctcagcea gagcccactc gtcaagtgag

120
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gagacatcgt
180

gggcagggct
240

cgcaggtggy
300

cgtttcegtyg
360

gtgggcagcec
420

actaacacca
480

gtggacccgt
540

tataactggt
600

atgctgtggce
660

cgagctcgga
720

cagcattaca
780

ctggcttact
840

ttttccecggce
900

ttcaggattg
960

tactttgcca
1020

tcaatcccag
1080

ttgaccctta
1140

gtggtcgtag
1200

tccatgatct
1260

cagtgctgca

ccttcaccgg

ctgccaggca

gagccgaget

aggagccagc

gcaacaacac

ccagcaacct

atctgcttat

tggtcctgga

caggttttct

agacgaccac

taaaggtggg

tctttgaatt

ggaacttggt

tttccaagtt

agcatgggcy

ccaccattgg

acttcttggt

cgaatatgaa

gccggggatce

ccaggggatc

tgtgcaccac

taaggaggtyg

agacagaggyg

ggaggaggag

gtactaccgc

ttgcagggcc

ctactcggca

cgagcaaggc

gcagttcaag

cacaaactac

ctttgaccgce

cttgtacatt

cattggtttt

cctctccagg

tgagacccca

gggtgttctg

tgcctcacgg

45007

gccatggaga
gccaggctgt
caggaccagg
tccagccaag
agaagcgcct
aagaagacga
tggctgaccg
tgtttcgatg
gatgtcctgt
ttaatggtca
ctggatgtgt
ccagaagtga
acagagacaa
ctcatcatca
gggacagact
aagtacattt
ccceccegtga
atttttgcca

gcagagttcc

ccagaggact

cgcgcecteat

gaccggactce

aaagcaatgc

ggcccctgge

aaaagaagga

ccatcgecect

agctgcagtc

atgtcttgga

gtgataccaa

tgtccctggt

ggttcaaccg

ggaccaacta

tccactggaa

cctgggtcta

acagtctcta

aagatgagga

ccattgtggg

aggccaagat

ggctgactcc

cttcttgctg

ttttcctgat

ccaggcaaat

caaatgcaac

tgcgatcgtg

gcctgtettce

cgagtacctg

tgtgcttgta

caggctgtgg

ccccaccgac

cctactgaag

ccccaatatg

tgcctgeatc

cccaaacatc

ctggtccacc

gtatctecttt

caatgtgggc

tgattccatc
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aaggacttgg
gtggatgaga
aacgtgcacc
ctggtggagc
aagaagggag
gctgatgatg
agcattctga
attggctact
taccccgaag
ctgatcgatg
gagcagctgg
tacaacgcca

ggtggtgggyg

gacaaacaac

aagcagtaca tgcagttccg caaggtcacc
1320

tttgactacc tgtgggccaa caagaagacg
1380

ccagacaagc tgaaggctga gatcgccatc
1440

cgcatcttec aggactgtga ggcagggctg
1500

actgtgttca gccctgggga ttatatctgc
1560

atcatcaacg agggcaagct ggccgtggtg
1620

ctcagcgatg gcagctactt cggggagatc
1680

gggaaccgca ggacggccaa catccgcagce
1740

aaggacgatc tcatggaggc cctcaccgag
1800

aaaggacggc agatcctgat gaaagacaac
1860

gcggacccca aggaccttga ggagaaagtyg
1920

cagaccaggt ttgcacgcct cctggctgag
1980

cgtctcagcc aactggaaag ccaggtgaag
2040

gaagttcccg gggatgctac aaaaacagag
2085

<210> 8

<211> 2085

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> CNGA3 cADN tbi uu hdéa codon
<400> 8

agacgcgggt

aggaggtgct

tggacacgct

tggtgctgaa

atattgggaa

gggtcaccca

acatcaaggg

cagacctgtt

ccaagaaggc

aggagctggc

ggtcctecect

cccagatgaa

acaagcccct

agtga

tatccggtgg

caagagcctc

gaagaaggtt

gctgcegaccce

ggagatgtac

gttcgtggtc

gagcaagtcg

ctgcctctca

cctggaggag

cagggcgggc

ggacaccctg

gatgaagcag

ggctgatggyg

atggcaaaaa tcaataccca gtacagccac ccctcacgaa ctcacctgaa agtcaaaaca

60

agcgatagag acctgaacag agccgagaac ggectgteca gggcccacag ctcctetgag

120

10

86/103



gaaactagtt
180

ggccaaggaa
240

aggagatggy
300

aggttcaggg
360

gtgggcagtc
420

actaatacct
480

gtcgaccctt
540

tacaattggt
600

atgctgtggc
660

cgcgcacgaa
720

cagcactaca
780

ctggectacc
840

ttctectegge
900

ttccgecatceg
960

tactttgcaa
1020

tccatccecg
1080

ctgactctga
1140

gtggtcgtgg
1200

agtatgatct
1260

cagtgctgca

gtttcacagg

ccgctaggca

gggccgaact

aggagcccgce

ctaacaatac

ctagtaacct

atctgctgat

tggtgctgga

ctgggttcct

aaaccacaac

tgaaagtcgg

tgtttgagtt

gcaacctggt

tcagcaagtt

aacatggacg

ccacaattgg

actttctggt

caaacatgaa

gcctggaatc

gcagggcatc

tgtgcaccat

gaaggaggtc

tgatagagga

agaggaagag

gtactatagg

ttgcagagct

ttactcagca

ggagcagggc

tcagtttaag

cacaaactat

cttcgatagg

gctgtatatt

cattggattt

actgagcagg

ggagaccccc

cggcgtgetyg

tgcctcacga

45007

gctatggaga
gccaggctgt
caggaccagg
agctcccagg
cggtccgeat
aagaaaacta
tggctgacag
tgttttgacg
gacgtgctgt
ctgatggtga
ctggatgtcc
cccgaggtge
acagagacta
ctgatcatta
gggaccgaca
aagtacatct
cctccagtga
atcttcgcaa

gctgagttcc

11

ccagagggcet

ctagactgat

gacccgatag

aatctaacgc

ggcctectgge

agaaaaagga

ctatcgcact

aactgcagag

atgtgctgga

gcgacaccaa

tgtcecectggt

ggttcaatcg

gaaccaacta

tccactggaa

gctgggtgta

attcactgta

aggatgaaga

caattgtcgg

aggctaaaat

ggctgactct

ttttctgctg

tttccctgac

acaggccaat

caagtgcaac

tgccatcgtg

gccagtgttc

tgagtatctg

tgtcctggtyg

cagactgtgg

gccaaccgac

cctgctgaag

cccaaatatg

tgcttgtatc

tccaaacatt

ctggagcaca

gtacctgttc

caatgtggga

tgacagcatc
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aagcagtata tgcagtttag aaaagtcact
1320

tttgactacc tgtgggccaa caaaaagaca
1380 '

cccgacaaac tgaaggcaga gattgccatc
1440

cggatcttce aggactgcga agcaggactg
1500

accgtgttta gcccaggcga ttatatctgt
1560

attatcaacg aggggaagct ggctgtcgtg
1620

ctgagcgatg gcagctattt tggggaaatt
1680

ggaaaccggc gcacagctaa tattcggtcc
1740

aaggacgatc tgatggaggc actgactgaa
1800

aaaggccggce agatcctgat gaaggataac
1860

gcagacccta aagatctgga agagaaggtg
1920

cagacacgct tcgctcgact gctggcagaa
1980

cgcctgagte agctggagtc acaggtgaaa
2040

gaagtccctg gcgacgctac aaaaacagaa
2085

<210> 9

<211> 2577

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> PDE6C cADN, NM_006204.3
<400> 9

atgggtgaga tcaaccaagt tgccgtggag aaat

60

45007

aaggatctgg
gtcgatgaaa
aatgtccatc
ctggtcgagce
aaaaaggdgg9d
gcagacgatg
tccatcctga
atcggatatt
taccccgagg
ctgattgacg
gagcagctgg
tacaatgcca

ggcggaggygg

gataaacagc

agaccagagt

aagaggtgct

tggatactct

tggtgctgaa

acattggcaa

gcgtgaccca

atatcaaagg

ctgacctgtt

ccaaaaaggc

aagagctggc

gatcaagcct

cccagatgaa

acaagcccct

agtaa

aaggagtact ttgacaggaa gttgcgggtyg gaggtgctgg gagaaatctt

120

12

gatccggtgg

gaagagcctg

gaaaaaggtg

gctgcegeect

agaaatgtac

gttegtecgtg

ctccaagtct

ctgecctgtct

tctggaagag

acgagctgga

ggataccctg

aatgaagcag

ggcagatggc

acctgg aggagaaccc tcagtttgec

caagaacagc
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caggtgccag
180

ctgtgcttgg
240

cacagggccc
300

tgccggtecc
360

tccaagtttg
420

gggatagtgg
480

aacagccatt
540

gcaaccccga
600

aatgcatctg
660

tctatcatcc
720

cagatcctta
780

tttcacaaag
840

ctgctggaca
900

gtagagcctt
960

attgattaca
1020

cactggacac
1080

atgatgaatg
1140

ggttgggtca
1200

ggagtggcta
1260

tccagtccag

agctgetgtyg

tgcagaggct

ggaacggcat

aggacaacct

gttgggctgce

tttctgactt

tcgtggtggyg

aattttccaa

taaggcttca

tgtggtcagc

cgctctacac

tgaccaagga

ataaaggtcc

ttttacatgg

tcattagtgg

cccctgegga

ttaagaatgt

cattttacaa

catgtccttc
gaccgtgcag
ggcccacctg
acctgaggtg
ggtgggccect
tcacacgaag
catggacaag
caaggaggtt
acaggatgaa
tcacaccagc
caataaagta
ggttagatca
gaaggéattc
aaagacacct
aaaagaagag
gttgccaaca
tgaatacttc
tttgtccctg

caggaaggat

45007

tctgagctga
gaggaggggyg
ctccaggcetyg
gcctctaggt
gacaaagaag
aaaactcata
caaactgggt
cttgctgtga
gaggtctttt
tacatgtaca
tttgaagaac
tatctgaact
tacgatgaat
gatggcaggyg
atcaaagtga
tatgttgctg
acatttcaga
cctattgtca

ggaaaacctt

13

cccaggtgga

gcaccccaga

accgctgcag

tgctggatgt

ttgtgtttcc

atgtcccaga

atgtcactaa

tcatggcagt

ccaaatacct

atattgaatc

tcacagatgt

gtgaacgata

ggccaatcaa

aagtcaactt

ttccgacgec

aaaatggatt

aaggacctgt

acaagaaaga

tcgatgagca

ggagtcagcc

gcagggggtt

catgttcctg

cacccccacce

attggacatt

tgtgaaaaag

gaacctgctg

taacaaagta

caactttgtg

ccgaagaagc

tgagcgacag

ctccattgga

gcttggagaa

ttataaaatc

tcctgcagac

tatctgtaac

agacgaaact

agatattgtg

tgatgaatac
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attaccgaga
1320

aagatgaata
1380

aaagccactc
1440

gtaattgacg
1500

ccacgctcag
1560

ttgattaaat
1620

cctgtagagyg
1680

taccacaatt
1740

ggaagattaa
1800

tgccatgata
1860

ttagcaagac
1920

ctgttgcagg
1980

gttattcatt
2040

aggaccatgt
2100

atcaaatatg
2160

gcatgtgact
2220

gttgcaaatg
2280

attcctatga
2340

gattttgttt
2400

ctctcacaca

agctagaaaa

ctgaagaaat

actgtgaaga

cagaactgta

gtggaatacg

ttcttaccag

ggcggcatgg

agaagtacta

ttgaccacag

ttcatggttc

atgagagttt

tgttcgaggt

ttcaaaaaat

taactgttga

tgtctgetat

aattttggga

tggacagaaa

gtacttttgt

atttcttgga

cagaaaggac

taagtccatt

aaaacaactt

cgaattccge

actgtttttt

atggatgtac

gttcaacgtyg

cacagatctc

aggcaccaat

ttctattttg

aaacatcttc

cgcaataata

tgttgatgcc

tccaaccaag

taccaagccc

acaaggagat

caaaagagat

atataaggag

45007

tggtctcttt
attgctcagyg
ttgaaatttc
gttgcaattt
ttcagtgact
gaaataaatg
actgtgagga
gggcagacca
gaagcctttg
aatttgtacc
gagaggcacc
cagaacctaa
gcaactgacc
tgtgaacaaa
aaagagatta
tgggaggtgc
ctggagagaa
gaattaccta

ttctcacggt

14

taaatactga

aaatgctcat

aagagaagtt

tgaaagagga

tccececttac

tggtggagaa

aagggtaccg

tgtttacttt

ccatgcttge

agatgaaatc

acctggagta

ataagcggca

tggctttata

tgcaaacgga

tcatggcaat

aaagtcaggt

cagtgttgca

aacttcaagt

ttcacaaaga

cacctacgat

gaaccaaacc

aaatgttgat

cttgccagac

agagcacgga

attcaaagta

agctgtcact

gctgatgaca

tgctgettte

cacgtctceca

cagtaagact

gtttgaaaca

tttcaagaag

agaagaagcc

gatgatgacg

agcacttatg

gcaacaaccc

tggatttatt

aatcacacct
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atgctgagtg gtcttcagaa taacagagta

2460

gcaaagatga aggtcattga agaggaggca

2520

gctgaagatt caggaggtgg tgatgacaaa

Trinh ty nhan tao

PDE6H cADN, NM 006205.2

atgagtgaca acactactct gcctgctcca

2577

<210> 10
<211l> 252
<212> ADN
<213>
<220>
<223>
<400> 10
60
aaaggccecctc
120
aaaggtgtga
180
acagtgattt
240
gggattatct
252

<210> 11
<211> 1065
<212> ADN
<213>
<220>
<223>
<400> 11
atgggaagtg
60
aagaagctgc
120
gctggggagt
180
tattcaccag
240
atcctggcta
300

ccaagttcaa gcagaggcag

aaggatttgg agatgacatt

ga

gagccagtgce

aggaggatgc

caggaaagag

aagaatgcct

tcatccggge

gtccatggga ggcattcagc

Trinh ty nhdn tao

GNAT2 cADN, NM 005272.3

tgaggacaaa

tgataaggaa

caccatcgtce

ggagttcaag

catgaccaca

45007

gaatggaaat cactagctga tgagtatgat

aaaaagcaag aaggaggagc cgaaaaagct

aagtccaaaa catgtttaat gttgtaa

gcttcaaacc

actcgccaat

ccaggaatgg

cacctggaat

gaactggcca

gccaagactg

aaacagatga

gctatcatct

ctgggcatcg

15

agggtcctac

tcaagagtaa

aggggctagg

tgcatgagct

agaggtccaa

tcaagctgct

agatcattca

atggaaatgt

attatgctga

caccccacgce

acctccaaag

aacagatatc

cgctcagttt

ggagctagaa

actgctgggt

ccaggatggc

gctgcagtce

accaagctgt
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gcggatgacyg
360
cctgagcteg
420
gagagagctg
480
cgaattacag
540
accacgggca
600
gtgggagggc
660
atcattttct
720
aatcgtatgce
780
gctacttcca
840
gtccatctca
900
aattacataa
960
agtcacatga
1020
gatattatca
1065

<210> 12
<211> 1638
<212> ADN
<213>
<220>
<223>
<400> 12

atgctcaaac agagtgagag gagacggtcc tggagctaca ggccctggaa cacgacggag

60

aatgagggca gccaacaccg caggagcatt tgctccctgg gtgccegtte cggctecceag

120

ggcgacagct

tggaggtcat

cagaatacca

accctgagta

tcattgaaac

agagatccga

gtgcagccct

atgagtcttt

ttgtcctctt

gcatttgttt

agagccagtt

cctgtgctac

tcaaagaaaa

45007

caacaacctg gctgactcca
taggaggttg tggaaggatg
gcttaatgac tccgcatctt
ccteccctagt gagcaagatg
caagttttcc gtcaaagact
gagaaagaag tggatccact
cagtgcctat gatatggtgce
gcatctgttc aacagcatat
tctcaacaag aaggacctct
tccagagtat gatggtaaca
ccttgacctcec aatatgcgaa
agatacacag aatgtcaaat

cctcaaggac tgcggcectcet

Trinh ty nhdn tao

KCNV2 cADN, NM 133497.3

ttgaggaggg

gtggggtgca

actacctgaa

tgctcecgatce

tgaatttcag

gcttcgaggg

tggtggaaga

gtaaccacaa

ttgaggaaaa

actcctatga

aagatgtcaa

ttgtgtttga

tctaa

aaccatgcct

agcctgettce

ccaattagaa

cagagtcaaa

gatgtttgat

agtcacctgce

tgacgaagtg

attctttgeg

aatcaagaaa

tgatgcgggg

agaaatctac

tgcagttaca

gccagcatce acggctggac agagggcaac tataactact acatcgagga agacgaagac

180

16
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ggcgaggagyg
240

gtcaccaccg
300

gtgaacgtgg
360

acgcgcctag
420

gactacgagg
480

gtctacaatt
540

ttcctggagg
600

atctgecttcg
660

cgcgcgcagyg
720

ccgcagegge
780

gccatcgggg
840

accgtggagyg
900

atcctggagc
960

ctagcctcceca
1020

gtggccatcc
1080

caacgcggcc
1140

ctcatgcgca
1200

ggcttcacgce
1260

ggcatcttca
1320

aggaccagtg

ccaagcccga

gtggccacag

gtcgectgge

agcagacaga

tctacctgte

agctgggcta

aggagcggcg

cgcaggtcga

gccgectetyg

tggecctceccag

agatgcagca

acgtggagat

cgceccgacct

tgccgetcta

agacggtggg

tcttececgcecat

tgcgeccagtg

ctttctectge

gaaggacgac

gggccccage

ctaccagctg

cacctccacc

cgaatacttc

cggggtgctg

ctggggcgtyg

cgacgagctg

ggaggcggag

gaacctcatg

caccttegtg

gcactcgggg

gctgtgecatg

gaggcgcette

ccttcagcetyg

cagcgtgggt

cctcaagctyg

ctaccagcag

ggctgtctac

45007

ctggcagaag
gaccctccgg
gactactgcg
agccgcagcec
ttcgaccgcg
ctggtgctcg
cggctcaagt
agcgaacggc
gaactcttcc
gagaagccat
ctcgtctcecg
cagggcgagyg
ggcttcttca
gcgcgcagcg
ctgctcgagt
aaggtgggtce
gcgcgecact
gtgggctgcec

tctgtggagc

17

aggaccagca

ccctgetgte

agctggccgg

gccagctaag

acccggecegt

acgggctgtg

acacgccacg

tcaagatcca

gcgacatgcg

tctccteggt

tggtggcgcect

gcggcccaga

cgctcgagta

ccctcaacct

gcttcacggg

aggtgttgcg

ccaccggact

tgctgctcett

acgatgtgcc

ggcaggggag

cacgctgaat

cttccccaag

cctgtgegac

cttccagctg

tccgegecagce

ctgectgecge

gcacgagctg

cttctacggc

ggccgccaag

ggcgctcaac

cctgcecggecce

cctgcectgege

ggtggacctg

cgagggccac

cgtcatgcgce

gcgtgectte

catcgccatg

cagcaccaac
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ttcactacca
1380
ggagacatgt
1440
gggatcattc
1500
agcaagctga
1560
atgcagagag
1620
ccaagacaag
1638

<210> 13
<211> 3414
<212> ADN
<213>
<220>
<223>
<400> 13
atggtctgtg
60
actcccaact
120
ccegtggect
180
acctcecctgt
240
gctgacacct
300
ctgcagaagd
360
gagctggtga
420
gtccagaatc
480
ctggtgttcg
540
gtggagctgg
600

tcccecccacte

acccagagac

tcaacgggat

aggcttatga

ccagaaagaa

agaattag

CACNA2D4 cADN,

gctgectectge

tcctegecaaa

gggcctttgt

ccecctgegtg

tcggcgggga

agtacaagga

ggaagttctc

tggtggaagc

actattacaa

gcgcecgagtt

ctggtggtag

ccacctgggc

gcccatttec

gtataccacc

gatagctgag

Trinh tu nhén tao

NM 172364 .4

cctececttecce

ccccagctcece

gcagaagacc

gggacaggcc

cctgtataac

tgtggagtcc

agaggacatyg

tgccgaggag

ctcggtcecctg

cctectggag

45007

gccgcggtga
aggttttttg
atcctctaca
atacgcaggg

tgtttgcttyg

ctccceccaacc
agcagccgcet
tcggccctece
aagattcctc
actgtgacca
agtctgaaga
gagaacatgc
gccgacctga
atcaacgaga

tccaatgcectc

18

gcatctccac

ccttectetg

acaagttttc

agaggggaga

gaagcaaccc

ccaggcccac

ggattccect

tgtggctgct

tggaaacagt

aatactcagg

tcgaggaggt

tgcggaggaa

accacgaatt

gggacgagaa

acttcagcaa

cgtgggctac

cattgetttt

tgattactac

ggtgaacttc

acagctcacc

catgcctgea

ccagccaatg

gcttctagge

gaagctatgg

ctctctcttyg

ggatggcttg

agtcgaggcyg

caatgaatcc

gggcaacttc

cctgeccggtg
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aacacctcca
660

ttaaatggag
720

gacccaacgt
780

ggtataaaat
840

tggtacattc
900

agtatgaagg
960

ctgggggaga
1020

ccttgtttta
1080

ctggtggagg
1140

ttccagatcc
1200

atgctcatca
1260

ccagactgta
1320

cgcatgaagt
1380

gacacccagg
1440

cacgaccacg
1500

gctcagagcc
1560

acgcgatccc
1620

atgaagctgg
1680

aatggctaca
1740

tcagcagcgt
tctacatgtc
tgacctggca
ggacacctga
aagctgctac
ggctgaggat
atgacttcat
aagggatcct
agttgatggt
tgaagcagtt
gcgacggcgce
aggtccgagt
ggattgcatg
agaacgtgat
acatcatctg
tgacactgct
atggcattct
cgcccecggta

tcctectecca

gcagctgccc

tgaagccttg

atattttggc

tgagaatgga

ttctcccaag

gactattgcc

taatatcata

cgtccaggcg

caaaggtgtg

ccaagaggcc

cgtggaggac

tttcacttac

caacaacaaa

ggaatacctg

gacagaggcc

caccactgtg

cctgggtgtg

caagcttgga

tccecgaccte

45007

accaacgtgt
aatgctgtct
agtgcaactg
gtcattactt
gacatagtga
aagcacacca
gcgtacaatg
gaccgagaca
ggggtcgtgg
aagcaaggaa
tacgagccgg
ctcattggga
ggctactaca
cacgtgctca
tacatggaca
gccatgccag
gtgggctcag
gtgcacggat

cggccectgt

19

acaacaaaga

tcgtggagaa

gattcttcag

ttgactgccg

ttttggtgga

tcaccaccat

actacgtcca

atcgagagca

accaagccct

gcctctgecaa

tgtttgagaa

gagaagtgtc

cgcagatctc

gccgccccat

gcaagctecct

tcttcagcaa

atgtggccct

acgcctttet

acagagaggyg

cccagatatt

cttccagaga

gatctatcca

aaaccgcgge

cgtgagcgge

cttggacacc

ttacatcgag

tttcaaactg

gagagaagcc

ccaggccatc

gtataactgg

ttttgctgac

aacgctggcyg

ggtcatcaac

cagctcgcag

gaagaacgaa

gagagagctg

gaacaccaac

gaagaaacta
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aaacccaaac
1800

gaatctctga
1860

gttccgatgg
1920

atcagcgaca
1980

cttctgggga
2040

ctggceggtyg
2100

cagctagagg
2160

gagctggtcc
2220

acagcgctgg
2280

ggcacccggg
2340

aggaagttcc
2400

tggtaccgec
2460

gaaggaccag
2520

accgtggaca
2580

ctccagcgca
2640

cagagctgcg
2700

atctccaaga
2760

acccagctge
2820

tgcaaaccct
2880

ctaactacaa

gaacagccat

ataaagggaa

ccceccetttecag

acacgtctgt

actggatcta

ccatgatccg

gggaggtgct

ccctcaacat

ctggcctect

tgacacctga

aggcctcaga

aaagtgcggg

agaggacagc

aattctgggce

aggacagtga

ggtcccgaga

tcagcatggg

cgagtcacca

cagtgtggat

gatcaatagg

gcgagttctt

tttgggggtyg

ggaagaaggc

ctgcatcaca

cttcctcacc

gtttgacgcg

gtccgaggag

gagaagcagc

ggacgaggcc

gcatcctget

tgaacccatg

cattgctgca

ggcaacgcgyg

tctggactgce

gacgggaaga

ggtgttcagc

ccacagtgca

45007

ctctccgaag
gaaacaggta
ttcctgacca
gtgctgtccc
ctgcatgact
gatattgacc
aggaaggacc
gtggtgacag
tctgaacacg
ttgttcgtgg
agcgtgttca
ggcagcttcg
gtggtgacgg
gccgegggeyg
cagtgcagca
ttcgtcatcg
tttctggggg
caagtgacta

gcccagececc

20

tggagtggga
ctctctcgat
atgactactt
ggggccacgg
tgcttcaccc
cagaccaccg
cagacctgga
cccccatgga
tggtggacat
gctccgagaa
ccctggac;g
tcttecaacct
caagcacagc
tccaaatgaa
ctgtggatgg
acaacaacgg
aggtggatgg
tgtatgacta

tggtcagccc

agaccaggct

ggatgtgaag

cttcacggac

agaatacatc

agacctggcc

gaagctcagc

gtgtgacgag

agcctactgg

ggccttectg

ggtctccgac

cttccecgetyg

ccgctgggea

tgtggcggtg

gctggaattc

gccgtgcaca

gttcattctg

tgctgtcctg

tcaggccatg

aatttctgcc
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ttcttgacgyg
2940
gtctggggct
3000
aaacacaaga
3060
cagccggcca
3120
gtggtgcagc
3180
tgcagcatct
3240
aaatgtgacc
3300
catccagagg
3360
ctactcctgc
3414

<210> 14
<211> 2430
<212> ADN
<213>
<220>
<223>
<400> 14
atgtttaaat
60
gaacaaagtt
120
acagcacagg
180
acgtctgaag
240
gatctgacca
300
cagaaggaaa
360
gctcctgtta
420

cgaccaggtg

cctggtacga

agcaggaccc

tcecgggaggce

agattcccaa

tcccaccagt

ggatgcgctc

agaatgccca

tgcectgtgtyg

cgctgacaaa

ctcgteggaa

aagaaaacaa

agccacacac

caaaccctga

tggaccccgyg

taaatgagta

gctgctgcag

cagaggggcc

gctgecagecc

caacgggatc

cagtaacctc

gctgcaggag

ccagaagctce

ggactgcggc

tgcctggggyg

Trinh tuy nhdn tao

CNGB3 cADN, NM 019098.4

agtcaacaag

tgaagaaggc

aggtgaagag

caacatacaa

ccctcaaaat

gaaagaaggt

tgccgatgece

45007

gagctggtgce
gaggccaaaa
tgcgacacgg
gtggagtgcg
ctcctecectgg
gcgacagaag
cgccggegac
ggcgcctegg

ctactgcccc

gtgaagccta
tctcacccaa
aaatctctca
gacaaactct
gcagcagaac
ccaaacagcc

cagctacaca

21

tgttcctget

gtgtcttcca

agtaccccgt

ggccctgeca

tgacagaccc

tcaaatataa

cagactcctg

acacctcagc

aactcctgeg

taggagagaa

gtaatcagtc

aaaccaagtc

ccaagaaaaa

caactggaac

cacaaaacaa

acctggtgaa

ggagtggagt

tcactcccac

gttcgtgtac

gaaggtattt

cacctgtgac

tgcctctgtce

ccacgcctte

ctcgececgecc

gtga

caatgagaat

tcagcaaacc

aactccagtc

ttcctectgga

agtgccagag

accgcctgca

aagaatgcgt
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caaagaacag
480

agcccacaaa
540

acagaacatt
600

ttaaagcgaa
660

tggctcttge
720

gtcttcccat
780

gatatcatct
840

ggagacataa
900
cagttggatg
960

ccaatgttta
1020

ctagagtcta
1080

ctgtttattc
1140

ggcactacta
1200

gcagttcgaa
1260

gtttttcaac
1320

atgagagatg
1380

gacaccattg
1440

acttggtatg
1500

accctaccaa
1560

ccctcectacaa

ctgcaaagcc

actacaggct

ttaaacttcc

ttgtcactct

atcaaaccgc

acctttatga

tagtggattc

tcgecatcaat

gagcaaatag

taatggacaa

tgcacattaa

gatgggtgta

ctttaattac

tcttgaattt

tgattggagc

cctacatgaa

aatatacatg

ctacggtcca

gaaaaagttg

cacggctgta

gttgtggttc

aaacagcata

tgcctataac

agacaacata

tatgctattt

aaatgagcta

aataccattt

gatgttaaag

agcatatatc

tgcctgtgtt

tgatggggaa

cattggtggc

tttttctgga

agctacagcc

caattactcc

ggactctcaa

gttagccctc

45007

gtagagggag
ccaccagtaa
aaagtcaaaa
gattcataca
tggaactgct
cactactggc
atccagccca
aggaaacact
gatatttgct
tacacttcat
tacagagtta
tattactggg
ggaaacgagt
ctaccagaac
gtttttgtgt
aatcagaact
attcctaaac
agaatgctag

gccattgatg

22

atctcteccte

aagaaagcga

agatgccttt

cagatcgact

ggtttatacc

ttattgcgga

gactccagtt

acaggacttc

acctecttectt

tttttgaatt

ttcgaacaac

cttcaaacta

atctgagatg

cacaaacttt

tctccagttt

acttccgege

ttgtgcaaaa

atgagtctga

tgaacttcag

acccgaagcc

tgataagcca

aacagagtac

ctatctcctg

actgcgecetce

catcatatgt

tgtaagagga

tccaaaattt

tgggtttaat

taatcatcac

tggatacttg

tgaaggaatt

ttattattgg

atttgaaatt

aattggtcag

ctgcatggat

gcgagttcgg

tttgcttaag

catcatcagc
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tgttcaaggg

tctatttgece

tcaagcatgg

tgaaagctgg

gaactgccaa

tccaagaaat

tgcttttaaa

tcctettecce

gaaaagcaag

aaaattctga

aagataaaca

gagagccaga

aggaagaacc

tcattatcag

aagaaaaggc

cd dot bién M8

aaagtcgact
1620
aaatccgttc
1680
atgtatatca
1740
ctggttactc
1800
ggaaaccgtc
1860
aaaaagaccc
1920
aaagccagag
1980
gatcttgccc
2040
ggaggcacag
2100
cagaagaaag
2160
aaagaaaatg
2220
gataaaggaa
2280
attgcagtgg
2340
cgtcaatcac
2400
attgaagtca
2430

<210> 15
<211> 1786
<212> ADN
<213>
<220>
<223>
<400> 15

ttgtgataca

tggtgacttt

agaagtccaa

gtcggtgttt

tgtggtggcc

tctagtgcat

gcagaaggct

accgaaagaa

tcttgcaaga

aggaggagag

aaaagaaaat

agagaagcca

ccactcagtt

catggctcct

taagcaataa

Trinh ty nhdn tao

45007

cagatgattt
gtctgcaaaa
gttcttggag
ggagaaatca
cacgggtttg
tatccagatt
aagaccgcag
gagacaccca
ctactcaaat
gaagaaggaa
gaagataaag
ctggacagac
agaaggacag

tctgctgagg

atgacatgtt

agggagaaat

gccctgatgg

gccttectage

ccaatctttt

ctgaaaggat

aagcaacccc

aactgtttaa

tgaagcgaga

aagaaaatga

gaaaagaaaa

ctgaatgtac

ttttacccag

gcggagaaga

gctaagattg

tggcaaggaa

tactaaagtt

agcaggagga

aactctagac

cctcatgaag

tccaagaaaa

aactctceccta

gcaagcagct

agataaacaa

tgaagataaa

agcaagtcct

agggacttct

ggttcttact

cdu trdc hGl.7, manh LCR 1,2 kb M/L opsin, manh 500 bp M opsin,

taggaataga agggtgggtg caggaggctg aggggtgggg aaagggcatg ggtgtttceat

60

23
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gaggacagag
120

actatacact
180

ctttttaaag
240

atcggctgtt
300

cggctctccce
360

tcttccaccc
420

agggcgctga
480

tctttcettyg
540

cctcaccccc
600

tgcaagagtyg
660

aggtgctgag
720

ctgttagccc
780

aggcctecte
840

gtgtggccca
900

agggcagaca
960

ccagacaccc
1020

agggcttcca
1080

ccctctagac
1140

cagccagctc
1200

cttcecgtttce
tacacacggt
tgtcaaaggc
agtgacaaag
gcgtggagtce
tggccaggge
cattggggcc
gggctttett
tcgttcttca
tgggaccaca
tgactttcta
taatcatcaa
ccacctctge
gggcattggt
gggcgagcegyg
cactcctect
aatagcatgg

agaaggggaa

atggcggtaa

atgcaatgaa

agcgatggta

aaatggccaa

cccctgagte

atttaggagt

cccagcetggce

cggcctgget

gggccgecac

tatccttcte

aatgagtttt

ggacagtaat

ttagcagagc

cacctccact

gggattgcac

agggccagct

ctgctggacc

tggccttgga

tctcggtcaa

tgggacaagg

45007

aagagtttgg
cactttgtat
atggttcctt
aagatgacag
agtcgcatta
agcgagggtg
tgggtccctce
tgctcccget
tagtgctccc
cacctggecet
ctgctttagg
cggtgaaggt
ctccttectg
tgagctgggt
ccggggctea
cccacttcecat
tgcccaggga
gagggagagyg

ctggccagcc

24

agacggatgg

tatgtatatt

gtcctatagc

cagcccccat

gagacaagtc

ggagactccg

tggectttcc

cctectcecceccc

tccactttca

ggggacacac

ctaaaatggg

gcagaaccta

ggatgtgggy

cattagcgta

ggcaaggctg

agggcacttc

agcctcagag

tcgccetgtt

atcccaccct

tggtgactgg

ttaccacgat

tgtagcagcc

aactcctaat

caacatctaa

ggcagagcag

ccaggggccc

catcccaccc

tccaccctte

gtgcccccac

acttgatctt

ccgectttec

gctggcacac

atcctggaca

ggggcttccc

gtgttctcaa

ttgcttatct

caaggccacc

cagaagggac
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ccggtgggge aggtgatcte agaggaggcet
1260

ggtatttgcc actaagccca gctaattgtt
1320

gttagtcagg ctggtcggga actcctgacc
1380

agtgctggga ttacaggcgt gtgccactgt
1440

ggtctgttge ccaggctaga gttcagtggc
1500

ccagattcaa gcgattctce tgcctcgacc
1560

aaatccctct gagccgecccce cgggggctcg
1620

gaggaggtct aagtcccagg cccaattaag
1680

taaggtgaag aggcccgggc tgatcccact
1740

gacgcaccat ctagagctgc cgtcggggac
1786

<210> 16

<211l> 6

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> dot bién M8

<400> 16

tctaga

6

<210> 17

<211l> 1970

<212> ADN

<213> Trinh ty nhin tao

<220>

<223>

<400> 17

45007

cacttctggg
ttttatttag
tcaggagatc
gcccagcecac
gccatctcag
tcccagtagce
cctcaggagc
agatcagatg
ggccggtata

agggctttcc

tctcacattc

tagaaacggg

tacccgectt

ttttttttag

ctcactgcaa

tgggattaca

aaggaagcaa

gtgtaggatt

aagcaccgtg

atagcc

manh gen khdi déng 2,0 kb M opsin ¢ dot bién M8

ttggatcaca

gtttcaccat

ggcctcccaa

acagagtctt

cctecegecte

ggtttccagc

ggggtgggag

tgggagcttt

accctcaggt

taaaaagcaa gtcttgccag ggcagtggtg tgcacctgtg gtcccagcecta ctcaggatgce

60

tgaggcagga ggattacttg tgcccagcaa gtagaggctyg cagtgacctg tgactgtgct

120

25
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actgccctec
180

999999¢ccgg
240

gcgggtggat
300

gtccctacta
360

actggggagg
420

gagactgcgc
480

aaaaagtaat
540

gaaaaaaatg
600

aaaataaaac
660

aaggtgggtg
720

cccgtctcecta
780

gtagtcccag
840

gctgccgtga
900

aaataaataa
960

gggctaatca
1020

atataaagac
1080

aacgtataat
1140

ttaaatacta
1200

ggctggcgag
1260

aacctgggtg

gccgggcgtg

cacttgaggt

aaaatacaaa

ctgaggcagg

cactgcactc

cactagaaaa

ggacttgatt

aagggctggg

gatctcttga

ttaaaaaaaa

ctacccagga

tcgecaccact

ataaaagcaa

acacaatata

attaaagggt

aaaacatgta

ttttctcatc

aatgtggcag

acagagtgag

gtggctcaca

caggagtttg

aattagccgg

agaattgctt

cagcctgact

gaagctacat

aatcaaaaca

tgtgctggcect

gctcaggagg

aattaataca

cgctgagacg

gccctcecage

acaagaaaaa

taaagaactg

agccacggac

attgcaaggt

caccagaacg

aaggtgatgt

45007

accttgtctc
gctgtaatcc
agaccatcat
gcatggtggc
gagccgggga
gacaagagtyg
atgtacataa
aaaacaaaaa
catgcctgta
tcaagaccag
acaattatcc
ggaggatcgc
cagggtggca
aaaaggcttg
caaatcagta
atctcagacg
gatccgggaa
ccaaaaatta

cacataccct

26

aaaaaaaaaa

cagcactttg

ggtcaacact

acacacctgt

gacggaggtt

agattgtctc

catccaaata

agaaagaaag

atcccagcac

cctgggcaac

tggagtggtg

ttgatcccgg

gactgagacc

aaacatatct

aactaagagc

acgaaaaaca

tagtaagcga

aaaagcctaa

gcaagtggga

gagcgggggyg

ggaagccaag

gcgaaacact

aatcccagcet

gcagtgagcc

aaaaaaaaaa

accaagagga

aaagggggag

tttggaagcc

atggcgaaac

gtgcacacct

ggatgtcgag

ccatctcaaa

gatagataaa

aaataaccca

aaagacagta

aaagcaacaa

caatgtccag

atctaaacag

102/103



attcagggtt
1320

agacagagtt
1380

caacctcgac
1440

tacaggtatt
1500

ccatgttagt
1560

.ccaaagtgct
1620

tcttggtctg
1680

cctcccagat
1740

cagcaaatcc
1800

ggaggaggag
1860

cttttaaggt
1920

aggtgacgca
1970

ttggtttttt

ttgctcttgt

ctcccaggta

tgccactaag

caggctggtc

gggattacag

ttgcccaggce

tcaagcgatt

ctctgagccg

gtctaagtcc

gaagaggccc

ccatctagag

tttaatcgca

tgcccagget

caagcgattc

cccagctaat

gggaactcct

gcgtgtgceca

tagagttcag

ctcctgectce

cccceccggggg

caggcccaat

gggctgatcc

ctgcegtegg

45007

attaggtggc
ggagtgcaat
tcctgtctca
tgttttttat
gacctcagga
ctgtgcccag
tggcgccatc
gacctcccag
ctcgecteag
taagagatca
cactggccgg

ggacagggct

27

ctgttaaatt

ggctcgatct

gcctcccaag

ttagtagaaa

gatctacccg

ccactttttt

tcagctcact

tagctgggat

gagcaaggaa

gatggtgtag

tataaagcac

ttccatagcec

ttttttettyg

tggctcaccg

tagctgggag

cggggtttceca

ccttggecte

ttagacagag

gcaacctccg

tacaggtttce

gcaaggggtg

gatttgggag

cgtgacccte
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