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Linh vuc ky thuit dwec dé cap

Sang ché cap dén hat nano bao gdm chitosan dugc khtr axetyl hoa mot phin va
ss hoic dsARN bb sung, lién két mot phén véi hodc it nhat 14 90% tuong déng véi dich
mARN cta virut giy bénh & dong vat gidp xac duoc nudi, ché pham va dong vat giap
xéc duoc nudi sdng thiy sinh chira hat nano nay, va phuong phép dé str dung ché pham

trong didu tri hodc phong ngira lay nhidm virut trong nghé nudi trdng thuy san.
Tinh trang ky thuit ciia sing ché

Nudi tréng thiy san di trd thanh mét trong nhitng nganh phat trién nhanh nhat
ctia san xudt thuc phim tir dong vét trén thé gidi. Su gia tdng nhanh chéng nay duoc
thiic day do giam trit lwong thily san ty nhién va gia ting nhu ciu vé hai san & Mg, Chau
Au va Nhat Ban.

Mac du sy phat trién nhanh cta cua nghé nudi tom va viéc tiép tuc m& rdng cua
n6 sang cac ving va lanh thd khac nhau, su gia tang nghé nuoi tém di lam ting cac nhan
t6 4p luc ma lam tang tinh man cam déi voi bénh. Cac nhan td lién quan dén su lay
nhiém bénh bao gém ao quéa dong, cho in quéa murc, thiu cac didu kién dinh dudng va

chat luong nude kém.

Do san xuit néng nghiép tiép tuc tang thi phin so véi trir luong tu nhién. nén co
tac dong cua bénh 1én viéc nuéi tom. Cac nha san xuat da ap dung thuc hanh nhu mat
do tha giéng cao hon, nudi ao ndi dia nhod hon, va ti 1& cho an cao hon dé tang su canh
tranh. Pidu nay dan dén lam gia tang d6 nhay cam d6i voi bénh lay nhiém, cu thé 1a cac
tac nhan gdy bénh la virut sau d6 1a lay nhiém vi khuan thi cdp. Cac bénh virut nhu
virut gdy bénh ddm trang (WSSV - White Spot Syndrome Virus) da trd thanh dich bénh
16n va dan dén thiét hai toan ciu hang ti d6 la. Vi du, WSSV dugc phét hién dau tién
vao ndm 1992 sau mdt vai dot bung phéat bénh gay tir vong cao xay ra trang tai nudi tom
& Dai Loan. Nguoi ta di tinh toan ring chi riéng chiu A da thiét hai khoang 6 ti d6 la
My tir nam 1992, va khu vuc chau My 1a tir 1-2 ti 46 la M do lay nhiém WSSV nam
1999.

Theo vi du khac, Ecuador trai qua thiét hai rét 1on, 65% thiét hai trong san XUat
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duoc tinh toan sau khi 14y nhiém WSSV va diéu nay giai thich, chi tinh thiét hai dbi voi
xuat khiu, hon mot nira ti d6 la M§. Ngoai ra, mat 130.000 cong viéc va hon 100.000
hecta ao hd bi bo (dé tim hiéu thém vé WSSV, xem, McClennen, Master of Arts Thests,
Tufts University website under “fletcher”). Tuong tu, Peru da trai qua su giam san luong
nhanh chéng xudng 1/10 nam 2000 so véi san luong nam 1998 vai 85% ao hd nudi tdm
bi vt bd, va thiét hai 9 ti d6 la My chi tinh riéng minh chi phi nu6i. O Trung Quéc,
ngudi ta da udce tinh khoang 80% tdng san luong thiét hai hing nim do WSSV.

Virut gay bénh dém tring (WSSV) la mot trong sb céc tic nhin gy bénh lay
nhiém nguy hiém nhét cho nganh cong nghiép nudi tém trong hon hai thap ky qua. Ti
16 tir vong tich liiy lién quan dén WSSV thuong lén dén 100% trong vong tir 2 dén 5
ngay ké tir khi bat diu c6 ddu hiéu 1am sang. Virut c6 pham vi vat chti 12 dong vat chan
d6t rong bao gém tém cang xanh, tdm hum, cua nudc ngot va mot sd loai cua bién.
WSSV thudc chi Whispovirus (xem tai website NIH NCBI dudi co s¢ dit liéu ICTV)
thudc ho virut Nimaviridae. Pay 1a virut dSADN c6 hinh dang que, ¢ vé boc ¢ chiéu
dai x4p xi 12 275nm va chiéu rong 1a 120nm voi cac phan phu dang dudi tai mot dau.
Giai trinh tu ctia toan bo bd gen WSSV da chi ra ring né c6 184 khung doc m¢& ORF,

nhung vai trd ctia nhiéu protein virut ndy van chua duogc biét dén.

Xap xi khoang 40 protein ciu triic di duoc xac dinh trong WSSV, bao gdm 22
protein mang. Bo gen WSSV chita 5 protein céu tric chinh da dugc biét dén: VP28,
VP19, VP26, VP24 va VP15. Céc nghién ctru vé cac protein virut WSS da chi ra ring
VP28 va VP19 lién quan dén vo boc virion. VP26 déng vai trd 1am protein vo lién két

hai protein lién quan dén nucleocapsit VP24 va VP15 véi vo boc.

Gan day, khong c6 vacxin, liéu phap diéu tri hodc, su can thiép thuong mai sin
c6 doi véi cac tac nhan gay bénh gay ra thiét hai kinh té nghiém trong doi voi cac dong

vat khong xuong thiy sinh va cu thé 1a doi voi cac quoc gia san xuat tom.

Ngudi ta di phét hién ra rang tom he c6 co ché ndi bao can thiét dé gin két dap
tmg can thi€ép vao ARN ddc hiéu gen (ARNi: gene-specific ARN interference) dap tng
céc (ds)ARN soi kép, bao gém ribonucleaza loai Dicer-1 (Su va cong su, 2008) va
protein twong tu Argonaut (Unajak va cong su 2006, Dechklar va cong su 2008). Su ton
tai clia co ché ARNi gan day duoc sit dung dé xac dinh céc chirc nang gen ¢ tom. Ngoai

ra, co ché dap tmg ARNI ¢ tom cé tiém nang lam cac phuong thire can thi€p vao su sao
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chép cua virut va cdc tdc nhan gay bénh khic dé bao vé tdm chong lai mot s6 bénh

nghiém trong c6 tam quan trong kinh t€ doi v&i nghé nuéi trong thiy san.

Su lay nhidm & cac loai tdm khac nhau véi cac dsARN hodc ARN virut nhdm
trung dich dsARN dang kep toc dd dugc chi ra dé can thiép vao su sao chép virut va
cung cép it nhat 1a su bao vé ngén han chéng lai bénh hodc ti 1€ t&r vong do virut gay
bénh dém tring (WSSV) (Robalino va cong su, 2004, Robalino va cong su 2005,
Sudhakaran va cong su 2011), virut gdy hdi ching Taura (TSV: Taura syndrome virus)
(Robalino va cong su, 2004, Robalino va cong su 2005), virut gdy bénh dau vang (YHV:
yellow head virus) (Yadmuang va cOng su, 2006) va virut lién quan dén mang (Sellars

va cOng su, 2011).

Ngoai viéc lam cam ADN, su ¢ ché c4c gen ndi sinh lién quan dén virut nhu
Rab7 tuong tac vdi cac protein mang virut, da dugc phat hién dé cai thién strc dé khang

ctia tém ddi voi cac bénh virut (Ongvarrasopone, 2008).

Trong khi bang chtng thuc nghiém la dsARN c6 thé bao vé t6m chéng lai bénh
do virut mang lai nhiéu htra hen, hién tai khong c6 giai phép nao duge phat trién dé phan
phdi hiéu qua dsARN cho trang trai thuong mai. Cong bé don yéu cau cap bing doc
quyén sang ché M§ $62015/0159156 cua Inberg va cong su bdc 16 su phan phéi dsARN
nhim tring dich khang Varroa cho cac dong vat chan dét (ong mat) bang cach cung cap

dsARN.

Coéng bd don yéu cau cdp bing doc quyén sang ché My s6 2014/0371295 cia
Loy va cdng su boc 16 su phan phéi cac sinh vat nham tring dich dsARN c6 kha nang
gay bénh cho tém va cic dong vat khong xuong thity sinh (cu thé 13 virut Myonecrosis)
béng cach cho an, tiém, cung cép biolistic, ngdm, tao bao tir, lipoxom, céc hat replicon
alphavirut va cac dang khic ctia vé bao. Cong bd don yéu cau cap bang doc quyén sang
ché M§ s6 2005/0080032 ctia Gross v cong su boc 16 su phan phdi cac vi sinh vat ky
sinh/gdy bénh nhim trang dich dsARN ctia dong vét khong xuong séng & bién bing
céch tiém, &n, ngam, bao vo, dic biét 1a bang cach phan phéi sinh hoc vi khuan cia cac
vi sinh vat dugc xay dung vé mit di truyén hoc biéu hién dsARN. Céc cong bo don lién
quan khéc bao gdm US 2013/0245091 va patent M§ s6 9,011,919 ctia Rozema va cdng
su, US 2014/0335192 ctia Ward va cong su, US 2011/0033547 cta Kjems va cong su

va cong bd don sang ché quic té sé WO 2008/003329 ctia Besenbacher va cong su.
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Ban chit k§ thuit ciia sang ché

Theo khia canh ctia mét s6 phuong an, sang ché dé xuit hat nano chitosan-ARN
chua chitosan duoc khir axetyl héa mot phan va it nhat mét trinh tw ARN, trong do muc

d6 khir axetyl hoa cta chitosan ndm trong khoang tir 35% dén 59%.

Theo khia canh ctia mét sb phuong 4n, sang ché dé xuét dugc thuc phém chira
thirc an cho dong vat gidp xac dugc nudi va hat nano chitosan-ARN nhu dugc mo ta

trong ban mo ta nay.

Theo khia canh ctia mét sb phuong 4n, sang ché dé xuét dong vat giap xac dugc
nudi chira hat nano theo diém bat ky trong 36 cac diém tir 1 dén 12 hodc dugce thuc phém
nhu dugc md ta trong ban mo ta nay.

Theo khia canh ctia mot s6 phuong an, sang ché dé xuat phuong phéap xur 1y hoac
phong ngtra bénh hodc tinh trang & dong vat giap xac duoc nuoi lién quan dén virut gay
bénh, phuong phap nay bao gdm viéc cung cip cho dong vat gidp xac duoc nudi ché

phém hat nano hoac dugc thuc phém nhu dugc mo ta trong ban mo ta nay.

Theo mot sb phuong an cia sang ché, it nhat mot trinh tu ARN 1a c6 chiéu dai

it nhat 1a 40 bazo.

Theo mdt s6 phuong an ctia sang ché, trinh tw ARN ¢6 kha nang dinh hudéng su
phan cit ctia ARN dich thong qua con dudng ARNI.

Theo mot s6 phuong &n ctia sang ché, trinh tu ARN c6 thé lam cadm su biéu hién

ctia gen khi dugc sir dung cho co thé biéu hién gen nay.

Theo mdt s6 phuong én cia sang ché, hat nano la hat nano on dinh, chua it nhat

60% ARN trong mdi truong chira nudc.

Theo mét s§ phuong 4n clia sang ché, hat nano 14 hat nano 6n dinh, chua it nhét

70% ARN trong mdi truong chira nudc.

Theo mdt sd phuong an cua sang ché, hat nano 1 hat nano dn dinh, chira it nhét

80% ARN trong mo6i trudng chira nudc.

Theo mét s6 phuong 4n cta sang ché, pH cua moi truong chira nude ndm trong

khoang tir 4,2 dén 8,0.

Theo mot s6 phuong an cua sang ché, pH ctia moi truong chira nudc 1a 7,5.
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Theo mét s& phuong 4n ctia sang ché, it nhit mdt oligonucleotit ARN 1a ARN
soi don (ssARN - single stranded RNA).

Theo mdt s& phuong an cta sang ché, it nhat mot oligonucleotit ARN 1a ARN
so1 kép (dsARN - double-stranded RNA).

Theo mot s6 phuong &n cua séng ché, hat nano chitosan dugc mo ta trong ban
md ta nay tang cuong kha ndng song sot cua tdm bang viéc cho an hat nano chitosan-

ARN.

Theo mdt sd phuong 4n cua sang ché, it nhat mét trinh tu ARN cua hat nano
chitosan-ARN, dugc thuc pham, dong vét gidp xac duoge nudi hodc phuong phap dugc
md ta trong ban mo ta nay chira it nhat mot trinh tw ¢6 kha nang lién két thong qua bazo
b tro bét cip voi phan tr mARN dich ctia virut gdy bénh & dong vét gidp xac duoc
nuodi.

Theo mdt sb phuong 4n ciia sang ché, it nhat mot trinh ty ARN clia hat nano
chitosan-ARN, dugc thuc pham, dong vat gidp xdc duoc nudi hodc phuong phap duoc
mb ta trong ban mo ta nay chta it nhat mot trinh tu ¢6 do tuong dong trinh tu it nhat

90% v&i phan tt mARN dich cua virut gdy bénh ¢ dong vat gidp xac dugc nuoi.

Theo mét sb phuong an cla sang ché, it nhit mot trinh tu ARN cia hat nano
chitosan-ARN, dugc thuc phdm, dong vat giap xac dugce nudi hodc phuong phap duoc
md ta trong ban md ta nay chira it nhat mot trinh tu bé tro it nhat mot phan voi phén ti

mARN dich cta virut gdy bénh ¢ dong vat giap xac dugce nuoi.

Theo mot s6 phuong an cua sang ché, it nhét mot trinh ty ARN cuta hat nano
chitosan-ARN, duoc thuc phém, dong vat gidp xac dugc nudi hodc phuong phap dugc
md ta trong ban mo ta nay chira it nhat mét trinh tu tuong dong véi it nhit 20 bazo lién

ké ctia phan tit mARN dich ctia virut gy bénh & dong vat giap xac duoc nudi.

Theo mdt s& phuong an cua sang ché, it nht mot trinh tw ARN cua hat nano
chitosan-ARN, duoc thuc phém, dong vat giap xac dugc nudi hodc phuong phap duoc
mo ta trong ban mo ta nay chira it nhat mot trinh tu ¢6 kha nang lién két thong qua bazo

bd trg bét cip v6i phan tir mARN dich cua dong vt gidp xac dugc nudi.

Theo mdt s6 phuong an cta sang ché, it nhdt mot trinh tw ARN cua hat nano

chitosan-ARN, dugc thyc pham, dong vat gidp xéc dwoe nudi hodc phuong phap duoc
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md ta trong ban md ta nay chtra it nhat mot trinh tu tvong dong voi it nhat 20 bazo lién

ké ctia phan tir mARN dich cua dong vat gidp xac dugc nudi.

Theo mdt sb phuong an cua sang ché, it nhat mot trinh tw ARN cua hat nano
chitosan-ARN, dugc thuc phém, dong vat giap xac duogc nudi hodc phuong phap duoc
mo t& trong ban md ta nay chira it nhit mot trinh tu bd tro it nhat mot phan véi phan tir

mARN dich cua ddng vat gidp xac dugc nuoi.

Theo mot sb phuong &n cia sang ché, it nhat mot trinh tu ARN cua hat nano
chitosan-ARN, dugc thuc phérn, dong vat giap xac dugc nudi hodc phuong phap dugc
mb ta trong ban md ta ndy chira it nhat mot trinh tu twong ddng véi it nhat 20 bazo lién

ké cua phan tr mARN dich cua dong vat giap xac dugc nudi.

Theo mét s6 phuong an cua sang che, muc do khir axetyl héa cua chitosan dugc

xac dinh béng chun d6 dién thé.

Theo mdt sO6 phuong an cua sang che, mic do khir axetyl hda cua chitosan nam

trong khoang tir 40% dén 59%, tir 45% dén 55%, tir 43% dén 58%, hodc 45% dén 50%.

Theo mot sO phuong 4n cta sang che, mac do khir axetyl hoa cta chitosan 1a

55%.

Theo mdt s6 phuong an cua sang cheé, mic do khir axetyl hoa cta chitosan la

35%.

Theo mdt s6 phuong &n cua sang ché dong vat giap xac dugc nuodi duoc chon tu

nhém bao gom tom, tom sy, cua, tdm hum va tdm hum dat.

Theo mot s6 phuong an cia sang che, dong vat gidp xac dugce nudi 1a tom va tdm
su.

Theo mot sO phuong an cia sang che, tdm va tom st dugc chon tir nhém bao
gom Litopenaeus vannamei, Panaeus monodon, Penaeus japonicas va Macrobrachium

rosenbergii.

Theo mét s6 phuong 4n clia sang ché, virut dugc chon tir nhém bao gdm virut
gdy bénh dom tring (WSSV, s truy cap AF332093), virut gay hoi ching Taura (TSV,
sé truy cap NC_003005), virut gdy bénh dau vang (YHV, sb truy cap FI848673.1). virut
lién quan dén mang (GAV, s6 truy cap NC_010306.1), virut gay bénh hoai tir co quan
tao mau va co quan biéu mé (THHNV, s6 truy cap NC_002190), virut gay bénh hoai tir
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co (IMNV, s truy cip KR815474.1), bénh dudi tring (Macrobracium rosenbergii
nodavirus, MrNV, sb truy cdp NC_005094.1 (doan 1) va NC_005095.1 (doan 2)) va
virut gdy bénh hoai tir tuy lay nhiém (IPNV, s6 truy cdp NC _001915.1 (doan A) va
NC _001916.1 (doan B)).

Theo mdt s6 phuong 4n cta séng ché, ARN khong c6 do tuong dong hodc dong
nhét dang ké bat ky vai trinh tw bat ky trong s céc trinh tu gen vat chi la dong vt giap

xac dugc nuoi.

Theo mot sb phuong an cta sang ché, trinh tu b6 tro mot phﬁn hoac trinh tu c6
kha ning lién két thong qua bazo bd tro bt cip voi phan tir axit nucleic dich ctia it nhat
mot trinh tw ARN bd trg voi trinh tu ctia phén tu axit nucleic dich co chiéu dai it nhét
20, it nhat 40, it nhat 50, it nhdt 75, it nhat 100, it nhat 150, it nhat 200, it nhat 250, it
nhit 400, it nhat 500, it nhat 600, it nhat 750 bazo.

Theo mdt sd phuong 4n cua sang ché, it nhat mdt trinh tu ARN chua it nhat mot
trinh ty twong dong véi it nhat 21 bazo lién ké ctia phan tt mARN dich cua virut gay
bénh & dong vat giap xac duge nudi tuong ddng vdi it nhat 30, it nhat 40, it nhat 50, it
nhét 75, it nhat 100, it nhat 150, it nhit 200, it nhat 250, it nhat 400, it nhat 500, it nhat
600, it nhit 750 bazo cua phan tt mARN dich.

Theo mdt s6 phuong 4n ctia sang ché, ARN bao gdm trinh tu axit nucleic bd trg

v6i trinh tu axit nucleic dugc chon tir nhém bao gém cac SEQID NO: 1,2,3va 5.

Theo mot s6 phuong an ctia sang ché, ARN bao gdm trinh tu axit nucleic tuong
ddng v6i it nhit 21 bazo lién ké cua trinh tu axit nucleic duoge chon tir nhém bao gdm

cac SEQID NO: 1, 2,3 va s.

Theo mét sb phuong 4n ciia sang ché, ARN bao gom trinh tu axit nucleic bo tro
voi trinh tu axit nucleic duoc chon tir nhom bao gém cac SEQ ID NO: 59, 64, 77, 78 va
79.

Theo mét s6 phuong an ctia sang ché, ARN bao gdém trinh tu axit nucleic tuong
déng véi it nhit 21 bazo 1ién k& cua trinh tu axit nucleic duge chon tir nhém bao gém

cac SEQ ID NO: 59, 64, 65, 77, 78 va 79.

Theo mdt s6 phuong 4n ctia sang ché, phan tir mARN dich cua dong vat giap xac

dugc nudi 1a mARN lién quan dén tinh man cdm va dap tmg vé6i lay nhiém ctia dong vat
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giap xac duogc nudi doi véi virut gdy bénh ¢ dong vat giap xac dugce nuoi.
Theo mot s0 phuong an ctia sang che, phan tt mARN dich ctia dong vat gidp xac
dugc nudi bao gom trinh ty mARN Rab7 hodc cac doan ctia no.

Theo mot sb phuong 4n ctia sang ché, hat nano chitosan-ARN chta trinh tu ARN

duoc chon tir nhém bao gém cac SEQ ID NO: 47, 53, 54.

Theo mét s6 phuong an ciia sang ché, hat nano chitosan-ARN chtra it nhat mot
trinh tw ARN b6 sung c¢6 kha ning dinh huéng su phan cit cia phan tir mARN dich cua
virut gay bénh ¢ dong vat gidp xéc duge nuoi.

Theo mét sd phuong an cta sang ché, it nhat mot trinh tw ARN va it nhat mét
trinh tw ARN b sung duogc dinh hudng dén mARN cua cung mot virut.

Theo mdt sb phuong an cua sang ché, it nhat mot trinh tr ARN va it nhat mot

trinh tu ARN bd sung dugc dinh hudng dén mARN cua céc virut khac nhau.

Theo mot s6 phuong an cta sang ché, kich thudc hat ctia hat nano nim trong
khoang tir 50 dén 500nm, tir 65 dén 350nm, tir 75 dén 300nm, tir 80 dén 250nm, tir 100
dén 200nm, tir 120 dén 180nm, tir 150 dén 250nm va tir 140 dén 160nm, nhu duoc do
bdi duong kinh trung binh z hiéu qua.

Theo mot sb phuong &n cia sang ché, kich thudc hat cua hat nano nim trong

khoang tir 100 dén 200nm, nhu duoc do boi dudong kinh trung binh z hiéu qua.

Theo mdt sd phuong &n cua sang ché, dién tich bé mat (dién thé z) cua hat nano
nam trong khoang tir 5 dén 100mV, tir 10 dén 90mV, tir 15 dén 85mV, tir 15 dén 25mV,
tir 20 dén 75mV, tir 30 dén 60mV, tir 40 dén 50mV va tlr 45 dén 50mV, khi dugc do &
pH 4.6.

Theo mdt sd phuong &n cta sang ché, dién tich bé mit (dién thé z) cua hat nano

nam trong khoang tir 150 dén 250mV khi dwoc do & pH 4.6.
Theo mét s6 phuong an ctia sang ché, chitosan duoc lién hop véi biotin.
Theo mét s6 phuong an ctia sang ché, chitosan duoc lién hop véi axit glucuronic.
Theo m6t s6 phuong 4n ctia sang ché, chitosan duoc lién hop véi polyme.

Theo mdt sb phuong 4n ciia sang ché, polyme dugc chon tir nhém bao goém

poly(lysin) (PLL), polyetylenimin mach thing (I-PEI), polyetylenimin mach nhanh (b-
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PEI), poly(etylen glycol) (PEG), Poly(amido amin) dang canh G3 (PAMAM),
poly(amino amin) mach thang (PAA), poly(lactit-dong-glycolit) (PLGA) va poly (beta-
amino este) (PBAE).

Theo mdt s6 phuong an ctia sang ché, polyme 14 polyetylen glycol (PEG).

Theo mdt sb phuong an cia sang ché, mic d6 PEGyl hda ctia hat nano chitosan-
ARN nim trong khoang tir 1 dén 60%, tir 5 dén 50%, tir 10 dén 40%, tir 15 dén 35%, tir
5 dén 40% va tir 20 dén 30%.

Theo mét s6 phuong 4n cia sing ché, ti 1& polyme-chitosan/ARN d6i véi
chitosan-ARN 1a ndm trong khoang tir 2:1 dén 15:1, tir 4:1 dén 12:1, tr 5:1 d&én 10:1 va

tr 6:1 dén 8:1 dbi voi chitosan.

Theo mot sb phuong an cta sang ché, ti 1& polyme-chitosan/ARN déi voi
chitosan-ARN 1a 8:1 ddi véi chitosan duoc khir axetyl hoa cao va 50:1 dbi véi chitosan

dugc khtr axetyl hoa 55%.

Theo mdt s6 phuong an cua sang che, viée dn hat nano hodc dugc thuc pham boi
dong vat giap xac duoc nudi din dén lam gidm mirc do virut gy bénh ¢ dong vat giap
xac duoc nudi, so véi cung dong vat giap xac dugc nudi an thirc dn khong chira ARN

duoc nhidm trang dich san phdm gen cua virut giy bénh.

Theo mot sd phuong an ctia sang ché, viéc an hat nano hodc duoc thuc phém boi
dong vat gidp xac duoc nudi dan dén kha ning sdng sot, nang suat, tbe do ting trudng,
stc séng, sinh khéi, chuyén ddi thtc an, kich thudc, chat lugng huong vi hodc mui vi
hoac kha nang chiu dung ap luc cua dong vat gidp xac duoc nudi tang lén, so v cung
dong vt giap xac dugc nudi an thic an khong c6 ARN nham trung dich san pham gen

cua virut gdy bénh.

Theo mot s6 phuong an cia sang che, dong vat gidp xac dugce nuoi la tom, va ché
pham hat nano hodc dugc thuc pham dugc cung cap vai tan suat tir 1 dén 3 lan an trén
modi chu ky sdng.

Theo mot s6 phuong an ctia sdng che, dong vat gidp xac dugc nuodi la tdm, va s6
1an cho #n it nhat 14 hai 1an cho dn mdi ngay trong khoang thoi gian it nhat 1a 5 ngay.

Theo mot s6 phuong an cua sang che, dong vat giap xac duoc nudi la tdm, va

trong d6 duoc thuc pham duoc cung cap vai liéu lugng nam trong khoang tir 3 dén 10%
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khéi luong co thé tom mdi lan cho dn mdi ngay.

Trir khi duoc chi ra theo cach khac, tAt ca cac thuat nglt k¥ thudt va/hodc khoa
hoc duge str dung trong ban mé ta nay cé cling mot nghia nhu nhu thudng duge hiéu
boi ngudi ¢6 hiéu biét trung binh trong linh vurc clia sang ché. Mic du phuong phap va
nguyén liéu tuong tu hodc tuong duong véi phuong phap va nguyén li¢u dugc mo ta
trong ban md ta nay cé thé dugc sir dung trén thuc té hodc thir nghiém theo cac phuong
4n cla sang ché, nhung céc phuong phap va/hoic nguyén lidu vi du s& dugc md ta dudi
day. Trong trudong hgp mau thuan, bin mo ta sang ché, bao gdm cac dinh nghia s& didu
chinh. Ngoai ra, cac nguyén li¢u, phuong phép, va vi du la chi lam minh hoa va khong

nham gidi han sang ché.
Mo ta van tat cac hinh vé

Mot s6 phuong an clia sang ché dugc mé ta trong ban md ta nay, bang cach 1a vi
du minh hoa, v6i tham chiéu dén céc hinh v& kém theo. Bay gio, tham chiéu cu thé dén
cac hinh v& chi tiét, can phai luu y ring cac phan cu thé duoc hé hién bang cach vi du
va chi voi muc dich minh hoa cho cdc phuong 4n cta sang ché. Vé van dé nay, phan mé
t4 v&i cac hinh v& kém theo 1am cho sang ché tro nén rd rang doi voi ngudi co hiéu biét
trung binh trong linh vuc k¥ thuat nay vé cach ma cac phuong an theo sdng ché dugc

thuc hién.
Céc hinh v& bao gdm:

FIG.1 1a hinh minh hoa c4c thay dbi héa hoc xay ra trong phan tmg N-axetyl hoa

cua chitosan;

FIG.2 1a biéu d6 minh hoa mirc d6 axetyl héa cua chitosan (duoc biéu hién duéi
dang muc d6 khir axetyl hoa giam) 1a ham sé ctia ndng d6 anhydrit axetic. Luu ¥ ham

56 vé co ban tuyén tinh trong sudt toan bo khoang nong dé cuia anhydrit axetic:

Céc hinh v& tir FIG.3A dén FIG.3C la cac anh chup gel agaroza minh hoa anh
huong cia mic do khir axetyl hoa 1én hidu qua lién két dsSARN chitosan dbi véi chitosan
khong dugc xur 1y (FIG.3A), din xuat chitosan H42 (FIG.3B, muc khir axetyl hoa
41,6%) va dan xuét chitosan H35 (FIG.3C, muc khir axetyl héa 35,1%). Trong tit ca
cac gel, duong 1 1a chi thi ADN, duong 2 1a dbi chung dsARN tu do va cac duong 3-14
1a cac ché phém hat nano cé céc ti 18 khéi luong polyme/Rab71a 1, 2, 4, 6, 8, 10, 15, 20,
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25, 30,35 va 40. Luu y réng dan xuét chitosan c6 mic d6 khir axetyl héa cao hon
(FIG.3A) lién két voi dsARN d& dang hon céc din xuat c6 mirc do khir axetyl hoa thap
hon (FIG.3B va FIG.30);

Céc hinh v& FIG.4A-FIG.4B 1a cac biéu dd minh hoa cac thay ddi vé cac tinh
chat vat Iy anh hudng dén cac twong tac té bao (kich thuée hat - FIG.4A va dién tich bé
mat [dién thé zeta] - FIG.4B) cta cac hat nano, dugc v& d6 thi duéi dang ham sb ti 1&
khéi luong polyme/Rab7 ciia céc hat nano chitosan-dsARN. FIG.4A thé hién tic dong
cla ti 16 khoi lugng ctia cac hat nano H42/Rab7 dugc gia tdng 1én kich thudce hat nano
(twong quan duong). FIG.4B thé hién tac dong cua su axetyl hoa 1én dién tich bé mat
(dién thé zeta) cua cac hat nano chitosan. Luu y ring ti 1& khéi luong ting 1én dan dén
tang kich thude hat nano (FIG.4A), trong khi cac hat nano duoc diéu ché tur chitosan da
duoc N-axetyl héa mot phan (H42 va H55) khac biét rd rang & chd cac gia tri dién thé
zeta (FIG.4B) thip hon cic gia tri cta chitosan khong dwoc xir ly;

FIG.5 1a biéu d6 minh hoa sy [am cAm gen hiéu qua ¢ tdom bdi viéc cung céip hat
nano chitosan-dsARN theo duong st dung thirc an. Tém dugc cho an véi ché pham ché
d6 an chira hdn hop Rab7 (ARN tu do), H35/Rab7 (ti 1é khéi luong 50), H42/Rab7 (ti
1¢ khéi luong 40), H55/Rab7 (ti 1& khéi lugng 30) va Cs/Rab7 (ti 18 khéi luong 8) hoic
cho an binh thuong hai 1an mdi ngay trong 5 ngay (cung cép theo dudng an thuc an
1,5ng Rab7 mdi con tdm mdi 1an cho an mdi ngay), va 48 gid sau lan cho an cudi cung.
tit ca cdc con tom bi giét chét va chiét xuat ARN tong sé dé phan tich RT-PCR. Luu y
ring viéc lam cAm in-vivo hiéu qua bang hat nano chira cac dan xudt chitosan duge N-

axetyl hoa mot phan (H42 va H35) va dsARN;

Cac hinh vé& tir FIG.6A dén FIG.6C la cac biéu 6 minh hoa tic dong lién hop
PEG lén hi¢u qua lién két dsARN (FIG.6A) va cac tinh chat vt 1y (FIG.6B va FIG.6C)
clia chitosan. Phan tich gel (FIG.6A) chi ra rang lién két ctia c4c hat chitosan véi PEGyl
hoa bi giam di, con thé hién boi cac gia tri dién tich bé mat (zeta) giam (FIG.6C) va kich
thudce hat 16n hon (FIG.6B);

FIG.7A va FIG.7B la cac biéu dd minh hoa tac dong cua lién hop PEG 1én cac
tinh chat vat Iy (kich thuéc) cta dan xuét chitosan H55. Luu y rang su giam vé duong
kinh hat trung binh ctia dan xuét chitosan HS5 duogc PEGyl héa (FIG.7A) va tac dong

rd rét clia sw nghién bang séng am 1én kich thudce hat din xuét chitosan H55 duoc PEGyI
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héa (FIG.7B);

FIG.8 1a biéu dd minh hoa sy 1am cam gen hiéu qua & tdm bang cach cung cap
theo dudng 4n thirc 4n cac hat nano dsARN dan xuét chitosan va chitosan dugc PEGyl
héa. Tém duoc cho dn véi cac ché pham ché do an chira Rab7 tur do (ARN tu do), cic
hat nano dsARN chitosan va chitosan dugc PEGyl hoa (80/20) (PEG-Cs/Cs), HSS va
H-55 duogc PEGyl hoa (50/50) va H55/HSS duge PEGyl héa (90/10) c6 0,02 mol cua
phtic hop protamin hodc cho dn binh thuong hai 1An mdi ngay trong 5 ngay (cung cap

theo dudng 4n thirc 4n 1,5ug Rab7 mdi con tém mdi lan cung chp mbi ngay).

48 gid sau lan cho an cudi cling tAt ca cac con tom bi giét chét va chiét xudt ARN
téng s6 d& phan tich RT-PCR. Luu ¥ ring viéc 1am cdm in-vivo hiéu qua bang céc hat

nano chtta dan xuét chitosan dugc N-axetyl hoa mot phan PEGyl hoa (HS5) va dsARN;

Céc hinh v& tir FIG.9A dén FIG.9D 1a c4c hinh minh hoa gel thé hién tic dong
clia mirc d6 khir axetyl hoa 1én tinh 6n dinh clia hat nano chitosan-dsARN trong moi
truong chtra nudc, thong qua khoang gia tri pH (FIG.9A 1a pH 4,6, F1G.9B la pH 7,0 va
FIG.9C 1a pH 8,0) va thoi gian u (FIG.9D la din xuat chitosan H55-dsARN & pH 7, tir
0 dén 240 phit), dsRab7 ARN (250bp), duoc tao phirc hop véi cac din xuét chitosan
H55(DD=55%, NP1), H42(DD=42%, NP2) hoic H35(DD=35%, NP3) dugc boc 16 dbi
v6i viée tang pH bang NaOH 1M, va dugc 1dm mau cho phan tich gidi phong dSARN
bang dién di gel. M=100bp chi thi ADN, “ARN tur do” = ARN dsRab7 khong tao phtic
hop. Luu y réng tinh 6n dinh tuyét d6i ctia cac hat nano trén co s& H55, va tinh dn dinh

mot phﬁn cua cac hat nano trén co s¢ H42 va H32;

FIG.10 1a hinh minh hoa gel thé hién d6 khang ctia dsARN phtic hop-chitosan
véi su thuy phan RNaza. ARN dsRab7 (250bp), duoc tao phuc hop véi cac dan xuat
chitosan H55(DD=55%, NP1) hoac H42(DD=42%, NP2) dugc u trong 1 gio voi RNaza
A [(I)RNaza] (su thuy phan cta “ARN tu do” la hoan toan trong 30 phut), su phan huy
duoc dimg lai bing cach bd sung chat tic ché RNaza, sau khi giai phéng ARN bing
chitosanaza [(II)RNaza + giai phong]. M=100bp chi thi ADN, “ARN tu do” = ARN
dsRab7 khong duoc tao phiic hop. Luu ¥ rang d6 khang hoan toan véi su thiy phan
RNaza cua céc hat nano trén co s¢ H55 (NP1), va d¢ khang mot ph?m cua cac hat nano

trén co s& H42 (NP2);

FIG.11 1a biéu dd cdt thé hién kich thudc hat nano bi giam cua céc hat nano Rab7
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soi don (250bp) - chitosan (c6t mau den) so v6i hat nano Rab7 soi kép (250bp) - chitosan
(cOt mau xam), trén khodang ti 1€ khéi lugng chitosan:ARN. Kich thude dugc thé hién
dudi dang duong kinh thity dong trung binh z tir phén tich tich Ity ciia ham tuong quan

sir dung d6 nhat va chi so khuc xa cta nudc;

FIG.12 1a biéu dd cot thé hién kich thudc hat nano ctia cic hat nano-chitosan
duoc tao phirc hop véi ARN dsRab7 70, 125 va 250bp (ti 1€ chitosan:ARN = 8). Kich
thudc duge biéu hién dudi dang dudong kinh thity dong trung binh z tir phan tich tich Iy

ctia ham tuong quan st dung do nhot va chi s6 khue xa cua nude;

FIG.13 13 hinh minh hoa gel thé hién d6 khang ctia dsARN phirc hop-chitosan
v6i su thity phan RNaza. ARN (ss)Rab7 soi don (250b), dugc tao phirc hgp véi chitosan
chua dugc xtr ly (DD=83%, ti 1€ khéi luong chitosan : ARN = 8) duogc u trong 1 gid véi
RNaza A [(II)RNaza] (su thuy phan ctia “ARN tu do” hoan toan trong 30 phtt), su phan
hiy dugc dung lai bang cach bd sung chit tc ché RNaza, sau d6 giai phong ARN bang
chitosanaza. M =100bp chi thi ADN, “ARN tu do” = ARN dsRab7 khong duoc tao phirc
hop. Luu y ring d6 khang hoan toan v&i su thily phan RNaza cua cc hat nano chitosan-

ssRab7;

FIG.14 1a biéu dd minh hoa su lam cdm gen in-vivo hiéu qua ¢ tom bang cach
tiétm ARN Rab7 soi don hodc s¢1 kép. Ca thé tom Peneaus vanameii duoc tiém béng
5ul (0,5 pg/g) ssRab7 (250b) hoac dsRab7 (250bp) c6 nghia hodc d6i nghia tu do khong
duoc tao phuc hop, 1% NaCl (d6i chimg) hodc hdn hop ssRab7 (250b) c6 nghia va d6i
nghia (50%/50%). Biéu hién Rab7 tuong d6i dugc thir nghiém & mang trong 24 gid sau
khi tiém tdng hop cADN tir ARN mé mang duoc chiét xudt va qPCR sir dung méi dic
hiéu Rab7. Pinh luong 1 twong d6i d6i vai ddi chimg khong duoc xir Iy dat 1a “1”. Luu
v rang viéc 1am cAm gen hidu qua véi tat ca cac ché phim ARN ds hoic ssRab7 duoc
tiém;

FIG.15 14 biéu dd minh hoa sy lam cdm gen in-vivo hiéu qua & tdm bang viéc
tiém cac hat nano dugc tao phtic hop cua chitosan ARN Rab7 so1 don hodc so1 kep. Ca
thé tom Peneaus vanameii duge tiém Sul (0,5 pg/g) dsRab7 (250bp) hozc ssRab7 (250b)
c¢6 nghia hoic dbi nghia tw do khéng tao phirc hop, dsRab7 (250bp) hoic ssRab7 (250b)
¢6 nghia hodc déi nghia duge tao phiic hop véi chitosan, 1% NaCl (d6i chimg) hodc

ARN ssRab7 c6 nghia dugc tao phttc hop véi chitosan duge xtir ly RNaza A. Biéu hién
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Rab7 tuong ddi duoc thir nghiém & mang trong 24 gid sau khi tiém tong hop cADN tir
ARN m6 mang dugc chiét xuit va qPCR st dung mdi dac hiéu Rab7. Pinh luong la
tuong d6i dbi véi dbi chung khong dugc xtr ly dat 1a “1”. Luu y rang su lam cAm gen
hiéu qua cao véi ca ARN Rab7 c6 nghia cling nhu d6i nghia soi don duoc tao phirc hop
va tu do va hoat tinh cAm gen khang RNaza cua phtc hop hat nano ARN ssRab7 c¢6

nghia - chitosan;

FIG.16 12 biéu dd minh hoa su gia ting ti 18 sbng sot ¢ tom sir dung chitosan-
dsARN sau khi 1y nhiém virut giy bénh dom tring. Nam nhém (20 con tdm mdi nhém,
4 ban sao mdi diéu tri) ctia tdm nguyén sinh (2g) nhén cac 1an tiém: Didu trj 1 (tam giac)
= doan ARN VP28 250bp (tu do) khdng dugc tao phirc hgp, SEQ ID NO: 59; diéu trj 2
(“X) = doan ARN VP28 125bp (tu do) khong dugc tao phirc hop, SEQ ID NO: 64:
diéu tri 3 (hinh kim cuong) = doan ARN VP28 250bp - glu-chitosan, SEQ ID NO: 59:
diéu tri 4 (vong tron chim) = hdn hop ctia 3 trinh tw ARN chtra 4 gen: VP28, VP19
[VP19+VP28- (SEQ ID NO: 77)], rr2 (SEQ ID NO: 78) va wsv477 (SEQ ID NO: 79).
Dbi chimg duong (vong tron méd) = 2% NaCl + WSSV va d6i chung émv(hinh vuong)
= 2% NaCl. Virut WSSV (lay nhiém vao co thit cia tom, x4p xi 107 hat WSSV mdi
gam, lidu lugng = 5% khdi lugng co thé) duge cung cap cho céc nhém diéu tri 1-4 va
nhém dbi chimg dwong bing cach tiém & 48 gio va tiém lap lai & 65 gid sau xtr Iy, Ddi
chung 4m giit khong bi 1y nhiém.

Sau khi tiém (c4c ngay sau khi tiém, dpi), dém sb tom trong mdi nhom hai lan
mdi ngay va ghi lai kha nang song sét qua 18 ngay. Luu y rang su khoi phat nhanh va
muc dé nghiém trong ctia bénh & cac ddi chimg duong duge xtr ly salin (vong tron md),
ti 16 séng s6t cia nhom tiép nhan ARN virut bang viéc tiém ting 1én, va ti 1¢ song sot
cao véi viée st dung hat phuc hop ARN WSSV-glu-chitosan-ds (diéu tri 3) hodc hdn
hop ctia cac ARN virut (didu tri 4);

FIG.17 14 hinh minh hoa gel thé hién twong quan gitra ti & séng s6t va d6 khang véi lay
nhiém WSSV & tdm duoc diéu tri béng chitosan-dsARN. Nam nhém tdm bi 1ay nhiém,
nhu duoc mé ta trong FIG.16 (T1-T5: Phuong phép diéu tri 1-3, Pos: dbi chiing duong)
va mot nhém giit cac trinh tw WSSV (Neg: ddi chimg am) khong lay nhiém va khong
dugce xir Iy duge phét hién trong cdc mau md tlir cac nhom khac nhau bai phat hién PCR
duoc dat vao tai 4, 7 va 14 ngay sau khi lay nhiém (dpi). T = nhom diéu tri (T1. T2. T3).
EF-1 — gen ddi chiéu cho dbi chtimg PCR. Thang kich thuéc M = 100bp. Mau 4 va 14
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ngay dugc gép ARN tir 4 ca thé trong mdi nhém, trong khi cdc miu ngdy 7 dugc thir
nghiém riéng 1& (tat ca T11, T12, T21, T22 va T23 la cac mAu tir tdm chét). “N” va «“P”
& cap dén dbi chimg PCR bén trong duong tinh va am tinh. Luu ¥ sy ving mit cla céc
trinh tw WSSV ¢6 thé phat hién & t6m dugc diéu tri khoe manh 1am miu, mic du tiép
xUc voi virut.
M ta chi tiét sang ché

Sang ché, theo mot s& phuwong an, dé cap dén phuong phép tao hat nano lién két
v&i ARN - ssARN va dsARN va, cu thé hon 14, nhung khong loai trir, dé cap dén viéc
str dung cua cac hat nano lién két véi ARN - ssARN va dsARN nay dé tang strc dé khang
ctua dong vat gidp xac sdng ¢ nude duoc nudi véi virut. Cu thé, sang ché dé xuét cac hat
ARN-chitin dugc bién déi va phuong phép ting cudng sirc dé khang d6i v6i 1ay nhiém
tac nhan gy bénh 1a virut 1én dong vat gidp xac sdng & nude duge nudi, nhu tom va tom
su.

Cac nguyén ly va thao tic theo sang ché ¢6 thé duoc hiéu 18 hon voi tham chiéu

dén cac hinh vé kem theo.

Trude khi giai thich cu thé it nhit mét phuong an cia sdng ché, can phai hiéu
rang sang ché khong chi giéi han & phan boc cu thé va vi du minh hoa dugc dua ra trong
ban md ta ndy. Sang ché co thé bao gdm cic phuong an khéc hogc duoc thuc hanh hogdc
thuc hién theo nhiéu cach khéc nhau. Ngoai ra, cAn phai hiéu ring thuat ngit va cach
dién dat dugc st dung trong ban mo ta nay chi voi muc dich miéu t& va khong nén xem
14 1am gi6i han sdng ché.

Ung dung ctia k¥ thudt cAm gen ddi voi viéc nudi thuong pham di tao ra mdi
duoc dé cap 16n, cung cip cac phuong thic c6 thé bu lai cac thiét hai do bién dong gen
ma thudng xay ra dbi véi cac loai tu nhién, nhung lam giam dang ké qua trinh thuan hoa
va giao phdi can huyét clia cac loai thvong pham. Tuy nhién, su phat trién cac phuong
thirc dé phan phdi hiéu qua va c6 hidu qua vé chi phi luong chat cAm ARN hiéu qua ddi
v6i co thé vat chu d3 duoc ching minh 1a kho nim bit.

Nghé nubi trdng thuy san, hodc nudi trang trai hodc nudi trong cac loi thiy sinh,
14 nganh cong nghiép 1au doi nhung van dang phat trién nhanh, dic biét quan trong trong
thoi gian gan day do suy giam nhiéu trit lwong nudc min va nude ngot tw nhién, va su

gia ting st dung c4 hodc hai san trong ché do n ctia nguoi phuong Tay. Cac loai thuy
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sinh thong thuong dugc nuoi bay gio bao gdm ca, dong vat giap xac, dong vat than mén

va thdm chi 13 tao bién va dong vat da gai (hai sam).

Cung v&i cac uu diém nudi trang trai, nudi quén thé thiy sinh mat do cao, va bién
ddi gen bi han ché cua quén thé duoc nudi di tao ra co hoi cho céc tac nhan gay bénh
va dic biét 1a tac nhan gay bénh 1a virut, phat trién va doi khi dat dén ti 1& dich boc phit,
dan dén thiét hai vé thu nhép va giam dang ké quan thé trit luong.

Trong khi viéc 1am cim gen boi ARNi c6 thé 1a giai phap hap din ddi voi cac
thach thirc dang cin cac phuong thirc diéu tri trong moi truong nuodi ciy (vi du, dsARN
6 thé duoc khuéceh dai trong ca thé vat chu), cac phuong phap dé phan phéi hiéu qua
va hiéu qua vé chi phi ctia tac nhan ARNi dbi voi loai thiy sinh duge nuéi chua dugce
phat trién. Céc nghién ctru cAm gen in vivo v6i cac hat nano chitosa lam nén cung cip

da dap ung dugc mot it thanh cong.

Trong khi dé dua sang ché vao thuc tién, cac tic gia da phat trién ché phidm nén
chitin c6 thé lién két va phan phdi hiéu qua dang ARNI. Céc tac gia di da xac dinh duoc,
thdng qua thir nghiém khét khe, cac bién d6i dic hiéu cua khung chitosan c6 thé duoc
st dung dé tao ra céc hat nano chitosan-ARN chtta ARN soi kép (dsARN) va/hodc ARN
soi don (ssARN) ma, khi duogc dn hodic cung cip cho t6m, phan phdi hiéu qua ARN dén
té bao ctia co thé vat chi (lam cam su biéu hién gen dugc nham trung dich ARN) (xem
vi du I, FIG.5, vi du II, FIG.8), do d6 cung cip phuong thirc hiéu qua dé lam cam gen
virut. Cu thé, cac tac gia da phat hién ra rang viéc giam mirc do khir axetyl héa cua
chitosan dén khoang cu thé lam gia ting dang ké lién két dao ngugc cta ds va ssARN
va su hinh thanh cua céc hat nano chitosan-ARN 6n dinh trong moi trudng va pham vi
cta pH sinh ly va c6 hiéu tra trong viéc phan phéi ARN dn co thé vat chi, va do d6
anh hudng dén biéu hién gen virut, thong qua viéc n va théng qua viéc cung cap truc
tiép (vi du, tiém). Ngoai ra, cac tac gia da thanh cong trong viéc giam biéu hién gen virut
va ting cudng kha ning sdng sét ctia tom tiép xtic voi WSSV bing cach sir dung céc hat
nano chitosan-ARN dé tao cdm virut gdy bénh dém tring nhim tring dich ARN
(WSSV).

Hon nita, viéc bo sung polyme vao hat nano duoc c6 hiéu qua hon trong viéc
cung cép (céc) trinh ty can thiép ARN & tom @n céc hat nano bi bién ddi (xem vi du II

va c4c hinh vé tir FIG.6A dén FIG.6C, FIG.7A va FIG.7B va FIG.8).
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Do vay, theo mot sb phuong an ctia mét khia canh, sang ché @ xuét hat nano
chitosan-ARN (chitosan-ARN) chira chitosan duoc khir axetyl héa mot phan va it nhét
mdt ARN, trong d6 mirc d6 khir axetyl hoa ca chitosan ndm trong khoang tir 35% dén

59%.

Thuat ngtt “chitin”, nhu dugc st dung trong bdn mo ta nay dé cap dén polyme
sinh hoc mach dai cia N-axetylglucosamin [tuc la, 2-(axetylamino)-2-deoxy-D-
glucozo] trong lién két beta-1,4 [poly(N-axetyl-1,4-beta-D-glucopyranosamin)]. Chitin
¢6 & khiip noi trong xuong ngoai cua con tring va thanh t& bao nim va vi khuan, va c6
s&n rat nhidu trén thi truong (xem, vi du, san phdm Sigma-Aldrich s6 C7170, Sigma-
Aldrich, St Louis, MO). Su khac biét giita chitin alpha, beta va gamma la khiac nhau
trong céach sip xép ctia mach polyme ctia chiing (va, sau do, trong cac dic tinh co hoc
ctia chung): chitin alpha c6 su sip xép ddi song xen k& ctia cac mach (phd bién nhét &
dong vat giap xac); chitin beta cé su sip xép song song ctia cac mach polysacrit (phd
bién & muc) va chitin gamma c6 hai mach song song xen ké& vé mit théng ké voi mach
ddi song (phd bién & tao). Thuét ngfr “chitin” ddng nghia v&i mot trong s chitin alpha,
beta hodc gamma bét ky, trir khi duoc chi ra khac di. Chitin c6 thé 1a chitin tu nhién, tu
céc co thé chira chitin tu nhién, chitin tai to hop tr cac co thé duogc xay dung vé mat di
truyén hoc san sinh chitin hozc chitin téng hop duge téng hop vé mit héa hoc tir qua
trinh polyme héa ctia hdn hop glucosamin monome hoic oligome. Cac loai khac nhau
clia su sip xép polyme chitin ¢6 thé phan biét dugc, vi du, bang quang phd cong huéng
tir hat nhan proton (1H NMR) va phép trac khdi phé thoi gian bay ion héa giai hip laze
hd tro nén (MALDI-TOF MS).

Chitin khong tan hoan toan, chi tan trong h¢ dung mo6i manh.

~, GG

Nhu duge sir dung trong ban mo ta nay, thuat ngit “chitosan” dé cap dén polyme
chitin khr axetyl hdéa ma, nguoc lai vdi chitin, ¢ cac nhém amino tu do. Chitosan ¢o
thé thu duoc bang qué trinh khir axetyl héa kiém cua chitin, tao ra polyme chitin ¢6 cac
nhém amin dugc axetyl hda ngiu nhién, véi céc tinh chat khac nhau phu thudc vao muc
do khur axetyl hoa va chiéu dai mach. Chitosan 14 an toan, khong doc, dé dang hoa tan
trong céc dung dich axit yéu va c6 thé twong tac v6i nhiéu anion tao ra phirc hop va gel.
Chitosan ¢6 thé, ngoai nhitng dic diém khac, khac biét ¢ ti 1€ cia cac nhom amin dugce
axetyl hoa va amin khong duoc axetyl hoa (khir axetyl héa) trong polyme, va & kich

thudc mach trung binh cua polyme. Chitosan thuong mai thuong duoc ban la dang bot
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¢ dinh hudng alpha, beta hodc gramma (theo nguén chitin), v&i muc do khir axetyl hoa
(%DD) ndm trong khoang tir 60 dén 100%, va trong lugng phén tir nim trong khoang
tir 4 dén 20kDa, va c6 mic do tinh sach khac nhau. Nhu duoc st dung trong ban md ta
nay, thudt ngt “chitosan khir axetyl hdéa mot phén” dé cap dén chitosan da dugc xir ly
thanh axetat mot phan ctia nhom amin tu do duoc khir axetyl hoa. Nhur trong chitosan
thuong mai, chitosan dugc khir axetyl hoa mot phém khac biét boi mtrc do khir axetyl
héa (%DD). Qua trinh khir axetyl hoa (hodc “tai axetyl hoa) cua cdc nhom amin dugc
khir axetyl hoa ctia chitosan c¢6 thé dugc thuc hién theo nhiéu phan Gmg khac nhau, hau
hét dya trén phan tng ctia nhom amin tur do ctia chitosan véi anhydrit axetic (Ac,0),
nhu duoc mb ta trong FIG.1. Theo mot phuong 4n, chitosan duoc axetyl hoa bing cach
hoa tan chitosan (vi du, 80% chitosan dugc khir axetyl hoa cé trong lugng phéan t (MW)
tr 40-150kDa) trong 4% anhydrit axetic cua axit axetic trong etanol, dung phan ung
bang trung hoa, va chitosan duoc tao két tia, rira va tinh sach. Str dung phuong phap
nay, viéc giam muc do khir axetyl hoa cia chitosan phu thudc vao ti I€ chitosan b tro

v6i s6 mol ctia anhydrit axetic (xem FIG.2).

Mirc d6 khir axetyl hoa ctia chitosan cé thé duoc xac dinh boi cac phuong phéap
khac nhau, duoc phan loai thanh ba loai: (1) phuong phép quang pho (IR, (1)H NMR.
(13)C NMR, (15)N NMR, va UV); (2) phuong phap thong thudong (cac dang khac la
chun d9, phép do dién thé, thtr nhiém ninhydrin, hfip thu cdc nhom amino tu do cua
chitosan bang axit pictric) va (3) phuong phap pha hiy (phén tich nguyén td, thiy phén
chitin/chitosan bang axit hodc enzym va sau d6 do DA bing phép do mau hodc sic ky
l6ng hidu ning cao, sic ky khi nhiét phan, va phan tich nhiét sir dung phép do lugng
nhiét quét vi sai). Theo mot sé phuong an cua sang ché, mirc d6 khir axetyl hoa cua
chitosan duoc xac dinh bé‘mg cach su dung chuin d6 do dién thé, vi du, trong d6 mau
chitosan dugc hoa tan trong HCI (vi du, HCI 0,1M), duoc hoa tan béng céach khuéy va
gia nhiét, va duogc chuan do (st dung dung cu do pH) voi dung dich NaOH 0,1. Luong
axit sir dung giita hai diém udn ctia duong cong chudn do twong tmg véi sé luong nhém

amin ty do (mtc do khtr axetyl hda).

Theo mot sb phuong an, mirc d6 khir axetyl héa duoc tinh toan tir chuan do do

dién thé sir dung cong thic dudi day:

%DD = 2,03

V2-V1 ]
m + 0,0042(V2 - V1)
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trong dé m 14 trong luong cia mau. V1, V2 1a thé tich ctia dung dich natri hydroxit
0,1M tuong Ung voi cac diém 1éch. 2,03 1a hé sb do trong lugng phan tu cua don vi
chitin monome. 0,0042 12 hé s6 do su chénh léch gitta trong lugng phan tir cta chitin va

don vi chitosan monome.

Theo mot sd phuong an, luong amin tu do trong chitosan, va cu thé chitosan duoc
khtr axetyl hoa cao (vi du chitosan thuong mai c6 DD 16n hon 80%) c6 thé duoc thay
d6i bang cach lién hop véi cac phan tir khac nhém axyl, hodc bang cAc phan tir niy ngoai
viéc khoa cdc nhém amin véi cdc nhom axetyl. Sy li€n hop chitosan véi cdc phan tir
khac nhom axetyl, twrong tu su axetyl hoa chitosan, dn dén chitosan bién dbi c6 it nhom
amin tu do hon, do d6 co thé tuong dwong véi chitosan c6 murc do khir axetyl hoa thap
hon chitosan duge khtr axetyl hoa cao trude khi lién hop. Theo cac phuong an cu thé,
céc hat nano chitosan-ARN theo sang ché bao gdm chitosan 1ién hop v6i biotin. Theo
céc phuong 4n khac, cac hat nano chitosan-ARN theo sang ché bao gdm chitosan lién
hop véi axit glucuronic. Theo mdt s phuong 4n, cic hat nano chitosan-ARN bao gém
chitosan lién hop véi biotin hoac axit glucuronic, chitosan tuong duong véi chitosan ¢

murc d6 khtr axetyl hoa ndm trong khoang tir 35 dén 59%.

Tom lai, su lién hop cuia chitosan véi axit glucuronic (vi duy, axit D-glucuronic)
6 thé duoc thuc hién véi su ¢6 mit cia N-(3-dimetylaminopropyl-) N'-etylcarbodiimit
hydroclorua va N-hydroxysuxinimit, béng viéc khuéy manh ¢ nhiét do phong. Su lién
hop cta chitosan v&i biotin co thé duoc thuc hién véi su c6 mat cia N, N-
dimetylformamit, N-(3-dimetylaminopropyl-) N'-etylcarbodiimit hydroclorua va N-
hydroxysuxinimit, bing viéc khudy manh & nhiét d6 phong. Céc thé lién hop thu duoc

c6 thé con duoc tinh sach bang tham tach rong va duoc dong kho dé luu trit.

Trong khi dé dua sang ché vao thuc tién, cac tac gia sang ché da phét hién ra ring
trong khi chitosan duoc khir axetyl hoa cao c6 thé lién két voi dsARN va tao ra cac hat
nano chitosan-dsARN hi€u qua hon chitosan dugc khtr axetyl hda mot phﬁn ndm trong
khoang d6 khir axetyl hoa tir 35% dén 66% (vi du I, cac két qua va cac hinh vé tir FIG.3A
dén FIG.3C), cac hat nano chitosan-dsARN bao gém chitosan it dugc khur axetyl héa
cao (su khir axetyl héa nim trong khoang tir 35% dén 66%) hiéu qua hon trong viéc lam
cdm gen ctia gen dugc nhim trang dich bai trinh tw dSARN in vivo. Céac nghién ctu
thém chi ra ring muc d6 khir axetyl hoa thim chi thap hon ¢6 thé c6 hiéu qua. va cac

mtic d6 khir axetyl héa thdp hon khong lam giam déng ké hiéu qua cua hat nano lam 6n
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dinh trong lugng van chuyén ARN duéi cac diéu kién sinh 1y hoc (vi du, moi trudng
chira nu6ce, pH sinh 1y va tiép xtic RNaza). Do d6, theo mdt s6 phuong 4n, mirc d6 khir
axetyl hda cta chitosan dugc khir axetyl hoa mot phén, duoc xac dinh béng chuin do
do dién thé, nim trong khoang tir 35% dén 59%. Theo mot s6 phuong an, mirc do khur
axetyl hoa cua chitosan dugc khtr axetyl hoa mot phén, nhu duoc xac dinh bang chuan
do do dién thé, nim trong khoang tir 40% dén 59%, theo mét s6 phuong 4n nim trong
khoang tlr 45% dén 55%, theo mot sb phuong 4n ndm trong khoang tir 43% dén 58% va
theo mét s6 phuong 4n ndm trong khoang tir 45% dén 50%. Theo mét sé phuong an,
murc d6 khir axetyl hoa ctia chitosan dugc khir axetyl héa mét phan 1a 59%, hodc nim
trong khoang tir 58% dén 60%, theo mét s6 phuong 4n 1a 55%, hozc nim trong khoang
tir 54% dén 55%, theo mot s6 phuong an 1a 42%, hodc nam trong khoang tir 41% dén
42% va theo mdt s6 phuong an 1a 35%, hodc ndm trong khoang tir 35% dén 36%. Can
phai hiéu ring mdi khoang thé hién mdi phuong an khac nhau theo sang ché. Theo cac
phuong 4n khéc, mirc do khir axetyl hoa cuia chitosan duge khir axetyl hoa mot phan la
55%, theo mot s& phuong 4n 13 42%, va theo cac phuong an khac 1a 35% nhu duoc do

bang phép do hiédu dién thé.

Theo mét sb phuong an cua sang ché, hat nano chitosan-ARN bao gdm it nhat
mdt ARN soi kép (dSARN). Nhu duoc s dung trong ban mo ta nay, thuit nglt “dsARN”
dé cap dén hai soi ctia cac axit polyribonucleic d6i song song gitt cting nhau bing cich
bt cip bazo. “dsARN” ¢6 thé con duge mé ta dudi dang “phin kép dsARN” hoic “phin
kép ARN” hodc “ARN kép”. Hai soi ¢6 thé c6 cling chiéu dai hodc chidu dai khac nhau
duoc dé xuét c6 du do tuong déng trinh tu gitta hai soi ma cAu trac soi kép duoc tao ra
v6i mire bo sung it nhét 1a 80%, 90%, 95% hodc 100% trén toan bo chidu dai. Mic do
b6 tro giita cac dai ctia dsARN thich hop dé sir dung v6i sang ché nhu duoc mo ta trong
ban md ta naytrong ban md ta nay dugc chon tao ra it nhat 1a su bd sung du dé gay tac

dong cam gen ctia phan tir ARN dich duoc dé cap.

Theo cac phuong 4n cu thé khac, hat nano chitosan-ARN bao gdm it nhit mot
ARN soi don (ssSARN). Nhu duge sir dung trong ban md ta nay, thuit ngit “ssARN” dé
cap dén soi don cua axit polyribonucleic. Khi ARN sg¢i don la ARN cam duogc dinh
hudéng dén trinh tu dich dic hiéu trong co thé dich (vi dy, trinh tu cia tdm nhu Rab7,
hoic trinh tu tdc nhan gay bénh nhu WSSV, VP28, VP19 hodc Rr2, v.v.), sSARN c¢6 thé
hodc tuong déng v6i trinh tr ARN dich hodc mot phén ctand (“sARN c6 nghia”), hoac,
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theo cach khac, b trg voi trinh tw ARN dich hoic mdt phan ciia né (“ssARN dbi nghia™).
Theo mdt s6 phuong 4n, cac hat nano c6 thé bao gdm t6 hop ciia sSARN c6 nghia va dbi

nghia.

Can phai luu ¥ ring mot s6 trinh tu ARN soi don c6 thé bao gém cac phan tu bd
sung (vi dy, “xudi nguoc” hodc “trinh tuy phy’) ma, trong cac diéu kién nhét dinh, c6 thé
tao ra cac doan bit cip bazo bén trong, dan dén su tao ra ARN soi kép mot phén tr ARN
so1 don cda hat nano theo sang ché. Can phai luu y réng ss hodc dsARN c¢6 thé duoc xéac
dinh xét vé trinh tu axit nucleic cia ADN ma hoa ban sao gen dich, va can phai hiéu
réng trinh tu ss hodc dsARN dbi nghia twong ting véi trinh tw ma hoa ctia gen chita phan
bb sung ARN ctia trinh twr ma héa ctia gen, hodc trinh tu khac cua gen ma dugce phién

ma thanh ARN.

Ss hodc dsARN c¢6 thé duoc str dung dé giam diéu hoa biéu hién gen biang cach
1am cam ARN. Nhu duoc sit dung trong ban mé ta ndy, thuat ngit “lam cAm ARN” dé
cip dén nhém co ché diéu hoa [vi du, can thiép ARN (ARNi), lam cAm gen phién ma
(TGS), 1am cAm gen sau phién ma (PTGS), déap tit, ddng khur triét, va kiém ché dich
mé] duoc qua trung gian boi phan tir ARN ma din dén te ché hodc “lam cAm” biéu hién
clia gen ma hoa protein twong tmg, hodc trong mot sb trudng hop, gen ma hoa san pham
ARN chtic nang. Viéc lam cam ARN da dugc quan sat & nhiéu loai sinh vat khac nhau.

bao gém thuc vat, dong vat (dong vét c6 xuong va dong vat khong xuong) va nam.

ARN c¢6 thé 1a ss hodc dsARN ma c6 kha nang uc ché dac hiéu hodc “lam cam”
biéu hién ctia gen dich. Theo mét s6 phuong an, ARN c¢6 kha ning ngan chan xtr ly hoan
toan (vi dy, toan bd qua trinh dich ma va/hodc biéu hién) cua phén tt mARN thong qua
co ché 1am cdm sau phién ma. Khi dugc ssit dung dé 1am cdm gen, ARN bao gdm céc
phan tir ARN khdéng ma hoa, vi dy, phﬁn kép ARN chura soi bét cap, cling nhu ARN tién
chit ma ARN khéng mi héa nho ¢ thé duoc tao ra tir d6. ARN vi du c6 thé duogce st
dung dé 1am cAm ARN bao gém phin kép siARN, miARN va shARN. Theo mot phuong
an, ARN c¢é kha ning gy ra su can thi€p ARN. Theo phuong an khac, ARN c¢6 kha
ning lam trung gian kiém ché dich ma. Theo phuong 4n khéc nita. ARN ¢6 kha nang
dinh huéng su phan cit ARN dich. Su phan cat cia ARN dich nay c6 thé bj tac dong
thong qua con duomg ARNi, nhu dugc mb ta chi tiét dudi day.

Trinh tu ARN wc ché cia ARN ¢6 thé twong ddng hon 90%, hoic thdm chi la
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turong dong 100% vai phan clia ban sao gen dich. Theo mot s6 phuong 4n, ARN, vi duy,
ving kép ctia dsARN co thé dugc xdc dinh chiic nang dudi dang trinh tu nucleotit ma
¢6 kha nang lién két thong qua sy bat cap bazo b tro v6i phan tr mARN cua virut, vi
du, lai hoa voi mot phin cua ban sao gen dich trong céc diéu kién nghiém ngit (vi du,
NaCl 400mM, PIPES 40mM pH 6,4, EDTA 1mM, qud trinh lai hoa 6 60°C trong khoang

thoi gian tr 12-16 gio; sau do6 rua).

Theo mot sd phuong éan, trinh tu ARN tc ché cta hat nano 12 trinh tw ARN ¢6
nghia, s¢i don, bao gbm it nhét mot trinh tu c6 sy tuong déng it nhit 12 90% v&i ban sao

gen dich (vi dy, phan tt mARN dich).

Chiéu dai cua trinh tu nucleotit soi kép hodc soi don bd sung hodc tuong déng
v6i ban sao gen dich c6 thé it nhat 1a khoang 18, 19, 20, 21, 25, 40, 50, 75, 100, 150,
200, 250, 300, 400, 491, 500, 600 hoc it nhét 1a 750 bazo hodc nhiéu hon. Theo mét s6
phuong an, cac trinh tu nucleotit sgi kép hodc sgi don bd sung hodac tuong df)ng vO1 ban
sao gen dich bao gdm it nhét 1a 20, it nhat 1a khoang 21, 25, 40, 50, 75, 100, 125, 150,
200, 250, 300, 400, 491, 500, 600 hoc it nhét 1a 750 bazo lién ké hozc nhiéu hon. Theo
mdt s6 phuong an, chidu dai cua trinh tu mARN dich c6 thé c¢6 chiéu dai it nhét 1a 20, it
nhét 1a 40, it nhét 1a 50, it nhat 1a 75, it nhét 13 100, it nhit 1a 150, it nhat 14 200, it nhAt
14 250, it nhit 1a 400, it nhit 1a 500, it nhit 1a 600, it nhit 1a 750 bazo. Can phai hiéu

rang mdi chiéu dai thé hién mot phuong 4n riéng.

Theo mot sb phuong &n ctia mét s6 khia canh cua sang ché, chiéu dai cua trinh
tu nucleotit soi don hodc soi kép nim trong khoang tir 40 dén 440, khoang tir 50 dén
450, khoang tir 60 dén 350, khoang tir 60 dén 300, va khoang tir 80 dén khoang 250
nucleotit d6i voi cac gen clia virut ctia dong vét giap xac duge nudi song thuy sinh cua
né. Theo mot sd phuong &n cua mot s6 khia canh cta sang ché, chiéu dai cua trinh tu
nucleotit sgi don hodc soi kép nam trong khoang tir 50 dén 350 nucleotit ddi véi gen
clia virut ctia dong vat gidp xac duge nudi sdng thily sinh ctia n6. Theo cic phuong an
cu thé, chidu dai cta trinh tu nucleotit soi don hodc soi kép 1a 125 hodc 250. Can phai

hiéu rang moi khoang riéng biét the hién mot phuong an riéng r&€ va khac nhau.

Thuat ngft “twong duong vé1” nhu duoc st dung trong ban md ta nay cé nghia la
trinh tu polynucleotit c6 d6 tuong déng (hodc d6 dong nhat, vi du, d6 trong ddng 100%)

v4i tAt ca hodic mot phén cuia trinh tu polynucleotit tham chiéu. Nguoc lai, thuat ngi “bo
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tro voi” nhu dugce sir dung trong ban md ta nay cé nghia réng trinh tu bd tro c6 do tuong
ddng (hodc ddng nhét, tic 13, 6 tuong déng 100%) voi tat c4 hoic mot phan ctia phin
bd sung ctia trinh tur polynucleotit tham chiéu. Vi dy, trinh tw nucleotit “TATAC” twong
duong véi trinh tu tham chiéu “TATAC” va bd tro vé6i trinh tu tham chiéu “GTATA”.

Céc phan mo ta d& cap dén chidu dai khic nhau cta ss hodc dSARN nho dé phién
ban ngin hon (ngin hon hodc bang 50bp (vi du, 17-50)) duoc goi la siARN hoic
miARN. Céac phan tir ss hodc dsARN dai hon [a 51-600 dugc goi la ss hodc dsARN, ma
¢6 thé tiép tuc dugc xir ly véi cac phan tir stARN. Theo mét s6 phuong an, trinh tu axit
nucleic cua ss hodc dsARN c6 chiéu dai 16n hon 15 bazo hodc cip bazo. Theo cac
phuong an khac nita, trinh tu axit nucleic cia ss hodc dsARN c¢6 chiéu dai tir 19 dén 25
bazo hodc cap bazo, cé chiéu dai tir 30 dén 100 bazo hoic cap bazo, cé chiéu dai tir 100
dén 250 bazo hoic cip bazo hoic c6 chiéu dai tir 100 dén 500 bazo hoic cdp bazo. Theo
cac phuong 4n khéc nita, ss hodc dsARN c6 chiéu dai tir 300 dén 600 bazo hodc cap
bazo, ¢6 chidu dai tir 350 dén 500 bazo hoic cdp bazo hodc co chiéu dai tir 400 dén 450
bazo hodc cap bazo. Theo mot ) phuong an, ss hodc dsARN cé chiéu dai 1a 400 bazo
hoic cip bazo. Can phai hiéu ring mdi khoang riéng biét ctia chidu dai ARN thé hién

mot phuong an riéng ré va khac nhau.

Viée str dung céc ss hodc dsARN dai (tuc 1a, ARN 16n hon 50bp) da bi han ché
do niém tin ring cac ving dai hon ciia ARN nay s& din dén cam tmg céc dép tmg khong
dac hiéu. Tuy nhién, viéc sit dung cic ARN dai c6 thé ¢6 nhiéu vu diém trong d6 té bao
¢6 thé chon cac trinh tu cAm t6i vu 1am giam yéu cdu ddi voi thir nghiém nhidu siARN;
cac ss hodc dsARN dai s& cho phép thu vién cAm c6 tinh phic tap it hon can thiét dbi
véi cac siARN; va, ¢d [€ quan trong nhét 13, ss hoic dsSARN dai c6 thé ngén cac dot bién

giai thodt virut khi sir dung lam lidu phap diéu tri.

Cac nghién ctru khéc nhau ching to rang ARN dai ¢6 thé duoc sir dung dé lam
cam su biéu hién gen ma khong gay ra dap ung ap luc hoac gay ra cac tac dong xa dich
dang ké - xem vi du [Strat va cOng su, Nucleic Acids Research, 2006, Tap 34, s6 13
3803-3810; Bhargava A va cdng su Brain Res. Protoc. 2004;13:115-125; Diallo M., va
cong su, Oligonucleotides. 2003;13:381-392; Paddison P.J., va cdng su, Proc. Natl
Acad. Sci. USA. 2002;99:1443—-1448; Tran N., va cong su, FEBS Lett. 2004;573:127—
134].
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Theo mot s phuong 4n, dsARN c6 thé bao gbém phan kép siARN. Thuat ngir
“siARN” dé cap dén phin kép ARN tc ché nho (thuong nam trong khoang tir 17 dén 30
cap bazo, nhung cling cé thé dai hon vi du, 31-50bp) ma giy ra con dudng can thiép
ARN (ARNI). Thong thuong, siARN duoc téng hop hoa hoc dudi dang 21me c6 ving
kép trung tdm 19bp va céc phan treo-3’ 2 bazo d6i xtmg trén diu tin cing, mic du di
duoc moé ta 1a phin kép ARN duoc tdng hop hoa hoc cé chidu dai 25-30 bazo c6 thé
tang 1én nhiéu gap 100 1in kha ning so v&i 21me & cing vi tri. Hiéu lyc ting 1én duoc
quan sat thu dugc st dung ARN dai hon trong viéc kich hoat ARNi dugc gia dinh 1a két
qua tu viéc tao ra Dicer c6 co chét (27me) thay vi san phim (21me) va diéu nay cai thién

tbc d6 va hidu qua xAm nhép ctia phan kép siARN vao trong RISC.

D3 phat hién ra rang vi tri phan treo-3' anh huéng dén hiéu luc cia siARN va
phan kép déi xtng co phan treo-3' trén soi dbi nghia thuong ¢6 hidu luc hon phén treo-
3" trén soi c6 nghia (Rose va cong su, 2005). Diéu nay c6 thé duoc cho la soi khong dbi
xtmg tai vao trong RISC, khi cac miu hidu qua ddi ximg dugc quan sat khi nhim tring

dich ban sao doi nghia.

Cac sgi ciia ARN can thiép soi kép (vi du, siARN) cé thé duoc két ndi dé tao ra
dang kep téc hodc cAu tric vong lap géc (vi du, shARN). Do dé, nhu duoc dé cap,
dsARN theo mét s6 phuong 4n ciia sang ché c6 thé ciing 1a ARN dang kep téc ngin
(shARN). ARN dang kep téc ngan (shARN) ciing c¢6 thé do su bat cip bazo vong lap va

cdp bazo gbc bén trong ARN soi don theo sang ché.

Thuat nglr “shARN”, nhu dugc su dung trong ban mo ta nay, dé cap dén tac nhan
ARN c6 cdu tric vong lip gdc, bao gdm ving thit nhat va th hai cua trinh tu bé tro,
murc d6 bd tro va dinh hudng clia ving 14 du sao cho su bét cip bazo xay ra gita cac
ving, viing th nhit va viing thir hai dugc két hop v6i nhau bang ving vong lap, vong
lap 14 do thiéu cip bazo gitta cac nucleotit (hodc twong tur nucleotit) trong ving vong
lap gbe. S6 lwong nucleotit trong vong lip nim trong khoang tir 3 dén 23, hodc tir 5 dén
15, hodc tlr 7 dén 13, hodc tir 4 dén 9, hodc tir 9 dén 11. Can phai hidu ring mdi khoang
dugc luu y & trén thé hién cac phuong 4n riéng biét theo sang ché. M6t s§ nucleotit trong
vong lap c6 thé tham gia vao tuong tac cip bazo véi cac nucleotit khac trong vong lap.
Cac vi du vé cac trinh tu oligonucleotit ¢6 thé duoc su dung tao ra vong lap S
UUCAAGAGA-3" (SEQ ID NO: 44) (Brummelkamp, T. R. va cong su (2002) Science
296: 550) va 5'-UUUGUGUAG-3' (SEQ ID NO: 45) (Castanotto, D. va cong su (2002)
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ARN 8:1454). Nhu duoc thira nhan bdi ngudi c6 hiéu biét trung binh trong linh vuc k¥
thuat nay oligonucleotit mach don két qua tao ra cAu tric dang kep téc hodc dang vong

lap gdc chira ving soi kép co thé twong tac v6i co ché ARNi.

Theo su moé ta nay, cac phan tir ss hodc dsSARN c6 thé xuat hién tur nhién hoac

téng hop.

Su tdng hop ARN thich hop st dung theo mot sb phuong an ctia sang ché c6 thé
bi anh hudng nhu sau. Thir nhat, trinh tw mARN dich (vi du, mARN ctia virut gdy bénh
cho dong vat gidp x4c dugc nudi) duoc quét tai phan cudi clia ma bo ba bt ddu AUG
cho céc trinh tu hai nucleotit AA. Su xuit hién ctia mdi AA va 19 nucleotit lién k& 3°
duogc goi la cac vi tri dich sitARN tiém nang. Tt hon 13, céac vi tri dich sSiARN duge chon
tir khung doc md, khi cic ving khong dich ma (UTR) giau hon trong vi tri lién két
protein didu hoa. Céc protein lién két UTR va phirc hop bét ddu dich ma 6 thé can thiép
vao lién két ctia phiic hop siARN endonucleaza [Tuschl ChemBiochem. 2:239-245].
Cén phai hiéu ring, mac di, cac siARN diéu khién vung khong dich ma co thé ciing ¢o
hiéu qua, nhu dugc giai thich cho GAPDH, trong khi stARN duoc dinh huong tai 5"UTR
duoc qua trung gian 1am giam khoang 90% trong GAPDH mARN té bao va loai bo hoan

toan muc protein (xem Ambion website- techlib 91/912).

Thit hai, vi tri dich tiém ndng duoc so sanh voi dit 1iéu bd gen thich hop (vi du,
dong vt giap xéc) sir dung phan mém sap xép trinh tu bit ky, nhu phan mém BLAST
¢6 san tir trang chi NCBI (www(dot)ncbi(dot)nlm(dot)nih(dot)gov/BLAST/). Céc vi tri
dich gia dinh biéu hién tinh dong dang dang ké v6i cac trinh tu ma héa khac duoc xac

dinh va loc ra.

Do d6, theo mét s6 phuong an, it nhat mét ARN bé sung it nhdt mot phan véi
phan tir axit nucleic dich, hodc lién két voi phan tu dich thong qua su bat cap bazo bo
tro, hodc c6 it nhat mot trinh tu tuong déng véi it nhat 20 bazo lién ké cua phan tu
mARN dich khong c6 tinh dong nhat dang ké bat ky véi cac trinh tu gen vat chu 1a dong
vat gidp x4c duoc nudi séng thity sinh.

Céc trinh tu dich dinh lugng dugc chon lam khung cho téng hop siARN. Cac
trinh tu vu tién 1a céc trinh tu chta ham luwong G/C la thanh phén dugc chung té la cé
hiéu qua trong viéc gian tiép lam cAm gen so v&i cac trinh tur ¢6 ham luong G/C cao hon

55%. Mot s6 vi tri dich t6t hon duoc chon doc theo chidu dai cia gen dich dé dinh luong.
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Dé danh gia tot hon vé cac siARN duoc chon, d6i chung 4m tét hon duoc sir dung lién
hop. siARN d6i chimg 4m c6 thé bao gdm thanh phan nucleotit gibng véi siARN nhung
thiéu tinh twong déng dang ké voi bd gen. Do vdy, trinh tu nucleotit bi xdo tron cta
siARN thuong duoc st dung, mién 14 n6 khéng thé hién bét ky tinh tuong dong déng ké

nao voi gen khac bét ky.

Ss hodc dsARN c6 thé duge tdng hop bang cach sit dung phuong phap bat ky da
biét trong linh vuc k§ thudt nay, bao gdm tong hop enzym hoic tdng hop pha ran. Dic
biét hiéu qua trong trudng hop trinh tu polynucleotit ¢6 hodc khong cé cac cai bién nhu
duoc giai thich o trén. Thiét bi va cac chat phan tng dé thuc hién tong hop pha ran duoc
béan sin tir, vi du, Applied Biosystems. Cac phuong thirc bat ky khac dé tdng hop c6 thé
cling duoc sir dung; tdng hop cac oligonucleotit thuc 1 da biét dén trong kha ning cua
ngudi c6 hiéu biét trung binh trong linh vuc ky thuat nay va c6 thé duoc thuc hién thong
qua céac k¥ thuat dugc thiét lap, cu thé, vi du, Sambrook, J. va Russell, D. W. (2001),
"Molecular Cloning: A Laboratory Manual"; Ausubel, R. M. va cong su, eds. (1994,
1989), "Current Protocols in Molecular Biology," Volumes I-III, John Wiley & Sons,
Baltimore, Maryland; Perbal, B. (1988), "A Practical Guide to Molecular Cloning," John
Wiley & Sons, New York; va Gait, M. J., ed. (1984), "Oligonucleotide Synthesis"; st
dung hoa chit pha ran, vi du, xyanoetyl phosphoramidit sau d6 1a khur bao vé. khir muéi.

va tinh sach béng, vi dy, phuong phap trityl-on tu dong hodc HPLC.

Ss hodc dsARN c¢6 thé 1a hdn hop cua céc phan tir dSARN ngén va dai nhu,
dsARN, siARN, siARN+dsARN, siARN+miARN, hpARN hoic t6 hop cta chung.
Theo phuong 4n cu thé, dsARN la siARN (100%). C4c hat nano chitosan-ARN c6 thé

cling bao gdm hén hop ctia ARN soi don ¢6 nghia va ddi nghia.

Can phai hi€u rang ss hodc dsARN theo mot s6 phuong an cta sdng ché khong
phai chi gi6i han & cac phéan tir chi chita ARN, ma con bao gdm céc nucleotit bién dbi

héa hoc hodc va khong phai nucleotit.

Theo mot s6 phuong 4n, ARN dugc d& xuét trong ban mé ta nay c6 thé két hop
chirc ning vé6i peptit xAm nhép té bao. Nhu dugc st dung trong ban mo ta nay, “peptit
xa4m nhap té bao” 13 peptit chra cac trinh tr axit amin ngin (khoang tir 12-30 gbc) hoic
mb tip chiic ning cé cac dic tinh van chuyén niang luong doc 1ap (tc 1a, khong qua

nhap bao) lién quan dén van chuyén phtic hop thim mang di qua mang plasma va/hodc
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mang nhan ctia t€ bao. Peptit xAm nhap té bao dugc str dung trong phirc hop thim mang
theo mot s6 phuong 4n ctia sang ché t6t hon bao gdm it nhit mot gbe cystein khong thuc
hién chtric nang, la tu do hodc dugc dan xuét tao ra lién két disulfua voi axit ribonuleic
soi kép da duoc bién dbi dbi véi lién két nay. Cac md tip axit amin dai dién c6 cac tinh
chét nay duoc liét ké trong patent My s6 6,348,185, nodi dung clia patent duoc két hop
vao trong ban mo ta nay bang cach vién din. Cac peptit xAm nhap té bao theo mot sb
phuong 4n cta sang ché t6t hon 1a bao gdm, nhung khong giéi han &, penetratin,
transportan, plsl, TAT(48-60), pVEC, MTS, va MAP. Mit khac, theo mot ) phuong
an, viéc st dung peptit xam nhdp té bao hodc chét bién nap la khéng mong muén, do
véy, theo mét s6 phuong an, dsARN d& xuat thiéu, khong cé peptit xdm nhap t& bio
hodc dang khéc bt ky cta chit xAm nhap té bao, chét tang cudong bién nap. Luu y rang,
trong vin canh cta sang ché, peptit xdm nhap té bao, chat xam nhap té bao va chat tang

cuong bién nap khong bao gom chitosan hodc polyme nhu polyetylen glycol (PEG).

Theo phuong 4n khéc, ss hodc dsARN c¢6 thé 14 tién chit microARN hodc “pri-
miARN”.

Thuat ngit “microARN”, “miARN”, va “miR” & déng nghia va dé cap dén tap
hop cac phan tir ARN soi don khong ma héa c6 chiéu dai khoang tir 19 dén 28 nucleotit,
ma diéu hoa biéu hién gen. Cac miARN dugc phat hién phd bién & nhiéu sinh vat
(viruses.fwdarw. humans) va da duoc chimg minh 14 c6 vai trd trong su phét trién, su

can bang ndi md, va nguyén nhan bénh.
Dudi day, phan mo ta ngan gon vé co ché hoat tinh miARN.

Gen mi héa cho miARN dugc phién ma dan dén su tao ra tién chat miARN “pri-
miARN”. pri-miARN thuong 12 mot phan ciia ARN nhiéu xistron chira nhiéu pri-
miARN. pri-miARN c6 thé tao ra dang kep toc c6 gbe va vong lap. Goc co thé bao gdm

céc bazo khong bt cap.

CAu truc dang kep toc cua pri-miARN nhéan biét boi Drosha, 1a RNaza III
endonucleaza. Drosha thuong nhan biét cac vong lap ddu tin ciing trong pri-miARN va
phén cét x4p xi hai luot xo4n 6¢ thanh gbe tao ra tién chit gdm 60-70 nucleotit duge goi
1a pre-miARN. Drosha phan cét pri-miARN véi viée cét so le thuong bang cac RNaza
[T endonuleaze tao ra cac vong lap gde pre-miARN c6 gdc photphat 5° va phan treo 3’

~2 nucleotit. Ba dugc danh gia réng Xép xi mot vong X04n clia gbe (~10 nucleotit) kéo
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dai ra xa vi tri phan ct Drosha la can thiét cho qua trinh xtr Iy hiéu qua. pre-miARN sau
d6 duoc van chuyén chil dong tir nhan dén t& bao chat boi Ran-GTP va thu thé xuét bao

Ex-portin-5.

Gbc soi kép cua pre-miARN sau d6 duoc nhan biét bai Dicer, cung 1a RNaza III
endonucleaza. Dicer ciing nhan biét gbc photphat 5° va phan treo 3’ tai cac bazo cua
vong lap gbe. Sau d6, Decer phan cit hai vong xoan 6c vong lap dau tan cliing ra xa bazo
ctia vong lap gbc dé lai gde photphat 5° va phan treo 3° ~2 nucleotit b6 sung. SiARN
dang kép thu duge, ¢6 thé bao gdm phin khong khép, bao gém miARN hoan chinh va
doan kich thudc twong tu duoc goi [a miARN*. miARN va miARN* co thé c6 nguén
gbe tir cac canh dbi dién cta pri-miARN va pre-miARN. Cac trinh ty miARN* c6 thé
duoc tim thy trong cac thu vién cia miARN duoc tich dong nhung thudng véi tan sudt

thiAp hon miARN.

Mic du, ban dau c6 mit dudi dang cac manh soi kép c6 miARN*, nhung cudi
cung miARN duoc két hop dudi dang ARN soi don thanh phitc hop ribonuleoprotein
duogc goi 1a phurc hop cdm cam tng ARN (RISC - RNA-induced silencing complex).
Céc protein khac nhau c¢6 thé tao ra RISC, ma c6 thé din dén su bién doi tinh dac hiéu
d6i voi cac phan kép miARN/miARN*, vi trf lién két cta gen dich, hoat tinh miARN
(triét hodc hoat héa), va soi clia phén kép miARN/miARN* duogc nap vao trong RISC.

Khi sgi miARN ctia phan kép miARN:miARN* dugc nap vao trong RISC, thi
miARN* duogc loai bo va phan hiy. Soi clia phan kép miARN:miARN* duoc tai vao
trong RISC 14 soi ma c6 dau 5° dugc bét cip it chic chan. Trong trudng hop ma ca hai
diu cia mIARN:miARN* c6 su bat cip ddu 5° twong ddi nghiém ngit, cd miARN va
miARN* ¢6 thé c¢6 hoat tinh cam gen.

RISC nhéan biét céc axit nucleic dich trén co s& cac muac do bd tro cao gita

miARN va mARN, dic biét bdi cac nucleotit 2-7 ciia miARN.

Nhiéu nghién ctru da xem xét vé diéu kién bit cip bazo gitta miARN va dich
mARN cua né dé dat duoc su e ché hiéu qua qué trinh dich ma (danh gié boi Bartel
2004, Cell 116-281). Trong céc té bao dong vat c6 vu, 8 nucleotit du tién ctia miARN
c6 thé quan trong (Doench & Sharp 2004 GenesDev 2004-504). Tuy nhién, céc phan
khac ctia microARN cling tham gia va lién két mARN. Hon nita, su bt cap bazo dﬁy

du tai dau 3” ¢6 thé duoc bu cho sy bét cdp bazo khong dﬁy du tai dau 5° (Brennecke va

-20-



41838

cong su, 2005 PLoS 3-e85). Cac nghién ciu tinh todn, phan tich lién két miARN trén
toan bd bd gen da dua ra vai tro cu thé ddi véi cac bazo 2-7 tai ddu 5° cia miARN trong
lién két dich chir khong phai 14 vai tro ctia nucleotit dAu tién, duoc phat hién thuong 1a
“A” ciing duoc nhan biét (Lewis va cong su 2005 Cell 120-15). Tuong tu, cac nucleotit
1-7 hoac 2-8 dugc st dung dé xac dinh va x4c nhan dich boi Krek va cdng su (2005,
Nat Genet 37-495).

Céc vi tri dich trong mARN ¢6 thé 1a 5 UTR, 3> UTR hodc trong ving ma héa.
Tha vi 13, nhiéu miARN c6 thé diéu hoa cung mot dich mARN béng cach nhan dang
cung mot vi tri hodc nhidu vi tri. Su ¢6 mat ctia nhiéu vi tri lién két miARN trong hau
hét cac dich dugc xac dinh vé mat di truyén hoc c6 thé chi ra rang hoat dong hop tac cua

nhiéu RISC tao nén su tc ché dich ma hiéu qua nhat.

Céc miARN c6 thé diéu khién RISC giam diéu hoa biéu hién gen bang hai co
ché: phéan tdch mARN hodc kiém ché dich ma. miARN c6 thé xac dinh sy phan tach ra
ciia mARN néu mARN c6 mirc do bd sung nhat dinh v6i miARN. Khi miARN dén sy
phén tach, su ct thuong 1 gitta cac nucleotit bt cip v6i cac gbe 10 va 11 ciia miARN.
Ngoai ra, miARN co thé kiém ché dich ma néu miARN khong c6 muc do bd tro cin
thiét voi miARN. Su kiém ché dich ma c6 thé thiy nhidu hon & dong vat do dong vat c6

thé c¢6 murc do bd tro thép hon gitta miARN va vi tri lién két.

Cén luu ¥ rang co thé co su thay doi tai cac dau 5° va dau 3 ctia cap miARN va
miARN* bét ky. Su thay ddi nay c6 thé do su thay d6i viée xir Iy emzym ctia Drosha va
Dicer lién quan dén vi tri phéan tach. Su thay d6i tai ddu 5° va dau 3’ ctia miARN va
miARN* ciing c6 thé 1a do su bat cip sai trong cau triic gdc ctia pri-miARN va pre-
miARN. Su bét cap sai cua soi gbc co thé ddn dén tap hop cac cau truc dang kep toc
khéc nhau. Su thay d6i trong cau triic gbc ciing c6 thé din dén su thay ddi san phim

phan tach boi Drosha va Dicer.

Do d6, theo mot sd phuong an, hat nano chitosan-ARN bao gém it nhat mot trinh
tw ARN c6 thé lién két théng qua su bat cip bazo bd tro voi phan tir mARN dich cua
virut gdy bénh & dong vat giap xac duge nudi, va cu thé 1a dong vat giap xac duoc nudi
song thiy sinh. mARN dich c6 thé 1a ban sao cua trinh tu gen bét ky ctia virut gay bénh.
Cac gen tir cdc virut gay bénh c6 trinh tu bd tro véi trinh tw mARN dich la céc gen dich

duoc dé cap, mién la trinh tu dich khong twong dong déng ké vai gen vat chu.
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Theo phuong an khac, hat nano chitosan-dsARN bao gém it nhat mot trinh tu
ARN bd sung it nhat mot phan voi mARN dich ctia virut giy bénh cho dong vat gidp

xac duoc nuodi, va cu the 1a dong vat giap xac dugce nudi song thuy sinh.

Theo phuong 4n khéc nita, hat nano chitosan-dsARN bao gdm it nhat mot trinh
tu ARN tuong ddng it nhat 1a 90% véi mARN dich cia virut gay bénh cho dong vat

giap xac dugc nudi, va cu the la dong vat gidp xdc dugce nudi song thuy sinh.

Nhu dugc st dung trong ban mo ta nay, cum ti “gen dich ctia tAc nhan gay bénh”
hodc “gen dich cua virut” dugc xac dinh 1a gen virut, biéu hiéu ctia n6 chi yéu la tinh
doc, phat trién hodc giy bénh cta virut. Thuat ngit “gen” duogc st dung rong rii dé cép
dén doan bit ky ctia axit nucleic virut lién quan dén chirc ning sinh hoc. Do d6, cac gen
bao g6m c4c trinh tw ma héa va/hodc trinh tu diéu hoa can thiét cho biéu hién cta chung.
Vi dy, gen dé cap dén doan axit nucleic biéu hién mARN hodc ARN churc ndng, va tuy

¥ ma héa protein cu thé.

Gen dich ctia tac nhan virut gdy bénh bao gém, nhung khong gidi han &, gen ciu
tric cho protein virion, gen cho protein chirc ning (vi du, gen lién quan dén sao chép)

va trinh tu khac lién quan dén bénh hoic triéu ching bénh & giap xac vat chu.

Nhu duoe str dung trong ban mé ta nay, cum tir “san phdm gen cta tac nhan virut
gdy bénh” dé cap dén san pham biéu hién ctia gen cua tic nhan virut gay bénh bao gdm,
nhung khong chi gidi han & ban sao ARN cutia gen cua tdc nhan virut gdy bénh, va peptit
hodc polypeptit ma hoa trinh ty gen cia tac nhan virut gady bénh.

Diéu tri hodc phong nglra 1dy nhiém tac nhan virut gay bénh dat duoc bing cach
giam biéu hién gen ctia tc nhan virut gdy bénh. Do d6, theo mét sé phuong an, it nhat
mdt gen ctia tic nhan virut gy bénh 14 gen virut cé su biéu hién duoc bt diu va gia
tdng trong qua trinh lay nhiém tdc nhan virut gdy bénh. Vi du, Tsai va cong su (J Virol
204, 78:11360-370) boc 16 gen virut gy bénh dém trang, su biéu hién ctia gen nay co
thé bi thay ddi (vi du, giam di) trong qu4 trinh ldy nhiém tic nhén virut gay bénh.

Bang I dua ra danh sach khong giéi han vé bénh do virut va hé gen virut lién
quan dén bénh cua dong vat giap xac dugc nudi bao gém cac trinh tu c6 thé 1a cac dich

dé 1am giam biéu hién boi hat nano chitosan-dsARN theo sang ché.

Bang I: Bénh va virut gdy bénh d6i v6i nghé nudi tréng thiy san
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Co thé vat chii | Bénh Tac nhén gy bénh (loai co S6 truy cap hé
the) gen
D . Hoai tir tuv 14 NC 001915.1(A)
Ong vat giap oal tur tuy lay .
<he nhim (IPN) Virut [IPN NC 001916.1(B)
Dbong vat giap | Virut lién quan . NC 010306.1
X4c dén mang (GAV) Virut GAV
D5 .y Hoai tir sinh NC_ 002190
ong VaLEAD pvét va dudi da [Virut THHN
xae 1y nhiém (THHN)
Dong vat gidp |Hoai tir co lay ot IMN KR815474.1
X4c nhiém (IMN) Virut
D5 At i Bénh hoai tur co X89213
ong vat glap quan tao mau Virut IHNV
xac (THNV)
fé(ing vat glap Hoi chiing Taura [Virut gdy hoi ching Taura NC_003005
fé‘-’cng VALEP sk dém trfng  [Virut WSS (ADN virut) AF332093
Dong vat giap ](iéAn}}lliuéti Eréng Macrobracium rosenbergii NC_005094.1(1)
Xac SR COMANE 1 odavirus (MrN Virus) NC-005095.1(2)
aka)
DORE VALZIAP |Benh du vang  [Virut YH (virut ssARN) F1848673.1

Theo mot phuong an, it nhét mot gen cua tac nhan virut gdy bénh duoc chon tur

nhém bao gébm protein (hodc capsit), enzym cta su sao chép virut (vi du, ARN

polymeraza virut, helicaza), proteaza virut va protein lién két chitin. Do d6, hat nano

chitosan-dsARN c6 thé chuta it nhit mot trinh tu ARN bd sung hodc c¢6 kha nang lién

két thong qua su bét cap bazo bd tro v6i trinh tw mARN cua it nhat mot vo hodac capsit

virut, va/hodc it nhat mot enzym virut ctia su sao chép virut, va/hoéc it nhat mot proteaza

virut va/hodc it nhit mot protein lién két chitin virut.

Béng II dua ra danh sach khong toan bo ctia mot sd gen (va phan loai cua chiing)

cua c4c virut gdy bénh theo bang I, c6 thé la cac dich (vi du, san phdm gen dich) dé giam

biéu hién bing hat nano chitosan-dsARN dugc md ta trong ban mo ta nay.

Bang II: Danh sach mot phan cta céc gen cua tic nhan virut gay bénh tu virut giac
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Xac.
Seq ID
NO: Ky hiéu gen Gen Phén loai
1 DQ681069 | Protein capsit virut 28 (VP28) Vo (capsit)
2 DQ681071 Protein capsit virut 19 (VP19) V6 (capsit)
. . Khong xac
3 AF144620 Ribonucleotit reductaza 2 tinh
FI756475 Thynndm kinaza thymidylat Khong X4c
4 kinaza dinh
DQI21373 | WSV477 Khong xéc
5 dinh
6 AY220746.1 | VP26 Vo (capsit)
Protein vo cua virut gay hoi Vo (capsit)
7 AFS10518 chung Taura 1 (VP1)
Protein capsit ctia virut gdy hdi  |Vo (capsit)
8 TQ356865 | }ing Taura 2 (CP2)
v _ . D )
BU977579 YHV RNA-phu thuéc ARN Enzym, cua su
9 polymeraza sao chép virut
EU977580 | YHV helicaza Enzym cua su
10 sao chép virut
11 EU977577 YHYV proteaza Proteaza virut
Enzym cua su
12 EU784973 Gen GAV pplab a0 chép virut
13 KT316281 GAYV polyprotein pp3 Vo (capsit)
KF278563 Polyprotem 1b cua GAV Enzym’ cua su
14 replicaza sao chép virut
15 DQ978362 Gen GAV glycoprotein 64 Vo (capsit)
16 EU977581 Gen GAV nucleocapsit Vo (capsit)
Polyprotein 1ab cia GAV YHV- [Enzym cua su
17 EU977578 PmA replicaza sao chép virut
. Glycoprotein cau tric ctia vo Vo (capsit)
5]
13 KT316282 GAV
IN616415 IHHI\'IVNS}, THHNV NS2, Vo (capsit)
19 protein capsit
Kie3ergs | Hoai tir co lay nhidm 6 10m he ;OZ ((I’:;‘lﬁg "
ORF1/ORF2 VI S St
20 sao chép virut
D26527 IPNV RNA-phu thuéc ARN Enzym/ cth su
21 polymeraza sao chép virut
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22 JX083063 Protein capsit IPNV VP2 VO (capsit)
23 KC710379 IPNV VP4 Proteaza virut
24 140580 IPNV VPS5 Proteaza virut

Can phai hiéu réng mdi gen hodc trinh tu duoc boc 16 trong bang 11 thé hién

phuong an riéng biét clia sang ché.

Theo mét s6 phuong 4n, ARN bao gdm trinh tu axit nucleic lam giam hiéu qua
san pham gen ctia gen dugc chon tir nhém bao gdm gen ma hoa protein capsit virut 28
(VP28), gen ma hda protein capsit virut 19 (VP19), gen ma hoa ribonucleotit reductaza
2 (rr2) va gen virut don tring WSV477. Theo mot s& phuong 4n, san phdm ctia gen ma
hoa protein capsit virut WSSV 28 duoc ma héa bdi SEQ ID NO: 1, hozc mét phan ciia
no6, san pham ctia gen ma hoa protein capsit virut WSSV 19 duge ma hoéa boi SEQ ID
NO: 2, hodc mét phan ciia n6, san phidm cua gen ma hoa protein WSSV ribonucleotit
reductaza 2 (rr2) dwoc mi hoa bai SEQ ID NO: 3, hodc mét phan ctia né va san phdm
cua gen WSV477 dugc md hda béi SEQ ID NO: 5 hoac mot phén cua no. Vidu, ss hodc
dsARN duoc nhim trung dich tic nhén virut gy bénh ctia dong vat giap xac duoc nudi
c6 thé 1a ss hodc dsARN dic hiéu WSSV twong Ung véi céac trinh ty WSSV SEQ ID
NO: 1 va 2. Ss hodc dsARN thich hop b sung duge nhim trang dich tic nhan virut gay
bénh c6 thé dugc thiét ké theo cac trinh tur tir virut bat ky gy bénh cho dong vat giap

xac dugc nudi, vi du, cac trinh tu cu thé trong bang II.

Hat nano chitosan ss hodac dsARN theo sang ché c6 thé duogc sir dung dé 1am cAm
su biéu hién cua gen vat chu ndi sinh ¢ dong vat giap xac dugc nudi. Do do, theo mot
s6 phuong én, it nhét mét ARN bao gém it nhat mot trinh tu lién két, bd sung it nhét
mdt phan hodc it nhit 90% twong ddng véi phan tir mARN dich cua dong vat giap xac
dugc nudi hodc dong vat giap xac duoc nudi séng thuy sinh. Ca&c mARN noi sinh cua
dong vat giap xac dugc nudi thily sinh duoc nham tring dich dén su dung dsARN ¢6
thé bao gém, nhung khong chi gisi han &, cac dsARN c6 su biéu twong quan véi tinh
trang kiéu hinh khong mong mudn, hodc cac dsARN c6 su biéu hién lién quan dén tinh
mén cam, d4p Gmg véi hodc khéng véi lay nhidm boi cac virut bit ky gay bénh cho dong
vat gidp xac duge nudi. Cac mARN vi du c6 thé nhdm tring dich 1a cic gdc nhan dang
virut ma hoa, c6 sw cam khong gy hai cho dong vat giap xac vat chu. Theo cac phuong

an khac, dsARN dugc dinh hudéng dén mARN dich cta dong vat giap xac duoc nudi



41838

séng thiy sinh tao ra budc diéu hoa quy trinh hodc con dudng mong mudn, sy cam cia

n6 lam tang hoat tinh ctia con dudng nay.

Céc dich nay co thé bao gdm mARN ctia thanh phan diéu hoa 4m nhu cac nhan
td sao chép va céc con duong tin hiéu, mARN cua thu thé chiu trach nhiém lam giam
diéu hoa cua cac con dudong mong mudn, v.v.. Cac dich ndi sinh mong mubn khac dé
trc ché biéu hién bao gdm, nhung khéng chi gi6i han & cc gen va cac con dudng chiu
trach nhiém ddi véi su tang sinh trudng, tdng tdc do sinh truong, cai thién chuyén ddi
thite an, nham trang dich xac dinh gidi tinh trong qua trinh phat trién, anh huéng mui
vi, ap luc (nhiét d9, d¢ man, doc tinh, ham lugng oxy thép, bénh, vat ky sinh, v.v.), stic
dé khang hoc tinh dung nap, hanh vi sinh san va thdm chi su thuan hoa ctia loai van
chua duoc nudi dé dang. Theo mdt phuwong 4n cu thé, dich gen vat chu noi sinh la gen
Rab7 t6m, ma hoa protein lién két VP-28, protein virut lién quan dén Ras di duoc phat
hién trong virut gdy bénh dém tring (WSSV). Theo mot sé phuong 4n, hat nano
chitosan-ARN bao gém it nhAt mot trinh tu bd tro hodc lién két voi trinh tw mARN cua
protein lién quan dén Ras Litopenaeus vannamei (Rab7, s6 truy cap # JQ581679, SEQ
ID NO: 25). Theo céc phuong an khéc, hat nano chitosan-dsARN bao gdm dsARN c6
trinh tu lién két voi, it nhat mot phén bd tro v&i hodc it nhit 90% tuong d@)ng voi SEQ
ID NO: 47 cia mARN Rab?7.

Ciing bao gdém 1a cac hat nano chitosan-ARN chita nhiéu ARN. Do dé, theo mét
s& phuong 4n, dsARN cuia hat nano chitosan-dsARN co thé la dong dang, tic la, tat ca
b6 sung, lién két hodc it nhat 1a 90% tuong déng véi cling mot trinh tw phan tir dich
mARN cua tac nhan virut gdy bénh. Ngoai ra, ss hodc dSARN cua hat nano chitosan-
ARN c6 thé 1a déng dang, vi du, bd sung, lién két hodc it nhat 90% tuong d@)ng vo1 hai
hodc nhiéu trinh tu cta phan tr dich mARN clia téc nhan virut gdy bénh. Theo cac
phuong an khéc, ss hodc dsARN c¢6 thé bao gém cac trinh tu bd tro, lién két hodc it nhét
14 90% tuong ddng véi cac phan tr mARN khéc nhau clia cling mét tac nhéan virut gy
bénh. Vi dy, theo mdt phuong 4n cu thé, ARN ctia hat nano chitosan-ARN duoc m6 ta
trong ban md ta nay chira cic trinh tw bd tro, lién két, hodc it nhat 1a 90% tuong dong
v6i mét, hai, ba hodc nhiéu trinh tu bat ky cuia WSSV. Theo mot 0 phuong an. ARN
chtra cac trinh tu bd tro, lién két hodc it nhat 1a 90% tuong déng voi mot hoac nhiéu
SEQ ID No. 1, 2, 3 va 5 bat ky. Do vay, céac trinh khac c6 thé bo sung, lién két hoic it

nhét 1a 90% tuong dong véi cling mdt mARN dich, nhung tir cc doan khic cia né, hoac
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céc trinh tu khac c6 thé bd sung hodc lién két v6i cac mARN dich khac nhau va riéng

biét tir cing mot tdc nhan virut gay bénh.

Ciing bao gdm céac hat nano chitosan-ARN trong d6 dsARN cua hat nano
chitosan-ARN chua ss hodc dsARN b sung, lién két hodc it nhat 90% tuong déng VOl
mot hodc nhiéu trinh tu nucleotit cta phan t&r dich mARN cua hai hoac nhiéu tac nhan
virut gdy bénh khac nhau. Vi du, theo m¢t phuong 4n, ARN cua hat nano chitosan-
dsARN duogc md ta trong ban md ta nay chtra céc trinh tu bd tro, lién két hodc it nhat
90% tuong déng véi moi mot trong sb cac trinh tu tir WSSV, GAV, INPV hoic virut
khac gdy bénh cho dong vat giap xac dugc nudi. Can phai hidu rang ss hodc dsARN cia
hat nano nhu dugc mo ta trong ban mo ta nay co6 thé chira trinh tu bd tro, lién két hoic
it nhat 90% tuong dong véi tat ca cac thanh phan két hop cia mARN dich, vi du, mot
hodc nhiéu trinh tu tr mARN dich cung voi mot hodc nhiéu trinh tu tir mot hodc nhiéu
mARN dich khac. Ciing bao gdm céc hat nano chitosan-ARN chtta céc trinh tw ARN
huéng dén nhiéu dich. dsSARN nay duoc dinh huéng dén cac dich chira céc trinh tu
dsARN lién k& duoc xdy dung bd sung, lién két hodc it nhit 90% tuong dong véi nhidu
hon mét trinh tw dich vi du, tit ¢ cac SEQ ID NO: 1, 2, 3 ctia WSSV nam trén cling
mot ss hodc dsARN polynucleotit, ma khi dugce xtr 1y, ¢6 thé tao ra siARN bd sung, lién
két hoc it nhat 90% tuong ddng voi nhidu dich cia WSSV. Uu diém ctia su két hop
nay nhu dugc mé ta trong ban md ta nay 13, ngoai nhitng wu diém khac, hiéu qua vé kinh
té trong san xuat va don gian trong qua trinh thuc hién cta chitosan-ARN sir dung ss

hodc dsARN.

Ngoai ra, con bao gém céc hat nano chitosan-ARN chira céc ss hodc dsARN b
sung, lién két hodc it nhit 90% tuong déng voi mARN dich ctia mot hodc nhiéu tac nhan
virut gdy bénh cua nhiéu hon moét loai cua dong vat giap xac dugc nudi. Do do, cac hat
nano chitosan-dsARN, vi du, dsSARN bd sung, lién két hoac it nhat 90% tuong dé)ng Vo1l
mARN dich ciia cac virut giy bénh cho mdt hozc nhiéu Litopanaeus vannamei, Panaeus
monodon, Penaeus japonicus va/hodc Macrobrachium rosenbergii bat ky. Ngoai ra,
dsARN c6 thé bd sung, lién két hoic it nhit 90% tuong ddng vé6i cac tac nhan virut gay
bénh cua céc 16p giap xac duge nudi khac nhau, vi du, ss hoac dSARN nhim tring dich
céc virut cua ciing nhu virut t6m htim. Nhiéu hat nano chitosan-ARN dugc nhim tring
dich c6 thé dic biét hiéu qua trong hé théng nuéi trdng thuy san da ndng tich hop, trong

do6 nhiéu hon mét ddng vat giap xac duge nudi cung nhau.
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Do d6, theo mot sb phuong an, ARN bao g@)m cac trinh tu axit nucleic bd tro,
lién két hodc it nhit 90% twong ddng vdéi trinh tur axit nucleic cua gen ma hda protein
capsit virut gy bénh d6m tring 28 (VP28), gen ma hoa protein capsit virut 19 (VP 19),
gen ma hoa ribonucleotit reductaza 2 (rr2) va gen virut gdy bénh d6m tring WSV477,
Theo cac phuong én cu thé, WSSV nhim trung dich ARN bao goém ss hodc dsARN bd
sung, lién két hozc it nhét 90% tuong ddng véi trinh ty ARN WSSV dugc chon tir nhém
bao gdm trinh tw VP28 SEQ ID NO: 59, trinh tw VP28 SEQ ID NO: 64 hodc 65. trinh
tu Rr2 SEQ ID NO: 78 va trinh tw Wsv477 SEQ ID NO: 79.

Theo mdt s6 phuong an, WSSV nhim tring dich ARN bao goém ss hodc dsARN
bd sung hoic it nhét 90% tuong déng v6i nhidu hon mét trinh tu ARN WSSV, vi dy,
v61i t6 hop cuia hai hodc nhidu trinh tw WSSV (vi du, VP28, VP29, Rr2, Wsv477). Theo
cac phuong an cu thé, WSSV nhim triing dich bao gbm ss hodc dsARN b trg véi hoidc
it nhat 90% tuong ddng véi mot phan ctia hdn hop trinh ty WSSV (vi du, SEQ ID NO:
66). Theo phuong 4n cu thé, WSSV nham trang dich ARN bao gdm ss hoic ds ARN b
sung hoic it nhit 90% twong ddng véi trinh tur hop nhat VP28-VP19 SEQ ID NO: 77.

Theo céac phuong an khéac nira, hat nano chitosan-ARN bao gdm it nhat mot ss
hoac dsARN bd sung chua it nhét mot trinh tu bd tro c6 kha nang lién két thong qua su
bt cip bazo bd tro hodc it nhdt 90% tuong dong v&i phan tit mARN dich cua dong vat
giap xac dugc nudi. Theo cac phuong an khéac, hat nano chitosan-ARN bao gom it nhat
mot ss hodc dsARN bd sung chtra it nhét mot trinh tu b tro bd sung it nhét mot phén
v6i hodc it nhit 90% tuong ddéng voi phan tr mARN dich cta dong vat giap xac duoc
nuoi.

Theo phuong an khac nita clia sang ché, su tong hop ss hodc dsARN thich hop
dé st dung theo sang ché c¢6 thé bi anh hudng theo cac trinh tu dich ctia tac nhan virut
gdy bénh da biét két hop vao trong hé gen vat chi, cac trinh tu dich nghi ngo lién quan
dén stc dé khang 1ay nhidm tac nhan virut gy bénh, trinh tu dich biéu dién viung xen
k& cuia hé gen tac nhan virut gay bénh va cac trinh tu cua tac nhan gay bénh cu thé da
duoc minh hoa quyét dinh su phat trién va/hodc sao chép cla tic nhan gay bénh. Can
phai hiéu ring, theo phuong an khéc ctia sang ché, ss hodc dsSARN hudng t6i cac trinh
tu ¢6 tinh tuong ddng bao thi giita cac chung khic nhau cia tac nhan virut gy bénh,
hodc tham chi gifta céc tac nhan virut gay bénh khac, khi cac trinh tu nay duogc xac dinh,

6 thé c6 hidu qua chéng lai nhiéu hon mot chung tic nhan virut gdy bénh, hodc tham
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chi chong lai céc virut khac nhau.

Can phai hiéu tir phan mo ta o trén, su tiép xuc cac t€ bao giap xac thuy sinh véi

miARN c6 thé duoc thuc hién theo nhiéu céach:
1. Chuyén nap tam thoi céc té bao chi véi miARN s¢i kép truong thanh;

2. Chuyén nap dn dinh hodc tam thoi cac té bao chi cé vecto biéu hién ma hoa

miARN trudng thanh;

3. Chuyén nap dn dinh hodc tam thoi cac té bao chi ¢ vecto biéu hién ma hoa
pre-miARN. Trinh tu pre-miARN c6 thé bao gom tir 45-90, 60-80 hozc 60-70 nucleotit.
Trinh tu cta pre-miARN c6 thé bao gdm miARN va miARN* nhu dugce d& cip trong
ban mé ta nay. Trinh tu cta pre-miARN ciing ¢6 thé 1a trinh tu ctia pri-miARN ngoai
trir tir 0 dén 160 nucleotit tir dau 5° va dau 3° ctia pri-miARN. Trinh ty ctia pre-miARN

c6 thé bao gém trinh tu cua cac SEQ ID NO: 5-10 hodc bién thé cta chung;

4. Chuyén nap dn dinh hodc tam thdi té bao cha ¢ vecto biéu hién ma hoa pri-
miARN. Trinh tu pri-miARN c¢6 thé bao gdm tir 45-30.000, 50-25.000, 100-20.000,
1.000-1.500 hodc 80-100 nucleotit. Trinh tu cta pri-miARN c6 thé bao gdm pre-
miARN, miARN va miARN*, nhu duoc dé cdp trong ban mo ta nay va bién thé cua

chung.

Sang ché dé xuat phuong phéap dé diéu ché cac hat nano chitosan-ARN nhu duoc
boc 16 trong ban mé ta nay. Theo mét sé phuong an cua sang ché, chitosan duoc khur
axetyl hda mot phén ¢6 thé duoc tao ra béng cach hoa tan chitosan (vi du, chitosan 80/20
trong lugng phan tir 40-150kDa) trong axit axetic, b6 sung anhydrit axetic, khudy (&
nhiét do phong hodc cao hon, vi du, 40°C) khi can thiét (vi du, trong 12 gid), va dumg
phan tng bang trung hoa véi bazo manh (vi du, NaOH). Chitosan két tua, va bay gio
chitosan duoc khir axetyl héa mot phan c6 thé thu hoi bing ly tAm va rira lp lai va thdm
tach chéng nude dé loai bo tap chét. Sau d6, chitosan duogc khur axetyl hoa mdt phén co

thé duoc lam dong kho dé huu tri.

Khi mttc d¢ khir axetyl hoa chitosan phu thudc vao ti [€ mong cia anhydrit axetic
va chitosan, c¢6 thé bd sung luong 16n hon cta anhydrit axetic dé tao chitosan duoc khir
axetyl héa mot phan nhiéu hon. Theo mot sé phuong an, ti 1& mol anhydrit

axetic/chitosan (Ac,0) duge diéu chinh nim trong khoang tir 0 dén 500, dé giam murc
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d6 khir axetyl hoa tir khoang 82% (Ac20 1a 0, khong bd sung Acz0) xubng 35% (ti 1&

mol x4p xi 375), c¢6 d6 dbc tuyén tinh nim gitta hai gid tri.

Theo mdt s& phuong an, ché pham ¢ ti 18 khoi lugng polyme/ARN khac c6 thé
duoc didu ché bang phuong phap tu két hop trong khi gitr lugng ss hoic dsARN khéng
ddi (20 pg/mL). Tém lai, chitosan hodc dan xuit ctia né dugc hoa tan dén nong d6 mong
mudn (vi du, 4%) trong dung dich dém c¢ tinh axit nhe (vi dy, dung dich dém natri
axetat 0,2M (pH 4,6)). Cac dung dich hoat ddng c6 cac 116ng dd khac nhau (vi du, 0,01%-
0,1%) duoc tao ra tir nguyén liéu bang cach hoa tan voi cing mot dém, va sau d6 ¢ thé
duoc tron déng thoi khuéiy manh v&i thé tich béng nhau cta dung dich ss hodc dsARN
(vi du, 100 pg/ml trong dém natri axetat 0,2M). Lién két ctia ARN véi chitosan duge
khir axety] hda mdt phan c6 thé bi anh huéng sau khi u trong khoang 1 gio. Cac hat nano

duoc két hop sau d6 c¢6 thé duge st dung ma khong can tinh ché thém.

Theo mot s6 khia canh cia mot sb phuong an, it nhit mot ARN bao gf“)m it nhat
mdt trinh tu ¢ thé lién két thong qua cip bazo bd sung, hodc it nhat 90% tuong dong
véi phan tt mARN dich cua virut gay bénh cho dong vat gidp xac dugc nuoi. Theo
phuong 4n khac, it nhat mot dsARN bao gém it nhat mot trinh tu b trg it nhat mot phan
hodc it nhit 90% tuong ddng voi phan tt mARN dich cta virut gay bénh cho dong vat

giap xéc dugc nuodi.

Nhu dugc st dung trong ban md ta nay, thuat nglt “virut gay bénh cho dong vat
giap xac dugc nudi” hodc “virut gdy bénh” dé cap dén chét virut chira axit nucleic c6
thé ting sinh trong dong vat gidp xac duge nudi, virut giy bénh trong dong vat giap xéc,
bang cach pha v& chitc ning thong thudng va/hodc su sinh trudng cia co thé, va sir dung
cac té bao clia dong vat giap xac, chat dinh dudng, chat chuyén héa va/hodc su chuyén
hoa ning luong dé san sinh virut. Nhu duoc sir dung trong ban mo ta nay. thuat ngi
“virut” dé cap dén mot nhom 16n cta tac nhan lay nhiém siéu hién vi bat ky duoc 2ol la
cac vi sinh vat cuc ky don gidn hodc phan tir cuc ky phtc tap, thudong chira vé protein
bao xung quanh 16i ARN hoic ADN cta vat lidu di truyén nhung khong c6 mang thim,
c6 thé phat trién va nhan lén chi trong t& bao sdng, va gy ra cac bénh nghiém trong
khac nhau ¢ nguoi, dong vat bac thép hon hodc thuc vat. Do vay, “virut gay bénh cho
dong vat giap xac dugc nudi” c6 thé 1a mot hodc nhidu virut bat ky pha v& chic nang
binh thuong hodc sinh trudng ctia dong vat gidp xac. Danh sach cac virut nudi trong

thily san chi tiét, co thé vat chli ctia nd va bénh lién quan 14 c6 sin tai website “The Fish
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Site” va tir BO nong nghiép Hoa Ky (xem bang I).

Thuat ngtt “dong vat giap xac duge nudi” nhu dugce st dung trong ban mod ta nay
dé cap dén dong vat gidp xac sbng thuy sinh hoan toan hogic mot phan (tc 13, séng it
nhit mot phén cta chu ky séng co thé & trong nuée), va dugc con ngudi nudi trong
(nudi), trong mo trudng nudi trong thity san. Cdc moi truong nudi trdng thiy san c6 thé
bao gdm cac bé nhan tao, ao nhan tao, 1dng, hd chira va cac dang khac theo sang ché.
Thuat nglt “mdi trudong nudi trdng thuy san” nhu duge st dung trong ban md ta nay
dong nghia véi “hé thdng nudi trong thity san”. Phin sau day mo ta cac khia canh va cac
dang khac ctia moi trudng nudi trong thay san thich hop st dung véi ché pham va

phuong phép dugc bdc 16 trong ban mo ta nay.

Mot dang méi trudng nudi trong thiy san la nudi trong hai san, mot nhanh cua
nghé nuéi trong thiy san nudi cac sinh vat bién trong dai duong md, mot phan dong cia
dai duong, hoidc bé hodc ao chira nudc bién. Cac loi ca vay (vi du, ca bon va ca tuyét
méc-lang), dong vat giap xac bién (vi du, tom sd, tom, tdm hum va cua) va dong vat
than mém bién (vi dy, sO va bao ngu) c6 thé dugc nudi trong nude bién. Nghé nudi trong
thiy san nude ngot thich hop cho céc loai séng nude ngot bao gém ca (vi du, ¢ 16 phi,
c4 hd), dong vat gidp xac (vi du, tdm hum dit) va dong vat than mén séng nude ngot (vi
du, con trai). Mot s6 loai dic biét thich hop cho viéc nudi trong ¢ nudce 1o (ca chép, ca

tré).

Mot s6 hé théng nudi trong thuy san sir nudc chay, cung cAp nudc oxy hoa va
loai bo cac san phdm thai. Cac mdi truong nudi trong thiy san khac, ma khong dé cap
dén phén chu trinh nudc chay c¢6 thé chap nhan, trong khi cic moi truong khéc str dung
céc k¥ thuat khac nhau (phun, suc) dé hoa tan khi cho nuéc dimg theo sdng ché. Mot sb
hé thdng nudi trdng thity san st dung cac hé théng xir Iy nude nhu cac hé thong b sung
(vi du, bd sung sinh hoc), vi du, hé théng tai tudn hoan nhu duoc mo ta trong patent My
s6 8,506,881 ctia Bradley, va cong su.

Céc moéi truong nudi trong thiy san co thé bao gdm cac hé théng ao mé, nhu la
a0, bé, dap va hd, ma bé mat nudc tiép xuc voi khong khi mo, hoac hé théng ao dong.
trong d6 ao duoc che phii, cho phép kiém soat anh sang, nhiét d va khi tot hon.

Mot sb hé théng nuéi trong thiy san 1a hé thong don canh-mot dong vat giap xéc

dugc nudi trong toan bd mdi trudng nudi trong thuy san. Nudi cay don canh co6 cac uu
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diém (d& dang thu hoach, cung cip dinh dudng don gidn), nhung cling ¢ cac nhuge
diém, khi nudi cay mot loai duy nhat khong cho phép sw quay vong chu trinh dinh dudng.
Mat khac, nuéi trong thily san da nang tich hop (IMTA) nudi nhiéu loai khac nhau cung
trong mdt moi trudong nudi trong thiy san, va do dé cée nhu cau dinh dudng ctia cac loai
thanh phdn ¢6 thé dugc két hop thanh hé thdng duy nhit ma quay vong dinh dudng (vi
du, chét thai ctia c4 va dong vét giap xac cung cap dinh dudng cho dong vat thin mém

va tao bién, khi nudi cing nhau).

Theo mdt sd phwong an, dong vat giap xac duge nudi thich hop dé str dung véi
cac phuong phap va cac ché phdm theo sang ché 13 t6m, tdm st va céc lodi twong tu
sbng thuy sinh. Theo mdt s6 phuong 4n, dong vat giap xdc dugc nudi thich hop st dung
theo sang ché duge boc 16 trong ban mo6 ta nay dugc chon tir nhém bao gém tom, tOm
st, cua, tom hum va tém hum dét. Cu thé, theo mét s6 phuong an, dong vat giap xac
dugc nuoi la tdm va/hoac tom su. Cu thé, theo mot so phuong an, tom va tom su duoc
chon tir nhém bao gdm Litopanaeus vannamei, Panaeus monodon, Penaeus japonicus

va Macrobrachium rosenbergii.

Bang I & trén bao gdm danh sach khong bao gdm hét tat ca cac tac nhan virut gy
bénh vi du ctia dong vat gidp xac dugc nudi ma gay ra hodc tao thuan loi cho bénh duoc
chi ra & dong vat giap xac vat chu xac dinh, va tac dong lén co thé vat chu c6 thé nhay

diéu tri hodc phong ngira bdi cac ché phim va phuong phap theo sang ché.

Theo d6, theo mot phuong an cua sang ché, sinh vat giy bénh 14 virut, giy ra
hodc tao thudn loi cho bénh virut & dong vat giap xac dugc nudi, nhu virut gdy bénh
dém trang (WSSV, s6 truy cap AF332093), virut gay hoi chimg Taura (TSV s truy cap
NC_003005), virut dau vang (YHV, s truy cap FI848673.1), virut lién quan dén mang
(GHV, s6 truy cdp NC_010306.1), virut gdy bénh hoai tir co quan tao mau va co quan
biéu mé (IHHNV, sé truy cap NC_002190), virut giy bénh hoai ttir co (IMNV, s truy
cdp KR815474.1), Macrobracium rosenbergii nodavirus (virut MrN sé truy cap
NC_005094.1(1) va NC-005095.1(2)) va virut giy bénh hoai tir tuyén tuy (IPNV, sb
truy cap NC 001915.1(A) va NC 001916.1(B)).

Céc tic gia sang ché da phat hién ra mdi quan hé gifta céc thanh phan va thong
s6 nhat dinh dac trung cho hat nano chitosan-dsARN theo sang ché, nhan t6 chinh trong

hiéu quéa ctia ca lién két va phan phéi dsARN & dich du dinh bang hat nano chitosan-
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dsARN. Ti 1é khéi luong cua hat nano (khéi luong cua chitosan so véi khéi luong cua
dsARN trong hat nano) khac v&i mtc d6 khir axetyl hoa ctia chitosan duge st dung. Su
tang 1én trong ti 1& khéi luong din dén su ting lén trong kich thudc hat nano (xem vi du
1 va FIG.4A dudi day). Kich thudce hat nano c6 thé duoc do theo nhiéu cach khac nhau,
bao gém tan xa anh sang dong, kinh hién vi dién tor truyén qua, BET (ving bé mit cu

thé) va duong kinh trung binh z hidu qua.

Do do, theo mét sé phuong an, kich thude hat cta hat nano ndm trong khoang tir
50 dén 500nm, tir 65 dén 350nm, tir 75 dén 300nm, tir 80 dén 250nm, tir 100 dén 200nm,
tir 120 dén 180nm, va tir 140 dén 160nm, nhu duge do bai dudng kinh trung binh z higu
qua. Theo cac phuong an cu thé, khoang kich thudc hat nano theo séng ché 1a tir 150
dén 250nm nhu duoc do boi dudng kinh trung binh z higu qua. Theo cdc phuong 4n
khac, céc hat nano 1a tir 150 dén 250nm nhu duoc duong kinh trung binh z hiéu qua.
Theo c4c phuong an khic nita, cic hat nano 13 tir 200 dén 250nm nhu duoc duong kinh
trung binh z hi€u qua. Mdt sb hat nano theo sang ché, kich thudc hat 1a tir 140 dén
180nm, hodc tir 175 dén 250nm nhu duoc do béi dudng kinh trung binh z hiéu qua. Céc
hat nano chitosan-ARN theo sang ché 14 tir 100 dén 200nm nhu duoc do boi dudng kinh

trung binh z hiéu qua.

Tuy nhién, thong s6 hat nano khéc bi anh hudng bdi mic do khir axetyl hoa cua
chitosan va lugng ss hodac dsARN duoc tai 1én hat nano, 1a dién tich bé mit (dién thé z)
ctia hat nano ARN-chitosan, ciing quan trong ddi voi su hdp thu thich hop va phan phdi
cua ARN tai dich.

Viéc do dién tich bé mit ctia hat nano ¢6 thé duge thuc hién boi nhidu phuong
phép khéc nhau, bao gdm tin xa anh sang dong (DLS) két hop véi trudng dién tir tng
dung (dién di). Khi stt dung thtr nghiém DLS-dién di, su tinh todn chinh xdc dién tich
bé mit ctia hat nano phu thudc vao d pH clia trudng trong qué trinh thir nghiém. Trong
hat nano, dién thé zeta la chi bao cua luc déy hoac luc h_ﬁt dién tich tinh dién gitia cac
hat, anh hudng 1én d6 6n dinh cta céc hat trong dich n6i (xu hudng két hop lai), va cling
nhu lugng tuong tac cia hat nano ¢ cac mang té bao tai dich va cé vé 1a su hap tu vao

trong té bao dich.

Céc tAc gia da phat hién ra rdng cac hat nano chitosan khir axetyl hoa mot phin

(vi du, khir axetyl hoa 55% va 42%) khac biét & chd dién tich duong va dién thé z thép
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hon chitosan khong dugc xu ly, khi duoc do cung gia tri mat do khoi luong (xem thi

nghiém 1, va FIG.4B).

Do d6, theo mét sb phuong an, dién tich bé mat (dién thé z) cua cac hat nano,
duoc do tai pH 4,6, nam trong khoang tur 5 dén 100mV, tir 10 dén 90mV, tir 15 dén
85mV, tir 15 dén 25mV, tir 20 dén 75mV, tlr 30 dén 60mV, tir 40 dén 50mV va tir 45
d&n 50mV. Theo cac phuong 4n cu thé, dién tich bé mit clia hat nano theo sang ché nim

trong khoang tir 15 dén 25mV, tir 15 dén 25mV, tir 12 ¢én 20mV va tlr 12 dén 15mV.

Céac bién doi hoa hoc cia chitosan da dugc thuc hién dé ting cudng hiéu qua
chuyén nap gen cua nd. Chitosan pho bién nhat c6 thé bi bién doi cau tric voi cac phoi
tr ky nude, wa nude, ludng phan, CPP va cic phdi tir dac hiéu t€ bao su dung nhom

amin phan tng (vi tri C2) va cac nhom hydroxyl (vi tri C6 va C3).

Do viy, c4c hat nano chitosan-ARN theo sang ché ciing c6 thé duoc diéu ché véi
c4c bién d6i hoa hoc (ngoai viéc giam mtrc do khir axetyl hda nhu duoc mo ta & trén),
vi du, dé ting hiéu qua lién két va phan phéi ss hodc dSARN & té bao dich. Do do, theo
mdt s6 phuong 4n, hat nano chitosan-ARN con bao gdm polyme. Danh sach khong gi6i
han cta cac polyme thich hop dé bé tro v6i hat nano theo sang ché bao gdm poly(lysin)
(PLL), polyetylenimin mach thiang (I-PEI), polyetylenimin mach nhinh (b-PEI),
poly(etylen glycol) (PEG), Poly(amido amin) dang canh G3 (PAMAM), poly(amino
amin) mach thing (PAA), poly(lactit-ddng-glycolit) (PLGA) va poly (beta-amino este)
(PBAE).

Theo mét sb phuong an, hat nano chitosan-ARN nhu dugc mo6 ta trong ban moé
ta nay c6 thé con bao gdm polyetylen glycol (PEG). Theo mdt phuong 4n, trong luong
phan tir cia PEG nim trong khoang dugc chon tir nhém bao gom tir 1 dén 10 kiloDalton
(kDa), tir 2 dén 8kDa, tr 1 dén 5kDa, va tir 2 &én 5kDa. Theo phuong én cu thé, trong
luong phan tir cia PEG nam trong khoang tir 2 dén SkDa. Tuy nhién, PEG c6 trong
lwong phan tir khéc cling c¢6 thé duoc st dung. Pa dugc danh gia rang cac hop chit PEG
chua tap hop cac phan tor PEG c6 khoang trong lugng phan tir va trong luong phan ti

nay duoc chi ra lién quan dén trong lugng phan tir trung binh ctia hop chét.

Trong khi khong mubn bi giéi han béi ly thuyét, sur lién két véi PEG ¢6 thé ngan

chédn hodc lam gidm sy két tu hat nano in-vivo va tang tinh 6n dinh ca hat nano.

Theo d6, qua trinh PEGyl héa ctia hat nano theo sang ché c6 thé tao ra ché pham
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cai thién su phan phoi theo duong an thitc an bang cach an.

Do d6, phuong phéap tao hat nano chitosan-ARN theo sing ché c6 thé con bao
gdm cac bude tron va i cac hat nano voi polyetylen glycol (PEG). Do su bién dbi ddng
hoéa tri véi nhom PEG cin cac hop chat PEG chita cic nhdm chie phan ing hodc c6 thé
nhim tring dich tai mot dau, cac hop chit PEG duoc bién doi (vi du, cac hop chat PEG
phan tmg amin) c6 thé dugc st dung cho qué trinh PEGyl hoa cua chitosan-ARN nhu
duoc mb ta trong ban mé ta nay. Cac hop chit PEG dugc bién ddi thich hop, bao gdm
nhung khong chi gigi han & PEG-NHS (PEG c¢ este NHS tai mot dau), MS(PEG)n hoic
m-PEG-NHS (metyl-PEGn-NHS este), PEG NHS mach nhénh va cac hop chat khac.
Danh sach céc hop chit PEG cu thé thich hop st dung véi c4c hat nano theo sang ché
6 sin thuong mai, vi dy, tir Creative PEGworks (Chapel Hill, NC).

Theo mdt phuong 4n, dé PEGyl hoéa chitosan, chitosan hodc chitosan duogc khur
axetyl hoa mot phan duoc hoa tan trong 3% axit axetic, khudy manh, nghién bang séng
4m, va diéu chinh pH (chitosan dugc khtr axetyl hda cao c6 thé dugc diéu chinh dén do
pH axit nhe, vi du, pH 6,5, trong khi chitosan duoc khir axetyl héa mét phan cé thé duoc
diéu chinh dén pH kiém nhe hon, vi dy, pH 7,0). Qué trinh PEGyl héa bat dau bdi viéc
b sung PEG-NHS hodc mPEG-NHS va 0 dong thoi khudy trong 24 gio, sau d6 tham
tach khang ddH»O, va lam kho lanh dé luu trit. Phan tmg PEGyl c6 thé tao ra céac hat
nano dugc PEGyl hda ¢ cac mirc d6 PEGyl héa khac nhau ctia phén tir chitosan. Theo
mot s6 phuong an, muc do0 PEGyl héa cua chitosan dugc PEGyl hoa cua cac hat nano
nam trong khoang tir 1 dén 60%, tir 5 dén 50%, tir 10 dén 40%, tir 15 dén 35%, tir 5 dén
40% va 20 dén 30% chitosan duoc PEGyl hoa cta céc hat nano. Can phai hiéu ring mdi

khoang riéng biét ctia qua trinh PEGy] hoa thé hién mot phuong an riéng biét.

Su tao ra cac hat nano chitosan-ARN dugc PEGyl hoa sau do co thé duoc thuc
hién nhu dugc md ta cho cac hat nano khong dugc PEGyl héa. Theo phuong an cu thé.
céc hat nano duge PEGyl héa bao gdm chitosan-ARN dugc PEGyl héa c6 su PEGyl
hoa nam trong khoang tir 5 dén 40%.

Céac hat nano chitosan-ARN dugc PEGyl héa dugc mo ta céd thé con dic trung
bdi ti 1€ polyme (chitosan dugc PEGyl hoa) véi ARN - ti 1€ polyme/ss hodc dsARN.
Theo mét s6 phuong an, ti 16 polyme (vi du, chitosan duoc PEGyl hda)/ARN nam trong
khoang tir 2:1 dén 15:1, tir4:1 dén 12:1, tir 5:1 dén 10:1 va tir 6:1 dén 8:1. Theo phuong
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an cu thé, ti 1& polyme/dsARN cho cac hat nano dugc diéu ché tir chitosan duoc khur
axetyl hoa cao khong dugc xtr ly 1a khoang 8:1. Theo mdt s phuong 4n, ti 18
polyme/ARN cho céc hat nano chitosan-ARN dugc khtr axetyl hoa mot phén nhu dugc
md ta trong ban mo ta nay nim trong khoang tir 10:1 dén 100:1, tir 20:1 dén 85:1, tir
25:1 dén 70:1, tir 35:1 dén 60:1 va tir 40:1 dén 50:1. Can phai hiéu ring mdi khoang
riéng biét cta ti 1€ polyme/ARN thé hién mot phuong 4n riéng biét. Theo phuong 4n cu
thé, ti 1 polyme/ARN cho céc hat nano duoc didu ché tir chitosan-ARN dugc khir axetyl

hoa mot phan 1a khoang 50:1.

Kha nang cac hat nano duy tri tinh nguyén trang chu triic c6 tinh quyét dinh dbi
v6i hiéu qua cua chiing khi chat din phan phdi cho “trong tai” ARN. Cén phai hiéu ring
viéc tao phitc ARN vao trong hat nano chitosan-ARN duoc khir axetyl hoa mot phén
tang tinh 6n dinh cua axit nucleic, nhu dugc minh hoa cho ca hat nano chitosan-dsARN
(xem vi du III) va hoac hat nano chitosan-ssARN theo sang ché (xem vi du IV). Do d6,

theo mét sd phuong an, hat nano chitosan-ARN 1a hat nano n dinh.

Nhu duoc st dung trong ban md ta nay, thudt ngit “hat nano chitosan-ARN 6n
dinh” duogc xac dinh 1a hat nano duy tri mot phén “trong tai” ARN déng ké, tham chi
trong cac didu kién kho khan. M6t phuong phap 6n dinh thich hop la kha niang duy tri
phdn 16n “trong tai” ARN ban dau. Do do, theo mot s6 phuong 4n, hat nano chitosan-
ARN 14 hat nano én dinh, chua it nhét 13 60% ARN ctia phic hop khi tiép xic voi moi
truong chira nude (nudce bién, nuée ngot, nudc 1o, v.v.). Theo cac phuong an khéc, hat
nano chitosan-ARN chira it nhét 1a 60%, it nhét 1a 70%, it nhat 1a 80%, it nhat la 90%
hodc nhiéu hon ARN cua phic hop khi tiép xic véi mdi trudng chita nuée hodc moi
trudong. Theo céc phuong an cu thé, hat nano chitosan-ARN chira it nhat 1 60%, it nhat
1a 70%, it nhat 13 80%, it nhét 13 90% hozc nhidu hon ARN ctia phitc hop khi tiép xtc
v&i moi trudng chira nude cd pH ndm trong khoang tir 4,2 dén 8,0. Theo mot s6 phuong
an, pH ctia méi trudong chira nude hodc moi trudng ndm trong khoang tir 6,5 dén 7,8,

hodc, cu thé hon 13, pH 7,5.

Céc hat nano chitosan-dsARN nhu duoc boc 16 ¢6 thé duoc str dung dé diéu tri
hodc phong ngira bénh ¢ dong vat gidp xac duoc nudi. Cac hat nano hodc ché pham
duoc boc 16 chtra cac hat nano c6 thé duoc cung cép hoac su dung cho dong vat giap
xac duoc nudi theo nhidu phuwong phép str dung khéc nhau, bao gém, cho an, cho tiép

xic v&i md mang, thong qua mét, théng qua da hodc biéu bi (dic biét quan trong trong

-45-



41838

qua trinh rung 16ng) va thong qua vét thuong bén ngoai (cAt hoac triy xudc). St dung

ché pham ngoai dudng tiéu héa chira cac hat nano nhu duoc bdce 16 cling duge bao ham.

Theo cac phuong an cu thé, cac hat nano chitosan-ARN dugc boc 16 co thé duoc
cung cip (vi du, str dung) nhu la duge thuc phdm, bao gém thiic an cho dong vat gidp
xac duoc nudi va cdc hat nano chitosan-ARN nhu duogc bdc 10 trong ban mo ta nay.
Theo mot sb phuong an, dugc thuc phém chtra hat nano bao gém ss hodc dsARN cé6
trinh tu don, tic 13, tit ca duoc dinh hudng dén trinh tw ARN dich duy nhét. Theo céc
phuong an khéc, duoc thuc phém bao gém cac hat nano chitosan-ARN chtra ss hodc
dsARN hudng dén nhiéu hon mét trinh tv mARN dich, nhu dugc md ta trong ban md
ta nay. Trong tt ca, can phai luu y rang dugc thuc pham cé thé chura hat nano chitosan-
ARN, hodc su két hop bét ky ctia chung nhu dugc mo ta hoac duge dua ra trong ban mo
ta nay.

Nhu dugce st dung trong ban mo ta nay, thuat nglt “dugc thuc phém” la su két
hop ctia “ché pham dinh dudng” va “ché phim duoc dung” va dé cap dén cic chit co
th8 &n ma c6 mdt hodc nhiéu hiéu qua anh huong lén co thé nhu dong vat gidp xac duoc
nudi. Thudt ngl “dugc thuc phém” cling c6 thé dé cap dén mot hoic nhiéu hop chét co
mit trong chét c6 thé dn. Céc chit c6 thé &n bao gdm, nhung khong chi gi6i han & chét
bd sung cho ché d6 4n, thirc dn hodc dang twong tu. Cac thuat ngit “duoc thyc phém”
va “chét bd sung dinh dudng” c¢6 thé duoc sir dung dé thay thé cho nhau. Hop chét (vi
du, san pham thire an, san phdm duoc thuc phdm hodc dugce dung) c6 cac tinh chat duge
ly, dinh dudng, sinh hoc hiéu qua dé cap dén kha ning clia cac chét tao ra mdt hodc
nhidu hiéu qua v& sirc khoe riéng 1é nhu duge md ta trong ban mé ta nay (vi du. ste dé
khang, kha nang phong ngua, giam va/hoac chita tri mot hodc nhiéu bénh va/hoac roi

loan nhu dugc mo ta trong ban mo ta nay).

Duoc thuc phém c6 thé duogc st dung dé diéu tri bénh hodc cdm gen, va céc vi
du cua dong vat giadp xac dugc nuoi duge didu tri va bénh c6 thé duoc phong ngtra hodc
chita tri & ddng vat gidp xéac dugc didu tri duoc mé ta trong ban mo ta nay. Tuy thudc
vao dong vat gidp xac duge nudi duoc didu tri, ché phim co thé dugce str dung bang cach
cung cip hat nano chitosan-ARN véi viéc cho dn ctia dong vit gidp xac hoic, trong
trudong hop 1a tdm hodc dong vat gidp xac khac, bang cich cung cép ché phim trong
nudc trong dé c6 dong vat sdng. Can phai hiéu rang chitosan duge dan xuét tir chitin ma

cau thanh mot phan ché do dn dang ké cua nhiéu loai song o nudc man hoac nuoc ngot.
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Tuy nhién, dong vat gidp xac nudc man da biét 1a loai an thit d@)ng loai, an cac thanh
vién trong quin thé cling nhu céc quan thé khong lién quan. Do dé, céc hat nano
chitosan-ARN nhu duge mé ta trong ban md ta nay co thé ciing c6 hiéu qua phan phdi
ss hodc dsARN dén dong vat giap xac dugce nudi ma khong can két hop véi viée cho in,

cung cap trong nudc cua moi truong nudi trong thuy san trong doé cé sinh vat song.

Puoc dénh gia ring tac dung tri lidu cua thuc pham dinh dudng, khi duoc cung
cép nhu thtrc an, hoac cung véi thic an trong nude cua dbi tuong gidp xac, c6 thé phu
thudc vao qué trinh an cua d6i tuong giap xéac, nhung co thé ciing 1a duge cung cap dan
tiép bang cach tiép xtic voi mo ctia d6i tuong giap xac, vi du, tiép xic véi mang, mat
hodc bé mit khac ma cho phép chuyén hat nano dugc mo ta trong ban moé ta nay, vi du
nhu toan bd hat nano, hodc thdm chi chi thanh phén ss hodc dsARN cia hat nano t6i té

bao cua dbi tuong dong vat giap xac vat chu.

Hat nano c6 thé dugc dua vao mot dong vat gidp xac, véi phuong tién va/hoic ta
duoc c6 thé chép nhén vé mit sinh ly. Phuong tién hiru ich duoc biét dén trong linh vuc
k¥ thuat, va bao gém, vi dy, nude, nudc lam dém, mudi, glyxin, axit hyaluronic va céc
chit tuong tu. Dung dich dang nudc két qua cé thé duge dong géi dé sir dung nhu la.
hodc lam dong kho, ché pham dong khé duoc bu nude trude khi dung, nhu da dé cap
trén. ché phadm co thé bao gdm chit phu tro duoc dung nhu duge yéu cau dat dén xap xi
diéu kién sinh 1y, nhu 1a diéu chinh pH va chit dém, chat didu chinh cudng héa, chat
lam w6t va cac chat tuwong tu, vi du, natri axetat, natri lactat, natri clorua, kali clorua,
canxi clorua, sorbitan monolaurat, trietanolamin oleat va cac chét tuong tu. Theo mot
phuong 4n cua sang ché, hat nano duogc dong gbi sao cho ché pham két qua 1a khang
nude nhung giai phong trong hé thong tidu hoa ctia vat chi gidp xac. Theo mot phuong
an khac, phan tir dugc két hop vai chit két dinh ma hd tro trong su lién két phan tir voi
thirc an, ma ddc biét hitu ich trong viéc cung cip qua duong miéng. Nhu chit két dinh
khang nudc cé thé 1a bat ky chat nao co tinh chit nay. Vi du bao gom. ma khong bi gioi
han béi agaroza hoic hop chat duong khac, albumin, anginit hodc bat ky ché pham tuong

tu.

Ché pham theo sdng ché c6 thé dugc cung cap trong thiic an. Thic 4n cho cac
loai thily sinh dugc nudi bao gdm dau c4 va protein ciing nhu protein thuc vat, khoang
chit va vitamin ma dat dugc cac yéu ciu dinh dudng cta loai ca hodc dong vat giap xéc

va cling c6 thé mang lai loi ich suc khoe cho con nguoi (tiéu thu cac loai nudi). Theo
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truyén théng, ché d6 dinh dudng cho ca chira 30-50% bot va dau cd. Thirc n thich hop
cho viéc cung cip thirc dn cho c4, dong vat gidp xac va dong vt than mém nudi cé thé
tuong tu hodc khéc nhau ¢ ché phém. Vi du, c4 c6 thé duoc cho an nhiéu loai thuc phém
khac nhau bao gém nhung khong gidi han boi bt cd, bot hat dau ha lan, cam lta mi,

bot mi, mau, viamin, gluten bap va gluten lta mi.

Dong vat giap xac c6 thé duge cho an thuc phdm khac nhau bao gdm nhung
khong gidi han boi banh dau dau nanh, bot ca, dau c4, bot mi, bot dau tuong, dau muc,
men bia, bt tdm, bdt muc, co linh ldng, gluten lta mi, bot gan muc, ndm men, bot dau
t6m, bot vo tom va cac vitamin. Co thé dugc cung cép duéi nhiéu dang, vi du nhu vién

thirc an.

Ché phim theo mét sb phuong an ctia sang ché c6 thé bao gdbm thém it nhat tac
nhan hoat dong bé mat, phuong tién mang tro, chit bao quan, chét kich thich an, chét
hép dAn, tic nhan tao vo, chit két dinh, chit nhii hoa, thudc nhudm, chat bao vé khoi tac
dong tia cuc tim, chit dém, tac nhén tao dong hoic thé cho hoat chét dinh dudng vi
luong (vi dy, vitamin), thudc hoic ché phdm khac ma anh huong dén strc khoe hoic su

tang truong, trang thai t6t hodc strc chiu bénh/ap luc clia dong vat gidp xéc duge nuoi.

Hat nano chitosan-ARN theo sang ché ¢6 thé duoc diéu ché nhu hoat chit dinh
dudng cho dong vat gidp xac duoc nudi bang cach tron hat nano véi thirc dn ctia dong
vat giap xac dugc nudi. Hat nano chitosan-ARN theo sdng ché co thé duoc tron voi thire
an giap xéac nudi theo nhiing cach khac nhau, vi du, hat c6 thé duoc bo tro voi thire dn
nudi tém bang cach tron ché phim nay voi thic an da c6 va lam kho bang khong khi,
sau d6 phun hdn hop véi diu ¢4 hoidc gelatin. Theo mot sé phwong an, hat nano chitosan-
ARN c¢6 thé duoc tron voi thie an theo ché phdm (dang 1ong) va sau d6 phia trén thirc
an duoc phun véi gelatin. Thire an ¢6 thé cling dwoc phun phia trén véi ca gelatin va ché
phdm dang long ctia hat nano chitosan-ARN. ché pham bot khd ctia hat nano chitosan-
ARN cling c6 thé duoc st dung, vi du, bﬁng cach phun khd hat nano chitosan-ARN,
trén hat nano chitosan-ARN phun khé véi thanh phan thirc dn va phun phia trén véi

gelatin.

Theo mét sb phuong an, hat nano dugc tron vai thirc an voi ty 1€ khodng 10-
10.000pg ss hodc dSARN mdi gam cua thirc 4n tdm va/hodc tém su, 50-8.000ug ss hodc

dsARN mdi gam cuia thirc n tom va/hodc tom su, 100-5.000pug ss hodc dSARN moi gam
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ctia thire 3n tdm va/hoic tdm sa, 200-1.000pg ss hoic dSARN mdi gam clia thic dn tdm
va/hodc tom s, 250- 5.000pg ss hoic dSARN mdi gam ctia thie dn tdm va/hodc tom st
va 500-5.000pg ss hodc dSARN mdi gam ctia thirc &n tdm va/hodc tom su. SE duge dénh
gi4 cao khi mdi khoang riéng biét cta ty 1& dsARN mdi gam thirc in thé hién cho phuong
an riéng biét, doc lap. Theo phuong an cu thé, hat nano dugc tron véi thic an tai ty 1é
50-500pg ss hodc dsSARN mdi gam thirc dn tom va/hodc tém si. Theo mot s6 phuong
an, trong d6 dong vat gidp xac 1a tom va/hodc tom st, duoc thuc phém dugc cung cép o
lidu luong 3-10% trong luong co thé cta tom trén thirc dn hang ngay. Theo mot sb
phuong an hat nano hoéc duoc thuc phim dugc cung cip o lidu luong 5% trong luong

co thé cua tdom trén moi lan cho an.

Tén suét cung cép hat nano hodc duoc thuc phém (ché d6) s€ khac nhau ddi vai
céc loai thity san nuéi, va trong mot sd trudng hop, d6i v6i giai dan cu thé cua chu ky
sbéng ctia sinh vat nudi. Nhu vay, theo mot sb phuong an, sinh vat nu6i 1a tom va/hodc
tom s, va hat nano hay hoat chit dinh dudng theo sdng ché duoc cung cap trong 1-10.
2-8, 3-6 hogic 1-3 1an an mdi chu ky sdng cia tom va/hogc tdm su. Theo mot phuong an
cu thé, sinh vat nudi 1 tom va/hodc tom s, va hat nano hay hoat chét dinh dudng theo
sang ché dugc cung cip trong 1-3 1an an mdi chu ky sdng ctia tdm va/hodc tdm su. Theo
mot phuong an khéc, mdi 14n cho in 1a it nhAt mot 14n, hai lan, it nhit ba lan, it nhat
bdn, nam hodc nhiéu lan hon mdi ngay, va timg giai doan cho &n kéo dai thém it nhét
hai, it nhét ba, it nhit bén, ndm hay nhiéu ngay hon. Theo mot sé phuong an cu thé, mbi
1an cho an 12 it nhét ba 14n mdi ngay. Theo mdt phuong én khéc, mdi giai doan cho &n

duoc kéo dai thém it nhat nim ngay.

Sang ché vi thé dé xuat phuong phéap xt ly hodc phong ngira bénh hodc su lam
cAm gen bang viée cung cip cho dong vat giap xac duoc nudi ché pham hoac dugc thuc
pham theo sang ché. ché phim co thé duoc cung chp bang bét ky phuong thic nao dugc
mo ta trén. Hat nano theo sang ché cling hitu ich trong san xuét ché phém diéu tri bénh
do virut hodc dé 1am cam gen virut, nhu duge mo ta trong ban md ta nay. Mot danh sach
khong han ché cac bénh hoic tinh trang do virut & dong vat giap xac duge nudi phu hop
@ xtr Iy voi ché pham va phuong phép cia séng ché, va virut gay bénh két hop voéi

ching dugc cung cép trong ban mé ta nay (xem Bang 1).

Theo mdt s6 phuong an, an céc hat nano hay dugc thuc pham theo séng ché boi

gidp xéac nudi dan dén giam muc d cta it nhat mot san pham gen cua virut gay bénh ¢
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dong vat giap xac dugc nudi, so véi mirc cua san pham gen virut gy bénh trong it nhat
mét trong nhitng dong vat giap xac dugc nudi cuing dn khong c6 ss hodac dsARN nham
dén san phdm gen ctia virut gy bénh. Theo phuong 4n khac, an céc hat nano hay dugc
thuc pham theo séng ché boi giap x4c nudi dan dén giam muc do virut gdy bénh & dong
vat giap xac dugc nudi, so voi mic virut gdy bénh trong it nhit mét trong nhitng dong
vat giap xac duoc nudi cung an khong cé ss hodc dsARN nhim dén san phdm gen cia

virut gdy bénh.

Vi céc hat nano va ché phém theo sang ché nay, co thé dat duoc su bao vé chéng
lai bénh do virut trong ddng vat giap xac dugc nudi trong thoi gian dai. Thoi gian bao
vé sau khi it nhit mot 1an cho an vai hat nano hodc virut gy bénh nham dén duoc thuc
phim da dat duoc va bao vé it nhat hai tuan, it nhat 1a 20 ngay, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60 ngay trd 1én, c6 thé dat duoc bing cach str dung
sang ché nay. S& dugc danh gia cao khi mdi thoi gian riéng biét thé hién cho phwong 4n

riéng biét, doc 1ap.

Theo mét s6 phuong an, an béng, hodc tiép xuc voi dong vat gidp xac dugc nudi,
hat nano hodc hoat chét dinh dudng din dén tang kha ning sdng sét, ning sudt, ty 1&
tang trudng, suc séng, sinh khdi, chuyén hoa thire an, kich thuoc, chét luong huong vi
va mui hodc khoang chiu ap luc ctia dong vat giap xac duge nuoi da dé cap. so sanh voi
dC)Hg vét giap xac dugc nudi an thuc dn khong co ss hoac dsARN nham dén san pham

gen cua virut gdy bénh da dé cap.

Céc tac gia sang ché da cho thy rang viéc cung cip hat nano chitosan-ssARN
cling nhu hat nano chitosan-ssARN theo sang ché, bao gdbm céc trinh tv ARN dugc
nhim tring dich dén trinh tu virut WSSV, ¢6 tic dung trong bdo vé tom chéng lai bi lay
nhiém va bénh 1y gy ra boi sy lay nhiém WSSV gay chét. Vi vay, theo mot sé phuong
an, an béng, hoac tiép xuc véi dong vat giap xéc duoc nudi, hat nano chitosan-ARN
hodc hoat chét dinh dudng theo sang ché din dén ting kha ning song s6t ctia dong vt
gidp xédc duge nudi da dé cap, so sanh véi dong vat gidp xac duge nudi dn thirc an khong
¢6 ss hoac dsARN nhdm dén san phim gen ctia virut gay bénh da dé cap. Nhu duoc su
dung trong ban mo ta nay, thudt ngt "kha ning song s6t" duge dinh nghia la duy tri kha

niang ton tai. Thiéu “kha nang séng s6t” duoc biéu thi 12 bi chét.
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Nhu duoc st dung trong ban md ta nay, thudt ngit “bénh ly do virut” hodc “sy
lay nhiém virut gdy bénh” dugc dinh nghia 1a nhitng thay d6i khong mong mudn trong
sinh 1y hoc, hinh thai hoc, kha ning sinh san, gid tri kinh té, stc séng, sinh khoi, chét
lugng huong vi, mui, khoang chdng chiu ap luc ctia dong vat gidp xac duoc nuoi. truc
tiép hozc dan tiép dan dén két qua tir viéc tiép xtic v&i virut gdy bénh & dong vat giap
xac duoc nudi. Theo mdt phuong an cua sang ché, nhiing thay dbi khong mong mudn
bao gdm, nhung khong giti han boi sinh khdi va/hodc ning sudt ctia dong vat giap xéac
bi bénh hoic nhiém mam bénh. Theo modt phuwong an khéac clia sang ché, su thay dbi
trong ning suat bao gdm, nhung khong giéi han thay dbi trong san lwong mdi luong
nudi trdng thiy san, thay doi chét luong ctia dong vat gidp xac duoc nudi, chét luong
huong vi va chit luong mui (vi du nhu cua thit) va nhimg chét luong tuong twr. Theo
mdt s6 phuong 4n, vat chi dong vat gidp xéac la tom, tom st hodc tom ddng va virut gy
bénh 1a virut gay bénh dém tring. Theo mot sd phuong an, su lay nhiém WSSV gay ra

bénh ddm tring & vat chi dong vat giap xéc.

Triéu chimg 1am sang cia WSSV bao gbm viéc giam dot ngdt trong su tiéu thu
thuc phém, tho o, 16p cutin long va thuong r6i loan sic td mau do, va su hién dién cta
céc dém trdng 0,5 dén 2,0mm trén bé& mit bén trong clia gidp, phan phu va 16p cutin trén
d6t bung. Thay d6i md hoc dugc nhin thiy trong biéu mé mang, tuyén riu, mé tao mau,
m6 than kinh, md lién két va md biéu mo rudt. Té bao bi 1y nhiém c6 phan nhé bén
trong gy tic ma bit dau gy vét tai bach cdu va eosin, nhung trd nén ua kiém so véi
tudi; hat nhan no to véi su bam vao ria chét nhi®m séc; va 1am sach t& bao chét. Su phat

sinh bénh lién quan dén hoai tir va phan hily mé lan rong.

Dém tring trén vo tom bi 1y nhiém dudi kinh hién vi dién tir quét xuat hién 1on.
diém hinh vom do trén duong kinh giap tir 0,3 dén 3mm. Dém trang nho hon 0,02-
0,1mm xuét hién nhu cac khdi ciu lién két trén bé mit 16p cutin. Thanh phan héa hoc
clia cac diém tuong tu trén gidp, canxi tao ra 80-90% trén tat ca vat lidu va didu d6 dua
ra gia thuyét 1 c6 ngudn gde tlr cac bét thudng ctia 16p biéu bi cutin.

Mot sb thay dbi sinh héa di duge bao céo sau khi lay nhiém véi virut ndy: tiéu
thu glucoza va ndng d6 huyét twong lactate ting, glucoza 6 phosphat dehydrogenaza
hoat dong lam ting va giam ndng do triglyxerit. Hidu dién thé phu thudc kénh anion ctia

ti thé cling dugc diéu chinh 1én.
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Nhu duoc str dung trong ban m6 ta ndy, cum tir “kha nang chdng chiu ap luc” dé
cap dén ca kha nang chiu 4p luc sinh hoc, va kha nang chiu 4p luc v6 sinh. Cum tir “ 4p
luc v sinh” nhu dugc st dung trong ban mo ta nay dé cap t6i bét ky anh huong xAu nao
dén qua trinh trao dbi chét, sinh truéng, kha ning tdn tai va/hoic kha ning sinh san cuia
vat chu dong vat giap xéac gdy ra bdi tac nhan vo sinh. ap luc v sinh ¢6 thé duoc gy ra
boi bat ky diéu kién sinh truong moi trudong can t6i wu nhu, vi du, ngheo oxy, néng do
cao ctia chét doc, chat gy 6 nhiém hoic chét thai trong nude, nhiét do nude thép hoac
cao, doc tinh kim loai ning, ndng d6 dinh dudng cao hay thp (vi du thiéu hut chat dinh
dudng), ndng do mudi cao hay thdp (vi du do man), 6 nhiém khong khi, cuong do anh
sang cao hay thdp (vi du khong dt anh séng) hodc chiu xa tia cuc tim. Ap luc vo sinh
c6 thé 1a tac dung ngin han (vi du nhu tac dung cp tinh, vi du nhu kéo dai khoang mot
tudn) hodc lwa chon khéc c6 thé 1a lién tuc (vi du nhu tac dung méan tinh, vi du nhu kéo
dai vi du 10 ngay hodc nhiéu hon). Séng ché duy tinh trang thai ma trong d6 c6 tinh trang
ap luc vo sinh don hodc trang théi khac trong d6 hai hodc nhiéu hon ap lyc v6 sinh XuAt
hién.

Nhu dugc st dung trong ban mo ta nay cum tr "khoang chéng chiu ap luc vo
sinh" dé cap dén kha nang cua gidp xac thuy san nudi phai chiu ap luc vo sinh ma khong
thé hién tdn thuong déng ké vé sinh ly hay vat ly (vi du nhu su thay doi trong su trao

doi chat, ting trudng, kha nang ton tai va/hoac kha nang sinh san cua dong vt giap x4c).

Theo mdt s6 phwong 4n, an hoic tiép xic véi hat nano hodc hoat chat dinh dudng
theo sang ché lam tang ty 1 ting trudng va chuyén hoa thiic an. Ty 1€ tang trudng c6
thé duge do bing sinh khéi hodc ning sudt, va c6 thé dugc st dung dé chuyén hoa thirc
an. Nhu duoc st dung trong ban mo ta nay, cum tu “chuyén hoa thic an” dé cap dén
phép do san lugng ddng vat gidp xac duogc nudi trén don vi chat dinh dudng dugc cung
cép. Tac dung chuyén héa thic 4n thuong 1a két qua cia su bién doi trong it nhét trong
s qua trinh hp thu, 14y lan, hip thy, tich Iity, chuyén vi tri (¢ thuc vat) va sir dung chét
dinh dudng hép thu boi dong vat giap xac.

Nhu duoc s dung trong ban mo ta nay thuat ngii/cum tir "sinh khdi", sinh khoi
cua loai thuy san nu6i hay "sinh khéi vat chu dong vat giap xac" dé cap dén luong (vi
du nhu do bing gam ctia md duoc lam khd bang khong khi) ctia mé 1a san pham tir vat

chii trong mia phat trién,
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Nhu duoc st dung trong ban mé ta nay thuat ngit/cum tur "suc séng" dung dé chi
luong (vi dy, tinh theo trong luong) ctia mo 1a san pham ctia dong vat giap xac thuy san
nudi trong thoi gian nhét dinh. Tang stc sdng thé xac dinh hay anh hudng dén nang suét

hodc ning suat trén mdi thoi gian sinh trudng hodc ving dang phat trien.

Nhu duoc stir dung trong ban md ta nay thudt ngit/cum tir "nang sudt" dé cap dén
luong (thi du, nhu duge xac dinh theo trong lugng hogc kich thude) hodc luong (vi du,
s6 luong) ciia mo hodc co quan la san phim trén mdi c4 thé dong vat gidp xac dugc
nudi, quén thé dong vat gidp xac dugc nudi hodc trén mdi mua phat trién. Tang nang
suét c6 thé anh huong dén loi ich kinh té ¢4 thé thu duoc tir nudi thity san tai mot sd

ving dang phét trién va/hogc thoi gian phat trién.
Theo mot phuong an thi nang sudt duoc do bang ham lugng protein.
Theo mot phuong an khéc thi ndng suét duoc do bang ham lugng dau.

Nhu dugc st dung trong ban md ta nay "ap luc hitu sinh" d& cap dén ap luc xuat
hién 12 két qua ctia sy ton thuong gay cho dong vat gidp xac duoc nudi boi sinh vat sdng

khéc, chang han nhu vi khuén, virut, nam, ky sinh trung, con tring c6 1¢i va ¢ hai.

Theo mot s8 phuong 4n cia sang ché, an hodc tiép xtic véi hoat chat dinh dudng
hodc hat nano theo sang ché din dén: cai thién kha ning chiu 4p luc vo sinh (vi dy, kha
nang chiu chat lwong nudc kém, nhiét dg, lanh, chét dinh dudng khong 81 wu hoac do
muéi) hoac ap luc hitu sinh (vi du nhu, bi quéy réy hodc bi thuong); thanh phén chét
chuyén hoa so cap bién doi (vi du, axit béo, dau, ddu omega-3, axit amin, protein. duong
hoac cacbohydrat); thanh phan chit chuyén hoa thi cp (vi du nhu, ancaloit, terpenoit,
polyketit, peptit khong cé ribosom va chit chuyén héa thtr cAp ctia hdn hop gdc sinh
tdng hop); nguyén 6 chi thi bién déi (vi du, sit, k&m), hodc thanh phan vitamin (vi du
nhu, tocopherol); cai thién nang suit (vi du ndng suit duoc cai thién trong diéu kién
khong co6 ap luc) hodc cai thién nang suit dudi tac dong 4p luc vo sinh hodc hitu sinh;
cai thién kha nang st dung nito hodc cac chit dinh dudng khéc; bién ddi ting trudng
hodc dic diém sinh san; cai thién két qua thu hoach, tich lfiy hodc chét luong xur Iy (vi
du, cai thién két qua thu hoach, tich lly, hodc chit luong xu ly), cai thién su hép dan

dén nguoi tidu dung); hodc bit ky két hop ndo clia nhimg dic diém nay.

Nhu duoc sir dung trong ban mé ta nay thuat ngt "cai thién" hodc "tang" dé cap

dén viéc ting it nhat khoang 2%, it nhat khoang 3%, it nhit khoang 4%, it nhat khoang
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5%, it nhat khoang 10%, it nhit khoang 15%, it nhit khoang 20%, it nhit khoang 25%,
it nhit khodng 30%, it nhit khoang 35%, it nhat khoang 40%, it nhat khodng 45%, it
nhét khoang 50%, it nhit khoang 60%, it nhit khoang 70%, it nhit khoang 80%, it nhat
khoang 90% hodc 16n hon trong bat ky cac thong sb trén, so sanh v&i dong vt giap xac
dugc nudi cung loai hodc tuong tu mic cling mot mam bénh hodc c6 cling mot bénh. va
khong an hodc tiép xtic voi hoat chat dinh dudng hoac hat nano (vi du, dong vat giap
xac thuy san nudi khong tiép xtic véi hodc an hoat chat dinh dudng hodc hat nano) theo

sang che.

Nhu duoc sir dung trong ban mo ta nay thudt ngit "giam" dé cap dén viéc giam it
nhit khoang 2%, it nhit khoang 3%, it nhit khoang 4%, it nhat khoang 5%, it nhét
khoang 10%, it nhit khoang 15%, it nhat khoang 20%, it nhat khoang 25%, it nhat
khoang 30%, it nhit khoang 35%, it nhit khoang 40%, it nhat khoang 45%, it nhat
khoang 50%, it nhit khoang 60%, it nhit khoang 70%, it nhit khoang 80%, it nhét
khoang 90% hodc 16n hon ¢ bénh hoac tri¢u chimg bénh nhu la dém tréng, su chét hoai
va tuong tu nhu vay ¢ dong vat giap xac duoc nudi, so sanh voi dong vat giap xac khong

dugc xu ly cung loai hodc tuong tu.

Trong ca mot sb, nhimg thay ddi trong cac tham s6 4m hay duong ctia dong vat
giap xac duoc nudi duge xir Iy duoc do tai thoi diém 2-3 tudn sau khi xir ly, 3-4 tuan
sau khi xir Iy, 5-7 tuan sau khi xtr 1y, 1-2 thang sau khi xtt 1y, 2-4 thdng sau khi xu ly, 4-
6 thang sau khi xtr ly, 5-8 thang sau khi xtr ly va 5-12 thang sau khi xr ly hoac nhiéu

hon.

Theo mot sb phuong an cua sang ché, thong s6 strc khoe/bénh duge theo ddi &
dong vat giap xac duoc didu tri theo cach udng hoic tiép xtic véi hoat chat dinh dudng
hodc hat nano. Theo mét s6 phuong an, giam sat cac thong sé (biéu hién gen va/hoac
khoang chéng chiu ap luc, tde do tang trudng, v.v.) co thé dugc st dung dé xac dinh ché
do6 diéu tri ctia dong vat gidp xac, vi du nhu dua vao bd sung hoat chat dinh dudng hodc
hat nano theo sang ché, mé rong viéc diéu tri véi phuong thire diéu tri khac (vi du, thude
sat triung, thudc khang sinh, loai bd sung cho viéc nuéi thiy san nhiéu loai, v.v.). Lua
chon céy trong dé theo dai trong ving trdng ctia thuc vat cé thé 1a ngau nhién hoic c6
hé thdng (vi du, dong vat giap xac canh bdo c6 thé duoc lua chon trude trude khi didu

tri).
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Ciing duoc d& xut trong sdng ché 12 dong vat gidp xéc duoc nudi bao gdm ché
phim hat nano ho#c hoat chét dinh dudng dugc mo ta trong ban md ta nay. Bét ky dong
vat giap xac dugce nudi (vi du nhu tom hodc tom si) co thé bao gdm ché pham hat nano
hay hoat chét dinh dudng, va cu thé, bat ky mot trong sd cac nhém bao gdm tom, tom
st, cua, tom hum va tom déng. Theo mot s6 phuong 4n cu thé thi dong vat gidp xéac
duoc nudi 1a tdm hodc tdm st. Tom hodc tom st phu hop cé thé duoc chon tir nhém bao
gdm Litopanaeus vannamei, Panaeus monodon, Penaeus japonicas va Macrobrachium

rosenbergii.

Hon nita, theo mdt s6 phuong an do6 la cung cip moi truong nudi trong thuy san
bao gdm dong vat giap xac duge nudi chira duge thuc pham hodc hat nano duge mo ta
trong ban m6 ta nay. Moi truong nudi trong thiy san c6 thé 12 ao, quiy mung hoic bé
chira. Ao, bé chira hodic quay mung c6 thé hon nita 1a moi trudng nudi trong thuy san hé

thong ma hodc khép kin.
Nhu duoc sir dung trong ban mé ta nay thuit ngtt "khoang" dé cap dén + 10%.

Céc thuit ngit “bao gdom”, “chura”, “cd” va két hop cta chiing c6 nghia 1a “bao

gdm nhung khong gii han &”.
Thuét ngit "gdm c6" ¢ nghia 1a "bao gbm va gi6i han boi'".

Thuét ngit "co ban gdm c6" c6 nghia la ché pham, phuong phap hodc céu tric co
thé bao gém thanh phin bd sung, cic budc va/hodc bd phan, nhung chi khi cac thanh
phén bd sung, cac budc va/hodc cac bo phan khong cu thé lam thay ddi dic tinh co ban

va mai ctia ché pham, phuong phap hodc cau truc yéu cau bao ho.

Nhu dugc st dung trong ban md ta nay, dang s6 it gdm ca dang sb nhiéu trir khi
duoc chi rd trong ngit canh khac. Vi du, thuat ngtt "hop chit" hay "it nhat mot hop chat"

¢6 thé bao gdm phén 16n hop chit, ké ca cac hdn hop clia ching.

Trong don sang ché nay, phuong én khéc nhau theo sang ché nay c6 thé duoc
trinh bay trong dinh dang chudi. Nén dugc hiéu rang md ta trong dinh dang thong ké chi
vG1 muc dich tién loi va ngén gon va khong nén hiéu 1a gidi han pham vi sang ché. Theo
d6, md ta chudi cin duoc xem nhu la cu thé boc 16 tat ca cac khoang dudi co thé ciing
nhu gia tri s riéng 1é trong chudi d6. Vi du, md ta ctia chudi vi du nhu 1-6 nén duoc

xem nhu [a ¢é khoang dudi boc 10 cu thé nhu 1-3, 1-4, 1-5, 2-4, 2-6, tir 3 dén 6 v.v..
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cling nhu s6 riéng 1€ trong chudi dé, viduy, 1,2, 3, 4, 5 va 6. Diéu nay ap dung khong

phu thudc vao khoang rong ctia chuoi nay.

BAt ctr khi nao chudi s6 duoc chi dinh trong ban md ta ndy, n6 c6 nghia 1a dé bao
gOm bat ky s6 trich dan (phan sé hodc s6 nguyén) trong chudi chi dinh. Céc cum tir
"khoang/khoang giita" chi s6 thir nhat va chi s6 thi hai va "khoang/khoang tir" chi sb
thir nhat “dén” chi sé tha hai duge st dung trong ban mé ta nay thay thé cho nhau va c6
nghia 1a dé bao gém chi s6 thi nhét va thir hai va tat ca phan s6 va sb nguyén giita

chung.

Nhu duoc sir dung trong ban md ta nay thuat ngit "phuong phap" dé cap dén
phuong thirc, phuong tién, k§ thuat va cc budc tién hanh cho viéc hoan thanh mot
nhiém vu nhit dinh bao gdbm nhung khéng gi6i han, nhitg phuong thirc, phuong tién,
k¥ thuét va budc tién hanh d6 dugc biét dén hosc d& dang phat trién tir phuong thic da
biét, c6 nghia 13, k§ thuat va céc budce tién hanh bai nhitng chuyén vién trong linh vuc

k¥ thuat vé hoa hoc, dugc ly, sinh hoc, sinh hoa va 'y té.

Dugc hiéu rang bét ky sé chi dinh trinh tw (SEQ ID NO) dugc boc 1 trong tmg
dung sép to1 ¢6 thé dé cap dén hodc 12 trinh tw ADN hoic trinh tu ARN, phu thude vao
ngtt canh ma SEQ ID NO duoc dé cap, ké ca khi SEQ ID NO dé duoc biéu hién chi ¢
dang trinh tu ADN hoic dang trinh tw ARN. Vi du, SEQ ID NO: 47 (Rab7) duoc bicu
hién & dang trinh tw ADN (vi du, doc T d6i véi thymin), nhung né co thé dé cap toi hoac
la trinh tu ADN tuong Ung véi trinh tu axit nucleic Rab7, hodc trinh tu ARN cua trinh
tu axit nucleic phan tr ARN. Tuong tu nhu vay, madc du mot sb trinh tu duoc bidu hién
& dang trinh tw ARN (vi du, doc U dbi véi uraxin), tiy thudc vao loai phan tir thuc té
duoc mo ta, nd cé thé dé cap dén hodc trinh tu cua phén tt ARN gém dsARN, hoac
trinh tu cia phan tr ADN tuong ting véi trinh tw ARN duogc thé hién. Trong bt ci
truong hop nao, ca hai phan tor ADN va ARN ¢6 trinh tu dugc boc 10 v6i céac phén tr
thé bat ky duoc hinh dung.

Danh gid ring cdc ddu hidu k¥ thuat nhat dinh cua sang ché, ma la, dé rd rang.
duoc mo ta trong ngit canh céc phuong an riéng biét, ciing cé thé duge dé xuat két hop
vé1 phuong an riéng 1é. Nguoc lai, cac dau hiéu ky thuat khac nhau ctia sang ché 1a, theo
céch ngén gon, duoc md ta trong ngit canh ctia phuong an riéng 1€, ciing co thé duoc dé

xudt mot cach riéng biét hodc theo su két hop phu thich hop bat ky hodc thich hop voi
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bat ky phuong an dugc mo ta khac theo sang ché. Cac dau hiéu k¥ thuat nhét dinh duoc
md ta trong ngit canh ctia nhidu phuong 4n khic nhau khong dugc coi nhu 14 cac dau
hiéu k§ thuat chii yéu cta nhiing phuong an do, trir khi phuong én nay khong co hiéu

qua khi khong c6 yéu té do.

Cac phuong an va céc khia canh khac nhau cta sang ché nhu mo ta ¢ trén va nhu
duoc yéu cau bao ho trong doan yéu cau bao ho phia dudi dugc ho tro dua trén thu

nghiém trong cac vi du dudi day.
Vi du thwe hién sang ché

Tai liéu tham khao dang thuc hién cho cac vi du sau ddy, ma cung véi cdc mo ta

& trén minh hoa mot s§ phuong 4n cia sang ché theo cach khong gidi han.

Nhin chung, thudt ngit duge st dung trong ban mé ta nay va bude tién hanh
phong thir nghiém duoc st dung trong sang ché bao gdm k¥ thuat ADN phén . sinh
hoa, vi sinh vat va tai tb hop. Nhiing ky thuét nay duoc giai thich xuyén sudt trong ban
mo ta nay. Xem, vi du, “Molecular Cloning: A laboratory Manual” Sambrook va cong
su, (1989); “Current Protocols in Molecular Biology” Volumes I-III Ausubel, R. M., ed.
(1994); Ausubel va cong su, “Current Protocols in Molecular Biology”, John Wiley va
Sons, Baltimore, Maryland (1989); Perbal, “A Practical Guide to Molecular Cloning”,
John Wiley & Sons, New York (1988); Watson va cdng su, “Recombinant ADN”,
Scientific American Books, New York; Birren va cong su (eds) “Genome Analysis: A
Laboratory Manual Series”, cac tap 1-4, Cold Spring Harbor Laboratory Press, New
York (1998); phuong phap luan nhu duoc néu trong trong cac patent My sé 4.666.828:
4,683,202; 4,801,531; 5,192,659 va 5,272,057; “Cell Biology: A Laboratory
Handbook™, Volumes I-I1I Cellis, J. E., ed. (1994); “Culture of Animal Cells — A Manual
of Basic Technique” ctia Freshney, Wiley-Liss, N. Y. (1994), xuit ban lan thu ba;
“Current Protocols in Immunology” Volumes I-III Coligan J. E., ed. (1994); Stites va
cong su (eds), “Basic and Clinical Immunology” (xuit ban lan tht 8), Appleton &
Lange, Norwalk, CT (1994); Mishell va Shiigi (eds), “Selected Methods in Cellular
Immunology”, W. H. Freeman va Co., New York (1980); thir nghiém mién dich d3 c6
dugc mé ta thém trong bang doc quyén sang ché va tai lidu khoa hoc, vi du, céc patent
M§ s6 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034.074; 4,098,876; 4,879.219:
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5,011,771 va 5,281,521; “Oligonucleotide Synthesis” Gait, M. J., ed. (1984); “Nucleic
Acid Hybridization” Hames, B. D., va Higgins S. J., eds. (1985); “Transcription and
Translation” Hames, B. D., va Higgins S. J., eds. (1984); “Animal Cell Culture”
Freshney, R. I, ed. (1986); “Immobilized Cells and Enzymes” IRL Press, (1986); “A
Practical Guide to Molecular Cloning” Perbal, B., (1984) va “Methods in Enzymology”
Tap 1, 2, 317, Academic Press; “PCR Protocols: A Guide To Methods And
Applications”, Academic Press, San Diego, CA (1990); Marshak va cOng su, “Strategies
for Protein Purification and Characterization — A Laboratory Course Manual” CSHL
Press (1996); tat ca déu dugc két hop bing cach vién din néu nhu duge néu diy da trong
ban mé ta nay. Céc tai liéu tham khao chung duoc dé xut trong toan bo tai liéu nay.
Céac bude tién hanh trong dé dugc cho 1a biét dén trong linh vuc k¥ thuat va dugc dé
xuét thuan tién cho nguoi doc. TAt ca cac thong tin chira trong d6 dugc két hop trong tai

liéu tham khao.

Vi du I: hiéu qua phéan phdi qua dudng miéng ctia dsARN béang hat nano chitosan duoc

n-axetyl hoa.

Cac chitosan v6i muic do khir axetyl hoa khac nhau da duoc tong hop biang phan
ting N-axetyl hda dong nhat giita anhydrit axetic va chitosan khtr axetyl héa muc cao.
Str dung két qua din xuét chitosan, mtic d6 ma su khir axetyl héa chitosan anh huong
su tao ra hat chitosan-dsARN, giai phong dsARN, va cudi cuing 13 lam cdm gen in-vivo

bang cich phan phdi qua dudong miéng duoc danh gid.
Vat liéu va phuong phap:
Tao ra dsARN

Rab7-dsARN duoc tong hop boi hé thdng vi khudn in vivo. P& nhan ban plasmit
tai to hop chita doan lip dao nguoc ctia than va vong lap doan téng hop chira protein
lién quan dén Ras Litopenaeus vannamei (Rab7, s6 truy cap # JQ581679) timg phan
trinh tw va phan bd sung khong ma hoa cho vong lap (SEQ ID NO: 48, vong lip) duoc
téng hop (SEQ ID NO: 46, doan Rab7 v6i vong lap).

Doan nay dugc st dung nhu khuén dé khuéch dai trinh tu 250bp Rab7 ¢o nghia

+ vung vong lap su dung cac moi:

Xbal Rab7 mdi xudéi GAAACTCTAGATGGGTAACAAGATTGATCTGGAG
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(SEQ ID NO: 26) va BamHI Rab7 mdi nguoc AGCCGGATCCtagcttacga (SEQ ID NO:
27). San phdm PCR duogc nhan ban thanh pET9a (Novagen) str dung vi tri gi¢i han Xbal
+ BamHI. Rab7 d6i nghia duoc khuéch dai PCR str dung cting mot khudn véi mdi sau
day: BamHI mbi xuéi GCATAGGATCCTGGGTAACAAGATTGATCTGGAG (SEQ
D NO: 28) va PstI mdi nguoc GAGTACTGCAGCATCCTGTTTAGCCTTGTTGTCA
(SEQ ID NO: 29) va dugc nhan ban bang BamHI, Pstl dé tao ra plasmit cudi cung -
iARN pET9a-Rab7 250. Plasmit tai t5 hop (pET9a-Rab7 250) c6 chira doan lip dao
nguoc ctia vong lip gbc Rab7 dugc bién nap bing phuong phip sdc nhiét vao
ribonucleaza ITI (RNaza III) E. coli d6t bién mach HT115. Sur biéu hién cua cau tric kep
toc Rab7 duoc giy ra bang cach thém Isopropyl-B-D Thiogalactoside (IPTG) 0.4mM
vao moi truong nudi cay vi khuan. Méi truong nudi cay duge thu 4 gio sau khi gay ra
IPTG. ARN mach don vi khudn (ssARN) va ving vong lap ctia cdu tric kep toc Rab7
dugc thity phan véi ribonucleaza A (RNaza A). Sau d6, dsSARN-GFP duoc chiét xuat
boi chét phan ting phan tich ARN TRIzol® (ThermoFisher Scientific) theo huéng dan
ctia nha san xudt. Nong d6 mARN-Rab7 va dsSARN-GFP duoc x4c dinh bang cach do

d6 quang phd UV tai budc séng 260nm va dién di gel agaroza.

Phuong phap tuong tu ciing duoc sir dung dé nhan ban céc trinh ty Rab7-ARNi
& 125bp va 70bp. Mdi xuit hién trong bang dudi day:

Bang 3: Trinh tu mdi dé nhan ban Rab7-ARN;i

Chiéu
. dai | SEQ
Tén moi Trinh tu trinh | ID
tu NO:
1ARN
Xbal moi
xudi Rab7 | GATCTCTAGAGAGGTGGAGCTGTACAATGAG 0 30
70
Pstl mdi
xuoi vong | CGTCTGCAGCGCATCTTGC 0 31
lap
quHI
moi xudi GATCGGATCCGAGGTGGAGCTGTACAATGAG 0 32
Rab7 70
PS;[I Rab7 GACTACTGCAGCATCCTGTTTAGCCTTGTTGTC 0 33
moi nguoc
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BamHI
Rab7 125

Pstl rab7s
mo1 ngugc

GAATCGGATCCTAATGTGGAGCTAGCITTCCAG 25 34

GAGTACTGCAGCATCCTGTTTAGCCTTGTTGTCA | 25 35

Pstl vong
lap moi tacgtCTGCAGCGCATCTTG 25 36
nguoc

Xbal rab7
125 mdi GAATCTCTAGATAATGTGGAGCTAGCTTTCCAG 25 37
xudi

N-axetyl hoa cia chitosan

1,5g chitosan (HMC* Chitoscience Chitosan 80/20, Mw 40-150kDa) duoc hoa
tan trong 4% dung dich axit axetic (50ml), va anhydrit axetic trong 50ml etanol nguyén
chit duoc thém vao. La lugng anhydride acetic xac dinh mte d6 phan ing N-axetyl hoa
va do d6 xac dinh mirc do khtr axetyl hoa (DD) cua san pham cudi cung, lugng khac
nhau cua anhydride acetic dugc st dung. Sau khi khudy & 40°C trong 12 gio, phan tng
da duoc nglmg lai boi sy trung hoa d§ pH véi NaOH (5M) dén pH 9. Két tua thu duoc
duoc ly tAm (15.000g trong 10 phut ¢ nhiét do 4°C) va rua k§ bang nude khir ion & pH
9. Budc tién hanh nay dugc lap lai 3 14n. Sau d6, két ttia dugc rira sach tir dung moi va
tap chit bang su thdm téch (SpectrumLabs, kich thudc 16 12-14kDa) trong 5L nudc khir
ion trong 72 gio. Nudc dugc thay thé 8 14n trong giai doan nay. Két qua chitosan N-
axetyl hoa duoc thu hdi tir cac tii thim tach bang cach str dung quy li tim (15.000g
trong 15 phut ¢ 4°C) va lam dong kho trong 48 gio béng cach st dung chat 1am kho lanh
(Labconco).

Xéc dinh dién thé ctia mic dd khir axetyl hoa.

Chuan do dién thé duoc st dung dé xac dinh mic do khir axetyl héa (DD) cua
chitosan N-axetyl hoa. N6i mot cach ngin ngon, 0,2g chitosan téng hop hoa tan vao
trong 30ml axit clohidric 0,1M. Sau 2 gi& khuéy lién tuc, 25ml nudc khir ion dd duogc
thém vao va khudy tiép tuc thém 1 gid. Khi chitosan duoc hoa tan hoan toan, dung dich
duoc chuan do véi dung dich natri hydroxit 0,1M. Tir viéc chudn do dung dich nay,
duong cong v6i hai diém ubn cong thu duoc. Lugng axit duge dung gifta hai diém nay

duoc coi la tuong g véi lugng nhém amino tu do trong dung dich (Tolaimate, 2000).
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Viéc chuin do duge thuc hién v6i bo do pH (dung cu EUTECH).

Muc d6 khir axetyl hoa (DD) cua chitosan dd dugc tinh toan bang cach stir dung

ché pham:

V2-V1 }

%DD = 2,03
#D [m +0,0042(V2 - V1)

trong d6 m 14 khdi luong cia mau. V1, V2 la thé tich dung dich natri hydroxit
0,1M tuong ung véi diém udn. 2,03 1a két qua hé s6 tir trong luong phan tir ctia don vi
chitin monome. 0,0042 1a két qua hé sé tir sy khac nhau giita trong lugng phéan wr cua

don vi chitin va chitin monome.
Diéu ché hat nano chitosan-dsARN

Ché pham véi ty 18 khéi lugng polyme/dsARN khac nhau da dugc diéu ché bang
phuong phap tu lp rép trong khi van gitt lugng dsARN khong d6i (20 pg/mL). Chitosan
hoic din xuit N-axetyl hoa ctia né dugc hoa tan t6i ndng do 4% trong dung dich dém
natri axetat 0,2M (pH 4,6). Dung dich hoat dong vé1 néng dd 0,01%-0,1% da duoc lam
tir phan trit lugng bang cach pha lodng v&i ciing mot dung dich dém. Thé tich twong
duong cta dung dich dSARN Rab7 (100 pg/ml trong dung dich dém natri axetat 0,.2M)
va dung dich chitosan dugc tron nhanh chéng dudi do lac cao trong 30 gidy va u trong
1 gio tai RT. Hat nano dugc lép rap da dugc st dung ma khong can tiép tuc lam sach.
Vi ndng d6 dsARN van khong d6i dbi véi tat ca dung dich hat nano, thao téc voi nong

d6 chitosan thay déi ty 1& khéi luong polyme/dsARN.
Dic tinh cua hat nano

Kich thudc va dién tich bé mit hat (dién thé zeta) ctia hat nano chitosan/dsARN
duoc xac dinh béng cach str dung Zetasizer Nano ZSP (Malvern Instruments, UK). Viéc
do kich thudc hat dugc thuc hién tai goc 173° va nhiét 4§ 25°C. Kich thudc duoc duge
biéu hién dudi dang duong kinh thtuy ddng luc hoc trung binh z thu dugc béng phéan tich
Ity ké cua dau hiéu tuon quan st dung do nhdét va chi s6 khuc xa clia nude trong tinh
toan. Pién tich bé mt ctia hat nano duoc phén bd trong dung dich dém natri axetat (pH
4,6 trir khi gia tri khac dugc chi dinh) duoge do sir dung té bao mao dan lan cé sin

(Malvern Instruments, UK).

Luu gift va giai phéng dsARN
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Sau khi tao ra hat nano, viéc luu gitt dSSARN dugc danh gié béng cach dién di gel
trong 1,5% agaroza (Sigma) trong TAE (X1, Hy-Labs) voi ethidi bromua (Hy-Labs).
Gel duoc chay ¢ 100mV trong 30 phut va luu gitt dSARN duoc nhin thay dudi tia UV.

Piéu ché thic an cho tom

1,5g thtc 3n bao gdbm 300pg dsARN dugc diéu ché cho mdi hé thdng hat nano
(phttc hop ctia chitosan hodc dan xuit chitosan v&i dsSARN 250bp Rab7). N6i mot cach
ngin gon, phuong phap xir 1y hat nano khac nhau da dugc chudn bi bing cach thém
300ug 250bp Rab7 trong dung dich dém natri axetat 3,75mL (0,2M, pH 4,6) vao 3,75mL
ctua dung dich Cs, H35, H42 hodc H55 (duoc diéu ché trong dung dich dém natri axetat
0,2M, pH4,6), thu duoc ti 16 khdi lwong polyme/Rab7 1a 50, 40, 30 va 8, twong tmg. Sau
d6, dung dich két qua duoc lic trong 30 gidy va u trong 1 gio tai RT. Sau khi lam kho
lanh qua dém, phirc hop dong kho dugc hoa tan trong 1ml nude duge xur ly DEPC (cong
nghi€p sinh hoc) va dung dich két qua dugc tron k¥ ludng véi 1,5g thie an hat cho tom
thuong mai. Khi bot vién da ngdm hoan toan vdi dung dich hat nano, ching duoc séy

khd ¢ 60°C trong 10 khi noéng cho 0,5 gio.

Phén phéi qua duong miéng ctia 250bp Rab7 & tdm sir dung hat nano chitosan duoc

axetyl hoéa.

Toém Peneaus vanameii 6 tuan tudi dugc phan chia vao sau nhém (12 con tém
moi nhém), ma duoc giit riéng biét véi nhau dé thu nghiém cam gen. Trong nhém 1,
tom dugc cho an vai thie an hat thuong mai. Trong nhom II, tdm dugc cho dn véi hat
duogc didu ché voi dsARN tu do (200ug mdi g thirc an). Trong nhém III, IV, V va VI,
tom dugc cho an voi vién chia phiic hop trén co s& H35, H42, HSS va chitosan, mot
cach tuong tmg, tat ca bao gdm 200ug dsARN mdi gam thiic dn. S ngay sau khi bat dau
thir nghiém (2 1an cho dn m&i ngay, cho in hang ngay twong tng véi 5% trong lugng co
thé) tom bi cit ra va phén mang tir mdi con tom da duge thu thap va duoc cho ngay lap

tlc vao trong nito 1ong cho dén khi str dung.
Thu thap mAu, tach chiét ARN va tong hop cADN

MAu mang tir mdi con tém duoc cho ngay 1ap tiic vao trong nito long cho dén
khi str dung. Cac miu dugc lam ddng nhét sir dung giot thuy tinh trong 1ml chit phan
tmg TRIzol® tinh khiét bang cach sir dung mot may tron mé to chay Argos va tat ca
ARN duge chiét xuit bang thudc thir phan tich ARN TRIzol® (ThermoFisher
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Scientific) theo hudng dan cua nha san xuét, sau d6 xtr Iy ADNza (TURBO ADN-free™
Kit, Ambion). cADN soi thtt nhit dugc téng hop biang cach str dung RevertAid First

Strand cADN Synthesis theo huéng dan ctia nha san xuét.
PCR thoi gian thuc

Pinh luong ctia gen Rab7 (s6 truy cip #FJ811529) bang phuong phap dinh luong
PCR duoc thuc hién nhu mo ta béng (Vatanavicharn va cong su, 2014). Trinh tu moi dé
phan tich qRT da dugc lya chon tir doan Rab7 ma khong phai 1a mot phén cua doan lua
chon dé tao ra dsARN dé tranh céc 15i gy ra bai viéc phan phdi dsARN. 2ul ctia cADN
duoc sir dung trong phan tmg 10ul didu ché sir dung dau do qPCRBIO Mix Lo-ROX
(PCR Biosystems) va thir nghiém qPCR PrimeTime® (IDT) c6 chira cac doan mdi va
diu do sau: Rab7 mdi xuéi GGGATACAGCTGGTCAAGAAA (SEQ ID NO: 38);
Rab7 mdi ngugc CGAGAGACTTGAAGGTATTGGG (SEQ ID NO: 39) va dau do
duoc gan nhin FAM — CGAGGAGCTGATTGTTGTGTTCTCGT (SEQ ID NO: 40)
(doan mdi 500nM va dau do 250nM).

PCR duoc thuc hién trong hé théng phat hién PCR thoi gian thue CFX96
Touch™ st dung diéu kién chu ky nhiét médc dinh. Gia tri Ct RT-PCR thoi gian thuc
thu duoc cho Rab7 mARN duoc chuin héa nguoc voi gia tri Ct thu dugc cho EFla
mARN (s truy cdp #GU136229) st dung doan mdi va diu do sau day: EFla mdi xudi
GTGGAGACCTTCCAACAGTATG (SEQ ID NO: 41), EFla mdi nguoc
CCTTCTTGTTGACCTCCTTGAT (SEQ ID NO: 42) va diu do dugc gin nhin FAM
TGCGTGACATGAAGCAGACGG (SEQ ID NO: 43). Gia tri Ct delta trung binh + SD
duoc xac dinh cho mdi 14n xr ly (t6i thiéu 5 con tdm mdi 14n) va qud trinh dinh lugng
lién quan dén ddi ching khéng duge xir ly thiép lap vé 1.

Két qua

Céc chitosan v&i mirc d khir axetyl hoa khac nhau da dugc tong hop bai phan
g N-axetyl hoa dong nhét gitra anhydrit axetic va chitosan khir axetyl héa muc cao.
Su khac nhau khi lugng 100% axetic anhydrit dugc thém vao dung dich phan tmg dé

dang diéu khién mac do khir axetyl hoa chitosan két qua, nhu dugc thé hién trong bang
2 vaFIG.2.

Bang 2: Mitc d6 khir axetyl héa cta din xuét chitosan dudi dang chirc ning ctia ndng

do anhydrit axetic
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Mau Anhydrit axetic ~ Mirc d6 khir axetyl hda
dugc thém vao (pl)
Cs - 82,4
H75 90 75,5
H70 134 70,4
H66 246 66,2
H55 319 54,9
H42 468 41,6
H35 563 35,1

Céc chitosan khic nhau, bao gdm ca chitosan thuong mai c6 sin va dan xuat
chitosan dugc khtr axetyl héa mot phan dugc so sanh kha ning ctia ching dé phan phdi
dsARN va diéu hoa thém su cAm gen. Trudce tién, hat nano da duoc diéu ché boi viéce tu
lap rap cta chitosan va 250bp Rab7 dsARN. Bing cach thay ddi ndng do ctia polyme
va giit ndng d6 dsARN khéng ddi, ty 18 khdi lugng hat polyme/Rab7 1a khac nhau. Viéc
tu 1ip rap dsARN va chitosan 13 phu thudc vao mirc d§ khir axetyl héa cta din xuit
chitosan. Vi vy, khi mtc d6 khir axetyl hoa giam (vi du bang céch phan tmg voi
anhydrit axetic), kha niang lién két dsARN giam, vi du nhidu chitosan hon 1a can thiét
dé hoan toan lién két v6i cing mot lugng dsARN. Céc hinh v& tir FIG.3A dén FIG.3C
biéu thi anh huong ctia mirc d6 khir axetyl hoa ctia chitosan dén hiéu suat lién két dsARN
ddi voi chitosan khong duoc xtr ly va dan xut H42 va H55. Ro rang hon la chitosan
duogc khir axetyl hoa lién két céi dsARN hiéu qua hon (vi duy, lién két hoan toan dsARN
& ty 18 khdi luong polyme/dsARN thap hon). Luu ¥ ring ty 1& khéi luong polyme/Rab7
dé lién két hoan toan dsARN da ting tir 2 ddi voi chitosan khong duge xir Iy (FIG.3A,
dong 4) toi 25 d6i véi H42 (FIG.3C, dong 11) khi mirc do khtr axetyl héa bi giam tu
82,4% (chitosan khong dugc xu ly) téi 42% (H42).

Anh huéng ctia muc d6 khir axetyl hoa 1én tinh chat vét ly ctia hat chitosan

Tinh chét vat ly anh hudng dén tuong tac té bao va hép thu ndi bao cua hat nano
(vi du kich thudce va dién tich bé mit) da duoc xéc dinh. Thiét bi do gia trj trung binh z
hiéu qua do dugce, ma duoc xac dinh kich thude trung binh dé phan tich I8y tich, va dién
thé zeta (dién tich) cua phuc hop duoc xép dat nguoc lai voi ty 1é khoi luong
polyme/Rab7 ctia hat nano va dugc thé hién trong FIG.4A va FIG.4B, tuong tng. Tat

ca ché phém hat nano (vi du dugc diéu ché tir din xudt chitosan khac nhau) cho théy
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kich thudc hat tang khi ty 16 khdi luong tang lén. Vi dy, kich thudc hat ctia cac ché phim
H42/Rab7 v6i ty 18 khdi lugng polyme/Rab7 khéc nhau duge trinh bay trong FIG.4A.
Do dién dién tich bé mit (FIG.4B) cho thay ludi dién tich duong ddi voi tat ca hat nano
chitosan/dsARN duoc thé hién. Dan xuét chitosan N-axetyl héa (H55 va H42), dic trung
bdi mic d6 khir axetyl hoa thép hon, thé hién gié tri dién thé zeta thép so vOi chitosan
khong duge xtr 1y, ddi voi tat ca ty 18 khdi lugng da kiém tra. (FIG.4B). Vi dy, dién thé
zeta cla hat nano trén co s& H42 xép xi 1a 15mV tai ty 1€ khéi luong polyme/Rab7 1a
40, trong khi hat nano trén co s chitosan (khong duoc xir ly) biéu thi gié tri dién thé

zeta 26mV.
Cam gen in vivo bang cach cho &n hat nano chitosan-dsARN.

Pé xé4c dinh xem phéan phbi dsSARN qua dudng an clia hat nano trén co s chitosan
N-axetyl héa mot phan cé thé kich hoat ARNi va lam cdm gen in vivo, 12 con t6m
Penaeus vannamei trudng thanh (150mg) duoc cho dn véi 45mg hat nano tao phtrc
chitosan-dsARN (cac dan xuat H35, H42, H55 hodc cac phuc hop trén co so chitosan
khong dugc xu ly, bao gébm 200pg dsARN mdi gam thtc an), hoac ché do an
Rab7(200pg Rab7 dsARN tu do mdi gam thirc an) hodc thirc an thuong mai (thic an
chan nudi don gian) hai 1an mdi ngay trong 5 ngay & tdng lidu hang ngay 1a 5% sinh
khéi. 48 gid sau 1dn an cudi cling, tAt ca tom lam chét va tbng ARN dugc chiét xudt tir
cac mé tom dé phan tich dinh lugng PCR thoi gian thyc. Anh huéng trén biéu hién Rab7
mARN tuong d6i & tdm duoc trinh bay trong FIG.5. Giam xp xi 2 1an trong biéu hién
Rab7 duoc quan sat thiy & tom ma tiéu héa phitc hop hat nano H42/Rab7 (biéu hién gen
52%) va hat nano H55/Rab7 (biéu hién gen 61%), so sanh v&i tdm dbi ching duogc cho
an dsARN ty do. Két qua nay chi ra ring Rab7 dsARN, khi dugc tao phirc hop véi cac
din xuét chitosan c6 murc do khur axetyl hoa thép hon, nhu H42 hodc HS5 va hop nhat
trong ché d6 an ché pham tiép do6 di vao té bao vat chu (vi dy, tdm) va ¢6 thé kich hoat

ARNG, cubi ciing trc ché biéu hién Rab7 mARN vat chu.

Vi du II: Tac dung phén phdi qua duong miéng ctia dSARN duge PEGyl hoa hat nano
chitosan n-axetyl ha mot phan.

Trong nd luc dé tiép tuc cai thién cac tinh chit bé mit cla chét mang nano
chitosan, su tuong tac cua ching véi moi truong dudng tiéu hoa cia tdm va cai thién

dsARN chuyén giao qua niém mac polyme, polyetylen glycol (PEG) da dugc thém vao
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mach chinh hat nano chitosan. PEG-NHS duoc két hop véi chitosan va nhom dau amin
H55 dé tao ra polyme PEG-Cs va PEG-HS55, twong ing, va anh hudng cia su két hop
PEG trén su tao ra hat chitosan/H55-dsARN, su 4n dinh cua hat nano téng hop va két

qua cam gen sau khi phan phéi qua dudong miéng ctia céc hat duge dénh gia.
Vat liéu va phuong phép
Téng hop PEG-HS5 va PEG-Chitosan

PEG2000-NHS (mPEG-SG, Mw 2000, Creative PEGWorks) duoc lién hop voi
chitosan va nhom dau amin H55 dé tao ra polyme hitosan-PEG2000 va H55-PEG2000,
tuong Ung. Mot cach ngin gon, chitosan (Cs) va dan xuét chitosan H-55 (100mg mdi
dan xuit) di duoc hoa tan trong 20mL 3% axit axetic dudi didu kién khudy cuong do
16n trong 1 gid. Sau dé, mau da dugc siéu am trong 2 phit tai cudng d6 40%. Sau khi
siéu am, pH cua mAu dugc didu chinh v& 6,5 (d6i véi Cs) va 7 (dbi v6i H-55), st dung
NaOH M. Hai mau 250mg MPEG-NHS mdi miu dugc hoa tan trong 15mL ddH>0 va
thém ngay 1ap tic vao mau H-55 va Cs. Dung dich két qua da duoc U trong 24 gid tai
RT dudi diéu kién khudy tir tinh. Hon hop két qua di dugc tham tach v6i mang thim
tach (SpectrumLabs, kich thudc 16 12-14kDa) dua vao nudce cht trong 48 gio, va dung

dich dugc lam dong kho sau do.
Diéu ché hat nano chitosan-dsARN

Ché pham v6i thanh phan khéc nhau ctia Cs/PEG-Cs (vi du 1/0, 0,8/0,2, 0,6/0,4,
0,4/0,6, 0,2/0,8 va 0/1) da dugc didu ché bdi mot phuong phép tu lip rép voi 250bp
Rab7 dsARN tai ty 1& khéi lugng téng polyme/Rab7 dsARN la 8 (tuong tu nhu cach
tién hanh duoc mo ta & trén). ché phdm bao gdm ca hat nano duge PEGyl héa va khong
duoc PEGyl héa (vi du nhu PEG-H55/H55 va PEG-H55/Cs) dugc diéu ché theo cach
tuong tu, duy tri téng ty 1& khdi luong téng polyme/Rab7 dsARN 1a 50.

Pac tinh cia hat nano

Kich thude va dién tich bé mat hat (dién thé zeta) cua hat nano duogc xac dinh
béng cach su dung Zetasizer Nano ZSP (Malvern Instruments, UK). Viéc do kich thudc
hat duoc thuc hién tai goc 173° va nhiét o 25°C. Kich thudc duge dugce biéu hién dudi
dang duong kinh thiy dong lwe hoc trung binh z thu duoc bang phan tich liy ké ctia diu

hiéu tuon quan st dung do nhot va chi s6 khuc xa cua nudc trong tinh todn. Dién tich
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bé mit cua hat nano duge phan bd trong dung dich dém natri axetat dugc do sir dung té

bao mao dan cudn gap c6 san (Malvern Instruments, UK).
Luu gitt va giai phong dsARN

Sau khi tao ra hat nano, luu gitt dsSARN duoc danh gia bang cach dién di gel trong
1,5% agaroza (Sigma) trong TAE (X1, Hy-Labs) vé6i ethidi bromua (Hy-Labs). Gel dugc
chay & 100mV trong 30 phut va luu gitt dSARN dugc xem dudi 4nh séng tia cyc tim.

Nong do cua hat nano

Nong d6 ctia phiic hgp Cs/PEG-Cs dugc thuc hién trong sudt budc tao phtc,
bang cach st dung ndng d6 gip 2, 4 va 8 lan cua 250bp Rab7 dsARN (0,04, 0,08 va
0,16 ug/ml, tuong ung) va Cs/PEG-Cs (0,32, 0,64 va 1,28 ug/ml, tuong tmg), trong khi
gitt thé tich tao phirc ¢b dinh (1ml). Ty 18 khdi luong tong polyme/Rab7 la 8 duoc duy
tri cho tit ca phirc hop Cs/PEG-Cs dugc diéu ché. Phiic hgp H55/PEG-HS55 duge c6 dac
theo phuong thic giéng nhau, chi duy tri ty 1¢ khéi luong téng polyme/Rab7 1a 50. Sau
khi tao phuec, phirc hop duge nghién bang séng am sir dung bé séng siéu am trong 1 gidy

& cuong d6 40kHz.
Diéu ché thtrc 3n cho tdm

1,5g thirc an bao gdm 300pg dsARN di dugc didu ché dé sau d6 hé thdng hat
nano — PEG-Cs/Cs (80/20), PEG-H55/H55 (50/50) va PEG-HS55/H55 (90/10) v6i 0,02
mol ctia protamin, c6 ti 18 khdi lugng tong polyme/Rab7 14 8, 50 va 50, twong Gmg. Ngan
gon, phuong phap xu ly hat nano khac nhau da duoc chuan bi bang cach thém 300pg
250bp Rab7 dsARN trong 3,75mL dung dich dém natri axetat (0,2M, pH 4,6) v6i vao
3,75mL cta PEG-Cs/Cs (80/20), PEG-H55/H55 (50/50) hodc PEG-HS55/HS5 (90/10)
v6i 0,02 mol dung dich protamin (dugc diéu ché trong dung dich dém natri axetat 0,2M,
pH 4,6), lac trong 30 gidy va u trong 1 gid tai nhiét d6 phong. Phitc hop két qua duoc
lam dong kho st dung may hut chan khong. Sau khi lam khé lanh qua dém, phuc hop
dong khd duogc hoa tan trong 1ml nude duge xu ly DEPC (Biological Industries) va
dung dich két qua dugce tron k¥ ludng véi 1,5g thie an hat cho tom thuong mai. Khi bot
vién da ngdm hoan toan v&i dung dich hat nano, ching duoc siy khé & 60°C trong 10

khi nong trong 0,5 gio.

Phén phéi qua duong miéng ctia 250bp Rab7 dsARN ¢ tom sur dung hat nano trén co so
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chitosan dugc PEGyl hoa.

T6m Peneaus vanameii 6 tudn tudi dugce phan chia vao nim nhém (12 con t6m
mdi nhém), ma duoc gift riéng biét véi nhau dé thir nghiém cdm gen. Trong nhém I,
tom dugc cho an véi thue an hat thuong mai. Trong nhém II, tdm duogc cho an véi hat
duoc didu ché voi dsARN tu do (200pg mdi gam thirc an). Trong nhom I, IV, va V.
tom duoc cho an voi vién chira PEG-Cs/Cs (80/20), PEG-H55/HS5 (50/50) hoac PEG-
H55/H55 (90/10) voi 0,02 mol dung dich protamin, mot cach tuong Gmg, tat ca bao gém
200pg dsARN mdi gam thirc an. 5 ngay sau khi bit ddu thir nghiém (2 1an cho n mdi
ngdy, cho 4n hang ngiy tuong tmg véi 5% trong luong co thé) tdm bi cit ra va phan
mang tir mdi con tdm dd dugc thu thap va duoce 1am lanh ngay l4p tirc trong nito 1ong

cho dén khi st dung,
Tach chiét ARN va tong hop cADN

Cac mau mang dugc 1am dong nhét st dung giot thiy tinh trong 1ml chit phan
ting TRIzoI® tinh khiét bang cach sir dung mét may tron dong co chay Argos va tt ca
ARN dugc chiét xuit bang thubc thir phan tach ARN TRIzol® (ThermoFisher
Scientific) theo hudng dan ctia nha san xudt, sau do xir Iy ADNza (TURBO ADN-free™
Kit, Ambion). cADN mach tht nhat duoc tong hop bang cach st dung RevertAid First
Strand cADN Synthesis theo huéng dan ctia nha san xuét.

PCR thoi gian thue

Dinh luong ctia gen Rab7 biang phuong phép dinh lugng PCR duoc thuc hién nhu md

td o trén (Vidu 1).

Két qua

Kha néng lién két dsSARN va tinh chét vat ly cua hat nano chitosan dugc PEGyl hoa
PEG2000-NHS dugc két hop véi chitosan khong duoe xu ly va nhom dau amin

HS55, sinh ra polyme chitoan-PEG2000 va H55-PEG2000, tuong tng. Céc polyme duoc

PEGyl hoa duoc tron véi Rab7 dé thir nghiém &i luc lién két dsARN va dé do kich thudc

hat (cac hinh v& tir FIG.6A dén FIG.6C). Trong khi Cs (chitosan khong dugc xtr ly) lam

c6 ddc Rab7 dsARN t6i cung mot dang hat véi duong kinh thity dong luc hoc ~170nm,

chi ¢6 Cs dugc PEGyl hoéa la khong thé ¢ dic Rab7 do viéc giam nhém amin c6 tich

dién duong, két qua 1 lién két khong hoan toan ctia dsARN véi polyme va kich thudc
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hat 16n hon (FIG.6A va FIG.6B). Do dién thé zeta ctia hat nano bao gom ché pham Rab7
dsARN va PEG-Cs/Cs khéc nhau tiép tuc hd trg quan st nay, chi dinh ting gié tri dién
tich bé mit 1am ting thanh phdn PEG-Cs trong phitc hop (FIG.6C).

Nghién ctu anh hudng cta su lién hop PEG vé su 6n dinh cta hat nano, kich
thude ctua phirc hgp dugc do sau khi c6 déc glp 2, 4 va 8 lan cta phirc hop. FIG.7A
minh hoa kich thudc hat (thé hién ¢ don vi nm) ctia hat nano trén co s& H55 (H55 khong
duoc PEGyl hoa) so v6i hat nano trén co sé HSS duge PEGyl hoa (thanh phan polyme
1a 97% PEG-HS55 va 3% Cs). BDuong kinh trung binh cua hat nano trén co s H55 ting
1én tir 300 dén 1.234nm nhu a 116ng do hat tang 8 [an (tr X1 dén X8). Hat nano trén co
s& H55 duge PEGy! hoa biéu thi ting kich thude it vai ndng do hat, tir 192 dén 1.050nm
(FIG.7A).

pé giam néng d6 hat kich thudc hatsau khi ¢6 dac hat nano, hat nano dugc nghién
bing séng am sir dung bé sidu am trong vong 1 gio, tiép theo 1 do bd sung kich thudc
hat. FIG.7B minh hoa kich thudc hat ciia hat nano trén co s H55 so véi hat trén co s¢
H55 dugc PEGyl hoa sau khi siéu am, tiét 16 su khac biét dang ké trong trang thai giita
hai loai phirc hop. Pudng kinh trung binh ctia hat nano trén co sé H55 tang tir 300 dén
1.287nm khi ndng d6 hat ting 8 1an, boc 16 khong cé tac dung nghién bing séng 4m trén
kich thudc hat (tic 1a so vai cac dir li€u trinh bay trong FIG.7A). Tuy nhién, hat nano
trén co s H55 duge PEGyl hoa biéu thi chi tang kich thude gap 1.5 1an khi nong do hat
t6i da, ching minh rang PEG két hop cling v6i nghién bang séng am giam bét su cam

mg ndng d6 gay ra bang cach cung cip 16p steric xung quanh cac hat.

Téc dung ctia PEGyl hoa 1én hiéu qua 1am cidm gen in vivo bang cach cho #n hat nano

chitosan-dsARN.

Pé xac dinh xem liéu lién hop PEG c6 cai thién phan phéi qua dudng miéng
Rab7 va cam gen in vivo hay khong, 12 con tom Penaeus vannamei trudng thanh
(150mg) dugc cho dn véi 45mg hat nano dsARN-chitosan da tao phuc sau ddy: PEG-
Cs/Cs (80/20); PEG-HS55/HSS (50/50) va PEG-HS55/HS5 (90/10) + protamin, bao gdom
200pg dsARN mdi gam thuc an, ché do an Rab7 (Rab7 dsARN tu do) hodc thic an
thuong mai (thirc an t6m tho) hai lan mot ngay trong 5 ngay voi tong liéu hang ngay la
5% sinh khéi. 48 gio sau 1an an cudi cung, tit ca tom lam chét va tong ARN duoc chiét

xuét tr cac mo tom dé phén tich dinh lugng PCR thoi gian thue. Biéu hién Rab7 mARN
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tuong d6i dugc minh hoa trong FIG.8. Phan phdi qua dudong miéng phitc hop PEG-
Cs/Rab7 khong giy ra su cam gen dang ké bat ky. Tuy nhién, gidm Xap xi 5 lan trong
biéu hién Rab7 duoc quan st théy ¢ tdbm ma an hat nano trén co s& PEG-HS5/HSS
(50/50) (biéu hién gen 22%), so sanh véi tdm dbi chimg duoc cho an dsARN tu do.
Nhimng két qua nay dua ra gia thuyét 1a Rab7 dsARN duoc tao phic hop véi polyme
H55 duoc PEGyl hoa va dua vao ché phim 4n c6 thé tham gia vao céc té bao t6m va
kich hoat tao ra ARNi, tmg ché mic Rab7 mARN trong vét chi. Hon nita, két hop cua
cac phan tr PEG vao mach chinh cta H55 tiép tuc cai thién viéc phan phéi qua niém
mac cta hat nano PEG-H55/Rab7, din dén su cdm 16n hon ding ké cua su biéu hién

gen Rab7 ctia vat chu.

Tém lai, két qua duoc dé xut kém theo day chi ra ring chitosan bién doi vé& mat
héa hoc voi lugng gidm cua cac nhém amin co6 thé lién két dsARN, tu lép rap thanh hat
nano tao phirc dsARN-chitosan, dé la tac dung trong viéc lam cam gen dich trong vat
chu khi dn. Su PEGyl hoa & mach chinh chitosan tiép tuc ting cuong tac dong cdm gen

cua hat nano dsARN-chitosan.
Vi du III - 6 én dinh cua hat nano ARN-chitosan trong moi truong chira nudce
Vat liéu va phuong phap

Pé lam sang to anh hudng ctia mic do khir axetyl héa (DD) vé6i d6 on dinh hat,
ché phadm phirc hop véi 250bp Rab7 dsARN va din xuat chitosan v6i mirc d6 khéc nhau
ctia khir axetyl héa da dugc diéu ché tai ty 1 khéi luong polyme/dsARN 14 30. Dan XUét
N-axetyl hdéa H55 (DD55%), H42 (DD42%) va H35 (DD35%) dugc hoa tan véi nong
d6 1,2 mg/ml trong dung dich dém natri axetat 0,2M (pH 4.6). Thé tich tuong duong
cta dung dich dSARN Rab7 (40 pg/ml trong dung dich dém natri axetat 0,2M) va dung
dich polyme dugc trdn nhanh chong dudi do lic cao trong 30 gidy va u trong 1 gio tai
RT. Téng hop hat nano duoc lap rap da duoc sir dung ma khong can tiép tuc lam sach.
Sau khi diéu ché phirc hop, d pH ctia dung dich dugc lam tang véi NaOH 1M. D6 6n
dinh ctia phtic hop dugc phan tich bang cach dién di gel trong 1,5% agaroza (Sigma)
trong TAE (X1, Hy-Labs, Rehovot, Israel) voi ethidi bromua (Hy-Labs). Gel dugc chay
& 100mV trong 30 phit va luu gitt dSARN duogc hién thi dudi anh sang tia cuc tim.
100bp ADN (10pl) duoc st dung nhu ddu hiéu nhan biét.

Kha ning tao phiic dé bao vé dsARN khoi su phan hily enzym: Thir nghiém RNaza A
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D6 bn dinh phuc hop va kha ning dé bao vé dsARN khéi su thodi héa da duoc
kiém tra biang cach sir dung thir nghiém phan hily enzym RNaza A. Ngén gon, dsARN
tu do va phirc hop H55/dsARN va H42/dsARN trude hét duoc tiép xtic voi RNaza A
(Promega, Cat # A7970, Madison, WI) trong mot gid & 37°C (20ng RNaza trén mdi 1ug
phtic hop ARN). Sau d6, enzyme dugc lam bat hoat bang chit trc ché RNaza (80 don vi
cho mdi 1pg phirc hop ARN, chét trc ché RNaza Ribolock, 20U/ul, Thermo Fisher
Scientific, Waltham, MA) va dsARN duoc giai phong tir hat nano bang cach U trong |
gio tai 37°C voi Chitosanaza(Chitosanaza tir Streptomyces sp. N174, Calbiochem, Cat#
220477-10U, CA, USA). dsARN tu do dugc lam két tua vai isopropanol lanh. Hat dugc
hoa tan lai trong 30ul cia nudc DEPC va dugc dp dung dién di gel agaroza 1,5% trong
30 phut tai 100V.

Két qua

Tac dung cua muic do khir axetyl hoa chitosan vé su 6n dinh hat trong moi trudong chira

nudc

Chitosan dugc dac trung bdi gia tri pKa ~ 6,5. Nhu vay, tai pH c6 tinh axit (dudi
pKa ctia né) amin so cp trd nén tich dién duong, tao diéu kién cho Cs lién két véi
dsSARN tich dién 4m. Két qua pH cao hon trong diéu kién dién tich duong it hon cua
polyme. Nhu véy, tinh 6n dinh ctia ché pham hat nano trong méi trudong chira nude (dac
trung boi d6 pH trung tinh) 14 rat quan trong. Cac hinh v& FIG.9A dén FIG.9D biéu hién
tinh 6n dinh ctia cac phirc hop duge didu ché tir 250bp dsRab7 va cac dan xuét chitosan
c6 mot loat cdc muc do khtr axetyl hda (HSS, H42 va H35) tai gia tri pH khac nhau va
cho c4c thoi han U khac nhau. Dé 1am sang té anh huong cta mirc d khir axetyl hoa
(DD) vé do 6n dinh hat, tit ca phtic hop duc didu ché tai cung mot ty 1& khdi lugng
polyme/dsARN (30). Sau khi diéu ché phirc hop, d6 pH ctia dung dich duoc lam tang
v6i NaOH IM. Sau d6, d6 6n dinh ctia phitc hop duoc phan tich bing cach phan tach

ché pham két qua bang cach dién di gel.

Céc hinh v& tir FIG.9A dén FIG.9C cho thiy céc hat nano chitosan-dsARN trén
co s& H55 (NP1, DD = 55%) la 4n dinh trong diéu kién pH & nudce. Hat nano chitosan-
dsARN vé6i mie thdp hon cua khtr axetyl hoa [tuc 1a H42 (NP2, DD = 42%) va H35
(NP3, DD = 35%)], 1a d& anh huéng hon dén giai phong dsARN tir hat nano. FIG.9D
tiép tuc chiing t6 d6 6n dinh cua hat nano chitosan-dsARN trén co s& H55 sau 4 gio
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(240 phat) 0 & pH 7 va 28°C, cho thiy khong giai phéng hon 5% dsARN tu do trong

sudt toan bo thoi gian.
dsARN dugc tao phtic hop voi chitosan c6 kha ning chéng phan hily enzym

Kha ning ctia chit mang dé bao vé luong tai ctia n6 khoi su thoai héa nucleaza
1a tinh chit quan trong cho viéc thuc hién c6 hiéu qua cong nghé cam ARN, aé chéng
lai qué trinh ti€u hoa nucleaza ca trong qua trinh phan phéi hat nano va trong t& bao
dich. Dé giai quyét chung, mirc d6 chéng phan hily enzyme duoc danh gia ddi véi cac
hat nano khac nhau trong su ¢6 mit cia dung dich RNaza A (stir dung ndng d6 RNaza
A ¢6 kha ning phan hily hoan toan dsARN tu do trong vong 30 phut). FIG.10 cho thay
réng hat nano chitosan-dsARN c¢¢ chtra dan xuét chitosan H55 (NP1, DD = 55%) hoic
H42 (NP2, DD = 42%) ¢6 thé bao vé hoan toan hodc mét phan, tuong tmg, dsARN khoi
phén huy enzyme G pH 7, trong khi dsARN tu do 13 hoan toan suy thoai sau khi tiép xtic
voi RNaza A.

Tém lai, céc dit liéu trinh bay trong ban md ta ndy cung cip bang chimg manh
mé cho d6 6n dinh duoc tang cuong cua cam trinh tw ARN khi dugc tao phuc hop vai
dan xuét chitosan cu thé trong hat nano chitosan-ARN.

Vidu IV - Lam cam gen v6i hat nano chitosan-ssARN

Hi€u qua cua viéc thay thé ARN soi kép (dsARN) vo1 ARN mach don (ssARN)

trong hat nano chitosan-ARN dé st dung trong viéc lam cdm gen da dugc nghién ciru.
Vit liéu va phuong phap
San xudt ARN

Rab7-ssARN duoc tong hop in vitro. Dé tao ra khuén ADN cho qua trinh tong
hop ssARN, doan tong hop chia Litopenaeus vannamei & trinh ty mot phan protein lién
quan dén Ras (Rab7, sb truy cap # JQ581679) (SEQ ID NO: 46, doan Rab7 véi vong
lap) duoc tong hop. Poan nay duoc st dung nhu khuon dé khuéch dai trinh tu 250 b

Rab7 c6 nghia va d6i nghia sir dung mdi sau day:

Doan co nghia: T7 rab250 mdi Xuoi:
GGATCCTAATACGACTCACTATAGGTGGGTAACAAGATTGATCTGGAG
(SEQ ID NO: 80); rab250 méi ngugc CATCCTGTTTAGCCTTGTTGTC (SEQ ID NO:
50);
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Doan dbi nghia: rab7 mdi xuéi TGGGTAACAAGATTGATCTGGAG (SEQ ID NO:
51); T7 rab7 mdi nguoc
GGATCCTAATACGACTCACTATAGGCATCCTGTTTAGCCTTGTTGTC (SEQ
ID NO: 52).

Trong qua trinh phién ma in vitro dugc thuc hién bang Hé thong ARNi biéu hién
T7 RiboMAX™ (Promega) theo huéng dan st dung ctia nha sén xuat. Phan tng duoc
U trong 1 gid tai 37°C, sau d6 xir Iy ADNza va két tiia etanol. ARN dugc tai huyén phu
trong nude nucleaza tu do va ndng d6 cia né duge xac dinh bang viéc do d6 quang phd

UV tai bude song 260nm va dién di gel agaroza.

Doan c6 nghia:
TGGGTAACAAGATTGATCTGGAGAATAGGGCGGTATCGACGAAGCGAGCA
CAACAATGGTGTCATAGTAAAAATGAAGTTCCCTACTTTGAAACTAGTGCA
AAGGAAGCTATTAATGTGGAGCTAGCTTTCCAGACCATTGCTCGCAATGCT
CTTGCTCAGGAGTCAGAGGTGGAGCTGTACAATGAGTTTCCAGACCAGAT
CAAATTGACCAATGACAACAAGGCTAAACAGGATG (SEQ ID NO. 53).

DPoan d6i nghia:

CATCCTGTTTAGCCTTGTTGTCATTGGTCAATTTGATCTGGTCTGGAA
ACTCATTGTACAGCTCCACCTCTGACTCCTGAGCAAGAGCATTGCGAGCAA
TGGTCTGGAAAGCTAGCTCCACATTAATAGCTTCCTTTGCACTAGTTTCAA
AGTAGGGAACTTCATTTTTACTATGACACCATTGTTGTGCTCGCTTCGTCGA
TACCGCCCTATTCTCCAGATCAATCTTGTTACCCA (SEQ ID NO. 54).

Diéu ché hat nano chitosan-ARN

Ché pham véi ty 18 khéi lugng chitosan/ARN khac nhau duge diéu ché bang
phwong phép tu lap rép trong khi van gitr lwong ARN (ssARN hodc la dsARN) khong
d6i (20 pg/mL). Th nhit, chitosan dugc didu ché & nong do 1 mg/ml trong dung dich
dém natri axetat 0,2M (pH 4,6). Dung dich hoat dong véi ndng d6 0,08-0,8 mg/ml da
duoc lam tir nguyén lidu gdc bang cach pha lodng véi cing mot dung dich dém. Thé tich
tuong duong cua dung dich Rab7 ssARN hodc dsARN (0,04 mg/ml trong dung dich
dém natri axetat 0,2M) va dung dich chitosan duoc trén nhanh chéng dudi d6 lic manh
trong 30 gidy va U trong 1 gio tai RT. Hat nano duoc lip rap da duoc sir dung ma khong

can tiép tuc lam sach. Vi néng do ARN khoéng d6i dbi voi tt ca dung dich hat nano,
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thao tac v&i ndng do chitosan thay dbi ty 1& khéi lugng polyme/ARN.
Dic tinh vé kich thudc hat nano

Kich thudce hat cta hat nano chitosan/ARN dugc xéac dinh béng cach st dung
Zetasizer Nano ZSP (Malvern Instruments, UK). Viéc do kich thudc hat duoc thuc hién
tai goc 173° va nhiét d¢ 25°C. Kich thuéc duoe duge biéu hién dudi dang dudng kinh
thuy dong luc hoc trung binh z thu dugc béng phén tich lity ké cua ddu hiéu tudn quan
sir dung do nhot va chi sb khuc xa ctia nuée trong tinh toan.

Luu gilt va giai phong ARN

Sau khi tao ra hat nano, luu gitt dsARN duogc danh gia bang cach dién di gel trong 1,5%
agaroza (Sigma) trong TAE (X1, Hy-Labs) véi ethidi bromua (Hy-Labs). Gel duoc chay
& 100mV trong 30 phut va luu gitt ARN duogc hién thi dudi 4nh sing tia cuc tim UV,
cung véi chi thi ADN 100bp (100 pg/ml).

D06 6n dinh ctia sSARN véi su ¢d mat cia RNaza

Khé ning cta phirc hop cac chitosan/ARN dé bao vé ssARN chéng lai qua trinh
tiéu hdéa RNaza dugc nghién clru. Ngén gon, ché phém chitosan/ssARN khéc nhau (ti 1€
khéi lwong 12 8, 15 va 30) c6 chira 2pg sSARN da duge u véi RNaza A (0,4 ng/ug cua
ssARN) ¢ 37°C trong 1 gio. Sau khi 0 voi RNaza A, cac mau chiu su bt hoat RNaza
bing chat tc ché RNaza Ribolock (20 U/ul, 4 pl/ug ctia ssARN) trong 30 phut. ssARN
duoc chuyén tir chit mang chitosan bang cach G miu véi 10ml dung dich
Chitosanaza(0,001 U/ul) & 37°C trong 1 gid. ssARN duoc chiét xuét duoc phan tich trén
dién di gel agaroza 1,5% thuc hién tai 100V trong 30 phut. Ddi ching duong chia

ssARN tran da duogc kiém tra dudi cac dieu kién tuong tu.
Lam cam gen ¢ tdm bang cach tiém ss va dSARN

25 con tdm Peneaus vanameii, véi trong lugng trung binh 1a 2g dugc chia thanh
nim nhom (5 con tdm cho mdi nhém) duge gitt riéng biét cho thi nghiém cam gen.
Trong nhém I (d6i chimg 4m), tdm duge tiém véi dung dich NaCl 1%. Trong nhom I,
I va tdm duge tiém vai Rab7ARN c6 nghia 250b tu do (SEQ ID NO: 53) va Rab7
ARN d6i nghia (SEQ ID NO: 54) (0,5ug ARN mdi g tém), twong ung. Trong nhom 1V
(d6i chimg duong) t6m dugc tiém véi Rab7ARN c6 nghia 250bp tur do (SEQ ID NO:
53) (0,5ug ARN mdi g tom). Trong nhém V, tom duoc tiém v6i hon hop ctia 250b Rab7
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ARN c6 nghia va d6i nghia (0,51g ARN mdi g tom). Spl tir mdi lan xur 1y da duogc tiém

cho mdi con t6m str dung dng tiém thiy tinh Hamilton 10ml véi kim 26g.
Thu thap mau, tach chiét ARN va tong hop cADN

24 gitr sau khi tiém, tdm dugc cit ra va phan mang tir mdi con tdm dugc thu thap,
lam dong lanh ngay l4p tic trong dung dich nito long va luu trt nito long dén khi sir
dung. C4c miu dugc lam dong nhat st dung giot thiy tinh trong 1ml chit phan tng
TRIzol® bang cach sir dung mdt may tron mo to chdy Argos va tat ca ARN duoc chiét
xut bang thudc thir phan tich ARN TRIzol® (ThermoFisher Scientific) theo huéng dan
clia nha san xudt, sau d6 xt Iy ADNza (TURBO ADN-free™ Kit, Ambion). cADN soi
thtr nhit dugc tong hop bing cach sir dung RevertAid First Strand cADN Synthesis

(Thermo Fisher, CA) theo huéng din ctia nha san Xuét.
PCR thoi gian thuc

Dinh luong biéu hién gen Rab7 (sb truy cap #FJ811529) bang phuong phap dinh
luong PCR duogc thuc hién nhu md ta béng (Vatanavicharn va cOng su, 2014). Trinh tu
mdi dé phan tich qRT da duoc lua chon tir doan Rab7 ma khong phai la mot phan cua
doan lua chon dé tao ra dsARN dé tranh céc 16i gay ra bdi viéc truyén dsARN. 2ul tir
cADN duoc st dung trong phan tmg 10ml dugc diéu ché st dung dau do gPCRBIO Mix
Lo-ROX (PCR Biosystems) va thtr nghiém qPCR PrimeTime® (IDT) c6 chira cac doan
mdi va ddu do sau: Rab7F GGGATACAGCTGGTCAAGAAA (SEQ ID NO: 38);
Rab7R CGAGAGACTTGAAGGTATTGGG (SEQ ID NO: 39) va FAM dau do duoc
gén nhan — CGAGGAGCTGATTGTTGTGTTCTCGT (500nM mdi va dau do 250nM)
(SEQ ID NO: 40).

PCR duogc thuc hién trong hé théng phat hién PCR thoi gian thuc CFX96
Touch™ st dung diéu kién chu ky nhiét mdc dinh. Gia tri Ct RT-PCR thoi gian thuc
thu duogc cho Rab7 mARN duogc chuén hoa nguoc voi cac gia tri Ct thu dugce cho EFla
mARN (sé truy cap # GU136229) sir dung doan mdi va dau do sau day: EFlaF
GTGGAGACCTTCCAACAGTATG(SEQ ID NO: 41), EF1aR
CCTTCTTGTTGACCTCCTTGAT(SEQ ID NO: 42) va FAM dau do duoc gin nhdn
TGCGTGACATGAAGCAGACGG(SEQ ID NO: 43). Gia tri Ct delta trung binh dugc
xac dinh cho mdi lan xur ly (tdi thiéu 5 con t6m mdi 1an) va qué trinh dinh lugng lién

quan dén dbi ching khong duoc xu 1y thiép 1ap vé 1.
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Két qua
Giam kich thuéc hat sit dung ARN c6 nghia don thay cho dsARN

Phan tich kich thude (FIG.11) boc 1 ring phiic hop clia chitosan hodc dan xuét
chitosan véi 250b Rab7 ARN ¢6 nghia dugc dac trung boi kich thuéce phirc hgp nho hon
dang ké (~100nm) so v6i phiic hop ctia chitosan hodc dan xuét chitosan véi doan dsRab7

(~170nm) (FIG.12).

Bén canh do, tao phtrc chitosan hoac dan xuat chitosan véi doan ngén hon cua

dsARN (vi du, 70, 125 va 250bp) khong din dén giam dang ké kich thudc hat nano nay.
Kha ning tao phtic dé bao vé ssARN khéi su phan hiy enzym-

Su phén hiy ARN do tac dong nucleaza 1a mdt trong nhitng rao can quan trong
nhit @i véi phan phéi ARN. Do d6, kha nang cta phic hop chitosan-ARN dé gidm
thiéu, hodc tham chi loai bé su san c6 ctia phirc hgp ARN dbi voi su phén hiy RNaza
12 mot yéu t6 quan trong ctia phttc hop chitosan-ARN. Tur cac két qua (FIG.13), ssARN
trin dugc tiéu hoa hoan toan khi & véi RNaza A ¢ 37°C trong 1 gid (budce IT). Mat khac,
ssARN duoc két hop trong phirc hop chitosan & ty 1€ khéi lugng chitosan/ssARN 1a 30

van nguyén ven.
Lam cAm gen Rab7 sau khi tiém ssRab7ARN va dsRab7ARN-

Khi cdc doan Rab7 ARN (Rab7 va dsRab7 c6 nghia va d6i nghia 250b) da duoc
tiém vao tom, viéc 1am cAm cta su biéu hién gen Rab7 duogc quan sat cho ca hai soi don
c6 nghia va d6i nghia, ciing nhu trinh tw Rab7 ARN soi kép (FIG.14). Dang ngac nhién,
hiéu qua cAm gen ctia ssRab7 ARN c¢6 nghia la tuong duong véi ARN d6i nghia bd sung

don.

Lam cAm gen Rab7 in-vivo bang cich tiém chitosan/ssRabJARN va

chitosan/dsRab7ARN-

Khi céc phirc hop chitosan va dan xuat chitosan véi trinh tu Rab7 ARN (Rab7 ¢6
nghia va déi nghia 250b va dsRab7 250bp) di dugc tiém vao tom, cé hai trinh tw ARN
soi don (Rab7ARN c6 nghia va dbi nghia) tao phtic v6i chitosan duoc san xuat c6 hiéu
qua cdm gen so vdi cdm gen dugc quan sat voi viéc tiém phirc hop chitosan/dsRab7
(FIG.15). Hon nita, tiém phirc hop chitosan /ss- Rab7ARN c6 nghia sau khi G véi RNaza

A (ma lam suy giam ssARN khong duoc bao vé) két qua 1a 1am cAm gen Rab7 dang ké,
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tuong tu nhu phuc hop khac dugce tiém, chi ra ré‘mg tao phttc ARN trong hat nano

chitosan-ARN thé hién kha ning chdng thoi héa RNaza dang ké cua trinh tu cAm gen.

Toém lai, nhitng két qua nay chi ra ring ca dsARN va ssARN c¢6 thé c6 hiéu qua
trong viéc lam cam gen dich ¢ dong vat gidp xdc (vi du nhu tém), va dang ngac nhién,
sSARN c6 nghia va d6i nghia c6 hidu qua trong viéc lam cadm gen. Quan trong 13 quan
sat thiy rang su tao phtic ctia dSARN hodc ssSARN vao hat nano chitosan-ARN thé hién
kha ning chdng thoai hoa RNaza dang k&, va phic hop chitosan-ARN nay c6 thé 1a

phuong phép hiéu qua cho viéc phan phdi ctia trinh tu cAm gen t&i dong vat gidp xac.

Vidu V: Phan phéi qua duong miéng ctia Rab7 ARN c6 nghia sgi don ¢ tom st dung

hat nano trén co s& chitosan dugc axetyl hoa.

Phéan phéi ARN théng qua duong an ctia hat nano trén co s& chitosan N-axetyl
hoa mot phénduqc kiém tra dé x4c dinh xem cho 4n hat nano cé thé hay khong kich hoat

ARNi va lam cam gen in vivo.
Vit liéu va phuong phap

Tém Peneaus vanameii 6 tuan tudi duoc phan chia vao sdu nhém (12 con t6m
mdi nhém), ma dugc gif riéng biét voi nhau dé tha nghiém cdm gen. Trong nhém I,
tom dugc cho an vai thie an hat thuong mai. Trong nhom II, tdm dugc cho dn véi hat
duogc diéu ché vai 250b Rab7 ARN cé nghia tu do (SEQ ID NO: 53) (200ug ARN mdi
g thttc an). Trong nhém III, IV, V va VI, tdm duogc cho @n vdi vién chira phirc hop trén
co s& H35(DD=35%), H42(DD=42%), H55(DD=55%) va chitosan khong dugc xu ly
(Cs, DD=83%), mot cach twong (mg, tat ca bao gom 200ng 250b Rab7 ARN c6 nghia
(SEQ ID NO: 53) mdi gam thiic dn. Mot cach tiy chon, thic an dang vién c6 thé chia
axit glucuronic - hodc biotin két hop véi hat nano chitosan-ARN, moét minh hozc két

hop véi hat nano chitosan-ARN duoc khir axetyl.

Tém dugce cho dn hai lan mdi ngay trong 5 ngay (thirc 4n hang ngay tuong tmg
v6i 5% trong luong co thé). Sau d6, tom duoc it ra va phan mang tir mdi con tom dugc
thu thap va cho ngay lap tirc vao trong nito long cho dén khi st dung.

Danh gia: Biéu hién Rab-7 & mé tém, duoc do vi du béng RT-PCR (nhu mbd ta ¢
trén) c6 thé sau d6 twong quan véi luong va loai hat nano ARN chitosan-Rab7 cung cap

trong thitc 4n, dé lam sdng t6 bat ky tac dung cta chitosan-ARN trén viéc lam cam gen
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Rab7 cua tom.

Vi du VI - Bao vé tom chdng lai virut gy bénh d6m tring (WSSV) bang cach lam cAm

gen virut voi hat nano Chitosan-ARN

Hiéu qua cua viéc cung cap hat nano chitosan-ARN bao gdm trinh tu gen virut
dé 1am cam gen virut trong tdm da dugc nghién ctru bang cach tiém hat nano chitosan

trong tdm nhiém WSSV.
Phuong phap
Nhim trang dich gen virut

Céc trinh tw dsARN dac hiéu véi WSSV duoc didu ché cho cac thir nghiém thach
thitc WSSV dé danh gia hiéu qua ctia céc trinh tw ARN va c4c hat nano chitosan-ARN
trong viéc bao vé tom chéng lai bénh do virut WSSV,

Tao ra ARN

Dé tao ra WSSV VP28 250bp dsARN, khuén ADN tong hop sau day la duoc

téng hop vé mat thuong mai:

CCATGGGCAGCAGCCATCATCATCATCATCACGGATCCGGCAGGTA
TCACAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGA
CAAACATGGATGAAAACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAG
GCTACTTCAAGATGACTGATGTGTCCTTTGACAGCGACACCTTGGGCAAAA
TCAAGATCCGCAATGGAAAGTCTGATGCACAGATGAAGGAAGAAGATGCG
GATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGG
GCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAACAACACATCAA
GAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAGATTAACCCATCA
AAGGCCTTTGTCGGTAGCTCCAACACCTCCTCCTTCACCCCCGTCTCTATTG
ATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACCTTTGGCGCACCAA
TTGCAGCTACCGCCGGTGGAAATCTTTTCGACATGTACGTGCACGTCACCT
ACTCTGGCACTGAGACCGAGTAAGCGGCCGCAACTCGAGAACG (SEQ ID
NO:55).

DPoan nay dugc st dung lam khuon dé khuéch dai trinh tw VP28 250bp ¢ nghia
sir dung moi: Xbal VP28-3 mdi xuoi
GACTATCTAGACATTCAAGGTGTGGAACAACAC (SEQ ID NO: 56) va Ncol
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VP28-3 mdi nguoc ACGTACCATGGCTCGGTCTCAGTGCCAGAGT (SEQ ID NO:
57). San pham PCR dugc nhin ban thanh pET9a-Rab7 125 ARNi (dugc md ta trude do,
c6 chira vong 1dp doan gitta vi tri Pstl va Ncol cua nd) bang cach st dung vi trf gii han
Xbal + Ncol. VP28 dbi nghia dugc khuéch dai PCR sir dung cling mot khudn véi mdi
sau day: BamHI VP28-3 moi xXuoi
ACATAGGATCCCATTCAAGGTGTGGAACAACAC (SEQ ID NO: 81) va Pstl
VP28-3 mdi ngugc ACAGACTGCAGCTCGGTCTCAGTGCCAGAGT (SEQ ID NO:
58) va duoc nhin ban bang BamHI, Pstl dé tao ra plasmit cudi cung - iARN pET9a-
VP28 250. Plasmit tai t6 hop (ARNi pET9a-VP28 250) c6 chira doan lap dao nguoc cuia
vong lap gbc VP28 duogc bién nap bang phuong phép séc nhiét vao ribonucleaza 111
(RNaza III) dot bién E.coli soi HT115. Su biéu hién cua cau tric kep téc VP28 dugc
gdy ra bing cach thém Isopropyl-B-D Thiogalactosit (IPTG) 0,4mM vao mdi trudng
nudi cdy vi khuan. Mbi trudng nudi cay duge thu 4 gid sau khi giy ra IPTG. ARN soi
don & vi khuén (ssARN) va ving vong lip ctia vong 1ap gde VP28 duoc thily phan voi
ribonucleaza A (RNaza A). Sau d6, dsARN-VP28 dugc chiét xuit boi Chét phan tmg
phan tich ARN TRIzol® (ThermoFisher Scientific) theo huéng din ctia nha san xuit.

Sau phién ma, va xtr ly RNaza, trinh ty VP28 250bp da dugc tao ra nhu sau:

ATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACATCACTGGT
ATGCAGATGGTGCCAAAGATTAACCCATCAAAGGCCTITTGTCGGTAGCTCC
AACACCTCCTCCTTCACCCCCGTCTCTATTGATGAGGATGAAGTTGGCACC
TTTGTGTGTGGTACCACCTTTGGCGCACCAATTGCAGCTACCGCCGGTGGA
AATCTTTTCGACATGTACGTGCACGTCACCTACTCTGGCACTGAGACCGAG
(SEQ ID NO:59).

Nong d6 dsARN-VP28 dugc xac dinh bang cach do d6 quang phd UV tai 260nm

va dién di gel agaroza.

Viéc tao ra doan VP28 125bp dugc thuc hién in vitro. Dé tao ra doan VP28
125bp, doan ADN VP28 tong hop (SEQ ID NO: 55) duge st dung lam khuon dé khuéceh
dai trinh ty VP28 125bp c6 nghia va dbi nghia st dung moi sau day:

Doan cé nghia: T7 VP28 125
Moi xubi:

GGATCCTAATACGACTCACTATAGGGGCAGAATCTCACCTTTGAGG (SEQ
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ID NO: 60);
Mdi nguoc VP19-VP28 GTTGGAGCTACCGACAAAGG (SEQ ID NO. 61);
Doan ddi nghia: VP28 125:
Mdi xudi GGCAGAATCTCACCTTTGAGG (SEQ ID NO. 62);

T7 méi nguoc VP19-VP28
GGATCCTAATACGACTCACTATAGGGTTGGAGCTACCGACAAAGG (SEQ ID
NO. 63).

Trong qué trinh phién mi in vitro dugc thuc hién béng cach st dung hé théng
ARNI biéu hién T7 RiboMAX™ (Promega) theo huéng din sir dung ctia nha san xuét.
Phan tng duoc G trong 1 gio tai 37°C, sau d6 xir Iy ADNza va két tiia etanol. ARN duoc
tai huyén phu trong nudc nucleaza tu do va nong do cua né duoc xac dinh bang do do

quang phd UV tai 260nm va dién di gel agaroza.
DPoan cé nghia:

GGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAACAACAC
ATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAGATTAACC
CATCAAAGGCCTTTGTCGGTAGCTCCAAC (SEQ ID NO. 64).

Doan dbi nghia:

GTTGGAGCTACCGACAAAGGCCTTTGATGGGTTAATCTTTGGCACCA
TCTGCATACCAGTGATGTTGATCTTTCTTGATGTGTTGTTCCACACCTTGAA
TGTTCCCTCAAAGGTGAGATTCTGCC (SEQ ID NO. 65).

Dé tao ra hdn hop ciia bén doan gen WSSV-VP28, VP19, rr2 va wsv477 - cung
mdt phuong phap in vitro da duoc sir dung bang cach sir dung trinh tu ADN tdng hop:

GACAGATATGGCCACCACGACTAACACTCTTCCTTTCGGCAGGACCG
GAGCCCAGGCCGCTGGTCCTTCTTACACCATGGAAGATCTTGAAGGCTCCA
TGTCTATGGCTCGCATGGGTCTCTTTTTGATCGTTGCTATCTCAATTGGTAT
CCTCGTCCTGGCCGTCATGAATGTATGGATGGGACCAAAGAAGGACAGCG
ATTCTGACACTGATAAGGACACCGATGATGATGACGACACTGCCAACGAT
AACGATGATGAGGACAAATATAAGAACAGGACCAGGGATATGATGCTTCT
GGCTGGGTCCGCTCTTCTGTTCCTCGTTTCCGCCGCCACCGTTTTTATGTCT
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TACCCCAAGAGGAGGCAGTAAGGCAGAATCTCACCTTTGAGGGAACATTC
AAGGTGTGGAACAACACATCAAGAAAGATCAACATCACTGGTATGCAGAT
GGTGCCAAAGATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACACCTC
CTCCTTCACCCCCGTCTCTATTGATGAGGATGAAGTTGGCACCTTTGTGTGT
GGTACCACCTTTGGCGCACCAATTGCAGCTACCGCCGGTGGAAATCTTTTC
GACATGTACGTGCACGTCACCTACTCTGGCACTGAGACCGAGCTAGAAAA
GCACTATAATGTTACCAACCCCTTCCCATTCATGGACAATATTTCCCTCGA
GAATAAGACCAACTTTTTTGAAAAGAGAGTCGCCGAGTATCAACGTGCCC
AGGTCATGGCTTCTATCAATAAGATCAAGAAGGACCAACAAACCCAAGAA
ACTGGTTCTCCTCTCCCAATTCTGACTGCACCTCCTCCAGTCTCTTCCTCAT
CATCCGAACAAGAAGATGTTGAAGACGGCGTCGGGGACTACATCAGTTAT
GACGATTTTATCAGTT(SEQ ID NO: 66)

Bang 5: Trinh tu mi dé tao ra trong dng nghiém bang cach xr ly bang ARN nhim tring
dich virut da gen t6 hop.

\ ((jj?eu SEQ }
Tén moi Trinh tu ! 1D
trinh tu NO:
1IARN '
Dung hogp
VP19-VP28 ATAACGATGATGAGGACAAATATAAG 250 67
moi xudi
Dung hop
VP19-VP28 GTTGGAGCTACCGACAAAGG 250 61
mo1 ngugc
\D,;?%_}{‘,’P%g GGATCCTAATACGACTCACTATAGGATA |,c0 | oo
N ACGATGATGAGGACAAATATAAG
mo1 xudi T7
]3,;‘;%_}{?}?2 ¢ | GGATCCTAATACGACTCACTATAGGGTT |,o0 |
x: GGAGCTACCGACAAAGG
moi nguoc T7
M&i xudi rr2 GTTACCAACCCCTTCCCATTC 250 69
T7 12 Mbi GGATCCTAATACGACTCACTATAGGGTT 750 70
xubi ACCAACCCCTTCCCATTC
2 mdi nguoc | AATCGTCATAACTGATGTAGTCC 250 71
T7 rr2 Moi GGATCCTAATACGACTCACTATAGGAAT 750 7
nguoc CGTCATAACTGATGTAGTCC
T7 wsv477 Mbi | GGATCCTAATACGACTCACTATAGGTAT | 250 73
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xuoi GGATACTGCAACCAAGTGGA

wsv477 mdi CTCGAAAACACGTTCCTTAAACC 250 24
nguoc

Moi

xudi WSV477 TATGGATACTGCAACCAAGTGGA 250 75
T7 wsv477 mdi | GGATCCTAATACGACTCACTATAGGCTC 250 76
nguoc GAAAACACGTTCCTTAAACC

Ba trinh tu duoc tao ra la:

Dung hop VP19-VP28 (doan 250bp bao gdm tir 125bp ctia VP28 va 125bp ctia
VP19):

ATAACGATGATGAGGACAAATATAAGAACAGGACCAGGGATATGAT
GCTTCTGGCTGGGTCCGCTCTTCTGTTCCTCGTTTCCGCCGCCACCGTTTTT
ATGTCTTACCCCAAGAGGAGGCAGTAAGGCAGAATCTCACCTTTGAGGGA
ACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACATCACTGGTAT
GCAGATGGTGCCAAAGATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCA
AC(SEQ ID NO: 77)

Rr2 (doan 250bp):

GTTACCAACCCCTTCCCATTCATGGACAATATTTCCCTCGAGAATAA

GACCAACTTTTTTGAAAAGAGAGTCGCCGAGTATCAACGTGCCCAGGTCAT
GGCTTCTATCAATAAGATCAAGAAGGACCAACAAACCCAAGAAACTGGTT

CTCCTCTCCCAATTCTGACTGCACCTCCTCCAGTCTCTTCCTCATCATCCGA

ACAAGAAGATGTTGAAGACGGCGTCGGGGACTACATCAGTTATGACGATT

(SEQ ID NO: 78)

Wsv477 (doan 250bp):

TATGGATACTGCAACCAAGTGGATGGCTGAAATTATTAGAGAGAAG
AGGGGCAATATTCAAGAAATAAAAGTGACCCCTAGAGTAGTCTTCAATGG
CAATGGTTGTAGTGCATGTTTCTCTAACACTAAGAGAAACTTGTATAACTT
TGGAACAAACTATAACAATGTTGTACATTGTGATTTGTTGTGCCCTTTTGC
AAGGCATAGGATTGTACATTTCTTATAATGGTTTAAGGAACGTGTTTTCGA
G(SEQ ID NO: 79)
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Téng hop chitosan két hop axit glucuronic

D-axit glucuronic (Mw 194,14Da, Sigma-Aldrich) duoc lién hop v6i nhém dau
amin chitosan dé tao ra polyme Glu-chitosan. Ngin gon, 0.5g chitosan ((HMC's
Chitosan 80/20, Mw 40-150kDa) dugc hoa tan trong 100mL 3% axit axetic dudoi diéu
kien khudy cuong d6 16n trong 2 gio. D-axit glucuronic (0,42g, 1
duongluong/[glucosamin]) dugc can va thém vao dung dich chitosan va dung dich thu
duge duge khudy trong vong 1 gid. Sau d6, pH ctia dung dich dugc diéu chinh t6i 6,3
st dung NaOH 5M. N-(3-Dimetylaminopropyl-) N'-etylcacbodiimit hydroclorua (Mw
191,70Da, Sigma-Aldrich) dugc can (0,412¢g, 1 duong luong/[Gluc.axit]) va thém vao
dung dich chitosan-axit glucuronic. N-hydroxysuxinimit (Mw 115,09Da, Sigma-
Aldrich) duoc cin thém (0,124g, 1 duong luong/[EDC]) va thém vao dung dich
Chitosan-axit glucuronic. Dung dich két qua dugc khudy trong 24 gir & nhiét do phong.
Hbn hop két qua da dugc tham tach véi mang tham tach (SpectrumLabs. kich thude 16
12-14kDa) dya vao nudc cat trong 72 gid, va dung dich duoc lam dong kho sau do (may

lam déng kho bing chan khong Labconco).
Téng hop chitosan két hop biotin

Biotin (Mw 244,31Da, Sigma-Aldrich) duoc lién hop v6i nhom diu amin
chitosan dé cung cip polyme Biotin-chitosan. Ngén gon, 0,5g chitosan ((HMC's
Chitosan 80/20, Mw 40-150kDa) dugc hoa tan trong 100mL axit axetic 3% dudi diéu
kién khudy cuong do 16n trong 2 gio. Biotin (0,53g, 0,7 duong luong/[glucosamin])
duoc hoa tan trong 10ml ctia N, N-dimetyl formamit trong 1 gio trén may khudy tir. Sau
do, biotin d6 duoc thém vao dung dich chitosan va dung dich thu duogce duge khudy trong
vong 1 gio. pH cua dung dich dugc diéu chinh toi 6,3, st dung NaOH 5M. N-(3-
Dimetylaminopropyl-) N'-etylcacbodiimit hydroclorua (Mw 191,70Da, Sigma-Aldrich)
duoc can (0,412g, 1 .duong lugng/[biotin]) va thém vao dung dich Chitosan-biotin. N-
hydroxysuxinimit (Mw 115,09Da, Sigma-Aldrich) dugc can thém (0,124g, 1 duong
lugng/[EDC]) va thém vao dung dich Chitosan-biotin. Dung dich két qua duoc khudy
trong 24 gir & nhiét d6 phong. Hon hop két qua da dugc thdm tach v6i mang thim tach
(SpectrumLabs, kich thuée 16 12-14kDa) dwa vao nudce ct trong 72 gid, va dung dich

duoc 1am déng khd sau d6 (may lam dong kho bang chin khong Labconco).

MO ta dac tinh ctia mirc do khir axetyl hoa (DD) bang cach chuan do dién thé
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Chuén do dién thé dugc st dung dé xac dinh mirc d khir axetyl hoa (DD) ctia
Glu-chitosan va biotin-chitosan. Ngan ngon, 0,2g mdi chitosan dugc lién hgp hoa tan
vao trong 30ml axit clohidric 0,1M. Sau 2 gio khudy lién tuc, 25ml nuéc khir ion da
duoc thém vao mdi dung dich polyme va khuiy tiép tuc thém 1 gid. Khi polyme két hop
duogc hoa tan hoan toan, dung dich duoc chuén d6 véi dung dich natri hydroxit 0,1M.
Tir viée chudn d6 dung dich nay, duong cong véi hai diém uén cong thu duoc. Luong
axit duoc dung gitta hai diém nay duogc coi la twong (mg véi luong nhém amino tu do
trong dung dich (Tolaimate, 2000). Viéc chuan do duoc thuc hién voi bo do pH (dung

cu EUTECH).
Piéu ché hat nano chitosan-ARN

Ché phdm vai ty 16 khéi lugng chitosan/ARN khac nhau da duoc diéu ché bing
phuong phép tu lip rép trong khi van giit lugng ARN (ssARN hodc 1a dsARN) khong
ddi (20 pg/mL). Thir nhat, chitosan dugc didu ché & ndng d6 1 mg/ml trong dung dich
dém natri axetat 0,2M (pH 4,6). Dung dich hoat ddng voéi ndng d6 0,08-0,8 mg/ml da
duoc lam tir nguyén liéu gbe bang cach pha loing v&i cling mot dung dich dém. Thé tich
twong duong cta dung dich ssARN hodc dsARN virut (0,04 mg/ml trong dung dich dém
natri axetat 0,2M) va dung dich chitosan dugc tron nhanh chéng dudi do lic manh trong
30 gidy va u trong 1 gio tai RT. Hat nano dugc lap rap da duoc sir dung ma khong can
tiép tuc lam sach. Vi néng dd ARN khong dbi dbi vei tit ca dung dich hat nano, thao
tac v6i ndng do chitosan thay doi ty 18 khéi lugng polyme/ARN.

Su 1ay nhiém virut & tom
Dong vat

Tém thé chén tring, Penaeus vannamei, khoang 2 gam mdi con duge cung cip
boi GN, Phang Nga, SyAqua Siam Co., Ltd. tng s6 1.000 con tdm dugc lam thich nghi
v6i mdi truong & hd 3 tin tai d6 man 30 ppt trong 5 ngay trude khi thir nghiém. Tom
duoc cho dn voi ché do dn thuong mai la 5% trong luong co thé. Oxy hoa tan (DO) duoc

duy tri & mirc hon 4 ppm va nudc duge dbi khi can thiét.
Thiét ké thir nghiém

Bén phuong phap xur ly da duoc kiém tra (duéi day) va hai nhém déi chimg, mot

d6i chimg duong - tiép xtic voi virut sau khi tiém 1% NaCl va mot di chimg am (khong
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tiép xtc véi virut). Vi vay, tdm chua truong thanh duoc chia thanh 5 nhém mdi nhém

trong 4 lan lap lai ctia 20 c4 thé trong cac bdn chira 60-L.
Phuong phap xu 1y 1: tiém doan VP28 250bp tu do (khong duoc tao phic hop)
Phuong phap xt Iy 2: tiém doan VP28 125bp tu do (khong dugc tao phirc hop)
Phuong phap xt ly 3: tiém doan Glu-Cs/VP28 250bp tu do.

Phuong phap xu ly 4: tiém hon hop tu do (khong duge tao phitc hop) ctia ba doan
250bp gdm 4 gen WSSV (trinh tur hién thi bén dudi).
Tiép xuc v6i bénh

Tém chua truong thanh (kich thude 2g) duoc tiép xuc voi WSSV bang cach mdi
loai gdy nhi®m trong 24 bon chira 60-L. 48 giv sau khi cung cép phuong phap xir 1y,
phin co bi nhidm WSSV duogc cit nhd (=107 phién ban WSSV mdi 1 gam co) duge ap
dung dua trén 5% trong lrong co thé mdi con tom tai 48 gio va 65 gio sau khi tiém (tong
s6, 10% BW ctia tom bi nhiém). Déi chung dm va duong da dugc tiém dung dich mudi
(2% NaCl) véi lidu tuong tur nhu phuong phéap xtr ly. Cac nhém da duge phan tach khoi
d6i chtmg dé tranh bi 1ay nhiém.

Tém duoc cho an lién tuc voi thie an thuong mai trong thoi gian thir nghiém tiép
xtc & BW 5% mdi ngay. S6 tdm dugc ghi nhan vao budi sang (8:00) va budi chiéu
(16:00), khi ghi nhan tom gn chét. S6 tom gin chét va khoe manh da dugc lay mau dé
qPCR va cb dinh dé phan tich m6 bénh hoc.

Oxy hoa tan (DO) duoc duy tri & muc hon 4 ppm, nhiét do ludn thdp hon 28°C
va nuéce duge doi khi can thiét.

Phén tich kha niang séng sot phan tich thoi gian cho dén thoi diém chét. rong
khoang thoi gian déang ké, gitta 4 phuong phap x{r ly khac nhau. Gid tri song sot trung
binh tir cac nhém khac nhau duoc so sanh bang ANOVA. Tt ca phuong phap théng ké
duoc xu ly bang cach sit dung chuong trinh R.

Phéat hién WSSV

ADN duogc phéan lap tu mau tom sir dung Kit nho tach chiét AND b gen md

FavorPrep™ (Favorgen Biotech, Dai Loan) theo huéng dan st dung ctia nha san Xuét.

Virut gdy bénh dém tring (WSSV) duogc dat vao PCR duoc thuc hién dua trén phuong
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phéap cua Lo C.F (Lo va cong su, 1996). Dién di gel duoc thuc hién dua trén phuong
phap ctia Sambrook, 2001 (Sambrook va Russell, 2001).

Két qua

Lua chon trinh tu nhim tring dich virut

Pich dé lam cam gen WSSV duoc chon tu dich WSSV duge mo ta truge do tu
tai liéu tham khao (Kumar va cdng sy, nam 2015). Nhing dich nay bao gdém protein
capsid nhu VP28, ribonucleotide reductases va ARN polymeaza.

Su tiém trinh tw ARN cam do virut tiém ning va theo ddi nhitng thay d6i sau do
trong biéu hién & virut va/hodc luong tai virut & tom la biéu thi gen virut d& bi ton thuong
v6i viee lam cam v6i ARN virut. Méi twong quan véi nhitng thay d6i trong luong tai
virut, triéu ching hodc tinh nhay cam véi su lay nhiém virut ¢ tom dugce xu Iy ¢6 thé
cling cung cip tiéu chi quan trong trong luya chon gen dich lién quan cao dén su lay
nhi®m va bénh 1y & bénh do virut ctia dong vat giap xAc.

Béo vé tom chdng lai WSSV bang cach tiém trinh tw VP28 va phtrc hop H55-VP28

Trong céac thir nghiém trudce do, cho thiy rang viéc tiém phtic hop s¢i don va doi
trong hat nano trén co s¢ chitosan N-axetyl hoa co thé ¢6 tac dung lam cam sy biéu hién
gen ¢ tom.

Dé kiém tra tc dung ctia c4c trinh tw dSARN va céc phirc hop dsARN trong viée
bao vé tdm chdng virut WSSV, bén loai phuong phép xur ly da duoc didu ché:

1. VP28 250bp dsARN(SEQ ID NO: 59)

2. VP28 125bp dsARN (SEQ ID NO: 64)

3. Phtrc hop axit glucuronic-chitosan (Glu-Cs)/VP28 250bp.

4. Hon hop cua ba trinh tu bao gdm bon gen WSSV: VP28, VP19, (VP19+VP28-
SEQ ID NO: 77), rr2 (SEQ ID NO: 78) va Wsv477 (SEQ ID NO: 79).

MBOi lan diéu tri duoc cung cép béng céch tiém toi bon lan 1ap lai & 20 con tdm
mdi lan da duge md ta trong phuong phép trén, 48 gid trude khi tiép xuic tdm véi virut.
Toém tr cac nhém(phuong phap xu ly) khac nhau dugc tinh riéng 1€, va ghi lai hang
ngay.

S6 tom sdng s6t dugc ghi lai trong 14 ngay sau khi gdy nhiém (dpi), nhu thé hién
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trong bang 6. Con vat bat ddu chét & ngay 2 sau khi gy nhiém trong nhém ddi chimg
duong WSSV va tiép tuc chét & mirc trung binh la 4-6 con/ngay. M6 hinh ty 1é tir vong
1 rit giéng nhau trong tit ca céc 14n 1p lai trong phuong phép xir Iy nay. Ty 1& chét mot
tram phén trim duoc quan sat sau ngay 7 sau khi gay nhiém. Khéong cé sO bi chét dugc
quan sét trong nhém ddi chimg 4m (bang 6, FIG.16). Ca ba phuong phap xt ly da khac
dang ké so v6i dbi ching duong va phuong phap xit Iy 3 (Glu-chitosan-VP28dsARN
250bp) va 4 (hdn hop cta ba trinh tu bao gdm bén gen WSSV: VP28, VP19, 112 va

wsv477) da khong khac nhau déng k& so voi dbi chimg am, thé hién higu qua t6t nhat,
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Phat hién WSSV

Muc d6 1ay nhiém WSSV duoc dénh gid trong phin phu bung va phin mang tir
t6m gan chét va khoe manh trong phuong phép xur ly dugc lya chon st dung phuong
phap phat hién PCR (FIG.17 va Bang 7). Thiy rang tai 4 ngay sau khi gy nhiém (dpi),
khong c6 WSSV da dugc phat hién trong bat ky con vat dugc xir Iy ARN nao hoic doi
chung 4m nhung phat hién nhiéu trong d6i chimg dwong (khéng c6 hat nano chitosan-
ARN, c¢6 gay nhiém WSSV). Tai ngay 7 sau khi gay nhiém, WSSV da duoc phat hién
bang phuong phap PCR & mdt trong hai mau va hai trong s6 ba mau diéu tri 1 va diéu
tri 2, twong Gng. Trong khi khong c6 nhu ciu thic diy mot gia thuyét duy nhat, mot kha
ning 1a trong mot s& tom gan chét thi mirc @ WSSV 1a dudi ngudng phat hién hodc,

theo cach khéc, ring nguyén nhan tir vong 1a khac véi WSSV,

WSSV khong dugc phat hién trong tAt ca cac mau tir con vat khoe manh cia tat
ca phuong phap xtr Iy dsARN va trong d6i chig am & dau d6 trong kiém tra (14 dpi).
Vi n6 1a khong chic ring bi lay nhidm tiém an d4 di khong bi phat hién qua lau sau khi
tiép xuc ban ddu véi virut, didu nay cho thiy ring tac dung bao vé ctia viéc cung cap hat
nano chitosan-ARN van con it nhit 17 sau khi xtr 1y, va viéc gay nhiém virut nay da

dugc phong ngtra hodc loai bo thanh cong tr mé cua tom da xu ly.
WSSV duogc dat vao PCR

Béang 7: Tom tat su phét hién WSSV duoc dat vao PCR

Dong | Thoi | S6 phan | Chi tiét mau Két qua
gian ung
(M) Thang chuén 100bp ADN
Neg | 4 dpi 1 Hon hop 4 c4 thé khoe manh tir d6i | Khong thé
chimg am phét hién
T1 2 Hon hop 4 ca thé khoe manh tir Trt-1 | Khong thé
phat hién
T2 3 Hon hop 4 c4 thé khoe manh tir Trt-2 | Khong thé
phat hién
T3 4 Hon hop 4 cé4 thé khoe manh tir Trt-3 | Khong thé
phat hién
Pos 5 Hbn hop 4 ca thé bi chét tir ddi ching | C6 thé phat
duong hién
T11 | 7 dpi 6 Tom bi chét tir Trt-1 C6 thé phat
hién
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T12 7 T6m bi chét tir Trt-1 Khong thé
phat hién
T21 8 T6m bi chét tir Trt-2 C6 thé phat
hién
T22 9 T6m bi chét tir Trt-2 Khong thé
phat hién
T23 10 T6m bi chét tir Trt-2 C6 thé phat
hién
T1 | 14 dpi 14 Hdn hop 4 cé thé khoe manh tir Trt-1 | Khong thé
phéat hién
T2 15 Hbn hop 4 c4 thé khoe manh tir Trt-2 | Khong thé
phat hién
T3 16 Hon hop 4 c4 thé khoe manh tir Trt-3 | Khong thé
phéat hién
Neg 17 Hoén hop 4 ca thé khoe manh tir doi Khong thé
ching am phat hién
P Dbi chimg duong dé PCR C6 thé phat
hién
N Pbi chimg 4m d& PCR Khong thé
: phat hién

Vi du VII — Lam cam gen véi hat nano chitosan-ARN

Hiéu qua cta hat nano chitosan-ARN bao gém trinh tur gen virut dugc phan phéi

qua dudong miéng dé lam cim gen virut trong tom da duge nghién clru.

Phuong phéap

Nhiam trang dich gen virut

Céc trinh tu ss va dsARN dic hiéu véi WSSV duoc diéu ché cho cac thir nghiém
thach thitc WSSV dé kiém tra hiéu qua cua trinh tv ARN va hat nano chitosan-ARN

trong viéc bao vé tdm chéng lai bénh do virut WSSV.

Tao ra ARN

VP28 250bp dsARN (SEQ ID NO: 59) va cac doan ssARN c6 nghia (SEQ ID
NO: 64) va dbi nghia (SEQ ID NO: 65) VP125 bazo, doan RR2 va Wsv477 duoc téng

hop nhu m6 ta trén day.

Diéu ché hat nano chitosan-ARN
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Ché phim véi ty 1& khdi Iuong chitosan/ARN khéc nhau da dugc diéu ché bing
phuong phap tu l4p rap trong khi van giit lugng ARN (ssARN hodc dsARN) khong d6i
(20 pg/mL). Thir nhét, chitosan dugc diéu ché & ndng d6 1 mg/ml trong dung dich dém
natri axetat 0,2M (pH 4,6). Dung dich hoat dong v6i ndéng d6 0,08-0,8 mg/ml da duoc
lam tir phan trit luong bang cach pha lodng véi cing mot dung dich dém. Thé tich tuong
duong ctia dung dich ssARN hodc dsARN virut (0,04 mg/ml trong dung dich dém natri
axetat 0,2M) va dung dich chitosan dugc tron nhanh chong dudi do lac manh trong 30
gifly va u trong 1 gio tai RT. Hat nano dugc lap rap da duoc sit dung ma khong can tiép
tuc lam sach. Vi nong do ARN khong dbi d6i voi tt ca dung dich hat nano, thao tac véi

nong do chitosan thay d6i ty 1& khoi luong polyme/ARN.
Su lay nhiém virut & tdm
bong vat

Tom thé chén tring (Penaeus vannamei), khéi luong khoang 2 gam, duoc cung
cAp boi GN, Phang Nga, SyAqua Siam Co., Ltd. Tdng s6 1.000 con tém duoc lam thich
nghi vo1 mo truong ¢ hd 3 tan tai 6 man 30 ppt trong 5 ngay trude khi thu nghiém.
Chang dugc cho an voi ché d6 an thuong mai la 5% trong luong co thé Oxy hoa tan
(DO) dugc duy tri & mic hon 4 ppm va nude dugc d6i khi can thiét.

Thiét ké thir nghiém

Bén phuong phap xir Iy duge kiém tra va hai nhom déi ching, mot ddi chimg am
va mot dbi ching duong duoc str dung. Vi vy, tom chua trudng thanh dugce chia thanh
6 nhém mdi nhém trong 4 14n lap lai ctia 20 c4 thé trong cic bdn chira 60-L (téng = 28
bé chira).

Pic tinh vé kich thudc hat nano

Kich thudc hat ctia hat nano chitosan/ARN virut dugc xac dinh nhu trong vi du
V.

Luu gilt va giai phong ARN
Sau khi tao ra hat nano, viéc luu gitt ARN duoc danh gia boi dién di gel nhu mo
ta trong vidu V.

Thu thap mAu, tich chiét ARN va tong hop cADN
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Thu thap mAu, tich chiét ARN, tong hop cADN va RT PCR duoc thuc hién nhu
trong vi du V, st dung mdi cu thé cho tung gen. Trinh tu mdi duoc lua chon dé PCR
trong biéu hién gen cta virut duoc thiét ké sir dung thir nghiém qPCR thoi gian thuc
(IDT). Gia tri Ct delta trung binh + SD duoc xdc dinh cho mdi 14n xtr 1y, va qua trinh
dinh lwong lién quan dén dbi chimg khong duoc xtr 1y thiép lap vé 1.

Piéu ché thirc an cho tom

Thirc dn nudi tdm gdm cac hat nano ARN lam caAm gen virut hodc chitosan-ARN
duoc didu ché nhu trong vi du V, bao gdm diéu ché cac phuong phap xir Iy hat nano
khéc nhau, pha tron bang céach lac, lam dong kho va pha tron phirc hop chitosan-ARN

déng kho voi thire an tom va cudi cting 1am kho hdn hop.

Phén phdi qua dudong miéng cia ARN nhim tring dich virut & tdm st dung hat nano

trén co sO chitosan dugc khir axety hda.

T6m vi chua trudng thanh (vi du nhu Peneaus vanameii sau tudn tuéi) duoc chia
thanh cdc nhom giit tach biét trong sudt thoi gian thit nghiém cam gen. Pé danh gia su
lam cAm gen virut trong t6m bi 1y nhiém, tom dugc tiép xtc véi virut, su 1ay nhiém
dugc xac nhan trong tom va dugc phép tién hanh én dén mot mic dd dinh trudc cia su
lay nhi®m virut & t€ bao, va sau d6 cho an thtic dn thit nghiém. Pé danh gia nhitng khia
canh phong ngira cdm gen virut trén sur lay nhiém virut ¢ tém, tdm duoc cho dn thic an
thir nghiém trude hodc dong thoi véi viee tiép xtic voi virut, va mac do 1y nhiém virut
cling nhu biéu hién gen dich trong t6m bi 1y nhiém, va mdi twong quan giita hai diéu
nay c6 thé lam sang t6 tinh hiéu qua cta viéc cho an ARN lam cam gen virut dé phong

ngua hodc lam giam sy lay nhiem virut & dong vat gidp xac.

Tém dugce cho an véi hat thirc an thuong mai, bao gém & mot sé nhom, hat dugc
diéu ché v6i trinh tu 1am cAm gen virut tu do (ds, c6 nghia va ddi nghia, hdn hop dbi
chung c6 nghia va ddi nghia va khong c6 nghia), va nhém khac cia tom tiép nhan hat
dugc trén véi v6i hat nano duoc tao phic hop voi dan xuét chitosan/ARN. Trinh tu
ARN virut dugc tao phttc hop véi1 chitosan dugc cung cAp trong céc vién chira cac phtic
hop trén co s H35(DD=35%), H42(DD=42%), H55(DD=55%) hodc chitosan khong
duge xtr ly (DD=83%). Mot céach tuy chon, ARN duogc tao phitc hop v6i chitosan bao
gém hat nano chitosan-ARN duogc lién hop vai axit glucuronic. Ché d6 cho an vi du la

hai 1dn mdi ngay trong 5 ngay tuong tmg véi 5% trong lugng co thé. Po biéu hién gen
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virut dugc thuc hién trén phﬁn mang dugc cit ra va dugc bao quan cho dén khi sur dung

bang cach ngdm ngay lap tlic trong nito 1ong.
Két qua
Lua chon trinh tu nham trung dich virut

Trinh ty ARN lam cam gen virut tiém nang (vi du nhu VP28, VP19, Rr2,
Wsv477), trinh tu, vo protein va trinh tu lién quan dén vo protein, trinh tw ARN-
polymeaza, trinh tu protein mang bao, trinh tu cAn thiét dé truyén virut) ¢6 thé duoc
sang loc dbi véi hidu qua trude khi thir nghiém cho an, vi du, bang cach tiém hat nano
chitosan-ARN va gidm sat nhiing thay ddi tiép theo trong biéu hién virut va/hodc lugng
tai virut trong tom 1a biéu hién gen virut c6 kha ning d2 bi thn thuong dé 1am cam véi
ARN virut. Méi tuong quan véi nhitng thay dbi trong luong tai virut, triéu chimg hodc
tinh nhay cam véi sy lay nhiém virut trong tom duoc xu ly ¢6 thé ciing cung cap cho
tiéu chi quan trong trong lua chon gen dich lién quan cao dén su lay nhiém va bénh ly ¢
bénh do virut ctia dong vat gidp xac. Mot trong nhiing thtr nghiém nay, véi virut WSS,

duge mo ta ¢ trén (Vi du VI).
Kha nang tao phtic dé bao vé& ARN virut khéi viéc phan hily enzym:

Kha nang cta phtc hop chitosan-ARN d& giam thiéu, hogc tham chi loai bo sy
s&n ¢6 clia cic ARN tao phiic dbi véi thoai hoa RNaza c6 thé duoc chi dinh bang cich
giam sat sy thodi hoa RNaza cua trinh tu lam cdm gen virut tiém nang “trAn” (tu do), so
v6i céc trinh tu twong tu khi tao phurc trong cac hat nano-ARN chitosan hodc dan xuét
chitosan, trong su két hop khac nhau ctia chitosan: ty 1€ khéi luong ARN va mure do khur

axetyl hda cua dan xuat chitosan.
Lam c4m gen in vivo bang cach cho &n cac hat nano chitosan-ARN virut.

Trong cac thtr nghiém trude do, cho thdy rang viéc tiém phirc hop soi don va doi
trong hat nano trén co s chitosan N-axetyl hoa co thé ¢ tac dung lam cam su biéu hién
gen & tom. Dé kiém tra xem phan phdi trinh ty ARN 1am cam gen virut thong qua dudng
an cta hat nano dugc tao phirc hop véi chitosan-ARN virut nay cé thé hidu qua trong
viéc kich hoat ARNi va lam cdm gen virut in vivo, Tom (vi du nhu Penaeus vannamei
chua trudng thanh) duoc cho @n véi hat nano duoc tao phirc hop véi chitosan-ARN virut

(cac dan xudt H35 (DD = 35%), H42 (DD = 42%), H55 (DD = 55%) hoc phtc hop trén
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co s& chitosan khong dugce xut Iy (DD = 83%) tron trong thirc dn, voi d6i chimg cua hat
thirc dn chita ARN virut tu do chira va thirc dn thuong mai (thrc an don gian, khong bd
sung ARN) theo mot ché dd va lidu dinh trude (vi du nhu hai 14n mot ngay trong 5 ngay
v6i tdng lidu hang ngay 1a 5% sinh khéi cia tdm). Quin thé mau tém bao gbm tom chua
thir nghiém (khéong bi 1y nhiém bdi virut) va tdm bi lay nhiém (nhiém virut duoc xac

minh bing cach 14y mAu ham lwong virut trude khi bat dau cho an).

Mot nhoém bo sung ¢6 thé dugce thém vao, bao gom tom duoc tiép xuc voi virut
trong suot qua trinh cung cap hat nano, dé theo ddi tac dung cua viéc cho an hat nano

trén d6 nhay cam véi su 1y nhiém virut.

Tai mdt thoi diém xac dinh trude sau khi cho dn 1an cudi cung (vi du 48 gio), tom
duoc lam chét va tdng ARN duoc chiét xuét tr md tom dé phén tich PCR dinh luong
thoi gian thue, cling nhu phan tich ham luong virut trong cdc nhom khac nhau. Anh
huéng (vi du nhu giam) trén biéu hién mARN virut lién quan trong tom 14 vi vay biéu
hién tinh hiéu qua cua ché phém hat nano chitosan - ARN virut khac nhau (vi du nhu ty
18 khéi lugng, mac do khir axetyl hda cua chitosan), trinh tu virut cu thé, lidu luong va
ché do xtr Iy dé lam cam gen virut in vivo bang cach cho an hat nano chitosan - ARN

virut.
Tang cudng kha ning séng sét bang cach cho an cac hat nano chitosan-ARN virut.

Ngoai viéc lam cam gen béng cach ti€u hoa ARN sgi don va doi dugc tao phuc
hop trong céc hat nano trén co so chitosan N axetyl héa mot phﬁn, hodc trong hat nano
biotin - hodc glu-chitosan-ARN, 14 tiéu chuén dé biét sau cling thi cAm gen lam cai thién
ste dé khang, hoac kha ning chéng chiu bénh cua tém, cu thé, déi véi bénh do virut. Bé
kiém tra xem viéc phan phéi trinh tw ARN lam cAm gen virut thong qua duong in hat
nano tao phurc chitosan-ARN virut nhu vay c6 thé lam giam hiéu qua mirc d6 1y nhiém
hoac cai thién su séng sot cua tom sau khi tiép XUc vai virut gay bénh, tom (vi du nhu
Penaeus vannamei chua trudng thanh) dugc cho dn véi hat nano tao phuc chitosan-ARN
virut (din xudt H35 (DD = 35%), H42 (DD = 42%), H55 (DD = 55%) hodc phtc hop
trén co s& chitosan khong duoc xir Iy (DD = 83%), v&i ddi ching cua hat thic 4n chira
ARN virut ty do va thuc pham thuong mai (thtic in don gian, ma khong bd sung ARN)
theo mot ché d6 va liéu dinh trude (vi du nhu hai 1an mot ngay trong 5 ngay véi téng

liéu hang ngay 1a 5% sinh khdi ctia t6m). Quan thé miu tém bao gdm tom chua thir
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nghiém (khong bi 14y nhiém béi virut) va tdm bi ldy nhiém (nhiém virut duoc xac minh

bang cach 14y mau ham luong virut trude khi bit dau cho an).

Mot nhém bo sung ¢ thé dugc thém vao, bao gom tdm duoc ti€p xtc vai virut
trong suot qua trinh cung cap hat nano, dé theo ddi tdc dung cua viéc cho an hat nano

trén do nhay cam vai sy lay nhiém virut.

Tai thoi diém dinh trude (hay mot sb thoi diém) sau khi bit ddu cho in (viduy, 48
gi0, 4 ngay, 1 tudn, 2 tuln, 3 tudn, 1 thang, 2 thang, 3 thang, 6 thang), tom duoc dém va
kiém tra xem c6 anh hudng vé téc do ting trudmg, trong lugng (sinh khdi), kiém tra xem
¢6 biéu hién khoe manh va bénh ly, bi lam chét, ham lugng virut dugce xéac dinh va téng
ARN dugc chiét xuat tir md tdm dé phan tich PCR dinh luong thoi gian thue. Anh huong
(vi du nhu gidm) trén ty 1€ nhiém virut va ham luong virut trong tom bi lay nhiém, va
trén cac thong s6 stic khoe khac nhau (trong luong, toe d6 tang trudng, bidu hién, ngudn
cép dir liéu chuyén dbi, ton tai, v.v.) dang theo di, va sau d6 c6 thé dugc tuong quan
v6i cdc hiéu tmg cho dn céc hat nano ngay twong ddi viral mARN biéu hién, cung cip
mot bién phap cua nhiing loi thé thuc su dé tom nuoi tréng thiy san cho an hat nano, cu
thé hon, ché phim chitosan-ARN virut khéc nhau (vi du nhu ty 18 khéi luong, mirc d6
khtr axetyl héa chitosan), trinh tu virut cu thé, liéu luong va ché do xwr ly [am cam gen

virut in vivo bang cach cho &n hat nano chitosan-ARN virut.

Tom lai, két qua nhu vy c6 thé cung cip cac hudng dan quan trong dé lua chon
dich gen virut c6 hi¢u qua va trinh tu ARN lam cdm gen virut, ciing nhu cua cac phuong
phap hiéu qua cho viéc didu ché va cung cép trinh tu ARN lam cam gen virut, nhu hat
nano chitosan - ARN virut, dn tém thong qua viéc an thuc 4n, va anh hudng cua no
trén strc d& khang va khoang chdng chiu déi véi bénh do virut va kha ndng nang cao su

song sét ctia tom khi doi mat ti€p xdc voi virut gy bénh.
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YEU CAUBAO HO
1. Hat nano chitosan-ARN bao gém chitosan duge khir axetyl héa mot phan va it nhét
mot trinh tw ARN ¢6 chidu dai it nhét 12 50 bazo, trong d6 muc do khtr axetyl hoa cua
chitosan nim trong khoang tir 35% dén 42% va trong do trinh tu ARN ¢6 thé lam cam

su bi€u hién cta gen khi stt dung cho sinh vét bicu hién gen nay.

2. Hat nano chitosan-ARN theo diém 1, trong d6 mic do khir axetyl hoa ctia chitosan la

35%.

3. Hat nano chitosan-ARN theo diém 1, trong d¢ it nhat moét ARN oligonucleotit 1a ARN
soi don (ssARN).

4. Hat nano chitosan-ARN theo diém 1, trong d¢ it nhat mét ARN oligonucleotit 1a ARN
so1 kép (dsARN).

5. Hat nano chitosan-ARN theo diém 2, trong d6 it nhat mot ARN oligonucleotit 1a ARN
so1 kép (dsARN).

6. Duoc thuc phdm bao gdm thirc an cho dong vat gidp xac duoc nudi va hat nano

chitosan-ARN theo diém 1.
7. Dong vt gidp xac duge nudi chira hat nano theo diém 1.

8. Hat nano chitosan-ARN theo diém 1, trong do it nhét mot trinh tw ARN chira mot
hodc nhiéu thanh phén sau:

(a) it nhét mét trinh tu ¢6 kha nang lién két thdng qua su bét cap bazo b tro véi phan

tt mARN dich cta virut gay bénh ¢ ddng vat giap xac dugc nuodi;

(b) it nht mét trinh tw c6 d6 twong ddng trinh ty it nhét 90% voi phan tr mARN dich

cta virut gy bénh & dong vat giap xac duoc nuoi;

(c) it nhit mot trinh tu bd tro it nhdt mot phan véi phan tor mARN dich cua virut gay

bénh & dong vat giap xac duoc nudi;

(d) it nhit mot trinh tu twong ddng vai it nhét 20 bazo 1ién k& cua phan th mARN dich

cua virut gy bénh & dong vat gidp xac dugc nudi;

() it nhat mot trinh tw c6 kha nang lién két thong qua sur bt cip bazo bd tro véi phan

tt mARN dich cua ddng vat giap xac dugce nudi;

() it nhit mét trinh tur twong dong véi it nhit 20 bazo lién ké cua phan tr mARN dich
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ctuia dong vat giap xac dugc nudi, va

() it nhat mot trinh tu b trg it nhit mot phan véi phan tr mARN dich ctia dong vat

giap xac dugc nuoi.

9. Hat nano chitosan-ARN theo diém 8, trong d6 trinh tu bd tro mot phﬁn hodc trinh tu
¢6 kha ning lién két théng qua bazo bb trg bit cip v6i phan tir axit nucleic dich cua it
nhét mot trinh tu ARN bd trg voi trinh tu cta phan tir axit nucleic dich co chiéu dai it
nhat 50, it nhét 75, it nhdt 100, it nhat 150, it nhat 200, it nhat 250, it nhat 400, it nhat
500, it nhat 600 va it nhét la 750 bazo.

10. Hat nano chitosan-ARN theo diém 8, trong do it nhat mot trinh tu ARN chura it nhét
mdt trinh tu tvong dong voi it nhat 21 bazo lién ké ctia phan tir mARN dich cta virut
gdy bénh & dong vat giap xac dugc nudi tuong dong véi it nhat 50, it nhit 75, it nhat
100, it nhat 150, it nhat 200, it nhat 250, it nhét 400, it nhat 500, it nhat 600 va it nhét la
750 bazo cua phan tt mARN dich.

11. Hat nano chitosan-ARN theo diém 8, trong d6 ARN niy bao gdm ft nhit mot trinh
tu c6 khd nang lién két thong qua su bét cdp bazo bd tro véi phan tt mARN dich ctia
virut gy bénh & dong vat giap xac duoc nudi hodc bao gdm it nhat mét trinh tu bé tro
it nhat mot phan v6i phan tr mARN dich clia virut gdy bénh & dong vt giap xac duoc
nudi bao gdm:

(a) trinh tu axit nucleic bd tro véi trinh tu axit nucleic duoc chon tir nhém bao g6m Cac
SEQ ID NO: 1, 2, 3 va 5, hoac

(b) trinh ty axit nucleic bd tro véi trinh tu axit nucleic duoc chon tir nhém bao gbm cac
SEQ ID NO: 59, 64, 77, 78 va 79.

12. Hat nano chitosan-ARN theo diém 8, trong d6 ARN bao gém it nhit mot trinh tu c6
d6 twong ddng trinh tur it nhit 90% voi phan tr mARN dich ctia virut giy bénh & dong
vat giap xac dugc nudi hoac it nhét mot trinh tu tuong déng véi it nhat 20 bazo 1ién ké
clia phan tr mARN dich ctia virut gay bénh & dong vat giap xac duge nudi bao gdm:
(a) trinh tu axit nucleic twong dong véi it nhét 21 bazo lién ké cua trinh tu axit nucleic

duogc chon tir nhom bao gém cac SEQ ID NO: 1, 2, 3 va 5, hoac

(b) trinh tu axit nucleic bé trg véi trinh tu axit nucleic duge chon tir nhém bao gé)m cac

SEQ ID NO: 59, 64, 77, 78 va 79.
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13. Hat nano chitosan-ARN theo diém 8, trong d6 phan tir mARN dich cua dong vat

giap xac dugc nudi bao gom trinh tu Rab7 mARN hodc cac doan cua no.

14. Hat nano chitosan-ARN theo diém 13, trong do hat nano chitosan-ARN nay bao
gdm trinh tw ARN duoc chon tir nhém bao gém cdc SEQ ID NO: 47, 53, 54.

15. Hat nano chitosan-ARN theo diém 8, bao gdm it nhit mét trinh tu ARN bé sung c6
kha nang dinh hudng su phan cit cia phan tr mARN dich clia virut gdy bénh & dong

vat giap xac dugc nudi.

16. Hat nano chitosan-ARN theo diém 15, trong dé it nhit mot trinh tw ARN va it nhét
mot trinh tw ARN bd sung dugc dinh hudng dén mARN dich cta cing mdt virut.

17. Hat nano chitosan-ARN theo diém 15, trong do it nhat mot trinh tu ARN va it nhét

mot trinh tu ARN bd sung dugc dinh hudng dén mARN dich cua cac virut khac nhau.

18. Hat nano chitosan-ARN theo diém 1, trong do kich thude hat ctia hat nano nam trong

khoang tir 50 dén 500nm, nhu dugc do bing dudng kinh trung binh z hidu qua.

19. Hat nano chitosan-ARN theo diém 1, trong dé chitosan nay dugc lién hgp véi phan

t&r duoc chon tir nhém bao gdm biotin, axit glucuronic va polyme.

20. Hat nano chitosan-ARN theo diém 1, trong d6 kich thudc hat ctia hat nano ndm trong

khoang tir 100 dén 200nm, nhu duoc do bang dudng kinh trung binh z hidu qua.

21. Hat nano chitosan-ARN theo diém 8, trong d6 ARN nay chua it nhét mot trinh tu ¢6
kha ning lién két thong qua sur bat cip bazo bd trg véi phan tir mARN dich cta virut
gdy bénh ¢ dong vat gidp xac dugc nuodi hodc chira it nhat mot trinh tu bd tro it nhat mot
phin véi phan tir mARN dich ctia virut gdy bénh & dong vat giap xéc duoc nudi bao

\
A

gom:

(a) trinh tu axit nucleic bd trg vai trinh tu axit nucleic duoce chon tir nhém bao g6m cac

SEQID NO: 1, 2,3 va5, hoac

(b) trinh ty axit nucleic b tro voi trinh tu axit nucleic duge chon tir nhém bao g@)m cac
SEQ ID NO: 59, 64, 77, 78 va 79,

va trong d6 murc do khir axetyl hoa cta chitosan 1a 35%.

22. Hat nano chitosan-ARN theo diém 8, trong d6 ARN nay bao gdm it nht mét trinh

ty ¢6 do twong dong trinh tu it nhat 90% véi phan tir mARN dich cta virut gay bénh &
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dong vat gidp xac dugc nudi hodc it nhét mot trinh tu tuong déng vé6i it nhat 20 bazo
lidn k& cua phan tr mARN dich ctia virut gy bénh & dong vat giap xac duoc nudi bao

3
A

gom:

(a) trinh tu axit nucleic tuong ddng vdi it nhét 21 bazo lién ké cua trinh tu axit nucleic

dugc chon tir nhom bao gém cac SEQID NO: 1,2, 3 va 5, hodc

(b) trinh tu axit nucleic bd tro vai trinh tu axit nucleic duge chon tir nhém bao gom

cac SEQ ID NO: 59, 64, 77,78 va 79,

va trong d6 mtrc d¢ khir axetyl hda ctia chitosan 1a 35%.
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<130>
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<151>

<le60> 81
<170>

<210> 1

<211> 615
<212> ADN
<213>

<400> 1
atggatcttt

gctgtattta
acagacaata
ggatcaggct
aagatccgca
actcccgtgg
acattcaagg
ccaaagatta
gtctctattg
attgcagcta
actgagaccg
<210> 2

<211> 407

<212> ADN
<213>

<400> 2
tgacgtacct

ggcaggaccg
atgtctatgg
ctggccgtca
gacaccgatg

aggaccaggyg

accgttttta
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virut gay bénh

ctttcactct
ttgtgatttt
tcgagacaaa
acttcaagat
atggaaagtc
agggccgagce
tgtggaacaa
acccatcaaa
atgaggatga
ccgcecggtgg

agtaa

virut gady bénh

cttcatcaaa
gagcccaggce
ctcgcatggg
tgaatgtatg
atgatgacga
atatgatgct

tgtcttaccc

Shai
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dém tréng

ttcggtcgtg
taggtatcac
catggatgaa
gactgatgtg
tgatgcacag
actcgaagtg
cacatcaaga
ggcctttgtc
agttggcacc

aaatcttttc

dbém tréng

cagaaaaaaa
cgctggccect
tctetttttg
gatgggacca
cactgccaac
tctggetggg

CcCaagaggagg

tcggccatcc
aacactgtga
aacctccgceca
tcctttgaca
atgaaggaag
actgtggggce
aagatcaaca
ggtagctcca
tttgtgtgtg

gacatgtacg

atggccacca
tcttacacca
atcgttgcta
aagaaggaca
gataacgatg
tccgcetcette

cagtaaaaat
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tcgccatcac
ccaagaccat
ttcctgtgac
gcgacacctt
aagatgcgga
agaatctcac
tcactggtat
acacctcctc
gtaccacctt

tgcacgtcac

cgactaacac
tggaagatct
tctcaattgg
gcgattctga
atgaggacaa
tgttcctcgt

ataaaaa

HAT NANO CHITOSAN-ARN VA DUQC THUC PHAM CHUA HAT NANO NAY

tgctgtgatt
cgaaacccac
tgctgaggtt
gggcaaaatc
tcttgtcatc
ctttgaggga
gcagatggtg
cttcaccccce
tggcgcacca

ctactctggce

tcttecttte
tgaaggctcc
tatcctcgte
cactgataag
atataagaac

ttccgeecgece

240

300

360

420

480

540

600

615

60

120

180

240

300

360

407



<210> 3
<211>
<212>
<213>

ADN

<400> 3
atggagtcaa

gctgaagaaa
tttgacaaat
agagaaaacc
tacaaaaaag
aaagattggg
tttgcatcct
cagattccag
aacgtctacg
tttaacgctg
atgcaaagca
ttctttagtg
ctcacctcct
atgctgttga
actgaagccg
ggaatgaact
gaaatgggac
tccctcgaéa
gtcatggctt

ctcccaattc

gaagacggcg

<210> 4

<211> 790
<212> ADN
<213>

<400> 4
ctcatgccgg

gtgtgttacc
tggtgctagt
gaacttctga
ttgttaagcet
ctgtaaggtt
acgctgctgc

ttgttgtact

1242

virut gdy bénh

tcaaactgtt
tcaagtcaga
tcaccaaaaa
ccaaccgttt
aggttgcctg
agaaactcac
ctgacggaat
aagcgaggag
gagaactgat
cacaacactt
ataacgattt
gtgcattcgce
ccaatgagtt
aaaagggttt
tccgaattga
gcaagttgat
tagaaaagca
ataagaccaa
ctatcaataa
tgactgcacc

tcggggacta

virut gdy bénh

agaagtgatt
agaagttgtg
caatagactg
ccagcaaatg
agcatctaaa
tggtaatgac

ctgccgggac

tgaaggaggt

41838

dbém tréng

caccgttgct
atataaaacc
actcattatg
tgtatcccgce
tttttggaca
tcaagatgag
tgtaattgaa
tttctttgac
tgatagactg
ccccgcecatce
ggcggaacta
atccattttc
catttctagg
tgttgatacc
acaagaattt
gagccagtac
ctataatgtt
cttttttgaa
gatcaagaag
tcctccagte

catcagttat

dbém tring

gaaggttgta
gatgtgattc
gctgacaagg
ttcagtccta
tgtatgattt
aatgataata

tgttacaaaa

gacaggtgcg

ggtctgaata
gaggaggaaa
caagtagata
cccattgtcc
ttggaagaga
aaggatttca
aatcttacaa
ttccaagttg
gtgcccgacg
aagaagaagg
attgttgcct
tggatcaaga
gacgaaggtc
ccatcaagag
ctcacagttt
attgaatttg
accaacccct
aagagagtcg
gaccaacaaa
tcttecteat

gacgattttt

ctacagtttc
tcattgacga
ggaaaaggat
ttcataagct
gtaaaattga
atgttatatg
aaattaacaa

gtaagagtac
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tggagcaagc
agaggattgc
cgtttaaaca
atgaagatct
ttgatttcga
ttctccagat
cacgtcttcg
gaatggagag
aaaaagacaa
agcagtgggce
ttgctgcagt
acaggggtat
ttcatcgcga
aaaggattct
ccctgcecctgt
tggcagataa
tcccattcat
ccgagtatca
cccaagaaac

catccgaaca

ag

ttctatcaag
agggcaattc
tgtgattgca
attgccttat
taccaaagaa
tgtaggagga
gaaaaagaac

CcCaagccaaa

caaccaagtg
ccaggaagtg
cttacttaca
ctgggaaatg
aagggatcct
tctggcgttc
tcaagtggcg
tattcatggc
ggctatcttg
tattaattgg
tgaaggaatc
tttgcctggt
ctttgcatgc
tgaaattgtc
taaattagtg
actattggtt
ggacaatatt
acgtgcccag
tggttctcct

agaagatgtt

gaactaatca
ttcacggatt

gcacttgatyg

\

acaaattcca
gctcctttta
gctgaaatgt
aaggggaaac

ctcttgttga

60

120

180

480

540

600

660

720

780

840

900

960

1080

1140

1200

1242

Y

420

480



ccaataaaaa
atacgggtaa
ctcacttgtt
acgatggaat
ctagaggagt
atcttgtatt
<210> 5

<211> 805

<212> ADN
<213>

<400> 5
cggcggtgga

ttatttaaat
gggaagagtt
aattttcttc
catctccagt
aagacctttg
gactacaacg
gccttecacyg
gatctagata
aatattcaag
tgtttctcta
cattgtgatt
aaggaacgtg
aaaaaaaaaa
<210> 6

<211> 615

<212> ADN
<213>

<400> ©
atggaatttg

atcattgctc
agcgtcgtcg
atgtcaattc
ggtctctccg
gccccaagga
ctcaacaaca

gcaggaaaca

ctcgcctcett
actcatcaat
attttctgca
ccatgttgtg

ggataccgtt

virut gdy bénh

caagaggttg
tgggattaga
catggatgtc
gtatgaacac
taggtttcag
tcgactcgtg
gccaagtcat
tgtttaccta
tggatactgc
aaataaaagt
acactaagag
tgttgtgccc
ttttcgagtc

aaaaaaaaaa

virut gdy bénh

gcaacctaac
taatcgttat
ctaattatga
gtggagagag
ataaggacat
ctgatcccgce
ctggcgtcga

ttaagggaaa

41838

tatggaggag
gattatttaa
aatagatggg

atggatagat

gagtggtgct

dbém tring

gttgaatctc
tcgaataatg
caagttgata
ttctgactac
agaaaccaga
gaagaaagag
ggagatctac
tacagatgaa
aaccaagtgg
gacccctaga
aaacttgtat
ttttgcaagg
ttccttttac

aaaaa

dbém tréng

aaacctggac
catggttata
tcagatgatg
gtcctacaat
gaaggatgtt
tggcactggg
tctcttgatce

tactatgtcg

aatacatgtg
ctaagaaaat
aagtttgtag
attactactc

ctgctagcga

taaagaaaac
tatatcttcg
gatacaggat
tacaactggc
gtggtggatg
caaggaaaag
atcgcagaat
gctgtcaaga
atggctgaaa
gtagtcttca
aactttggaa
cataggattg

aaaataaaac

gttgcaatta
atgattgtat
cgagtcccaa
actcctcttg
tctgctgate
gccgagaact
aacgacatta

aacacttact

-102-

ctttcccgac
tgaactagat
taaaattaag

ggggattgtt

tgagggactt

tcacaattcc
tcgaaggttc
catgtggaat
ctgccgaaat
gaatgtttga
agagtttgaa
ggttgagaca
gtggattctt
ttattagaga
atggcaatgg
caaactataa
tacatttctt

aatatataaa

ttgcaatctt
tcaacacacg
ttcaaagaag
gaaaggtggc
ttgtcatctc
ctaacatgac
ctgttcggcecce

tctcgagcaa

aggagcagcc
gatcatgcag
cagttgttag
ttctctttag

cctcagccecg

acattcgtaa
ccccectcaca
gtctttccte
cgggacagaa
acctgtccta
ggaatatctg
aaggccacta
gaacgaggag
gaagaggggc
ttgtagtgca
caatgttgta
ataatggttt

attcaaaaaa

gtccattgca
tgttggaaga
ggcaaaggta
catgaagaat
taccgtcaca
tttgaagatc
aactgttatet

ggacattaaa

540
600
660
720
780

790

360
420
480
540
600
660
720

780

60
120
180
240
300

360



41838

tcttcatctt caaaaattac cctcattgac

ttcgaagcta caatgaacat tggattcacc

atcaagaaga

<210> 7
<211>
<212>
<213>

ADN

<400> 7
tcaaaagata

actcatggtg
gatcccacaa
cgaccatata
acaattattg
gctaagtatc
tggcgtggaa
ttgctggtgce
cagatcatcg
tatcccaata
gccccaggcec
cctaatattg
acgcttgcta
ttttcagtaa
gtgtctttgg
ggaaggcaca
aagctacctc
ctcgatagac
aacggtgatg
attggtgaag
<210> 8

<211>

<212>
<213>

ADN

<400> 8
gttcggattt

taagggcttc
caatgccatt
cctagcacaa

tgcgcatggce

1164

1274

agtaa

gggatatgac
ttggcttcga
ttgcagtgcc
tgctcaacag
cagatattcc
gcaccctatt
atattaacct
aatatctccc
acatctcaca
agtggatgcg
gaatcgtcat
tcatgtatcc
aagcagccat
cgcgtgctcce
gggaagctga
gactagctta
aagggcaata
ctatcttttc
ttgttggtat

ctacggtcgce

tcaaaagata
acccatggtg
gatcccacta
cgaccatata

actattatcg

Virut gay hdéi chung Taura

gaaagtcaac
ttatggcgta
tgaaggattg
atacactatc
agtgagtcct
cgctgcccca
taatcttcgce
ctatggtagt
agtcgatgat
agtgtacgat
ttccgttcte
ttgggtgaat
cggcttcaat
agtatctgga
cggtgtattc
tgccggactg
ttcaattgaa
tgaaccgatt
ttccgaggag

attg

Virut gédy héi ching Taura

gggatatgac
ttggctttga
ttgcagtgcc
tgctcaacag

cggatattcc

gtgtgcagca aatttgaaga cggcgcagcc

tccaggaatg tgatcgatat caaggacgaa

gcatatgaga
cccctgtcecte
gatgagatgt
agaggtggtg
gtcaatttta
gttagtctag
tttgctaaga
ggtgttcaac
aagggtattg
ccagcgaaag
aatccactta
tggagcaatt
tatccagcag
acactgttta
tcattatact
cctggtgaac
tacgcagcta
ggccccaagt

acgttagtaa

gaaagtcaac
ttatggtgta
cgaaggattg
atacactatc

agtgagtcct

-103-

acttacctgg
ttttccctaa
ctattgaata
acactcctga
gtttgtatgg
ctgtagcaat
cgcagtacca
caatagaaag
acattgcttt
ttgggtacac
tctcagcttc
tagaggttgce
atgttcctga
cgttactcca
ttacgaacac
tcggtagttg
ccagcgctcce
atgtagtcac

catgtggtag

gcatatgaaa
cccctgtete
gatgaaatgt
agaggtggtg

gttaatttta

taagggcttc
caatgccatt
cttagcacag
tgcgcatgga
taaagttatt
ggctaattgg
tcaatgcaga
tatcctttca
tcctteegte
ggcagattgt
gacagtctct
tgaaccaggt
ggagcccact
ggatacgaag
taccactggt
tgagatagtg
aactcttgtt
taaagttaag

tatggcagcg

atttacctgg
ttttccccaa
ctattgaata
acacccctga

gcctgtatgg

540

600

615

60

120

180

240

300

360

420

480

540

720

780

840

900

960

1020

1080

1140

1164

60

120

180

240

300



caaagttatt
ggctaattgg
tcaatgtagg
tatcctttca
ccctteegte
ggcagattgt
aacagtctct
tgaaccaggt
ggagccaact
ggatacgaag
caccagtgac
tgaaatagta
aactcttgtt
taaagtaaag
aatgtcagca
tttgaaatta
taccgtagtc
<210> 9

<211> 859

<212> ADN
<213>

<400> 9
ctcagtgact

atctggctat
tccatcttca
ctagaattca
cactgtggca
gccaaatgga
tactcttaca
cgtggcctct
ctcatcagga
cactgtaaca
tccgaagaat
agtaaagacg
actcttagcg
ctttcaagct

cgtgatgagc

gctaagtatc
tggcgaggta
ttgctggtgce
gagattattg
tatcctaata
gccccaggcce
cctaatattg
acgcttgcta
ttttcagtga
gtgtctttgg
aaaaaataca
gagttacctc
ttaaatagac
aatggtgatg
gttggccaag
gcttcagatt

actg

Virut géy bénh

acacatcatt
ttgaggtgat
tcggcccage
ccaaaacacg
tcaacaagct
tctcgcaaga
tcatgaatca
gtcagctaat
aactgcatgg
gtatcatcac
accgcggtcet
atgcatactc
acgacacact
atcgaactct

catatgaat

41838

gcaccctatt
acatcaacct
aatatctccc
acatttcaca
agtggatgcg
gcatcgtcat
tcatgtatcc
aggcagccat
cgcgtgctcc
gggaagctga
aactagcata
aagggcaata
ctatcttttc
ttattagtat
ctacggttge

ttgagtcctce

dau vang

catcagatca
tccaaagatc
cttcatgaac
actttcctac
gatcaacggg
ctatcccaag
cgcatatcac
tgcaaactcc
ggtgtcaagt
aaacatcgcce
acaatccact
tacacaccgc
tgccatcatc

aggtggttat

cgctgcccca
caatcttcgc
atatggtagt
agtcgatgat
agtgtacgat
ttccgttett
ttgggtgact
tggcttcaac
agcgtctgga
cggtgtattc
tgctggcecctg
ttcaattgaa
tgaaccactt
atccgaggag
attgcgaggce

agctccagtg

caaatcgaac
tccatccaac
gatgtttacc
aacactgtcc
atcaaggcag
tttgacacct
tacactcaca
accagcccaa
ggtgacggcg
ttctacagac
ctctacaaca
gctttcgaat
aatccagacg

gaaatcacta

-104-

attggtctag
tttgctaaga
ggtgttcaac
aagggtattg
ccagcgaaag
aatccactca
tggagcaatt
tatccagcgg
acactgttta
tcattatcct
cctggtgaac
tatgcagcta
ggccctaagt
acgttagtaa
tcagatgcgc

aagttcagtc

acatcaaaca
ctgtagacaa
gctgcttcaa
tcatcggatt
gattcaaccc
gtgttgacac
ctaacctctc
tcatctacta
caacagcaat
aaatcattga
cactcatcaa
ggaacatctc
tcttcgatcet

atgagaaaaa

cagtagcaat
cgcagtacca
cgatagaaag
acgtcgcttt
ttggctacac
tttcagcttc
taggggttgc
atgttcccga
ctgtgctcca
ttacgaacac
ttggtagttyg
ctagcgcccc
atgtagttac
catgtggtaa
caattgaaat

caggtgactt

ccacttctct
agcactgcgt
caccgcatgg
caaagacaca
aaaaggcaaa
catggcacaa
tcttattact
caacagcatg
taagaacagc

caatcaagtg

)

tggcatacas
tcgctgtgece
tgatcaatac

gatcttcgtc

360

420

480

540

600

660

720

780

840

960

1020

1080

1140

1200

1260

1274

120

180

240

300

360

420

480

540



<210> 10
<211>
<212>
<213>

ADN

<400> 10
tctcttgeceg

aaaatgtatg
aagatcactg
cttcctggeg
tatgaattca
cgtgaagaca
acttacatca
acaacacttc
atcgatggcg
aactctctta
ggcattcaat
atggccaata
ataaacaaat
gctagctccce
agatgcaaga
tacacaactg
cctagtgtag
tccgceccatct
tccactcaac
ctcacaggca
aatgatttca
ggtgaggtct
tgggaatcat
atcatcagac
tcgcaaggca
aaggatccaa
caccagggca
gagaaatcca
actgacaaca
gcaaagtatc
gccaagaaag

atgactcgct

2539

Virut gay bénh

cacgcaaacg
tagacaacga
acgacaagaa
taagcaagat
cactcaagca
tgccatctga
agacagacaa
aagacatttc
gtatcaagaa
ccctctggaa
tccaagcecttc
acaacatcac
tccttgcaag
actctgcagt
gacttatccc
gcggtggceat
aatacatgat
gtcatctcaa
acgtatacaa
agttccctac
tctcagaaaa
tccagctcca
cacctcagaa
aatatttcac
gaacatttga
acattgtgaa
atccatacta
ctacagttat
tcaagccatt
ttggcaagaa
tgttcacacg

tgctgttcga

41838

dau vang

atacatcatc
cttccgctge
caacgtcacc
tctcaagcaa
ctggatccaa
agtcatcgat
attcttctca
actcaagcaa
gggtatcaag
tactatcact
caccttctac
cgtcattcaa
aatcaatgaa
tgataacatt
tcaagaatca
catcttcgcet
catcgatgaa
tccacgtcat
cacagacgtt
tgaattcctt
cttctacaac
cctagaccct
caactttgcc
tgaccttgac
ccgtggaatce
tgtagccgte
cgctaaactt
cgcatacaat
tccataccac
attaatcctc
cgaagataac

gaaattcaac

catgctctga
gcccagcatc
atctttagaa
gtcgaaaaga
cacaacatcc
ttcaaagtga
ttcaagatca
gaatacacca
aacatcagaa
cctactacta
attgacaaca
gggccacctg
attctcccta
ggtaactcag
gaagacaaag
actctccagt
ttctcaatgg
gtcatcttca
taccattcca
gatatcacct
ggtaagctca
atcaacatgc
attctagtta
attcaaatcc
gtcgtcagcet
agtcgtttcc
ccatactaca
ggaccacaga
acccttgaaa
cacaacaatc
ctcagatggg

aatcccgatc

-105-

gtgtgagaat
tagacaagga
ctaacgcaac
aaagcttctt
tcctcagttt
taaagcaaga
acaacaaata
atggtaaact
tcaccactcc
cagtcctcaa
ccggaagtct
gtaccggtaa
attccaacat
tcaatccctc
tccgtaccag
caacccgtgg
ccactgacat
ctggtgatcc
acatcatcaa
atcgcatggg
aaacagccgc
tctcacagat
cacatcatga
ccatctacac
accgcaacac
gcttccagtg
acacatcaca
acaaactctc
accgctatca
catttgaaac
ccaaagtatc

tagctaagca

ggacatcagg
aggttattct
ccgttcagaa
caagatcatc
cattgccgcet
cggtgacaag
cattgacgct
ctcactatac
taatccttcc
catcttccgat
tcttgacaag
gacatacacc
tgccgtectt
catcttccge
gttccaaaga
tattttatgt
tcaaatctac
ttgtcaacta
caatcatcag
ctcaaagatc
tacgtatgaa
ccatgcaatt
agcattctcc
tgtccacaca
cgcgttcaca
tatctgcatg
aatctacttt
caacatgtac
gagtgaaaag
tctcaaagaa
agcagaagta

tctcatcaac

60

120

180

240

300

360

420

480

540

0N

720

780

840

900

960

1020

1080

1140

1200

1260

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



actggcaaaa
gaaaaccttc
gaacccactc
caaatcatat
actgtaaaca
attggctttg
aatggacact
gccaaacgtg
cacactgtca
atccacaacg
cccatctggt
<210> 11
<211>

<212>
<213>

ADN

<400> 11
tccaccgacg

ctcaacgcat
ctgaacttcc
gtaaacacag
cgtagtaata
aaattcctct
cacatccgcg
gacgccactc
ggtaaactcc
tcaatgtccg
ctctttgacc
cctgtcaacg
gactacgatt
actgctctca
cccaaactcc
gcccgtaatce
aacggatacg
<210> 12

<211> 231

<212> ADN
<213>

1005

gtcatctagt
acgggaaaat
tgatcgacac
cagctccacg
gtaaagatat
cttacaacgg
caatcactac
gaaagcacaa
ctgatcaaat
caatcagaaa

acacagagc

Virut gdy bénh

acaagtactc
acgcccaagce
gtgtttcaca
gcaacaacac
tcgtacgtgt
acttccctceg
tcacaaaagg
ctttcatcaa
aacgtaccca
tcgacggcta
accttcacaa
gtgccctgac
acgatccaga
gcacgatcct
ctacaaacta
tcgttaccgg

tcgccaactt

41838

cgaaaacacc
cctcaccaac
ttcatacaaa
tctagacatt
caaaggtacc
caccattgaa
caaatacttc
gattgaattc
caccctcgte

tggaccaaac

dau vang

ctactatcaa
aattgactca
gcccaagaca
cagagtagaa
atatggtgaa
tcacatcttc
tgaagaaact
aatcgacagt
gtacgcatac
ccacaacatt
tgttgttgga
ctggaatgca
aaaagtcggt
caatcagctc
tcagctaatt
ccaatttcct

gcaacgaggt

Virut lién quan dén mang

aagcatccta
atccgtacca
cacaatgtca
cacgaaaaca
gacaacaaga
acatacgatt
aactctatct
attctccgcet
tttaaatcag

aaatgtcaca

cagctcgact
aagatcccac
aacttccttg
gatctcaaca
cgtggtgatc
gactcctgta
catgacatcg
ccattcgcag
ttcgttaccg
tctaccaagg
gctcacatcg
gaaaaggaaa
ccacccaagg
aactatgtca
ggttgcgaga
cagatcaagg

actgaagcct

-106-

tctggggcgg
aattggaagt
tcttccacaa
cactgtgcat
gcctccattt
gcactcctac
atccttctte
cctacatggce
cactcatcga

atgaagattg

tcttcgtcecca
tcaacttcac
tcggtctcgt
agcacccata
tcaacggctt
ctgacaacac
aactgttgag
aagcaactgt
ctgatgacat
atggtgactg
tcggcattgce
tgctctgecgg
tatggcctgt
ccggtgatgce
cactggacca
aggcactaga

acaac

caaaggtggt
ccgcgaacgt
attcaagaat
tgatgttgaa
tccatcacaa
actcacagtc
tgtcaaggcc
tcgcctccaa
tgtctcaatg

cgcaaaccat

cgccgcattce
tcaccgtaac
cactcatgaa
caacaagtac
cctcagcggce
tctcacacga
cgacgaatat
actcaaattc
cagggttggt
cggttcactc
tagcatccct
accaaatgat
agaatcaatc
cttcactaca
gtacgtcaat

cgatttcatc

1980

2040

2100

2160

2220

2280

2460

2520

2539

60

120

300

360

420

480

540

600

660

720

780

840

900

960

1005



<400> 12
agggtaatcc

aatcaaccac
ataatctcaa
agtatctcgg
<210>
<211>

<212>
<213>

13
1278
ADN

<400> 13
cacttctcat

ctgaccttcc
tttgctactc
tcaacgtgca
tctgaggtct
atcatttata
cctcccgceca
cttctagcct
tttcaaactg
catgatagac
cttctagtta
attctaagtg
gaggccggece
ttctgcaact
tgtaacacat
ccttctagtg
cttaatgact
acaaagaata
ttagatgaag
gtccctggcet
acttgtccat
attttgtata
<210> 14

<211> 748

<212> ADN
<213> Viru

<400> 14

atactactct
agtcatcgcet
accattccca

taagaaatta

cctttcgcectce
tcttatctac
cctcacattc
acaacacaat
cctgctttta
caattggttt
acaccgtcca
acattttcac
aatatatcat
ataagctcac
ttggatgttt
gaattcctga
aaccaactga
ctaccaactg
catctcccac
acgccgataa
atgacgaatc
caccacatat
caagatactc
gtatgtacaa
caacaccaag

atcacaaa

t gdy bénh

tccagaaggc gtctatgact

tctcaatgcecce

gtcacgtatt

41838

aaacttcctt
tataacgggc
taccatactc

atcttgcata

Virut lién quan dén mang

ccagccattt
tttactctct
tctggacgca
ccgtacaata
cgatgaacac
tgcttacctg
acgatacttec
taaaatcact
ggaaacgatc
accaacaagt
catatttcta
aaaagacaag
gcctccagac
cgactggagt
tacaacttct
tcecttgtgtt
aaaacgtaca
gaatgcaatc
tgacattgta
tccagtatca

atctttcggt

dau vang

actacaacac
ccaacaacaa
ttgagaaccg

acaatccatt

tcatcttcta
ggttctgggg
ggcgcaacaa
aaagaatctt
attcatgaca
aaaacagatt
cttgctattt
cctatcgcta
gaaactgaaa
tgccattcta
tgtttcttca
tcagtcctca
tgcatccatt
gaacacgttc
tctgccacac
gcacaggacg
caagccatta
ctaactactg
tctttatacc
tactatctcc

acaacctaca

agcacagatt
actctcaaac
ttaccagagc

cgagacactt

ctgggctgceg
ttcatggctt
ggacaaattc
gtcatctaag
tttctgcacc
atgaatgtaa
tataccttag
aatccttcat
aaggccaagt
ttctcaactc
tcactcctge
tggctcccca
gggctgctaa
aaactctttg
aatctcttcc
atgccggttg
aatacacata
agcaatttga
gaatcaataa
atggcgactc

atcatcaaat

tacttcgaga
atgtacactg
gagaaggcta

a

gggcttattt
cttgctacaa

tattattcta

T

tcgcttaag
aggctcgcecat
agaaggatat
catctgttct
ctcttcatgc
gactgttgcc
cactttcaat
tttcgccacg
cgtacttttt
tggtgactgt
tcctcaaacc
gtcttccact
ttacagctat
cacactcagc
agaaatgtct
cataacatca
tgttcctgtt

cagtagtcaa

tcgagacata ccgacccggc acctgcgatc ccatcatage

gtatcgaacg tcactggttc tccgctggcc tctcactctc

-107-

120

180

231

60

120

180

300

360

420

480

540

600

660

720

780

1020

1080

1140

1200

1260

1278

[oX)



atgcgcctca
atcctacact
atacctcact
cccagacacc
atacaacgaa
tgattttcct
tgtccctgtg
tggtgccctg
tctcaaaagg
acagctcacg
acacgacgac
<210> 15

<211> 842

<212> ADN
<213>

<400> 15
catgattgct

accaatgaat
attagtttta
ttcacccatg
gctccacctg
aacaagaacg
ccaacattag
cccttaggag
cgtcagcaac
tcgtatagte
gcatattcca
gactgtacag
tctcactctt
actaaagccg
at

<210> 16

<211> 417

<212> ADN
<213>

<400> 16
actcctatgce

atcgagattc

atctacccac
acagaattaa
ttcatgcttg
ttctacacat
gtcatgacag
tgcaaataca
gaacctgaag
atctccatcc
gttttcaaac
cgcttcaaaa

cgttacctaa

Virut gay bénh

gtcttcgatg
gcgcatccat
acatcgctca
gtacaaccca
gttctttctt
catggatgtc
attataaact
ctatagttca
gttcacttct
tcctcctgaa
ctactgctca
gctgtctttt
atcaaattac

atcatctctg

Virut gay bénh

ctcgtcgtcecg

ctcaatcctt

41838

acgaagacat
acacagaagt
tcaacgcacg
cattcgacaa
ggattactcg
cagtcactca
aatgcaaaga
agaagttcag
actgccgtaa
atccactctc

tccgtgac

dau vang

ctcagtttcc
cacaacagat
tccccaagta
tcccaageat
tagctatcaa
ccctggcecta
aaattttgca
atgtaattac
tctaaacgga
tcecgcecatcac
tgtttctcta
cactaacaac
tgattctcett

taatttcact

dau vang

gacaattcac
cacactcaaa
tcacaaaatc
catcacatcc
cttatattat
aacacacatc
cctcacttgc
cacttgggcc
ctgcgaccac

caacatccaa

aacatagcct
tatagaaatt
gctaagacaa
ctcctctacg
gctgagactyg
gcatcaacag
actataaatc
gatcagacat
gttacttaca
tgcgatttcg
atagaaggtg
caaatgcaat
aatactttcg

gcttccgcecat

cagtacaaag
caccaaccaa
gacatcgaca
gctccatgca
gcataccagt
aaataccctg
aacagttacc
cgcctcecttgt
ctcaattgca

ccagtcgcat

tccagatctg
acaccgcaga
cattcaaagt
atgttcctgg
ttcccaccgg
acattaaata
aagccattcg
atatttccac
cagatgaggt
gagccgtgaa
accctgacca
gttccatcaa
gcgctgcaac

ctgagttcga

aagcattcgc
cattcgcctce
tcggcacagg
cagacgaacg
atgatagagg
taattggcga
cgccagtata
gctacgacgt
agatctcaag

acacaaaact

tgaccctgcece
cttcaagaca
tggtgcgcectt
caagtacgat
tgcattttgt
caatggcttc
cagctacgac
tatcacagcc
agatgctctt
catacacttc
actctctttc
aggtattgac
atgctctcat

tctaaagtta

cctacctcct tccaaccgac ccactcgcaa tgcaaggctc

cgcagtcgaa cgcggaaatg gatggatgtt ggcatatgcc

-108-

180

240

300

540

600

660

720

748

240

300

360

420

480

540

600

660

720

60

120



ccaggtaaaa
caaggacttc
tcaaagagat
aagcgttcaa
gaaggtatcc
<210> 17

<211>

<212>
<213>

ADN

<400> 17
tgtccattcce

atctactctg
actctcacta
cctcgtecgag
caatcaccaa
cttgtgtcgg
aacctcgagc
aacactcact
tccaattcca
atgtgttgca
agcgtaacat
catgcaacat
agtcattcgc
gtccagaagg
ctctcaacgc
cctgcgcecatce
cactctacac
cctatctcaa
gagcagacac
gatacaacga
gtgattttcc
atgttgctgt
acagtgctct
ttctcaagcg
ggcaactcat
tacacgaaga

aagagttcta

1629

atccactacc
aagaacaatc
acggtaaaat
cacagaagtc

acgcaatgag

Virut gay bénh

acaccaccaa
tcgttccagce
atgtcaccaa
tcttccagta
ttcatcacct
ccataagatc
ttcatcatcc
caaacgcgaa
caaggatgag
tgggttcgcet
cacagtctcg
cctcaagatg
attacaagca
cgtctatgac
cgtcacgtat
tatttaccca
tacagaattg
cttcatgctt
cttctacact
agtcatggcc
ttgcaaatac
ggaacctgaa
gatctccatc
agtcttcaat
gcgcttcaag
tcgtcaccta

cgctactgaa

41838

gggaaaagtc
cctccaagtt
ggccatcact
aatcgttccc

ccttgaagac

diu vang

gaatgacacg
cgattcatca
tcctectect
aaccgctacc
ggtgatggct
tgggccaaga
actctcatca
atcaaaactg
catgggtact
aatcaaatcg
aatgtaactt
gacatcttcg
tgtacaatat
ttcgagacat
tgcatcgaac
catgaagaca
aacacagaag
gtcacagagc
tccttcgaca
ggggttactc
acagtcactc
gaatgcaaaa
cagaaattca
cactgtcgtg
aatccacttt
atccgtgacc

ttcatcaatg

atcgctcgta
gtcaagtcat
tatcttaatc
gatccttccce

gacgaatcca

tgcatgatct
ttccacgagce
aagagacatg
actacatcaa
gggttgagtt
aatattacca
tcaatgggaa
cgcaggcact
atcgtgaaat
aaccagactt
ggctctgcaa
actacaccta
acaacttcga
atcgtcccgg
gtcactggtt
tgacaattca
tcactctcaa
gtcacaacat
acatcacatc
gcttatatta
aaactcacgt
atccgatctg
gcacctgggc
actgtgacca
ccaacattca
gtctcacaca

agttcaatga

-109-

tgcaggcatc
ctgatggtaa
ccaacgatcc
ttgacataga

tggaaacaca

gcgcaaacat
tcgccaggga
aggcaaattt
ctcagccccg
tactggggac
caccagtgga
gaaccgacat
ctcacacatt
ctcacaattc
cctagccaaa
gaacatctgt
cacctgctac
catcactcca
caattgtgat
ctccgcectggt
tcagtacaaa
acaccaacct
caacattgac
agctccgtgt
tgcctaccag
caaataccct
caacagttac
tcgtctcatg
tcttaactgce
gccagtcgca
catggacttc

cgtcgaattc

tccattcatt
gtattcaatt
cattctgcca
gaacctagct

atcataa

cgacgacggc
gctttccatc
tcagacaaag
ttcaactaca
aatcacgagg
atattctgta
tacaagacta
ccagaagctg
tceccttgetg
tacaccaacg
aatcacaaat
acaaaagcac
gacaacatct
cccatcaaag
ctctcactct
gaagcattcg
actttcgact
atcggcacag
acagaagaac
tatgatagag
gtaattggcg
ccaccagtct
tgtcatgata
aagatctcac
tacactaaac
acctcaggtc

aagacactga

180

240

300

360

417

[
(]

120

180

240

300

360

420

480

540

600

660

720

840

900

960

1020

1080

1140

1200

1260

1320

NN

1500

1560

1620



acggtgata

<210> 18
<211>
<212>
<213>

ADN

<400> 18
atgcaatgtt

tcttctactg
tctggggtte
gcaacaagga
gaatcttgtc
catgacattt
acagattatg
gctattttat
atcgctaaat
actgaaaaag
cattctattc
ttcttcatca
gtcctcatgg
atccattggg
cacgttcaaa
actacacaat
caggacgatg
gccattaaat
actactgagc
ttataccgaa
tatctccatg
acctacaatc
gtagatcaac
aaaagcattt
gagcccacta
catcttggtc
tggctcggta
cacgattgcce
gacgtcctte
ggcactacat

caatataccg

5001

Virut gay bénh

cgcgatcatt
ggctgcgggg
atggcttctt
caaattctat
atctaagttc
ctgcaccagg
aatgtaaaga
accttagcat
ccttcatctc
gccaagtgac
tcaactccac
ctcctgcecttt
ctccccacgt
ctgctaatgg
ctctttgtcc
ctcttcecgtce
ccggttgtta
acacatacac
aatttgaaga
tcaataacat
gcgactctgt
atcaaatcag
gttgcaaaac
ttatccaatt
cattaattat
ctcgecgttcect
gaacatacct
gttgcaacat
atgagaccat
ttacatatta

atatagagga

41838

dau vang

caccatgcac
cttatttctg
gctacaattt
tattctatca
gcttaagtct
ctcgcatatc
aggatatcct
ctgttctctt
ttcatgcttt
tgttgcccat
tttcaatctt
cgccacgatt
gctttttgag
tgactgtttc
tcaaacctgt
ttccactcct
cagctatctt
actcagcaca
aatgtcttta
aacatcagtec
tcctgttact
tagtcaaatt
acattctgat
ccatcccagce
tccattctat
tcgtaatgcece
tgacggttat
gatgtccggce
tccaactccce
taaattacat

cattcctgcce

ttctcatcct
accttcctcect
gctactccct
acgtgcaaca
gaggtctcct
atttatacaa
cccgccaaca
ctagcctaca
caaactgaat
gatagacata
ctagttattg
ctaagtggaa
gccggtcaac
tgcaactcta
aacacatcat
tctagtgacg
aatgactatg
aagaaaacac
gatgaagcaa
cctggctgta
tgtccatcaa
ttgtataatc
aactgttggg
tatgctcaga
cctcccagag
ggtgattatc
tcttatcatg
gacaataagt
cgcggttata
gacgcagtta

ggtttccgtyg

-110-

ttcgctccca
tatctacttt
cacattctct
acacaatccg
gcttttacga
ttggttttgc
ccgtccaacg
ttttcactaa
atatcatgga
agctcacacc
gatgtttcat
ttcctgaaaa
caactgagct
ccaactgcga
ctcccactac
ccgataatcc
acgaatcaaa
cacatatgaa
gatactctga
tgtacaatcc
caccaagatc
acaaaatggt
cttattataa
agtatcataa
acactaaaac
aaattttcct
aaatttatgc
atggtattaa
ctcctagegt
aactcccatg

atccctatga

gccattttca
actctctggt
ggacgcaggce
tacaataaaa
tgaacacatt
ttacctgaaa
atacttcctt
aatcactcct
aacgatcgaa
aacaagttgc
atttctatgt
agacaagtca
ttcagactgc
ctggagtgaa
aacttcttct
ttgtgttgca
acgtacacaa
tgcaatccta
cattgtatct
agtatcatac
tttcggtaca
aaatgttaca
caaggcatcg
tagaatatta
actagccaca
tgaacctggc
atccacacgt
cctcggagat
tgttgtctgt
ggaaagcgtt

cttoctcoceocgto

1629

60
120
180
240
300
360
420
480

540

660
720
780
840
900
960

1020

1380
1440
1500
1560
1620
1680
1740

1800



gatactccat
atacaggaga
acaccctcac
gaaaattaca
ttctcatttg
aacgaattca
tgggcggctyg
gaacctgtta
cgttactcac
cgtcccggceg
gactggtctg
acttctggct
ggtctatatt
aaagctcaat
gtttatgata
ccatactctc
ggcactaaca
cattcagtca
tattcctact
ccttacacct
gcagtagcta
ttcatcctca
cttggttata
ggtcttgaca
cctatgctcg
attatttctc
accttcaaac
gaccttgagt
aacatcgagg
tcatcctgtyg
tggtcttgcce
ggtcaacaca
ctctgtccce
accatcaacg

atgattgctg

ctgggcctgt
cggctcctaa
aagtcgaaca
taagtaactg
ctctttctta
acatacaaat
agtatcgtca
ccggttctge
atcaggcaac
tctgtcccac
tccgectcectee
acatcttcag
taggcaaagt
ccatcagtcce
gcgcttgtga
ttggcgttece
gcacttttag
catgtatcaa
atatcgctgg
ccattctcaa
tgctgtttgg
ccactctctg
ccgtgectca
ctaaacatct
gtcgaacttt
cagcttcagce
aagaacccgt
atacaggtgt
gttatcttcc
cctatctcta
ttcatactgg
cctccaacga
attcagctga
atggtcacgc

tcttcgaatg

41838

aactatcagt
gcgtttctte
tcttaatcta
ctacgttgtt
cattgactac
ggatcttctt
tctgccacat
aatagattac
ttaccatcaa
ccctecgttece
aacaccacct
agactatgac
ttctgctgcet
ataccatgat
ctccgecaget
agacgttagt
attttcaatt
ttctaaagat
tgacccaggt
agatcaaatc
aagtctcggt
ggctaacatc
acgctttatg
caaggtccat
cttcctctgg
tctcgcectceca
catcaaatca
tattcccatce
aaccacaact
cacttctctt
ttcttgcaaa
ttacattgtt
ttgtgatact
tgcaggtgcc

ctcagtttcc

gttctggaag
atctactatc
tctacacacg
agacagcaat
aatgtaacag
cttgcaacct
tttctcacca
ttaatagtcg
tttggacatc
atacgctatc
attagcggtt
tattatagat
gcttccatcg
cacggtatta
tatacaatcc
tgcgaaattc
tgttcccata
aacaaagtcc
gcacttcata
aacctcttcc
tatttcatct
aagtatatct
gctggtaaga
gctcgceccecatce
tctcctatct
cgacaggcac
acatcatgct
tatgacggtg
agttacatag
cctcctaaac
aatagctccg
gctaatccat
aaatttgcac
gtttggattt

aacatagcct

-111-

agtatcatga
ggataatgac
ccacaagttc
tcgtcagaaa
ctggtagtgt
ttggtatagc
agcgcggttt
aatacaacgc
cagttgctaa
aaggtctttg
atcctgatat
tcaaacctaa
gcacttattc
atactgacct
cagtagtcaa
acgatgaaac
aaatccctta
atattgtgaa
tctctcacaa
acttctccta
tcggtctcta
tctacgctaa
ccactggttg
acaagatcta
atgctattct
gtgttagagg
ctggtacaca
ctcagtttac
ttcgtgaccce
tctgcgacgc
aatatctttt
ctaatcctct
atctcaacca
ctggcgccgt

tccagatctg

cggagattcc
agcccgtcectt
ctgggcagct
cactcaccca
tgttcgatgc
aacacgtacg
ctatcccctce
ccatgcttca
agctcaaacc
ttatgaagta
tggcacctac
gttcggtaac
taagtgcggt
tggcacaccg
atataatgga
cttaacatgt
tgacggtccc
acagcccgga
caagcataaa
tctctaccag
tgttactctt
aacaacctac
taagatgtgt
catccacagt
ccttctatcc
ctctcctggce
atgcaaagtt
agccgatctt
cacatacacc
tcgcatcaat
caagccttta
tcaatgcggt
cggttgcgcet
tgacagtgac

tgaccctgcc

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540

3600

3780
3840
3900

3960



accaatgaat
attagtttta
ttcacccaga
gctccacctg
aacaagaacyg
ccaacattag
cccttaggag
cgtcagcaac
tcgtatagtec
gcatattcca
gactgtacag
tctcactctt
actaaagccg
aatggtaaag
gacaccattg
ggcggcaaga
tttctctteg
acgaaagcca
<210> 19

<211>

<212>
<213>

ADN

<400> 19
gcttcgcagg

tcaccggtct
attttggaac
atttggatct
acaagcccca
tctaacagac
cgtcactcat
gctactgtcc
gcctctgcaa
atcccgacga
gcgaaccaga
agggaatttc
aacaacttct

aaactcctcc

3815

gcgcatccat
acatcgctca
gtacaaccca
gttctttctt
catggatgtc
attataaact
ctatagttca
gttcacttct
tcctcctgaa
ctactgctca
gctgtctttt
atcaaattac
atcatctctg
cggtcactat
ttggtgctgce
catgggatta
ctctaatttg

aacgatccta

aaaccgttac
cccagtctct
atggaagata
tcacgtgaca
ggaaaccaat
gcaagtgacg
ataaatcttt
agatcacatt
cgagtgtttc
cgaagaatgg
atcacttagt
tccaagcectt
taatatgtct

aagaacttca

41838

cacaacagat
tccccaagta
tcccaagcat
tagctatcaa
ccctggcecta
aaattttgca
atgtaattac
tctaaacgga
tccgcatcac
tgtttctcta
cactaacaac
tgattctctt
taatttcact
tactccagtt
aggtaatgat
cattctcaag

cttgctacag

g

aacatatgac
aactgacgag
cgaataacca
gtgaaccaac
gtaactactg
aactttgtcg
ctctgtcttt
ctaccgtggt
atagacaatc
acagaaaata
gaattgcttc
ctcaccccag
caagaactgt

acaccagaac

tatagaaatt
gctaagacaa
ctcctctacg
gctgagactg
gcatcaacag
actataaatc
gatcagacat
gttacttaca
tgcgatttcg
atagaaggtg
caaatgcaat
aatactttcg
gcttccgcecat
atcacacaat
ggctatggta
tatattctat

ttgctatccc

gtcataggtc
tgaagaggct
cccgtggcag
agaagtcttt
atgactgact
tcacttacaa
cagacgacat
gcttcatagg
tcaatgtcaa
tggccaagga
gagaacgcac
gtccaaatca
tccagttttce

aaactgatcc

-112-

acaccgcaga
catttaaagt
atgttcctgg
ttcccaccgg
acattaaata
aagccattcg
atatttccac
cagatgaggt
gagccgtgaa
accctgacca
gttccatcaa
gcgctgcaac
ctgagttcga
gtgacgtcgg
ccttcactcc
atggcatcgg

acttatgcac

virut hoai tu huyét sinh va dudi da lay nhiém

ctatataaga
attccaagtg
tccataccta
gaaaacgtat
aggtgactat
aagacgtaac
accccaacaa
gaacagaccc
cggacagtgt
catactgcat
gaacgaaact
agagcctaga
agacgaggaa

taaggtctgc

cttcaagaca
tggtgcgcett
caagtacgat
tgcattttgt
caatggcttc
cagctacgac
tatcacagcc
agatgctctt
catacacttc
actctctttc
aggtattgac
atgctctcat
tcttaaagtt
gtctatatcc
tttcgcattce
cacacctgtc

gtccatgaga

gatgacggac
actaaggaca
gaccaacgtt
tcggagaaag
ccataacttt
cgctttegtce
atatcactgc
gttctctact
caacactgtc
tcacgtcagg
cactccagcc
cccactaccy
gacaactctc

gtggataacc

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5001

180

240

300

360

420

480

540

600

660

(e8]

840



tgggaattcg
cccttggaag
acatcagtga
gaaataaaag
gagatcagga
agagcaatag
aaatggacgg
ggtacacctt
aaacttcacc
caataagacc
agccgaagct
tatcagatac
aatcatcaaa
atatatgact
atatgactac
caataaactt
agacaaactc
actgtcactc
gcagtggata
gataatcatc
aacaggaaca
agtaacaaga
cgctctcttce
cgaaggatca
cccaatctte
agctctacaa
caggatgaac
cctaggcctc
cgattcaaca
aagaacacgc
gagactcaat
atggaaactt
tctatggact
agtcaatgat
tggtacccct

ttacagacac

agagggaaca
tgttggaaac
cacatcagat
aaccagaaac
aagcgatcat
tagcggaaca
aaggcgactg
cgtcatcaga
attacagatc
agacatagag
gaagcgacta
ggtattgaac
tacttccaac
actacaagag
ctccaacact
gacgatgagg
aggggaatac
attacaaacc
aagtacatgt
gtagcagaca
ggaaaatctc
acaggagact
gaagaaccca
gacctagaag
atatcaacaa
acaagaacaa
agccagtacg
ttccaagaat
agatcaagcc
cgagggatca
acatattact
cgacggaaaa
gaaaagcagt
gaaaacctac
tatgaaagac

cccatattta

41838

ggaaacggaa
agtgatgaca
tcctctggat
tccaacacca
ggaagcaatg
caacccgact
gaagagagtg
gaaaaaccac
atggtgacca
ctacaatcct
cggtacttgt
ggctttcgta
gatacaaaag
aagacagagc
tagtcaaaac
aatacaaaca
taacttacta
tgcaaaatat
tagccaacaa
aaaaactgga
ttaccatcgg
ccaacacctt
gaatcagtca
taaacataaa
acaaggacat
aaaccttcca
acatcaaccc
acgaaaagga
caaggtaaaa
agtggaccag
ttccaaacaa
aacttatact
gacagttcag
ggatggaaag
ttaaaggtat

gaaatattta

caattcaact
ggggtcaaaa
cagatgacga
caaaagagac
gaaatcgact
ttattgaagg
agattgataa
aaccaagaag
ctggcacatc
cgcctatctg
tagagatatc
ttttggtctt
agacgaagac
tgaagaaaaa
caaatctgca
gctatggacc
caacaacaag
atcaaaaagg
cgacatccgt
caaaatcaac
tgcactactg
ccatctacaa
aataacagta
acaccaagag
agactactgg
cctaacaaga
tccaccagac
aatcgacgac
gatccaggag
acccacacag
gaagatactt
gcctcccact
caacagaaac
ttcacaaagc
caggaggaac

aggatactac

-113-

tggaagtgaa
gagacagaga
aaatctggat
aagcggagga
ggaacctacc
gactcccgac
acaagtggaa
actctccgga
acatactccg
ggagttacct
aagagatgga
ggccacgcca
gcagtagacg
cctaaagaaa
agaacagtcc
cgcaccagag
aaaaagtcaa
aaaccagact
gtaccagaaa
actcttgtac
ggaaaactga
aacctaatcg
gacgacttca
tcagaaatta
gtaccaccag
cagataaaag
aagatcacca
atcatcgaca
ggatgcacat
atgtctacaa
cgaattcgac
acattggatg
acagcgatat
aggcgtcgta
atcatttgaa

tggactacat

tcagaaaact
ggaattactt
acaccacata
aacggcggag
aatggaggag
ggaccggacg
agtgcaacat
cgcacacacc
gacacccaac
ttgctgccag
tactctatct
tttttaaacg
gaccatgtcc
acagtgcaga
aagaacttgt
gacaatataa
accaaagcca
acgacaacat
tcttagecttg
tccaaggacc
acacaggact
gcaagtccta
aactcctttt
tgggacgaat
ctgatggtaa
gtctgtcaga
gcgacgactr
tcatgtgcgc
aatgaagacg
ttcaatacgg
gctgccaatg
aacttatatc
aagatggtaa
atgcactcaa
actctcacat

aatcaactag

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1920

1980

2040

2100

2160

2220

2280

2340

2400

2580

2640

2700

2760

2820

2880

2940

3000



caactaagga
tacaatcaac
tgcgaaccgg
gagaaatacc
acaaaccatc
agatcttcat
gcagagtaca
tagcaagttt
gttatattat
gcttaagcca
gctacccagg
gacgacgtac
tcatttagag
atttaaatta
<210> 20

<211>

<212>
<213>

ADN

<400> 20
attttctaca

ttgaggttta
ggaaaagaaa
gttttctttt
gtcgcatcct
tgtccgtcat
ccttaacaaa
ttaaataccg
aaagaataaa
caatgcgcta
tcgtccttca
tctaaaactg
agaagaagta
ggctataaac
cggagctgac
agcaacatgt
attttgtaaa

ccttacatcg

8226

agccgacgta
agcagcaaac
tgacagaaaa
aacaaccgga
ccttggaaac
gagaatgtca
agccgacttce
ggggatgtta
gcatactaac
ataaacctat
caaggtggga
ttcgtcacat
tcagggatat

gtggtatgac

tctggccaag
gccgaaagag
aacattatct
cctcggcagg
tacgagaagt
tacgggtagc
agactagtcc
gcttgtatgce
gaacctgttg
gtgattgaac
cgtaagaagg
ttaccaacaa
gaaggaaaga
gaactagccg
cacattccaa
gacacagtta
tgggacccaa

tgcggggacg

41838

acattagcaa
tatgaagacc
gcctatacaa
cccaccttceca
ctagtctacc
acaatcaaag
ttcctacacc
caatatcttc
taaatatatt
ataatctatt
ctccggctac
acgtcactta
tgtccgeegt

gtcacatatt

gaaaatctct
atctcgacaa
gtccagcaat
tcctacagtg
gcagtaggtt
attacttggce
cactgtaacc
tagaaactgg
ttgaactgca
acaaaactag
atgattatgt
tttctgaact
aagtttgttt
ttaaagttgg
gctggactgt
aaaacgcaaa
cctacattga

ttgagagtaa

aatggataca
caatccaaca
tccatggtga
tcccaaaatg
cagcagacca
gaccaaatgg
tagaagtacg
acgcaccatg
cgatgtgcaa
actatctata
ccaggcatgg
caaaagacta
cacttagagc

aagta

tcgtaggcaa
tctttagtag
gatacacggg
tcggagcgca
ggcgctgttg
gcatgcagtg
tcggcgtata
actgtcaata
aaatcaacaa
tgcaacaacg
ggacatgaca
acagaagagg
cgtagagcga
aaagaagcct
attggtcgag
aatgattgct
aatttctgat

tcctggacct

-114-

aaatccgcaa
atttggattc
cactagaaat
gggtggtcaa
ccatacaaac
agacgaactt
actcccacca
tactggacaa
tatataccca
cctaccctct
tgggacactt

aaatccctat

gcgaagcgceg

virut hoai tu sinh huyét va dudi da lay nhiém

gaacgaagtg
gatacacttc
tacgtcctcc
ggaacaggac
agagcgggtg
ggaagtcatg
gcgaaagcgg
taccattgaa
accttcaacc
agcgcccaag
cagggcaatt
catattcttc
gaaaaacaga
aaatacacat
ttcgcaggtt
gcttacaaat
tgtatgctgce

atcatacata

cttgtgacag
atggaacaaa
tggtatggcg
ttaaaatggg
gactggcaac
aaacttggct
caaggatgtg
cttaacaaat
cttatatcgc
acacaaacca
ctctactatt
cgtcagtcag

agtatccatc

gctatggggt
ttacactoct
attagctgtt
gaacccacga
atctgggtaa
gcccacgtca
ttagataaca
tgtctcaaac
aaaaagacca
gcattcccgt
tcaacctaat
atctacttcg
atccacttat
cgacgaaaac
ttagcgaagce
tagttaaaag

cacctccaga

gcgttgcatt

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780

3815

60

240
300
360
420
480
540
600
660

720

(e8]
s
<

900

960

1020

1080



tgcaagaact
gggtagactg
acttgcagca
ctttggatta
tggttcaatt
aattataaat
tgaaggtgat
tgatgtagcg
gatcacaaaa
acttgcctca
gttaactggc
aatgtttgtg
tactattcca
ggaacatact
ggaacaggta
accaaagcca
tgaagcaacc
agaagatata
gccggtagtg
aatggtgtgg
tcactatgcc
agaagatcca
taaaactaaa
gacaaaaaca
gttttcacga
cagaccatca
agcaaaagaa
attaccccta
gactgacaag
cactagcgct
aaatggaaac
ttcactgtta
tatgacggca
tattagggcc

tcctgtaaca

ggttcagtat
caagtacaaa
ggtggtacaa
cagccagatc
tattttgatg
actactccaa
ttcaaaccca
acacataaga
atgaaggacc
ctcgatttcg
atagacatga
caaaaaacaa
catagattaa
gacatactgt
tcaataacac
aagatcaaag
cgcagacatc
attagaaagc
gtaaataacg
gacgaagaac
tgcatctata
cttgaaatga
agtggtaaca
acaaaagagc
ttgctgagaa
cgtaaattgg
gagtacacaa
atcgtagata
tattttaaca
cagctgtgta
attgtttcaa
gaagatgata
caaagaagca
gacgctgttc

acactaatac

41838

ggacacctgc
tgtcatccag
catggggcac
taactataac
ctgttgaaac
ttgatgtaat
caaatgaaac
ctcgtgacta
atgtctatgc
gcttaaatcc
gactccatct
ggtttccact
ggagggatgt
tatctggtga
cagaacaact
aactaagtga
aaagatttaa
acaatcagca
tacacccttt
aatttttgac
acgttattac
ttgatcatta
agagagaact
caaaaacaca
ggcttgacaa
tcgaaaaatt
ccagcatggt
agcttctctc
atttaatcac
gagatgcatc
tggaaaatca
acaaacttcc
acgtaaacac
tagctaacaa

caagacaaat

caactttact
cgacaataga
agcttatttt
tgtaacacca
tacaaatgca
ggtagacaca
tcccacgtgg
cgcaaatcgg
cttacaaaag
atcaagtgta
tggaaagaaa
aaagacagca
tcgttacatt
cattgaggaa
tcaaatgatt
aagggaaatt
aggtgagccc
gaatggaata
ggagaaggag
gtatatacat
acataacaga
tgagccagag
aaatgatgaa
agaacaaaag
accacaaatt
agctgagagt
aattgtatct
cgtcgataac
actgtgtaac
tatcttgaat
gtctgaaatt
aattgtagat
tgctggtaat
tacagtacgt

tcgtggattg

-115-

ttcaatacca
tatgggctca
tcacaacgct
caactaactg
gaggaagcta
acagcaggcc
gtaagtaaca
tcagtactga
gatgaagtta
ctcggaagat
gtcacaaacc
attgaggaac
gaaaagccgt
aaccctgggce
ctggcaatgc
cagttaaggc
attgatccag
ttgcctgatg
tattccattg
gacaagtcat
ttcggtgtac
gaagaaccaa
accttttaca
aaaattgacc
gtagcagttt
aaattcggaa
ggatatatca
aactatgaca
cgcgtcagtg
aacaagaaga
gatagtcaaa
gagctaagag
catcttcgtg
aacaattgtc

aatggtgtac

catcatcccc
attctgtttt
ggaacagtga
gagaagaact
tagaggcaac
ctgtaccaat
caaagcccat
ctccacaatt
aagatgtaac
ggttgaaatg
ataaagttag
ttaacaatgg
tcgataaaga
ctgaagggat
aaaaatcacc
tccaaggaaa
ttctaactag
aaaaagaaca
aaaaggaagg
caagcaacga
ttgaaatgcc
aaacaaaacc
gaaagaagaa
acgataacat

ggctaaacaa
ttggatggca
attgtgaacc
tgtggcaaca
acgttaccta
tgcatgttga
ctaaattctt
tattagctga
ataatgactc
aaattccaat

ttgtaaatca

1140

—
(@]
D

1320

1380

1440

1500

1560

1620

1680

1740

1800

1929

1980

2040

2100

2160

2220

2280

2340

2400

2460

2580

2640

2700

2760

2820

2880

2940

3000

3060

w
[
[N

b

X



gcaattacgg
gccatctgac
gcgagcaaac
aaacatatcg
ccagctaaca
tgattcaaga
tatatttggt
cggagaaatt
aattttcgta
gtatgtttta
agacaatgct
tattccagga
cactacaatt
agctggagca
aactgtaaat
aaaacaattg
acgtcaaaat
ttcagacaca
aggtattcct
tcagctactt
agaagaagtg
gatgggactc
acgtatttca
catgcattat
ggacgaaatt
agtcttattt
agtttctgat
aaaacgtgat
aaaattgccc
atatgatccg
cagaccattt
tgacgtatca
tgcgggagta
aggatcatac

aacactcgac

tttgggtgga

ttacagggaa
tattcgaaac
aatatcgcat
caaaaagatc
acacaaaatc
acacagccca
gaacaatgcg
actttccatc
ccagcaactg
atgtttgcag
ggtaataatc
caaaaacaaa
gcagaagcaa
ggtgtcgcaa
ttgactgact
attgaaagaa
gctatgttat
aaggaagtcc
gaaacactaa
gaaacggaca
gtagctggtg
cttctaacaa
acaaaggcgt
caaatgtttt
cttcataacc
aacgcattgc
ggtttccaaa
ggggaagtac
aaaagttttt
gaaaaagaac
atggcaagaa
cagaatggtc
acactaacaa
attaagcaga
gctgctaacc

acaattgcaa

41838

ttgaaacaca
aactgtctga
cacaggggtg
tttcaatgga
tgccagcaac
ctttacagga
gtggattagc
ttactttaca
cactacaagc
aatggccatt
aatcagatca
tgcatattgt
atgcacgtgt
atggtaatat
atcttgtatc
tgaaaacaac
tgagtactct
caggaacagc
cagttaactg
tcacagccca
catatgaatt
tgaatatatc
gggacacagc
cgtggagttc
tttgtggcca
caatcacttt
ctgtaaggta
cagtaagtat
tgccatggcce
cagcactaat
atggcaacaa
atgacgagag
attatgatgg
gagcaatgcc
atacaaaacc

atacaaccaa

cattacagac
aatggttaat
ggacatgttt
cactgctttg
acaattacca
tggaatttgg
cgcgccagtc
atctgttcca
tgcaaaagag
tggtatgtat
aattttcatt
gctgccaaga
agtaattcaa
taacgtagct
ctgggcaacc
actgccaatt
atttcctcca
tggagcatac
gggagaagat
caatcggtac
tggatggtta
atcagtgttt
atatgatagt
aatgcaaggt
aatgtttggg
ttcatcgttt
ttatgatata
gattgacgca
aatgccagaa
tgataattca
ttctaattat
ttgtattaat
aaccgcaaca
tatcgatgca
ttttgctatt

tgtggtaaac

-116-

agttatattt
gctcaaaaaa
gatactgtac
acaaagctta
tcaagcattt
ggtataaata
tttccattta
caggaatttc
ggtgctcgaa
acaaaaacta
cactccgaat
aaagtgaaca
ccaacatacg
gctattggtg
gatttcacac
agtcgagact
ctaattcaga
actgcatgte
ataaatgttc
gtattaaacc
ggacacatgg
aacgtctggt
aacatccaag
agtattgcac
ttcagcttac
ggaagttgga
ggtccaccag
tggacttata
ggaaaggaca
aatgagacag
ttgccaacca
gttgaccttt
aacgcagacg
aatgcggtac
gaaggaggaa

gcaatgcaga

caaaagctga
catcaacttg
agttaaatac
tgttgttgta
attctgcatt
atggtgctaa
gtgggggcac
aagaatcagc
cattggcaat
aacaaacaac
ctactgtaca
tggtgaaccc
gtacagtggc
tggccttgcee
ttggcgacat
tgatggcagc
gcaatgtggc
agccattgta
tgtttaaaag
ccagttatat
attcaacaag
catatcagga
cagcaatggt
cattgagaca
tgtcgcctag
tcattaatgce
aatttacaga
gtacaatgag
gcaatgtatt
actacacaat
ttaacaatgt
tcgtaccaac
gaccaactga
gactcgtata

ggaaacaaag

3240

3300

3360

3420

3480

3540

36060

3720

3780

3840

3900

3960

4020

4080

4140

4200

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4980

5040

5100

5160

5220

5280

5340



gctttcaaaa
tcgtccaggg
ccgttccaca
aaatacatct
gacagcaaca
acagcaaaga
aagatagttg
aatgttccta
gcagatctag
caaatggacg
atctatatgt
aatgaaagga
gttgatgatg
atggacccaa
ggtaatgaac
gaagtaatga
ggaatgtggt
gaaaatggga
ttggccaaca
gaaatgagta
tatatgcttt
aaaccagatc
tttggattac
acaatggtga
cagacacaaa
aatattaaaa
agaataacga
aatgttattg
gttgctatat
attaatgcaa
cggaatgaga
agtcaacgaa
gcaagcaaca
ataaacaaag

aaacgacttg

ccagcattca
atggacccaa
gcaatgatgg
caagacttga
gtataaatca
aatggcaaga
accaaattat
aaataattac
ttataagaag
agattcgtaa
tagtatttgg
atgaatttat
ttgataatat
atgttgataa
atggtataga
catggtacaa
taacaagtgg
aatttaaagc
ttgtttatgce
aattaagact
tcctatatgg
aacagcatca
catttgacta
gaagagttgg
tgctagtcaa
atacaaaatt
gtttgttggg
gaattattgg
taagtaaaga
ttggcaaaga
tatcagtgac
aaccatggaa
tttcattatt

ttaaatggtc

gtggttttgg

41838

agtgggcaca
tcacaaagtt
cacccaagac
tcgaacaacc
gatatatcaa
attaacaaaa
aaaggatgaa
tgacaaagaa
aatacgttta
ttacactcat
aatagacaca
tgaaattgca
gaaacaaaag
aatagatgta
tagagataat
aggacatgaa
aagttcaagt
aaggaaaaat
ttgggatgga
tgctgtggca
tcatggtttt
gagagaaatt
tgcatcattt
agaaattgta
caagattgtt
tgaaaatata
taacatgtgg
atacgaccca
tccagcagcet
tagtaagtta
aggagtacgc
tccacaacct
agaaagacga
gagacacgtc

aatctatcga

tgctcagaga
gtgtgcacga
tggactcagc
gagtcagcaa
attgcattgc
ggtatttata
ggaagcggga
ttacaaacat
atcgaccttt
ctagattata
gttaaacact
aaacagttat
gtatgtgaaa
atggaagaag
tggaatgatt
tttattagtt
attgggaaag
atgttgttac
aagttacatt
tctaacatcg
aaagaatact
gaaatgattyg
gatcatcagc
gttagtcaag
aatgcatatg
aaagtcaaag
aacgctataa
atctcccaaa
ctttatttac
ggtatatctc
ggttggacat
tggagtccaa
gcaggaattg
agacaaagtt

tttcaggggt

-117-

caacgtgtat
aagtcgggtt
gctgttatag
gaggttatgg
atagaaaggc
atgcatctac
ccgataagac
tctatgtacc
ggcgtaacct
tctttgtaca
ttagacaaat
caaccaaagg
tagctactat
tcaactcact
tgtttacaaa
ttgatgatta
tggattggac
aaatttatac
cacgtgtctt
aagcatatat
ttggagtgac
agaaactaca
caacaacttt
tacctaagaa
ataaaagtta
gtggagtacc
ttacaaagat
tctcgttacg
ttagactatc
caaaagtatg
gtagaggaat
atgatgaagt
aacttcaaca
ataaatatct

ggttacctaa

atgacagcag
ttatgaatgc
atcaagcacc
atatgcaagc
aaaacatata
cctgacaccg
aaaatatgta
aagaagcaac
aaaaccagat
aaacatttgt
aggtctattc
gaaaagattt
tgttggttat
cgcagctgaa
aacatgcaaa
cataaaggaa
aaaagatgga
accgcaagaa
tattaaaaac
tcatgaatct
gcttgacgaa
agctggatac
cgaagttaag
ttattactat
tctgtctgga
atcaggagtg
cgcaataaat
cggagacgac
atatgctgca
tgaattttta
aggtggcata
cgaaacaaat
attacaccac
agaattgcca

cggcaaatta

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6060

6120

6180

6240

6300

6360

6420

6480

6540

[oa)
N
[}

>

6720

6780

6840

6900

6960

7020

7080

7380

7440



ccacttgcca
ttgcctttaa
caaacagatg
cgtgcaaaaa
gtacgtatac
ttaaataata
gaagtggaac
tggttcccgg
gacgcaatta
atactaataa
agaaataaga
caaagtagtt
gtttcctata
atagtc
<210> 21
<211>

<212>
<213>

ADN

<400> 21
acccgacata

acacaactca
gcgctctcat
ggccagccaa
agtatcggat
ctctgcctcg
cagagggaac
aagttgggac
tggaaaatga
cactccagta
gagttgctac
agctggccaa
acctccggtg
catacctgcce
aaggagacac
aagcagcaac
atctaagctg

agaagaccag

2731

aaaagccctt
gtgaacaaca
atatacctgg
agatcatatg
caagatggga
aaatcaactt
ggtatgataa
tccaaagtag
atcttgctgt
actttgttaa
tcgccaaatt
tacaacaaat

acacattccc

ccacgactgt
tgatatgtcg
gaagagcaca
ggatcccctt
acttaggccg
actgcgacaa
cactgcattt
gttcggggcet
cttccccaca
tggctcaggce
tggcaggaat
actgctggag
ggcccccagce
acatgtgacc
gactgccgaa
gtcagcggac
tgggctgcta

aaacatctgg

41838

ggttaacgta
gaaaaagatc
gacacaaaaa
gagtagaaat
cgagaaaatc
aacaatggag
agatctaaaa
taaaattaaa
tggtgaaatt
gttacatctt
tatttaccaa
gtataggtac

agttgggttt

ttatgtatgce
gacatcttca
acaggagatg
gacagcccgce
cgagccattc
atggtagacg
tacccaaaat
ccggacatca
ggaccggaga
agctactccg
ccaaacaaga
caaaccctac
tggttgatca
ataaagtcct
gcgctcgtac
ccagaagctg
ttcccaaagg

agtgcgccecct

gaggacatac
ttagcacagg
ttattttcaa
cagacaatac
aaattcccaa
caagtgttaa
gtgccaaagt
acatatgaaa
ccaactgaac
gaaagacaag
aaaacaaaac
taaattaagg

tgtggccagce

Virut hoai tu tuy 1&y nhiém IPNRDRP

acgcaagtgc
actcaccaca
tagaagacgt
aagccgcagc
cgaccatggt
atggcaagct
actacccatt
cacttctgaa
cactcaggca
gacaactgaa
ctccaaaaac
cgatcaacac
actacaccgg
cagccggcct
tggccgactce
gggtgaagaa
gcgagagata

acccaacaca

-118-

atccaagcca
ttgaaatgac
aggaatggat
caatccatac
ggtataaatc
gacagtataa
tattagacat
gtcaaggttt
cagcagttaa
gtattagaca
aagcagagaa
gaccaataaa

catgcggttg

cccctaacaa
gaacaaggct
gctgataccc
acagttccta
cgaactagag
taaggacacg
ccacaagcca
gcaactcacc
agtccgcgag
caggctccta
agtaggctac
tccaaaacat
agatctgagce
accgtacata
cttcatacgt
gacaatcacc
cacacagatc

cctactacta

agagctgttt
aaacaaaatg
acagaaagtg
tgatcacaca
acaatatata
tctcctaaaa
tttggacaaa
tcatagaaca
aataaatcct
tcagagaggt
catgatactg
gaaacttcga

gccctaggtt

atctctatac
tctatcttga
aagcgcttca
aaggacaaca
acagatgccg
gtaagcgtcc
gatcatgacg
ttcttcctgt
gccatagcca
gcaatgaaag
accaacgagc
gaggaccccg
acagacaagt
ggcaaaacca
gaccttggaa
gacttctggt
gactgggaca

tcaatggtgt

7500

7560

7620

7800

7860

7920

7980

8040

8100

8160

8220

8226

60

120

180

240

300

360

420

840

900

960

1020

1080



cgtcccctgt
acgggttctc
tggacaacga
acacgtggta
aggccatgat
acaacccgac
cctgcctget
ccttcctgaa
aaccaaaccc
agattgagcg
cccaggatgg
tagagcttga
cagtcctcga
agacccttgce
tcaggatggt
tcgacaagag
ggaacaacat
caaaccagac
cacaaacacc
ggacctataa
gggtcagcac
actgggccga
acctgctgaa
aaatcatcgce
ttggctatgg
agcggaggga
gacccagctg
cccgacaacg
<210> 22

<211>

<212>
<213>

ADN

<400> 22
tgagatccat

gacacatctt
gcattcttgt

atgcgaacca

1180

gatggacgag
accattccac
cgaggaccta
ctcgatagac
gtactacctc
gtgggcaacc
aatgaatctt
caatcacctc
catgacaaaa
agagctaaag
ctacctgcgc
cctgctgggce
gaacgaacga
ccggaaaccce
gggcggctgg
gaagagactg
gtcagagttc
cctgatagat
caggtctcca
ggaccccaag
actgcgagat
agccacggag
gagcagcctg
tggaaaatcc
ggaattcagc
gaagcagaga
gactcatatg

tgccaccaac

tatgcttcca
aaaacaagag
ttgtttccct

gacggagctg

41838

tcaaaactca
ggagggatgg
gtgatgatat
ctggagaagg
ctgacaaggg
ttcgccatga
cagctgaaga
atgtccacga
gggttcatgg
aaccttaagg
gatggctccg
tggtcggcca
ctaattgcat
ggggccgaga
aacaatccac
gaggtgaagg
ggaggagacc
attaacacac
aagaaaaccc
agcgcagtgt
caggcctcgg
gaactagcgg
acggagacca
aatcccgaaa
gaaaagattc
cgaaaccagt
caagctccgce

atgaccccag

gagactggac
acctcgtcat
ggagcaccag

gagttcgacc

acatcaccaa
acaggatcat
atgcagacaa
gcgaggccaa
ggtggacgaa
acgttgcacc
cctacggcca
ttgtcgtggce
acctcgagga
agaccatcat
acctaccacc
tctacagccg
cagccgccca
ttgcatatca
tgctggaaac
ggatcgacgt
tagaaggaat
cactggagag
tagacgaggt
ggcgactgct
cgctgaaacc
agcagcaaca
gagaagcact
agaacccggg
ctctgactcc
gagaagaaca
gccgcacggce

a

Virut hoai tw tuy lay nhiém

cagcaagcat
acaacttaga
gatcaagggt

agtggctgga

-119-

cacccagacc
ggcaatcatc
catctacatc
ctgcacccca
cgaggacggc
gtcgatggtc
gggcagtggg
tgagtgggta
aaagacgggg
cgaggccgtg
gcacaggcca
ccaaatggag
cccaaaaggg
aatagtaagg
cgcagcaaaa
gacagggttc
cacactatcc
cttcgaccca
aacagccgcc
tgaccaaaga
ggcatcatcc
acttctcatg
ggaaaccatc
aacagcagcc
cacgcaaaag

aaccggggag

aagctgaaca

cccggacgac
ggtctccgac
cggtgctcac

gacgtcgcag

ccatctctgt
agagacagcc
ctgcaagaca
caacacatgc
tctccacggt
gtggactcat
aacgccttta
aaagcaggaa
attaacttca
gaaacggctc
ggaaaagcag
atgttcgtcc
cttgagaaca
tacgaagcaa
cacatgtccc
ctcgacgact
gaacccctca
aaggcgagac
ataacatcgg
accaaactcc
tcagtagaca
aaggccaaca
cagtccgaca
aacccagtgg
aagaatgcca
aatccgaaat

aaagtagtga

ataacggaga
tcaggaagtyg
tacagatgga

gacctgaaga

1140
iZOO
1260
1320
1380
1440

1500

1680
1740
1800
1860
1920
1980
2040

2100

2280
2340
2400
2460
2520
2580
2640
2700

2731

120
180

240



aagccttcaa
cggccggect
ctgaggttga
aagtcaacaa
acaaaccata
caaagatgag
aacgcctacc
acatcgtcaa
ccgcagacat
tggtcaccgt
agatgaccca
catacaaagt
ccgegtecgt
cactggtgge
actacgagct
atgacccaga
<210> 23

<211> 852

<212> ADN
<213>

<400> 23
agaggaattc

ctcataggaa
aggtaccact
ggagggcccy
gaggaagtcg
aagagtgcac
gagcttctag
tggggcatag
ctcaaggaga
atgggtcccet
ccaaggatgg
ggtgtagaca
ccaggagtgg
accctgeccg

atggcatcaa

<210> 24

ctatggaagg
ctatgcactg
gagcctgace
ccaactggtg
cgtccgecta
gtgcacagct
acccgtccca
ctccacaaca
caggttcgac
ggtcagctee
gtccataccg
caaccaacag
gtccttctca
ctatgagaaa
gatcccaaac

aggtthaac

gaaaagtcgc
tggcagacca
ccatggecge
agggaaaatt
agcttccgece
caggcgagge
atgccaacca
gagaggacat
tcaagagaaa
ccgctcaact
tgttcaccgg
tcaaagccat
acgaggaggt
tacaacgcgc

at

41838

ttgatctcaa
aacgggacgc
tacaacagcc
acaaaaggag
gaggacgaga
gcaattgcac
gcgactggaa
gtgacgggag
ttccagctgg
gtgctggcaa
accgagaaca
gctgecatcg
tcaggaaacgyg
atgacaccac
ccagaactcc

tatgccaaga

agctcctgta
attcattgga
aggagggcgce
ctcccgagcec
cccctcaaaa
attcgggtcc
gcaggtccta
acccttcgag
cgggaacata
aggactgtee
cgagatcgcc
cgcagceccac
gcgaaacaca

acagggctcc

ggaaatacga
tcaacgctgc
tgatgtctct
tcacagtcct
caccccaggg
cgcggaggta
ccctcaccac
acatcaactt
aattcctggg
cacccgacaa
tcaccaaacc
gcaacgtcgc
gaaacgtgcc
tgtccatcct
tgaagaacat

tgatcctgtc

Virut hoai tu tuy lay nhiém

ctgtcaacgc
gatctcacca
tacaaagacg
ctcaagagca
ggagtcatcg
ctggcaatta
tcccactteg
ggagacaaca
gtagtcgaga
ctacttgtga
gacgatgagg
gaacaagggc
tcecectggeeg

aacaagagga

-120-

catccaaagc
tacattcgaa
aacaacgaac
gaacctacca
tcttcagtca
tgagatcgac
aatctacgag
cagtctggca
ccttgacaat
ctatcgagge
ggtcacgaga
caccctggge
tggcgtgete
gaccgtagca

ggtgaCanC

tgtttccaat
agaccaacgc
tgctcgagtc
ggctggagtc
tccctgtggt
taattccagg
caaacgacac
tgtgctacac
agatctttgce
acgacatcga
agacaatcat
tgccactcat
cacacctgat

tcaagtacct

tcaacgctgc
ggcagtctat
ccccaggaca
acagggttcg
atgaacgggg
ctcccatccce
gggaacgcag
gacaatcccc
gacaccccag
gtgtcagcca
gtcaagctgt
gcactggggc
agaccaatca
ggagtgtcca

tatggcaaat

ggcagcacca
ageaggegga
ctgggcaagce
cgccaactac
gcacacagcc
ggagtacccc
cgggagcgtg
tgcactccca
tgggccaatt
ggacggagtt
accaatccgce
cggcaaccaa
ccaggccggg

gggagagctg

420

480

540

600

660

720

780

840

900

960

1080

1140

1180

60

120

180

240

()
(@]
)

420

480

540

600

660

720

780

840



<211>
<212>
<213>

1734
ADN

<400> 24
ggaaagagag

tccgtcgatg
gcacaaacaa
ccagcattcc
acttagaggt
caagggtagg
ggctggagac
aatacgacgt
acgccgccac
tgtctctgac
cggtcctgaa
cccagggtcet
ggaggtacga
tcaccacgat
ttagcttcag
tcctecggtcet
cagacaacta
cgaagccgat
acccagccac
atgtccccgg
ccatcctaac
agaacatggt
tcctgtccca
agcggacaag
catggggctg
cgctgtttce
ccaacaccaa
atgtaatgga
acagactgga
<210>
<211>

<212>
<213>

25
767
ADN

<400> 25

tttcaacgtt
gcgaaagccc
agcaaccgca
ggacgacata
ctcggactca
tgctcactac
gtcacaggac
tcaaagctcc
cttcgaaggc
aacgaacccc
cctgccaaca
ccagtcaatg
gatcgacctc
ctacgagggg
cctcgcaaac
cgacaacgac
cagaggcgcg
cacaagagtc
cctggggaca
tgtcctgaga
tgtagctgga
gacacgctat
cagggaggag
agtcttcaac
gagggacata
gatggcagca
cgcagcaggc
ctcctgggcece

gtctgccaac

41838

agtggtaacc
tttctaacaa
acctacttga
acggagagac
ggaagtggtg
agatggaatg
ctgaagaaag
acgctgccgg
agtctgtctg
caggacaaag
gggttcgaca
aacggggcca
ccatcccaaa
aatgccgaca
aaccccaccg
gtcccggttg
tcagccaaga
aagctgtcct
ctaggtccag
cccatcacac
gtgtccaact
ggcaagtatg
ctggacataa
gagatcaccg
gtcagaggga
ccactcattg
ggaaggtacc
agcggcggac

tacgaggaag

Litopenaeus vannamei

Virut hoai tu tuy lay nhiém IPNVP5A

cacgggcgga
acaaacacaa
agtccattat
acatcttaaa
ttcttgtttyg
tgaaccagac
ctttcaacta
ctgggctcta
aggttgagag
tcaacaacca
aaccatacgt
agatgaggtg
gactgccaac
tcgtcaactce
cagacatcaa
tcacggtgac
tgacgatgtc
acaaagtcaa
ggtcecgtcte
tggtggccta
acgagctgat
accccgaagg
ggacagtctg
acttctccag
tccggaaagt
gagtggcaga
gctccatggce
ccgacgggaa

tcgagcttcc

-121-

gagctcttac
ttaatatcaa
gcttccagag
acaagagact
tttccctgga
ggaactagag
cgggaggctg
tgcecctgaat
cctgtcctac
gctcgtgacc
ccgactagag
cacagctgca
cgtccctgceg
gacgacagtc
gttcgacttc
cagctccgtg
catacccacc
ccagcagaca
cttttcttca
tgagaaaatg
ccccaaccca
gctcaactat
gaagactgag
tgacctgccc
cgccgcccca
ccaactcatc
cgcaggagga
gttctcccag

tccceccecttcea

ggaggagctc
tgcaagatga
actggacctt
tcgtcctaca
gcaccaggat
ttcgaccagt
atatccagga
gggaccatca
aacagcctga
aaaggagtca
gacgagacac
accgcaccgg
actggaaccc
actggagaca
cagctggact
ctggtaaacg
gagaacatca
gcgatagcca
ggaaacggca
acaccccagt
gaactcttga
gccaagatga
gagtacaagg
acgtcaaagg
gtactgtcaa
ggagatctca
cgctacaagg
gctctaaaga

aaag

60

120

540

600

660

720

780

840

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1734



ggactgcgca
cccgcttatt
gatcmtcectt
gaaattcagc
ggttgatgac
atcgttaggt
atctcccaat
accaagggac
tagggcggta
ctttgaaact
caatgctctt
attgaccaat
tgattttcta
<210> 26

<211> 34

<212> ADN
<213>

<220>
<223>

<400> 26

gtgacatcgc
tcctteccaa
ggagactcag
aaccagtata
agattggtta
gttgcattct
accttcaagt
cctgaccact
tcgacgaagc
agtgcaaagg
gctcaggagt
gacaacaagg

gtacggaaaa

41838

catattgact
aatacatcat
gtgtaggcaa
aggcaaccat
ccatgcagat
atcgaggagc
ctctcgatte
tcccatttgt
gagcacaaca
aagctattaa
cagaggtgga
ctaaacagga

daaaaaaaaaa

Trinh tyu nhéan tao

Oligonucleotit ADN sgi don

ggaagcgceceg
ggcatctcgc
aacatccctt
tggagcagat
ctgggataca
tgattgttgt
atggcgtgac
tgtcctgrgt
atggtgtcat
tgtggagcta
gctgtacaat
tgcgtgctct

aaaaaaaaaa

gaaactctag atgggtaaca agattgatct ggag

<210> 27
<211> 20
<212> ADN
<213>
<220>
<223>
<400> 27
agccggatcce
<210> 28
<211> 34
<212> ADN
<213>
<220>
<223>
<400> 28

tagcttacga

Trinh tyu nhan tao

Oligonucleotit ADN sgi don

Trinh tu nhan tao

Oligonucleotit ADN soi don

gcataggatc ctgggtaaca agattgatct ggag

<210> 29
<211> 34
<212> ADN
<213>

<220>

Trinh tu nhan tao

-122-

tgctgstggce
aagaagattc
atgaaccagt
ttcctcacaa
gctggtcaag
gttctcgtct
gagtttctaa
aacaagattg
agtaaaaatg
gctttccaga
gagtttccag
tgctaatgat

aaaaaaa

tcggatttct
tcctgaaggt
ttgttaacaa
aggaggtcat
aaagatttca
atgatgttac
ttcaagcctce
atctggagaa
aarttcccta
ccattgcycg
accagatcaa

cactctgtaa

60

120

180

240

300

360

420

480

540

600

34

34



41838

<223> Oligonucleotit ADN sgi don

<400> 29

gagtactgca gcatcctgtt tagccttgtt gtca

<210> 30
<211> 31
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 30

gatctctaga gaggtggagc tgtacaatga g

<210> 31

<211> 19

<212> ADN

<213> Trinh tu nhé&n tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 31
cgtctgcagc gcatcttgce

<210> 32
<211> 31
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 32

gatcggatcc gaggtggagc tgtacaatga g

<210> 33
<211> 33
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 33

gactactgca gcatcctgtt tagccttgtt gtc

<210> 34
<211> 33
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit ADN s¢i don

<400> 34

gaatcggatc ctaatgtgga gctagctttc cag

<210> 35
<211> 34

-123-

34

31

19

31

33



41838

<212> ADN
<213> Trinh tu nhan tao

<220>

<223> Oligonucleotit ADN s¢i don

<400> 35

gagtactgca gcatcctgtt tagccttgtt gtca 34
<210> 36

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit ADN so¢i don

<400> 36

tacgtctgca gcgcatcttg 20
<210> 37

<211> 33

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> 0Oligonucleotit ADN so¢i don

<400> 37

gaatctctag ataatgtgga gctagctttc cag 33
<210> 38

<211> 21

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> O0Oligonucleotit ADN soi don

<400> 38

gggatacagc tggtcaagaa a 21
<210> 39

<211> 22

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Oligonucleotit ADN so¢oi don

<400> 39

cgagagactt gaaggtattg gg 22
<210> 40

<211> 26

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> O0Oligonucleotit ADN sgi don

<220>

-124-



<221>
<222>
<223>

<400>

41838

misc_dic diém
(1) .. (1)
5' 6-FAM

40

cgaggagctg attgttgtgt tctegt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

41
22
ADN
Trinh tu nhé&n tao

Oligonucleotit ADN s@i don

41

gtggagacct tccaacagta tg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

42

22

ADN

Trinh tu nhan tao

Oligonucleotit ADN s¢i don

42

ccttcttgtt gacctccttg at

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

43
21
ADN
Trinh tu nhé&n tao

Oligonucleotit ADN sgi don

misc_ddc diém
(1) .. (1)
5 6-FAM

43

tgcgtgacat gaagcagacg g

Céc trinh tu ARN vi du cbé thé& dugc su dung dé tao vong lép

<210> 44

<211> 9

<212> RNA

<213> Trinh tu nhé&n tao
<220>

<223>

<400> 44

uucaagaga

<210> 45

<211> 9

<212> RNA

<213> Trinh tu nhan tao
<220>

-125-
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<223>
<400> 45
uuuguguag
<210> 46
<211> 614
<212> ADN
<213>
<220>
<223>
khudén
<400> 46
ggcaatagca
ggcgtgacga
tcctgggtaa
ggtgtcatag
tggagctagce
tgtacaatga
ccatggccca
aggttgaatc
accgtgagta
gctaggatcc
ggcatatgaa
<210> 47
<211> 336
<212> ADN
<213>
<220>
<223>
<400> 47
ttacatctcc
cctcaccaag
agaatagggc
cctactttga
ctcgcaatgce
tcaaattgac
<210> 48
<211> 1le2
<212> ADN
<213>
<220>
<223>

tgccgtceccte
gtttctaatt
caagattgat
taaaaatgaa
tttccagacc
gtttccagac
aagacttaag
cgcattagga
ggctcgtgceca
acgctagcat

agca

caataccttc
ggaccctgac
ggtatcgacg
aactagtgca
tcttgctcag

caatgacaac

41838

Trinh tu nhan tao

tagattacat
caagcctcac
ctggagaata
gttccctact
attgctcgca
cagatcaaat
agtctatcac
gctacgatgg
agaaccgcaa

aaccccttgg

Trinh ty nhén tao

Trinh ty m& hdéa Rab7

aagtctctcg
cacttcccat
aagcgagcac
aaggaagcta
gagtcagagg

aaggctaaac

Trinh tu nhan tao

Doan Rab7 cé su bd sung khéng ma hoa
dé khuéch dai

ctcccaatac
caagggaccc
gggcggtate
ttgaaactag
atgctcttge
tgaccaatga
tcctaggceac
atgagtctgg
gatgcgctgce

ggcctctaaa

attcatggcg
ttgttgtcct
aacaatggtg
ttaatgtgga
tggagctgta

aggatg

Trinh tu khéng m& hdéa vong ldp

-126-

Cac trinh tu ARN vi du c6 thé dugc st dung d& tao vong lap

cho vong lap dugc su dung lam

cttcaagtct
tgaccacttc
gacgaagcga
tgcaaaggaa
tcaggagtca
caacaaggct
ctttcccgga
gtggagcgceg
agacgtaacc

cgggtcttga

tgacgagttt
gggtaacaag
tcatagtaaa
gctagctttc

caatgagttt

ctcgattcat
ccatttgttg
gcacaacaat
gctattaatg
gaggtggagc
aaacaggatg
tataaacgcc
ctcgatttat
gtaatcgtaa

ggggtttttt

ctaattcaag
attgatctgg
aatgaagttc
cagaccattg

ccagaccaga

60

120

180

240

300

360

420

60

120

180
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41838

<400> 48
ccatggccca aagacttaag agtctatcac tcctaggcac ctttcccgga tataaacgcc 60
aggttgaatc cgcattagga gctacgatgg atgagtctgg gtggagcgcg ctcgatttat 120
accgtgagta ggctcgtgca agaaccgcaa gatgcgctge ag 162
<210> 49
<211> 48

<212> ADN
<213> Trinh ty nhan tao

<220>

<223> Phan két thuc T7

<400> 49

ctagcataac cccttgggge ctctaaacgg gtcttgaggg gttttttg 48
<210> 50

<211> 22

<212> ADN
<213> Trinh tyu nhén tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 50

catcctgttt agccttgttg tc 22
<210> 51

<211> 23

<212> ADN
<213> Trinh tu nhan tao

<220>
<223> Oligonucleotit ADN sgi don

<400> 51
tgggtaacaa gattgatctg gag

<210> 52
<211> 47
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 52

ggatcctaat acgactcact ataggcatcc tgtttagecct tgttgtc 47
<210> 53

<211> 237

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Oligonucleotit ADN sogi don

<400> 53

tgggtaacaa gattgatctg gagaataggg cggtatcgac gaagcgagca caacaatggt 60
gtcatagtaa aaatgaagtt ccctactttg aaactagtgc aaaggaagct attaatgtgg 120

-127-



41838

agctagcttt ccagaccatt gctcgcaatg ctcttgctca ggagtcagag gtggagctgt

acaatgagtt tccagaccag atcaaattga ccaatgacaa caaggctaaa caggatg

<210> 54
<211> 237
<212> ADN
<213>
<220>
<223>
<400> 54
catcctgttt
gctccacctc
cattaatagc
attgttgtgce
<210> 55
<211> 595
<212> ADN
<213>
<220>
<223> 250
<400> 55
ccatgggcag
ccaagaccat
ttecctgtgac
gcgacacctt
aagatgcgga
agaatctcac
tcactggtat
acacctccte
gtaccacctt
tgcacgtcac
<210> 56
<211> 33
<212> ADN
<213>
<220>
<223>
<400> 56

Oligonucleotit

agccttgttg
tgactcctga
ttcctttgeca

tcgcttegte

Trinh tuy nhén tao

ADN sgi don

tcattggtca
gcaagagcat
ctagtttcaa

gataccgccc

Trinh tuy nhén tao

atttgatctg
tgcgagcaat
agtagggaac

tattctccag

gtctggaaac
ggtctggaaa
ttcattttta

atcaatcttg

VP28 RNAi fragment- synthetic template

cagccatcat
cgaaacccac
tgctgaggtt
gggcaaaatc
tcttgtcatc
ctttgaggga
gcagatggtg
cttcaccccc
tggcgcacca

ctactctggc

catcatcatc
acagacaata
ggatcaggct
aagatccgceca
actcccgtgg
acattcaagg
ccaaagatta
gtctctattg
attgcagcta

actgagaccg

Trinh tu nhén tao

Oligonucleotit ADN so¢i don

acggatccgg
tcgagacaaa
acttcaagat
atggaaagtc
agggccgage
tgtggaacaa
acccatcaaa
atgaggatga
ccgceggtgg

agtaagcggc

gactatctag acattcaagg tgtggaacaa cac

<210> 57
<211> 31
<212> ADN
<213>

Trinh tu nhén tao

-128-

caggtatcac
catggatgaa
gactgatgtg
tgatgcacag
actcgaagtg
cacatcaaga
ggcctttgtc
agttggcacc
aaatcttttc

cgcaactcga

tcattgtaca
gctagctcca
ctatgacacc

ttaccca

aacactgtga
aacctccgca
tcctttgaca
atgaaggaag
actgtggggc
aagatcaaca
ggtagctcca
tttgtgtgtg
gacatgtacg

gaacqy

180

237

60
120
180

237

60
120
180
240
300
360
420
480

540

33



41838

<220>
<223> Oligonucleotit ADN s¢i don

<400> 57
acgtaccatg gctcggtctc agtgccagag t

<210> 58
<211> 31
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> Oligonucleotit ADN sgi don

<400> 58
acagactgca gctcggtctc agtgccagag t

<210> 59
<211> 250
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> San pham PCR VP28

<400> 59
attcaaggtg tggaacaaca catcaagaaa gatcaacatc actggtatgc agatggtgcc

aaagattaac ccatcaaagg cctttgtcgg tagctccaac acctcctect tcaccccegt
ctctattgat gaggatgaag ttggcacctt tgtgtgtggt accacctttg gcgcaccaat
tgcagctacc gccggtggaa atcttttcga catgtacgtg cacgtcacch actohggeac
tgagaccgag

<210> 60

<211> 46

<212> ADN
<213> Trinh tu nhan tao

<220>
<223> Oligonucleotit ADN sgi don

<400> 60
ggatcctaat acgactcact ataggggcag aatctcacct ttgagg

<210> 61
<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> O0Oligonucleotit ADN so¢i don

<400> 61
gttggagcta ccgacaaagg

<210> 62
<211> 21
<212> ADN

<213> Trinh tu nhén tao

-129-
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41838

<220>

<223> Oligonucleotit ADN sgi don

<400> 62

ggcagaatct cacctttgag g 21
<210> 63

<211> 45

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 63

ggatcctaat acgactcact atagggttgg agctaccgac aaagg 45
<210> 64

<211> 125

<212> ADN

<213> Trinh tyu nhé&n tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 64

ggcagaatct cacctttgag ggaacattca aggtgtggaa caacacatca agaaagatca 60
acatcactgg tatgcagatg gtgccaaaga ttaacccatc aaaggccttt gtcggtagct 120
ccaac 125
<210> 65

<211> 125

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> Oligonucleotit ADN sgi don

<400> 65

gttggagcta ccgacaaagg cctttgatgg gttaatcttt ggcaccatct gcataccagt
gatgttgatc tttcttgatg tgttgttcca caccttgaat gttccctcaa aggtgagatt 120
ctgcc 125
<210> 66

<211> 925

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> Khung AND téng hop dé& tao thanh hén hop cua bdén doan gen WSSV
- VP28, VP19, rr2 and wsv477

<400> 66
gacagatatg gccaccacga ctaacactct tcctttcgge aggaccggag cccaggcecgce 60
tggtccttet tacaccatgg aagatcttga aggctccatg tctatggcetce gcatgggtct 120

ctttttgatc gttgctatct caattggtat cctcgtcctg geccgtcatga atgtatggat 1ah

gggaccaaag aaggacagcg attctgacac tgataaggac accgatgatg atgacgacac 240

-130-



tgccaacgat
ggctgggtcc
gaggaggcag
tcaagaaaga
tttgtcggta
ggcacctttg
cttttcgaca
tataatgtta
ttttttgaaa
atcaagaagg
cctccagtcet
atcagttatg
<210> 67

<211> 26

<212> ADN
<213>

<220>
<223>

<400> 67

aacgatgatg
gctcttctgt
taaggcagaa
tcaacatcac
gctccaacac
tgtgtggtac
tgtacgtgca
ccaacccctt
agagagtcgce
accaacaaac
cttcctcecatc

acgattttat

41838

aggacaaata
tcctegttte
tctcaccttt
tggtatgcag
ctcctcctte
cacctttggc
cgtcacctac
cccattcatg
cgagtatcaa
ccaagaaact
atccgaacaa

cagtt

Trinh tyu nhédn tao

Oligonucleotit ADN soi don

ataacgatga tgaggacaaa tataag

<210> o8
<211> 51
<212> ADN
<213>
<220>
<223>
<400> 068

Trinh tu nhan tao

Oligonucleotit ADN so¢oi don

taagaacagg
cgccgccacce
gagggaacat
atggtgccaa
acccccecgtet
gcaccaattg
tctggcactg
gacaatattt
cgtgcccagg
ggttctcctce

gaagatgttg

accagggata
gtttttatgt
tcaaggtgtg
agattaaccc
ctattgatga
cagctaccgc
agaccgagct
ccctcgagaa
tcatggcectte
tcccaattcet

aagacggcgt

tgatgcttct
cttaccccaa
gaacaacaca
atcaaaggcc
ggatgaagtt
cggtggaaat
agaaaagcac
taagaccaac
tatcaataag
gactgcacct

cggggactac

ggatcctaat acgactcact ataggataac gatgatgagg acaaatataa g

<210> 69
<211> 21
<212> ADN
<213>
<220>
<223>
<400> 69

Trinh tu nhan tao

Oligonucleotit ADN so¢i don

gttaccaacc ccttcccatt c

<210> 70
<211> 46
<212> ADN
<213>
<220>
<223>

Trinh tyu nhan tao

Oligonucleotit ADN s¢i don
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<400>

41838

70

ggatcctaat acgactcact atagggttac caaccccttce ccattc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

71
23
ADN
Trinh tu nhén tao

Oligonucleotit ADN sgi don

71

aatcgtcata actgatgtag tcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

72

48

ADN

Trinh tu nhéan tao

Oligonucleotit ADN sgi don

72

ggatcctaat acgactcact ataggaatcg tcataactga tgtagtcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

73
48
ADN
Trinh tu nhan tao

Oligonucleotit ADN soi don

73

ggatcctaat acgactcact ataggtatgg atactgcaac caagtgga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

74

23

ADN

Trinh tu nhé&n tao

Oligonucleotit ADN so¢i don

74

ctcgaaaaca cgttccttaa acc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

75
23
ADN
Trinh ty nhan tao

Oligonucleotit ADN soi don

75

tatggatact gcaaccaagt gga

<210>
<211>
<212>
<213>

76

48

ADN

Trinh ty nhén tao
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<220>
<223>

<400> 76

41838

Oligonucleotit ADN sgi don

ggatcctaat acgactcact ataggctcga aaacacgttc cttaaacc

<210> 77
<211> 250
<212> ADN
<213>
<220>
<223> San
<400> 77
ataacgatga
ccgctcttct
agtaaggcag
gatcaacatc
tagctccaac
<210> 78
<211> 250
<212> ADN
<213>
<220>
<223> San
<400> 78
gttaccaacc
gaaaagagag
aaggaccaac
gtctcttcct
tatgacgatt
<210> 79
<211> 250
<212> ADN
<213>
<220>
<223> San
<400> 79
tatggatact
agaaataaaa
taacactaag
tttgttgtgce
tgttttcgag
<210> 80

Trinh tuyu nhan tao

phadm PCR dung hop VP19-VP28

tgaggacaaa
gttcctegtt
aatctcacct

actggtatgc

tataagaaca
tccgceccgceca
ttgagggaac

agatggtgcc

Trinh tu nhén tao

phédm PCR Rr2

ccttcccatt
tcgccgagta
aaacccaaga

catcatccga

catggacaat
tcaacgtgcc
aactggttct

acaagaagat

Trinh tyu nhan tao

phdm PCR Wsv477

gcaaccaagt
gtgaccccta
agaaacttgt

ccttttgcaa

ggatggctga
gagtagtctt
ataactttgg

ggcataggat

ggaccaggga

ccgtttttat
attcaaggtg

aaagattaac

atttcccteg
caggtcatgg
cctctcccaa

gttgaagacg

aattattaga
caatggcaat
aacaaactat

tgtacatttc
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tatgatgctt
gtcttacccc
tggaacaaca

ccatcaaagg

agaataagac
cttctatcaa
ttctgactgc

gcgtcgggga

gagaagaggg
ggttgtagtg
aacaatgttg

ttataatggt

ctggctgggt
aagaggaggc
catcaagaaa

cctttgtcgg

caactttttt
taagatcaag
acctcctcca

ctacatcagt

gcaatattca
catgtttctc
tacattgtga

ttaaggaacg

60

120

180

240

N}
w
)

60
120
180
240

250

60
120
180
240

250



<211>
<212>
<213>

<220>
<223>

<400>

ggatcctaat acgactcact ataggtgggt aacaagattg atctggag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

41838

48
ADN
Trinh tu nhé&n tao

Oligonucleotit ADN sgi don

80

81

33

ADN

Trinh tu nhan tao

Oligonucleotit ADN sgi don

81

acataggatc ccattcaagg tgtggaacaa cac
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41838

2/10

FIG.3A

FIG.3B
FIG.3C
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4/10
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41838

5/10
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41838

6/10

NP2 NP3

FIG.9A ~ FIG9B
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Kich thudc [nM]

Kich thudc [nM]

41838

7/10

~ 250bp ssRab7 = 250bp dsRab7
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FIG.12
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8/10

Y4 100
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FIG.14
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9/10
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41838

10/10
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