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Tém tit: Virus cam A/H5N1 ¢6 kha nang tién hoa nhanh, tao nhiéu bién ching méi nén viéc
nghién clru tao vaccine c6 higu qua phong vé cao véi cac ching virus dang luu hanh ludn can thiét.
Trong sb cac clade va subclade thudc phan type H5N1 da va dang lwu hanh & Viét Nam, virus
A/H5NI1 clade 1.1 va clade 2.3.2.1¢ dd duoc chimg minh cé tinh trong ddng vé khang nguyén, dic
tinh di truyén véi nhidu ching ciim va dugc khuyén cao c6 thé sir dung dic diém di truyén khang
nguyén cho san xuit vaccine phong chdng cum gia cAm. Trong nghién ctru niy, hai phan doan gen
HA cua hai clade cam A/H5N1 (clade 1.1 va clade 2.3.2.1¢) d3 duoc thiét ké: gen HA clade 1.1
kich thuéc1825 bp, ma hoa 565 amino acid; gen HAclade 2.3.2.1c kich thudc 1822 bp, ma hoa
564 amino acid. Trong qua trinh thiét ké, cac nucleotide & vi tri lién quan dén doc tinh cua virus
(vung doc) cua gen HA da dugc loai bo. Hai phan doan gen HA tuong Gng véi hai clade da duoc
tach dong thanh coéng vao hai vector pHW2000 dé lam Gng vién gen khang nguyén san Xudt
vaccine ciim gia cim bang ky thuat di truyén nguoc.

Twe khoa: HSN1, HA, pHW2000, tach dong, vaccine.

1. Mé dau

Virus cam A (Influenza A virus) thudc ho
Orthomyxoviridae, c6 genome ARN soi don,
am (ss(-)RNA), gdbm 8 phan doan gen md hoa
10  protein, trong d6, protein HA
(hemagglutinin) do phan doan 4 va NA
(neuraminidase) do phan doan 6 ma hoa la
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khang nguyén vo virus. Nhom virus cim A
phan thanh nhiéu phan type khac nhau dya trén
khang nguyén HA va NA véi sb luong 1én den
hang trim phan type, 1a két qua cia sy tai to
hop tir 18 phéan type HA (H1 - H18) va 11 phan
type NA (N1 - N11)[1,2].

Trong sb cac phan type virus cam A, H5N1
dugc ching minh c6 kha nang lay nhiém nhanh
trén nhiéu loai gia cam, dong vat co vu, va dic
biét c6 thé 14y nhidm tir dong vt sang ngudi.
Dua vao doc lyc, virus cim A/H5N1 dugc phan
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thanh 2 loai: virus doc luc cao (Highly
pathogenic avian influenza - HPAI) va virus
doc lyc thap (Low-pathogenic avian influenza -
LPAI). Virus H5N1 doc luc cao c6 kha ning
dot bién va tai td hop di truyén 16n nén di tién
hoa rit nhanh, tao nhiéu bién chung méi va
duogc ky hiéu thanh cac clade va subclade khac
nhau dua vao su khac biét vé trinh ty amino
acid cua khang nguyén vé HA (HS) [3, 4].

Khang nguyén HA dang hinh tru, dai
khoang 130 angstrom (A), chu tao gdm 3 don
phan (trimer), méi don phan (monomer) dugc
tao thanh tir hai tiéu don vi HA1 (36 kDa) va
HA2 (27 kDa) n01 v6i nhau bang moét doan
oligopeptide ngdn gidu cac amino acid kiém
arginine (R) va lysine (K) & vi tri amino acid
338 - 345/346 [3]. Vi tri giau cac amino acid
kiém & cac clade H5N1 khac nhau c6 thé khac
nhau (-RRRKK-/clade 1; -RRKK-/clade 1.1;
-RRRK-¢ clade 2.3.2.1, clade 2.3.4.3 va clade
7), va ddc biét, vi tri ndy ciing chinh 1a diém
nhan biét cua cac protease do t& bao tiét ra
(protease s& cit ¢ vi tri giita hai amino acid
(-RG-) ngay sau diém nhan biét). Do viy, ving
gidu cac amino acid kiém gitta HA1 va HA2
con goi 1a “vung doc” vi ¢6 lién quan truc tiép
déntinh doc cua virus: cac ching H5N1 doc luc
thip chi chira 1 amino acid kiém arginin & vj tri
cét, trong khi d6 cac chung H5N1 doc luc cao
chira mot nhém amino acid kiém & trude diém
cit cua protease [3, 4]. Chirc ning cua protein
HA thé hién khi bi protease cit thanh HA1 va
HA2: HAL giop virus gan vao thy thé chua
nhom sialic acid trén bé mit té bao chu, khai
d4u qué trinh x4m nhap cua virus; HA2 giup
dung hop mang va giai phong ARN virus vao té
bao chét [5].

Dich ctim H5N1 ludn tiém 4n nguy co bung
phat nén viéc nghién ctru san xuét vaccine an
toan va cé tinh bao hg cao véi cac chung virus
lru hanh luén can thiét. Dé co thé san xut
vaccine cim, dleu kién tién quyét 1a phai c6
chung virus gbc. Hién nay, ky thuit tao gidng
gbc du tuyén vaccine cim dam bao tinh an toan
va hiéu qua da dugc chimg minh trén thé gioi la
k¥ thuat di truyén nguoc (reverse genetics) gom
cac budc: tao cac vector tai t6 hop mang céc

phan doan cDNA cua virus cam, trong do, phan
doan gen HA phai duoc cit bo ving doc chira
mdt s6 amino acid kiém arginine (R) va lysine
(K) nam gitraHA1 va HA2, nhim loai bo kha
ning giy doc nhung van gilr nguyén déc tinh
khang nguyén cua virus; bién nap cac vector tai
t6 hop nay vao te bao dong vat nudi cdy dé tai
tao chung virus gbc [6-10].

Cong bd nay trinh bay cac cong doan trong
qua trinh tao vat li€u vector mang phan doan
gen khang nguyén bé mit quan trong - protein
HA- cua virus cam A/H5N1, gdm: (i) Thiét ké
va téng hop nhan tao gen HA da loai bo trinh ty
vung doc cua ching
A/duck/Vietnam/ST0970/2009(H5N1)  (clade
1.1, ngudn gbc tir clade 1 ¢ Viét Nam) va
A/duck/Viet Nam/HT-02/2014(H5N1) (clade
2.3.2.1c, ngudén goc tir clade 2.3.2 & Hong
Kong) - la 2 clade cim doc luc cao, da duoc
ching minh c6 tinh tuong dong vé khang
nguyén va dic tinh di truyén v6i nhiéu clade
nén rat thich hop lam tng vién nguyén liéu
cung cap ngudn gen khang nguyén cho san xudt
vaccine; (ii) Tach dong gen HA cua clade 1.1
va clade 2.3.2.1¢ vao 2 vector pHW2000 theo
phuong phap ctia Hoffmann va cong su [10].

2. Vit liéu va phwong phap nghién ciru
2.1. Vat liéu

Trinh ty gen HA dugc cung cép boi GS.
TS. Lé Thanh Hoa - Vién Han 1am Khoa hoc &
Cong nghé Viét Nam, va duoc tong hop bai
hang Phusa Biochem. Vector pHW2000 do
Bénh vién Nhi St. Jude (M§) cung cip. Céc
enzyme gidi han (BsmBIl, Nhel, Smal, T4
ligase) duoc cung cdp boi  hing
Fermentas/Thermo Scientific. Té bao kha bién
E. coli DH50 (M¥). Cac bo kit dung dé tach
chiét va tinh sach ADN plasmid, tinh sach san
phim PCR cua cac hing Qiagen (Dutc) va
Roche (Pirc). Céc cip mdi dugc cung cap baoi
hang Invitrogen (M¥).

2.2. Phwong phap nghién curu

2.2.A. Thiét ké va sinh tong hop gen HA
clade 1.1 va clade 2.3.2.1c
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Trinh tu nucleotide ddy du cua gen HA
(H5) tur ching
A/duck/Vietnam/ST0970/2009(H5N1)  (clade
1.1) va A/duck/Viet Nam/HT-02/2014(H5N1)
(clade 2.3.2.1c) dwgc chuyén sang trinh ty
amino acid bang phan mém BioEdit (My), va
tao cac trinh tr ma hoa protein HA da duoc loai
bo ving doc va tranh lai doc. Cu thé, voi gen
HA clade 1.1: Loai bo 2arginine (R), 1lysine
(K) va thay thé 1lysine (K) bang threonine (T)

0
H5 clade 1.1 khéng loai
vung déc

H5 clade 1.1 loai vung
déc

0
H5 clade 2.3.2.1¢c khdng
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& chinh giita ving doc; 2 arginine (R) ¢ hai dau
-ngay sat vung doc - dugc thay dbi mot
nucleotide, tir AGA thanh CGA (bo ba nay van
mi hoa cho arginine nhung su thay dbi nay la
can thiét dé tranh sy lai doc); voi HA clade
2.3.2.1c: Loai 3arginine (R) va thay théllysine
(K) bang threonine (T) & chinh giita ving doc;
2 arginine (R) & hai diu ngay sat ving doc duoc
thay d6i 1 nucleotide tr AGA thanh CGA
(Hinh 1) [4].
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Hinh 1. Trinh ty nucleotide va amino acid cia gen HA clade 1.1
va clade 2.3.2.1c trude va sau khi xur 1y loai ving ddc va tranh lai doc.

Hai gen HA duoc thiét ké thém ohai dau
mot doan nucleotide chira diém bét cap dac hiéu
ciiamdi xudi va ngugc trong phan tmg PCR.
Trinh tu cap moi bét cdp dac hiéu trén gen HA
& ca hai clade 1a giéng nhau, va déu chira diém
nhén biét dic hiéu cua enzyme BsmBI (Bm) voi
trinh  ty: mdi xudi (Bm-HA-F) 5’
TATTCGTCTCAGGGAGCAAAAGCAGGGG

ATATCGTCTCGTATTAGTAGAAACAAGGG
TGTTTT 3. Trong d9, vi tri nucleotide gach chan
(CGTCTCNI1/NS5) 1a diém nhan biét va cit cua
BsmBI [10].

Gen HA clade 1.1 va clade 2.3.2.1c da thiét
ké (Hinh 2) dwoc dat tong hop nhan tao boi
hang Phusa Biochem va dugc luu gilt trong
vector pJET1.2.

3 va mdi nguwogc (Bm-HA-R) &
Bm-HA-F
: HA1

—1{ Ving néi [ HA2
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D4 loai bd doan mé hoa mot sb
amino acid kiém & ving déc
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Hinh 2. So d6 gen HA clade 1.1 va clade 2.3.2.1c.
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2.2.B. Bién nap vector pJET1.2-HA vao E. coli
DH5a

Vector pJET1.2-HA clade 1.1 va pJET1.2-
HA clade 2.3.2.1 cdugc bién nap vio té bao kha
bién E. coli DH5a bang phurong phap soc nhiét,
cdy trai dich vi khuin sau bién nap trén méi
truong LB bd sung ampicillin 100 mg/L, 0 &
37°C trong 16h. Chon dong khuin lac mang
plasmid tai t6 hop bang colony-PCR. ADN
plasmid cua cac dong khuén lac duong tinh véi
gen HA duoc tach chiét, tinh sach véi kit High
Pure Plasmid Isolation (Roche) va duogc su
dung lam vat li¢u xac dinh trinh ty gen dich
theo ca chidu xubi va chidu nguoc. Tuong tng
v6i mdi gen lwa chon cac dong co két qua doc
trinh ty nucleotide gen dich dat do twong dong
100% so véi trinh tu gen da thiét ké dé tiép tuc
dong hoa vao vector pHW2000.

2.2.C. Tach dong gen HA cladel.l va clade
2.3.2.1c vao vector pHW2000

Hai gen HA dugc tach dong vao vector
pHW2000 theo phuong phap ctia Hoffmann va
cong su [10, 11]: Thue hién phan tng cét vector
pJET1.2 mang gen HA clade 1.1/2.3.2.1c véi
enzyme BsmBI va dién di san pham cit trén gel
agarose 1,2%, nhudém véi ethidium bromide va
phat hi¢n cac phan doan gen dudi may soi gen
bang dén UV. Cac phan doangen HA clade 1.1
va clade 2.3.2.1c c6 kich thudc dung theo ly
thuyét dugc thoi gel, tinh sach gen bang kit
GeneJET TM Gel Extraction Kit (Qiagen).Song
song voi viéc thyc hién phan Gng cit 2 vector
pJET1.2 mang 2 gen HA, tién hanh cit mo
vong vector pHW2000 bing enzyme BsmBI.
Thuc hién ghép ndi gen HA clade 1.1 va clade
2.3.2.1c da phan l1ap vao pHW2000 dé tao 2
vector tai to hop, sir dung enzyme ndi T4 ligase.

Su ¢6 mat cia gen HA clade 1.1 va clade
2.3.2.1c trong céu tric plasmid tai t6 hop duoc
kiém tra bang PCRv6i 2 loai moi 1a mdi dic
hiéu gen HA va mdi dic hiéu vector pHW2000.
Chu trinh nhiét phan tmg PCR: 94°C/5 pht, 30
chu ky (94°C/30 giay, 58°C/30 gidy, 72°C/1

phuat 30 gidy), 72°C/10 phut, 4°C/c0. Bén canh
do6, két qua tach dong con dugc kiém tra bang
phan tng cét vector tai td hop bang cip enzyme
Nhel va Smal va xac dinh trinh ty gen bang
may doc trinh tu ty dong ABI PRISM® 3100-
Avant™ Genetic Analyzer (Applied
Biosystems), sit dung b hoa chit BigDye®
Terminator v3.1 Cycle Sequencing. Trinh tu
cac gen dugc phan tich bang phin mém DNA
Star va BioEdit (My).

3. Két qua va thio luin
3.1. Thiét ké gen khdng nguyén HA

Két qua thiét ké gen HA clade 1.1 va clade
2.3.2.1¢ dugc trinh bay ¢ Hinh 3. Gen HA clade
1.1 da thiét k& co kich thudc 1825 bp va gen
HA clade 2.3.2.1c c6 kich thudc 1822 bp. Hai
gen HA déu c6 dic diém: 2 doan nucleotide & 2
dau khong ma hoa, 1a vi tri gén moi dac hiéu
chira diém nhan biét cta enzyme BsmBI; & giita
la ving ma hoéa amino acid tao protein HA: &
clade 1.1 -1698 bp (1695 bp ma hoa 565 amino
acid va 3 bp 1a bo ba két thic), & clade 2.3.2.1¢
- 1695 bp (1692 bp ma hda 564 amino acid va 3
bp twong tmg v4i bo ba két thuc). Vi 2 trinh tu
gen HA da thiét ké, khi khuéch dai gen bang
phan tng PCR s& tao san phdm c6 kich thudc
1799 bp (1698 bp + 101 bp) tuwong trng vdi gen
HA clade 1.1 va 1796 bp (1695 bp + 101 bp)
tuong ung voi gen HA clade 2.3.2.1c.

DPic biét, trinh ty amino acid cua protein HS
duoc ma hoa boi gen HA clade 1.1 va 2.3.2.1c
d3 thiét ké du da loai bo ving doc (loai bét cac
amino acid kiém & vi tri nhan biét cta protease)
va da duogc tranh hién tuong lai doc. Cu thé,
trinh ty amino acid H5 clade 1.1 da thiét ké, vi
tri 338-344 1a QREGT-RG, trong khi & ching
gbc  A/duck/Vietnam/ST0970/2009(H5N1), vi
tri 338-347 1a QREGRRKK-RG (chtra 4 amino
acid kiém -RRKK- & vi tri nhan biét cua
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protease) [4]. Nhu vdy, so v6i ching gc, trinh
tu gen H5 clade 1.1 da thiét k& lam gen tng
vién cho san xuét vaccine di dwoc loai ving
doc: loai 2 arginine (R), 1 lysine (K) va thay thé
1 lysine (K) bang threonine (T); va tranh lai
doc: hai arginine (R) ¢ hai dau ngay sat ving
doc duoc thay doi mi bo ba - AGA thanh CGA
- cling ma hoéa cho arginine nhung s€ gitp
ching virus tai to hop khong tir dang doc luc
thip chuyén thanh dang doc luc cao. Trinh tu
amino acid ma hoa boi gen HA clade 2.3.2.1c
loai ving doc da thiét ké, vi tri 338-343 la
QRET-RG, trong khi & ching gbc A/duck/Viet
Nam/HT-02/2014(H5N1), vi tri 338-346 la
QRERRRK-RG (chira 4 amino acid kiém -
RRRK- ¢ vi tri ving ddc) [4]. So vo6i ching
virus gdc, gen Gng vién vaccine HA clade
2.3.2.1c da dugc loai vung dgc: loai 3arginine
(R) va thay thé 1lysine (K) bang threonine (T);
tranh lai doc: 2 arginine (R) & hai ddu ngay sat
ving doc duoc thay dbi 1 nucleotide tir AGA
thanh CGA.

Bén canh do, trinh ty amino acid dugc dich
mi tir 2 gen HA da thiét ké cho thay: cac vi tri
quan trong dam bao cho viéc thyc hién chuc
nang va thé hién tinh khang nguyén cua protein
HA déu c6 va khong thay dbi vi tri so véi
chung virus gbc, gdm: vi tri lién két voi thy thé
cta té bao chu: QSG & ca 2 clade (amino acid
238-240); cac vi tri co tinh khang nguyén va
sinh dap (mg mién dich manh: ANPV & clade
1.1 va PNPA ¢ clade 2.3.2.1c (amino acid
99-102); SHEASL ¢ clade 1.1 va NHEASL ¢
clade 2.3.2.1c (amino acid 140-145); PYLGKS o
clade 1.1 va SYQGNS 6 clade 2.3.2.1c (amino acid
152-157); vi tri glycosyl hoa: NST & clade 1.1 va
DNA ¢ clade 2.3.2.1c (amino acid 170-172).

So sanh d¢ twong dong vé trinh ty amino
acid cua protein do gen HA clade 1.1 va clade
2.3.2.1c ma héa bang chuong trinh ClustalW va
BLAST cho két qua hai gen c6 do twong dong
1a 91%.

ADN plasmid cua cac dong khuan lac
duong tinh vé&i phan Gng conoly-PCR dugc
tach, tinh sach va doc trinh tu nucleotide cua
gen HA clade 1.1 va clade 2.3.2.1c. Phan tich
va luya chon cac dong c6 két qua doc trinh tu
nucleotide gen dich c6 d¢ chinh xac 100% so
v6i trinh tu gen HA d3 thiét ké dé tach dong
vao vector pHW2000.

3.3. Tao dong vector pHW2000 tdi t6 hop mang
gen HA clade 1.1 va clade 2.3.2.1c

Két qua tach dong va kiém tra sy c6 mit
ctia gen dich trong vector pHW2000 bang PCR,
cit véi enzyme gidi han va xac dinh trinh ty
gen déu khing dinh 2 gen HA tuong Gmg véi 2
clade da duoc bién nap thanh cong vao 2 vector
pHW2000 (Hinh 5).

Cu thé, két qua kiém tra sy c6 mit cua gen
dich bang PCR vdi hai loai mdi 1a mdi dic hiéu
gen HAva modi dic hiéu vector chi xudt hién
mot bang dac hiéu duy nhét ¢6 kich thude ding
theo 1y thuyét: san pham nhan bang mdi dic
hi€u gen kich thudc khoang 1800 bp (tuwong
tmg voi kich thude gen HA), nhan bang mdi
vector kich thudc khoang 1950 bp (tuwong Ung
v6i kich thuéc gen HA va mdt phan trinh tu
nucleotide cua vector pHW2000 & hai dau gen
HA) (Hinh 5a).

Két qua kiém tra bang cit véi cap
enzymeNhel va Smalcho thdy: san pham cat
tuong tmg véi ca 2 vector tai t hop déu xuat
hién 2 bang vach: mot bang co kich thudc 1on
twong Umg véi kich thudc vector pHW2000 va
mdt bang kich thude nhoé hon tuong tng voi kich
thudc cia gen HA (khoang 1800 bp) (Hinh 5b).

Két qua xac dinh trinh tg nucleotide cua
gen dich ching minh gen HA clade 1.1 va clade
2.3.2.1 da duoc tao dong thanh céng vao vector
pHW2000 véi kich thude va trinh ty nucleotide
chinh x4c 100% so véi cac trinh tw da thiét ké.
ADN plasmid cua cac dong duong tinh vdi gen
HA ciing da dugc tach chiét va tinh sach luong
16n dé sin sang sir dung cho thi nghiém tai tao
ching virus vaccine cim A/H5N1 (Hinh 5¢).
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Hinh 3. Trinh ty nucleotide (a) va amino acid (b) ciia gen HA clade 1.1 va clade 2.3.2.1¢ khong chira viing dgc.
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(a)

(®)

Hinh 4. Két qua dién di kiém tra san phdm conoly-PCR céac dong E. coli DH5a bién nap pJET1.2-HA clade 1.1
(a) va pJET1.2-HA clade 2.3.2.1c (b).M: Marker 1kb; 1, 2, 3, 4, 5: Nam dong duong tinh mang gen HA clade
1.1; 6, 7: Hai dong duong tinh v6i gen HA clade 2.3.2.1c.

H114 H2321 M

(a) (b)

Hinh 5. Két qua tach dong va kiém tra sy c6 mat ctia gen HA clade 1.1 va clade 2.3.2.1¢ trong vector pHW2000
béng PCR v6i 2 loai mbi (a), cit kiém tra béng cap enzyme Nhel va Smal (b) va ADN plasmide chura vector tai
t6 hop da dugc tach chiét v6i do tinh sach cao (c). 1, 2: PCR nhan gen HA clade 1.1 bang mdi dic hiéu gen va
moi vector; 3,4: PCR nhan gen HA clade 2.3.2.1c béng mdi dac hiéu gen va moi vector; M: Marker 1kb; H1.1:
san pham cat pHW2000-HA clade 1.1; H2.3.2.1: san pham cat pHW2000-HA clade 2.3.2.1c; 5, 6, 7: vector
pHW2000 mang gen HA clade 1.1; 8, 9, 10: vector pHW2000 mang gen HA clade 2.3.2.1c.

4. Két ludn

Di thiét ké va sinh tong hop thanh cong gen
ma hoa khang nguyén bé mit HA cta virus cim
A/H5N1 clade 1.1 va clade 2.3.2.1¢ lam tng
vién gen khang nguyén tao vaccine cum gia
cam dam bao an toan (gen HA da dugc loai bo

ving ddc va tranh lai ddc), c6 tinh khang
nguyén manh.

ba tach dong thanh cong gen HA clade 1.1
va clade 2.3.2.1¢ vaovector pHW2000 tao 2
vector tai t& hop pHW2000-HA clade 1.1 va
pHW2000-HA clade 2.3.2.1c. Cac plasmid
pHW2000 tai t6 hop mang gen khang nguyén
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HA da dugc tach chiét, c6 do tinh sach cao, san
sang chudn bi cho thi nghiém bién nap vao té
bao vat chi dé tao virus tai to hop lam gidng
gdc cho san xuat vaccine bang ky thuat di
truyén nguoc.

Loi cam on

Cong trinh duoc thuc hién bang kinh phi
cua dé tai cap Nha nude “Nghién ciru tao giong
gbc d& san xudt vic-xin cum A/H5NI”
2016-2018 (Mi s6 SPQG.05b.03). Xin cam on
GS. TS. Lé Thanh Hoa - Phong Mién dich hoc,
Vién Han lam Khoa hoc va Cong nghé Viét
Nam dé cung cép thong tin vé trinh tu gen HA
cua 2 ching virus
A/duck/Vietnam/ST0970/2009(H5N1)  (clade
1.1) va A/duck/Viet Nam/HT-02/2014(H5N1)
(clade 2.3.2.1c¢).
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Cloning Recombinant pHW2000 Vector Carrying
the HA Gene for Preparation of the Primary
Influenza A/H5N1 Vaccine Strain
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Abstract: Influenza A/H5N1 virus evolves rapidly and generates new variants, therefore it is essential
to develop effective vaccines against the currently circulating influenza strains. Among clades and
subclades of highly pathogenic avian influenza (HPAI) H5N1 viruses circulating in Vietnam, H5N1 clade
1.1 and clade 2.3.2.1c possess genetic relationships to many strains of influenza; thus they are suggested to
be used for producing vaccines against avian influenza. In this article, two HA gene segments of two types
of A/H5N1 influenza clade have been designed: HA clade 1.1 gene consists of 1825 nucleotides encoding
565 amino acids, HA clade 2.3.2.1c gene consists of 1822 nucleotides, encoding 564 amino acids. Most
importantly, nucleotide sequence of the pathogenic region of HA was removed. Each of the two HA
segments corresponding to the two clades wassuccessfully cloned into pHW2000 vector and will be used as
a candidate for production of avian influenza vaccines using reverse genetics technique.

Keywords: Cloning, HSN1, HA, pHW2000, vaccine.



