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MO PAU

1. TINH CAP THIET CUA DE TAI

Chat lugng sinh san cua con nai dong gop vai trd quan trong cung cap
nguon giéng tét cho chan nudi lon. O cac nude 6 nganh chan nudi lon phat
trién, trong d6 c6 Viét Nam, dan lon nai thudng gap cac vain dé lién quan dén
suy giam kha nidng sinh san. Porcine Parvovirus (PPV) dugc xem la nguyén
nhan gay nén Hoi chung suy giam kha nang sinh san ¢ lgn ndi-SMEDI
(Stillbirth, Mummification, Embryonic Death and Infertility-chét non, u6p
xéc, chét phoi va vo sinh).

V& ly thuyét, PPV 1a virus DNA soi don, qué trinh sao chép vat liéu di
truyén st dung bo méy sao chép DNA ciia vt ch, vi thé virus PPV duoc cho
la c6 ty 18 bién dbi di truyén thip. Tuy nhién, cac cong trinh nghién ctu trong
nhimg nim gan ddy cho thiy muc do thay thé nucleotide cua PPV la tuong
duong vai virus RNA (khoang 10-4 thay thé/vi tri/nam). Tinh dén thang
9/2022, da c¢6 8 chung PPV (1-8) duoc x4c nhan. Nhitng nam gan déy, nganh
chin nudi lon bj anh hudng rat nhiéu do xuat hién nhiéu dich bénh nhu bénh
tai xanh, 16 mdm long méng, tiéu chay cip, vi thé nguy co nhidm cac loai tac
nhan gay bénh la rat cao. Khi con vat nhiém bénh, hé mién dich suy giam
nhanh va 13 co hoi tét cho cac tc nhan gay bénh khac dang & trang thai tiém
an c6 thé bung phat. Piéu nay ciing ddng nghia véi viéc ting nguy co tai to
hop di truyén giira cac chung/phan nhém virus. Mic du, PPV da xuit hién va
ton tai véi thoi gian dai trén pham vi toan thé gidi, cac vaccine str dung hiéu
qua trong 3 thap ky nay, nhung truge thuc té trén, viéc kiém soét, theo dbi,
danh gia bién dbi di truyén va dich t& hoc phan tir cua virus nay 1a thuc su
can thiét. Cong bd gan day xac nhan c6 4 chung PPV (1-4) luu hanh trén lgn
nudi tai nudc ta. Hién nay van chua c6 cong trinh khoa hoc nao nghién cau

vé dic trung di truyén, ddc diém hé gen PPV phan 1ap trén lon nudi tai mién



Trung Viét Nam. Xut phat tir co sé khoa hoc va thuec tién trén, chiing t6i tién
hanh dé tai: “Nghién ctru dac diém phan tir gen ma héa protein cau tric cua
virus Parvo trén lgn (Porcine Parvovirus - PPV) tai mot s6 tinh mién Trung
Viét Nam”. Két qua nghién cau ciia dé tai 1a co so khoa hoc quan trong dé
danh gia mirc d6 tién hoa phan tir cia PPV, gop phan kiém soat Hoi ching
suy giam kha nang sinh san trén lon do PPV gay ra.

2. MUC TIEU NGHIEN CUU

2.1. Muc tiéu tdng quat

Xéc dinh céac bién dbi trén trinh tu nucleotide va amino acid du doan cua
céc ching PPV luu hanh & lon nudi tai mot s6 tinh mién Trung théng qua
khao sat dic diém di truyén cua virus PPV.

2.2. Muc tiéu cu thé

- Phat hién duoc cac chung PPV (1-4) lwu hanh & cac tinh mién
Trung.

- Xac dinh duoc trinh ty nucleotide gen ma hda protein cau tric cua cac
chang PPV phan lap dugc ¢ cac tinh mién Trung Viét Nam.

- Phan tich, danh gia duoc cac bién doi di truyén & mic d6 nucleotide va
amino acid suy dién caa gen ma héa protein ciu trdc cua PPV phan lap dugc
& cac tinh mién Trung Viét Nam.
3.NQI DUNG NGHIEN CUU

Nghién ctru nay tap trung giai quyét cac noi dung chinh sau:

- Thu mau, tach chiét DNA tong sé

- Phén Iap va sang loc cac chung PPV

- Khuéceh dai va xéac dinh trinh ty nucleotide gen ma héa protein cau tric
cua PPV

- Phan tich, danh gi4 bién ddi trinh tu nucleotide va amino acid suy dién
gen ma hoa protein ciu tric va xay dung cay pha hé di truyén cac chung PPV.
4. PHAM VI NGHIEN CUU



- Pia diém thu mau: 7 tinh khu vyc mién Trung (Quang Binh, Quang Tri,
Thira Thién Hué, Pa Nang, Quang Nam, Quang Ngii, Binh Dinh).

- Pia diém nghién ciu: Phong Cong nghé gen dong vat, Vién Cong nghé
sinh hoc, Vién Han 1dam Khoa hoc va Cong nghé Viét Nam.

- Thoi gian nghién ctu: 2019-2023.

5. NHUNG PONG GOP MGI CUA LUAN AN

- Xac dinh duoc ty 1¢ lwu hanh va ty 1& dong nhiém cia 4 chang PPV (1-
4) trén lon nudi ¢ 7 tinh mién Trung.

- Giai va phan tich trinh tu gen ma hod protein cau trdc caa 03 chiang
PPV2 (M4 s6 GenBank: OL913365-0L.913367) va trinh tu hé gen cua 02
chung PPV4 (M4 s6 GenBank: MT434668-MT434669) phan lap ¢ mién
Trung.

- Phén tich dugc mdi quan hé di truyén cua céc ching PPV2 va PPV4
phan 1ap tai mién Trung vai cac chung PPV luu hanh trong khu vuc va trén
thé gidi.

6. Y NGHIA KHOA HQC VA THU'C TIEN CUA LUAN AN

- Két qua phan tich trinh tu, danh gia mirc do bién doi di truyén, cay phan
loai di truyén cac ching PPV phan lap dugc ¢ mién Trung Viét Nam s la
thdng tin c6 gié tri trong cac nghién ciru vé dich t& hoc phan tir cac chung
PPV, hd tro hiéu qua cho cong tac quan ly, kiém soat dbi vai Hoi chung suy
giam kha nang sinh san & lon, gop phan lam giam thiéu nhiing thiét hai kinh
té cho nganh chan nuoi lon tai cac tinh mién Trung néi riéng va Viét Nam noi
chung.

- Cung cép cac dan liéu khoa hoc cap nhat, phuc vu nghién ciru va giang
day & cac truong Pai hoc, dao tao chuyén nganh Sinh hoc, Cong nghé sinh

hoc, Chan nu6i va Tha y.



CHUONG 1. TONG QUAN TAI LIEU
1.1. HIEN TRANG CHAN NUOI VA DICH BENH TREN LON O CAC
TINH MIEN TRUNG VIET NAM
Chan nudi lon xép Vi tri hang dau trong cac nganh chin nudi & nudc ta.
Tuy nhién, khi hau nhiét déi gié mua néng 4m mua nhiéu ¢ khu vyc mién
Trung dé khién nhiéu loai tic nhan gay bénh trén lon c6 diéu kién thuan loi
dé ton tai va gy thiét hai dang ké cho nganh chin nudi lon, trong d6 c6 PPV.
1.2. GIOI THIEU VE PPV VA BENH DO PPV TREN LON
1.2.1. Phan loai PPV
PPV (Porcine Parvovirus) thuc:
Ho: Parvoviridae
Phan ho: Parvovirinae
Chi: Protoparvovirus
Loai: Ungulate protoparvovirus
Phan loai: Porcine parvovirus (PPV)
1.2.2. Pic diém sinh hec
1.2.2.1. Hinh thai
PPV 14 virus khéng vo, c6 kich thuéc nhg, hinh dang tron, duong kinh
virion khoang 18-26 nm, cau triic ddi xing 20 mit.
1.2.2.2. Capsid protein
Capsid cua PPV 1a v6 hinh cau bao gdm 60 ban sao cua VP1 hoic
VP2 sip xép theo cdu tric da dién ddi xing (Chapman va Rossmann, 1993).
1.2.2.3. Hé gen
Vit lidu di truyén cua PPV 1a ssSDNA véi kich thude phan tir dao dong
trong khoang 5-6 kb. Trinh tu phia 2 dau tan ciing caa PPV tao nén ciu tric
kep toc (Bern va Hauswirth, 1983). Hé gen cua PPV bao gdm 2 khung doc
ma chinh: ORF1 ma hda cho cac protein khdng ciu tric NS1, NS2 (Bergeron

va cs, 1993) va ORF2 ma hoa cho cac protein vo capsid. ORF3 (chi co &
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PPV4) la mot khung doc mé nho, nam & giita ORF1 va ORF2, ma héa cho
protein khéng cau tric NS3.
1.2.3. Triéu chang bénh do PPV

Mic du ddi tugng lay nhiém cua PPV 1a lon & moi lta tudi nhung bénh
chua yéu xay ra trén lon nai véi dau hiéu 1am sang chinh Ia suy giam kha nang
sinh san, dic trung bai hién twong sy thai, dé non, chét phdi, thai héa gd.
1.2.4. Dich t& hec

Sy luu hanh cua PPV trén toan thé gi¢i di dugc xac nhan (Cadar va cs,
2012; Truyen va Streck, 2012). PPV bén véi céc yéu té moi truong va dé
khéng tt véi nhiéu chat sat trung thong thuong (Brown,1981). PPV lay
nhiém & lon qua ba con duong chinh: Thirc an, nudc udng va phdi giéng.
1.2.5. Twong tac giira virus va té bao

PPV xam nhap vao té bao bang ca ba con dudng: (i) Nhap bao, (ii) Dai
4m bao (Macropinocytosis) va (iii) Con dudng xam nhap thir ba (gia dinh).
DNA cuing véi protein cua PPV s& thAm nhap vao hé gen cua vat chi va dugc
bo may di truyén caa vat chi chinh stra thanh DNA mach kép. Sau mdi lan té
bao vat cha nhan d6i, DNA cua virus cling dugc nhan doi.
1.2.6. Co ché gay bénh

Nhiém PPV gay ra hiéu ung té bao (Cytopathogenic effect-CPE) hoic
kich hoat apoptosis qua trung gian ty thé (Zhang va cs, 2019). Két qua thyuc
té cua nhim PPV phan 16n phu thudc vao chung virus va loai té bao (Zhang
va cs, 2015).
1.2.7. Chan doan PPV

PPV c6 thé dugc phat hién biang cac phuong phap huyét hoc bao gom xét
nghiém SN, MDCF, HI, HA (Mengeling, 1972; Morimoto va cs, 1972; Joo
va cs, 1976) hoic xét nghiém mién dich huynh quang va xét nghiém ELISA.
Hién tai, PCR va Real-time PCR la ki thuat hiru ich nhat dé phat hién PPV

trong nhiéu loai mau (Milek va cs, 2019).
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1.2.8. Phong ngira PPV

Vaccine bt hoat va vaccine nhuoc doc 1a nhitng vaccine truyén thong, da
phét trién thanh mai tiém thudng quy, tao phan @ng mién dich kéo dai gidp
bao vé dan lon. Hién nay, vaccine VLP (VLP-virus-like particle) va vaccine
tai to hop dua trén trinh tw gen VP2 cua PPV hién dang duoc nghién ctu phét
trién dé dan thay thé cho cac vaccine truyén thong.
1.3. TINH HINH NGHIEN CUU PPV TREN THE GIGI VA O VIET
NAM
1.3.1. Tinh hinh nghién cieu PPV trén thé giéi
1.3.1.1. Sy luu hanh

PPV da duoc phét hién trén dan lon ¢ hau hét cac qudc gia ma khéng phu
thudc vao gidi tinh, do tudi va tinh trang strc khoé cua lon. Ty 1¢ luu hanh cua
PPV c6 thé phu thudc vao loai mau thu thap & tirng nghién ctu Streck va cs
(2013).
1.3.1.2. Bién déi di truyén ¢ gen méa hoa protein céu tric

Protein cau trdc caa PPV dong vai trd quan trong trong viéc gay ra céc
tinh chéat bénh khac nhau. So sanh trinh tu hé gen giita chung 6n hoa NADL-
2 dwoc st dung lam vaccine va chung doc luc Kresse cho thay chiing chi khac
nhau & 8 vi tri nucleotide va 6/8 vi tri nay dan dén thay ddi cac amino acid
duoc dich ma. Cac kiéu hinh méi véi su thay thé amino acid trong protein
C4u truc da lam thay ddi cac dic tinh khéang nguyén cua virus. Viéc xac dinh
dic diém phan ti, da hinh nucleotide, phan tich phat sinh chiing loai dya trén
trinh ty gen ma hod protein cau truc 1a can thiét cho nhiing chién lugc moi
nhim kiém so4t dich bénh do PPV gay ra.
1.3.1.3. Tién hoa cia PPV

Nhiing thap nién 80-90 cua thé ky trudc, ngudi ta cho rang PPV ¢6 mic
d6 bién doi di truyén thap tuwong duong véi vat chi. Tuy nhién, cac nghién

ctiu gan day cho thay ty 1¢ bién doi nucleotide ctia PPV la twong duong véi
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ty 1& bién doi nucleotide ciia cac virus RNA. Pong thoi, sy phat hién 8 chung
PPV (1965-2022) d lam thay d6i hoan toan quan diém vé sy tién hoa va mién
dich hoc ciia PPV, cho thiy virus nay da dang hon nhiéu so véi cac du doan
trude do.
1.3.1.4. Phat hién cac chiang PPV khéac

So sanh trinh tu gen ma hoa protein ciu tric ciaa PPV cho thiy su bién
d6i di truyén & phan tir VP dan dén sy hinh thanh cac phan nhém PPV khéac
nhau. TAm ching PPV da duoc x4c nhan (1965-2022) bao gém: PPV1, PPV?2,
PPV3, PPV4, PPV5, PPV6, PPV7 va PPV8 (Palinski va cs, 2016; Ni va cs,
2014; Xiao va cs, 2013; Cheung va cs, 2010; Huang va cs, 2010; Lau va cs,
2008).
1.3.2. Tinh hinh nghién ciu PPV ¢ Viét Nam

O Viét Nam, Hoi ching SMEDI da duoc quan tdm tir nhitng nim

1990, khong c6 thude dac tri va tiém phong vaccine c6 thé bi bo qua nén trong
thuc té, bénh van xay ra lién tuc va pho bién ¢ hau hét cac dia phuong trong
ca nudc. Hién van chua cé s6 lidu thong ké cu thé vé tac hai cia SMEDI ¢
Viét Nam néi chung va cac tinh mién Trung néi riéng. Phuong phap xét
nghiém huyét thanh hoc da duoc sir dung dé xac nhan sy luu hanh cua PPV
trén dan lon (Pham Hung, 1999; Hb Pinh Chic, 1995). Cac nghién ciru gan
day da str dung phuwong phap PCR dé phat hién sy luu hanh cua céc PPV trén
dan lon & mot s tinh trong nuéc, chii yéu tap trung & mién Bic va mién Nam
(Giap va cs, 2020; Thuy va cs, 2021). Cho dén thoi diém hién tai, chua c6
cong trinh khoa hoc nao cdng b vé ty 1¢ nhiém va dic diém phan tir gen ma

hoé protein ciu tric cua cac PPV phan lap ¢ mién Trung Viét Nam.



Chuong 2. POI TUQNG, VAT LIEU VA PHUONG PHAP NGHIEN
cuu
2.1. POI TUQNG NGHIEN CUU
Cac chung PPV (1-4) luu hanh trén lon ¢ d6 tudi giét mé tai bay tinh
mién Trung.
2.2. VAT LIEU NGHIEN CUU
Téng s6 146 mau (117 mau phdi va 29 mau mau) duoc thu thap tir
lon thwong pham nudi trén dia ban bay tinh mién Trung tai cac 10 md. Mdi
tinh thu trung binh 5 16 mé, mdi 16 mé thu khéng qué 5 mau; cac trang thiét
bi, dung cu, hoad chat, moi phét hién cac chang PPV, moi khuéch dai hé
gen/gen ma hoa cac chung PPV va cac trinh ty tham chiéu.
2.3. CAC PHUONG PHAP NGHIEN CUU
2.3.1. Phwong phap thu thap miu
M3au méu va mau phéi duoc thu nhan tir lon nubi tai dia phuong tir cc
16 md (4 16 mé/tinh, khéng qua 5 mau/lo md). Sau khi thu, mau duoc giir &
4°C va chuyén vé phong thi nghiém bao quan & -20°C trude khi tach chiét
DNA tong sé.
2.2.2. Phwong phip tich chiét DNA téng s6
Téch chiét DNA theo phuong phap thuong quy & phong thi nghiém,
su dung Proteinase K; Phenol/Chloroform.
2.2.3. Phwong phap PCR
Phuong phap PCR sir dung DNA tong sb 1am khuén, tién hanh ti uu
diéu kién PCR dé khuéch dai dic hiéu cac doan gen bang cip mdi tuong tmg
cho tirng doan gen.
2.2.4. Phuong phap dién di
Chuan bi gel agarose, tra mau dién di, nhuom ban gel bang Ethidium
Bromie, sau d6 quan sat va chup anh dién di.

2.2.5. Phuong phap giai trinh tw gen
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Trinh ty DNA duoc xac dinh bang méy phan tich trinh tu tu dong ABI-
3100 Avabp Genetic Analyzer cua cong ty Macrogen, Han Quéc theo nguyén
ly ctia Sanger.

2.2.6. Phuwong phap xir ly va phan tich trinh tw gen

Trinh ty gen cac chung PPV phan lap dwoc: Xu ly bing phan mém
BioEdit v.7.0.9.0 (Hall, 1999); so sanh, ddi chiéu bang phan mém GenDoc
2.6 vacong cu BLAST. Gia tri do léch (skew/skewness value): dugc tinh toan
theo cbng thirc AT skew = (A-T)/(A+T) va GC skew = (G-C)/G+C) (Perna
va Kocher, 1995). Trinh tu nucleotide cua cac chung tham chiéu va cac ching
nghién ctru duoc cin chinh va sip xép bang cong cu Clustal W Multiple
aglinment (Thompson va cs, 1994).

2.2.7. Phwong phap xdy dwng cay phat sinh ching loai

Cay phét sinh chung loai dwoc xay dung bang phian mém MEGA X
(Kumar va cs, 2018) voi phuong phap du doan Maximum Likelihood; m6
hinh Tajima-Nei va phép thir bootstrap l3p lai 1000 lan.

2.2.8. Phwong phap xir ly s li¢u

Ty 18 Iuu hanh cac ching nghién ciu, ty 16 thanh phan céc loai nucleotide

duoc xir ly thdng ké bang pham mém Excel v2010.



CHUONG 3. KET QUA NGHIEN CcUU
3.1. PHAT HIEN PPV (1-4) LUU HANH TREN LON O BAY TiNH
MIEN TRUNG
3.1.1. Phat hién PPV (1-4) lwu hanh trén lgn & bay tinh mién Trung
San pham PCR phét hién PPV (1-4) duoc trinh bay & cac Hinh: 3.1; 3.2;
3.3 va 3.4. Két qua giai trinh tu cac doan gen phat hién PPV (1-4) duoc so

sénh bang cong cu BLAST.
1 23 4 §6 7 80 HM iws  M: GeneRuler 1 kb DNA Ladder (Thermo

Sciebpific)

1-2: mdu éam tinh

3-8: mdu duwong tinh

(+): doi chig am tinh

(+): doi chimg dwong tinh

1 2 by} M: GeneRuler 1 kb DNA Ladder
(Thermo Sciebpific)

1, 7: mdu am tinh

2-6, 8: mau duwong tinh

(-): déi chimg am tinh

(+): ddi chieng dirong tinh

t7 M: GeneRuler 100 bp DNA Ladder
(Thermo Sciebpific)
2, 3: méu ém tinh

wo 1,4, 5: mdu dwong tinh

(-): déi ching am tinh

(+): doi chimg diong tinh

Hinh 3.3. Két qua dién di san ph4m PCR phat hién PPV3

M: GeneRuler 100 bp DNA Ladder
., (Thermo Sciebpific);

1, 4: méu ém tinh

2,3, 5: mdu dwong tinh

(-): doi chimg am tinh
w  (1): doi chiing duwong tinh

Hinh 3.4. Két qua di¢n di sin phim PCR phit hi¢n PPV4 (345 bp)
3.1.2. Két qui ty 1¢ nhiém PPV (1-4) ‘
Keét qua ty 1€ nhiém cua PPV (1-4) trén lon nudi ¢ bay tinh mién Trung
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duoc trinh bay trong Bang 3.1. .
Bang 3.1. Ty I& nhiém PPV (1-4) trén lgn & bay tinh mién Trung

bia phone ) Ty 1& nhidm cac ching PPV (1-4) (%) ;Ztlshr::;n;;i/ n?j:)
PPV1 PPV2 PPV3 PPV4 :

Quang Binh 17 0 17 (100) 0(0) 0(0) 17 (100,0)
Quang Tri 22 [18(81,8)| 10(455) | 3(13,6) | 6(27.3) 19 (86.4)
Thua Thién Hué | 28 |24(85,7)| 20(714) | 3(10,7) | 6(21,4) 25(89,3)
Pa Ning 14 | 7(50,0) | 0(0) 0(0) 0(0) 7 (50,0)

Quang Nam 16 0 6 (37.5) 0(0) 0(0) 6 (37.5)

Quang Ngai 24 |15(62,0)| 18(75) 2(83) 0(0) 18 (75,0)
Binh Dinh 25 |13(52,0)| 11 (44) 0 (0) 0(0) 17 (68,0)
Tong 146 | 77(52,7) | 82(56,2) | 8(55) | 12(8,2) 109 (74,7)

Dix liéu tir Bang 3.1 cho thay PPV hién dién & lon nudi trén dia ban bay
tinh trong nghién ctiu (7/7). PPV da duoc phét hién trong tong s6 109/146
mau nghién cau, chiém ty 1& 74,7%; cu thé, ty 1é nhidm PPV (1-4) lan luot
la: 52,7%; 56,2%; 5,5% va 8,2%

3.1.3. Két qua ty 1¢ ddng nhiém cac chiing PPV (1-4)

Két qua dong nhidm cac ching PPV (1-4) trén lon ¢ cac tinh mién Trung
cho thdy ddng nhiém PPV1/PPV2 chiém ty 18 cao nhét (34,2%) va duy nhét
mot mau ddng nhidm véi 4 chung PPV (1-4), chiém ty 18 0,7%. Xét theo dia
phuong, Thira Thién Hué 1 tinh phat hién tit ca cac kiéu dong nhiém 2/3/4
ching PPV.

3.2. TRINH TU GEN MA HOA PROTEIN CAU TRUC CAC CHUNG
PPV2 VA PPV4 LUU HANH TREN LQN O CAC TINH MIEN TRUNG
3.2.1. Trinh tw gen m& hod protein cAu truc cac ching PPV2

Trinh tu gen VP cua ba chung PPV2 phan 1ap duoc trong nghién cuu nay
¢6 kich thudce phan tir 2.493 bp, duoc gui vao co s dit liéu GenBank véi ma
s6 truy cap lan luot 1a OL913365-0L913367. Thanh phan nucleotide trong
trinh tu gen VP ctia cac chiing PPV2 phan lap cac tinh mién Trung duoc trinh

bay trong Bang 3.2.
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Bing 3.2. Ty I¢ thanh phan nucleotide va gia tri d¢ léch (skew/skewness) trong

trinh tw gen VP ciia cac chiing PPV2 phan lap tai mién Trung

Chung Tén Trinh | Kich A T G C A+T | AT- | G+C | GC-skew
chang tu thuéc | (%) | (%) | (%) | (%0) | (%) | skew | (%)
(bp)
QNO3 253 |1 20,8 | 29,6 | 24,2 | 46,1 | 0,097 | 53,9 01
PPV2 | HU10 Gen | 2493 | 253 | 20,8 | 29,6 | 24,3 | 46,1 | 0,098 | 53,9 0,1
QB05 VP 253 | 20,4 | 299 | 244 | 45,7 | 0,108 | 54,3 0,099

3.2.2. Trinh tu h¢ gen céc chiing PPV4

3.2.2.1. Trinh tr hé gen cua cac ching PPV4 phan ldp ¢ mién Trung Viét
Nam

Kich thudc phan tir hé gen cua hai chung PPV4 phan lap trong nghién ciu
nay 1a 5.367 bp, bao gom 3 khung doc mod ORF1, ORF2 va ORF3 va duoc
gui vao co so dir lieu GenBank véi ma sb truy cap la MT434668 va
MT434669. Ty 1¢ thanh phan nucleotide trinh tu hé gen cua cac chung PPV4
phan lap céc tinh mién Trung duoc trinh bay trong Bang 3.3.

Bang 3.3. Ty Ié thanh phan nucleotide va gia tri d léch trong trinh tu hé

gen ciia cac chiing PPV4 phan lap tai mién Trung

Chung Tén Trinh tu Kich A T G Cc A+T AT- G+C GC-
chung thudc (%) (%) (%) (%) (%) skew (%) skew
PPV4 | QT02 | Heégen 5(2?3)7 330 | 252 | 225 | 193 | 58,2 | 0,135 | 41,8 | 0,078
QT20 330 [ 252 | 225 | 19,3 | 582 | 0,135 | 418 | 0,075
3.2.2.2. Trinh tw gen VP cua céc ching PPV4 phan ldp ¢ mién Trung Viét
Nam
Kich thudc phén tir gen VP cua hai chung PPV4 phén lap trong nghién
ctu nay 1 2.187 bp; nam trong khung doc md ORF2. Bang 3.4 théng ké ty
Ié thanh phan nucleotide va gi4 tri d6 léch AT va GC trong trinh ty gen VP
cua cac chang PPV4 phan 1ap cac tinh mién Trung.
Bang 3.4. Ty |é thanh phin nucleotide va gi4 tri dé léch trong trinh ty gen
VP ciia cac chiing PPV4 phan lap tai mién Trung
[chung [ Téen [Trinh | Kich | A [ T [ 6 | ¢ [ A+T | AT- [ 6+C [ GC-
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chang tu thudc (%) (%) (%) (%) (%) skew (%) skew
(bp)
PPV4 | QT02 | Gen 2187 343 | 247 | 203 [ 20,7 [ 59,0 | 0,163 | 41,0 [ 0,162
QT20 VP 343 | 248 | 202 | 20,7 | 59,1 | 0,001 | 40,9 | -0,001
3.2.2.3. Trinh ty khung doc mé ORF3 cua cac ching PPV4 phan ldp ¢
mién Trung Viét Nam
Do dai trinh ty khung doc mé ORF3 cua hai chung PPV4 phan l4p trong
nghién ciru ndy 14 615 bp, khong co cac dot bién chén/xoa trong viing ma hoa.
Ty Ié thanh phan nucleotide va gia tri d léch AT va GC trong trinh ty ORF3
cua cac chiing PPV4 phan lap céc tinh mién Trung dugc trinh bay trong Bang
3.5.
Bing 3.5. Ty |é thanh phin nucleotide va gia tri dé léch trong trinh tw
ORF3 ciia cac chiing PPV4 phan lap tai mién Trung
Chung Tén Trinh Kich A T G C A+T AT- G+C GC-
chuang tw thudc (%) (%) (%) (%) (%) skew (%) skew
(bp)
PPV4 QT02 ORF3 615 | 346 | 262 | 210 [ 182 | 60,8 | 0,139 | 392 | 0,141
QT20 348 | 262 | 208 | 182 | 61,0 | 0,071 | 39,0 | 0,067

3.2.1. Trinh tw vung gen NS1/VP1 cia cac ching PPV3
Trinh ty ving gen NS1/VP1 cuaa hai chung PPV3 phén lap trong nghién ciu
nay c6 kich thugc 995 bp (Bao gom: doan gen NS1 ¢6 kich thudc 229 bp va
doan gen VP1 c6 kich thuéc 766 bp, m& hod cho protein ciu tric VP1). Khong
phat hién cac dot bién thém/mét nucleotide trong viing gen ma héa.
3.3.PAC PIEM PHAN TU GEN MA HOA PROTEIN CAU TRUC CUA
PPV PHAN LAP O CAC TiNH MIEN TRUNG
3.3.1. Péc diém phan ti gen ma hod protein cdu tric cac ching PPV2 phan
ldp ¢ cac tinh mién Trung
3.3.1.1. Bdc diém trinh tir nucleotide gen VP cua PPV2

Céc vi tri dot bién thay thé nucleotide va amino acid suy dién tir trinh ty
gen VP cua ba chung PPV2 phan lap tai mién Trung khac biét so véi cac
chang tham chiéu dwoc trinh bay trong Bang 3.6.

Bing 3.6. Vi tri thay thé nucleotide va amino acid suy dién tir trinh tw gen VP
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ciia ba chiing PPV2 phan lap tai mién Trung so véi cac chiing tham chiéu

Chung Vi tri thay thé bp Vj tri thay thé aa
444: T-A -
?g\ggig%%? 734: C—T 245: S—F
820: A>C 274 K—Q
1794: T>A -

Dix liéu tir Bang 3.6 di cho thay cac diém bién d6i nucleotide trén trinh ty
gen VP cua 3 chung PPV2 phan lap tai mién Trung (PPV2-QNO03, PPV2-
HU10 va PPV2- QB05), trong d6 co 4 vi tri thay thé nucleotide chi phat hi¢n
& chung PPV2-QNO03 (OL913365) khéac biét hoan toan so véi cac chiang tham
chiéu co trén co so dir liéu GenBank & thoi diém nghién ciu.
3.3.1.2. Bdc diém trinh tir amino acid suy dién tir gen VP cia PPV2

Két qua so sanh trinh ty amino acid suy dién cua hai chung PPV2 phan
lap trong nghién ctu ndy véi cac chung PPV2 tham chiéu trén GenBank duoc

trinh bay trong Hinh 3.5.

Hinh 3.5. Két qua so sanh trinh ty amino acid suy dién tir gen VP cia cac ching
PPV2 phén lap tai mién Trung Viét Nam so véi cac chiang tham chiéu

Nhu duogc thé hién trong Hinh 3.5, so sanh trinh ty amino acid suy dién
da phat hién hai vi tri thay thé (245: S—F, 274: K—Q) trong trinh ty amino
acid suy dién caa ching PPV2-QNO03.

Két qua so sanh dot bién thay thé amino acid ¢ céc vi tri quan trong trong
trinh tu amino acid suy dién cua cac chung PPV2 phan lap tai Viét Nam véi

két qua ciia cac nghién ctru trude day (Sun va cs, 2015; Cadar va cs, 2013)
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duoc trinh bay trong Bang 3.7.

Bing 3.7. C&c vi tri thay thé quan trong trong trinh tw amino acid suy dién tir

gen VP cita cac chitng PPV2 phan lap tai mién Trung so véi céc chiing tham chiéu

Quic gia Vitri | Nam A B [@
phan [ 245 [ 274 | 269 | 442 | 714 | 349 | 437 [ 598 | 689 | 784 | 796
Chiing lap
Myamar | ABO76669 | 2001 | S | K | P | D | Q| s | D |[D|]T|M][|Q
0L913365
Viet Nam | QNO3 209 F|lo|P|D|s|s|D|]E|T|M]|O
0L913366
HU10 s | K| A|K|N|s|D]|D]|T I E
0L913367
QBO5 s|kK|P|H|N|sSs|Y|]E|[Ss|M]|Q
Brazil | KY586144 | 2017 | s | K | P | D | Q| s | D |D|s|M][|Q
KP245944 s| K|[pP[D[G6|[R|IE]JTE]S I E
KP245943 | 2014 | s | K | P [ D| G| R]|E]|ES I E
KP245940 s| K|[P[D|[G|[R|E]|E]S I E
MK092387 [ 2018 | S [ K | P [ DI N|[sSs[D[D[T[M][Q
MK092408 s|K|[P[D|[N|[s|D[D[T|[M][|OQ
Trung "MN326142 [ 2019 | S [ K [A [ D[S |s|D|D|[T[M][Q
Quoc  [MMIN326185 S [ K|P|D|s|s|bp|D|T[|[M][OQ
MG345016 | 2017 | S | K | A| D | s | s | Db |D ]| T I E
MZ577029 [ 2021 | s [ K [P [ D | s | s [Db[Db [T [M][Q
Hungary | KX517759 | 2016 | S | K | A [ D | s | s | DD [T |M]|OQ
KC701296 | 2013 [ S | T | P [ D[ N][S|D|[D[s[M][O0
10860238 s | K|A[K[N[s|D][D][T I E
Romania | JQ860240 s| K|[A[D[N[s|D[D]T I E
JoBe0243 | 2012 | s | K | P | H|N|S|Y|E[sSs|M][|Q
10860248 s|K|[P[D|[N|[s|Y[D[s|M][|]O0
Cromania | KC687100 | 2013 S K P D Q S D D T M Q
JX101461 | 2012 | S | K | P | D | G| R|E]|E]S I E
My KF725662 | 2013 | S | K | P N[ s [s|pbp|[pb[s[M][D0

A: Vi tri dét bién ¢ cc ching Viét Nam khac biét so véi cac ching tham chidu; B: Vi o dot

bién chiu &p luc chon loc tich cc (Cadar va cs, 2013); C: Vi & dét bién quan trong xdc dinh

phan nhém di truyén (Sun va cs, 2015).

Két qua phét hién dot bién tai vi tri cac motif dic trung trong trinh ty gen

VP cua PPV2 theo nghién cau cta Cadar trén cac chung PPV2 phan lap ¢

mién Trung Viét Nam dugc trinh bay trong Bang 3.8.
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Bing 3.8. Két qua phat hign dot bién tai vi tri ciia cac motif dic trung trong trinh

tw gen VP cia PPV2 (Cadar va cs, 2013)

Motifs dic trung Vi tri codon Vij tri codon Chiing PPV2
khéi diu xuit hién dot xuét hién dét
motif bién bién
Tin hiéu Polyadeny! hoa 66 66 (AAGAAA) PPV2-HU10
(PAS) (AATAAA) 454 454 (ACTAAA) | PPV2-QB05
Vi tri lién két SP1 36, 165, 329 329 (GGGCAQG) PPV2-QNO03
(GGGCGG)

3.3.1.3. Mitc dg twong dong nucleotide/amino acid suy dién tir gen VP
cua PPV2

Mirc d6 tuong ddng trong trinh tu nucleotide/amino acid suy dién tir trinh
tu gen VP cua céc chung PPV2 phan lap tai mién Trung Viét Nam (2.493 bp
va 831 aa) so véi cac chiing phan 1ap trong khu vuc va trén thé gisi duoc trinh
bay trong Bang 3.9.
Bing 3.9. Ty |é twong ddng nucleotide va amino acid suy dién (%) tir trinh tw gen
VP ciia cac chitng PPV2 phan Iap tai mién Trung Viét Nam va so sanh véi cac

chiing tham chiéu

Kich thuéc Nucleotide Amino acid
(2.493 bp) (831 aa)
Chung
Viét Nam 95,8-97,0 95,3-97,5
Myama 96,1-98,1 95,4-98,7
Trung Nhém A 95,2-99,7 94,5-99,6
Quéc Nhém B 93,7-94,6 93,2-95,5
Chau Au 94,9-100 93,3-100
My 93,7-96,7 93,8-97,4

3.3.1.4. Mg¢i quan hé di truyén PPV2 dua trén trinh tw gen VP

Cay phat sinh chung loai cua cac chung PPV2 phan lap trong nghién cau
nay va cac ching tham chiéu duoc xay dung dya trén trinh ty gen VP cua
PPV2 véi kich thugce phén tir 2.493 bp (Hinh 3.6).
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w4 @FPVI QNGAVN
s, MEDR2IST PIV2 DIH2S-CHN
MNI26IKS PPV2 GDI2-CHN
MZAT7029 PPV 2L.CHN
o MEOS2408 PPV2 IXI2.CHN

ABUTOHGY PPVIMYA
"0 KCOST100 PPV2 642 .CRO
KXS17759 PPV2-HUG
31 MNIAZGI42 PPV2 GDO-CHN
MGIS016 PPV S16.CHN Nhdnok A
- > JORGIS0 PPVI FL1IR-ROM
. * PPV HUI-VN
MO JONOGO2 IS PPV P TRV .ROM
10 QWMVN
JONSI2AS PPV WHAI02R2-ROM
" KOT0I206 PPVIHUG
Ll JORAOAN PPV WHSOMMRCHN
KYSHO 144 PPVI-BRA
100 KF725662 PPV2-US
IX101461 PPV2 135-US
KP245044 PPV2 K-CHN
v KP245M3 V2 O-CHN
91 KP2A55%40 PPV A-CHN

Nhanh I3

Hinh 3.6. Cay phat sinh chiang loai PPV2 dua trén trinh tw nucleotide gen VP
(2.493 bp) thu dwgc tir mot sé tinh Mién Trung Viét Nam va cac trinh tw gen
tham chiéu.

3.3.2. Pic diém phan t# gen ma hoa protein cdu tric cac ching PPV4
phan l@p ¢ céc tinh mién Trung

3.3.2.1. Bdc diém phan tiz hé gen PPV4

Vi tri dot bién thay thé nucleotide dan dén thay thé trong trinh tu amino
acid suy dién tir trinh ty ORF1 cua cac chung PPV4 phan lap tai mién Trung
duoc thé hién trong Hinh 3.7.
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Yrprrra YT prrvaperay
iz 130 40 =
17 TOGCCTBATATATTY WOD T i

N0

BOIFTAST PIV4
BQIRTS00 PPV4E 14
0 EV4e

GUSTESCE
MMO31135
“MUJII!‘
T PPVe- SERW
7 PPVeA-ONi1T
MTA34668 pPPVv4-0OTOR
MT43466S rrve-oTad

Hinh 3.7. Vi tri dot bién thay thé nucleotide va amino acid trong khung doc mé
ORF1 caa trinh tw hé gen PPV4.

3.3.2.2. Bdc diém phan tiz gen VP cua PPV4

Pdc diém trinh tw nucleotide gen VP cia PPV4

Két qua so sénh trinh tu nucletide gen VP cua cac chung PPV4 phan lap

tai mién Trung va cac chiing tham Chleu duoc trlnh bay trong Hlnh 3.8.

‘

T
MTaEr
MTEI0eeS

5 e o
Hinh 3.8. Két qua so sanh trlnh tw nucleotlde gen VP cia cac chiing PPV4 phén
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Iap tai mién Trung so véi cac chiing tham chiéu.

Bing 3.10. Vi tri thay thé nucleotide va amino acid suy dién tir trinh tw gen VP
caa hai ching PPV4 phéan 1ap Quang Tri so véi cac chiang tham chiéu.

Chiing Vi tri thay thé bp Vi tri thay thé aa
714: A—G -
906: C—»T -
PPV4-QT02 1365: A—T 455: E-D
1405: C—>G 469: I-V
1593: A—G 531: H—>Q
1563: A—>G -
PPV4-QT20 1977. G—>A -
2068: C—T 690: P—S

Két qua so sanh trinh tu amino acid suy dién caa hai chung PPV4 phan
lap trong nghién ciru ndy véi cac ching PPV4 tham chiéu trén GenBank duoc
trinh bay trong Hinh 9.

s e a
Hinh 3.9. Két qua so sanh trinh ty amino acid suy dién tir gen VP cia cac chiing
PPV4 phan lap tai mién Trung Viét Nam so véi cac chiang tham chiéu.

Két qua so sanh thay thé amino acid tai cAc vi tri tiém ning trong trinh tyr
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amino acid suy dién tir gen VP cta cac chung PPV4 phan lap tai Quang Tri
véi két qua cua cac nghién ctru trude day (Sun va cs, 2015; Cadar va cs, 2013)

dugc trinh bay trong Bang 3.11.
Bang 3.11. C4c vi tri thay thé quan trong trong trinh ty amino acid suy dién tir gen VP ciia
cac chiing PPV4 phan lap so véi cac chiing tham chiéu

Qubc Vitri | Niam A B
gia phan 53 | 69 17 | 41 | 45 | 46 | 46 | 56 | 58 | 72

Chiing ap | 1ol 8|6 |5 ]0]9]|7]3]|-2
GQ387499 [~ 2010 H P S E E R [ G T Q

My GQ387500 2010 H P S K E R | E A Q
NC014665 2018 H P S E E R | G T Q
MT434667
ONil7 olpr|s|k|[Dp|R|V]|E]|T]O

Viét MT434668 2020

Nam QT02 Q P S K D R Vv E T Q
MT434669
QT20 Hls|s|kK|lolk|]1]E|T]|OQ
JQ868713 H P S K E R | E T Q

Roma JQ868714 H P S K Q K | E T Q

nia Q868715 202 [H|P|S|K|O|[R|I|E[T]OQ
Q868716 H|lP|S|K|O|K]|]I|E|T]|Q
GU978964 H|lP|lP|K|OQ|K|I]|E|T]O
GU978965 H|P|sSs|K|QOQ|IK|I1T|E|[T]|O

Trung |CUY7B%67 H|lP|P|K|O|K]|]I|E|T]|Q

QU("SC GU978968 2010 H P S K Q K | E T Q
HMO031134 H P S K Q K | E T P
HMO031135 H P S K Q K | E T P
MG345027 2018 H P S E E R | G T Q

A: Vi tri dgt bién & cac chung Viét Nam khac biét so vgi cac ching tham chiéu;
B: Vi i dgt bién quan trong (Sun va cs, 2015; Cadar va cs, 2013).

3.3.2.3. Pdc diém phan tir ORF3 ciia PPV4

Két qua so sanh trinh tu nucleotide va amino acid suy dién tir khung doc
m¢& ORF3 cua cac chung PPV4 phan 14p tai Quang Tri vai cac chung tham
chiéu cho thay chi phat hign mot vi tri dot bién thay thé duy nhat trong trinh
tu nucleotide ¢ chung PPV4-QTO02 (240: A—G).

3.3.2.4. Mirc do tuwong dong nucleotide/amino acid cia PPV4 phan ldp
tai mién Trung Viét Nam

Két qua so sanh mirc do twong dong trinh tu nucleotide va amino acid suy
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dién cia ORF1, ORF2, ORF3 va trinh tu hé gen giita cac ching PPV4 phén

lap tai mién Trung Viét Nam so véi cac ching phan 1ap trong khu vuc va trén

thé gioi duoc trinh bay trong Bang 3.12.

Bing 3.12. Ty Ié twong déng nucleotide va amino acid (%) cia ORF1, ORF2,

ORF3 va trinh tu hé gen giira cac chiing PPV4 phan lap tai mién Trung Viét Nam

S0 véi cac chiing tham chiéu

Trinhty | Kich thuéc Ngudn gdc cac chiing PPV4
phan tir Mién Mién Bic Trung My Romania
Trung Viét | Viét Nam Quidc
Nam

ORF1 1797 bp 99,6 99,7-99,8 99,1-99,6 99,1-99,2 99,1-99,8
598 aa 99,4 99,6-99,8 98,6-99,6 98,4-98,9 99,1-100
ORF2 2.187 bp 99,1 99,3-99,7 98,9-99,6 98,9-99,3 99,2-99,7
728 aa 99,3 99,3-100 99,3-99,8 99,3-99,4 99,1-99,8
ORF3 615 bp 99,8 99,6-99,8 99,1-100 99,6-99,8 99,8-100

204 aa 100 100 99,0-100 100 100
Hé gen 5.367 bp 99,3 99,4-99,6 98,7-99,4 98,8-99,0 99,0-99,5
1500 aa 98,7 98,8-99,3 98,0-98,9 98,0 98,2-99,0

3.3.2.5. Méi quan h¢ di truyén céc chiing PPV4

Céy phét sinh chung loai dugc xdy dung dua trén cac trinh ty hé gen

(5.367 bp) va gen ma hoa protein ciu tric (2.187 bp) dugc trinh bay trong
Hinh 3.10 va Hinh 3.11.

» (GUSTEET PPA B0NG5HH

GUST 303 PPV JB0575-590
HOI1 PP SOIR

A DI PPV 508

GLETREES PPV HENDER2 5545

GLETRNRL PPV HENDR] 5400

NN PPUAS 135R

JCIGET 16 PPV WE- a6 \
JONET VS PP WESREH

JOBEET1A PP B 208CY

W CIETHOPRA 1

(V)

MEIAST PPV SERUMEN Chine

B Gasnseew

s I NCosesss PRV
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Hinh 3.10. Cay phat sinh chiing loai PPV4 dwoc xay dung dua trén trinh tw hé gen gén nhu

hoan chinh ciia PPV4 (5.367 bp) thu dwoc tir Viét Nam va c4c trinh tw tham chiéu.

CIUU?Rsn ! PY YA 250910 864
CHUN TR0 PV A IS0 Sex
HIMOR LIS PPVA S I
Trwag Ouie
DINBCET 1134 1PN 4 S 500 14
TR PIVA HEN22 Sndt
T OLNTASRE PPVA HENID) 2 Sl
- AT PPV IO 0 VM Naw
CHANTS0 PPV 14
OQIET40 PPV | M§
NC QLSS PPV A
MEGIASET PPV A SERUM-SML Frung Oude
JJORTIS PVA WIS L USHN
Komenas
PORERT 1A PPVA WL X000V
- MTEMGT PIVAONIT
Vot Naw
» MTARON PPV T

Hinh 3.11. Cay phit sinh chiing loai PPV4 dugc xdy dung dua trén trinh tw gen ma hoa
protein capsid hoan chinh ciia cic chiing PPV4 (2.187 bp) phan 1ip & mién Trung Vit Nam
va trinh ty tham chiéu.
3.3.3. Pic diém phan tir ving gen NS1/VP1 ciia cac chiing PPV3 phin
1ap & cac tinh mién Trung

Trinh ty vung gen NS1/VP1 (995 bp) cua hai chung PPV3-QN16 va
PPV3-QT4 c6 bay vi tri nucleotide khac biét hoan toan so véi cac chiing tham
chiéu (39: A—T; 131: G—C; 137: T—G va 542: T—C; 930: T—G; 932:
G—A va 949: G—A), dan dén thay thé amino acid suy dién & hai vi tri 234
(L—-W) va 235 (D—N). Cay phat sinh chung loai xay dung dua trén trinh tu
doan gen ma hoa protein cau trac VP1 ctia PPV3 (305 bp) cho thdy céc chung
PPV3 phan lap tir Quang Ngai va Quang Tri c6 mdi quan hé gan gili voi cac

chung PPV3 ¢6 ngudn gde tir Trung Qudc va My.
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KET LUAN VA KIEN NGHI

KET LUAN

1. Daphat hién sy luu hanh ciia PPV (1-4) trén dan lon & bay tinh mién
Trung Viét Nam bang phuong phap PCR khuéch dai doan nucleotide dic
trung cua ting chang. Ty 1& nhiém céc PPV (1-4) & 7 tinh mién Trung lan
luot 14: 52,7% ddi véi PPV1; 56,2% dbi véi PPV2; 5,5% ddi véi PPV3 va
8,2% ddi v6i PPV4. Bong nhiém céc chung PPV (1-4) ciing da dwoc phat
hién 4/7 tinh nghién ciru (Quang Tri, Thira Thién Hué, Quang Ngéi va Binh
Dinh); trong d6 ddng nhiém 2 chung PPV1/PPV2 ¢ lon nudi tai Thira Thién
Hué chiém ty ¢ cao nhit véi 67,9 %.

2. Pa giai trinh ty gen ma hod protein ciu trc cua 3 chang PPV2 phén
lap tir lon nudi & cac tinh Quang Ngéi, Thira Thién Hué va Quang Binh voi
kich thudc 2.493 bp (ma s6 GenBank: OL913365-0L913367); trinh ty toan
bo hé gen cuia 2 chung PPV4 phén lap tai Quang Tri ¢ kich thudc 5.367 bp
(mé sb GenBank: MT434668 va MT434669), bao gom 3 khung doc ma:
ORF1, ORF2 va ORF3 véi kich thudc twong tng lan luot 14 1.797 bp, 2.187
bp va 615 bp).

3. Két qua phan tich trinh tu gen ma hoa protein ciu trdc cua ba ching
PPV2 di phat hién bdn vi tri d6t bién thay thé nucleotide (444: T—A, 734:
C—T, 820: A—C va 1794: T—A), trong d6 c6 hai dot bién dan dén thay thé
amino acid suy dién & hai vi tri: 245 (S—F) va 274 (K—Q) khac biét hoan
toan so vai cac chung tham chiéu. Két qua phan tich trinh ty hé gen cua hai
chung PPV4 d3 phat hién mot dot bién thay thé nucleotide (124: G—A) dan
dén thay thé amino acid (42: D—N) trong khung doc md ORF1 va tdm vi tri
thay thé trong trinh tu nucleotide ciia gen ma hoé protein cau tric (ORF2)
(714: A—G, 906: C—T, 1365: A—T, 1405: C—G, 1593: A—G, 1563:
A—G, 1977: G—A, va 2068: C—T) dan dén bdn thay thé trong trinh tu
amino acid suy dién & cac vi tri 455 (E—D), 469 (I—V), 531 (H—Q) va 690
(P—S) khac biét hoan toan so véi cac ching tham chiéu. Cac dot bién thay
thé nucleotide/amino acid suy dién chii yéu tap trung trong trinh tu gen ma
hoé protein ciu tric (ORF2) cua céc chung PPV4 phan lap.

4. Cay phat sinh chung loai duwoc Xy dung dua trén trinh tu gen ma
hoé protein cau triic caa PPV2 (2.493 bp) va hé gen cua PPV4 (5.387 bp). Ba
ching PPV2 phan Iap tai Quang Binh, Thira Thién Hué va Quang Ngai c6
quan hé gan giii v6i cac chung PPV2 c6 ngudn gdc tir chau Au va Trung
Quéc. Cac chung PPV4 phan lap tai Quang Tri ¢6 quan hé gan giii véi cac
ching PPV4 Romania va Trung Qudc.

5. Cac dich bénh xay ra trén lon trong thoi gian gan day kha phirc tap,
trong d6 ¢o phuc hop bénh lién quan sinh san va ho hip, thuong c6 sy ddng
nhiém cua nhiéu loai virus: PCV, PRRSV, PPV... vi thé cac thdng tin cap
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nhat vé bién ddi di truyén, dic biét & cac ving gen lién quan dén cac tinh
khang nguyén, dap tng mién dich... cia virus la rat can thiét, dac biét trong
muc dich xay dung phuong phap phat hién cac tac nhan gay bénh dong nhidm
trén lon.

6.

KIEN NGHI

Mic di PPV luu hanh trén lon & moi lra tubi nhung nghién ctru nay chi
dugc thyc hién trén cac mau thu thap tir lon nudi thuong pham, do tudi giét
mo, thu & cac 1o mo. Bén canh do, dé tai dugc thyc hién tir thang 9/2019-
8/2023, nam toan b trong thoi gian dai dich COVID-19, trong d6 giai doan
thu mau bi anh hudng nén cé nhiing han ché nhit dinh, dac biét la khéng thé
thuc hién duoc viéc thu mau véi lon néi tir cac trang trai gidng. Do d6, tac
gia luan 4n xin d& xuat mot sb kién nghi sau:

1.  Can sang loc thém nhiéu ching PPV phan lap tai Viét Nam, dé tim
hiéu c6 hay khdng sy Iuu hanh cua céc ching PPV khac (PPV5-8), nham bé
sung dit lidu vé PPV trén dan lon nuoi tai Viét Nam.

2. Tién hanh giam dinh sy c6 mat caa PPV & cac loai lon (nai, sau cai
sira, choai), va tinh tring cua ching nham kiém soat cac ngudn lan truyén
virus.

3. Giai ma toan bo hé gen/ gen ma hoa protein ciu tric cua cac PPV
trén lon dang luu hanh dé so sanh vai céc chang hién c6 ¢ cac ving dia ly
khéc nhau nham danh gi4 dic diém dich t& hoc phan tir ciia chung.
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INTRODUCTION

1. RATIONALE FOR THE STUDY

Reproductive quality of sows plays an important role in providing good
breeding stock for pig production. In countries with a developed pig industry,
including Vietnam, sows often have problems related to fertility decline.
Porcine Parvovirus (PPV) is considered to be the cause of Sow Fertility
Deficiency Syndrome (SMEDI) (Stillbirth, Mummification, Embryonic
Death and Infertility).

In theory, PPV is a single-stranded DNA virus, which used the host's
DNA replication machinery to replicate its genetic material, so the virus is
thought to have a low rate of genetic variation. However, studies in recent
years have shown that the level of nucleotide substitutions of PPV is
comparable to that of RNA viruses (about 10-4 substitutions/site/year). As of
September 2022, eight PPV genotypes (1-8) have been confirmed. In recent
years, the pig industry has been greatly affected by the emergence of many
diseases such as blue ear disease, foot-and-mouth disease, and acute diarrhea,
so the risk of infection with pathogens is very high. When an animal is
infected, the immune system rapidly declines and there is a good opportunity
for other pathogens that are in a latent state to erupt. This also means an
increased risk of genetic recombination between strains/subtypes of viruses.
Although PPV has appeared and existed for a long time on a worldwide scale,
and vaccines have been used effectively for 3 decades, but considering the
current situation, it is absolutely essential to control, monitor and evaluate the
genetic changes and molecular epidemiology of this virus. Recent
publications have confirmed that there are 4 PPV genotypes (1-4) circulating
in pigs raised in our country. Currently, there are no scientific studies on

genetic characteristics, and genome’s characteristics of PPV isolated on pigs



raised in central Vietnam. On the scientific and practical basis mentioned
above, we conducted the project : "Characteristics of structural protein
encoding genes of Porcine parvovirus (PPV) in Central provinces of
Vietnam". The results of the study are an important scientific basis to evaluate
the molecular evolution of PPV, contributing to the control of PPV-induced
fertility decline syndrome in pigs.

2. OBJECTIVES OF THE STUDY

2.1. Overall objectives

Determining changes in the predicted nucleotide and amino acid
sequences of PPV strains circulating in pigs in some Central provinces
through surveying the genetic characteristics of PPV virus 2.2. Detailed
objectives

- Isolation of PPV genotypes (1-4) circulating in the central provinces.

- Determination of nucleotide sequences of genes encoding structural
proteins of PPV genotypes isolated in the central provinces of Vietnam.

- Analysis and evaluation of genetic changes at the nucleotide and inferrd
amino acid levels of genes encoding structural proteins of PPV isolated in the
central provinces of Vietnam.

3. CONTENT OF THE STUDY

This study focuses on addressing the following main issues:

- Collecting samples, and extracting total DNA

- Isolating and screening PPV genotypes

- Amplifying and determining the nucleotide sequence of the gene
encoding the structural protein of PPV

- Analyzing, evaluating changes in nucleotide and inferred amino acid
sequences, inferring genes encoding structural proteins and building genetic
genealogical trees of PPV strains
4. SCOPE OF THE STUDY



- Sampling locations: 7 central provinces (Quang Binh, Quang Tri, Thua
Thien Hue, Da Nang, Quang Nam, Quang Ngai, Binh Dinh).

- Research location: Department of Animal Gene Technology, Institute
of Biotechnology, Vietnam Academy of Science and Technology.

- Research period: 2019-2023.

5. NEW FINDINGS OF THE DESSERTATION

- Determining the prevalence and co-infection rates of 4 PPV genotypes
(1-4) in domestic pigs in 7 central provinces.

- Sequencing and analyzing gene sequences encoding structural proteins
of 03 PPV2 strains (GenBank code: OL913365-0OL913367) and genome
sequences of 02 PPV4 strains (GenBank code: MT434668-MT434669)
isolated in Central Vietnam.

- Analyzing the genetic relationship of PPV2 and PPV4 strains isolated
in Central Vietnam with PPV strains circulating in the region and in the
world.

6. SCIENTIFIC AND PRACTICAL IMPLICATIONS OF THE
DESSERTATION

- Results of sequence analysis, evaluation of genetic variation, genetic
taxonomy of PPV strains isolated in central Vietnam will be valuable
information in molecular epidemiology studies on PPV strains, effectively
supporting the management and control of Swine Fertility Reduction
Syndrome, contributing to minimizing economic losses to the pig industry
not only in the central provinces but in Vietnam as well.

- Providing updated scientific data to facilicate research and teaching
students specialized in Biology, Biotechnology, Animal Husbandry and

Veterinary Medicine at universities.



CHAPTER 1. OVERVIEW
1.1. CURRENT SITUATION OF PIG FARMING AND DISEASES IN
CENTRAL PROVINCE OF VIETNAM
Pig farming ranks first in the livestock industry in our country.
However, the tropical monsoon climate, which is hot and humid with a lot of
rain in the Central region, has provided many types of pig pathogens,
including PPV, with favorable conditions to survive and caused significant
damage to the pig industry.
1.1. INTRODUCTION ABOUT PPV AND PPV-CAUSED DISEASES
IN PIGS.
1.2.1. PPV Classification
PPV (Porcine Parvovirus) belongs to:
Family: Parvoviridae
Sub-family: Parvovirinae
Genus: Protoparvovirus
Species: Ungulate protoparvovirus
Sub-species: Porcine parvovirus (PPV)
1.2.2. Biological characteristics.
1.2.2.1. Morphology
PPV is a non-enveloped virus, with small size, round shape, virion
diameter about 18-26 nm, 20-sided symmetry structure.
1.2.2.2. Capsid protein
The capsid of PPV is a spherical shell consisting of 60 copies of VP1
or VP2 arranged in a symmetric polyhedral structure (Chapman and
Rossmann, 1993).
1.2.2.3. Genome
The genetic material of PPV is ssSDNA with a molecular size ranging from

5-6 kb. The sequence on the two-terminal ends of the PPV gives rise to a
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hairpin structure (Bern and Hauswirth, 1983). The PPV genome consists of
two main open reading frames: ORF1 encoding the nonstructural proteins
NS1, NS2 (Bergeron et al., 1993) and ORF2 encoding the capsid proteins.
ORF3 (PPV4) is a small open reading frame, located between ORF1 and
ORF2, encoding the nonstructural protein NS3.
1.2.3. PPV Symptoms of PPV-caused diseases

Although PPV infects pigs of all ages, the disease mainly occurs in sows
with the main clinical symptops of impaired fertility, characterized by
miscarriage, premature birth, embryonic death, and mummification.
1.2.4. Epidemiology

The worldwide circulation of PPV has been confirmed (Cadar et al., 2012;
Truyen and Streck, 2012). PPV is resistant to environmental factors and
immune to many common disinfectants (Brown, 1981). PPV infects pigs
through three main routes: food, water and insemination.
1.2.5. Interactions between viruses and cells

PPV enters cells by all three pathways: (i) endocytosis, (ii) macrocytosis,
and (iii) a third pathway of entry (presumptive). PPV DNA and proteins enter
the host genome and are edited by the host's genetic machinery into double-
stranded DNA. After each time the host cell duplicates, the viral DNA is also
duplicated.
1.2.6. Disease mechanisms

PPV infection induces cytopathogenic effect (CPE) or mitochondrial-
mediated apoptosis (Zhang et al., 2019). The actual outcome of PPV infection
largely depends on the virus strain and cell type (Zhang et al., 2015).
1.2.7. Diagnosis of PPV

PPV can be detected by hematologic methods including SN, MDCF, Hl,
HA (Mengeling, 1972; Morimoto et al., 1972; Joo et al., 1976) or

immunofluorescence assays and ELISA assays. Currently, PCR and Real-
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time PCR are the most useful techniques for detecting PPV in a variety of
samples (Milek et al., 2019).
1.2.8. Prevention of PPV

Inactivated vaccines and attenuated vaccines are traditional vaccines,
which have evolved into routine injections, creating a long-lasting immune
response that helps protect the pig herd. Currently, VLP vaccine (VLP-virus-
like particle) and recombinant vaccine based on VP2 gene sequence of PPV
are currently under research and development to gradually replace traditional
vaccines.

1.2. CURRENT SITUATION OF PPV RESEARCH IN THE
WORLD AND IN VIETNAM
1.3.1. The current situation of PPV research in the world
1.3.1.1. Circulation

PPV has been detected in pig herds in most countries regardless of the
sex, age and health status of pigs. The prevalence of PPV may depend on the
type of sample collected in each study (Streck et al., 2013).
1.3.1.2. Genetic variation in genes encoding structural proteins

The structural protein of PPV plays an important role in the induction of
various disease properties. Comparing the genome sequences between the
mild strain NADL-2 used as a vaccine and the virulent strain Kresse showed
that they differ only at 8 nucleotide positions and 6/8 of these positions lead
to changes in amino acids. New phenotypes with amino acid substitutions in
structural proteins have altered the antigenic properties of the virus. The
characterization of molecular characteristics and nucleotide polymorphisms,
and phylogenetic analysis based on gene sequences encoding structural
proteins are needed for new strategies to control diseases caused by PPV.
1.3.1.3. PPV evolution



In the 80s and 90s of the last century, it was assumed that PPV had a low
level of genetic variation comparable to that of the host. However, recent
studies have shown that the nucleotide variation rate of PPV is comparable
to that of RNA viruses. Besides, the discovery of eight PPV genotypes (1965-
2022) completely changed the view of the evolution and immunology of
PPV, showing that the virus is much more diverse than previously predicted.
1.3.1.4. Detection of other PPV genotypes

Sequence comparison of genes encoding structural proteins of PPV
showed that genetic variation in the VP molecule leads to the formation of
different PPV subtypes. Eight PPV genotypes have been confirmed (1965-
2022) including: PPV1, PPV2, PPV3, PPV4, PPV5, PPV6, PPV7 and PPV8
(Palinski et al., 2016; Ni et al., 2014; Xiao et al., 2013); Cheung et al., 2010;
Huang et al., 2010; Lau et al., 2008).

1.3.2. Current situation of PPV research in Vietnam

In Vietnam, SMEDI Syndrome has been of concern since the 1990s,
there is no specific treatment and vaccination can be ignored, so in reality,
the disease still occurs continuously and is common in most localities. in the
country. There are still no specific statistics on the harmful effects of SMEDI
in Vietnam in general and the Central provinces in particular. Serological
testing has been used to confirm the prevalence of PPV in pigs (Pham Hung,
1999; Ho Dinh Chuc, 1995). Recent studies have used PCR to detect the
prevalence of PPVs in pig herds in some provinces in the country, mainly in
the North and the South (Giap et al., 2020; Thuy et al. , 2021). Up to now,
there have been no published scientific works on infection rate and molecular
characteristics of genes encoding structural proteins of PPVs isolated in
Central Vietnam.



Chapter 2. SUBJECTS, MATERIALS AND METHODS
2.1. Subjects
PPV strains (1-4) circulated in pigs of slaughter age in seven central
provinces.
2.2. Materials
A total of 146 samples (117 lung samples and 29 blood samples)
were collected from commercial pigs raised in seven central provinces at
slaughterhouses. Each province collects an average of 5 slaughterhouses,
each slaughterhouse collects no more than 5 samples; equipment, tools,
chemicals, primers to detect PPV genotypes, primers to amplify genes
encoding PPV genotypes and reference sequences.
2.3. Research Methods
2.3.1. Sampling method
A total of 146 samples including blood and lungs were collected at
slaughterhouses (4 slaughterhouses/province, no more than 5
samples/slaughterhouse). After collection, samples were kept at 4°C and
transferred to the laboratory for storage at -20°C prior to total DNA
extraction.
2.2.2. Total DNA extraction
DNA extraction method: According to routine laboratory method,
using Proteinase K; Phenol/Chloroform.
2.2.3.PCR
The PCR method uses total DNA as a template, and requires the
optimization of PCR conditions to specifically amplify DNA fragments with
the corresponding primer pairs for each DNA fragment.
2.2.4. Electrophoresis
Prepare the agarose gel, apply the electrophoresis sample, stain the gel

with Ethidium Bromie, then observe and capture the electrophoresis image.
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2.2.5. DNA sequencing

DNA sequences were determined using an automatic sequence analyzer
ABI-3100 Avabp Genetic Analyzer of Macrogen company, Korea according
to Sanger's principle.

2.2.6. DNA sequence processing and analysis

DNA sequences of isolated PPV strains were processed with BioEdit
software v.7.0.9.0 (Hall, 1999); and compared using GenDoc 2.6 software
and BLAST tool. Skew value was calculated according to the formula AT
skew = (A-T)/(A+T) and GC skew = (G-C)/G+C) (Perna and Kocher, 1995).
Nucleotide sequences of reference strains and study strains were aligned and
arranged using the ClustalWw Multiple alignment tool (Thompson et al.,
1994).

2.2.7. Phylogenetic tree construction

Phylogenetic tree was built using MEGA X software (Kumar et al., 2018)
with Maximum Likelihood inference method, Tajima-Nei model and
bootstrap test repeated 1000 times.

2.2.8. Data analysis

The prevalence rates of the studied genotypes and the composition rates
of nucleotides were statistically processed using Excel v2010 software.

CHAPTER 3. STUDY RESULTS

3.1. DISCOVERY OF PPV (1-4) CIRCULATING ON PIGS IN
SEVEN CENTRAL PROVINCES

3.1.1. Discovery of PPV (1-4) circulating on pigs in 7 central
provinces.

PPV detection PCR products (1-4) are presented in Figures: 3.1; 3.2; 3.3
and 3.4. Sequencing results of gene fragments detecting PPV (1-4) were
compared by BLAST tool.
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M: GeneRuler 1 kb DNA Ladder
(Thermo Sciebpific)

1-2: Negative samples

3-8: Positive samples

(-): Negative control

(+): Positive control

M: GeneRuler 1 kb DNA Ladder
(Thermo Sciebpific)

1, 7: Negative samples

2-6, 8: Positive samples
(-):Negative control
(+):Positive control

M: GeneRuler 100 bp DNA Ladder
(Thermo Sciebpific)

2, 3: Negative samples
1, 4, 5: Positive samples
(-):Negative control
(+):Positive control

M: GeneRuler 100 bp DNA Ladder
(Thermo Sciebpific);

1, 4:Negative samples

2, 3, 5: Positive samples
(-):Negative control

(+):Positive control

Figure 3.4. Electrophoresis results of PCR product to detect PPV4 (345 bp)
3.1.2. PPV (1-4) infection rate results

The results of infection rates of PPV (1-4) in pigs raised in seven central

provinces are presented in Table 3.1.

Table 3.1. PPV (1-4) infection rates in pigs in 7 central provinces

Provinces ] Infection rate of PPV genotypes (1-4) (%) :2;2:222 ;\55/0(1; /il)t
PPV1 PPV2 PPV3 PPV4
Quang Binh 17 0 17 (100) 0(0) 0(0) 17 (100,0)
Quang Tri 22 |18(81,8) | 10(455) | 3(13,6) | 6(27.,3) 19 (86.4)
ThiraThien Hué | 28 |24(85,7) | 20 (71,4) | 3(10,7) | 6(21,4) 25(89.3)
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Pa Ning 14 | 7(500) | 0(0) 0 (0) 0(0) 7(50,0)
Quang Nam 16 0 6 (37,5) 0(0) 0(0) 6(37.5)
Quang Ngdi 24 |15(62,0)| 18(75) 2(83) 0(0) 18 (75,0)
Binh Dinh 25 [13(52,0)| 11(44) 0(0) 0(0) 17 (68,0)
Tong 146 | 77 (52,7) | 82(56,2) | 8(55) | 12(8,2) 109 (74,7)

Data from Table 3.1 show that PPV is present in pigs raised in the seven
provinces in the study (7/7). PPV was detected in a total of 109/146 samples
studied, accounting for 74.7%; specifically, the rate of PPV infection (1-4)
being: 52.7%; 56.2%; 5.5% and 8.2% respectively.

3.1.2. PPV genotypes (1-4) co-infection rate results

Results of co-infection with PPV genotypes (1-4) in pigs in the Central
provinces showed that PPV1/PPV2 co-infection accounted for the highest
rate (34.2%) and only one sample was co-infection with 4 PPV genotypes.
(1-4). In terms of locality, Thua Thien Hue is the province where all types of
co-infection with 2/3/4 PPV strains were detected.

3.2. DNA SEQUENCES ENCODING STRUCTURAL PROTEIN OF
PPV2 AND PPV4 STRAINS CIRCULATING ON PIGS IN CENTRAL
PROVINCES

3.2.1. DNA Sequences encoding structural proteins of PPV2 strains

The VP DNA sequences of three PPV2 strains isolated in this study with
molecular size 2,493 bp were submitted to the GenBank database with access
codes OL913365-0L.913367, respectively. Nucleotide composition of VP
gene sequences of PPV2 strains isolated from central provinces is presented
in Table 3.2.

Table 3.2. Nucleotide composition and skew value in VP DNA sequences of PPV2

strains isolated in Central Vietnam

Genotype | Strain | Sequence | Size A T G C A+T | AT- | G+C | GC-
(bp) | (%) | (%) | (%) | (%0) | (%) | skew | (%) | skew

QNO03 253 | 20,8 | 29,6 | 24,2 | 46,1 | 0,097 | 53,9 01

PPV2 HU10 | VPgene | 2493 | 253 | 20,8 | 29,6 | 24,3 | 46,1 | 0,098 | 53,9 0,1
QBO05 253 | 204 | 299 | 24,4 | 457 | 0,108 | 54,3 | 0,099
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3.2.2. Genome sequences of PPV4 strains

3.2.2.1. Genome sequences of PPV4 strains isolated from Central
Vietnam

The genome molecular size of two PPV4 strains isolated in this study is
5,367 bp, including 3 open reading frames ORF1, ORF2 and ORF3 and was
submitted to GenBank database with access codes MT434668 and
MT434669. The nucleotide composition of genome sequence of PPV4 strains
isolated from central provinces is presented in Table 3.3.
Table 3.3. The nucleotide composition and skew value in genome sequence of

PPV4 strains isolated in Central Vietnam.

Gen | Strain | Sequ | Size A T G C A+T AT- G+C GC-
oty ence (bp) (%) (%) (%) (%) (%) skew (%) skew
pe
PP | QT02 | Geno | 5.387 | 33,0 | 252 | 225 | 193 | 582 | 0,135 | 41,8 | 0,078
V4 | QT20 | me 330 | 252 | 225 | 193 | 582 | 0135 | 418 | 0,075
3.2.2.2. VP gene sequences of PPV4 strains isolated from Central
Vietnam
The molecular size of the VP gene of the two PPV4 strains isolated in this
study is 2,187 bp; located in the open reading frame ORF2. The nucleotide
composition and the AT and GC skew values in the VP gene sequences of
PPV4 strains isolated from the central provinces are presented in Table 3.4.
Table 3.4. Nucleotide composition va skew values in VP gene sequences of
PPV4 strains isolated in Central Vietnam.
Genotype Strain Sequence Size A T G C A+T AT- G+C GC-
(Sbp) (%) (%) (%) (%) (%) skew (%) skew
PPV4 QT02 Gen VP 2187 34,3 24,7 20,3 20,7 59,0 0,163 41,0 0,162
QT20 34,3 24,8 20,2 20,7 59,1 -0,001 40,9 -0,001

3.2.2.3. DNA sequences of PPV4 strains isolated from Central Vietham

ORF3 open reading frame sequence length of the two PPV4 strains
isolated in this study was 615 bp, without insertion/deletion mutations in the
coding region. The nucleotide composition and AT and GC skew values in

ORF3 sequences of PPV4 strains isolated from central provinces are
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presented in Table 3.5.
Table 3.5. Nucleotide composition and skew values in ORF3 sequences of PPV4

strains isolated in Central Vietnam

Genotype | Strain | Sequence | Size A T G C A+T AT- G+C | GC-
(bp) | (%) | (%) | (%) | (%) | (%) | skew | (%) | skew

PPV4 QT02 ORF3 615 | 346 | 26,2 | 21,0 | 182 | 60,8 | 0,139 | 39,2 | 0,141
QT20 348 | 26,2 | 20,8 | 18,2 | 61,0 | 0,071 | 39,0 | 0,067

3.2.3. Sequence of the NS1/VP1 gene region of PPV3 strains
The sequence of the NS1/VP1 gene region of the two PPV3 strains isolated
in this study is 995 bp in size (Including: NS1 gene segment of 229 bp and
VP1 gene segment of 766 bp, coding for structural proteins VP1). No
nucleotide addition/loss mutations were detected in the coding gene region.
3.3. CHARACTERIZATION OF GENES ENCODING STRUCTURAL
PROTEINS OF PPV ISOLATED IN CENTRAL PROVINCES
3.3.1. Chacterization of genes encoding structural proteins of PPV2 strains
isolated in central provinces
3.3.1.1. Characterization of the VP gene nucleotide sequence of PPV2

The sites of nucleotide substitution mutations and amino acid inferred
from the VP gene sequences of three PPV2 strains isolated in Central
Vietnam are different from those of the reference strains shown in Table 3.6.
Table 3.6. The sites of nucleotide substitution mutations and amino acid inferred
from the VP gene sequences of three PPV2 strains isolated in Central Vietham

compared to reference strains.

Strain Sites of bp substitution Sites of aa
substitution

444: T-A -
fg\féi?s'i%f 734: CoT 245: S—F
820: A—C 274: K—Q

1794: T-A -

Data from Table 3.6 shows nucleotide variation points on the VP gene
sequence of 3 PPV2 strains isolated in the Central region (PPV2 QNO3,
PPV2-HU10 and PPV2- QBO05), including 4 nucleotide substitution positions
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only detected in strain PPV2-QNO03 (OL913365) was completely different
from the reference strains.
3.3.1.2. Characterization of amino acid sequences inferred from the VP gene
of PPV2

The results of comparing the inferred amino acid sequences of the two
PPV2 strains isolated in this study with the referenced PPV2 strains on

GenBank are presented in Figure 3.5.

Figure 3.5. Comparison of amino acid sequences inferred from the VP gene of
PPV2 strains isolated in Central Vietham compared with reference strains

As shown in Figure 3.17, according to the inferred amino acid sequence
comparison, two substitution sites were detected (245: S—F, 274: K—Q) in
the inferred amino acid sequence of strain PPV2-QNO03.

Results of comparing amino acid substitution mutations at important sites
in the inferred amino acid sequence of PPV2 strains isolated in Vietnam with
the results of previous studies (Sun et al., 2015; Cadar et al. cs, 2013) are
presented in Table 3.7.

Table 3.7. Important sites of substitution in the amino acid sequence inferred
from the VP gene of PPV2 strains isolated in Central Vietnam compared with

reference strains

Country Site Year of A B C

isolation | 245 | 274 | 269 | 442 | 714 | 349 | 437 | 598 | 689 | 784 | 796
Strain

Myamar__| AB076669 2001 S K P D Q S D D T M Q

OL913365
Vietnam | QNO03 2019 F Q P D s s D E T | M| Q
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w|olo|z|Zz|Z|Z|Z|lv|v|w|rn|n|Z|Z|O|O|OO[=Z
w|o|n|n|n|n|vn|vn|vn|v|v|n|n|n|n|o|o|o|v|n
O|m(O|<|<|0(0|0|0|0|0|0|0|O|O|m[m|m|O|<

O|m(O|O|m|0O(0(0|0|0|0|(0|0|O|O(m[mim|O|m
w|u(d(n|un|H|d|(v|H|H|d[d[H]|H]|A|n|n]|n|n(n
HENEEEEEEESEEEEEEEEEES

O |mo OO |(m|mO oo |mO OO O |m|m|mlolO

A: Mutation positions in Vietnamese strains different from reference strains; B: The mutation

site under positive selection pressure (Cadar et al., 2013; C: Important mutation sites

determining genetic subtypes (Sun et al., 2015).

The results of mutations detected at the sites of the specific motifs in the

VP gene sequence of PPV2 according to Cadar's research on PPV2 strains

isolated in central Vietnam are presented in Table 3.8.

Table 3.8. Results of mutations at the sites of the characteristic sequence

motifs in the VP gene sequence of PPV2 (Cadar et al., 2013)

Characteristic sequence Site of codon Vi tri codon Chiing PPV2
motifs khéi diu xuét hién dot xuét hién dét

motif bién bién
Polyadenylation signal (PAS) 66 66 (AAGAAA) PPV2-HU10
(AATAAA) 454 454 (ACTAAA) | PPV2-QB05
SP1 binding site (GGGCGG) 36, 165, 329 329 (GGGCAG) PPV2-QNO03

3.3.1.3. Level of nucleotide/amino acid similarity inferred from the VP

gene of PPV2

The level of similarity in nucleotide/amino acid sequences inferred from

VP gene sequences of PPV2 strains isolated in Central Vietnam (2,493 bp

and 831 aa) compared with strains isolated in the region and the world is

presented in Table 3.9
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Table 3.9. The ratio of nucleotide and amino acid homology inferred (%) from
VP gene sequences of PPV2 strains isolated in Central Vietnam compared with

reference strains

Size Nucleotide Amino acid
(2.493 bp) (831 aa)

Strain
Vietnam 95,8-97,0 95,3-97,5
Myamar 96,1-98,1 95,4-98,7
China Group A 95,2-99,7 94,5-99,6

Group B 93,7-94,6 93,2-95,5
Europe 94,9-100 93,3-100
US.A 93,7-96,7 93,8-97,4

3.3.1.4. PPV2 phylogenetic relationships based on VP gene sequences

The phylogenetic tree of the PPV2 strains isolated in this study and the
reference strains was built based on the VP gene sequence of PPV2 with a
molecular size of 2,493 bp (Figure 3.6).

v aPPVI 0N YN
o MKDOZINT PPVI DINIS-CUN
MATAINS PPV GO 2 OHN
MZATIC PV OMN
MUKIHTSRR PPV2 IXATCHN
ADITOOES PPV MY A
KOAKTHOO PPV .Om0)
KOS 1 TT4% B9V 2 MK
MANIINEAD PV OGN OHMN
MOMSOLO IV STa-CTIN Nhanh A
FOROUIAN MV F A LM HOM
* PPVIILISAN
WONGRBIEN VI P IBYV - OM
o e VI OBOS. YN
JOWDED IV WL 1O2HD HOM
KO IwWa iy i
POROLAN PPV 2 WL H2AMILCHIN
KYANALAL PPV IRA
KFT25062 PPVI LS

Niinh 0

Figure 3.6. Phylogenetic tree PPV2 based on VP gene nucleotide sequences (2,493
bp) obtained from some central provinces of Vietham and reference gene

sequences.
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3.3.2. Characterization of genes encoding structural proteins of PPV4
strains isolated in central provinces

3.3.2.1. Characterization of the PPV4 genome

The sites of nucleotide substitution mutations leading to substitutions in
amino acid sequences inferred from ORF1 sequences of PPV4 strains isolated
in the Central region are shown in Fig'u'rle. 37 '

raprr prrEsapreay B
-
4
vEV4e
pEve
va
<
4

Figure 3.7. Nucleotide and amino acid substitution mutation positions in the
ORF1 open reading frame of the PPVV4 genome sequence.

3.3.2.2. Characterization of the VP gene of PPV4

Characterization of the VP gene nucleotide sequence of PPV4

The results of comparing VP gene nucleotide sequences of PPV4 strains
isolated in Central Vietnam and reference strains are prgsented in Figure 3.8.
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Figure 3.8. The results of comparing VP gene nucleotide sequences of PPV4
strains isolated in Central Vietnam and reference strains

! 4

Table 3.10. Sites of substitution in the amino acid sequence inferred from the VP
gene of PPV2 strains isolated in Quang Tri compared with reference strains

Strain Sites of bp Sites of aa
subtitution subtitution

714. A—>G -

906: C—T -
PPV4-QT02 1365: A>T 455: E—D
1405: C—G 469: I-V
1593: A—G 531: H—Q

1563: A—>G -

PPV4-QT20 1977: G>A -
2068: C—»T 690: P—S

The results of comparing inferred amino acid sequences of two PPV4
strains isolated in this study with referenced PPV4 strains on GenBank are

presented in Figure 3.9.
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Figure 3.9. Results of comparison of amino acid sequences inferred from the VP
gene of PPV4 strains isolated in central Vietnam compared with reference
strains.

Results of comparing amino acid substitutions at potential sites in amino
acid sequences inferred from the VP gene of PPV4 strains isolated in Quang
Tri province with the results of previous studies (Sun et al., 2015; Cadar, 2015

et al., 2013) are presented in Table 3.11.

Table 3.11. Important sites of substitutions in amino acid sequences inferred from the VP
gene of PPV4 strains isolated compared with reference strains

Count Site | Year A B
ry of
Strain isolati 513 609 17 | 41 | 45 | 46 | 46 | 56 | 58 | 72
on 8|6 |5 |o0olal|7]|3]2
G03687499 YT 200 |H | P | S| E|lE|R |1 |G| T]O
USA [ GQ387500 2010 |H| P | S| K|E|R|IT|E|A]OQ
NCO14665 2018 |H|P|S|E|JE|R|T1|G|T]|O
MT434667
ONi17 olrpls|kl|lpo|lr|Iv]IeE|T]|O
Vietna [ MT434668 | 0.
m QT02 olpls|k|p|rR|VI]IE|]T]|O
MT434669
QT20 Hls|s|k|lolk|i1|el|lT]o
10868713 HlP S| K|IE|R| 1 |E|T]O
Roma | JO868714 HlP|sS|K|lO|K|1|E]T]O
nia 10868715 202 [H|P|S|K|OQ|R|T|E|T]O
30868716 HlP|sS|K|OIK|1|E]T]O
GU978964 HlP Pl K|OQ|K| 1 |E|T]O
GU978965 HlP|S|K|IO|K|1|E]T]O
GU978967 HlP|lP|K|OQ|K]|1I|E]T]O
China | GU978968 o0 LHI P I STKIQ[K[T[E[T]Q
HM031134 HlP|sS|K|lO|K|1|E|T]P
HMO031135 HlP s |K|lOQ|K|1|E|T]|pP
MG345027 2018 |H|P|S|E|JE|R|IT|G|T]O

A: Mutation sites in Vietnamese strains are different from reference strains; B: Important

mutation sites (Sun et al., 2015; Cadar et al., 2013).
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3.3.2.3. Characterization of ORF3 of PPV4

The results of comparing the nucleotide and amino acid sequences

inferred from the ORF3 open reading frame of the PPV4 strains isolated in

Quang Tri province with the reference strains showed that only a single

substitution mutation was detected in the nucleotide sequence in Quang Tri.
strain PPV4-QT02 (240: A—G).3.3.2.4. Level of nucleotide/amino acid
similarity of PPV4 isolated in central Vietnam

The results of comparing the similarity of nucleotide and inferred amino

acid sequences of ORF1, ORF2, ORF3 and genome sequences between PPV4

strains isolated in Central Vietnam compared with strains in the region and

the world is presented in Table 3.12.

Table 3.12. The percentage of nucleotide and amino acid similarity (%) of ORF1,

ORF2, ORF3 and genomic sequences between PPV4 strains isolated in Central

Vietnam compared with reference strains

Sequence | Molecular Sources of PPV4 strains
size Cetral Northern China US.A Romania
Vietnam Vietnam

ORF1 1797 bp 99,6 99,7-99,8 99,1-99,6 99,1-99,2 99,1-99,8
598 aa 99,4 99,6-99,8 98,6-99,6 98,4-98,9 99,1-100
ORF2 2.187 bp 99,1 99,3-99,7 98,9-99,6 98,9-99,3 99,2-99,7
728 aa 99,3 99,3-100 99,3-99,8 99,3-99,4 99,1-99,8
ORF3 615 bp 99,8 99,6-99,8 99,1-100 99,6-99,8 99,8-100

204 aa 100 100 99,0-100 100 100
Genome 5.367 bp 99,3 99,4-99,6 98,7-99,4 98,8-99,0 99,0-99,5
1500 aa 98,7 98,8-99,3 98,0-98,9 98,0 98,2-99,0

3.3.2.5. Phylogenetic relationship of PPV4 strains

The phylogenetic tree built based on genomic sequences (5,367 bp) and

genes encoding structural protein (2,187 bp) are presented in Figure 3.24 and
Figure 3.25.
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Figure 3.10. Phylogenetic tree PPV4 was built based on the almost complete genome

sequence of PPV4 (5,367 bp) obtained from Vietnam and reference sequences.
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Figure 3.11. The PPV4 phylogenetic tree was built based on the complete capsid protein-
coding gene sequences of PPV4 strains (2,187 bp) isolated in Central Vietnam and
reference sequences.

3.3.3. Characterization of genes NS1/VP1 gene rigion of PPV3 strains isolated in central
provinces

The sequence of the NS1/VP1 gene region (995 bp) of the two strains PPVV3-QN16 and PPV3-
QT4 has seven nucleotide positions that are completely different from the reference strains (39:

A—T; 131: G—C; 137 : T>G and 542: T—C; 930: T—G; 932: G—A and 949: G—A), leading
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to deduced amino acid substitutions at positions 234 (L—W) and 235 (D—N). The phylogenetic
tree built based on the sequence of the gene encoding the VVP1 structural protein of PPV3 (305
bp) shows that PPV3 strains isolated from Quang Ngai and Quang Tri have a close relationship

with PPV3 strains from China and USA.
CONCLUSION AND RECOMMENDATIONS

CONCLUSION

7. The circulation of PPV (1-4) was detected in pig herds in seven
central provinces of Vietnam using PCR to amplify the specific nucleotide
fragment of each genotype. The infection rates of PPVs (1-4) in 7 central
provinces were: 52.7% for PPV1 ; 56.2% for PPV2; 5.5% for PPVV3 and 8.2%
for PPV4. Co-infection with PPV genotypes (1-4) was also detected in 4/7
studied provinces (Quang Tri, Thua Thien Hue, Quang Ngai and Binh Dinh);
in which co-infection with 2 genotypes PPV1/PPV2 in pigs raised in Thua
Thien Hue accounted for the highest rate with 67.9%.

8.  We have sequenced the genes encoding structural proteins of 3
strains of PPV2 isolated from pigs raised in Quang Ngai, Thua Thien Hue
and Quang Binh provinces with the size of 2,493 bp (GenBank code:
0L913365, OL913366 and OL913367); The whole genome sequence of two
PPV4 strains isolated in Quang Tri has the size of 5,367 bp (GenBank codes:
MT434668 and MT434669), including 3 open reading frames: ORF1, ORF2
and ORF3 with corresponding sizes of 1,797 bp, 2,187 bp and 615 bp.

9. The results of analyzing the gene sequences encoding structural
proteins of three strains of PPV2 have shown the detection of four nucleotide

substitution mutations (444: T—A, 734: C—T, 820: A—»C and 1794: T—A),
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in which there are two mutations leading to inferred amino acid substitution
at two positions: 245 (S—F) and 274 (K—Q) which are completely different
from the reference strains. The results of genomic sequence analysis of two
PPV4 strains revealed a nucleotide substitution mutation (124: G — A)
leading to amino acid substitution (42: D — N) in the ORF1 open reading
frame and eight sites of substitutions in the nucleotide sequence of genes
encoding structural proteins (ORF2) (714: A—G, 906: C—T, 1365: A—T,
1405: C—G, 1593: A—G, 1563: A —G, 1977: G—A, and 2068: C—T)
leading to four substitutions in the inferred amino acid sequence at positions
455 (E-D), 469 (I—V), 531 (H— Q) and 690 (P—S), which were
completely different from the reference strains. The inferred
nucleotide/amino acid substitution mutations mainly concentrated in the
structural protein (ORF2) gene sequences of PPV4 strains isolated.

10. The hylogenetic tree was built based on genes encoding structural
protein of PPV2 (2,493 bp) and genome of PPV4 (5,387 bp). Three PPV2
strains isolated in Quang Binh, Thua Thien Hue and Quang Ngai are closely
related to PPV2 strains originating from Europe and China. PPV4 strains
isolated in Quang Tri are closely related to Romanian and Chinese PPV4
strains.

11. Diseases that have occurred in pigs recently are quite complicated,
including a complex of reproductive and respiratory diseases, often with co-
infection of many viruses: PCV, PRRSV, PPV... Therefore, updated
information on genetic changes, especially in gene regions related to

antigenic properties, immune response... of the virus, is very necessary,
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especially for the purpose of developing methods detect pathogens that cause
co-infection in pigs.

RECOMMENDATIONS

Although PPV circulates in pigs of all ages, this study was only performed
on samples collected from commercially raised pigs, of slaughter age,
collected at slaughterhouses. In addition, the project was carried out from
September 2019 to August 2023, entirely during the COVID-19 pandemic,
in which the sample collection period was affected, so there were certain
limitations, especially It is not possible to collect samples with sows from
breeding farms. Therefore, the author of the thesis would like to propose the
following recommendations:

4. More PPV isolates in Vietnam need to be screened, to find out
whether or not there is circulation of other PPV genotypes (PPV5-8), in order
to provide data on PPV in pigs raised in Vietnam.

5.  Conduct testing for the presence of PPV in pigs (sows, post-
weaning, growing) and their sperm in order to control the sources of virus
transmission.

6. Decode the entire genome/structural protein-encoding genes of
circulating pig PPVs to compare with existing genotypes in different
geographical regions to evaluate the molecular epidemiological

characteristics of the pigs.
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