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TOM TAT

Bing cong nghé Sanger va thé hé méi (NGS), hé gen ty thé (mtDNA) cua lodi séan 14 phoi Paragonimus
heterotremus cta Viét Nam (chiing D2YB) va P. westermani (chiing QT2) da dugc thu nhan, c6 d6 dai la 16.268
bp/D2YB va 14.779 bp/QT2. C6 12 gen ma hda protein (protein-coding genes, PCGs); 2 gen RNA ribosome ty
thé (mitoribosomal genes, MRGs); 22 gen RNA vén chuyén (transfer RNA, tRNAs); va mot ving khéng ma héa
(non-coding region, NCR), chita nhiéu cu trac lap dai (LRU) va lap ngin (SRU). Phén tich pha hé dua trén
chudi amino acid cong hop ciia toan bd 12 gen mé héa protein ciia 32 ching/loai bao gdm ho Paragonimidae (15
chudi), ho Heterophyidae (4 chudi), ho Opisthorchiidae (12 chudi) va mét chudi ho Schistomatidae (Iam nhém
ngoai hop) cho thiy c6 hai phan nhém trong nhém ho Paragonimidae: nhom chi c¢6 cic chung cia loai
P. westermani va nhom cua tat ca cac chung ciia cac loai Paragonimus khac cua thé giéi. Tinh toan khoang cach
di truyén (KCDT) cho théy gia tri KCDT ngoai loai cao nhét 14 giita loai dong danh P. ohirai/P. iloktsuenensis
v6i P. westermani nhom An Do (19,93-21,23%) va thap nhét 1a giira P. heterotremus vai P. skrjabini miyazakii,
chi 14 12,20-12,47%. Pic biét, KCDT noi loai ctia phan nhom P. westermani Nam A ctia cac chung An D6 vé6i
c4c chung cua phan nhém P. westermani Pong A (Viét Nam, Trung Qudc va Han Qudc) rét cao (12 1-12 7%)
turong duong vdi gia tri KCDT ngoai loai gitra P. heterotremus véi P. skrjabini miyazakii. Dac diém di truyén,
cau tric cua mtDNA va KCDT cua sén 14 ph01 Paragonimus, cho phép st dung lam dich khai thic cho nghién
ctru di truyén quan thé, pha hé, ngudn gbc, tién hoa, dong thoi dir lidu gen hoc sir dung cho phat trién chan doan,
dinh hudng nghién ctru tham dinh loai/giéng/ho ky sinh trung dong vat ldy sang ngudi.

Tir khéa: Hé gen ty thé (mtDNA), ho Paragonimidae, khoang cach di truyén, pha hé, san 1a phdi Paragonimus.

MO PAU

Bénh san la phdi (paragonimiasis) do cac loai thudc chi Paragonimus, ho Paragonimidae, phén bd Troglotremata
(Platyhelminthes: Trematoda) gay ra la mét trong nhitng bé&nh nguy hiém & nhiéu quéc gia tai chau A, chau Phi
va chau My, trong d6 cd Viét Nam (Yoshida et al., 2019; Blair et al., 2022). Hai loai loai san & phdi phé bién nhat
c6 thé k& dén Ia P. heterotremus va P. westermani chli yéu & chau A cling véi P. ohirai, P. skrjabini miyazaki,
P. skrjabini, P. iloktsuenensis, ngoai ra con co P. africanus, P. kellicotti va P. mexicanus & chau Phi va chau My.
Trén 50 loai san & phdi dwoc phan chia vao cac phirc hé theo nhém P. westermani, nhom P. heterotremus,
nhém P. s. miyazaki, nhom P. ohirai ... Nhom P. heterotremus, phan bd & Nam Trung Quéc, An Do, Bangladesh,
Sri Lanka, Thai Lan, Lao va Tay-Béc Viét Nam va P. westermani c6 nhiéu bién ching khac nhau & Béng-Nam
Siberi (Nga), An Do, Sri Lanka, Nepal, Pakistan, Han Quéc, Nhat Ban, Trung Québc, Dai Loan, Philippine,
Cambodia, Lao va Viét Nam (Le et al., 2006; Doanh et al., 2013; Blair, 2022). Bénh san |4 phéi thwéng xay ra ch
yéu & cong déng dan téc thidu sd ving cao, viing nui xa xoi, tré em tidu hoc va trung hoc do co théi quen &n
cua/giap xac nhiém 4u tring san la phdi gay bénh chwa dwgc nwéng/ndu chin (Doanh et al., 2013; Blair, 2022).
O Viét Nam, loai P. heterotremus dwoc phat hién dau tién nam 1993 & Sin H3, Lai Chau va tiép theo nhidu dia
danh khac & Yén Bai, Son La, Tuyén Quang, Hoa Binh va dwoc nghién clru kha chi tiét vé dich t& hoc va sinh
hoc phan t& (Kino et al., 1995; Le et al., 2006; Doanh et al., 2013). Loai P. westermani mé&i dwoc ghi nhan gén
day trén vat chu trung gian 1a cua sudi & Quang Tri, chwa phat hién trén ngudi (Doanh et al., 2009; 2013).

Phan loai va nghién cru pha hg, tién héa va di truyén quan thé, ngoai phan tich dac diém hinh thai hoc, doi hoi
can c6 nhiing chi thj phén t& va dac diém gen/hé gen cua loai sinh vét, trong do co ky sinh trung. Hé gen ty thé
(mtDNA) 1 ngudn cung cap chi thi phan t& t6i wu nhat va dwoc sir dung trong hon 40 ndm qua (Chan et al.,

2021). O san 14, d6 1a vong DNA khép kin, khoang 13,5-23 kb, chira 12 gen méa héa protein gbm cox1-3, nad1-6,
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nad4l, atp6 va cob; 2 gen RNA ribosome ty thé gém rrmL (large ribosomal rRNA hay 16S) va rrnS (small rRNA
hay 12S); 22 gen RNA van chuyén; va mét viing khéng ma héa dai ngan khac nhau tuy loai va thudng cé cau
trac 1&p kha phtre tap. Béi voi loai/chling méi phat hién hay ma&i ghi nhan, chi thi mtDNA cang dwoc (rng dung
rong rai. Chinh vi vay, da cé hang chuc ngan mtDNA cla cac loai sinh vat, trong d6 c6 hang chuc mtDNA cla
san la da duwoc gidi trinh tw thanh céng va dwoc rng dung hiéu qua trong nghién ctru bénh dong vat lay sang
nguoi (Wey-Fabrizius et al., 2013; Chan et al., 2021).

Trong bai bao nay, chuing téi gidi thiéu tng dung chi thj phan t& ttr hé gen ty thé hoan chinh ctia mot sé loai san
la phoi ctia Viét Nam, trong d6 c¢6 Paragonimus heterotremus, mau Viét Nam (ching LC & Lai Chau va D2YB &
Yén Bai) va P. westermani (ching QT2, Quang Tri) trong nghién ctru phd hé va vj tri phan loai clia cac chung/loai
nay trong ho Paragonimidae (phan bd Troglotremata) va cac ho Heterophyidae va Opisthorchiidae (phan bd
Opisthorchiata), cling nhw khodng céch di truyén ctia 15 ching/loai Paragonimus trong ho Paragonimidae.

NGUYEN LIEU VA PHUONG PHAP NGHIEN CUrU
Nguyeén liéu mau san va tach chiét DNA téng sé

M&u Paragonimus heterotremus la san la phdi trwdng thanh (thu & Yén Bai, Viét Nam), ky hiéu Phet-D2YB-VN va
mau P. westermani (thu & Quang Tri), ky hiéu Pwes-QT2-VN. T4t ca cac thao tac déu st dung cac b kit cia
hang Thermo Fisher Scientific Inc. (MA, USA) va DNA téng s dwoc tach chiét bang b kit GeneJET™ Genomic
DNA Purification Kit theo huwéng dan clia nha san xuét, dwoc bdo quan & -20°C. Khudn DNA tdng sb duwoc st
dung 2 pL & ndng dd 50 ng/uL cho mdi phan (ing PCR va LPCR. Céac chubi nucleotide dwoc thu nhan tr san
phdm LPCR bang cong nghé giai trinh tw thé hé maéi NGS (hé théng PACBIO SEQUEL system)

Thiét ké mdi va thwec hién PCR

Mot sb cap mdi co ban (mdi chung) dwoc thiét k& dwa vao so sanh trinh tw cla cac gen chon loc 4y tir cac
mtDNA c6 trong Ngan hang gen (Le et al., 2022). LPCR dwgc thuc hién s dung bd sinh phdm Phusion High-
Fidelity PCR Kit v&i chu trinh nhiét gdm cac bwéc 94°C/5 phat trong 1 chu ky; tiép theo 1a 35 chu ky & 94°C/1
phut, 52°C/30 gidy va 72°C/1-4 phut; chu ky cudi kéo dai 10 phut & 72°C va dbi véi LPCR, thuc hién chu ky cudi
& 72°C/6-12 phat. San phdm PCR duworc tinh sach bang GeneJET™ Genomic DNA Purification Kit va gii trinh tw
trwc tiép (hodc tach dong) hodc NGS.

Giai trinh tw bang phwong phap Sanger va thé hé méi (NGS)

Chiing Pwes-QT2-VN dwoc gidi trinh tw bang phwong phap Sanger; san phém PCR ho#c DNA plasmid tai td hop
dwoc gli giai trinh tw tai co s& dich vy nuwdc ngoai (Macrogen, Han Quoc). Trinh tw nucleotide t giai trinh
tw duwoc xir ly bang chwong trinh Chromas 2.6.6 (http://technelysium.com.au/wp/chromas/) dé thu nhan chudi
cuoi cung.

Chuaing Phet-D2YB-VN bang NGS st dung hé théng PACBIO SEQUEL cé tai Vién Coéng nghé sinh hoc nhw da
thwe hién voi loai P. skrjabini miyazaki (Le et al., 2022). Cac sé&n phdm LPCR (khoang 4-8 kb/méi san pham) bao
pht hét toan bd vong mtDNA duoc kiém tra, tinh sach bdng bd sinh phdm GeneJET PCR Purification Kit. Cac
san ph&m tinh sach dwoc gom vao cling mét 6ng va tiép tuc dworc tinh sach lai bAng AMPure XP beads. Thw vién
gidi trinh tw thé hé mai dwoc chuén bi bang Express Template Prep Kit 2.0 va dwoc dwa vao hé thng giai trinh
tw doan dai (long-read sequencing). Tin hiéu giai trinh tw dwoc xt ly, danh gia va chuyén déi thanh chubi thd, sau
do6 sép xép cin chinh thanh cac Iép chudi nucleotide (contig) bang chwong trinh PacBio’s circular consensus
sequencing (CCS), hop nhét de novo bing phan mém Canu software v2.0, va kiém tra chat lwgng béng phan
mém Quast software v5.0.2.

Phan tich chudi gen va hé gen

S&p xép can chinh, xac dinh cAu tric gen va toan bd hé gen ty th& dwoc thuc hién truc tuyén (online) qua
chwong trinh Gene Infinity (http://www.geneinfinity.org/) hoac cac chwong trinh so sanh cé tai Expasy
(https://www.expasy.org/). Thanh phan amino acid clia ma héa protein dwoc suy dién bang bd ma cla mtDNA
cla san det (echinoderm mitochondrial genetic code, translation table 9 trong GenBank) s dung
GENEDOC?2.7(http://w.w.w.psc.edu/biomed/genedoc). Dd dai va clu tric tRNA dwa vao tRNAscan-SE 1.21
(http:/flowelab.ucsc.edu/tRNAscan-SE/) va ARWEN (http://130.235.244.92/bcgi/arwen.cgi); cac cau tric lap
(repeat unit, RU) bang phan mém Tandem Repeats Finder v3.01 c6 tai (https://tandem.bu.edu/trf/trf.html).

Phan tich xay dwng cay pha hé va tinh toan khoang cach di truyén

Trinh tw amino acid céng hop clia 12 gen ma hoa protein (khodng 3354 aa dén 3406 aa) tir 32 chlng/loai cla 3
ho san la (Paragonimidae, Heterophyidae va Opisthorchiidae) liét ké trong Bang 1 dwoc stv dung 1am thanh phan
néi hop (ingroup) trong phan tich pha hé. Schistosoma haematobium (ho Schistosomatidae) dwoc st dung lam
nhém ngoai hop (outgroup). Ho Paragonimidae gdm 15 chiing thudc cac loai P. heterotremus, P. westermani, P.
ohirai, P. iloktsuenensis, P. s. miyazakii va P. kellicotti ngoai tham gia thanh phan phan tich pha hé con dwoc st
dung tinh toan khodng cach di truyén. Sap xé&p can chinh cta 32 chubi amino acid dwoc thwc hién bang
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GENEDOC2.7 va MAFFT 7.122. Phan tich pha hé thuwc hién trwc tuyén bang PhyML tai https://ngphylogeny.fr/,
cay pha hé dwoc xay dwng bang chwong trinh MEGA 11 st dung phwong phap “tiép can cuc dai” (ML,
maximum-likelihood), thuat toan Jones-Taylor-Thornton (JTT) va Nearest-Neighbor-Interchange (NNI), v&i hé sb
tin twéng bootstrap 1000 1an I1&p lai. Khodng céch di truyén song chudi (pairwise genetic distance) dworc tinh toan
gitra 14 chang/loai Paragonimus st dung chwong trinh MEGA 11, théng sé Kimura-2, phwong phéap p-distance
va hé s tin twéng bootstrap 1000 14n 1&p lai (Tamura et al., 2021).

Bang 1. Danh sach va théng tin loai/chliing cung cap toan bd chubi nucleotide hé gen va 12 gen ma héa protein
(nucleotide va amino acid) str dung phan tich pha hé cua cac loai Paragonimus ctia Viét Nam véi cac chung/loai

trong cac ho Paragonimidae, Heterophyidae, Opisthorchiidae va Schistosomatidae trong nghién ctru nay

Ho/Loai/Chiing S6 ngan hang Ky hiéu ching mtDNA  PCGs (bp) PCGs Nwéc thu Tai liéu (néu cé)
va nwéc phan lap gen (bp) (aa) thap
Paragonimidae

1 Paragonimus heterotremus- == Phet-(D2YB)-VN 16.268 10,101 3355 Vietnam Nghién ctru nay
(D2YB)-Vietnam

2 Paragonimus heterotremus- (LC)- KY952166 Phet-(LC)-VN 15.898 10,101 3355 Vietnam GenBank
Vietnam

3 Paragonimus heterotremus-(GX)- MH059809 Phet-(GX)-CN 13.927 10,101 3355 China Qian et al.
China (2018)

4 Paragonimus westermani-(QT2)- == Pwes-(QT2)-VN 14.779 10,104 3356 Vietnam Nghién clru nay
Vietnam

5 Paragonimus westermani-(dogl)- MN412705 Pwes-(dogl)-CN 14,790 10,104 3356 China GenBank
China

6 Paragonimus westermani-(dog2)- MN412706 Pwes-(dog2)-CN 14.774 10,104 3356 China GenBank
China

7 Paragonimus westermani (3n)- AF219379 Pwes3n-(Bogil)-KR 14,965 10,101 3355 South GenBank
(Bogil)-Korea Korea

8 Paragonimus westermani (2n)- AF540958 Pwes2n-(Haenam)-KR 14,244 10,101 3355 South GenBank
(Haenam)-Korea Korea

9 Paragonimus westermani- (Type  KM280646 Pwes-(Type 1)-IN 14,015 10,104 3356 India GenBank
1)-India

10 Paragonimus westermani-(AP)- KX943544 Pwes-(AP)-IN 14,975 10,104 3356 India Biswal et al.
India (2014)

11  Paragonimus westermani- CM017921 Pwes-(IN2009)-IN 20,273 10,104 3356 India Oye et al.
(IND2009)-India (2019b)

12 Paragonimus ohirai (Kino)-Japan KX765277 Pohi-(Kino)-JP 14,818 10,104 3356 Japan Le etal. (2019)

13 Paragonimus iloktsuenensis- ON961029 Pilo-(Amami)-JP 14,827 10,104 3356 Japan Le etal.
(Amami)-Japan (2023)

14  Paragonimus skrjabini miyazakii- ON782295 Psmiy-(OkuST1)-JP 17,591 10,098 3354 Japan Le etal.
(OkuST1)-Japan (2022)

15  Paragonimus kellicotti-(Ozark)- MH322000 Pkel-(Ozark)-US 13,786 10,098 3354 United Wang et al.
United States States (2018)
Heterophyidae

16  Cryptocotyle lingua-(66766)- OL853496 Clin-(66766)-NO 13,983 10173 3379 Norway
Norway

17  Haplorchis taichui-(QT3)-Vietnam MG972809 Htai-(QT3)-VN 15,120 10,164 3379 Vietnam GenBank

18  Haplorchis taichui-(Laos)-Laos KF214770 Htai-(Laos)-LA 15,131 10,164 3392 Laos Lee et al. (2013)

19  Metagonimus yokogawai-Korea KC330755 Myok--KR 15,258 10,245 3405 South GenBank

Korea
Opisthorchiidae

20  Clonorchis sinensis-(Amur)- FJ381664 Csin-(Amur)-RU 13,875 10,209 3403 Russia Shekhovtsov
Russia et al. (2010)

21  Clonorchis sinensis-(ND)-Vietnam == Csin-(ND)-VN 14,461 10,209 3394 Vietnam Nghién clru nay

22  Clonorchis sinensis-(GD)-China  JF729303 Csin-(GD)-CN 13,879 10,209 3394 China Cai et al.

(2012)
23 Clonorchis sinensis-Korea JF729304 Csin-KR 13,877 10,209 3394 South Cai et al. (2012)
Korea
24 Clonorchis sinensis-(Jinju)-Korea MT607652 Csin-(Jinju)-KR 18,304 10,209 3391 South Kinkar et al.
Korea (2020)

25  Opisthorchis viverrini-Laos JF739555 Oviv-LA 13,510 10,206 3391 Laos Cai et al. (2012)

26  Opisthorchis viverrini-(KK)-Thailand == Oviv-(KK)-TH 14,046 10,200 3400 Thailand Nghién ctru nay

27  Opisthorchis felineus-(UstTula)-  EU921260 Ofel-(UstTula)-RU 14,277 10,218 3406 Russia Shekhovtsov
Russia et al. (2010)

28  Opisthorchis sudarikovi-(Swabi)- MK033132 Osud-(Swabi)-PK 13,641 10,197 3397 Pakistan Suleman et al.
Pakistan (2019)

29  Opisthorchis parageminus-(PC6)- == Opar-(PC6)-VN 13,540 10,224 3396 Vietnam  Nghién clru nay
Vietnam

30 Amphimerus sp.-(JM2019)- MK238506 AmpSP-(IM2019)-EC 15,151 10,179 3381 Ecuador Maetal.
Ecuador (2019)

31  Metorchis orientalis-(HLJ)-China KT239342 Mori-(HLJ)-CN 13,834 10,176 3392 China Na et al. (2016)
Schistosomatidae outgroup)

32  Schistosoma haematobium-(N10)- DQ157222 Shae-(N10)-ML 15,003 10,116 3365 Mali Littlewood et al.

Mali

(2006)

mtDNA: Mitochondrial genome; PCGs: Gen mé& héa protein (protein-coding genes); (=): Dang dang ky.
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KET QUA VA THAO LUAN
Hé gen ty thé cta san |4 phdi Paragonimus heterotremus (D2YB) va P. westermani (QT2) ca Viét Nam

Hé gen ty thé hoan chinh clia san Ia phdi P. heterotremus chiing D2YB (Phet-D2YB-VN) Ia vong DNA khép kin c6
d6 dai 16.268 bp va cla P. westermani chiing QT2 (Pwes-QT2-VN) la 14.779 bp. Ca hai hé gen déu c6 12 gen
ma héa protein gdm cox1-3, nad1-6, nad4L, atp6 va cob; 2 gen RNA ribosome ty th& (MRG) 14 rrnL (16S) va rnS
(12S); 22 gen RNA van chuyén (tRNA); va mot viing khéng ma héa (NCR), chiva nhiéu ciu tric 1&p dai (LRU,
long repeat unit) va lap ngan (SRU, short repeat unit). Ban dd hé gen mtDNA mach thdng mé& vong tai 5’ gen
cox3, cla Phet-D2YB-VN va Pwes-QT2-VN déu ¢ trat tw sdp xép: 5-cox3-H-cob-nad4L-nad4-QFM-atp6-nad2-
VAD-nad1-NPIK-nad3-S;W-cox1-T-rmL-C-rrnS-cox2-nad6-YL; S;L2R-nad5-GE-NCR[LRU-SRU]-3’. B4 dai va sép
xép gen trong viing ma hoéa ctia mtDNA & hai loai Phet-D2YB-VN va Pwes-QT2-VN co ban giéng nhau. Tuy
nhién, viing NCR clia 2 chlng/loai nay cé khac nhau va thé hién tinh da hinh (polymorphism) clia san 14 phdi b&i
sb lwong va kich thuwéc khac nhau clia cac cau truc 1&p dai (P. heterotremus D2YB cé 6 LRU/370 bp mdi don vi
va 5 SRU/114 bp m&i don vi va P. westermani QT2 c6 8 LRU/119 bp m&i don vi; 2 SRU/118 bp mbi don vi). Bac
biét, ciu trac lap dai LRU cta P. heterotremus (D2YB) deu chtra toan bd chubi nucleotide clia gen RNA van
chuyén amino acid glutamlne (tRNA Yy dinh vi & gitra cta mdi mot LRU, va dé ciing 1a mot dic diém cau tric méi
phat hién gan day & ving NCR cua loai san |4 phéi P. s. miyazakii (Le et al., 2022).

Phan tich pha hé cua san la phéi Paragonimus

Cay pha hé cla 32 ching/loai (liét ké & Bang 1) dwa trén phan tich chudi aa cdng hop clia 12 gen ma héa
protein bdng MEGA X dwoc trinh bay & Hinh 1. Trén cay pha hé c6 nhém phan dinh tach biét nhau: i) nhém thi
nhét 1a Troglotremata (ky hiéu TRO), gdm 15 chiing Paragonimus (ho Paragonimidae, phan bé Troglotremata) va
nhém thir hai la Opisthorchiata (ky hiéu 1a OPI) gém 16 chiing, trong d6 c6 4 chiing ctia Cryptocotyle, Haplorchis,
Metagonimus (ho Heterophyidae) va 12 chdng cla Clonorchis, Opisthorchis, Amphimerus va Metorchis (ho
Opisthorchiidae) thuéc phan bd Opisthorchiata; va iii) nhém th ba la chubi ngoai hop ctia loai S, haematobium
(ho Schistosomatidae). Két qua ciing cho thay cac chiing san la phdi cia Viét Nam va thé gi¢i dwoc phan thanh
hai phan nhém trong ho Paragonimidae vé&i hé sé tin twédng 100%, gdm toan bd cac ching cla loai P.
westermani (k& ca P. westermani chiing QT2 cutia Viét Nam) & mot phan nhém va phan nhém kia la tat ca cac
chlng cla tat ca cac loai Paragonimus con lai ctia thé gidi, k& c& P. heterotremus ching D2YB cua Viét Nam.
I-[ai phan nhém ciia Paragonimus trong nhanh phan loai ho Paragonimidae dwoc sap xép & vi tri “chi em” (sister)
rat rd rang.

Khoang cach di truyén giira cac ching/loai san la phdi Paragonimus

Trong nghién ctru nay, khoang cach di truyén (pairwise genetic distance) (KCDT) dwoc tinh toan dwa trén phan
tich chubi amino acid cong hop cta 12 gen mé hoa protein (3354-3406 aa) cia 15 chung/6 loai san la phi trong
ho Paragonimidae (liét ké & Bang 1). Sau loai bao gom: P. heterotremus cac ching cua Viét Nam va Trung Quéc;
P. westermani cac ching cla Viét Nam, Trung Quéc, Han Qubc va An D6; P. ohirai chiing cta Nhat Ban; P.
iloktsuenensis chling ctia Nhat Ban; P. skrjabini miyazakii chiing cia Nhat Ban; va P. kellicotti B&c My chiing ctia M.

Dwa vao gia tri KCDT, nhém cla loai P. westermani (8 chdng) chia thanh 3 phéan loai chinh: nhém phén loai P.
westermani Viét Nam (1 ching Viét Nam), nhém phan loai P. westermani Dc“mg A (2 chiing Trung Quéc va 2
chiing Han Quéc), nhom P. westermani Nam A/An D6 (3 ching An D). Két qua phan tich cho thdy, KCDT noi
loai cla loai P. heterotremus gitra 2 chiing Viét Nam (D2YB va LC) va Trung Quéc (GX) la rat thap (0,48-1,09%)
cling giébng nhw KCDT nodi loai P. westermani clia nhém Déng A gitva 4 ching clia Trung Québc va Han Quéc
(dog1, dogZ Bogil va Haenam) la (0,15-1,09%), trong khi d6, KCDT néi loai P. westermani ctia nhém Nam A gitva
3 ching ctia An D6 (Type |, AP va IND2009) Ia rat cao (3,25-6,23%). Ching QT2 (Viét Nam) tuy cung loai P.
westermani, nhwng gia tri KCDT ndi loai ctia chiing nay so v&i nhém Déng A 1a 3,94-4,51% va so véi nhém Nam
A (An Do) 14 rat cao (12,1-12,7%) (Bang 2). Gia tri KCDT néi loai cia P. westermani trong nhém 3 chiding ctia An
D6 c6 bién thién manh, dat 6,23% gitra chiing Type | va AP va 4,16% gitra ching AP va IND2009. Tuy dwoc coi
Ia hai loai, nhwng gia tri KCDT gitra loai P. ohirai va P. iloktsuenensis chi l1a 0.79%, m&c twong dwong ndi loai
vdn co clia cac chang trong mét loai P. heterotremus. Hai loai P. ohirai va P. iloktsuenensis dwgc xac dinh lai la
ddng danh (synonymy) trén co’ s& phan tich mtDNA va don vi ma hoéa ribosome (Le et al., 2023).

Gi4 tri KCDT ngoai loai cao nhét la gitra loai ddng danh P. ohirai/P. iloktsuenensis v&i P. westermani nhém An Do
(19,93-21,23%) va thap nhét 1a gitra P. heterotremus v&i P. skrjabini miyazakii, chi 1a 12,20-12,47%. Diéu déc
biét cha y 1a, KCDT néi loai cia P. westermani gitba nhém 3 chiing ctia An D6 (nhém Nam A) véi nhém 5 chiing
DPoéng A (Trung Quéc va Han Quéc) va ca Viét Nam la xap xi 11,5% dén 12%, mét gia tri twong dwong véi KCDT
ngoai loai gitba P. heterotremus v&i P. skrjabini miyazakii (Bang 2).
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Hinh 1. Cay pha hé ML cua 32 chung/loai cia cac ho Paragonimidae, Heterophyldae Opisthorchiidae va ngoai hop
Schistosomatidae. Phan tich pha hé dua trén sép xép cdng hop amino acid ctia 12 gen ma héa protein béng phwong phap
ML (“tiép can cuc dai’, maximum-likelihood) vé&i 1000 1an I&p lai. Schistosoma haematobium (ho Schistosomatidae) 14 nhém
ngoai hop (outgroup). Hién thi trén mdi nhanh/nhém la gia tri hé sb tin twdng (bootstrap). NUt co ban cta phan bod
Troglotremata (TRO) va Opisthorchiata (OPI) dwgc danh dau bang vong tron nho tai nut phan nhanh. Mi Ién chi cac chﬂng/loéi
Paragonimus ctia Viét Nam, ddi twong chinh clia nghién ctru nay O’ méi chudi, V|et tét 4 chir du tién 1a ky hiéu loai, tlep dén la
chiing (néu cé, trong ngoac), tiép theo la ky hiéu hai chi cai cla quéc gia, noi mau dwoc phan lap va cong bé, cudi chudi 1a sé
dang ky Ngan hang gen (Bang 1). Thanh ty I& dai dién cho sé lwong thay thé trén m&i nhanh (0.09 = 9/100).

Bang 2. Khoang cach di truyén giira cac chiing cta Viét Nam véi cac ching/loai ciia Paragonimus
trong ho Paragonimidae

Chung/Loai 1 2 2 4 5 6 7 8 9 10 11 12 13 14

1 Phet-(D2YB)-VN

2 Phet-(LC)-VN 0,48
3 Phet-GX-CN 0,85 1,09
4 Pwes-QT2-VN 17,13 1742 17,06

5  Pwes-(dogl)-CN 1716 17,41 17,01 4,00

6  Pwes-(dog2)-CN 17,16 17,42 17,02 3,94 0,15

7 Pwes(3n)Bogi-kR. 17,35 17,60 17,21 430 | 088 088

Pwes(2n)-
Haenam-KR

9 Pwes-(Typel)-IN 18,76 19,01 18,65 12,10 11,21 11,12 11,20 11,44

17,73 17,98 17,59 4,51 1,09 1,09 0,21

10 Pwes-(AP-IN 1919 1944 19,19 1270 11,53 1151 11,49 11,69 | 6,23
11 IF,’\‘WES'('NDZOOQ)' 1774 17,99 17,70 1243 11,91 11,90 1209 1232 | 325 4,16

12 Pohi-(Kino)-JP 14,72 14,93 14,51 19,01 18,90 18,90 19,10 19,45 21,05 21,04 19,93
13 Pilo-(Amami)-JP 14,89 15,10 14,68 19,16 19,05 19,05 19,25 19,56 21,16 21,23 20,08 0,79

14 Pmiy-(Oku ST1)-JP 12,24 12,47 12,20 17,42 17,45 17,49 17,57 17,95 19,17 19,26 18,07 1479 1490
15 Pkel-(Ozark)-US 13,22 13,40 13,09 17,63 17,01 16,95 17,21 17,55 18,94 19,26 18,10 15,03 1517 13,33

Khoang cach di truyén noi loai/phan loai clia P. heterotremus va P. westermani (phan nhém Déng A va phan nhom Nam A/An
Do) duoc dong khung; KCDT ndi loai clia P. westermani cta chiing Qt2 Viét Nam v&i phan nhém Dong A va phan nhém Nam
A/An Bo dwoc boi dam con so va KCDT néi loai cGia P. westermani cGia phan nhém Nam A/An D6 véi phan nhém Baong A va
Viét Nam dwoc boi nén. Mot sbé gia tri khac dwoc bdi mau dé theo dbi.
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Nghién ctru gidi trinh tw toan bod mtDNA va trat tw gen, cAu tric gen cla san la phdi Paragonimus rat quan trong
nham cung cap hiéu biét gen/hé gen, tién héa, chi thi phan ti cho nghién ctru phan biét loai, di truyén quan thé
va pha hé tién hoa. V&i div liéu mtDNA cha P. heterotremus ching D2YB (Viét Nam) va P. westermani chidng
QT2 (Viét Nam), hién nay, ho Paragonimidae da c6 15 mtDNA hoan chinh dwoc céng bd va st dung di liéu
(Bang 1). Ciing giéng nhw mot sO loai san det trwdc day, mtDNA cla P. heterotremus chung D2YB va P.
westermani ching QT2 ¢ trat tw sap xep gen, st dung gen, bd ma ATG/GTG dé khai dau va TAA/TAG dé két
thdc gen méa héa protein dwoc biét cho dén nay. Tuy nhién vung NCR ctda mtDNA cé mét so khac biét dac treng.
Do khai thac cong nghé NGS nén NCR cula ca hai loai dwgc thu nhéan va do 1a do dai va cAu tric dich thue cla
ching. Céc cAu tric 13p dai va ngan dwoc phéat hién trong vung NCR cla ca P. heterotremus (D2YB) va P.
westermani (QT2) trong nghién cu nay, cung duoc thdy & P. s. miyazakii (Le et al., 2022) va P. ohirai/P.
iloktsuenensis (Le et al., 2023) va nhiéu loai san det khac, tao nén da hinh (polymorphlsm) cau truc va kich thwéc
mtDNA dai ngan khac nhau Nghlen ctu pha hé céc loai ho Paragonlmldae va cac ho lién quan (Heterophyldae
va Opisthorchiidae) theo cong bd cla Le et al. (2022; 2023) va & nghlen clru nay deu da chi ra la cé hai nhém
loai c6 quan hé “déng vi’ (monophyly) dé la phan nhom P. westermani riéng biét sap xep & vi tri “chj em V@i phan
nhém cac loai Paragonimus khac tao nén cla thé gidi. Cay pha hé ciing cho thay suw sép xép “léch vi” (paraphyly)
va “da vi" (polyphyly) cla cac loai va cac chi cé trong ho Heterophyidae va Opisthorchiidae cla phan b
Opisthorchiata.

Khodang céach di truyén clia cac ching/loai san la ph0| Paragonimus trong ho Paragonlmldae phan anh mot sé nét
d&c trung cla riéng ho nay. D6 1a KCDT néi loai ctia phan nhém P. westermani Nam A cua céac chdng An D6 véi
cac chung clia phan nhém P. westermani Bong A (Viét Nam, Trung Quéc va Han Quéc) rat cao, twong dwong
v&i gia tri KCDT ngoa| loai gitra P. heterotremus va P. heterotremus v&i P. skrjablnl miyazakii. Sy bién déng dac
biét trong di truyén cua cac ching & An D6 cla loai P. westermani da dwoc mot sb nghlen ctu dé cap (Dew et
al., 2013; Blair et al., 2022) va c6 thé cho phép tinh dén cac phan dong tién hoa cla quan thé P. ‘westermani & An
Do sau sac hon so voi quan thé P. westermani & Dong va Bong-Nam A. Nhirng nét déc trung vé di truyen va cu
trac cia mtDNA cla san la phdi Paragonimus va cta ho Paragonimidae, KCDT va bién dbi di truyen néi loai va
ngoai loai cua chung, cho phép lam dich khai thac cho nghién ctru di truyén quan thé, pha hé, nguén goc tién
hoa ctia san 14 phéi Paragonimus, ddng thei di liéu gen hoc ty thé ctia ching dwoc st dung cho phat trién chan
doan, dinh hwéng nghién ctru thAm dinh loai/giébng/ho ki sinh tring déng vat lay sang ngudi.

KET LUAN

Toan bo mtDNA cla san la phdi P. heterotremus (D2YB, Viét Nam) va P. westermani (Qt2, Viét Nam) dugc thu
nhan bang phwong phap gidi trinh ty théng thuong va thé hé méi (NGS). Pha hé cua 32 chung loai, trong do6 co
15 chung/loai Paragonlmus duwoc xay dwng va xac dinh cd hai phdn nhém riéng biét trong chi Paragonlmus
Khoang cach di truyén ctia cac chang/ lodi co nhirng nét riéng biét tao nén sw déc trwng di truyén ctia nhém séan
l& phdi trong I&p San l4 (Trematoda).

Loi cam on: Nguyén Thi Khué duoc tai tro boi Chuong trinh hoc béng sau tién st trong mede cia Quy Péi moi sang tao
Vingroup (VINIF), md so VINIF.2023.STS.85.
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PHYLOGENETIC ANALYSIS AND GENETIC DISTANCE ESTIMATION
OF PARAGONIMUS LUNG FLUKES OF VIETNAM USING DATA FROM
THE COMPLETE MITOGENOMES

Nguyén Thi Khué'?, D6 Thi Roan'?, Pham Thj Khanh Linh*,
Poan Thi Thanh Hwong"?, Pham Ngoc Doanh®, Lé Thanh Hoa'?

YInstitute of Biotechnology, Vietham Academy of Science and Technology
’Graduated University of Science and Technology, Vietham Academy of Science and Technology
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SUMMARY

Using Sanger and next-generation sequencing (NGS), the mitochondrial genome (mtDNA) of the Vietnamese
lung flukes Paragonimus heterotremus (strain D2YB) and P. westermani (strain QT2) was determined and are
16,268 bp/D2YB and 14,779 bp/QT2 in length, respectively. There are 12 protein-coding genes (PCG); 2
mitoribosomal genes (MRG); 22 transfer RNA genes (tRNAs); and a non-coding region (NCR) with multiple
long (LRU) and short repeats (SRU) structures. Phylogenetic analysis was performed using the concatenated
amino acid sequences of all 12 protein-coding genes from 32 strains/species, including families Paragonimidae
(15 sequences), Heterophyidae (4 sequences), Opisthorchiidae (12 sequences) and a sequence of Schistomatidae
(as an outgroup). The phylogenetic tree clearly identified two subgroups among the Paragonimidae: one having
only P. westermani species and another comprising all other worldwide Paragonimus species. Pairwise genetic
distance (GD) estimation reveals that the highest GD value is between the synonymous P. ohirai/P.
iloktsuenensis and P. westermani of the Indian group (19.93-21.23%), while the lowest between P. heterotremus
and P. skrjabini miyazakii, only 12.20-12.47%. The intraspecific GD value, between the South Asian P.
westermani subgroup (Indian strains) and the East Asian P. westermani subgroup (Vietnam, China, and Korea
strains) is particularly high (12.1-12.7%), matching the interspecific GD value between P. heterotremus and P.
heterotremus and P. skrjabini miyazakii. Paragonimus' genetic characteristics, mtDNA structure, and genetic
distance make it an exploitable target for population genetics, phylogenetic and evolutionary studies, as well as
the development of diagnostics and research orientation to evaluate species/genus/families of zoonotic parasites.

Keywords: Mitogenome (mtDNA), Paragonimidae, genetic distance, phylogeny, lung fluke Paragonimus.
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