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TOM TAT

San la rugt nho Haplorchis taichui va H. pumilio thudc ho Heterophyidae (Trematoda:
Platyhelminthes), duoc nghién ctru con rat han ché, dac biét 1a chi thi phan tir hé gen ty thé va don vi
ma héa ribosome. Chuang toi thu nhan toan bo hé gen ty thé (mtDNA) cua loai H. taichui va toan b
phan ma héa cua don vi ma hoa ribosome (rTU hay rDNA) loai H. taichui va H. pumilio cua Viét Nam.
Dit liéu nucleotide va amino acid dwoc so sanh gitra H. taichui va Metagonimus yokogawai vé cac dic
diém thanh phan kién tao gen/hé gen, dac diém sir dung bo ma hoic nucleotide (d6 léch skew) va cac
cau trac lap lién k& (TRU). Hé gen ty thé caa chung Htai-QT3-VN c6 d6 dai 15.120 bp va M. yokogawai
(15.258 bp, Han Quéc, KC330755) chira 36 gen, gém 12 gen ma hda protein (cox1, cox2, cox3, nadl,
nad2, nad3, nad4L, nad4, nad5, nad6, atp6 va cob), 2 gen RNA ribosome (rRNA), 22 gen RNA vén
chuyén (tRNA hay trn) va mot ving khong mé hoa (NCR) giira trnE va trnG, chia thanh 2 tiéu ving
chira 5 cAu trac lap (182-183 bp/cautrac). H. taichui (Viét Nam va Lao) sir dung A = 19,56%, T =
39,71%, G = 28,34%, C = 12,39% (A+T 12 59,27% va G+C la 40,73%) cho kién tao mtDNA, c6 gia tri
do léch (skew/skewness) & A+T la &m (—0,340) va G+C la duong (0,392); cho 12 gen ma hoa protein
(PCG) tuong tu; nhung cho gen ribosome ty thé (MRG, gom 16S/rrnLva 12S/rrS) véi A+T it hon
(57,22%) va voi G+C nhiéu hon (42,78%). M. yokogawai co ty 1& sir dung A+T thip hon
(mtDNA/55,68%, PCGs/55,96%, MRGs/54,15%) va G+C cao hon so vai loai H. taichui. H. taichui caa
Viét Nam va Lao c6 10.164 bp ma héa cho 3.376 amino acid dé kién tao 12 PCG véi nhiing bo ma sir
dung nhiéu nhat la Phenylalanine (Phe-TTT) va Leucine (Leu-TTG), nhitng bd mé it nhét 1a Glutamine
(GIn-CAA), Arginine (Arg-CGC), c6 thém Thr-ACA/ACC & M. yokogawai. Phan mé héa don vi ma
héa ribosome (tir 5° 18S dén 3 28S) cua H. taichui (7.268 bp) va H. pumilio (7.416 bp) dugc xac dinh
c6 5 viing gen gdom 18S rDNA, ITS1, 5.8S rDNA, ITS2 va 28S rDNA. Céc gen 18S va 5.8S cua ca 2
loai c6 d6 dai nhu nhau (1.992 bp/18S, 160 bp/5.8S), gen 28S khac nhau (3.875 bp/H. taichui va 3.870
bp/H. pumilio). ITS1 & H. taichui (797 bp) va ITS2 & H. pumilio (280 bp) khong chira cau trac lap, trong
khi d6 ITS1 & H. pumilio (1.106 bp) chira 5 cau trac lap lién ké TRU gom 136 bp cho 3 TRU va 116 bp
cho 2 TRU va ITS2 ¢ H. taichui (444 bp) chira 3 TRU (83-85 bp/cau truc).

Tir khéa: Pon vi ma hoa ribosome, Haplorchis pumilio, Haplorchis taichui, hé gen ty thé, mtDNA,
Metagonimus yokogawai, rTU, san 14 rudt nho

DAT VAN BE ho Opisthorchioidea Looss, 1899 (Digenea) bao

20m mot tap hop cc loai san 14 rudt nho (minute
Ho Heterophyidae Odhner, 1914 thugc lién intestinal flukes) c6 tam quan trong vé y t€ va tha
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y voi su phan bd rong va véi hon 60 loai phd bién
6 hang chuc nudc trén thé gidi (Chai, Jung, 2017
2020; Chai, 2019; Santos, Borges, 2020). Hau
hét nhitng nguoi nhiém bénh song & cac nudc
Chau A, bao gom Han Qudc, Trung Qudc, Pai
Loan, Viét Nam, Lao, Thai Lan, Malaysia,
Indonesia, Philippin va An D¢. Thanh vién ho
sén la Heterophyidae st dung 6¢ nuéc ngot lam
vat cha trung gian thir nhét, ca 1am vat cha trung
gian tha hai va nguoi/dong vat 1a vat chu cudi
cung (Chai et al., 2009; Chai, Jung, 2020). Co
tam quan trong dich t& 1a cac loai san |a rudt nho
(heterophyid) trong cac chi Haplorchis,
Metagonimus, Stellantchasmus, Procerovum va
Centrocestus (Chai et al., 2009; Chai, 2019).
Trong s6 d6, cac loai ky sinh va gay bénh trén
ngudi duoc cdng nhan ¢6 anh hudng 16n nhat 1a
Haplorchis taichui, H. pumilio, H. yokogawai,
Stellantchasmus falcatus, Procerovum varium,
Metagonimus ~ yokogawai va  Centrocestus
formosanus, pho bién & cac nude & Dong A bao
gébm Trung Qudc, Philippin, Han Qudc, Dai
Loan, Thai Lan, Lao, Campuchia va Viét Nam
(Dung et al., 2007; Van et al., 2009; Thaenkham
et al., 2011; Chai et al., 2012; Le et al., 2017;
Chai, Jung, 2020).

Haplorchis taichui Nishigori, 1924, cang véi
H. pumilio Looss, 1899, l4 hai loai gay nhiém va
gay bénh san 14 rudt nho (haplorchiasis) & ngum
dugc phat hién pho bién & cac nudc Chau A, mot
phan chau Phi va Trung Nam My (Dung et al.,
2007; Chai et al., 2009; Chai, 2019).
Metagonimus yokogawai la loai c6 su phan bd
gay bénh toan cau, phd bién ¢ Trung Quéc, Chau
Au, An Bg, Nhat Ban, Han Quéc, Dai Loan, Nga
(Chai, Jung, 2017; 2020). Phan biét vé hinh thai
hoc cua san la rugt nho truong thanh ciing nhu
cac dang sinh truong va phat trién cua chung
(trang (eggs), au trung 16ng (redia), au trung dudi
(cercariae), au trung gay nhiém (metacercariae)
¢6 nhiing khé khin va phuc tap nhat dinh vi hinh
thai gidng nhau, ngay ca san truong thanh (Chai,
Jung, 2020). Mac du vay, trong hon 100 nam
qua, cac loai san l4 rugt nho co ban da dugc xép
vao cac chi riéng biét twong tng, nhung Vviéc
chan doan, phan biét va tham dinh loai doi hoi co
nhirng khao sat véi ky thuat va cong nghé chinh
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xac hon (Johansen et al., 2015).

Chi thi phén tir (molecular genetic marker)
va cac cong nghé thao tac va cbng cu phéan tich
phan tir da gop phan to 16n trong nghién ctru tng
dung ¢ cac linh vuc chan doan, phan loai, pha hé
va tién hoa, dich t& hoc phan tir va di truyen quan
thé (Hoelzer et al., 2018). Ngudn cung cap chi thi
phan tir la trinh ty DNA cua hé gen ty thé
(mitochondrial genome, mtDNA) va hé gen nhan
cha yéu la trinh ty DNA cua don vi mi hoa
ribosome (ribosomal transcription unit, rTU hay
rDNA) (Le et al., 2002; 2020; Hu, Gasser, 2006;
Crampton-Platt et al., 2016). Nhu cau (ng dung
sinh hoc phan tur rat 16n, dac biét 1a lam sang to
diéu kién va vi tri phan loai, méi quan hé vé
loai/chi/ho/lién ho va phén I6p, dac biét vai cac
loai “ddng hinh”, loai ‘da hinh”, loai “chi em”,
loai “lai” va cac dang phat trién hién dién trong
cung vat chu.

Hé gen ty thé & dong vat, ké ca ky sinh tring
da bao, ¢ cu tric 12 mot vong DNA khép kin
c6 d6 dai khoang 13-25 nghin nucleotide, tay
loai, chira 12 gen ma hoa protein (atp6, cob.
cox1-3, nad1-6 va nad4L), 2 gen RNA ribosome
(rrnL/(16S) va rrnS/(12S)), 22 gen RNA véan
chuyén (tRNA hay trn) va mot ving khdng ma
hoa (non-coding region, NCR) thuong chira
nhiéu ciu trdc lap co kich thude dai ngin khéc
nhau (Boore, 1999; Le et al., 2002; Bernt et al.,
2013). Pdi voi nganh San det (Platyhelminthes),
da c6 hang chyc hé gen ty thé hoan chinh ciia san
& (thuoc 16p Trematoda) va san day (16p
Cestoda) gay bénh ¢ nguoi va dong vat da dugc
thu nhan va phan tich day di cung cap ngudn dir
litu da  dung (Ngudn:  GOBASE:
http://gobase.bcm.umontreal.ca/) (O'Brien et al.,
2009). C6 thé ké ra mot sb hé gen ty thé cua san
l4 phoi Paragonimus ohirai (KX765277; Le et
al., 2019), P. westermani & 3 dang ton tai
(AF540958; AF219379 va KM280646) (Biswal
et al.,, 2014), P. heterotremus (GenBank:
KY952166) (Qian et al., 2018; Oeyet al., 2019),
P. kellicoti (Wang et al., 2018), san la ruft nho
Haplorchis taichui (GenBank: KF214770, Lee et
al., 2013), Metagonimus yokogawai
(KC330755), san la gan nho Opisthorchis
viverrini, O. felineus, Clonorchis sinensis
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(Shekhovtsov et al., 2010), s&n 14 gan 16n
Fasciola hepatica/ F. gigantica (KF543342;
KF543343)va F. jacksoni (Rajapakse et al.,
2020), san la rudt lon Fasciolopsis buski,
Fascioloides magna (Ma et al., 2016; 2017), san
la ruot Echinochasmus japonicus (Le et al.,
2016); Echinostoma caproni va E. paraensei
(LL250667; KT008005), E. miyagawai (Li etal.,
2019), E. revolutum (Le et al, 2020),
Hypoderaeum conoideum (Yang et al., 2015) va
hang chuc loai khac ¢ 12 ho khac nhau. Hé gen
ty thé ctia san |4 da cung cip ngudn gen rat gid tri
cho xé&c dinh loai, chian doan, phan biét, pha hé,
tién hoa va di truyén quan thé (Le et al., 2002;
2016; Lee et al., 2013; Liu et al., 2014).

Trong hé gen nhan & té bao dong vat con ¢o
hang tram rTU sip xép ndi tiép nhau thanh day.
O ky sinh trang, mdi mét don vi ¢ do dai khoang
7-10 kb, chtra 3 gen ma hoa ribosome (18S, 5.8S
va 28S) tach biét nhau boi 2 ving giao gen, lan
luot la ITS-1 va ITS-2 (internal transcribed
spacer 1 and 2). Cac don vi duoc ndi voi nhau
bang mot chudi nucleotide, chira nhidu ciu tric
lap, goi la ving ban 1& IGS (non-transcribed
intergenic spacer) va ving ngoai tiép ndi ETS ¢
dau 3’ cua rTU (3’ external transcribed spacer).
Khung gen dac trung cta rTU la: IGS-ETS-18S-
ITS1-5.85-1TS2-28S-1GS, tao nén c4c cau truc
nbi tiép nhau (Blair, 2006; McStay, 2016). Bat
ky gen ribosome nao (18S, 28S) hay viung giao
gen (ITS-1, ITS-2) déu dugce st dung trong phan
tich phan loai va quan hé tién hda phan tir cua cac
loai va truy xuat ngudn gc pha hé (Weider et al.,
2005; Blair, 2006). Véi san la rugt nho, da co mot
s6 nghién ctiu rTU va kién tao dit liéu tng dung
chi thi rDNA cho phan loai, chan doan va di
truyén quan thé (Thaenkham et al., 2011; Le et
al., 2017; Chontananarth et al., 2018). Tuy nhién,
nhiéu dit liéu gen hoc, hodc chua c6, hodc chua
cap nhat day du, cia hang chuc loai san la ké ca
san la rut nho quan trong c6 anh husng y té cong
dong.

Trong bai bao nay chang téi hoan thién qua
trinh giai trinh ty va phén tich dac diém hé gen ty
thé cta loai san 1a rudt nho H. taichui cua Viét
Nam so sanh vai H. taichui (chung caa Lao) va
loai Metagonimus yokogawai (Han Qudc) nham

cung cép dit liéu cho cac hudng nghién ctru khac
nhau st dung chuoi gen/chi thi phan tir cé tir hé
gen ty thé cac loai trong ho Heterophyidae.

NGUYEN LIEU VA PHUONG PHAP

Méu Haplorchis spp. trong nghién ctru

Cac mau san |4 ruot nhé truong thanh thu tir
cac bénh nhan tai Quang Tri (Viét Nam), gom H.
taichui chung QT3, ky hiéu Htai-QT3-VN, va H.
pumilio, chung HPUS, ky hi¢u Hpum-HPU8-VN
dugc sir dung dé giai trinh tu hé gen ty thé va don
vi mi hoa ribosome. Ngoai ra, c6 mot s6 mau
khac cua  Haplorchis, Stellantchasmus,
Procerovum, Centrocestus ciing duwoc thu thap
va nghién cau chi thi mtDNA va rTU. Mau &
dang tuoi dong lanh, hodc trong con 70%, bao
quan & —20°C cho dén khi ding. Mau do TS D
Trung Diing (Vién Sét rét - Ky sinh trung va Con
trung trung uong) cung cp, di duoc xac dinh
loai dwa vao dic diém hinh thai hoc (Dung et al.,
2007; 2013; De, Le, 2011) va khang dinh bing
sinh hoc phan tir st dung chi thi cox1 va phéan
tich pha hé xac dinh quan hé vé loai (Nguyén Thi
Khué et al., 2015; Le et al., 2017).

Tach chiét DNA tong s, thwe hién PCR va
giai trinh tw

DNA tong s6 duoc tach chiét bang bo sinh
phim GeneJET™ Genomic DNA Purification
Kit (Thermo Scientific Inc., MA, USA) theo
hudéng dan cia nha san xuit. DNA téng sb cia
mau dugc kiém tra ndng d6 bang cach do hap phu
quang hoc (OD, optical density) trén may do
quang phd ké Nanodrop 1000, bao quan ¢ —20°C
va pha & ndng d6 50 ng/pL, sir dung 2 pL cho
mai phan ang PCR c6 dung tich 50 L.

Phan tng PCR c6 tong thé tich 50 L, gom:
25 pL PCR Mastermix (Thermo Fisher
Scientific, MA, USA), 2 pL mdi loai mdi (10
pmol/uL), 2 pL khuén DNA, 2 pL DMSO
(dimethyl sulfoxide) va 17 pL nudc khtr ion
DEPC, dugc thuc hién trén may MJ PTC-100
(USA). Chu trinh nhiét gébm: 1 chu ky & 95°C/5
phut, 35 chu ky ¢ [94°C/1 phut, 52°C/4 phut;
72°C/2 phut], chu ky cudi ¢ 72°C/10 phat. Bbi
v6i L-PCR, thuc hién budc kéo dai ¢ 72°C/6-10
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phdt. San pham PCR duogc dién di kiém tra trén
thach agarose 1% nhu¢m Ethidium bromide, véi
chi thi DNA Lamda (HindlIl). San pham PCR
don bang dugc tinh sach b?mg GenelET PCR
Purification Kit hodc phan 1ap bang DNA diung
kich thuéc du tinh (néu nhiéu bang) bang b kit
GeneJET Gel Extraction Kit (Thermo Fisher
Scientific Inc.). Mot sb san pham PCR duogc
dong hod vao vector pCR2.1 hoac pCR2.1TOPO
TA-cloning Kit (Invitrogen), chuyén nap vio
dong té bao IVNaF’ dé chon loc khuan lac. DNA
ctia plasmid tai t6 hop duoc tach chiét véi bo hoa
chat GeneJET Plasmid Miniprep Kit (Thermo
Fisher Scientific Inc.). Cac san pham DNA dugc
guri di giai trinh tu tai cac co s& dich vu trong va
Nngoai nuoc.

Giai trinh tu va xir ly chudi nucleotide

Giai trinh ty tryc tiép bang modi xudi va moi
ngugc ((101 voi san pham PCR ngan) bang cach
giai ké tiép bang modi thiét ké 16ng vao nhau
(primer-walking) v6i san pham PCR dai. Véi doan
DNA da chén vao plasmid tai t6 hop, sir dung moi
M13F (5° GTAAAACGACGGCCAG 3) va
M13R (5" CAGGAAACAGCTATGAC 3"), hoac
mdi thich hop duoc thiét ké thém dé giai trinh tu.
Chudi nucleotide dugc bién tap (editing) tir gian do
trinh tu (chromatogram) do co s6 dich vu cung cap
bang Chromas Pro
(http://technelysium.com.au/wp/chromaspro/), sip
xép va thu chudi cudi cung bang GENEDOC2.7 va
MEGA7.0 (Kumar et al., 2016).

Xir ly phan tich chudi va thiét 1ap céu tric
gen/hé gen ty the

Xac dinh kich thuéc timg gen ty thé, ving
giao gen, vung khong ma hda; xac dinh trat tu
sdp xép gen trong hé gen ty thé bang cach so sanh
véi dir liéu hién c6 cua s&n det (cua chung toi va
Ngén hang gen). Muoi hai gen ma hoa protein, 2
gen ribosome ty thé duoc x4c dinh bang so sanh
d6i chiéu.

Cac gen ma hoa protein (protein-coding
genes, PCGs) dugc xac dinh bang cach can chinh
dbi chiéu véi cac PCG sin co cua cac loai san la
da duoc cong bd hoic co trong Ngan hang gen.
Xac dinh ma khoi dau 1a ATG/GTG va ma két
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thiic 1a TAA/TAG (bo ma TGA la ma két thac o
protein cua loai bac cao, nhung ¢ ty thé san det
la b6 ma ma hoa Tryptophan). Cac PCG da duoc
dich ma bang cach st dung bd ma di truyén ty thé
la “Echinoderm Mitochondrial Genetic Code”
cua san |4 (Bang s6 9 trong GenBank). Thanh
phan nucleotide va bd ma (codon) dugc phén tich
v6i chuong trinh MEGA 7.0 hoac MEGA X
(Kumar et al., 2016; 2018) va ty 1¢ str dung bo
ma (codon usage) cho 12 PCG két ndi duoc xac
dinh vé6i chuong trinh GENE INFINITY (Céch
su dung Codon:
http://www.geneinfinity.org/sms/
sms_codonusage.html).

Céc gen RNA van chuyén (tRNA hay trn),
gom 22 gen duoc xac dinh bang phan mém
chuyén biét (tRNAscan-SE1.21:
www.genetics.wustl.edu/eddy/tRNAscan-SE/
(Lowe, Eddy, 1997); ARWEN tai
http://130.235.244.92/bcgi/arwen.cgi  (Laslett,
Canback, 2008); DOGMA tai
http://dogma.ccbb.utexas.edu/va MITOS tai
http://mitos.bioinf.uni-leipzig.de/.

Céu trdic cua toan bo hé gen ty thé (dang vong
tron) va cua 22 gen tRNA dugc mé hinh hoa
bang hinh v& theo qui dinh c4u tric gen va hé gen
ty thé, sit dung cac phan mém chuyén biét
OGDRAW (Greiner et al., 2019).

Vung khéng ma hoéa (non-coding region,
NCR) duoc xac dinh bdi ranh gioi cua gen tRNA
cubi cang va gen ké tlep sau do. Cac loai
Haplorchis spp. c6 NCR nam gitra hai RNA van
chuyén la tRNASY (trnE) va tRNASY (trnG).
NCR & mtDNA cua da 56 cac san det ¢ chia cac
chudi/cu trac 13p lién ké (tandem repeat unit,
thuong ky hiéu TR hay RU hay TRU). Cau tric
lap lien k& dwoc xac dinh bing phan mém
Tandem Repeat Finder v3.01 (Benson, 1999).

Thu nhan va phén tich don vi ma héa
ribosome (rTU) caa H. taichui va H. pumilio

Mbi duoc thiét ké dua trén mot ) cong bd vé
rDNA da c6 trén Ngan hang gen hodc dir li€u cta
chiing t6i da cong bd va dang c¢6 (Le et al., 2017;
2020) dé thu nhan toan phan mdi don vi rTU
(5°18S-ITS1-5.8S-1TS2-28S-IGS 3’) c6 do dai
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khoang tir 7-8 cho dén 9-10 kb. Phan ma héa dugc
tinh tir dau 5” cua gen 18S cho dén hét 3° cua gen
288, d6 dai thuong la khoang 67 kb.

Cac chuong trinh ChromasPro, BioEdit,
GENEDOC?2.7 di duoc sir dung dé thu nhan, xtr
1y, phan tich cac chudi nucleotide, dic diém cac
gen ribosome (18S, 5.8S, 28S) va vung giao gen
(internal transcribed spacer, ITS) gom ITS1 va
ITS2 va ving ban 18 IGS. Hau hét cac loai chi thu
nhan dugc doan gen 28S rRNA cua vung D1-D3
khoang 1.200-1.250 bp dé phan tich so sanh va
xay dung cdy pha hé. Chuong trinh Tandem
Repeat Finder v3.01 (Benson, 1999) duoc su
dung dé tim kiém chudi (cAu truc) lap c6 thé co
& vung giao gen ITS1 hay ITS2.

Tinh toan gia tri d¢ léch (skew/skewness)

Gia tri d6 léch (skew/skewness value) la su
chénh lech str dung A, T, G, C dé kién tao, co thé
la chudi nucleotide cua toan b hay mot phan
MtDNA, hoac mét gen hay da gen cong hgp PCG
hozc chudi nucleotide khéng ma hoa; hoic cac
gen rRNA (gen 18S hay 28S ribosome hay
ITS1/1TS2) hoac toan b don vi ma hoa ribosome
(rTU); hoac bt ky chudi nucleotide/amino acid
nao. Chuong trinh GENEDOC?2.7 dugc sir dung
tinh ty 1€ tirng nucleotide (%) va tinh toan gia tri
A+T va G+C. Gia tri d6 léch (skew) dao déng
theo léch &m va léch duong (tir —1 dén +1) duoc
tinh theo cbng thirc md ta bai Perna, Kocher
(1995): [AT skew = (A + T)/(A-T) va GC skew
= (G + C)/(G-C)]. Néu db léch bang 0 thi tan s6
sir dung A va T caing nhu G va C nhu nhau trong
chudi DNA; néu AT skew Iéch am thi duoc hiéu
la T dugc sir dung nhiéu hon A (Le et al., 2004).
Déi véi san 14 (trematode), do ty 18 st dung A va
T nhiéu hon G va C nén gia tri do léch cua AT
skew ludn co6 gia tri &m va cua GC skew lubn co
gia duong (Le et al., 2002; 2004; 2019; 2020;
Rajapakse et al., 2020).

KET QUA VA THAO LUAN

Phan tich va so sanh dic diém h¢ gen ty thé

Tém lwoc sip xép hé gen va cdu tr(c gen ty thé

ctia san la ruét nhé H. taichui

Toan bo chudi nucleotide hé gen ty thé hoan

chinh cta san 14 rudt nho H. taichui mau Viét
Nam (Htai-QT3-VN) c6 do dai 15.120 bp, di
duoc thu nhan va phan tich chi tiét. Cac chung
cua loai H. taichui da dugc thu thap ¢ Quang Tri
(Viét Nam), trong s d6 mot hé gen ty thé da
dugc thu nhan va phan tich cau trac gen nhung
chua day du vé dac diém cac gen ma hoa protein
(Lé Thanh Hoa va cs., 2016). Chung tdi tiép tuc
hoan thién phéan tich va so sanh vai cac chung
khac trén thé giéi, két qua duoc trinh bay trong
bai bao nay.

Toan bo mtDNA cua H. taichui ¢é ciu trac
la vong DNA khép kin chira 36 gen, gdm 12 gen
mé hda protein (PCG, protein-coding genes), 2
gen RNA ribosome (rrnL va rrnS), 22 gen RNA
van chuyén amino acid (tRNA) va mét ving
DNA khong ma hoa (NCR). Bang 1 liét ké sép
xép thir tyr cac gen cua H. taichui (mau Viét Nam)
so sanh véi H. taichui (mau cua Lao) (Lee et al.,
2013). Sép xép dang vong tron (circular map)
trinh bay minh hoa & Hinh 1A véi cac cau trac
lap TRU (tandem repeat unit) dugc xac dinh
chinh xac va day du s6 lugng. Cac gen céch nhau
boi ving giao gen (1a chudi nucleotide ndi gitta
gen trude voi gen lién k&) la 0-25 nucleotide
(Bang l) Mot s6 gen st dung 1-3 nucleotide cua
nhau, 16ng vao nhau, dé két thic hodc khoi dau
gen. Gen atp8 khdng c6 trong cau tric mtDNA
ctia H. taichui va d6 ciing 1a dic trung vé cdu triic
ciia MDNA & céac l0di san 14 va cua tat ca cac
loai s&n det (Le et al., 2002).

Tha tu sép xép dang théng (linear gene
arangement) cta 36 gen va vung khdng mé hoa,
dugc mo vong tai cox3, nhu sau: cox3-H-cob-
nad4L-nad4-QFM-atp6-nad2-VAD-nadl-
NPIK-nad3-S;W-cox1-T-rrnL-C-rrnS-cox2-
nad6-YLiS;L;R-nad5-E-NCR[TRU1-5]-G
(Hinh 1B). Vung DNA khéng ma hoa (NCR) co
do dai 1.692 bp (miu Viét Nam) va 1.705 bp
(mau Lao), duoc chia thanh cac tiéu ving: tiéu
ving chudi giao gen dai sb 1 (246 bp) va sb 2
(487 bp), cac tiéu ving chira 5 don vi lap lién ké
TRU (182 va 183 bp/mdi mot chudi) va mot tiéu
vang khéng ma hoéa (49 bp) ndi tRNASY véi
cox3. Hai gen nad4L (264 bp) va nad4 (1.278 bp)
sap xép ké tiép va 16ng vao nhau trén hai khung
gen khac nhau, trong d6 gen nad4 gdi vao dau 3’
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cia gen nad4L va chung nhau 40 nucleotide.
Tuong tu, gen cox2 (624 bp) va gen nad6 (459
bp) co 14 nucleotide 6 dau 3’ cua cox2 goi vao
dau 5’ ciia nad6 (Bang 1), day 1a mot truong hop
hiém gip & san det duoc biét cho dén nay. Chénh
léch do dai khoang 11-13 bp gitta H. taichui
Htai-QT3-VN va Htai-LA la & vung NCR.

Phwong thirc sii dung nucleotide

Pé kién tao hé gen ty thé (15.120 bp), H.
taichui (Viét Nam) sir dung A = 19,56%, T =
39,71%, G = 28,34%, C = 12,39%, v¢i tong thé
thanh phan A+T 1a 59.27% va G+C 1a 40.73%,
gia tri do léch (skew/skewness) & A+T la am (-
0,340) va G+C la duong (0,392). Tong sb 10.164
nucleotide duoc sir dung dé xay dung 12 PCG
trong d6 c6 17,02% (A), 43,06 (T), 27,99% (G)
va 11,92% C, tong thanh phan A+T 13 60,08% va
G+C la 39,92%, gia tri d6 léch ciing tuong tu
MtDNA, skew = -0,433 (A+T) va skew = 0,403
(G+C) (Bang 2). Hai gen ribosome ty thé (MRG)
la 16S (rrnL) va 12S (rrnS) sir dung A+T it hon
(57,22%) va G+C nhiéu hon (42,78%) so Voi
mtDNA va PCG, do vay gia tri do léch skew
ciing thap hon.

Phuong thic st dung nucleotide A, T, G, C
cuia H. tachui ciia Lao ciing twong tu dong loai ¢
Viét Nam. Trong khi d6 loai san la rugt nho M.
yokogawai c6 ty 1& sir dung A+T thap hon (M.
yokogawai: mMtDNA/55,68%; PCGs/55,96%;
MRGs/54,15%) va G+C cao hon so véi loai H.
taichui (Bang 2).

Téng thé thanh phan A+T sir dung & mtDNA
ctia H. taichui ciing twong tw nhu & mot sb loai
san la gan 16n Fasciola spp. (ho Fasciolidae) va
san la gan nho (ho Opisthorchiidae), vao khoang
60%, nhung khac xa va it hon nhiéu so voi cac
loai san mang Schistosoma spp. thudc ho
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Schistosomatidae (thién vi vé A+T, thuong la
khoang 70% A+T) (Le et al., 2002).

Dic d:iém gen RNA ribosome ty thé va RNA vin
chuyén

RNA ribosome ty thé (gém hai tiéu phan,
rrnL va rrnS) va RNA vén chuyen (gom 22
tRNA) c6 d6 dai, cAu truc, thi tu sap x€p co ban
14 giong nhau gitta cac loai san det, nam xen gitlra
cac gen ma hoa protein (Hinh 1). Chudi gen cia
tRNA® (trnC) nam xen vao giita hai gen RNA
ribosome, rrnL va rrnS (Bang 1). Ciu trac bac
hai suy dién dién hinh cua rrnL va rrnS ¢ H.
taichui trong ty clia cac loai san det va gidng nhu
¢ san la gan lon F. hepatica (Le et al., 2002).

Hé gen ty thé H. taichui ma hoa cho 22 RNA
van chuyén amino acid, ¢ d6 dai ciia tRNA bién
dong tir 60 bp (6 tRNAV2) dén 73 bp (6 tRNASM),
da phan vao khoang 62-64 bp (Bang 1). Ving
tiép nhan amino acid (amino-acyl acceptor stem)
chtra 7 bp (it khi 6 bp), thuong thdy & cac loai
sinh vat nhan that; ving “bién doi” (variable
loop) ndi ving “doi ma” (anticodon) va ving
canh tay T¥C (TWC-stems), chi chira 4 bp (it khi
5 bp, chi ¢6 & trnC). V& céu trac, ngoai trr tRNA
ctia Serine 1 (trnSy), hau nhu tat ca tRNA (21 gen
RNA con lai) caa mtDNA H. taichui déu c6 ciu
trdc bac hai suy dién hinh “/d s6i” (clover-leaf)
hoan toan dac trung cta San det, ke ca tRNA cua
Serine 2 (trnS,), cua 2 tRNA van chuyén Leucine
(trnLy; trnlz) va cua Cystein (trnC). Chi duy
nhét cau trdc cua trnS; caa H. taichui bi khuyét
canh tay dihydrouridine (DHU-arm), tao nén mot
vom cung nucleotide. Khuyét thiéu canh tay
DHU ¢ tRNA cua Serine va Leucine ciing
thuong gip & MtDNA ciia mot sb loai san det
khac (Le et al., 2002; Liu et al., 2014; Ma et al.,
2016; 2017).

Bang 1. Vi tri ctia gen va cac dic diém gen trong hé gen ty thé hoan chinh cla loai san 1a rudt nhé H. taichui
(ching QT3, Viét Nam, 15.120 bp; GenBank: MG972809) va H. taichui (LA, Lao, 15.131 bp; GenBank:

KF214770).

Vitri Dic diém Péima Chudi ... Dic didm B&ima  Chudi
Gen/ving (5', >3) [bp/aa(start/stop)]  cda giao gen (5', > %) [bp/aa(start/stop)] cta giao gen
giao gen va cac ving gen tRNA (bp) va cacviing gen tRNA (bp)

Htai-QT3-VN (MG972809) (Viét Nam)

Htai-LA (KF214770) (Lao)
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cox3 1-645 645/214/(ATGITAA) +2 1-645 645/214/(ATGITAA) +2
tRNAHE 648-713 66 GTG  +6 648-713 66 GTG +6
cob 720-1829 1110/369/(ATG/TAG) +1 720-1829 1110/369/(ATG/TAG) +1
nad4L 1831-2094 264/87/(ATG/TAG) -40 1831-2094 264/87/(ATGITAG) -40
nad4 2055-3335 1281/426/(GTG/TAA) +9 2055-3335 1281/426/(GTG/TAA) +9
tRNACI 3345-3410 66 TTG  +3 3345-3410 66 TTG +3
tRNAPhe 3414-3477 64 GAA -1 3414-3477 64 GAA -1
tRNAVet 3477-3540 64 CAT 0 3477-3540 64 CAT 0
atp6 3541-4056 516/171/(ATG/TAG) +25 3541-4056 516/171/(ATG/TAG) +25
nad2 4082-4951 870/289/(ATG/TAA) +4 4082-4951 870/289/(ATG/TAA) +4
tRNAVA! 4956-5015 60 TAC  +1 4956-5015 60 TAC +1
tRNAAR 5017-5079 63 TGC  +2 5017-5079 63 TGC +2
tRNAASP 5082-5148 67 GTC 0 5082-5148 67 GTC 0
nad1i 5149-6054 906/302/(GTG/TAG) +2 5149-6054 906/302/(GTGITAG) +2
tRNAAS" 6057-6122 66 GTT  +3 6057-6122 66 GTT +3
tRNAP© 6126-6190 65 TGG -3 6126-6190 65 TGG -3
ttRNA 6187-6251 65 GAT  +3 6187-6251 65 GAT +3
tRNALS 6255-6319 65 CTT o0 6255-6319 65 CTT 0
nad3 6320-6679 360/119/(ATG/TAG) +13 6320-6679 360/119/(ATG/TAG) +13
tRNASeHACN: 66936754 62 GCT  +7 6693-6754 62 GCT +7
tRNATP 6762-6825 64 TCA  +4 6762-6825 64 TCA +4
coxl 6830-8371 1542/513/(ATG/TAG) -1 6830-8371 1542/513/(ATG/TAG) -1
tRNATH 8371-8434 64 TGT 0 8371-8434 64 TGT 0
rmL (16S) 8435-9413 979 0 8435-9413 979 0
tRNACYS 9414-9477 64 GCA 0 9414-9477 64 GCA 0
S (12S)  9478-10226 749 0 9478-10224 747 0
cox2 10227-10850  624/201/(ATG/TAG) -14 10225-10848  624/201/(ATG/TAG) -14
nadé 10837-11295  459/152/(ATG/TAG) +1 10835-11293  459/152/(ATG/TAG) +1
tRNATY 11297-11359 63 GTA 0 11295-11357 63 GTA 0
tRNALUUCUN)  11360-11425 66 TAG -2 11358-11423 66 TAG -2
tRNASS2UCN-  11424.11487 64 TGA  +8 11422-11485 64 TGA +8
tRNALU2UUR)  11496-11563 68 TAA  +11 11494-11561 68 TAA +11
tRNAA 11575-11639 64 TCG  +1 11573-11637 64 TCG +1
nads 11641-13227  1587/528/(GTGITAA) +11 11639-13225  1587/528/(GTG/TAA) +11
tRNAGH 13239-13311 73 TCC 0 13237-13309 73 TCC 0
NCR 13312-15003 1692 13310-15014 1705

Long Int seq. 1 13312-13557 246 0 13310-13568 259 0
TRU1 (182) 13558-13739 182 0 13569-13750 182 0
TRU2 (182)  13740-13921 182 0 13751-13931 182 0
Long Int seq. 2 13922-14408 487 0 13932-14419 487 0
TRU3 (183)  14409-14595 183 0 14420-14606 183 0
TRU4 (183)  14596-14781 183 0 14607-14789 183 0
TRU5 (183)  14782-14961 183 +42 14790-14972 183 +42
tRNASY 15004-15071 68 TTC 0 15015-15082 68 TTC 0
unique seq.  15072-15120 49 0 15083-15131 49 0

Ghi chu: bp: base pair; aa: amino acid; start: ma khéi dau; stop: ma két thuc; tRNA: RNA van chuyén; Int. seq.:
Chuéi giao gen (+. S& nucleotide trwéc gen ké can sau dé; -, S nucleotide 1dng vao gen ké can sau dé); *Dau
sao: RNA van chuy&n (tRNA) khuyét thiéu canh tay DHU-arm; NCR: non-coding region (viing khéng ma héa);
Long Int seq. 1 va 2: chudi giao gen dai 1 va 2; TRU: don vi (chubi) 1ap lién k& (182 va 183 bp/méi mot chudi);
unique seq.: chudi nucleotide néi gen van chuyé&n tRNASY va cox3; VN: Viét Nam; LA: L3o.
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Hé gen ty thé Haplorchis taichui (mach vong va mach thang)
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Hinh 1. So d hé gen ty thé cla san |4 rudt nhd H. taichui dang vong tron (A) va dang mach thang (B) mé vong
tai 5 cGa gen cox3 (Ngan hang gen: MG972809 (mau Viét Nam) va KF214770 (mau Lao)). Cac gen ma hoa
protein va rDNA ribosome duorc viét tat theo Boore (1999) va cac cdng bd trwéc day cia chung t6i (Le et al.,
2002; 2019; 2020; Lee et al., 2013). Cac gen RNA van chuyén amino acid (tRNA) dwoc danh du bang viét tat
ba chir ctia amino acid hodc mét chi» cai ma tRNA dé van chuyén (xem Béng 1). Vung khdng ma héa (NCR)
nam gitra tRNASU va tRNASY bao gdm 5 don vi cAu trac I&p lién k& (TRU1-5) va 2 chudi néi (Long Int. Seq. 1
va 2) xen ké.

Bang 2. Ty lé s& dung thanh phan nucleotide A, T, G, C va gia tri d0 léch (skew/skewness) str dung cua cac
gen ma hoa protein (PCGs), cac gen ribosome ty thé (MRGs) va toan bé hé gen ty thé (mtDNA) cua céc loai
san la ruét nho trong ho Heterophyidae.

Loai Do dai A T G C A+T AT- G+C GC-
(bp) (%) (%) (%) (%) (%) skew (%) skew
HETEROPHYIDAE
1 Haplorchis taichui (VN) .
(MG972809) mtDNA 15.120 19,56 39,71 28,35 12,38 59,27 0,340 40,73 0,392

PCGs 10.164 17,02 43,06 27,99 11,92 60,08 -0,433 39,92 0,403
MRGs 1.730 22,25 34,97 29,36 13,42 57,22 -0,222 42,78 0,373

2 Haplorchis taichui (LA)

(KF214770) MtDNA 15.131 19,56 39,67 28,34 12,42 59,23 -0,340 40,97 0,390

PCGs 10.164 17,02 43,08 27,96 11,93 60,11 -0,434 39,89 0,402
MRGs 1.728 22,34 35,01 29,28 13,37 57,35 -0,221 42,65 0,373
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3 Metagonimus
yokogawai (KR) mtDNA 15.258 17,79 37,89 30,11 14,21 55,68 -0,361 44,32 0,359
(KC330755)

PCGs 10.245 15,31 40,65 29,68 14,35 55,96 -0,453 44,04 0,348
MRGs 1.736 19,93 34,22 30,82 15,03 54,15 -0,264 45,85 0,344

Ghi cha: A: Adenine; T: Thymine; G: Guanine; C: Cytosine. PCGs: protein-coding genes (cac gen mé hoa
protein); MRGs: mito-ribosomal genes (cac gen ribosome ty thé); mtDNA: toan b6 hé gen ty thé; VN: Viét Nam;
LA: Lao; KR: Han Quoc.

Bang 3. Théng ké s6 lugng va ty 1& st dung bé ma kién tao cac gen ma hoa protein (PCG) trong hé gen ty thé
cua loai H. taichui (Viét Nam), H. taichui (Lao) va loai M. yokogawai (Han Quoc) thudc ho Heterophyidae.

Htai Htai Myok’ Htai Htai Myok '
aa  Codon _ (Viét Nam) (Lao) (HaNQuéc)  aa  Codon __(Viét Nam) (Lao) (Han Quéc)
No % No % No % No % No % No %

Ala GCG 36 1,06 37 1,09 33 0,97 Pro CCG 16 0,47 16 0,47 27 0,79
GCA 9 0,27 10 0,30 20 0,59 CCA 15 0,44 15 0,44 14 0,41

GCT 82 2,42 79 2,33 77 2,25 CCT 45 1,33 45 1,33 44 1,29

GCC 21 0,62 20 0,59 19 0,56 Cccc 16 0,47 16 0,47 17 0,50

Cys TGT 89 2,63 90 2,66 80 2,34  GIn CAG 19 0,56 19 0,56 21 0,61
TGC 12 0,35 11 0,33 33 0,97 CAA 5 0,15 5 0,15 11 0,32

Asp GAT 61 1,80 61 1,80 52 152 Arg CGG 24 0,71 24 0,71 23 0,67
GAC 10 0,30 10 0,30 18 0,53 CGA 7 0,21 7 0,21 8 0,23

Glu GAG 63 1,86 63 1,86 64 1,87 CGT 30 0,89 31 0,92 32 0,94
GAA 15 0,44 15 0,44 13 0,38 CGC 5 0,15 5 0,15 4 0,21

Phe TTT 301 8,88 295 8,71 234 6,85 Ser AGG 70 2,07 71 2,10 71 2,08
TTC 37 1,09 41 1,21 88 2,58 AGA 26 0,77 27 0,80 24 0,70

Gly GGG 136 4,01 136 4,01 142 4,16 AGT 61 1,80 61 1,80 53 1,55
GGA 42 1,24 42 1,24 29 0,85 AGC 21 0,62 20 0,59 13 0,38

GGT 92 2,72 92 2,72 100 2,93 TCG 39 1,15 39 1,15 54 1,58

GGC 32 0,94 32 0,95 29 0,85 TCA 20 0,60 18 0,53 21 0,62

His CAT 47 1,39 46 1,36 46 1,35 TCT 100 2,95 102 3,01 96 2,81
CAC 7 0,21 8 0,24 14 0,41 TCC 12 0,35 13 0,38 26 0,76

lle ATA 69 2,04 69 2,04 53 155  Thr ACG 20 0,59 21 0,62 25 0,72
ATT 95 2,80 93 2,75 88 2,58 ACA 10 0,23 8 0,24 4 0,21

ATC 13 0,38 14 0,41 32 0,94 ACT a7 1,39 49 1,45 50 1,46

Lys AAG 45 1,33 44 1,30 56 1,64 ACC 10 0,30 10 0,30 4 0,21
Leu TG 224 6,61 226 6,67 255 7,47 Val GTG 132 3,90 132 3,90 183 536
TTA 151 4,46 150 4,43 73 2,14 GTA 64 1,89 63 1,86 37 1,08

CTG 56 1,65 54 1,59 101 2,96 GTT 171 5,05 173 511 146 4,28

CTA 19 0,56 20 0,59 8 0,23 GTC 37 1,09 37 1,09 39 1,14

CTT 98 2,90 99 2,92 102 2,99 Trp TGG 71 2,10 71 2,10 92 2,69

CTC 16 0,47 16 0,47 27 0,79 TGA 46 1,36 46 1,36 36 1,05

Met ATG 113 3,34 112 3,31 111 3,25 Tyr TAT 145 4,28 145 4,28 99 2,90
Asn AAA 30 0,89 31 0,92 24 0,70 TAC 30 0,89 30 0,89 53 1,55
AAT 35 1,03 35 1,03 37 1,08  Stop TAG 9 0,27 9 0,27 10 0,29

AAC 6 0,18 6 0,18 9 0,26 TAA 3 0,09 3 0,09 2 0,06

Ghi cht: aa: amino acid ky hiéu béng ba chiv theo Co s& div liéu DDBJ (http://www.ddbj.nig.ac.jp/sub/ref2-
e.html). Ky hiéu loai: Htai (Viét Nam): H. taichui, ching QT3 cua Viét Nam trong nghién ctru nay (GenBank:
MG972809); Htai (L3o): H. taichui cla Lao (GenBank: KF214770); Myok: M. yokogawai cta Han Québc
(GenBank: KC330755). Stop: ma két thiic gen ma héa protein. Cac bé ma dwoc st dung nhiéu nhat (Phe-TTT;
Leu-TTG) va it nhat (GIn-CAA; Arg-CGC; Thr-ACA; Thr-ACC) & H. taichui va M. yokogawai dwoc bdi mau.
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Diic diém gen ma hoa protein

H. taichui sir dung bang ma di truyén tuong
tu nhu & cac loai san det (trematode), d6 bang ma
“Echinoderm Mitochondrial Code”/Bang 9 trong
Ngan hang gen duoc nghién ciru cho dén nay (Le
etal., 2002; 2004; Lee et al., 2013). Tit ca 64 bd
mi déu duoc sir dung, trong d6 bo ma ATG (sir
dung cho 8 gen) va GTG (cho 4 gen) lam by ma
khéi dau; va TAA va TAG lam cac bd ma két
thac. B6 md TGA, thong thuong 1a bo mi két
thic ¢ cac loai sinh véat nhan that (metazoan),
nhung & san det ndi chung va san 14 rudt nho H.
taichui, ma héa cho amino acid Tryptophan (W)
(Le et al., 2002). Loai M. yokogawai (cua Han
Qudc) co mot so protein co ma khoi dau va két
thac khac vai H. taichui. Khong c6 bat ky truong
hop nao c¢6 bd ma két thuc khiém khuyét (chi co
T hay TA) nhu thudng thiy & hé gen ty thé ¢
nhiéu loai giun tron (nematode) hodc sinh vat
nhan that (metazoan) (Le et al., 2004). Mot s6 bo
mi bat thuong khac, nhu ATA hoic ATT sir
dung lam bo ma khoi dau, di co ghi nhan & mot
s6 loai sinh vat nhan that; va TTG hodc GTT &
mot s6 loai giun tron, ciing khéng dugc tim thiy
¢ loai san 14 H. taichui dang nghién ctru ¢ day
(Bang 1).

Bic diém sir dung bg md trong cdc gen ma hsa
protein

H. taichui st dung 10.164 bp ma hoa cho
3.376 amino acid dé kién tao 12 gen mi hoa
protein (trong d6 36 nucleotide cho 12 bd ma két
thic). H. taichui mtDNA sir dung nhiéu nhét 1a
301 bo6 ma cho Phenylalanine (Phe-TTT), 224
cho Leucine (Leu-TTG) va 171 cho Valine (Val-
GTT) va str dung it nhit, chi c6 5 bo ma lan luot
cho Glutamine (GIn-CAA) va Arginine (Arg-
CGC) va 6 bd ma cho Asparagine (Asn-AAC).
Tuwong tu, H. taichui (Lao) va M. yokogawai
(Han Quéc) sir dung nhiéu nhat cho Phe-TTT va
Leu-TTG va it nhat cho GIn-CAA/Arg-CGC.
Ngoai ra, M. yokogawai con st dung it nhit cac
b6 ma khac cua Thr-ACA va Thr-ACC (Bang 3).

Nhu vay, nhitng bd ma st dung nhiéu nhat
ctia san la rudt nho thude vé Phenylalanine (Phe-
TTT) va Leucine (Leu-TTG), nhitng bo ma it sir
dung nhat 13 Glutamine (GIn-CAA), Arginine
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(Arg-CGC), va c6 thé thém Thr-ACA/ACC & M.
yokogawai, d6 ctng la phuong thicc su dung ma
nhiéu nhat va it nhat thuong gap ¢ hé gen ty thé
san la da cong b truéc day (Le et al., 2004;
2020; Chen et al., 2013) (Bang 3).

Diic diém ving khong ma hoa véi nhing cau
trac lap lien ké

Vung khong ma hda protein (non-coding
region, NCR) & mtDNA cua san la rudt nho H.
taichui, dugc xac dinh gidi han gitta 2 tRNA van
chuyén la tRNASY va tRNASY, d6 dai 1.692 bp
(mau Viét Nam) va 1.705 bp (mAu Lao), dugc chia
1am hai tiéu viing chtra 5 cau trac lap lién ké. Tiéu
ving thir nhét chira 2 cAu tric lap TRU1 va TRU2
(182 bp/mdi mot cau trac), cach tRNACY boi
chudi giao gen dai 1 (Long Int seq. 1) ¢6 d6 dai la
246 bp & mau Viét Nam va 259 bp & mau Lao,
chénh léch 13 bp (Bang 2) (182 va 183 bp). Tiép
theo la chudi giao gen dai 2 (Long Int seq. 2) c6
d6 dai la 487 bp ¢ ca chang H. taichui cua Viét
Nam va chung H. taichui ciia Lao. Tiéu vung thi
hai chtra 3 cau trac lip TRU3-TRUS (183 bp/mdi
mot cau truc), cach tRNASY ké tiép sau do la 42
bp . Sur c6 mit cia cac cau trac 1ap lién ké hay con
goi la cac minisatellite trong NCR cua h¢ gen ty
thé san la rudt nho noi riéng va san la noi chung
thé hién dic tinh da hinh (polymorphism) chua rd
chirc nang. Vang khdng ma hda cé céu tric lip
lién ké 12 nét dic trung & mtDNA ciia mot s6 10ai
sén 14, nhu bét gip trong MtDNA ctia sén 14 & ho
Fasciolidae (san 14 gan 16n Fasciola hepatica, F.
gigantica, F. jacksoni; san la ruét Ion
Fascioloides magna, Fasciolopsis buski), ¢ ho
Echinochasmidae va Echinostomatidae (san la
ruot Echinostoma revolutum, E. miyagawai, E.
paraensei, E. hortense,  Echinochasmus
japonicus, Artyfechinostomum sufrartyfex), ¢ ho
Opisthorchiidae (san 1a gan nhé Clonorchis
sinensis, Opisthorchis viverrini, O. felineus) va &
ho Schistosomatidae (sdn mang Schistosomaspp.)
duogc biét cho dén nay, tao nén ciu tric da hinh
mang tinh di truyén quan thé dang rat dugc quan
tdm nghién ctu (Le et al., 2002; 2020;
Shekhovtsov et al., 2010; Cai et al., 2012; Liu et
al., 2014; Li et al., 2019; Ma et al., 2016; 2017;
Rajapakse et al., 2020; Kinkar et al., 2020).
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Phan tich va so sanh don vi ma hoéa ribosome

Céu triic don vi md héa ribosome ciia cdc loai
H. taichui va H. pumilio

Cac mdi chung (liét ké tai Le et al. (2017))
duoc su dung dé thyc hién PCR thu nhan san
pham cé d6 dai khac nhau cta rDNA tig loai
H. taichui va H. pumilio va giai trinh ty. Sau khi
xtt y chudi, chung t6i thu dwoc toan bo phan ma
hoa ribosome (tir 5° 18S dén 3’ 28S) ciia mbi loai
(Hinh 2; Bang 4), bao gom:

i) Chudi nucleotide cua phian mi hoa
ribosome (coding rDNA) cua loai H. taichui
(Htai-QT3-VN) c6 d6 dai 1a 7.268 bp, con thiéu

vung IGS chua thu nhan duoc;

i) Chudi nucleotide phan ma hoa ribosome
(coding rDNA) cua loai H. pumilio (Hpum-
HPUB8-VN) c6 do dai 1a 7.416 bp, con thiéu ving
IGS chua thu nhan duoc.

Trong phan ma hoa ribosome, ciu tric cua
rDNA cua tirng lodi va 5 phan doan DNA cua 5
gen/ving giao gen di duoc xac dinh bao gom:
18S rDNA, ITS1, 5.8S5 rDNA, ITS2 va 28S
rDNA. Trinh tu thu dugc da hoan tit toan bo
phan ma héa ribosome cua ca hai loai H. taichui
va H. pumilio ma trudc day chiung tdi maéi cong
b mot phan va chua phan tich mot cach chinh
X4c cac cAu trac lap (Le et al., 2017).

Haplorchis taichui (phan ma héa, 7.268 bp)

IGS 188 ITS1 5,85 288 IGS
TRU1-3
ITS2
ITS1
TRU1-5
IGS 188 ,‘,“ 5,55 ke 288 IGS

Haplorchis pumilio (phdn ma héa, 7.416 bp)

Hinh 2. Sap xépﬂtrét tw phan ma héa (coding rDNA) clia don vima héa ribﬂosome‘ctla‘ san la ruét nho H. taichui
va H. pumilio (mau Viét Nam). TRU: tandem repeat unit (cac cau truc chuadi 1ap lién ke).

D¢ dai gen va vang giao gen ciia cdc 10ai H.
taichui va H. pumilio

Duya trén mét s6 cong bd trude day vé rDNA
ctia mot sb loai san det (Briscoe et al., 2016; Su
et al., 2018; Le et al., 2017; 2020) va dir liéu
rDNA di dugc phan tich cong b trong Ngan
hang gen, chiing t6i da xac dinh dugc kich thudc
va vi tri ciia timg gen/ving giao gen trong phan

ma hoa rTU cua ting loai, bao gom gen 18S
rRNA, vung giao gen ITS1, 5.8S rRNA, vung
giao gen ITS2, gen 28S rRNA (Bang 4). Két qua
cho thay, cac gen 18S va 5.8S cua ca 2 loai déu
c6 d dai hoan toan gidng nhau, cu thé: 1.992 bp
& gen 18S, 160 bp ¢ gen 5.8S, nhung gen 28S ¢6
do6 dai khac nhau, 3.875 bp ¢ loai H. taichui va
3.870 ¢ loai H. pumilio.
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Bang 4. Vi tri gen va vung giao gen cla don vj sao chép ribosome (rTU) cla loai san 14 ruét nhé cla Viét Nam,
H. taichui (chiing QT3) (7.268 bp, Htai-QT3-VN) va H. pumilio (ching HPU8) (7.416 bp, Hpum-HPU8-VN).

Gen/Vung giao Vi tri Cau tric I3 thCh Viing giao o
gen (5->3) autrdac lap thwoc gen (bp) Ghi chu
(bp)

H. taichui

7.268 bp GenBank: KX815126

18S 1-1992 1992 0 Gen rRNA

ITS1 1993-2779 797 0 Khoéng cé cAu trac l&p

5.8S 2790-2949 160 0 Gen rRNA

ITS2 2950-3393 444 +121 121 bp dén TR1
3071-3155 TRU1 85 0 CAu trac 13p lién ké
3156-3238 TRU2 83 0 Céu trac 13p lién ké
3239-3323 TRU3 85 +70 Céu trac 13p lién ké

28S 3394-7268 3875 Gen rRNA

IGS " " Chuwa hoan thanh

H. pumilio

7.416 bp GenBank: KX815125

18S 1-1992 1992 0 Gen rRNA

ITS1 1993-3098 1106 +66 66 bp dén TRA1
2059-2194 TRU1 136 0 CAu tric 13p lién ké
2195-2330 TRU2 136 0 CAu tric 13p lién ké
2331-2466 TRU3 136 0 CéAu trac 13p lién ké
2467-2582 TRU4 116 +7 CéAu trac 13p lién ké
2590-2705 TRU5 116 0 CAu tric 13p lién ké
2706-3098 Int seq. 393 0 Chubi néi

5.8S 3099-3258 160 0 Gen rRNA

ITS2 3259-3546 280 0 Khéng cé cAu truc 13p

28S 3547-7416 3870 Gen rRNA

IGS 1l I Chuwa hoan thanh

Ghi cha: TRU: tandem repeat unit (cac cAu trac 13p lién ké).

Mt khac, d6 dai ving giao gen ITS & mdi
loai 1a khac nhau va cau tric chudi nucleotide
trong mdi ving giao gen & hai loai ciing khac
nhau. Cu thé:

- \Vung giao gen ITS1 ¢ H. taichui c6 do dai
la 797 bp, khong chua cau trac lap (tandem
repeat unit), trong khi d6 1TS1 ¢ H. pumilio co

80

do dai 1.106 bp chtra 5 cau trac lap lién ké
(TRU), trong d6 3 TRU (TRU1-3) c6 do dai 136
bp/mdi mét ciu tric va 2 TRU (TRU4-5) c6 do
dai 116 bp/m&i mét cau truc.

- Vung giao gen ITS2 & H. taichui c6 do dai
1a 444 bp chira 3 cau trac lap lién ké (TRU), trong
d6 2 TRU (TRUL1 va 3) co d6 dai 85 bp/mai mot
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ciu trac, con TRU2 chi ¢6 83 bp. Trong khi dé,
ITS2 ¢ H. pumilio c6 do dai 280 bp khdng chira
cau truc lap.

- Ving IGS nam & dau cudi 3’ ciia rDNA cua
ca hai loai déu chua xac dinh dugc.

KET LUAN

Hé gen ty thé va don vi ma hoa ribosome
(phan ma hoa) cua sén 14 rudt nho H. taichui mau
cua Viét Nam (ching Htai-QT3-VN) va caa H.
pumilio mau ctia Viét Nam (ching Hpum-HPUS-
VN) di duoc giai ma va phan tich day da. Toan
bd MtDNA cua H. taichui c6 kich thugc 15.120
bp ngin hon so véi mot chung cua Lao 15.131 bp
(GenBank: KF214770), chira 36 gen trong d6 co
12 gen ma hda protein (cox1, cox2, cox3, nadl,
nad2, nad3, nad4L, nad4, nad5, nad6, atp6 va
cob); 2 gen RNA ribosome gom rrnL (16S) va
renS (12S); 22 gen RNA véan chuyén; va mot
ving khéng mé héa ¢ cac cau trdc lap lién ké (5
chu tric 1ap). Pac diém cua timg gen vé do dai,
sir dung bd ma va phan bd, ciing nhu cau trlic bac
hai ctia rRNA va tRNA ciing da dugc xac dinh
va phan tich day du va so sanh vdi mau cia Lao
do nhém nghién ctru Han Quédc phan tich va véi
loai M. yokogawai (Han Quédc) cung ho
Heterophyidae. Phan ma hoa ribosome (5’ 18S
dén 3’ 28S) cuia H. taichui va H. pumilio di duoc
thu nhan con thiéu vung IGS, trong d6 loai H.
taichui (Htai-QT3-VN) c6 do dai 1a 7.268 bp, H.
pumilio (Hpum-HPUS8-VN) c6 d¢ dai la 7.416
bp; 5 phan doan DNA cta 5 gen/vung giao gen
dd duoc xac dinh bao gém: 18S rRNA, ITS1,
5.8S rRNA, ITS2 va 28S rRNA. Cac gen 18S va
5.8S cua ca 2 loai déu c6 do dai gidng nhau
(1.992 bp/gen 18S, 160 bp/gen 5.8S), gen 28S co
do dai khac nhau (3.875 bp/H. taichui va 3.870
bp/H. pumilio). ITS1 ¢ H. taichui (797 bp) va
ITS2 & H. pumilio (280 bp) khéng chira cau trac
Iap, trong khi d6 ITS1 ¢ H. pumilio (1.106 bp)
chira 5 cau trac lap lién ké TRU, 136 bp cho 3
TRU va 116 bp cho 2 TRU; va ITS2 ¢ H. taichui
(444 bp) chtra 3 TRU (83 — 85 bp/céu truc).

Loi cam on: Nghién ciru nay dwoc tai trg boi
Quy Phat trién khoa hoc va cong nghé Quoc gia
(NAFOSTED) trong dé tai md so 106.06-2012.05

va 108.02-2017.09 do GS.TS L& Thanh Hoa chu
nhi¢m va nghién czzu sinh (L& Thi Viét Ha) tham
gia la thanh vién thuc hién dé tai.
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AND ITS RIBOSOMAL TRANSCRIPTION UNIT WITH H. PUMILIO (FAMILY
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SUMMARY

Minute intestinal flukes, Haplorchis taichui and H. pumilio, belong to the family Heterophyidae
(Trematoda: Platyhelminthes), which have been studied very limited, especially the molecular
markers of the mitochondrial genomes (mtDNA) and the ribosome transcription units (rTU or rDNA).
We have obtained the complete mitochondrial genome of H. taichui and the coding part of ribosome
transcription unit of H. taichui and H. pumilio of Vietnam. Nucleotide and amino acid data were
compared between H. taichui and Metagonimus yokogawai for genomic/gene composition, codon
usage (skew/skewness), and tandem repeat units (TRU). The complete mtDNA of H. taichui (strain
Htai-QT3-VN) with the length of 15,120 bp and M. yokogawai (15,258 bp; Korea; KC330755)
contains 36 genes, including 12 protein-coding genes (cox1, cox2, cox3, nadl, nad2, nad3, nad4L,
nad4, nad5, nad6, atp6 and cob), 2 ribosomal RNA genes (rRNA); 22 transfer RNA (tRNA or trn)
and a noncoding region (NCR) between trnE and trnG, divided into 2 sub-regions containing5 TRUs
(182-183 bp/TRU). H. taichui (Vietnam and Laos) uses A = 19.56%, T = 39.71%, G = 28.34%, C =
12.39% (A + T is 59.27% and G + C is 40.73%) for mtDNA construction, whose skew/skewness
value at A+T is negative (-0,340) and G+C is positive (0.392); for 12 protein-coding genes (PCGs)
is similar; but for the mito-ribosomal genes (MRGs, of 16S/rrnL and 12S/rrnS) it is less for A+T
(57.22%) and more for G+C (42.78%). M. yokogawai had lower A+T (mtDNA/55.68%;
PCGs/55.96%; MRGs/54.15%) and higher G+C usage rate than H. taichui. H. taichui of Vietnam and
Laos has 10,164 bp encoding for 3,376 amino acids to construct 12 PCGs with the mostly used codons
as Phenylalanine (Phe-TTT) and Leucine (Leu-TTG), and the leastly used codonsas Glutamine (GIn-
CAA), Arginine (Arg-CGC). Additional condon, Thr-ACA/ACC can be added as the least used in M.
yokogawai. The rTU (from 5 '18S to 3' 28S) of H. taichui (7,268 bp) and H. pumilio (7,416 bp) were
identified with 5 genomic regions including 18S rDNA, ITS1, 5.8S rDNA, ITS2 and 28S rDNA. The
18S and 5.8S genes of both species were of the same length (1,992 bp for 18S, 160 bp for 5.8S), but
different for 28S genes (3,875 bp for H. taichui and 3,870 bp for H. pumilio). ITS1 in H. taichui (797
bp) and ITS2 in H. pumilio (280 bp) do not contain TRUs, whilst ITS1 in H. pumilio (1,106 bp)
contains 5 TRUs(136 bp for 3 TRU and 116 bp for 2 TRUs); and ITS2 in H. taichui (444 bp) contain
3 TRUs (83-85 bp/each).

Keywords: Ribosome transcription unit, Haplorchis pumilio, Haplorchis taichui, mitochondrial
genome, mtDNA, Metagonimus yokogawai, rTU, minute intestinal flukes.
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