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Abstract

Yellow head virus (YHV) is one of the most virulent RNA viruses in shrimp.
Since the first report in Thailand in 1990, there have now been 6 YHV genotypes with
sequence difference in their genomes up to 20%. Various detection methods cannot be
used to distinguish every types of YHV. Until recently, an RT-PCR detection method
using degenerate primers recommended by OIE (World Organization of Animal Health)
has been established. However, it requires further step of sequencing in order to specify
YHV genotypes. In this project, we thus propose an in-tube method using high
resolution melt (HRM) analysis in conjunction with RT-PCR to detect and identify

genotypes of YHV. Control plasmids represent genotype 1, 2, and 5 were successfully



constructed while those of genotype 3, 4, and 6 were synthesized from a commercial
company. A pair of inosine-containing primer was designed based on the recommended
typing region which targeted the ORF1b region of the YHV genome. PCR and HRM
analysis (PCR/HRM) were performed using Rotor-Gene Q instrument. After the
amplification process was completed, HRM function was performed by increasing the
temperature in steps of 0.1°C. The HRM profiles revealed that the amplified products
from each representative YHV genotype yielded distinguishable melting temperature
values. Thus, our newly developed PCR/HRM system seems to have a potential to be a
useful tool in YHV genotyping. Viral detection in field shrimp RNA samples were
performed using conventional nested PCR detection and PCR/HRM assay. The results
revealed that our newly developed PCR/HRM method was more efficient than the
conventional detection. However, genotyping indicated by the HRM profiles was not
corresponded to the sequencing results. In addition, the PCR/HRM method could not be

used to distinguish genotypes when more than 2 genotypes present in the samples.

d71eia (Executive summary)
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Hasmuinmsasahiawniasdsndiued 4 téuuazianwmelly Degenerate primer
AUTIBITUBES Wijegoonawardane uazame (2008) 164 liitwanzawlunisinanldlums
¥in PCR/HRM WT=&INafadn Melting temperature (T,) VaIHNanaafLdwaldianly
whnuwidazanan bhizmenuiideiiuios daimmiwiymlasmsld  nosine
base (1) WnWM31T Degenerate base uazld lwstwasines 2 idulud §isen
mM3aTalasaRnaesan cDNA $1uIn 22 §188196185% Nested RT-PCR
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1. nsaanuulnstuas1wni1391 RT-PCR/HRM
NMINAAINHIBUINLITINIIATI NTER AR NSNS 4 duuazianumetiln
Degenerate primer @103831%Va3 Wijegoonawardane azatwe (2008) i halnanzan
Tunsihanlglunsyin RT-PCR/HRM insz&nadad Melting temperature UaINaNaad
= A o e o o v & a o = o & = o
dwalifa ldwhiuwiihazananhismeiuiidenuionn  amwsntwidymles
M3 Inosine base (1) WnWn35LE Degenerate base lag'ldaanuuylnfivasliauun
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YHV-inosine-F = CTTICAITGTATCTGIATGCA
YHV-inosine-R = GTGTACATITTIGAGAGTTTITT

nandadiimad ldanlniiweiditazlvina 141 bp

Genol CGLCTTCCAGTGTATCTGCATGCACCAGGGCAATCCATACTACGCTAAACTTCCATACTAC 60
Genob CGCTTCCARATGTATCTGCATGCACCAAGGCAACCCATACT ACAGTAAACTTCCATACTAC 60
Geno2 CGCTTCCAATGTATCTGCATGCACCAGGGTAATCCATACTACTCTAAACTTCCTTACTAC 60
Genob CGCTTTCAATGTATCTGCATGCACCAGGGTAATCCATACTACTCCAAACTTCCTTACTGC 60
Geno3 CGCTTCCAATGTATCTGCATGCACCAGGGTAATCCATACTATTCAAAGCTTCCTTATTAC 60

Genod CGCTTCCAATGTATCTGTATGCACCAAGGARACCCTTACTACACAAAGCTCCCATATTAT 60
Ak A A@Or @A A A AKX A@R AR A AR AKX KK kKk A%k Ahrk % kk kk kk kX &

Genol AACACATCACAAATCTACTTTGAGAAATCCACTACAGTCATCGCATACARATGGACCACAG 120
Genob AACACTGCACAGATTTACTTCGAGAAGTCAACTACAGTCATCGCCTACAACGGTCCAAAC 120
Geno2 AARCACAGCACAGATTTACTTCGAGAAATCAACCACAGTCATCGCTTATAACGGCCCCAAC 120
Genob AACACAGCACAGATCTATTTCGAGAAATCAACCACAGTCATTGCTTATAACGGCCCCAAC 120
Geno3 AACACAGCACAGATTTACTTCGAGAAATCAACTACAGTCATCGCTTACAACGGCCCCAAC 120
Genod AACACTGCACAGATCTACTTCGAGAAATCTACCACAGTCATCGCATACAACGGCCCTAAT 120

*k ki k *kk% k% k% ** Xxkx Lk k& k& AAAAAAA X Xk kx *Fx *x k% *

Genol AACAAACTCTCCAATATGTACACTGAC 147
Genob AACAAACTCTCAAACATGTACACTGAC 147
Geno2 AACARACTCTCARAACATGTACACTGAT 147
Genob AACAAACTCTCAAACATGTACACTGAT 147
Geno3 AATAAACTCTCAAATATGTACACTGAC 147

Geno4 AACAAACTCTCAAACATGTACACAGAT 147
bRl LEEEEEER] EX] IR
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2. NN3&379 in vitro transcribed RNA
X o o ¢ < A 2 o A A& Aa
mnaaadidasnsivaniidwaelilunimasssaiugy  inAshwanaiiafiduend
A& o e A i o ¢ o o =3 6 e o
Aldwerwa 147 bp vadhiiaiundesudazasiuianiimidadsdulsoddadimg
i A ' =~ = { Y . .
Hindlll (T90t) downstream VoiTudiduiarwia 147 bp) NalWidu Linearlized DNA

= o ' aaa . . f g 4 kg
nuud i llalud §i%en in vitro transcription S9sznaveag



Linearlized DNA ~10 ug

5X buffer 30 ul
100 mM DTT 15 ul
25 mM rNTPs 5 ul
18 U/ul T7 RNA polymerase (Promega) 3 ul

JsudSuasarssinnawsils 150 ul
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V‘hmsﬂuﬂﬁﬁ‘%mﬁ 37°C uwna 4 alus aniuisaaEwassdulasmsdasde
DNase | usasafl 37°C 15 wfl ﬂ’]ﬂ%ﬁdﬂ’]iﬁ’]lﬁﬂ%gﬂ%ﬁ’m Phenol/Chloroform &g
ANAZNawAlL Isopropanol LLéTﬁaazmUmﬁﬁmamuquﬁvlﬁﬁazl DEPC-water 904
MITAUTIULAZAUNNTBIANTIAULAGIEIT  Spectrophotometry ﬁmmsg]@ﬂﬁmm
260 Uar 280 nm LATANWITH copy number yg3a13Ldualasn Ly ﬂ'ﬂmﬁ Avogadro

number

3. "MNInadal Annealing temperature IV FRERFV
NMINARBIRABINIINAFOUNY Annealing temperature (T,) NLANzaNLNANIIHNULATLN
RT-PCR/HRM dali 3snasevlasld in vitro transcribed RNA a9 hiSaninfadidas

suiuf ldanminanasivduiuarfiduensdu  lagluljfisen RT-PCR 20 ul

sznaveng
in vitro transcribed RNA (106 copies/ul) 2 ul
2X buffer 10 ul
10 uM YHV-inosine-F 0.5 ul
10 uM YHV-inosine-R 0.5 ul
RT/Platinum Taq Mix (Invitrogen) 0.5 ul
nau 6.5 ul

[

i aaa a a a = . ¢
Ul]ﬂg]ﬂ‘i&l’]l%l,ﬂ‘iax‘iLW&JI]S&J’]RL&’WSW%ﬁqﬂ‘ﬁﬂJ (Biometra) @31

30 sec

50°C 30 min I’\ )

30 sec
| 30 Cycles

wasaulfisen RT-PCR ldhsnsazais 10 ul ludenzdamaussdSunmnanaan la

CoTioh Agarose gel electrophoresis HANIINGABINGRDL T, 7 46.8, 48.9, 51.1, 53.2,



55.3, 57.3 Uaz 58.6°C WU T, 1 51.1°C (lugmnpiinimunzaw lassaninlinaniag
LOULLTUIA 141 bp 3TN vitro transcribed RNA mao"la%‘aﬁ"gmﬁamﬂmuﬁuﬂﬁaﬂ’m
Foaaw (GUA 2) asuazlafimahujfsen RT-PCRHRM A8 T, 1 51°C dald (laj

fN1T0AIA1 51.1°C luLaIad Rotor Gene-Q 1)

<141 bp

Type 1 Type 2

<«141bp

Type 3 Type 4

<4=141 bp

Type 5 Type 6

3UN 2 MM Annealing temperature (T,) Minanzaaluniaih RT-PCR ana1fiduia

Auaurad IRRILAREING 6 MBWUT, * uraIanFaf ldanmild T, 7 51.1°C



4. N1IFILAIIZHA cDNA

Tuszninefivnnmsnaass Wuiwmiﬁmaéhaﬂ'nmﬂf‘j\iﬁﬂmﬁauamwvlﬂ 104
Liﬁa"lﬁﬁﬁmimﬁmmﬁﬁmamaaéﬁazmr:favlﬂrflu cDNA Lﬁalﬁmsﬁuqmiuﬁmm
wwinsiu Taslul§ATemsdesest cDNA 30 ul Usznaudan

RNA 5 ul

5X cDNA Synthesis buffer (Invitrogen) 6 ul

100 ng/ul Random hexamer (Invitrogen) 1.2 ul
5 mM dNTPs 2 ul
0.1 MDTT 1.5 ul
ThermoScript RT (Invitrogen) 1 ul
snau 13.3 ul

Uy AseN 65°C 5 Wil aNey 25°C 10 win anuuidisenn 50°C 1duiian 1
Tlus udmgadfizenlasliainuioundn 85°C uiaan 5 wafl 1iu cDNA ldlin 20°C

aunInazsinanla

5. ﬂ'l‘S‘Ylﬂ'dE)‘]Jﬁﬂ’l'Jg‘l%ﬂ'ﬁ‘ﬁ’l PCR/HRM
ﬂ'ﬁ‘l’l(ﬂE*la\‘iﬁ(ﬁadﬂﬁiﬂ@ﬁaUﬁﬂ']’JﬁisL%ﬂﬂiﬁ"l PCR/HRM  113z@u130¥iNnNI0en
e a A g; °/ v A 1 R ) a a & e W =S 1
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suwusanimnasey lasludizen PCRHRM 25 ul dsznaudas

DNA 1 ul
2x QuantiTect SYBR Green PCR Master Mix (Qiagen) 12.5 ul
10 uM YHV-inosine-F 0.5 ul
10 uM YHV-inosine-R 0.5 ul
fna 10.5 ul

sinlAzenlaluie3as Rotor Gene-Q udiaamnpifi 95°C 15 wift 1 301 94°C 20
Aundl, 51°C 35 wifl uaz 72°C 35 W Swan 40 seu MNUNLNUGFTING 73 9
79°C I@ﬂﬁlﬁqmﬂgﬁﬁluﬁuﬁaz 0.07°C  duningmn)iiuazgluuuvad  Melting
temperature (T,,) ToInanaaaLEwadldanlhiamiwaasi 6 AUHUT BITNITOUERS
WA MREILUL A8 wUU Normalized Graph laziuy Melting Curve NAMINARDILEAS A
Awiwanaadaweaved hignnissudazaunuiien T, LNt NE1NAE NARAR
maﬂa%’aﬁﬁmﬁaammﬁmjﬁ 1 99 6 e T, 1w 76.11, 76.29, 76.43, 76.65, 77.2 WA
76.99°C @N&GL (gﬂﬁ' 3) auiwannsinaseuiiinesiienumunzanlunsasiauss
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miﬂ@aa\‘iﬁé’admimm Amplification efficiency Lz Sensitivity lunsanalisa
WihAsILdazuWUE 39711 10-fold serial dilution (10° %38 10° 9 1 copy/ul) VaIW
aafiafidwaaiuquuashiziniesudazaenug uadld 1ul ludjisen PCR $mau
40 sAUGINEINIdn  anniuinguanuiiwzaasnanaai ledonn i Melting
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Quantitation Data Melting Analysis
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TN 1 Amplification efficiency LAz Sensitivity 289NNIATI TR NRBILAREEE

Wug
TaSawnaas Amplification Sensitivity
efficiency (copy/reaction)

MuWUEN 1 2.06 10
MURUET 2 1.99 10
MUTUET 3 191 10
MUWUET 4 1.81 1
MUTUET 5 1.88 10
MURUET 6 1.86 100

7. mM31dIgunay Sensitivity 521171925 PCR/HRM waz Nested PCR

m‘m@aaaﬁﬂﬁﬁmmwm%%’aﬁ"smﬁaﬂuéﬁaﬂwﬁaﬁa lagl43% PCR/HRM #
IWAWEW  wasvinmsi3suiey  Sensitivity 7U3% Nested PCR  anasnpdnuuad
Wijegoonawardane Lazatue (2008) lasdin1siin cDNA maaé’haU'Nf‘jaﬁmmmﬁaudﬁa@
Vlrs%'aﬁ";mﬁaamﬁﬁufﬁ 1 LLazmﬂﬁ'uﬁ:ﬁ 2 N3aefiar 10 10 waald 1 ul
RIUM TN ULARAD Namimaaawudﬂumamméﬁasmfjaﬁaﬂvh%'aﬁ'qmﬁaa
MUUEA 1 unzanuWugn 2 35 Nested PCR i Sensitivity Ani133 PCRHRM ag 10
Waz 100 L¥in @us1au (gﬂ‘ﬁ' 5)
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UM 5 malouiiey Sensitivity lunsasalhiiaiawlasmowusi 1 uazanaWuin 2
#1837 PCR/HRM uaz Nested PCR, Un fia cDNA 71l4'lé13a314

8. MINIATIIN LITFR AR DY
msmaaaf:ﬁ']msm’mm"h%'aﬁ’smﬁaaluéﬁamoﬁaﬁhmu 22 ¢ete lasldis
Nested PCR (Wijegoonawardane et al 2008) 13suifisufiuds PCRHRM lasi3uain
MIFILATIZA cDNA 283a75L8Wa Nt WINNITIIdL niuld cDNA Ald 1 ul
Tunsasrasedtnsgas §msle Plasmid DNA ASaEwaawa 147 bp weshiians 6
mslﬁ'uhiﬂu Positive controls 8%4%#aa% Negative control T&%inuny cDNA
HAN1IATI903T Nested PCR wufsdahiiadwon 3 dradw (et
WINBLUT 1, 21 uaz 22) (gﬂﬁ 6) §IUMIATIAILIT PCRHRM wurjsda laiadwamn
19 dhagny rasafiasalinulhsawnassdanunoas 15, 16 uaz 20 i1 C, @
N3L&% Threshold (gﬂﬁ' 7a) IM39192902833 Nested PCR i lagldnandnanyizen
PCR souusniindu an 1 ul 1ilu 8 ul U138 Nested PCR Dafislkuaituifin (data
not shown) atnalsfignu 1332362835 Nested PCR fildaunsnszyasonuivadhis
wraedle IummzﬁL:fia"‘aLﬂi’]zﬁwamimaaolugﬂﬁ 7a (Juluy High resolution melt
curve LLci'hLﬂ%ﬂmﬁﬂugmmuua:@h T, VBINANANINN Plasmid DNA mquaﬂﬁau@i
azmﬂﬁuﬁ: V‘hlﬁmwudfmfmé‘;aﬂwar‘j&ﬁ@m"b%’aﬁ";mﬁaoﬁmm 19 dhaghein JTniea
hizimasuuumeduiidersiuiu 8 dradng (gﬂﬁ' 7b) WaZAA NSERIRRBILLLFD

suRwEIIWIN 11 @et (U 7o)

QCJ o

N Y
2 R e e 2
M1 23 456 789 10<F<FN M 1112 13141516 1718 19 20°F<¥N M 21 22 NAR<F

«—359bp
=147 bp

37U 6 nIavam hiiamniesandainigs d1835 Nested PCR
ANAILFNITWIAVITIIATBINAKAAGIEUEN ldan T TaRuniey, Type 1-6 Ao positive
control fild cDNA miuquuadhiamwiasmuAuin 1-6 mudey, N fa negative

control laglgshununslgfiduie, M A fi1auena3g1u (New England Biolabs)
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3N 7 miamamhisdumitasandiedtegs §183% PCR/HRM. (a) Amplification plot
datanlian C, witawdu Threshold FaLilualat9N@a Tawinaes (b) High resolution
melt curve VaddadINGaliTaRInAsILULEENUTIAY (c) High resolution melt

curve maaéhaﬂ'ﬁdf‘jﬂﬁa@vb%'aﬁamﬁaauuuammyﬁuﬁ
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9. NI NHANAULLFVDINANAAALD LD
1aimInaaasinNanfaaLawea NN PCR/HRM 20979 19 aaen9ly
dll 1 s a . . . ! . . 1
LIaNAaNUNAIRUG pDrive cloning vector (Qiagen) LLas&d Recombinant plasmid 881382
3 clones lU3azianauLUaAUSEN 1st BASE (Malaysia) MnhiiHasauLuad Lo 1
= = Qs v 1 o s a A & 1 1
Wisuiisunug ulaya NCBI NANTINARAINLINE A ULLFUDINANEAALAWLA RN L4
o ia a £ { ¥ ' o o
ATINUNANIATE lalas3T PCR/HRM ﬁmagﬂvlfi'l,umiwﬁ 2 HaNINHHNANNTANUEIAL
LWRNLINUN9G2887190 I sawanaasannnin 2 aaaﬁuﬁ:l,l,@imsﬁﬂ PCR/HRM Liziunin
izq"léf é’aﬁfuﬁaagﬂvl,ﬁiﬁ Tuan1zn1maaadn lavinans 35 PCR/HRM a&un1n bt lwns

#1379 1DTRWAARRAI LG W6l lFIUNRN ﬂﬁ%ﬁ?’[ﬂﬁ

AN 2 waﬂﬁ@mﬁlvb%‘aﬁamﬁaﬂufjd 22 @28819

@28819 | Nested PCR PCR/HRM Sequencing
f:f*’ [Type] results
1 + + [Type 4, 6] Type 2, 3
2 - +[Type 5,6] | Type 1,2, 3
3 - + [Type 4, 5] Type 4, 5
4 - + [Type 4, 6] Type 2, 5
5 - + [Type 4, 5] Type 1, 5
6 - + [Type 4, 5] Type 1, 5
7 - + [Type 4, 6] Type 4, 5
8 - + [Type 4, 6] Type 5, 6
9 - + [Type 4, 6] Type 3
10 - + [Type 4,5] | Type 4, 5,6
11 - + [Type 3] Type 3
12 - + [Type 4, 5] Type 5, 6
13 - + [Type 4, 5] Type 3, 5
14 - + [Type 4] Type 4
15 - - -




16 - - -

17 - + [Type 4, 6] Type 2, 6
18 - + [Type 4] Type 3
19 - + [Type 4] Type 3
20 - - -

21 + + [Type 4] Type 2
22 + + [Type 2] Type 1
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