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Detection of Megalocytivirus in shellfish using PCR with various
DNA extraction methods

Jin Woo Kim", Mi Young Cho®, Ji Woong Jin, Ki Hong Kim, Hyun Do Jeong and Kwang I Kim'

“Aquatic life disease control division, National Fisheries Research and Development Institute, Busan 619-902, Korea
Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

In analysis of DNA viruses from the contaminated shellfish using PCR, preparation method of template DNA is
an important factor 1o get enough copy number of viruses. In this study, we evaluated the efficiency of PCR template
of Megalocytivirus (sT50mg-D) DNA obtained from 50 mg digestive gland homogenate of oyster using commercial
method, and compared with that obtained from 5 g of the same tissues (T5g-D) after PEG precipitation procedures
of virus. Both templates DNA suspended in the same volume of distilled water showed positive results by primary
PCR with 35 cycles, and the presence of Megalocytivirus was confirmed in oysters collected from cultured farms
in Korea. Moreover, PCR with sT50mg-D allowed us to discriminate the contaminated oyster individually, that can
not be done in PCR with T5g-D prepared from the mixture of three different individual oyster to get 5 g digestive
gland homogenate. In quantitative analysis with real time PCR, Megalocytivirus concentrations in 50 1l templates
prepared using 0.5~50 mg of one positive sample were appeared in the range 6.14E+00 ~1.2E+02/ul. We were not
able to get positive result using template DNA contained less than 6.14E+00 copies. Consequently, 2-step PCR
performed with DNA extracts from oyster homogenate of small amount (sT50mg-D) i) was enough to detect the
contaminated Megalocytivirus in shellfish, ii) allowed us to do the analysis for individual shellfish rather than mixture

of several shellfish and iii) showed the presence of Megalocytivirus in oyster from Korea.
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Fig. 1. Sampling sites in the southern coast of Korea.
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PEG Aol o W7 449 AAT #F

7ol 2.HE vlolHAE FEI] 1% AAje
oz AooA Hrmied] kauolais 5
ol ARgshe #52 AIHHE a7sto] ARSIt

= 37 ol AMgsto] et S EA|
(5g)°l} 0.25M Glycine - 0.14M NaCl 298 (pH7.5)
20ml-S ¥ar aba] 210,000 x g2 1557F 4 CojjA
Q3R] sjo) oS FHolo] msiolch A
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tl PEG (polyethylene glycol)-S ©]-83t vlo]g|A =
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L6AIRE 59T 12} 3% AAISHSIT) PEG 12} S
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2mlT} 1 x PBS 8mlL 7}le] AARS &er 5ha
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ok ©]%, 10,000 x g2 1587+ 4CollA] UM &
AP ool PEG 8000 -89 (2|35 20% [wtivol] PEG
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elal Wslgit Vil DNA £21E 9i}o] ARg=EKit
= AccuPrep® Genomic DNA Extraction Kit (Bioneer,
Lorea)2 ARE513L0M, A|2=AL| protocol o] whebA]
DNAE Ha]}e] 50ul<] TE bufferol] Fek319ct He
% DNAE B33 A (BioPhotometer, Eppendorf)S
ARE3o] B3 24 02 A260/A280nm gk 151
DNA%KS &73191.01 417 Z72] 20 CollA] Hatst

At

PCR

5 W FAE o] = megalocytivirusE A=}
7] SI3hA] GenBankoll S5 7142 w]msto]
ILE subgroup©f| 4] conserved %|0} §l+= major capsid
protein (MCP) gene 2] F-$Jol|lA| A|Z}SIEAL} (Table
1). 1-step PCR amplification> Applied Biosystems
2720 Thermal CyclerS AR} Microtubeo]] 10
x PCR buffer 21, 200uM 2] Z}2+o] dNTP, 1uM 2]
sense primer2} 1uM 2] antisense primer, Taqg DNA
polymerase (Taq DNA polymerase, Cosmogenetech co,
Ltd. Korea) X template 1115 747}t X distilled water
2 XZH9] volumeo] 20ul7} H=5 Fir}. PCR £
£.2 94°Co|A] 357t pre-denaturation A]7] 3, 94Coj|
A} 302 denaturation, 55°Co}| 4] 302 anncaling, 72°Coj)
4] 45% extension®] HF2-S- 30cycles F+= 335cycles
2=8) 3} B 72°Co\| A 7E7T post-extension A|ZTh
2-step PCR amplification2- 1-step PCR product 1pl2
Agelel ok BTt o= AAlsteck

PCR 3 Z& A2 (5ugl EBr (Bthidum Bromide)
o] Z7}+=l 2% agarose gelS ©|-8311L, 1xTAE buffer
(40mM Tris-acetate, ImM EDTA)E A7)95 5t
P30 slof 7|45 AASHILE UV 43
7164 ez band & P81} 11 5204725 &
skt
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Table 1. Primers used in this study

' Expected
Primer Sequence Target size
name Region
(& —73) (bp)
MIF GCTGCGCATGCC
AATCATCT 101
MIR ATGCGATGGAGA Major
vop  AATGACACCGAC  protein
ACCTCCTC gene 288
TGCGATGGAGAC
M2R CCACTTGT

Real-Time PCR (qPCR)¢] A&E &

EEAFTAY Az

Megalocytivirusol] 7% E=o=z2HE Halg
IVS-1 isolate (Jeong et al., 2003, GenBank accession
numbers for ATPase gene : AF487899)2) genomic DNA
= template =2 31 Jun et al (2009)0] 2J3) 2EE
primer MCIF (5-GAGGTGCGCATCCACTTC-3")7}
MCIR (5-CAAGATGATTGGCATGCG-3")& A28}
o] 1-step PCR (40cycles)S AAI31aL, AYA% 163bp
2] PCR productZ- GeneAll® Expin Gel SV kit (GeneAll
Biotechnology, Korea)= agarose gel 21g]| 2] 2 A
3L AJA|%] DNAS pGEM-T Easy vector (Promega,
USA)ol| ligation & E. coli DH5a #5=0]] transformation
A7tk Plasmid DNA= GeneAll® Plasmid SV Mini kit
(GeneAll Biotechnology, Korea)& 0]85}0] plasmid S
E2SFH L, PCRES $I3) standard 24 ARS-SFSI T

4% standard DNAE Quant-iT™ PicoGreen®
dsDNA Reagent and Kits (Invitrogen Co., Carlsbad, CA,
USA)E AlzAte] QhiAfol webr FAE £7gsk,
o|28¥| plasmid copy Zr-S A3 & 2Fz} 10-fold
A A sjAslo] 2x10°2x10 copy©] A|lEE Alxgt

T 2 4% UL Y5 o) Agsict

~
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qPCRE o] &3 Holg A9 HEHA &4

7 R 4] = vhol2no A& A
HA3517] 98] Rotor-Gene™ 6000 (Corbett Research,
AUS)E AME310] qPCRS AAIBIGITE PCRE A
5}7] 9Jst 2742 10X buffer 2ul, 200pM 2] z+ztol
dNTP, 1uM 2] Z}2}2] primer, Hot start Taq (HS prime
Taq DNA polymerase, Genet Bio, Korea) W template
(N REXE] 2231 DNA, 10-fold® 31415 plasmid
standard)S 0.2 mlo] tubeo]] W& T FFFog
EvaGreen (Biotium, Korea) 11lE 78}t qPCR
2.95Col| A} 107F pre-denaturation A]7] &, 95Coj|
A} 10Z denaturation, 55°CollA] 152 annealing, 72°Coj|
Al 20% extension2] HF-S- 40 cycles 43Y3}%ith
40 cycleo] Tt 3 72~95Cofj 4] 1Clsecd) &2
Tm (melting point) Z+S S% 51Tt

4 o

Z2YE o499 Hojgrd A&

7}y 2 oo g e AFE 2 371419 A
gote] 2ufgt AlR(FY, |l 71gellM A3
b= 9= RE 3700 Al A 9 e ollA]
AT A28 1] A2 2) TseDe) Bt
o 12.87ugnlo]g] o, 2-step PCR-E 712} AlX|
Sjol 37] oA A 9 17)8] 84 ALRE Agic
oA A| B 1-step PCR (35 cycles)ol Al ko2
21 3t 4= QI o J0cyclesol M= /49 AE
Bk 2-step PCR (30 - 30 cycles)> 1-step PCR (35
cycles)oll HjstofAl= HER A A= Yete
L} (data not shown), 5 cycles2 Z7FA1%] 2-step PCR
(35cycles)oliA] 713 =2 band density S 7|95 4

ol Bele 4 it (Fig. 2.
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Fig. 2. PCR detection of megalocytivirus in oyster after 35 reaction cycles in PCR. (A) and (C),
I-step PCR with T5g-D and sT50mg-D respectively. (B) and (D), 2 step PCR with T5g-D template
and sTS0mg-D respectively. Template for lane 1, 2, 3 in (A) was prepared from individuals of lane
alble, dle/f, g/h/i, ble/i and b/d/g in (C) respectively. Lane 4 and j were used as negative control.
Lane N, negative control in PCR without template. Lane M, 100bp DNA ladder.

PEGE ARERL Hio]H A9 55 IAE A4
Ok T50) B Smg A AMESIo] 3 ]
L.GH Hlo|HAE A ShaLs), TsgDO| Aol A
B3t = 10704 (P Al=-g-o= 974, 12t 24
ANEg2 2 I7A) 222 0e 2AH sT50meg-D
(DNA Hits5, 1ugul) 11lE template 2 3t ujo]d
& FA0) RIS via 2AL SHGI, L-step PCRS
33te ), 30cyclesol A= e AlRAA S/
o] AME Ho 9]t} (data not shown). 1-step PCR,
35cyclesol A= 7195 Aol & AR Z 2749
AN E (F 670 27018 P49 AuE Ho
T 71 Aol o AHAIZE Rl HA] ok
k. I8 24 Al (1AA)S] sTS0mg-D 112
template= o1415] 2-449| AWE Kol F91t) (Fig. 2).

A9 TF ARE 2E9 vl A2

}429] sT50mg-D-S 2381510} template = AME-3}
RS off ol LA ol Ao] HEEES Aol
112} 319tk 2-step PCROJA] megalocytivirus 2.F <
AE=gPer IRl 9 5Y 25 W a4 =
3784 (Fig. 2(D)2] lane ab,c/d,e,f/g,h,i)2} sT50mg-D
B3HE 1ul Ea= U TsgD A0 AR 7SS
A1g31o] 2AE $TsOmgD IS et Al 1112
template & 3}o] 2-step PCR (35 cycles)S AA|SHA=S
o A719% A4 LUEbd band density= TSg-D
template 1111E- template 2 ARESH A3} vjusie] F3
3 Aol UehilA) @ttt (Fig. 3)



Fig. 3. PCR detection of megalocytivirus using the mixed nucleic acid of three different sT50mg-D, artificially.
(A), 1-step PCR and (B), 2 step PCR using the mixed templates of sT50mg-D. Mixed template for each lane
1,2, 3 and 4 was prepared using sT50mg-D of ab/c, d/e/f, g/h/i, a/d/i and a/d/g in Fig 2. Lane N, negative

control in PCR without template. Lane M, 100bp DNA ladder.

H79 FHA 249 vho|g29 A%

= A& %, megalocytivirusof] that SAIX|E (Fig.
2(C)®] lane 1c)E ARE3to] )] FabAlol 22
vius 9] GEMAS BASHITE 741 S0mgoll PBSE
718led 20011 9] homogenate & ZA|E F o} /104
DAREE 3144381 20011 2] homogenate A|ES 2A5}%]
ok HA 229 sT50mg-D 11lZ template 2 A}8-5}]
2-step PCR (35cycles)?} qPCRE AA|513ic) EalE
sT50mg-D 9] viral copy+= 1.20E+02 copy/ul o]%j. o
I-step PCR (3Scycles) 2= 720 71319l 1/103]
A N225E ZAE template (sTSmg-D) oA 1-step
PCR (35cycles) <34 A 27]1%9% /ol A3t band &
SIS 4= QIon, 1/1003)4) (sT500u&D) 2 1/10003)
4] (sT5018D) AlROA= L-step PCR (35cycles) ko2

1 Sten POR (38cvcles)
1 2 3 L N

Seobp

© 2719 dolAl bandE 1 T 4~ §iTk (Fig.
4). 12)31 1/1008}4] AjZE+= 2-step PCR (35cycles) S
SaEI9HS: Wt A7103% Aol o] 7Rt
Zizto] 8} Alzel Hig HgA B4 AN A
E BEXof AMSE A template DNASI sT50mg-D,
sTSmg-D ¥ sT500ugDo= ZH2F 1.20E+H02 copy/ul
STS0mg-D, 1.21E+01 copy/ul sT5mgD ! 6,14E+00 copy/
ul sTS00ug-DE] Blo]2| particleo] 43 BRI & 4=
AT TR R 2 PCROJA positive HE: H21 Hlo]
0] 2 Tl 6,14E+00 copy/ul sTS00ug-DO]L0.
B2 50mg®] =222 A3t 24 g sTS0mgD&
template © & 5}0] T L Hjoj2|Ao] ¢S RAE=
A2 83| ER A HY 5= Qe ol &
o Qlt} (Fig. 4, Table 2).

2 - step PO R (3%cvceles)
1 2 3 4 ™~

Fig. 4. Detection limit of megalocytivirus in PCR with serially diluted homogenate of digestive gland of oyster
(lane Ic in Fig 2 (C) of this study). Lane 1-4, DNA templates were prepared with 50mg, Smg, 50018 and
508 tissue homogenate. Lane N, negative control in PCR without template. Lane M, 100bp DNA ladder.
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Table 2. Detection of megalocytivirus in various amount of
the oyster homogenate of the digestive gland

PCR qPCR
Dilution ratio Istep 2-step G Value Copies
no.°
10° (sTSOmg-D*)  + + 3088 1.20E+02
100 (sT5mg-D)  + ++ 3482 1.21EH01
102 (sT500¢gD) - ++ 3598  6.14E+00
103 (sTS0ugD) - - NT NT

stemplate were prepared using one positive sample (lane
Lc in Fig 2 (C)); beycle threshold; ccopy number/ul prepared
template; ‘weak positive; NT, not tested.

i

2k

5.9 filter-feeding @] Ho]4%] I % Norovirus
59| human enteric virus®] 2|5 1f &2} o]2] B4
S B2 ol g HarkolA ik w3k =
ol A2} MABY, 18|31 4Z}57ol| 4 9] WSSV ZH2-
sl FFE & 7 e velEAe] HiR 24
tollAl2] Aof) thgh Harte o] f2ofx|ar Qi (Atmar
et al., 1995; Gerba et al., 1978, Goyan ef al., 1979;
Suzuki et al., 1999; Vazquez-Boucard ef af, 2010). 18
L} megalocytivirus S 335 o) F AW dlo]g Ao
W5 W EA E= 9184 B4 o|RoiR|7] ¢fu
lom Yo7t it U EAshe off A HiojgiA
o] FAE Slgtol AME 2 = = TR A
ZHoN e BEIRE WP B
o3t HjALE AL ofRolA QIR kol dukAor
Norovirus % Hepatitis A 5-2] human enteric virus 2]
H27|HQA PEG AAe 5% 559E 253
o7 oAk ik

uepA] 2 Ao A= s W SRSk megalocyti-

viruso] EAZ BHlst, 7122] AZubo) He)

Al ZHAsHA A2 oF0) AlRE ARt iR
Y 2% HpolgAF AE3] 23 WS PEG
w5} vl AESRA} ST HA] megalocyti-
virusof] % =] FA Sg& AMg3H PEG 4]
FEE A2 DNA (Tse-D)9 %314 HaL 212}
Ae] FA4A 50mg2 A ARgsto] ¢ DNA
(sTS0mg-D) 25| Hlo]HAE HEI 2y}, uF
1-step PCR (35cycles)of|A] 2 FH vio|g 28] HEo|
aclis

T5g-DE ARg-8lo] 2-step PCROJA 4 AIE
231 3719) A|gof thal, TSg-D Ao A 2
97fA ol th3t ANAE EA (sT50mg-D)E 2-step PCR
S ol gate] AAEIRE o, B, HeEl ZEla 71
Zof|A] izt 270A o) o) AIE Hof ik
(Fig 2). 55, BojxI TsgD M Al=of A 7HAE
B o]l 2|43 17]A1= 2-step 35cycles®] PCR 438
Al oF oz vl om, I-step 35cycles®] PCR 488
A3 iR B 2Ag0) ATE Ko 7 S Hl]
W NRR 4 He 71 2 Ardie FUd
AE Hof =90t (Fig 2). 1ei== =9 LY (&
1Y 92 55U Aol e ©
312 7iA loll Alol7t ek 2R FRlg 4= JIsle.
], Z183t 212 50mge) FAHAl &
A BAE BaloiATo] 7H5el PEGE A9
HRe] BEAIR AL Aol 8 4 i AiHe
e}elstaict.

ojeldt AuE A 249 ATE Mol
sTS0mg-DE &35l0] template = ARS-GF F-4]of A
P STS0mg D7} 2 MRS BRI o
Uepi At Sl 4 USlet (Fig 3)

Qg0 Hlolel sheole Arbstel 344
22 || 51 inhibitor®] FERS AL A,

22 Yol| £A5H= inhibitor®] HFFOZ Ql3jo] A

po)
fijo
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431s] vlolalA paricle®) 2] Hlste] 106712
£ 522 Btk 28 213 4+ USTH (data not
shown). o AUHOZ a5} FHMoRe Liehd
QPCR®] ATHECH ThS T %] vinus7} S0l
ek ofAIc, kg ek Swiold ni oj
AR 278 uloleiae) 09} HEr} iRt 22
Zo]B & 50mg homogenate S 1/10%) THAH 2 34
3 % 717} ol DNAS 22j3lo] Hapoz 24
st} I A& SAAE BAsigth ol Reld
sTS0mg-DE TAEE 43 Ak k= 22 AR
AAE WA Z24e] Blauige] gbA] 24t ¥ o5
Z5E DNAE 217t Rejdro a2 Bejabgofael
DNA 38 2h4717) efet ke ¥ sisick
1 A3}, 2-step PCRT}F qPCROJA Z24HA 50mg ~500
1182 A}2515] DNA (sT50mg-D~sT5004gD)S 1

5109 = megalocytivins®] A& 2 A, 1A Bl
wjehy] ozke] Aoz 91 4 oLt F43] 753t
= B & 4= USIrt (Fig 4, Table 2). of2jgt Axk=
B|= 5 F-gAdell megalocytivis 7} #] FE2 29
H AF2ka dle2he PCRES 93t template DNA A
0] Somge] 24 STl B4 0 % 7
=5 93 SE3 Yolek= RS e by
megalocytivirus®] H5F U] d IIE 95}
sT50mg-DE- 2-step PCR 9] template 2 AF2-3}H= A&
5 W] ZAlSH olfriad Hlolelae) 91 el

u[5to] S84t oke AMgaR= Aojeku 24 o 4

TS 3 WA PHe= 8e1g & glglon
LA o] F7Adel AR wlolE~ A&
93t DNA template ZA| A 5g& AME3H & AR
Alof] 50mge] Z22& 23 ARGz FES]

=

O

- HBlT - 2EY

megalocytivinus®] ©.91 A% A WE HEY
shelst 4 Qlof 3% g ) 0. lolals 1A
Slalo] 2 o) Az B2 Tido] 28 7%

2 Bal B 4 ek

% o o

o

O OF
L=

A AN - AR

9] RS o] Rark} ik Sgof = S 24
S Glycine buffer @ PEG 8000 -9 A}&-3}o]
3t 5% AR (T5g-D)2t S0mge] = 57441 27| 0&
HE) Q-2 08 423 AF (TS0mg-D)ES tjake.
Z 2-step PCRE A5t A&7 TS v)wasich
=08} 1 ple] DNA template T5g-DQ}F sT50mg-DE
ARE3FAS 1), 35cycles?] 1-step PCROJA] ¥4l Q)
ATE 9 4 Ak ANH L= sTS0mg-D &5
ANEE 8310 2-step PCR (35cycles)yS AA319S
o TSg-DE ARGZH 2} vlaLstel 313 &Jol&
el A] oFkch E3T megalocytivirusof] L F% oF
AR 0.5~50mge AMESI] AR 22 S0ule)
template DNA 11l ARg3lo] PCRE 314 )
6.14E+00~12E+02/ 1l 0] =5 FHR31aL Q= A=
YRt 2AST template DNA©Y] 6.14E+00 copies/nl©]
3l9] H=7) 912 W= qPCROJA] positive?] S

S

N
E

o UL ABEE AL ) 29| 2 emR
2 9% megalocytivirus ] A I A= 3t 4
42 Aol vjsto] 223 Jolglon] if) A
40] 73T Ao QIiom ii) ol Erjz
A AAIBEAL Qli= ol k] megalocytivirus 2] 2
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