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Abstract 

Porcine reproductive and respiratory syndrome (PRRS) is a major infectious disease 

causing severe economic loss in the swine industry in Thailand, particularly, when firstly 

found the outbreaks of the highly pathogenic PRRS virus (HP-PRRSV) in the country since 

2010. It should be noted that monitoring of genetic variation after the introduction of the 

Chinese HP-PRRSV is of important as the basic knowledge of the current Thai PRRSV 

genetiC data base and the impact of the Chinese HP-PRRSV on the Thai swine industry. In 

this study, samples were obtained from 11 farms located in 10 provinces of 4 regions in 

Thailand. Selected PRRSV samples from 9 provinces were sequenced based on the highest 
J 

variation regions of partial NSP2 and ORF5 genes. The phylogenetic results showed that 10 

samples had 30 amino acids deletion similar to the Chinese HP-PRRSV, whereas, one 

sample had the genetic sequence similar to the endemic Thai type 2 PRRSV. In conclusion, 

the Chinese HP-PRRSV has been continuously introduced to Thailand and the major PRRSV 

causing the current loss were type 2 PRRSV particularly the Chinese HP-PRRSV and the 

Thai endemic type 2 PRRSV. It should be noted that continuous studying on PRRSV genetic 

variation is of important for the implementation of PRRSV prevention and control in Thailand. 



iv	

 
สารบญั 

  หน้า 
กิตติกรรมประกาศ   i 
บทคดัย่อ   ii 
สารบญั  iv 
รายการตารางประกอบ  vi 
รายการภาพประกอบ  vii 
บทที่ 1 บทนํา  1 

บทที่ 2 การสาํราจแนวความคิดและงานวิจยัที่เก่ียวข้อง  4 
 2.1 ไวรัสวิทยา พนัธุกรรมและความเป็นมาของไวรัสพีอาร์อาร์เอส  4 
 2.2 ความหลากหลายทางพนัธกุรรมของไวรัสพีอาร์อาร์เอส  5 
 2.3 ไวรัสพีอาร์อาร์เอสสายพนัธุ์รุนแรง  7 

บทที่ 3 วิธีการวิจยั  8 
 3.1 การเก็บตวัอยา่ง  9 
 3.2 การตรวจหาสารพนัธกุรรมของไวรัสพีอาร์อาร์เอสสายพนัธุ์รุนแรง  9 
 3.3 การศกึษาลกัษณะทางพนัธกุรรม  10 
 3.4 วิเคราะห์ข้อมลู สรุป และรายงานผลการทดลอง  10 
 3.5 ขอบเขตของการวิจยั  10 

บทที่ 4 ผลการวิจยั  11 
 4.1 ตวัอยา่งท่ีใช้ในการศกึษา  11 
 4.2 การเพ่ิมจํานวนสารพนัธกุรรมของไวรัสพีอาร์อาร์เอส  17 
 4.3 ลาํดบัพนัธกุรรมและการวิเคราะห์แผนภมูิต้นไม้  18 
 4.4 การวิเคราะห์ความคล้ายคลงึของลาํดบักรดอะมิโน  27 

บทที่ 5 วิจารณ์...  35 
 5.1 การเก็บและจําแนกตวัอย่าง  35 
 5.2 การวิเคราะห์ลําดบัพนัธุกรรมและแผนภมูิต้นไม้  36 
 5.3 การกระจายของไวรัสในประเทศไทย และความเก่ียวพนัทางอณชีูววิทยา  38 



iv	

 
 5.4 ความเก่ียวพนัระหวา่งไวรัสท่ีพบในประเทศไทยในปัจจบุนักบัวคัซีน  39 

บทที่ 6 สรุปและข้อเสนอแนะ...  41 
 5.1 สรุป  41 
 5.2 ข้อเสนอแนะ  42 

บรรณานกุรม  43 
 



vi	

 
รายการตารางประกอบ 

 หน้า 

ตารางท่ี 1  ลาํดบัพนัธกุรรมของ primer สว่น ORF5 และ NSP2  10 
ตารางท่ี 2  ข้อมลูพืน้ฐานของตวัอยา่งท่ีได้รับจากห้องปฏิบติัการ  12 
ตารางท่ี 3  ข้อมลูฟาร์มท่ีตวัอยา่งสง่ตรวจให้ผลบวกตอ่ไวรัสพีอาร์อาร์เอส  16 
ตารางท่ี 4  ไวรัสพีอาร์อาร์เอสอ้างอิงท่ีใช้ในการเปรียบเทียบพนัธกุรรมสว่น NSP2  19 
ตารางท่ี 5  ไวรัสพีอาร์อาร์เอสอ้างอิงท่ีใช้ในการเปรียบเทียบพนัธกุรรมสว่น ORF5  24 
ตารางท่ี 6  ความคล้ายคลงึทางพนัธุกรรมในระดบักรดอะมิโน เม่ือเปรียบเทียบ 
                ในสว่น NSP2  29 
ตารางท่ี 7  ความคล้ายคลงึทางพนัธุกรรมในระดบักรดอะมิโน เม่ือเปรียบเทียบ 
                ในสว่น ORF5  32 
 



vii	

 
รายการภาพประกอบ 

 หน้า 

ภาพท่ี 1  กรอบแนวคิดวิธีการดําเนินงานวิจยั     8 
ภาพท่ี 2  ตําแหน่งทางภมิูศาสตร์ของฟาร์มท่ีทําการศกึษา  11 
ภาพท่ี 3  RT-PCR product ของสว่น NSp2    17 
ภาพท่ี 4  RT-PCR product ของสว่น ORF5   17 
ภาพท่ี 5  การจดัเรียงลาํดบัพนัธุกรรมของสว่น NSP2   22 
ภาพท่ี 6  แผนภมิูต้นไม้ของสว่น NSP2   23 
ภาพท่ี 7  แผนภมิูต้นไม้ของสว่น ORF5   27 
ภาพท่ี 8  การเปลีย่นแปลงทางพนัธกุรรมในระดบักรดอะมิโนของสว่น ORF5   31 
ภาพท่ี 9  การจดัเรียงลาํดบัพนัธุกรรมของสว่น NSP2 ของไวรัสพีอาร์อาร์เอสท่ีพบ 
             ในประเทศไทย   33 
ภาพท่ี 10  การจดัเรียงลาํดบัพนัธุกรรมของสว่น ORF5 ของไวรัสพีอาร์อาร์เอสท่ีพบ 
             ในประเทศไทย   34 
 
 



1 

d 
'lJ'VI'VI 1 

'lJ'VIU1 

<i' .... r r ftctt d "I 'i' ~ 
bJ'~'V'lifllJ'ifllnifl~ (porcine reproductive and respiratory syndrome) Lu'WVI'W\I b'WLJ'~Yl 

, , it 

riifl l~Lnl?l~f)ll-J L~tJ"ntJl'Wifl [?]~1V1 nJ'J'l-JnlJ'~~[?]~nn1f)L~n ;\1 riifl l~Lnl?l ~~nJ'~'Vl1J (?]ifl LPlJ''rt~n~l1\1l'W 
" 0.8 

, it 

"" "1.1........... 11.14 ~ . .... "" '" 

J'~I?lU~~Jll~ LL~~l-JVI[ll~ b'WuJ'~LYH''lYll-J nlJ'L~tJ\I~nJ' J'f)l-J bU (1\1 Lu'W~l LVI[?]'1Jifl\lnlJ'n I?ln'WYll\1nlJ'~l , , q 

~nJ'jj~f)!?l LL~~~~!?l.nru~~'W1~ L~~Y.l~'f)\I L,)U Jl L~'f)~'f)~'Wi~ nJ' ~l-Jl~lntlJ~L'Vl",,~jjnlJ'J'~1J1V1'1J'f)\I, , q 
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nl~~ij9,ytJlf)f~~'fl1'f'fllfl!El~ Uvl~:;~ltJvr'Wfi'l1'W~'fl'l,[)1 ~tJ l~ l-J l~ l-J l(?) tJ~fi nl n~ lJ91'W'.l'Wn~(?)U'.l f1~~n 
q 

lW~ltJ~ll?luvr'W~n~~lJ~91l'V'll:; l(?)tJ,[)l~tJ~finl~'1J,[)'1UBmtJl\in L6Jl'V'l'f)~ LlJ'f) l~~ (PCR) u~:;nrE)U nu 

~~nldfl'e)(?)d-X~vrt.Afinddl-J L~'e)Yi~ldrul~1 ~1J~\Jfi nddlJ'1J'e)~1'.lf~~1~i'.llJ~'.ltJ 9~~~~Il-Jldfl LLtJ n UtJ ~ 
q q 

~ltJvru~'1J'il\l1'.lf~~'f)lf'illflll~1~'f)th\li'(?)l9'W l?l\lnl~~m~n~I\l1~~ri'il'W~U:l (Feng et al., 2008) 

~'1nrif)llJ~l~rul'Wiu~llUnl ~ri'.lU f1l-J Ll~:;U,[)'1 n'Wl~f)1(?)tJ~'f)lJ~~1~~Il-Jl ~f:llfl'Wnl ~U'f)\l n'Wnl ~U'V'l i 
'" q 'IJ 

d:;ul(?)'1J'il\ll'.lf~~'illf'illfL'e:l~~ltJvr'Wfi~u~n~h~~ln~nnld~~Ul(?)l'WYhfl-J~ndLL~~iJnld~'f)U~'Wll\l
q q 

I !V I 

'1J'il\llln~lJ n'WYlij L~ntJ d1l1'V'l LL~'.l ~~uij f)'.lIJ.J L~J.Jl~~lJ'ilth\li1\l~I~fu nl dU.llJ1Ud~tJ n ~1fl 'Wnl d 
'IJ q ~ 

I 

iJ'f)\ln'W ri'.lU ril-J l~ld:;t)'1 ll~~rh4'(?)L~f1t'.lf~~'f)lf'f)lfLll~~ltJ~'Wfid'WLLd'l~~nldd~Ul (?)'fltl1'Wu99u'W
q q q 'IJ q 

~~~~a..Jl fla..J~lYlf) LL'V'lYltJWJU ~a..JYhfa..J~ nd1YltJ (TSVA) 1~nT~'W~1rl'Wbb'W,)Yll\1nldtll)~\ll'WfI~Un 
~'iltfi1J~11~ri~'illf111fl,'il~1'Wlh~LYlP11YltJ 'Uuuufuut\l rif\l~ 3 (3

rd 
CPG) l(?)t/l~nl~'W(?)lMfi 

~U~1YtJldfl l(?) tJ'e) 1 ~tJtlBmtJl\i nL6Jl'V'l'e)~ LlJ'f) Ld~ LtI'W~~~ L~J.Jl~~lJ~~ (?)~I-XU nlnLtJnLLtI~ldfl~Ln(?) 
9Innl~~(?)l~'f)1'.lf~~'f)lf'illfl,'il~n~l-J~ltJ~'Wfi~I'11 'il'f)nronnn'W

q q 

l'.lf~~'f)lf'f)lfL'f)~d:l'wl'.lf~~ijnldLu~tJ'WLl,tJ~\l~ll?lu~'W~n~~l-J'1J'il\lI,~'f)l~~\l LL~~ l'.lf~~'ellf 
'f)lfl,'f)~i'.ll~nijri'.lIl-J~~1 n~~ltJ'1J'f)\l~ll?luvr'Wfin~~lJ~ LI,~n~I'1 nu L6Jl'WL~tJ'.l nul'.lf~Yi'fllf'fnfL'fl~~ 

q 

l"'jul'wud~LYlfll'VltJ (Thanwongnuwech et al. , 2004 LL~~ Tun et al., 2011) ~\l~'W~nd~lJ~ 

LU~tJUlLU ~'11tJJ'W ~'I !:.J~vl'f)tJ ~:;~'VlfiJlll"'jl'Wnl ~~ij9,ytJ l~ril(?)tJf)fitJBmtJl\in t6Jl~'il~ Ll-J'el L~~ ~'I!?l'el'l 

'f)1~tJ f1f)llJ91 L~I~'1J'f)'I primers l?l'el~'Wfin~~J.J'1J'il'l1'.lf~1'W~'.l'W~911,'V'l1~ ~'IJ'Wnln~I~~~'1nl~ 
q 

LtJ~tJ'W LLtJ ~\l~II?lU~'Wfi n ~~lJ'1J'il'll'.l f~~'f)lf'fll fl,'fl~ 9'1ij f)'.lIa..J~I~ruJ.Jl n~'fl nl~~U91YtJL~f1 ~~ LU'W 
q '" 

9(?) ~lJ !?l'W~'fl\l nldfl'.lU fllJ nldd~Ul (?) nldU'fl\l nu nln~ld~r)\lLdfl LL~~nldfhr.r~Ldfl~'fl1tl1'W'fl'Wlf1lYl 
q q 

L(?)tJ L'U'V'l1 ~1'W~ f:ll'Wnl ~ru~ n nl~d~U 1(?)~'fl\l1'.l f~~ 'fll f'fll f L'fl~~ltJ~ufi~'WLL~'I~\lij~'Wfi n~dlJ~q q q 

LL(?ln~I'191n 1'.lf~~'illf'illfL'f)~~ltJ~'Wfiu~:;91~ulutJ~:;l'Vlfll'VltJ
q 

!V I 

'Wlln9lnU ~'illJ~vr'W~n~~l-J~'f)'Il'.lf~~'illf'f)lfl,'f)~ Ylnnld~~Ul(?)1'WtJ~:;I,'Vlfll'Vltll'Wu9'u'W 

9~ dj'Wl?l'.ltJ'I~~'1 !?l'W~'f)~'f)'11'.lf~~'f)lf'ellfL'f)~~ Lu'W~uih Lij(?)~'f)'Il'.l f~~~u1uu1'L'.l rul?i 1'111'WU ~~ LYl fl 

1Yl tJ ~'11~fu J.Jl1'W'fl ~ ~ ~\l i1u ~~LtJ~'W1unldU'fl'l n'WLL~ ~1,~1~~r)\I nl~~~Ul (?)~'f)\ll'.lf~~'fllf'fll f 

L'f)~~ltJ~'W~1"nJ191 n~l\ltJ~~L 'Vl fl1u'f) 'WI f1~ L~llU 'f)'1 nUnlnn(?)L~fI~'fllf'f)lfLll~~Y)11~Ln(?)f1'.lIJ.J 
II I II' I 

L~tJ~ltJ'f)~I'1dULLd'l~U~ n I,U'il'l91 n l'Wnld~ (?) I,~'fl 1f)f~-w'fllf'fllfL'f)~Yl~f1f)IJ.J Ll~ nl?il'1'Vll'1~'Wfi nddJ.J 
q q 

I ~ 

~'I Jlij~J.J n'WY1ij'f)tl9:;llJ~llJl~f:ll,xf1'.lIl-J~J.JL~ri~IJ.J~ltJvr'Wfi1~ 'W1l n9l nil~'1 Ltlunln~I~:;1'\l 1'W 
'IJ 'IJ q 'IJ q q 

nnn~1f) f~~ 'fll f'fll fl, 'il ~~1 tJ ~'WfidU 1,1, ~\l Ln (?) nl dU fu LtJ~ tJU~Un n ddJ.J~1'il n ~1 tJ dj'W1'.l f~~1 tJ ~'Wfi 
q q q q 

~~n lu1.h:;L'VlfllvltJ ~\l9~yh1,xLn(?)f1'.lIJ.J~'1d l~tJ~'il nln,J~~~ndliJU'fltll\lJ.Jl n Ltill \l 91 nJJij~J.J n'W~ll 

http:nln,J~~~ndliJU'fltll\lJ.Jl
http:nldfl'.lU
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!,f)f~~'fl1f'fl1fVf)~~ltJ~U€~..:J L~~thn-JllJ~l~l ~nU'fl\l riunlJLn (91 t~f191 nIf)f~~ltJ~ufi1~aJl~ ~\l
q q 

if'fl~~~1~91 nnl~~ nMlt19::;~1~1~n':n~1t1 ~::;tJn (?11ftUnl~U'fl..:J nut~f1ll~::;nln~'fl n1~~~'flllJ1~ 
'II q 

t)f\~U"1lil(911(91"1lil(91~~\l1tX Lt.nn::;~~ riul') f~~iJnl ~~::;Ul (911utI~::; LVI PI!.VltJ!.~~1 n~~ ~ ~\l~'fl~~ (P)..:J n~hf)
q 'II 

"'l::;~t1utl~::;ttJ'llU~TVlfuLnMI?l~n~Ul'1'j'1tJ~i1nl~1~t)fl~ijU'fl'lnut~fl~'fl1f'fllftll~lmln~f)tJ 

n1~~nMl flf'lt1 iJtl~::;ttJ"1lU1U~lUnl~~ nMl L~tJ') ri1J nl ~Ltl~tJULLU~'1'lJll'l~ij NSP2 LL~::; 
ORF5 Ln'flt11~1f) Lf1~l::;,xLmtJU LVltJUriUt:J~91 nn1~~ nM1 n'flij~i11 (Kedkovid et aI., 201 0 LL~::; 

Tun et aI., 2011) L~1l1tX~1~1~n1..h::;d~uf1f)llJ~lLYn::;'lJ'fl'l~uDn~~lJ1ij~f)ij NSP2 LL~::; ORF5 'lJ'fl\l 
q 

!'f)f~~1l1f'fllfL'fl~1ijU9'UU LmtJULVltJuriu primers ~1-n LL~::;U'lLUUjlU~'fl~~'lJ'fl'l~nMru~Vll'1 
I 


IV d ~ IV Q If' If' Q 6') 0 I ~ 6') oGf' IV Q i.I 

YrWfin~~lJ'lJll'ltJ'W NSP2 LL~::; ORF5 'lJ1l'l bf)~~~1l1~1l1~Lll~VI~U LUu~::;LVlPI LVltJ biju"'l"'lUUlln(91f)tJ

q q 

, ~, ~ 

t(?1tJ~f)U NSP2 LUU~UYi L~ll~liJ~,)ULntJf)~ll..:Jnu nl~~(?1L~ll!.f)f~ L~l~ Len~~'lJll\ltfl~!PlLL~::;dj'W~f)U 

~UDn~~lJ~LL~(?1..:JL'fln~nMnr'lJ1l..:Jlf)f~~1l1f1l1fLll~~ltJvr'W€~ULL~\llu'lJru::;~~f)',J ORF5 Ll:Juih(p)u
q q q 

~U~ n~~lJ ~ ')u~iJ flf) llJ~1 rrC1J t?i1l n1 ~~W-IUltJfl~U~l~f1Jlf)f~~ 111 f1l1 fL 1l~ Li1ll'l"'ll nJ.iJ'W~f)U~ 

L~tJf)~ll'lri1Jnl~LL~(?1..:Jlllln'lJll\l GP5 ~'1~'1t:J~t?i1l neutralizing antibody ~l~"'llnnl~n~::;~u 
~ ~ , 

Jlij~lJnut(?1tJtJf1snu 'W'fln91nU ~\l NSP2 LL~::; ORF5 LtluUuVliJf1,)llJ~~ln~~ltJVll..:J~UDn~~lJ~..:J
'II q q 'II 

lJl n ~..:J~llJl~mJ~::;ttJ"1lUVll'1~lu1~'Wnl~~::;U
q 
C9l'Wn1Lil(91'lJ1l..:Jlf)f~ L~1l1~Unl~Ull'l ri'WLL~::;L~l~::;tJ\l 

~ ~ I , 

hfl Luu~~n ~'1~lJ (?1f1~'1 LUU"'l(?1 GlJ~U LL~::;iJ fl,)llJ~'W1"'lYi"'l::;~ nMllL~::;~W-lulf)finl~f)il"'lr[tJ t~f1 LL~~ 
q 

~nMlflf)llJ'~~l n~~ltJ'lJ1l'lih(p)uvrufin~~lJ'lJ1l'l1f)f~~1nf1l1flll~1'W~f)'W NSP2 LL~::;~,)U ORF5 ~..:J 
~ 

9::;iJu~::;ttJ"1luluVll..:J~::;Ul(91f)VltJl nl~f)il9r[tJt~f1 nln~l~::;tJ'Ihf1 nl~nl~(?1t~f1 nl~flf)Uf1lJt~f1~..:J1u
q 

~ 

~::;(P)1JYhflJ LL~::;~::;(P)U tI~::; LVI PI LL~::;lll"'lt11lJ1t1~::;tJ n (?11ftun1 ~t:-J~ (?ItJf1snuU'fl..:J n'Wt~fl~lllf1l1fL11 ~~'1 
q 

~ltJvrij€U ~::;~l ~uLL~~lf) f~~1l1f1l1fLll~~ltJvrufi~u LL~\l1~t?i1l1tl1 'W1l Ul fl(?l ~'1~lllJ~~1~91 n 
q q q 'II 

nl ~~ nMll~tJf) nu~ufin~~lJ'lJ1l'l1f)f~~1l1f1l1flll~U'liJlh::;ttJ"1lulun1 ~~ (91 f1f)llJ L~tJ~l tJ~'fl19 Ln (?1~U
q 

LLn nl ~L~ tJ..:J ~ 
q 
n~1uti ~::; LVI PllVltJ 1un ~ru.~!.')f~-Wlll f'fll f Lll ~1'Wu~::; L'Yl PI!. VI tJ iJ nl~ LU ~tJULLU~..:J 

~UDn~~lJ i,)lJ nU!.f)f~~'fllf1l1fL'fl~~ltJ~U€~ULL~..:J1U'flUl f\(?I t(?1tJ t:J~"1J'fl..:J~1 (p)uil,)f\~t'f)1.VI ~~l~"'l::;
q q q 

~ 

d:JU~UjIUlunl~~(?11?l1lJLL~::;L~1~::;tJ'Ihflt?i'f)1t1 
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.d 
'U'VI'VI 2 

,,3 .Q.Q...... .d.d IV 

n1~'Ci1~'J~ bb'U 'J ~'J1~ ~ tpl bb~~n1~'J~ t1'V1 bn ~'J"1.I'f)~ 

1. 1'J~~1'V1~1 ~'Ufin~~~bb~~~'J13J btl'U3J1"1.1'f)~b~~~'f)1~h.11~h'f)~
q 

L'l~~Ylre)1fre)1 fL'r.l~ LUWL'l ~~~ n'f)1~fllW~ n~ 4"~'f)tJ1W~1 ~U Nidovirales 'l'1Pl Arteriviridae 
q cu 

n~l-J Arterivirus l'l~~~'f)lfrel1fLrel~ dj-wl'l~~~i1 LU~rel mXl-J ~m~ru~~rel'l~lrJ~WDn~~l-J LUWUUUrellf 
q q q 

L~WLrel~U~~lrJ L~rJ'l LL~~LtlW~It1U'l n (positive single-stranded RNA) ~LWl-JGjJ'f)'11f)f~j:J~ul~ 

th~l-Jl ru 15.4 nL~ LU~ L~tlj:J~'W1V1L~'Wc.hw~w~n~I'1th~~1 ru 48-83 Wl1WL~I?l~ (Meng, 2000) 

~l~l1~~lUijn~U~~tN11f~~~lf~lf~~~~l~~m!ru~)1l~YrUnndd~1~dJu 2~U~~~n 1~lln 1~f~ 
q 

Yh.nfrenfL'r.l~6JlUV1~ 1 L~tI~l'l~~ Lelystad (LV) ~'1Luwl'l~~Yl'f)lf1l1fLll~n~~~ltJ~W~~ldti LljW 

~WLLUU LLtl~l'lf~~'f)lf'f)lfLll~6JlU~~ 2 l~tJj:Jl'l~~ VR2332 ~'1Luwl'l~~Yl'f)lf'f)lfL'r.l~n~~~It1~wfi
q q 

~ ~ ~ ~ 

'r.l L~l'nl L~U'f) Ltl WL'l ~~ ~W LLUU ~'1ul'l~~~'1 ~'f)'1~u~iJ A'll ~ LLI?l nl'iI'1 nW~~It1tl ~~nl~~'11Uc111U 

~m.1ru~A'lI~ djWLL'f)W~ L9W ~m~ru~'VlI'1~WDn~~~ LL~~fl'lI~~I~I~()lwnl~rirelL~Alwn~l-J'f)lnl~
q q 

GjJrel'l~~UU'Vll'1L~W~ltJ19LL~~~~UU~U~W{ (Allende et aI., 1999 LL~~ Nelsen et aI., 1999) 
q 

91 nnl~~ n111 L~tI'l nU~1 ~U~WDn~1'l-J~'f)'11'lf~~'r.llf'r.llt\'f)~ ~u~11'lf~~'1~'f)'1~It1~wfij:J
q q 

~1~U~WDn1'1'~~~I~I~()91LLWnl~djw 9 ORF 1~tJ(j-tl'I~I~u91ntltllt1 5' ltltJ'IUtllt1 3' "lJ'f)'1~I~U
q 

~Wfin~~~ un~n'f)uJ1'ltJ ORF1 a, ORF1 b, ORF2a, ORF2b, ORF3, ORF4, ORF5, ORF6 LLtl~ 
q 

ORF7 (Wootton et aI., 2000 LL~~ Lee and Yoo, 2006) L~tI~'lW ORF l?il'119~~I~ld()LLtl~~lX~1c11 

LilWLU1'~W~iJA'lI~ LLl?lnl?I1'1nw 2 ~il~ ~'r.l Ltl1'~w~llJl~Lijw~'lwtJ~~n'f)ulwLA~'1~~I'1GjJ'f)'11f)f~ ~1rel 

Nonstructural protein (NSP) LLtl~h.b~WLA1'.:J~~I.:J ~1'r.l structural protein l~tJlu~~w~lJ-Jl~djw 

~'lwtl~~n'f)ulw1A~.:J~~I.:J~'r.l.:JL'lf~ (NSP) L~~lnnlnLtltl~~~~WDn~~~"lJ'r.l.:J ORF1 a lLtl~ ORF1 b 

" ~ 

q 

tl~:::n'f)uc11'ltJlth~w~'1~w 13 ~il~~'f) NSP1 a ,NSP1 f3, U~~ NSP2 9wn.:J NSP12 1?l1~~I~U L~tJ 
'" iI I I I I 

NSP ~'1 13 ~WV1i19~i1~U1Vl~lrTryVlllJ LntJ'l~rel'l flU nlJL~~91W'lWGjJrel.:Jl'lf~lwLsntl~L~IU1W ~'lW 
~ 

lU~~WLAN~~I.:J~'f).:Jl'lf~uwl~~lnnlnLUtl~~~l'W~'l'W"lJ'r.l.:J ORF2a ,ORF2b Lltl::: ORF3-0RF7 1~ 
, " ~ 

djwLtl~~wvhtl'W1A~.:J~~I'1~'fl.:Jl'l~~~'l~~'1~W 7 ~uV11~uri Glycoprotein (GP) 2, Envelope 

protein (E) ,GP3 ,GP4 ,GP5 , Matrix protein (M) LL~::: Nucleocapsid protein (N) 1?l1~~I~U 

nl~~~U1V1~'f)'1L1'A~'r.llf'r.llfL'r.l~LnV1~'Wflf.:J LL~nlwtJ ~.PI . 2530 lwtlJ:::L'VlPl~~~~'fl L~l'nl1w 
d.9 

nl :i'~:::Ul V1~~tJ~ LL~nt!'Wl~A~'fll f'fllf L'r.l~vll1,x lii ~Uru~1 L~ tJ'l nu ~~uU~UvrWfiLLtl:::~~UU'Vll'1 L~W
~ q 

," 
l-ntJl~1'W~ n nU'W91'W'l'W~1 n 1~tJvll1,x Ln V1U ru~1 nl1'LLVl.:Jl 'WLLJ-J ~ n ~VI ~'1Vl'fl.:Jl 'W :i'~tJ~VlltJ Ln ~ 

q '" q 

, iI "I 
..c:::a. d. 0 d Q Q. I 

~nn~reln L~~csn'W 91w'lw~n~ n~l?llt1 LL~nfl~'f)~~'1csnw u~~~n~n~'VlA~'f)~rel'r.l n~I1.1'j'I.:JnltJ'f)'f)WLl'f) . ~, 

i'nJflu Ln~uru~1 LlltJ'l flU :i'~UU'Vll.:J L~'W~1t119 L~'WU'r.lV1'f)n L~u~.:Jlw~n~ n~LL~:::lwLLlJ~n1' ~'1 nl ~ 
'" cu q q 
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, ~ ~ 

j'::-;U 1 r?l~1l'lLj'fI~1l1 f1l1fL'e)~Vl LnV1~'W vhl~ln~flf)1l-J L~t1~1t1 Llfi1lI?l~1~ n~~l-J n1n~t1'1~ n~'e)t!1'1j''WU j''1
q q q 

LL~::-;Lnr?l n1~LL~ i~~u 1 V1~'e)'1L~flltJ8'1th::-;L'VlPl~'W1 ~f)L~ nLr?ltl L'U'Vn::-;l'WL~ 1?l'Vl~tJtJ L~tJ ~'11cJ)iJ n1nVn::-; 
~ ~ 

LLtln L~111f)f~~'tnf111fLl1~1~~1 L~~LU'Wflf'lLL~n~l1'lt~nluLl ~.PI .2534 lUlh::-;L'VlPl LULDl1fLl~U[?) Lr?ltl 

ijn11n1~UV1~11~1l'l1f)f~f?l'ln~hf)~1 Lelystad virus ~111 LV (Wensvoort et aI., 1991) LL~::-;ijn11 

Ly.n::-;Utl n L~'e) If)f~~111f111fLl1~1'Wu~::-; L'VlPl~~f~l1 Ll-J1n11~ulf)~1~'f)l-J1 L~t11~n1ww~~11~'e)'11f)f~
d.9 

vr'lnthf)~1 VR2332 (Collins et aI., 1992) ~'11'J~~ LV LL~~l'J~~ VR23321~n~1tJLuu1'Jf~~'WLlUU 
~ ~ 

~11'l1'Jf~~111f'f)1fL'f) ~~lt1~ufitlhtJ LL~::-;~lt1~'Wfil1 Ll-J1n1 L~il'f)1'WL'J~1 ~'e)l-J1 VI'IilV1~'1~1 n n11~::-;U1 ~ 
~ , , 

~ ~ 

r1f'l LL1n luu1::-;L'VlPl~~fjl1Ll-J1nTw'W n~l-J111 n11~111f111 fLl1~1~~11~Ln ~fl,)ll-J L~t1~lt1 ~'e) n11~~1?l 
I 

~n1V1')t~nLu'Wl1th'll-J1n1'W6Jif)'11~V1~1'1Ll ~.fI .2533 ~'1Ll ~.Pl .2534 LL~~Ln~n1~~~U1r?l~11'lLj'fl~
~ 

~ 'V 

'e)lf'e)lfL'f)~1'Wth::-;L'Vl fl1'Vltl LU'Wflf'lLL1nl?l'lLL~U ~. r1 .2532 (Damrongwatanapokin et al.. 1996a) 

;'1~1l-J1 HlI?l1,)~ ~'e)U1cJ)LV1tJ n11~ m:11~11'W~~'1 ~f)tJ7)jj n11'Vl1'1~TW~fl-Jf)'Vltl1 LL~~iJn1n~1 ~UtJ n L~l1 

1')f~~111f111fLl1~~1 n l?l')if)t!1'1~1 n~ n1~ ~~ L~if)1 ulh::-;L'Vl r11'VltJ1~~1 L~~ Ltluflf'lLL~n~'1 LL~tJ ~. r1 • 
~ 

2539 (Damrongwatanapokin et al.. 1996b) u~~1'W~~t1~Lf)~1l?l11l-J11~~u~11')f~~111f'e)lfLl1~~'1 
~, ~, 

~1l'l~lt1'W'W{lcJ)iJn1 ~LL~ in~::-;~1tJl'W~ 1-JVll?l1'11VlrJ n1n~tJ'I~ n ~1'WtI~::-; L'Vl r11'VltJ Lr?ltJ ~1 J-l1 Hl L~1::-; Uti n 
'V 'V 

l ~ if) 1 ') f ~ ~ if) 1 f 11 1 f l if) ~ VI'! ~ if) 'I ~ 1 tJ 'WU ~1 ~~ 1 n ~ n 11U ~ 'I ~ l'~ ~ 1 '11 ~ if) 'I U1 ::-; l 'Vl r11 VI tJ 

(Thanawongnuwech et ai., 2004) 

2. fl'J1a.J'VI~1 n'VI~1~'VI1~~'U fin'i'i3-J~'fl~b'Ji''61crJ'enf'fl1fb'fl'61 
q 

~1 n n11~ n1:11 L~tJ,) nU~1f?lU'Vl1'1~'WDn~j'l-J~1l'l1') f~ ~U~11f)f~~if)1fif)1fl1l~ dJ'W1')f~~rJ
q 

fl,)1l-J~~1 n~~1tJYl1'1'WUDn11l-J~'1l-J1 nt~tJ~~11ru1~1 n 1') f~~if)tJ fl'W~::-;n~l-J~ltJ~U{~111 Ll~U~ l~if)
q 'II 'II q , 

~~11ru1 LmtJ U L Vl tJ unU 1 ') f~~ if) tJ1U n ~ l-J ~1 tJ ~'WifL~ tJ ') n U~1l1U n ~ l-J ~1tJ~U€l1 LlJ1'n1 L ~ilif) LL ~::-; n ~ lJ
'II q q q q , 

~1t1~'WfitlL1t1 cJ)f)tJ n'W L1l 'I n~u~11') f~~1l1f1l1 fLl1 ~iJ~n1:1ru::-;'Vl1'1~UDnj'1l-J~ UI?l n~1'1 nudJul1~h'l 
q q q 

, 'V , 

J-l1 n ;'1 fl1 V) ~1 flf)1l-J LLI?l n l?l1'1'Vl1'1'Y~\~fi n ~~l-J~11'l1'J f~~1l1f1l1fL1l~ LL~~::-;~1tJ~'Wfi,r'WiJ~h'WVlVh1~ 
q q 

fI,)1lJ~1J-l11rl1un1~riif)L1f1~if)'11f)f~rJ fI,)1lJ~~1 n~~ltJ r1if)'-J~1'1l-J1 n (Meng. 2000) 11t!1'111nI?l1J-llu 

u~~u'W8'11JJ ~llJ11rl1::-;U U~::-;if)fiU1t1 ~'1 ~~~~if~ In ~~1 n~u~111tth~u~ LLI?1n~l'1 nu1ul')f~~111fq , 

.,., 6]' <i' do I ';!i ..... r 0 I ..s 
1111 Ll1~ LLI?l~~~1f1f)1l-J~1J-l1 j'rl b'Wn11nl1~l1tl b~fl'Vl uif) ~ 1~UU ~U~'WD LL~::-;1::-;UU u1::-;~1'Vl 1,)lJ 1:1'1 

q 

~ 

fI,)1J-l ~1J-l1 ~1:11un 1 ~Ln r?l n1~~ r?l L~l1 LLUU LL~'1~ ~'Vl'WlcJ) l1tl1'11~n 1?l1J-l ~1 nn1dLmtJu LYltJU~l ~u 

~'Wfin~~l-J"ll1l'l1f)f~ LV LL~::-;l')f~ VR2332 ;'1 Luul')f~~'WLLUU4JJ1l'l1f)f~~'tnf1l1fLif)~~ltJ~ufitltj'tl
q q q 

~ 

Ll~~l1 LlJ1n1 L",ill1 ~u~11')f~VI'I~11'liJfl,)1J-lfl~1t1 fl~'1 nU"llif)'1~tUlJL~tJ'I~if)tJ~~ 60-63 (Allende et 

al.. 1999) LL~~lun1nmtJU LVltlu~~"'(h'l1f)f~~1l1f1l1fL1l~~'W1l'Wn~lJ~1tJ~'WffJt1t1 LL~~1l LJ-l1n1 
, ,~ 

L~nl1Vl'Wl1 n bV1ill1~1 n l')f~ LV LW~ VR2332 ~u~11')f~VI'I~11'l n~J-l~1t1~'WfirJ~1f?lU~Ufin~j'l-JVl
q q , 
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m~'e)'wnUL~tJ'l~!ltJ~::: 64-67 ~'l LL~~'l~11'J¥~~!l1{!l1{l!l~~ltJ~ufitJtnJ LL~:::~ltJ~Ufi!l L~1'nl LVlU!l, , , 

n~l~UVI1'l~Ufin~~~~, LL~ nl'll'lnU~l n LL~::: L~!l~~l~rul LmtJU lVltJU~1~U~Ufin~~~~:::Vl~1'l1'J¥~Yi, 

!l1f!l1 fL 'f) ~~'f)tJlun~ l-J~ltJ~ufiL~tJfJ nu ~ U~l~l~U~Ufi n~~l-Jon'fl'l1') f~lun~l-J~ltJ~'Ufi'fl Ll-J1n1
'II" , " 

mU!l~'JuLVItlJJ:J fl'Jll-J LVl~!lUn'Wlh:::l-Jlru~'f)tJ~::: 87-95 Ll~:::iJ f1'Jll-J LVl~!l'Wn'Won!l'l~l~U n~~!l:::j:jt'W 
, 

l~!l~~l~rul~ll-JLLl'l~::: ORF U~:::l-Jlru~!ltJ~::: 91-99 ~!ltJ~::: 86-98 ~!ltJ~::: 89-99 ~'e)tJ~::: 83-99 

~!ltJ~::: 98-1 00 LL~:::~!ltJ~::: 95-100 L'W ORF2 ORF3 ORF4 ORF5 ORF6 LL~::: ORF7 ~ll-J~l~U 

(Meng et ai., 1995b; Gao et ai., 2004 LL~::: Thanawongnuwech et ai., 2004a) LL~:::~ll-Jl~n~tu 

1~~lL'W~'J'Won!l'lhJ~~'W~ijL"1lhh~'Wtf1~'l~~1'lon'f)'l1'J¥~Vl1!l Non structural protein (NSP) ~ 
" "I I 

v 0 v cv 6t d. cv cv _d1 ~. I oJ d d d 
n!l~~Vl~~ln~l~U~'Ufin~~l-J bU'(i'JU ORF1 'W'W NSP2 UULUUbu~~UVll-Jf1'Jll-JVl~lnVl~1tJl-J1nVl~~, , 

LL~:::'f)l~n'f)1~~1NSP2 ~1..!Ltl'Uttl ~~'W~iJ f1fJ1l-JVl~1 nVl~ltJl-Jl n~~Vll'Wu~~Vl1ttJ~~uon'f)'l1fJf~~'f)1{ 
" , 

q 

!ll{L!l~-n'lVll-J~ U~:::L~'f)~~l~rulL'W~'J'Won!l'ltlh~'Wtf1~'l~~l'l ~U~1 Glycoprotein 5 (GP 5) Ll'JU 

~ <=01 d<=ol d ~ 'cs d <=01 d
VlU'llut1.h~'WVll-Jrl'Jll-JVl~l nVl~ltJl-Jl nVl~ ~ sn'lfll~'Jl LU'W~l LVl~~ln nl~Vl GP5 Luuhh~UVl q , 

L~tJ'J~!l'l flU nlnVltitJ'Jtl1L~Ln~il'JVl~11~~'l LL'flU~U!l ~on!l'l~ n~ 9'ln nl ntl~tJ'Wutl ~'l~1 ~U~'Wfi n~~~ , q 

LL~:::~1~Un~~!l:::ijt'Wl-Jln~~~(?l1l-Jfi~~l-JGJJ1~ (Shen et ai., 2000; Gao et ai., 2004; Ropp et ai., , 

2004 LL~::: Han et ai., 2006) ~'l f11 ~~1 f1'J1l-J Ll~ n ~1'lVll'l~'Wfin~J'l-J LVl~h.n Ltl'WVl'ti'lL'Uu~r.rtJVl~n~, 

vh1,n'J¥~.w'enf!ll {L!l ~l'l1'l~ltJ~'U{flUn~tJlfinl Lil~ LL~:::n rl'Jll-JJ''WLLJ''lL'WnlJ'ri!ltJ'f1~ Ll~ nl'll'l nu , q 

(Tian et a!., 2007) 

Lunl~~m:!1 L~tJ'J nUth9tJVll'lcA'TW~'Wfi,n~~l-Jon!l'l1'J~~~!l1{!l1 {L!l ~~ ~'l!:-J ~ l'l!l nl ~ri!lt~f1t~tJ 

~'JUl-Jln Lu'Wn1~~ n'ttl L~tJ'J nuhJ ~~'Wtf1~'l~~l'l d~j'WVl~n t~tJ I,tU~l:::~ n'ttl~'J'W ORF5 ~ Lth.!~~~ 

~lVl~U GP5 ORF7 ~Ltl'W~~~Lun1~~'lLf1~1:::lf protein N lL~::: protein E ~~~l'l~ln~~~~U~n~~l-J 

~'J'W ORF2b LtlU~'W (Verheije et a!., 2002; Rowland et ai., 2003; Rowland and Yoo, 2003; 
" " ,

Plagemann, 2004; Lee et ai., 2006 LL~::: Lee and Yoo, 2006) -n'lilnl~~n'ttlLntJ'Jnun~1non!l'l 

fl'Jll-J~l-J~U{L~tJ'JnU~1~UVll'l~Ufin~~l-J~~'l!:-J~(p]!l~n'l!tru:::nl~ri'f)t~flon!l'l1'J~~LULLl'l~:::~ltJ~U{~U
, q 

hj~1l-Jl~n'flfiu1tJfl'J1l-J~l-J~U{~'l n~1'J1~'f)tJ1'li~ L~'W lrl!l'l~l n fl'Jll-J~1l-J1J'nLun1~ri'f) t~flon'f)'l 
" , " 

1'J ~~,rU1lJ~1 Ltl 'W~!l'l Ltlu!:-J~Vi In ~~U~l n ~'Wl.wtJ'l~ 'W l~tJ ') Ll~ :::~:::~U fl'J1l-J LL~ n ~1'l1l'f)'l~1 ~1J 
," , 

~'Wfin~n-lVi lmtJU LVitJU lLl'W~'f)tJ~:::,r'W~'f)'l~l nl~~~1~rulVll'l~lU~1 LLVl U'l Vi Ln~fl'J1l-J LL~n~1'l1l'f)'l, 
, " 

~'Wfin~n-l~'ln~h'J1'Jl-JcA''JtJ 'f)tJl'l1~n~1l-J 'W'fln LVlil!l~l n nl~~n'ttl LntJ'Jn1Jtth~utfl~'l~~l'l-n'lhh~'W 
q 

9~ 5 t1.h~UL'3'W lL'~:::t1.h~'W1l ~'l~1~n~l'J~l'l~'WLL~'J iJ'liJnlJ'~n'l11 L~tJ'J nuttl~~'W~ijL"1lttlJ'~'W 

tfl~'l~~1'lon'fl'l1,)~~~,)tJ t~tJLru~l:::Ltl~~'WL~'WL'f)~~ 2 (Kedkovid et ai., 2010) 
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3. 1'J~~~1l1i'fl1ibll~~1tJ~'Ufi~'Ubb~.:J (HP-PRRSV) 
~ ~ 

1C\j1 nn1j'j'~tJ1Vl"1J'il'l1f)f~~tl1ftl1fL'il~rlf'HLj'nLUt! ~.PI. 2530 LL~~lnVln1nL~~nj'~IC\j'HJ"1J'El'l 
it, it 

L~'illf) f~LUVlfl1tl1h~ lVl PI 11')Lfl n LLfl~~~'1tJ'l1Un1 j'j'~Ul VlLUVl~U l'El L~tJ lUUrlf'lllj'nLun ~. PI .2533 
, it, 

(Tian et ai., 2007) lC\junj'~'0''lLutl Vol. ~ .25491~lnVlnlj'j'~tJ1Vl"1J'El'll~'e11f)f~~'e11ftl1fL'e1~Vlri'e1L~LnVl 

flf)1~L~tJVl1tJ'Elth'llULLj''lL'WUj'~LVlPl~U (Tian et ai., 2007 lL~~ Tong et ai., 2007) tVltJlf)f~~'El1f 
, it, 

'Ell fL'il~Vl Ln Vl nl 11~tJ1VlLUU1~ L'Vl PI~ui11.~fu n11n1V1uVl~'Ell'W1l1tJVI~'l Lu'Wlf)f~~'El1f'Ell fL'El~ ~1tJ 

~'Wf~'WLLj''l (Highly Pathogenic Porcine Reproductive and Respiratory Syndrome virus Vl1'e1 

HP-PRRSV) ~'lLU,)f)'l (~~l-J ~U"1J'il'l n1j'j'~tJ1Vl If)f~~'illf'e11 fl'il~~1tJ~ufij'uLLj''lnl~ri'ilL~In Vl flf)1~
q q 

I 91 

L~tJVl1tJ'il[h'lj'Ullj''lLU'El (?]~1V1 n j'j'~ n 1 j'~~ (?]~ nj'LUU j'~ LVl ~~U vilL~~ nj'Yl~ Vl L~'Elln Vl nlnJf)tJ LLfl ~ 
q q q q 

~ltJ'e) tJl'll-J1 n Lt?l tJ~t5~1'1 nl1'U ') tJ ll~ ~t5~ 1'1 n 11'~ ltJ ~'l ~\I ~'e) tJ ~ ~ 50-100 LLfl ~~'e) tJ fl ~ 20-100 
CIJ 

I " "I 

1'l1~~I~U (Tong et ai., 2007) rlf)1~ L~tJVl1tJVlln Vl~U~'l L6Jluvi1L~~ nj'(?]1tJ'0''lVll-JVllaJ~1 n~1 

400,000 ~f) LUU ~.PI .2549 ll~~~lnn~1 243,000 ~f)1'Wu Vol.~ .2550 (Xiao et ai., 2010) 1C\j1n 
I "" " "I

~nj'Vl~VlL~'il~'lVll-JVl~lnn~1 2,000,000 t?lf) 1unlj'j'~U1Vl"1J'El'lL~'Ell'W.wUVl'iltJl'lU'iltJ 10 9'lVl<)Vlluu 
q 

~.~.2549 (Tong et al., 2007) 

IC\jI nnlj'~ nM1l~tJf) nu rlf)1l-J lU~tJULLU~NLU~1 ~tJ~uDnj'j'l-J"1J'il'l1f)f~~'illf'il1fl'El~~1tJ~ufi
q q 

it 

lULLNtVltJ n1j'rl'El Vlj',;r~~u~nj'j'~'0''lVl~ Vl (full-length genomic sequence) "1J'il'l1f)f~~'El1f'EllfL'El~ 

HUN4 ~'l LUUVln'll'W~f) LL 'Vl'W"1J'il'l1.f)f~~'El1f'EllfL'El~~1 tJvr'Wfi~ n'ElL1fl 1'WLL j''l~ n~u1VllU1.b~L 'Vl ~~'W 
q q 

~U~lijnlnnVl nlj'nflltJ~ufilU~1tJ~tUl-J~vi1L1X Ln Vl n1 j'lU~tJUUU fl'lLUj'~~1J nj'Vl'El~ijtulU~f)U
q 

GP5 LLfl~Volunlj'"1J1VlVlltJ (deletion) ~~1LLVlti'lnj'Vltl~ijtu~ 482 ~1Uf)'W 1 nj'Vl'il~ijt'W ll~~~ 

~1LL<WW'lnj'Vl'il~ijtu~ 533-561 ~n 29 nj'Vl'il~ijt'W Lri'EllmtJtJlVltJtJnulf)f~~tnf'El1fl'El~ CH-1a, 

HB-1 Ll~~ BJ-4 ~'llUulf)f~.w'il1f'il1fl'il~~ Lu'Wlf)f~~'WLLuu~Tv'fulf)f~~'El1f'il1fl'El~~iJ nlj'j'~tJ1Vl 

lUl.h~LVlPl9'Wll(?lL~~ (Tong et ai., 2007; Tian et ai., 2007 LLfl~ Xiao et ai., 2010) ~'lfl1Vl~1n1j' 
it 

"1J1VlVlltJ"1Jtl'lnj'Vl'El~ijt'W'0''l 30 nj'Vl'il~ijlwL'W 2 ~ILLVlU'lU'W~1tJ~UDnj'j'~1'W~h'WltflUL'il~~ 2 iJ~fll?itl 
q 

flf)1~j''WLLj''l1'Wn lj'n'iltj'rl~ LLlu~1 LVI(?]~yh lmf) f~ HP-PRRS iJ flf)1~~1~1 j'rlL'Wn1 j'n'iltj'fl~j'ULLj''l
q q q 

it 

n~11f)f~~'il1f'il1fL'El~~1tJvr'Wf~'lL~~ (Tian et aI., 2007) ul?i~~IC\j't1I?i'ill-J11aJVolurlf)1~~l-J~ufi 

~'ln'Chf) (Xiao et ai., 2010) 
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~ 
'U'Vl'Vl 3 

"iJfin1'i"iJ~~ 

"" "".... 0 oQ "" QJ1. n'i'fl'U bb'U'J FI ~'Jfin1'i~1b'U'U~1'U'J~~ 

~'J'ilf.h~:a~~U~::Lif'ilL~'il "1n~'il~tJD~n1'i.a''U~j;\'iL'iFl~1n1 4 U~~ 

1. "n.l'lU-n't..!~V1rtrFl~IWrmn-l Flru:::~V1'HLVWlUPlI~V1f '~I"Nnrnrl-J~n1V1tJ1ftU 

2. ~'tl-ltlD~n1r-nU~V1TtrFl~V11tNV'lmUlfltl~~V11 Flru:::~V1'lLLV'lV1UPlI~V1f '~lfl\lnrnrl-J"n1V1mftU ~\l"'t)VlUFlrtl~l-J 

" "" Y 6' 6'" v3. f)"I1'l'l'll1YW"Ifi"lVlU1 r\ru:::~IWlLlV'lV1UPlI~V1r ,Yh~-lmrul-J"'I'lVlm~U 

4. ~'tl-ltlD~n1rlu~V1rtrFl~V11 fllF11'l!1'elI~rPll~V1f Flru:::~V1'lUV'lV1UPlI~V1f m-t11VlUlftU'll 'elULU1U 

t 

~riVl~lr~U~nrrl-J91nC?l'l'elUI\l~1~ (RNA extraction) L~'tlUI1tlHfV1r'l9V11\l 

'el~ihi)V1mc;\'tl1tl 

t 


f!1m~IV1'l~'il~1l11V1mlP1'JtJ RT-PCR u~::f!1n'IYl~mmJLVitJ'UfI'JI~'VI~1n'VIa'ltJV11~~'U~n'i'i~ 

'1l'el\lL~'el~LLUnl~'elUI-lU'elU 20 C?l'l'elUI-l 

1. V1r'l9"'IL~'eltIflULVlFlnFl RT-PCR 

• ... ... -J ..J.J 
2. "'1~IIflUV'lU~nrrl-J (sequence) UI-l'Ci'lU'll'el-l ORF5 LL~::: NSP2 V1L"'l-.n:::~l-JLYi'tl 

UUUUiILUl..!L;'ell'lf~Yl'tl1f'tl1fL'el~~IU~U~ HP-PRRS LL~:::L~,[)uI1tlL-iilun1rijLFlT1:::l-i 
LmUULViuu~I~U~U~mrl-J (phylogenetic analysis) c;\'elltl 

t 


1 

1LFl~::~ LL~::~~tJ~~ 

LmUULYlUUr\'lIl-J"'~ln"'flIUVlI-l~U~mrl-J'll,[)\lL~'ell'lf~Yl'Cl1f'ellfL'el~ ~IU~U~ HP-PRRS '!l'el-lqmLu 

-J ~ .. .." -" 'I" - r.! .oj ..." ..Jtl r:::LVlPl1VlU U'Ci'lU'll'el-l ORF5 LLfl::: NSP2 lIflUmr'lLFln:::V1Vl'lULLt.lU1Jl-JV1Ull-JLuruuLVlUUnU'll'tllolflVlLflU 

i1mrnU\lIl..!LL~'llu GenBank 
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2. 1fin1'i1~~ 
c;i 	 <V I 

1. 	 n1'abntl tWJ'f)~1~ 

vi1n1JLnU l?l,)llth'lSTIf~ LL~~Lnll L~1l91 nl?l,)llti1'l~~'l(;ld,)9 91 n~ll'ltlD~ nr)diu~ (;IdLdfl~(;Ir) 

~'J~n1dful?l,)llti1'l~'l(;ld,)991n~'lth~L'Vlf1 ~'lVl~~ 4 LL"''ll~LLri 
1) VI\.btl~\.A~(;IdLdfl~(P}r)n~1'l fl ru~~l?lf) LLYl'VltlP!1~(;If 9ri1~'lnnU~Vl1fl'Vltl1~tl 

'II 	 q 

2) 	 ~1l'ltJBU~n1diu~(;IdLdfl~(;I1' L d'lYltl1U 1 ~tJ PI 
q 
~(;11' fl ru~~(;If) LL Yl 'Vl tl PI 1~ (;I f 

9ri1~'lndohJVl1fl'Vltl1 ~tJ ~'lVl1'~'Wfldtl ~~ 
q 	 ~ 

3) Jl1flfj6Jl1YltJ1fifl'VltJ1 flru~~(;I') LLYl'VltlPl1~(p}f 9ri1~'lnd(Ul-JVl1fj'VltJ1~tJ
q 

iI J~ Q.C.\ QI ~ Y 0- Y r 1:0\ Qf I
4) ~'fl~ !)tJ~nr))4iti~!?l~l~~~!?lf) ~ru~~~f)llVfVltJ~'1~!?l~ ~~'1f)VltJ'I~tJ~'flUllnU 

t~u Lnu fn1j'1191')11 ti 1'lvT'lVl~ ~ LL"ll LL ~'l~1l ruVill ~ -80 1l'l f11 LSJ! ~ LSTItJ ~ L~1ln1 d(;ldf)9'Vl1'l1l tll~')fj'VltJ1 
q 'II 	 0 \1 

l?11l1tJ 
, " , 

l'lf)llti1'lYlfU91 n~'el'l,Jnu~ n1 di'W~ (;I dLdfl~(;Ir)vl'l 4 LL lA'l 91 n ~ LllYl1 ~~f)'elti1'lYl1~91n~nddJ 'II 	 q 

, I " 	 " " 

tlf)tJ~'l LL~~'lt)1 n1dYltl'l~~1ti19~Ln~91 nn1d~~ L~'el PRRSV 1.'W6Jif)'ld~tl~I'l'l LLl?1U 'V'l .P!. 2554 9'Wn'l 
iI 	 'IiI 

2555 Lvhuu LVlUrJ n1dLnU df)U~'f)~~'ell-J ~Yl91 LU'W 'el1Yl ~ (l1'WYll?l'lVh fl-J flf)1l-J~''WLLN1.'Wn1 dnllLdfl 
'II 	 q 

tJ d~1'~ n1 dd~U 1~~1l 'l L dfl 1uvh fl-J "1~"1 LVl tJ rhVl'W~91'Wf)'Wl?l,) 11 ti1'liu~1 ~ 20 I'lf)1l ti 1'l ~'l LU 'W 
, " o .... .... 0 <V "'" crt.- ~ t.

91 'Wf)'W'Vl L~ tJ'l 'V'l 'el ~1VI dU n 1 df) Lfl d1 ~VI~J 11 ~~ LU 11 'l (;I'W 

2. 	 (P\'i'J~'VI1~1'i~'U~n'i'iaJGjJ'fl~b:f'f)lJ~~~'fl1i'fl1ib'fl~~1~~'U~~'Ubb'i~ ~'J~~ihJDn~~1 
~nLsrl'Vi'fl~haJ'f) b'i~ (Reverse Transcriptase Polymerase Chain Reaction; RT-PCR)
cu 

t111'l,)'elti1'l~1'l1 ~ lfiufn1j'1~~ ruVllJi3 -80 1l'lPl1 LSJ!~ LSTIU~l-J1l?ld,)9V11~1d~'W~ndd~"lJ1l'l1f)f~ 
" , 

~'el1f'el1fL'el~vT'l~1tJ~'WfitJLdtJ 'el Ll-J1n1 LVlU'el LL~:;~1tl~'Wfid'WLLd'lLVltlfjfi RT-PCR ~'l~1l-J1drl91 LL 'Wn 
q q 	 q q 

" " ~'W(;I'el'W1v1~'lil 

RNA extraction LL~~ cDNA synthesis: ~nVlLLun total RNA 91nl'l,)llti1'lLVltJlon 

~1d~~~1tJ91n6JlVl~nVl~1LT9dtJ (Access Quick RT-PCR system) ~'l9~LtJ~tJ'W 
q 'II 

RNA ~~nVl'el'elnl-J11~~f)utJlJffi'tJ1 reverse transcription l,xdju cDNA 

PCR amplification: Vhn1JL~~91'Wf)'W ORF5 LL~~ NSP2 L~tJvhtJlJffi'tJ1\inL6JI'V'l1l~ 

Ll-J'el Ld~ v1 f) tJ Lfl1'el 'lvh tJ B n1tJ 1 \1 n L snYl 'el ~ Ll-J 'el Ld~rer(;I LulJ~ (thermocycler) 1.on 

primers ~1V1¥U NSP2 91nd1U'l1'Wn'el'WVlU1 (Feng et aI., 1997) LL~:;l~ primers 
, 

~1V1¥U ORF5 91nd1tJ'l1'Wn'el'WVlU1 (Hao et aI. , 2011) ~'l(;l1d1'lVl1 

(;Idf)9~'elU PCR products: LVlUfjfi agarose gel electrophoresis 
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1Pl1'i1.:!v11 LL~~~~lvrUW,)fl~t!lLYl~ primers6JJ!l~1')f~~!llf!llfL!l~~ltJ~'Ufij''ULLN~1~fu RT-PCR, , 

I 
.ell 

en!l primers ~lv)UU,)fl~L'f)LYl!?1 fl,)ll-JtJl,) {bp) 

ORF5 sense 5 ' -MG CCT CGT GTT GGG TGG CAG-3' 360 

ORF5 antisense 5 ' -TCT CCC MT TCT MC ACT GAG-3' 360 

NSP2-F 5 ' -AAA GAC CAG ATG GAG GAG GA-3' 666 

NSP2-R 
---- - -

5'-GAG CTG AGT ATT TTG GGC GTG-3' 
- - - - - - - - - - --

666 
- - - -----

3. ~n1!1inoaru~V11~~ttfin~~lJ 
q 

L~tJ~n ~!l1 fL~'UL!l~1n LPl')'f)th~ L~ll~l~lj'Y~\~fi,n j'j'1-I~!l~L') f~~!ll f!ll fL 'fJ ~ ~1 tJ~'Ujh'U, , LL j'~ 

L~'f)f) Lflj'1~yfVI1~1V)U4JJ'fJ~U,) fl~L'fJLYl ~U'U~ltJ'fJl fl'~'UL!ll'U~')'U ORF5 LL~~ NSP2 Ld'fJvh nlj' 
I 11 I ... 

t:1!l~1'1X~ l~'fJVll~lV)U4JJ'fJ~U,)fl~L'fJLYl!?14JJ'fJ~ L~'fJL~LL~,)~~Ul L'fJl~tl1-l~~1 v)UU') fl~L!lLYl~VlL~U'Ul-Jl 
'lJ 

~ 

LmtJ1J lVl tJu fl ')11-1 ~1-I~'Ufi1~tJl~nl j'f) Lfl j'1 ~'l-f~')tJ lL~'U[l n ~'UL~nu l~!lL,) f~~!ll f1l1 fl 'fJ~VllfltJjj
'lJ 

u'U~nLr)l'U GenBank 

... d' 'V ft I
4. 'JbFl'i1~'VIsn'fl).J~ ~'iu bb~~'i1t1.:!1'Uf.J~ n1'i'Vl ~~'fl.:! cu q 

f) If)j'1~'l-ft.J~ nl j'Yl~~!l~t~tJl~;rlll.I~~l !?lU~'Wfinj'j'J.J6JJ'f)~1') f~ ul?i~~~ltJ~'Ufi~L~~1 n LLI?i~~"cj], , 

~'U~l'Wth~LYlP\LYltJ 1')1-1 rlU~'f)l-J~Yll\l~1'Unnf11~f?lf f),)11-1j''ULlj'~1'Unlj'ri'f)Lj'f) LL~~lmtJu LVltJUrlU 
'lJ 'lJ , 

fl,)ll-J L~tJ~ltJ~ Ln~~ln1')f~~'fJlf'f)lfL'f)~ l'Uth~LYl f1LYltJ 1?l1J.J~'fJ1-I~~~1'U'f)~1?l
'lJ 

3. ~'fltJb~(Pl~'fl.:!n1'i~~tI 
~ 

~ n~lll~~vrW-l'Ulf)finlj'I?l1'')~f)U~1YtJ L~!l1') f~~!llf!llfL!l ~6JJ!l~~,nj'L'ULYltJ ~')tJf)fi RT-PCR 
~ I ~ 

t~tJd1UI?T,)!lth~~1n dl!l LU!l LL~:;~f1-l t~tJliffjfinlj'1?l j',)~~1~1j'~'Ufinj'j'1-I6JJ!l\l L~!lt~tJf)fi RT-PCR L'U, 

~,)'U6JJ'f)'l ORF5 LL~~ NSP2 ~1 nt!'U~l~l V)U~'Wfinj'j'l-J~L~'f)tJl\lUtltJ 20 ~')'f)tJl\l L~'f)Ul~'f)l-J~~
, 'lJ 

1~l-Jl ~ n~l LmtJu LVltJU fl,)11-1~~1 n~~ltJYll\l~'Ufin 
. 
j'j'l-J6JJ'f)\lL,) f~~'f)lf'f)l'fL'f)~~'V'lul'Uu j'~LYlf1LYltJ, 

~~\lnlj'j':;Ul ~4JJ'f)\lL')f~~'f)lf'f)lfL'f)~~'ULLj'\l L~tJnl j'f) Lf)j'l~'l-fLL~'UJJn ~'UL~LmtJu LVltJU nu~'f)~~l'U 
I 

cA cA i/O') cA

GenBank YllfltJ1-I1'ltJ\l1'U1-I1LL~,) L'U!l~1?l 

I 
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d 
'lJ'VI'VI 4 

f!J~nl~";j~~ 

1. 	~'J~th~m~i;unl~fi1nMl 

r.nn nl~i'lnU ~'l!lth-:l~~""~I-:1 L~!l\.m~111vr'WfiCi-:lL~!l'W(?l~lfl~ U'V'l.PI. 25521cJlfu ~'l!lth-:l91 n, 	 , 
I I ," 	 " 

~n~Vl LL~~-:I!llnl~Vl Ln£1'l-n!l-:lnUnl~~~ L~!ll'lf~~!llf!llfL!l~ 91 n~!l-:ltlnu'1i nl~i'W~(?l ~L~fl~~Wrr1-:1 4 , 	 dJ ~ 

LLiA-:I LL~~n~~~WHL'V'lYltJ~1~fl'lI~1'l~iJ!l ~1'W'l'W~-:lVI~~ 367 ~'l!lth-:l ((?lI~I-:1~ 2) 91nYhf~~n~, 	 , 
" 	 " I

"r1-:1""~~ 	33 Y'hf~ 91nr?l'l!lth-:lr1-:1V1~~ 'V'lU~I~'l!lth-:lVllcJl91n~n~1'WYhf~ 17 'Vhf~ l~~~u'ln~!l 
~ 

l')f~~'fnf'tnfbt)~ b~'f)~d')~b~tJ~fi RT-peR b~tHiJij11f~~'f)lftnf~'f)~~ltJr~\J1f'f) U-Jrnl ~V1~'f)~~V1a-J~
q 

I 

(~ldl-:1Vl 3) 

91n-n!l~~Yll-:1~I'Wd~Ul~f)Yl£1l tv1')1)rJl-:1~1~91n~-:I 17 wlf~~l~~~u')n~!ll')f~~!llf!llf
~ 

" 	 '" 
L'e) ~ t?l-:l!l £11'W ~UVl 11 4'-:I""rj'~ 1 U 4 111 fl1J!l-:l tl d~ LYl Pll'VltJ lcJlLLn 111 fl (?l ~rj'U!l!l n L;' £1-:1 L",,\1!l 111 fl 

'II 

lPl~r)UlPln Jllfl(?l~r)'W!l'f)n LL~~Jllfln~l-:1 (?)-:lLL~~'llUJll'V'l~ 2 

Sequences 10 location P~rt of Thailand 

l![ii~~Jf~~~1!~~ 
12KBOl Kanchanaburl Western 

1i = 
12NNOl Central 

12NP02 Nakhonpathom Central 

msb~m~ r~~~· . . l.i.nid~~",,".....__""""_._ 

12SHBOl Singhaburl Central 

~ 
tnWF' gge 

12SURINOl Surin North-western 

111'VicV1 2 ~1 LL""U-:lYl 1-:111 i1 Pll~(?lf1J!l'lWlf~~1~'Wnld~ mj'I~1 (?)uvrufindd~1J!ll')f~~!llf'e)lfL!l~
'II 	 , 

http:U'V'l.PI


12 

1Pl1'i1.:tv1 2 -n,[)a..J~~U~1U"ll,[)'lt?lf)'[)tJ1'l~1~1u91n~,[)'lUiitmn1~-nu~~~t~f1~~1ll~~~twJLl~YlUYlif)'l~
~ ~ ~ ~ 

~1~tJ ~'l'il,h~ VfuY\ '!Ill", 'illm1LL~"'~ 'ill~ fI'lI~L~!J\nflLL~::i'il~~'I1'il~~~ 

~"'11m1 ~j;')11m1 ~mUTll" 1f1=ilU 
U'lfl (%) mfl(%) ~~ 

1 SURIN ~r~Y1f ~fl-J hm::Uuvn~L~~ ~n~m-LLm 20-40 5 + MLV 

1 \nut"'l LL'~:: PRDC fil~tl(;) type 2 

I 

! 

2 KB-1 mC\j"lti1 ;f~ Lffi1::UUY11~L~~ qm-~ 10-15 0-1 + hlL-D' 

l-nut"l LVl-D1 

3 LB-' ~Y'l1iT :nf~ hP'l1::UUVl1~L~U ~m-~ 10-15 0-1 + 'l~t;f I 

\nut"l L"'-Dl 

4 RB-1 11'D1i1 ;f).J hP'l1::UUY11~L~U LL~~~~ 10-20 10 + MLV 

lnrtL"l Ufl::1::\.J\.J type 2 

~u~~~ 

5 CHTB-1 4'~Y11i1 :nf).JLL~:: hP'l1::UUY11~L~~ LL~~~~ 25 0 - hJt-n 
.t .,J 

\nut"'l LL~::m1~L~tlLUfl 

6 NP-1 ~f\1lJ3).J :nf).JLL~:: Lffi1:;UUvn~~~ ~nqnn.lt.h 30 10 + MLV 

JI ...I 
\nut"l type 2 L~tlLUfl ~).J 

7 NP-2 ~,"mJ!).J :nf).J hP'l1::UUY11~L~~ LL~~~~LL~:: 10 5 + MLV 

Vl1ut"l ~n~n1 ~n~m-'!l(;) type 2 

tifl~LLfl ~~ 

8 NP-1 ~fil1U.!il-J :nf~ hP'l1:;UUYll~~~ mJ~~~LL~:; hJil-litllJ~ 'l~il-li'fm~ + MLV 
"I 

"vnut"'l ~n~n1 ~n~n1\lth type 2 

tifl~LLfl \m 

9 SHB-1 ~.:!~1i1 oral fluid 1:;UU~U~~~ LLl.i~~~ 10 5-6 + 'l~H 

LL~:;;fl-J ~l-JL~~') 

10 SHB-2 ~Y'l11ru1iT :nf).J 'll.ilj-lifllJ~ 'll.iil;r'tllJ~ No No No 'l~H 

11 TAK-1 Vlln ;f~ trP'l1:;UUY11.:!L~~ LLl.i~~~ 5-10 0 ~il;rtllJ~ hlil 

~IUt"l ;rtllJ~ 

12 SB-1 ~1:;1ir oral fluid hP'l1::U'\JYll.:!L~~ LLl.i~U~ 'l~il-litllJ~ 'll.iil-lifllJ~ + 'l~L-D' 

~luh 

13 NN-' ~filrulun :nf~ hI')1:;UUY11~L~U LLl.i~U(LL~:; 25 10 + 'l~il 

~IUt"'l LL~:;1:;U'\J ~n~n1~th ;rfl\J~ 

~U~U~ ~~ 

14 SHB-3 ~.:!~1ir :nf~ 1:;UU~U~U~ LLl.i~~~ 10% 0 + 'l~lj 

~~L~~,) ;rtllJ~ 

15 NP-4 ~fil1U3~ Li1tlL~tl hP'l1:;Uuvn.:!L~~ LLl.i~~~LL~:; 10-20% 5 + MLV 

LL~::~f~ ~lu1"l LL~:;1:;UU ~n~n1~th type 2 

~U~U~ U~ 
-



l adN 

t\l~ 

+ 
~tt@~!:!rt\ 9 

11ft 

l..[li1W~U~ t!.\1l1..i1 

ft~'t-l..lA.n.n.;:~I..l~l 11.f\'! 
~h!l.l..~ £-8C1 9l 

l adN 

t\l~ 

+ 
~rt@~!:!rt\ ~tt@~!:!rt\ nf~U~ t!.\1l1..i1 

ft~,t-l..lA.n.I1;:~I..lJ:l 11!\,! 
11b[UI..lft 6-dN 9l 

t\1V'J 

l adAl 
+ 

0 9-9 jft~rt" 

C,~i1111~ 

jft~n.~n.n.;:~ 
11.f\'! 

~h!l.l..~ l-8C1 vl 

~rt@~ 

!:!rt\ l3f1@Jr!:!rt\ l3tt@~!:!rt\ ~rt@Jrt:rt\ ~rt@Jr!:!rt\ ~tt@Jrt:rt\ 
11.f\'! 

t-@Il;:J: ~ -ACt £l 

ladN 

t\lV\l + ~tt@~!:!rt\ ~tt@~~rtt 

J:u~U~ 

;:~mjft~rt" 

jft~n.~ 

n.n.;:J:;:m, t!.\fll..i1 

ft~,t-l..lA.n.n.;:J:I!1~l 

11.f~;:~" 

@fl,@f\1 
r" .f 

;th;:~~ l-8S lG 

~11@~ 

!:!rtt 
+ 

I 

~11@Jrt:rt\ ~rt@Jr~rt\ 

11ft 

l..[li1;:~mm 

WWW~u~ t!.\1l1..i1 

ft~'t-l..lA.n.n.;:J:I..lJ:l 

11.f\'! 1..J:1A.,t-2:';:~ ~-SH8 ~l 

l adN 

t\l~ 

+ 
~11@~~rt\ ~11@~~rt\ 

11ft 

l..[li1;:~"l1ft 

www~u~ t!.\fll..i1 

ft~,t-l..lA.n.n.;:J:I..l~l 11.f\'! I1brUl..lft 
B-dN Ol 

l adN 

t\1V'J 
+ 

9 %9~< 

11ft 

l..[li1::~"l1ft 

wWJ:u~u~ t!.\1l1..i1 

ft~'N,IA.n.r.;:J:lelJ:l 11!\,! ttbf\J:l..ln 
L-dN 6~ 

~~BJr 

!:!rt\ l3tt@Jr!:!ftl. ~11@Jr~rt\ ~11@Jrt:rt\ 
~rt@Jr!:!rtt ~11@Jr~rt\ @flmf\1 

I'" .T" 
11 bf\J:I..lft 

(991£v~) 

9-dN 

B~ 

~rt@Jr 

t:rt\ ~11@~!:!rt\ ~11@Jr!:!rt\ ~tt@~!:!rt\ ~11@~!:!rtt ~rt@~!:!rtt @~'@~' 11 bf\J:lo:lft 

(99/6£L) 

9-dN H 

,q,\ft\ ~11@~!:!rt\ ON ON !:!rt\ t:rt\ 11!~ ;thftt!.tUl..U l-8>l 9~ 

nl!:~~ 

t-~ 
MWnl.Ut& 

(%) 1i1.W 

!,l.UUoIll!

(%) lit{\ 

!'LUUolS~ 

iiLB N~t&"!'LULB (SUI!. ~n~ t-L!iBt,~ 11~1.~ t-fit-BIl.~flB~:;~"IiLt\Ii~'ttl.c,~ 

£1 




~f1GJt 

~~ 
+ 

0 OL-S Jlt\~!1" c..~11'I1~Jlt\~J1~J1J1::.t 11£~ f.,ha.L.t 9-8}l 9£ 

~ad~ 

J\ lv-J 
+ 

~f1GJt~!1\ ~f1GJt~!1\ 

11M. 

LflI1.tU~U~ 

t!,~raLI1 

M.~U' LI).n.n.::.tl.lLl 11!~ lha.LL S-8}l S£ 

~f1BJt 

~!1\ ~f1BJt~!1\ 0 OL-S 

~Ln.hB 

LU~U~ 

::~"}M.~!1" 

c..~l1m~}M.~J1~ 

J1J1::L:::~" t!,~raL11 

M.~'t-LI).n.n.:::.tl.l.tl 11!~ lh~a. L-8H8 P£ 

~f1GJt 

!:!!1\ 
+ 

~f1BJt~!1\ ~f1BJt~!1\ }M.~!1" 
c..~mm~jM.~J1~J1J1::.t 

11~~ l1;rUl.lM. OL-dN ££ 

~f1GJt 

~!1\ 
+ 

~f1GJt~!1\ ~f1BJt~!1\ }M.~!1" 
c..~I1'I1~}M.~J1~n.n.:::L 

11!2: f.,ha.L.t P-8}l l£ 

Z ad~ 

J\lv-J 
+ 

~f1GJt~!1\ ~f1BJt!:!!1\ 

.tu~u~ 

::~'$M.~!1" 

('~I1'I1~}M.~J1~ 

rm:::.t:::~"t!,\raLI1 

M.~,t-LI).n.n.::Ll.l.tl 11£~ t-GI).t-L~ 

l 

-8N018NV L£ 

l ad~ 

J\lv-J 
+ 

0 OL 

11M. 

LflI1LU~U~ 

t!,tflLI1 

M.~,t-LI).n.J1::.tl.lLl 11£~ t-(l,I).t-L~ 

L 

-8N018NV OC 

G9d~ 

J\lW 
+ 

~ttBJt~!1l ~ttBJt~!1l 

11M. 

LflI1.tU~U~ 
t!,~flLI1 

M.~1t' LI).J1J1:::.tl!l.tl 11!~ 

lhruUM~ L-8dS 62: 

Z ad~ 

J\lW + 0 OL> 

11M. 

LflI1.tU~U~ 
t!,~raLI1 

M.~'t-LI).J1J1:::.tl!lLl 11!~ 

UraLM.Ll.lM. Z-NN 9Z 

~~~ + ~f1GJt~!1\ ~f1BJt~!1l 

.tu~u~ 

::~"}M.~!1" c..~11'l1~jM.~J1~J1J1::L 
11£~ 

lhM.~LLf\ L-8fd a 

nl!:~l-

c-~ 
MLlInLUt3 

(%) IiL~ 

~LUu.~~ 

(%)lif-f.\ 

!"LUu.~~ 

iiL@' t'~t311!,.LU L@, ~Ullo ~n~ C-L!i@,~~ I1~L~ c-~t'@'I!.~f(@,!,::~"IiL"Ii~'ItLf-~ 

vI 




~I1GJ: 

t:ft\ + ~I1BJ:!:!ft\ ~I1BJ:t:ft\ ~I1BJ:t:ft\ ~ft\ It~~ ~JUI!.~' ~-8d 6£ 

~I1BJ: 

t:ft\ ~I1BJ:t:ft\ ~I1BJ:~ft\ ~I1BJ:r:ft\ 

-tu!.3u~ 

::~mJ!f1.~ft" 

t.~~1It~J!f1.~11~11f1::-t::~" 

l!,\JlL~f1.~'t'LIA.I1f1::.tt.l-tl It!~ if-m!l. l-8H8 Sf: 

~ttBJ: 

t:ft\ ~I1BJ:t:ft\ ~I1BJ:t:ft\ ~I1GJ:r:ft\ 

w~u~ 

::~"J!f1.~ft" 

t.~~11t~J!f1.~I1~I1I1::.t::~" 

!!'\JlL~f1.~'t'LIA.I1I1::-tI.:l-tl It~~ ih!I. L-t L-8t1 L£ 

t'P ('Yo) I1LltI (%) rn.f.\ 

n~wx MLlInLUlt t.LUW.ltI~ t.LUW.ltI~ 

iiL~ t'l!I~'1t.LUL~ l!IQp. ~n~ t'L!i~t.l6 I1~L~ t'Pt'~Il.~fl~!-~~"IiL~Ii!1tfLt.W 

51 
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(Pll~I~~ 3 irtlJ.J~yhfJ.J ~~'Jtlth-l~-l[Pld'J"'lltX~~'U'Jn~tl1'Jf~~'f)1ftllfltl~
'lJ 

'VIaJl~b~djJ 
IV I d 
~1'f)~1~'V1 ~~'VI,y~ 1l1~ nl~rI'fl~ ~il~ 

~1'f)~'~ 1~l!J~ ~,~'U djJ'f).:I 

PRRSV vr'Ufin~~~ I 11~~ 
q 

'U1n NSP2 bb~~ 

ORF5 

SURIN-1 12SURIN01 ~1'UYlf 
~ 

cv .:::01 .dI 

[Pl~'JUtltl n L 'UtJ-l L""Utl ./ Type 2 

TAK-1 12TAK01 lYnn l7l~~Ul7ln V' Type 2 

KB-1 12KB01 
.:::01 

nlru~uu'j\
'" ~ 

[Pl~t)U[Pln ./ Type 2 

RB-1 12RB01 
.:::01 

dl~Ud 
~ 

[Pl~t)U[Pln ./ Type 2 

RB-2 12RB02 dl~u1 
~ 

(?)~rrU(?)n 

RB-3 12RB03 
.:::01 

dl~Ud 
~ 

[Pl~t)u[Pln 

RB-4 12RB04 
.:::01 

dl~Ud 
~ 

[Pl:::t)U[Pln 

LB-1 12LB01 
.:::01 

~l"lUd 
~ 

n~l-l ./ Type 2 

SHB-1 12SHB01 ~-liu1 
~ 

n~l-l ./ Type 2 

NN-1 12NI\J01 UfidUltJn n~l-l ./ Type 2 

NP-1 12NP01 UfldU:fJJ.J 
d.9 

n~l-l ./ Type 2 

NP-2 12NP02 UfldU:fJJ.J 
d.9 

n~l-l ./ Type 2 

NP-3 12NP03 UfldthJ.J 
d.9 

n~l-l 

NP-4 12NP04 UfldU:fJJ.J 
d.9 

n~l-l 

SP8-1 12SPB01 
.:::01 

~l"lddruUd 
q q 

n~l-l 

PJB-1 12PJB01 lhl~uu1, [Pl:::t)Utltln ./ Type 2 

CHTB-1 12CHTB01 
<V .:::01 

~UYlUd 
~ 

[Pl~t)Utltln ./ Type 2 
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2. n1'.Jb~~~1'U'J'U~1'.J~'Ufin'.J'.J~1I'f1.:Jl'J~~cW'fl1f'fl1fb'fl~ 
q 

19lfJ'tlth-J RNA ~'tl-JlfJf~~'tll'f'tl1fL'tl~~1~~1n~n1'1'WYhfd-J~-J 17 Vhfl-J C1nU1l-J1 LU~rJudju
q 'IJ 

I ~ 

cDNA L~'tlf)lrl1'1::;,rlU~fJ'W NSP2 LL~::; ORF5 l~rJf)fi PCR ~1nn11'~n1j'1~'J~1191fJ'tlt11-JY]'1V1l-J~ 

~1d-J11'C1 L~~~1U,rl'WL~rJulJmrJ1~n 'lsri~'tl~ Ll-J'fl L1'~ LL~::;UrJ n~1~lJ 1'l1d-JGfJ'W1 ~'Jj'tl'l~11'~'W~n1'1'd-J t~rJf)tj 

agarose gel electrophoresis L~'fl~n~Ll~::;vhltXlJ1'~'Ylt ~1V1flJn11'(l'fl~~1~lJ~'Wfin1'1'l-JlPl'tllu t~rJ 
q q 

I ,., 

~1~U~Ufin1'1'l-J~1L~1::;~1V1flJ NSP2 LL~::; ORF5 ~'fl'l1fJf~~'fl1f'tl1fL'tl~Vll~'Wn11'~n1j'1U nGfJ'W1~ 
q 

370 LL~::; 550 ~LU~ ~'1u~~'11'W[n~~ 3 U~::; 4 

360 l>.R 

270 ~~ 

J11~cV1 3 RT-PCR product ~'tl'l~fJ'W NSP2 (M: 100 bp DNA ladder S1-S10: 19lr:l'tlt11'1 HP: HP


PRRSV positive control P: type 2 PRRSV positive control (01 NP1 .2) LL~::; N,: negative control) 


600 

d nI cv I 

1l1~'V1 4 RT-PCR product ~'tl'l'('/fJ'W ORF5 (M: 100 bp DNA ladder S1-S8: 1'lr:l'fltJ1'1 HP: HP

PRRSV positive control P: type 2 PRRSV positive control (01 NP1.2) Lt~::; N: negative control) 



(v ~t'L&LW) tl~~~tllJ'Jrt~t'&"tll}tllA~L~~@'§L@§L@~~~tJt~~" 

~t'L~!ellA.1~&l1tlt14 LI1~&&LUtlLt'~L,~~~ (AStJtJd-dH) t'&"tll}tllA~L~~@'§L@§L@~~~tJt W~@tlt~lA.t 
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§ L@§L@~~~tJtt'@lfpfi66UgtllAl1~L~I111fi tJ~L.gU ~6LUtl1.jt~fi66UgtllAl1~L~t'@IfpLtl'1 t'L L&LU L~t'~ 

b ~ ~ 

tl.ttUL~ ~@'JL@JL@~~~L~N11fp 0dSN tlL~n~1i66Um'\~I1~L~n~1L~n~n~@~' 180N ~@Ifg~r1@~nL~ 
~ I 

tltfibbUgtllAbL~t'~~~rt@JIoI111I1~~' f1~W1 lSVl8 f1tLtw D~~ t'LfJ@tJ~U lA.UL~,\£1t~fibbUgtllAl1~l.,~ 

~Ok1.' LUf.fi1 ~jtl.lA~L~~@'§L~§L~~~~tJtt'~~ e ~:ltJo tlL~tlt.14lA.t ~l~~t,U G~SL 14fik1.t'~U L~ 88SG 
'5 

t'~ OGSG ~...14lA.t~l~~t,Ut''fLk1.''L~tlt~~ L-R.U~bl.,UtltJrt~ GdSN tltJ~t'~~fi&&UgtllAf1~L~ I I 

tltt'~~11t'~ ~~'L~,\£1t GdSN tl.L~tltfib6UgtllAl1~L~14@1111&LfiL~~t'LfJ~L~ ~ ~ t'~~1t!L~I1M fi§L~ 

L ~ t'~bU~fi§l.,~UL~ t'LfJ~t,~ L ~ 14fik1.t'~~lA.t!ellA.'~bl1tltf1M.~~~'§L~§L~~~~tJtt'LfJ~tJ~ULb 
'5 '5 I 

ZdSN nt~t-@'rlPN:!,!,Ug~~l,~ ~'£ 

-tt\n~~[inti1"~~l,!'lei'~!,l,U~~"N:!,!,UfJf1.~~l,~ .£ 

81 

mailto:tl.L~tltfib6UgtllAl1~L~14@1111&LfiL~~t'LfJ~L
mailto:jtl.lA~L~~@'�L~�L~~~~tJtt
mailto:tlfJ'Jft~~~'�L~�l.,@~~,f
mailto:f1tlttll.,t'~1.,&~H1~@'�L~�1.,~~~,ftJt
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~1'i1.:1.y1 4 l'Jf~~'f)1fralflra~~l'l~'l~lill'WnlnmtJU lY1tJU~'J'W~'Wfinj'j'~ NSP2, 

Reference GenBank 
Virus status Location Year 

isolates accession number 

BG1P1 Field isolate Vietnam 2010 HQ538597.1 

HN12P5 Field isolate Vietnam 2010 HQ538598.1 

JLPJ1 Field isolate China 2010 HM232822.1 

JXA1 HP-PRRSV China 2007 EF112445.1 

WUH4 Field isolate China 2011 JQ326271.1 

PIADC-PRRS Field isolate . Philippines 2008 FJ641193.1 

HEB1 . HP-PRRSV . China 2007 EF112447.1 

GXNN12 Field isolate China 2007 JX046237.1 

07QN Field isolate Vietnam 2007 FJ394029 

07BJ Field isolate China 2007 FJ393459.1 

JXwn06 Field isolate China 2009 EF641008.1 

GXHCH26-2007 Field isolate China 2007 JX046226.1 

BDPG2 Field isolate Vietnam 2010 HQ538611.1 

I ngelvac A TP Virus Vaccine USA 2006 EF532801 .1 

01 CS1/2 Field isolate Thailand 2010 HM134188.1 

8NP148 Field isolate Thailand 2008 HM134189.1 

8NP59 Field isolate Thailand 2008 HM134187.1 

8NP154 Field isolate Thailand 2008 HM134185.1 

08RB1 Field isolate Thailand 2008 HM134184.1 

8NP46 Field isolate Thailand 2008 HM134191.1 

07NP4 Field isolate Thailand 2007 HM134183.1 

78/51 Field isolate Thailand 2007 HM134186.1 

07NP2 Field isolate Thailand 2007 HM134182.1 

8NP147 Field isolate Thailand 2008 HM134190.1 

JIW1 Field isolate Japan 2000 AB288126.1 

Ibaraki3 Field isolate Japan 1993 AB288113.1 

http:1'i1.:1.y1
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Gu922M Field isolate Japan 1992 AB288111.1 

HN1 Field isolate China 2003 AY457635.1 

01NP1.2 Field isolate Thailand 2001 EF153486.1 

PL97-1I Field isolate South Korea 1997 AY585241 .1 

VR2332 Field isolate USA 1992 EF536003 

Ingelvac PRRS Virus vaccine USA 2001 AF303357.1 

Lelystad Field isolate The Netherland 2001 M96262 

10PL01 HP-PRRSV Thailand 2010 NA 

10PL02 Field isolate Thailand 2010 NA 

10CP01 Field isolate Thailand 2010 NA 

10CP02 Field isolate Thailand 2010 NA 

10CP03 Field isolate Thailand 2010 NA 

10CP04 Field isolate Thailand 2010 NA 

10UT01 Field isolate Thailand 2010 NA 

10UT02 Field isolate Thailand 2010 NA 

10UT03 Field isolate Thailand 2010 NA 

10CS01 Field isolate Thailand 2010 NA' 

10CB01 Field isolate Thailand 2010 NA 

10KK01 Field isolate Thailand 2010 NA 

10KK02 
~ --- -

Field isolate Thailand 2010 NA 
-

I lI-' 

91 n n 1 ~1J1'l LLUIJ ~1 ~1J ~Ufin~~l-J"lJ'fl'lLlJf~Yll-il1un1~~ n'l!tl'W YUJ~l t9l1J'fl~1'lLlJf~~'fl1f'fl1 f, 

L'fl~~'V'l1J1Ulh~LYl f1Lvm 10 t9l1J'flEh'l Lv)uri 12SURIN01 12TAK01 12RB01 12KB01 12SHB01 

12NN01 12NP01 12M P02 12PJB01 LLfl~ 12CHTB01 jjnl~GjJ1v)VlltJltlGjJ!l'ln~v)!l::;~L'W 30 VlU'ltJ 
I I lI-' 

lU~lLLVlU'lYl869 LLfl~ 921 n'l 949 1'W~'l'W NSP2 LGJi'WL~tJ'ln'lJvhnV)~'Wlul'lf~Yl'fl1f!llfL!l~~ltJ 
I It • iI 

~U~tuLLNYl'V'l1JlutJ ~~ LYl f1 !?l1'l1 ~1Jl-JYI'lth:; LYl f1LYltJ (1l1'V'lYl 5) U'fln91 nu'91 nn1~~(?l LLe.Ju.Q~#fuL~ 
I lI-' 

"lJ'fl'l~IJU NSP2 'V'l1J~lLlJf~~'fl1f'fl1fL'fl~Yl'V'l1J1Ulh:;LYlf1L'VmYl'l 10 t9l1J'flEh'l iJr11J1l-Jln~~\~tJ'ln1JLlJf~ 

~U11un ~J.JLIJ f~~ 'fll {'fll fL!l ~ ~ltJ~ufi~'WLL~'l 'tH.h'll~n l?l1J.J 'V'lU~l ~'l!ltJ 1'l1'l f~~'fll{!ll fL'fl ~ 
q q q 

12LBO 1 LtlUt9lIJ'f)tJ1'lLlJf~Yl'fl1f'fl1fL'fl~ LYltJ'l ~1J'fltJ1'l L~tJlJ~'V'l1Jlun1~~ n'l!t1n ~LlJiJn1~"lJ1 (?l~ltJLtl 
"lJ'f)'l n~(?l'f)~~LU 30 ~t.btJ ~ Ltlu~m1ru~~1 L'V'l1~"lJ'fl'l1IJf~~'fllf'fl1fL'fl~~ltJ~ufi~ULL~'l ufl~iJr11J1l-Jq q 
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ln~L~£J~ n1J1fJf~~'fl1f'e:nfL'f)~~1£J'W'Wi'f) Ll-J1n1 LVlW'f) ~ LtI'W1')f~~'W~'Wl'Wth~LVl Pl1Vl£J (?l1l-J n1j'~ m~1 
, " " 

q 

" 
1'W'f)~l?l (Jl1'WV16) 1'Wn1j'~n1:l'1f)f~lj~1n1j'~m~191nL~'f)1fJf~91'WfJ'W 17 !?lfJ'f)th~ 'f)th'l1j'nl?l1l-J~ 

" , 
1') f~L~£J'I 11 !?lfJ'f)th~ Lvll'W'WYl~1l-J1j'n (?lj'fJ9 ~'f)U~1~U~'WDnj'j'l-J~'f)~1fJf~1~ LL~~ LL~9~i1~1 ~U 

q 

~UDnddl-J~T)~1fJf~ L~tJ~ 11 !?lfJ'f)~1'1 Ul?l n~1l-J1dn LL~~'11,x L~'W1~~1ml-J1ru!?lfJ'f)~1~i1flfJ1l-J L~£J~ 
q 

~'f)~9~LP1 dfJ9'Wu1fJ f~~i1 ~mj-ru~Vl1'1~'WD nddl-J~4'~'f)tn'Wn~l-J L~£J fJ nu1fJ f~~ 'f)1{T)1{LT) ~~1£J~Ufi 
q \J q q 

" " j'ULLj'~1~ LtlU~1UfJ'Wl-J1 n l~£J~1J (1'110 !?lfJ'f)th'l91 n!?lfJ!lth,n1'1~'W 11 !?lfJ'f)th~ LL~~~l~L~U~1 
q 

1l1£JVI~~ n1 j'j'~1J 1 ~~'f)'11fJ f~~'f)1f!l1fL'f)~~1£J~Uid'WLLj''1 U~f)~~1l-J1j'n (?lj'fJ9~ U1fJ f~~i1~n1:l'ru~ 
q q 

Vl1~~'WDn ddl-J~ln~ L~£J~ nu1fJf~ ~1 £J~'Wij''WLL j''11~LU'W91'WfJ'Wl-J1 n1uti j'~ LVl Pl1vm ti~UT) n (1~ n1j'
q q q 

I 

fJUL~£J'WonT)~lnf~~~ n~1fJ1'Wlh~LVl Pl1Vl£J T) th'l1dn l?l1l-J flfJ j'iJ n 1 d~ n1:l'1 L~'f)~'WU'WflfJ1l-Jd'WLLj'~1'Wn1d 
q 

" 
n'eltdflon'el'l1fJf~ LVI~1nl?l'elhJ~fJtJ 



---------- ---------- ---------
-------- - - ----------
---------- ----------
---------- ----------
---------- ----------
---------- ----------
---------- ----------
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------ - --- ----------
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---------- ---------- ---------- --- - ------
-- - ------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------
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845 855 
•••• 1 •••• 1 •••. 1 ••.• 1 

VR2332 PVPAPRRKVG SDCGSPVSLG 
12CHTBOI -----?RKVR SDCGSPVLMG 
12KBOI ------?KVR SDCGSPVLMG 
12NNOI -------?VR SDCGSPVLMG 
12NPOI ------?KVR SDCGGPVLIG 
12NP02 -------?VR SDCGSPVLMG 
12PJB01 -----?RKVR SDCGSPVLMG 
12RB01 ------?KVR SDCGSPVLMG 
12SHB01 ------?KVR SDCGSPVLMG 
12SURIN01 ------RKVR SDCGSPVLMG 
12TAK01 ------?KVR SDCGSPVLMG 
12LB01 ------RKIR SDCGSSILLG 

905 915 

•••• 1 •••• 1 •••• 1 •••• 1 

VR2332 FRPATPLSEP APIPAPRGTV 
12CHTB01 PTLMTPLIGS APVPAPRRTV 
12KBOI PTLMTPLIGS APVPAPRRTV 
12NN01 PKLMTPLIGS APVPAPRRTV 
12NP01 PTLITPLIGS APVPAPRRTV 
12NP02 PKLMTPLIGS APVPAPRRTV 
12PJB01 PKLMTPLIGS APVPAPRRTV 
12RB01 PTLMTPLIGS APVPAPRRTV 
12SHB01 PKLMTPLSGS APVPAPRRTV 
12SURIN01 PTLMTPLIGS APVPAPRRTV 
12TAK01 PKLMTPLSGS APVPAPRRTV 
12LB01 FRPVTPLSEP APVPAPRRTV 

965 975 
I •••• 1 •••. 1 .••• 1 

VR2332 DLSASSQTEH EASPPAPPQS 
12CHTB01 DLSASSQT? ---------
12KB01 DLSASSQT? ---------
12NN01 DLSASS--- ---------
12NP01 DLSASSQT- ---------
12NP02 DLSASSQT? ---------
12PJB01 DLSASSQT- ---------
12RB01 DLSASSQT? ---------
12SHB01 DLSASS--- ---------
12SURIN01 DLSASSQ?- ---------
12TAK01 DLSASSQ-- ---------
12LB01 DLSASSQT- ---------

865 875 
•••• 1 •••• 1 •••• 1 •••• 1 

GDVSNSWEDL AVSSPFDLPT 
TVGGPLNFPTDNVPNGS 

DNVPNGS  TVGGPLNFPA 
DNVPNGS  TVGGPLNFPA 
DNVPSGS  TVGGPLNFPT 
DNVPNGS  TVGGPLNFPA 
DNVPNDS  TVGGPLNFPT 
DNVPNGS  TVGGPLNFPA 
NNVPNGS  TVGGPLNFPT 
DNVPNGS  TVGGPLNFPA 
DNVPNGC  TVGGPLNFPT 
DNVPNSW TVGGPLDLPA 

925 935 

•••• 1 .... 1 .... 1 .... 1 

SRPVTPLSEP IPVPAPRRKF 

FRPMTSLSEP ILVSAPRHKF 

985 995 
•••• 1 •••• 1 •••• 1 •.•• 1 

GGVPGVEGHE AEETLSEISD 

885 895 
•••• 1 •••• 1 •••• 1 •••• 1 

PPEPATPSSE LVIVSSPQCI 
PSELMTPMSE PVLVPASQFV 
PSELMTPMSE PALVPASQFV 
PSELMTPMSE SVLMPASQFV 
PSKLMTPMSE PALVPASQFV 
PSELMTPMSE SVLMPASQFV 
PSELMTPMSG PVLMPASQFV 
PSELMTPMSE PALVPASQFV 
PSEPMTPMSE PVLMPASRRA 
PSELMAPMSE PALVPASQFV 
PSEPMTPMSE PVLMPASRRA 
PPEPVTPPRE LAPMPAPQHI 

945 955 

.... 1 .... 1 .... 1 .... 1 

QQVKRLSSAA AIPPYQNEPL 
TTLTHQDEPL 

--------- l' TTLTHQDEPL 
--------- IT' TTPTHQDEPL 
--------- 1" TTLTHQDEPL 
--------- rr TTPTHQDEPL 
--------- rr TALTHQDEPL 
--------- rr TTLTHQDEPL 
--------- ~ TTLTHQDEPL 
--------- ~ TTLTHQDEPL 
---- - ---- iT TTLTHQDEPL 
QQVEKANLAT TTLTHQDEPL 

1005 1015 
'" .\ •••• 1 •••• 1 •••• 1 

MSGNIKPASV SSSSSLSSVR 

111~v15 nl~9~ l1-tJ'HhvltJ~'Wnn~~a-Jl'W~f)'W NSP2 ~'e),!(?]f)reH.h'!Lf)1~Yi'e)1f1I1fl'e)~~Y'ltJl'Wtl ~:;lYIP! 
q 

I ~" LYltJl'WU99U'WYl'! 11 (?]f)'e)th'! t~tJ~f)'Wn~~'e):;j:jt'WVHjnl~~l~VlltJLtl 'Vi'! 2 ~llLVlti'l (1 Ll~:; 29 
~ 

n~~!l:;in'W lPlla-J~lvltJ) ll~~'11'Wn~'e)u~lVl~tJa-J 

I ~ 

LL~'WI1j:j l?i''WL~GJJ!l'l~'1'W~'Wnn~~a-J NSP2 Vll~91 n nlJ~ m~ni1 ~1a-J1JtlllU'lL(Ji\u'W 3 ~f)'W
'IJ q 

I ~ 

l~LLri n~a-JL'11~-W'f)lf'e)lfl'e)~~ltJ~'WfiJ'WLL~'! n~a-Jlf)1~Yiifl1f'e)lfL!l~~il~Vl2 ~ltJ~'WfiYi'Wn'W LL~:;
q q q q q 

n~a-JLf)1~~renf'e)lfl1l~6Jlil~~ 2 ~ltJ~'Wfi~l~dj'W1'rl~'W (I1TV'l~ 6)
q q 

I 
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..... "1~PO"1 

SO 1Ft1 onlna 

t-V"J1=:PS v le1na,,,, HP-PRRSV 
..... "1!2P..IBO"1 related group ........P.,J10hlna 


J)(.Ito..'1 Ct'1lne 

WUH4 China 

- PIAOO-PRRS pnlupplnes 

151 HEB 1 Chin .. 

OXNN12-ZOO7 Ct1lns 

07a.N Vletns", 

07BJ Vietnam 
22• .JXW'nO-6 Chin. 

o "10UT0!2 

o "10UT03 

..... '12BHB·0"1 

OXHCH!26-2007 China 

... "1:2.TAKO"1 

;!. 

Local Thai type 2 
PRRSVgroup 

;!... 

~---------D BNP147 

.------------ ..IIW 1 ..I ... .,.." 

L--------=-1 -- l tll!JrskI3.JClQmn 

I Type 2 PRRSV 
HN1 China 

D1NP"1 . !2 
9S vaccine-like16 P ''-9'7- ''1 Korea. 

11 VR2332 

U Inoe'''elc PRA...B group 
~------------------------------------------ Lclystad 

D . ;!. 

' 

1l1~~ 6 ll~'WJJ nvl'Wl~GfJl1'l~')'W~'W~n1'dl.J NSP2 C?l,)l1tl1'11') f~~111 1111 1ll1~~'Wul'W1.h:; L'VI f'lllvliJ1'W 

i.f~,u',JLL~(?)'11'W!tl~1).J L~~tJ).J ~,)reltJ1'11')j"~~rel11111fL'tl~~'Wul'wtl1':;L'VI~1'V1tJl'Wu 'W . ~. 2553 LL~~'1 

lU!1.h'l1 ~,)reltl1'11')j"~~rel11rel1fLl1~~'Wul'Wtl1':;LVl~1'V1tJl'Wtl 'W.~. 2550 ~'1 2551 lL~~'11'Wltl 

~m~tJ).J LL~:;C?l,)relt.l1'11')f~~rel1frel1fLrel ~~'Wul'wtl1':;L'VI ~lVltJl'WtJ 'W. ~. 2544 LL~~'11'W1'tl~ m~tJ).Jif1,)
'IJ 

VI~l).J~~ 
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3.2 ~1~1J~'Ufin~~lll'U~1'U ORF5 
<;I 

." . 
~1~U~Ufin~~l-l~f)'W ORF5 Yllflunl~~nMli1 'f)tJlu~1~Lvnl'lU,)fl~L'f)1Yl~Yl57 (1'1 483 ~ln 

" 
q ~ 

. " " 
~'1~l-l~1.h~l-llru 600 U,)r1~L'f)1Yl~~'f)'1 ORF5 ~ln~1v1U~Ufin~~l-lYl1!?1lunl~~nMlil ~'1 11 ~lv1U 

q 

~'W~n~~l-l 1111~ LmtJU LYltJU nu1')f~~'f)lft.nfL'f)~~ltJ~'Wf~1'1~'1~1'111~LLn 1')f~lPi''WLLUU~'f)'l1')f~ 

~'f)l'f'f)lfL'f)~~ltJ~'Wfi'f) Ll-l1'nl L VlU'f) 1') f~~'f)l f'f)lfL'f)~~ltJ~'Wfi~fl~'W 1') f~~'f)lf'f)lfL'f)~~Y'lul'W
q q 

" I 

lh~L<Vl",,1Yltl~'11'W'f) ~(1l ~~~~U"'l~UU LL~~1')f~~'f)lf'f)lfL'f)~~ltJ~'Wfi~'WLL~'1 ~'1 LL~~'11'W(1l1~1'1Yi 5 
q q q 

(Pl1~1~~ 51f)f~~'f)lf'f)lfL'f)~~ltJ~ufi~1'1~'1~lill'Wnl~LmtJU LYltJU~,)'W~'Wfin~~l-l ORF5 
q q 

1'l~~~'f)1~'f)1~b'f)~i1~:S~ ~~1'U~GjJ'f)~1'l~~ 
.::.I

tJ~~bVl~VI~1J t).::.I
VI~1J 

GenBank 

accession number 

07HEN Field isolate 
.", 

"'l'W 2550 FJ393457.1 

07NM Field isolate 
.", 

"'l'W 2550 FJ393456 

Jiangxi-3 Field isolate 
.", 

"'lU 2550 EU200961 

HEB1 HP-PRRSV 
.", 

~U 2550 EF112447.1 

Hen-JY Field isolate """ ~'W 2549 AB359236.1 

HUB1 Field isolate 
.", 

"'l'W 2549 EF075945.1 

Jsyx Field isolate """"'l'W 2549 EU939312.1 

JXA1 HP-PRRSV 
.", 

~'W 2550 EF112445 

HUB2 HP-PRRSV 
.", 

"'l'W 2550 EF112446.1 

BJ Field isolate 
.", 

"'l'W 2550 EU825723.1 

HuN Field isolate """"'lU 2550 EF517962.1 

XH-GO Field isolate 
.", 

"'lU 2550 EU624117.1 

070N HP-PRRSV 
.", 

L,)tJ~Ull-l 2550 FJ394029 

HLM-09 Field isolate 
.", 

~U 2552 H0843179.1 

UOT0810US 5/28-160 Field isolate 1YltJ 2553 JN255819 

HB-2(sh)/2002 Field isolate """"'lU 2545 AY262352 

P129 Field isolate ~~ff1'f) Ll-l1'nl 
d.8 

2545 AF494042.1 

Prime Pac Virus vaccine ~~j"f1'f) ll-l1'nl 
d.8 

2542 AF066384 

SP Field isolate ~'1flLUf 2543 AF184212.1 
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Ingelvac ATP Virus vaccine ~Vlf~'f) Ll-J1'n1 
dJj 

2549 EF532801.1 

CH-1a Field isolate 
e>I 

~'W 2544 AY032626 

07NP4 Field isolate LYltJ 2550 FJ908077 

08NP147 Field isolate LYltJ 2551 FJ90078 

08RB51 Field isolate LYltJ 2551 FJ90080 

SCP121 0-U.S.-7 -79-1 Field isolate LYltJ 2553 JN255837 

02PB1 Field isolate LYltJ 2549 AY297116 

08NP148 Field isolate LYltJ 2551 FJ908079 

01 NP1 
I 

Field isolate LYltJ 2544 AY297112 

02KK1 Field isolate LYltJ 2545 AY297115 

02S83 Field isolate LYltJ 2545 AY297118 

01U06 Field isolate LYltJ 2544 AY297113 

02CB13 Field isolate LYltJ 2545 AY297114 

00CS1 Field isolate LYltJ 2543 AY297111 

08RB154 Field isolate LYltJ 2551 FY908081 

08RB160 Field isolate LYltJ 2551 FJ90802 

LMY Field isolate e>l1 '" Ln1V1~ 1'1 2549 
I 

00473474 

S023983 Field isolate ~Vl1~'f) Ll-J1'n1 
dJj 

2555 JX258843.1 

ISU-P Field isolate ~Vl1~'f) Ll-J1n1 
dJj 

2551 EF532816.1 

HN1 Field isolate 
e>I 

~'W 2546 AY457635.1 

VR2332 Field isolate ~Vlf~'f) Ll-J1n1 
eli 

2535 EF536003 

PL97-1 Field isolate Ln1V1~1!X 2540 AY585241.1 

CC-1 Field isolate 
e>I 

~'W 2549 EF153486.1 

01NP1.2 Field isolate LVltJ 2542 00056373 

BJ-4 Field isolate 
e>I 

~'W 2542 AF331831 

RespPRRS M LV Virus vaccine ~VI f~'f) Ll-J1'n1 
dJj 

2548 AF066183 

Lelystad Field isolate 
r r 

L'WLfj'f)ru~'W~ 2543 M96262 

FDT10US-2-1 Field isolate LVltJ 2553 JN255834 

UDT1210US-25-1 Field isolate LYltJ 2555 JN255833 

JXA1-P160 Attenuated H P
e>I 

~'W 2552 KC422731.1 
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PRRSV 
I 

NB/04 Field isolate "'" ~'W 2547 FJ536165 

HB 1-(sh)/2002 Field isolate "'" ~'W 2545 AY150312 

SHB Field isolate "'" ~'W 2548 EU864232.1 

UD1210US/61-E03 Field isolate lVltJ 
- -

2553 JN255827 

~1 n nl r(hf1rl~,xLLtJ\Jlll1~'Wl~~'f)~~'l'W~\Jfinrr~ ORF5 Y'lU~11,xtJ~~Y'l fi~~'f)(?)f1~'f)~ flU 
~ q 

nlrfj Lf1rl~vil\J~'l\J NSP2 ~'f)~1'lf~.w'fnf'fnfL'f)~ t(?)tJl'lf~.w'f)lf'f)lfL'f)~~tJr~n'f)U LU\JLLtJ'WJll1~'Wl~ 
'IJ 

~1~lrnLlti~'f)'f)nLu'Wn~~tJ'f)tJl~ 3 n~~ 1~\Lfi n~l-Jl'lf~.w'f)lf'f)lfL'f)~~ltJ~'Wfir'WLLr~ n~l-Jl'lf~.w'f)lf
q q q q q q 

I 'II • I II II 

'f)lfL'f)~GJlU(?)Vl 2 ~ltJ~'Wfi~'Wn'W LL~~n~~1'lf~.w'f)lf'f)lfL'f)~ ~ltJ~'WtfVll~LtI'W1'f1~'W ~~i1 Y'lU~11'lf~ 
q q q 

I ~ 

.w'f)lf'f)lfl'f)~VlY'lul'Wlh~lVlPllVltJl'Wnlr~ n111i1 dlwl'lf~.w'f)lf'f)l fl'f) ~~ltJ~'Wtf'f) Ll-J~nl L~U'f) LL~ ~9(?)
q 

'f)tJl'Wn~l-JtJ'f)tJ 2 n~l-J t(?)tJl?T'l'f)tJl~1'lf~.w'tnf'f)lfL'f)~~Y'lul'WtJr~LVlPllVltJ 10 lPl'l'f)tJl~ 1~llri 
~ q q 

12SURIN01 12TAK01 12RB01 12KB01 12SHB01 12NN01 12NP01 12MP02 12PJB01 lL~~ 

12CHTB01 9(?)'f)tJl'Wn~l-Jl'lf~~'f)lf'f)lfL'f)~~ltJ~ufir'WllN l'W~ru~~ 12LB01 9(?)'f)tJl'Wn~l-Jl'lf~.w
'IJ q q q 'IJ q 

I II I I 

'f)lf!nfL'f)~"1lU(?)Vl 2 ~ltJ~'Wfi~'Wn'W (lllY'lVl 7)
q 
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...... ,2TAK0'1 Thailand 

07NM Vie Ina"", 

_ JI_nCJ>d_3 


Hl!e' Chin. 


101	HUS'1 Chin_ 

..JSyx China 

~:Zl HUB.2 China 

...... 1~ASO" Thailand 

o 	 UOT081OU& 5J'~._ "60 Thailand 

- .... 12&URIN01 Thailand 

.J/II!a.. 120HT&01 Th_lland 

HB-1(.h)/~004 Ohlna 

HB.l(sh)l2002 Chlnll 

,-----CJ OTNP4 Thall.nd 

Cl oaFtB160 Tnallond 

.---__ SO:::t:398, USA 

LelystaCi 

...... ... ::U,U-4BO., Tf"\.alland 

o 	 U01210U8i'&1-Q03 ,-".lI-lI.nd 

L 	 _________________________ 

HP-PRRSV 
related group 

Local Thai type 2 
PRRSVgroup 

Type2PRRSV 
vaccine-like 
group 

1l1~~ 7 ll~UJln~UL~GJJ'e)_:J~')u~t.Jfmtt~ ORF5 ~')'e)tJl_:JL')f~~'e)lf'e)lfL'e)~~~U1Uth:;LVlPlLVltJlu
'IJ 	 ~ 

U~~uuLL~~_:J1UtU~I~ L",,~tJ~ ~')'e)th_:JLt"Jf~~111flnfL'e)~~ViU1Uth:;LVlPlLVltJlun Vi. Pl. 2553 LL~~'1 
q 'IJ 

lu!u,)'l1 vl')1ltJ1_:Jl')f~~1l1f1l1fLll~~Vi,J1Ulh:;LVlPllyltJlutl Vi.Pl. 2550 n_:J 2551 LL~~_:Jlut1J 
'IJ 

~ L"'~tJ~ LL~:;~t"J'e)tJl_:JLt"J f~~'e)1f'e)l fL'e) ~~~U1uu t:; LVl PlLVltJ1uu Vi. Pl. 2544 Ll~~_:JlUtU~ L"'~tJ~-lilt"J 
'IJ 

"'~Il-J~~ 

4. n1~~bFl~1~~FI"J1t1 FI~1~ FI~.:J~'fl.:J~I~1J n~~'fl~ijb'W 

4.1 n1~~bFl~1~~Fl113JFI~I~ A~.:J~'fl.:J~1~1J n~~'fl~ijb'W1.'W~"J'W NSP2 

~~n1tf)Lflj'l:;vfflt"Jl~fl~ltJfl~_:JGJJ'e)_:J~1~Unt~'e):;i1LUlu~')u NSP2 GJJll_:JLt"Jf~~'e)lf'e)lfL'e)~~ 

ViU1Uth:;LVlPlLVltJlUU~~Uu Li~h,\l"rlUL~tJ,) nu ~~nltf) Lfltl:;",1~tJu~Ulli1 rJfuL~ L~tJL')f~~'e)lf'e)lf
q 	 'IJ 

L'e)~~~U'luu t:; LVl PlLyltJlUU~~UU~') ul", ill iJ~Ufi ntt~~ln~ Lf1tJ_:J rlULt"J f~Yi'tnf'e)lfL'e)~~1 tJ~ufi 
q cv q 	 q 

~ULLt-:J~Viuluut~LVlP\~U1 tJnL~U 12LB01 ~il~u~ntta.Jln~Lf1tJ_:Jn1JLt"Jf~~'e)lf'e)lfL'e)~~ltJ~U~~U 
~U fl')I~f)~ltJf)~_:JVll_:J~Ufintta.Jlu~t"Ju NSP2 GJJ't1_:JL')f~~~lnf'e)lfL'e)~lUUt:;LVlPlLVltJluu~~uw~

q 	 q 

http:lI-lI.nd
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l~~lnnlj'~nMl~ i:lfilj':;~~I'1~'f)tJ~:; 47.4 ~'1 100 t~tJ 10 1P1')'f)tJl'1~1~~lnnlj'~nMl1~llri 

12CHTB01 12KB01 12NN01 12NP01 12NP02 12PJB01 12RB01 12SHB01 12SURIN01 lL~~ 

12T AK01 i:l~'Wfi nj'j'~~')'W NSP2 ~ln~ lAtJ'I nul') f~~'f.) 1 f'fJl fl'f)~ ~ltJ'v~\'~fij''Wuj''1~ lfltJV'lUL U 
q q q 

th~l'Vlfl1VltJ ~'f) 1OPL01 L6Jl'WL~tJ')rlu1')f~~'f)lf'f)lfl'f)~~ltJ~ufij"l-.!LLj''1~ihltJ'I1Ul'Wlh:;l'Vlfl~U Lsrlu 
q 

HEB 1 lL~~ 07QN ~i:lj'ltJ'I1Unlj'j'~Ul~L'Wlh:;LVlfl L~tJ~'Wla-J ll~:;l')f~~'f)lf'f)lfl'f)~~ltJ~'WfinUlj''1
q q 

~L~djcwt)fl~'Wl'Wlh:;LVlfl~'W L-n'W JXA 1 l'W"llru:;~l')f~ 12LB01 i:lfl,)l~ln~lAtJ'Inu1')f~~'f)lf'f)lf 

l'f)~~ltJ~'W€'f) L~1'nl L~n'f) ~'1lsrl'W VR2332 lL~~1')f~~'f)lf'f)lfL'f)~~ltJ~'Wfi'f) L~1'nll~n'f)~L~ lU'W 
q q 

t)fl8J!'W Lsrl'W Ingelvac ATP LL~~ Ingelvac PRRS ~'1LL~~'1L'W(?lIj'I'1~ 6 
iI I 

~lnnlj'~ n'tnulil'f) LmtJU lV1tJufilfl,)l~ fl~ltJfl~'1"ll'f)'1 nj'~'f)~nt'W j':;~~1'11')f~~'f)lf'f)lf 

l'tl~~V'lul'WUj'~ l'Vl fl1 'Vl tJl'Wlf~'1J'Wrlu1') f~~'f)1 f'f)l fL'f) ~~ltJ~'W{~'W1 V'l1J ~ In fl,)la-J fl ~ltJ fl ~'1 

fi'f)'W~I'1~1 lrl'tl'l~1 n1')f~~'tllf'tllfL'tl~~~1Jl 'W1VltJL'Wlf~~tr'Wu j':;n'tl1J ~')tJl') f~~'tllf'tllfl'tl~n~~ 
q q 

it I iI I I 

~ltJ~'W€'tlla-J1'nll~il'tl ~'1"1lil~Yl dj'W~ltJ~'W€j''WLlj''1 Ll~~1')f~~ltJ~'Wfi~'Wn'W r5'WlU'Wt-l~~'tlln'tl'l 
q q q q 

" 'llU~'1llt91ln~nlj'j':;Ul~"ll'tl'l1')f~~'tllf'tllfl'f)~~ltJ~'Wih'Wuj''11'Wlh:; LVl fl1VltJ 1'Wn V'l. fl. 2553 'f)rh'llj'
q q 

n(?ll~ L~'f) LmtJu L YltJu fl,)l~ fl~ltJ fl~'1Vll'1~'Wfinj'j'~j'~~~1'11')f~~'f)lf'f)lfl'f)~~V'lUL'Wu j'~L'Vlfll 'VltJ 
q 

L'Wlf~~tr'W rlU 1OPLO 1 ~'1lU'W!?l'WlLUU"ll'f)'11')f~~'f)lf'f)lfl'f)~~ltJ~'Wfij''WLlj''1~V'lul'Wth:;l'VlPll'VltJL'WU
q q 

~.fl . 2553 V'lU~11')f~~'f)lf'f)lfl'f)~~V'lul'Wlf~~tr'WiJfl,)la-JlL(?ln~I'1rlU 1OPL01 j'~~~I'1~'f)tJ~~ 49.1 
q 

n'l 98.8 lL~~ L~'f) LmtJU lYltJU nul')f~ 8NP154 ~'1 Lu'Wl')f~I?l'WlLUU"ll'f)'11')f~W'f)lf'f)lfL'f)~~ltJ~'W{ 

'f) l~1'nl L~i1'f)~j'~u 1 ~1'Wth~lVl PllVltJL'Wu V'l. PI . 2551 ~ U~li:l fl,)la-Jfl~ltJ fl~'1 rl'Wu j'~a-Jl ru~'f)tJ~~ 

39.4 D'I 64.4 ~'1 dj'W1tn'W~m1ru:;L~tJ') n'WL~'f) lmtJu LYltJu1')f~~'f)lf'tllfl'f)~~~uL'Wuj':;L'VlPllVltJl'W 

lf~~tr'Wnul')f~ l?l'WlLUU"ll'tl'l1')f~~'tllftl1fL'tl~1!lL6JIl~'Vl LLJn~V'l1Jl'Wth~l'Vl Pl1VltJ ~'tl 01 NP1 t~tJiJ 
q 

" I 

fl,)l~fl~ltJfl~'1j':;~~I'1n'W 36.4 D'I 64.4 LU'f)fL~'W!?1t~tJUj'~~lru 'W'f)n~lni1 Lil'f)LmtJuLVltJunu 

1')f~!?l'WLLUU"ll'f)'11') f~~'f)lf'f)l fl'f)~~ltJ~'W{~tnJ bL~:;'f) L~1'nl L~il'f) Lelystad virus Ll~:; VR2332 

~U~lnfl,)l~ fl~ltJ fl~'1rlul')f~~'f)lf'tllf~V'lul'Wlh:;l'VlPllVltJl'Wu~~tr'W Uj':;a-Jl ru~'tltJ~~ 6.7-13.4 
q 

lL~:; 35.5-63.5 1'l1a-J~I~U 'tlrh'l1j'n(?ll~ 1')f~~'f)lf!llfL'f)~~V'lul'Wuj'~LVlPllVltJiJ fl,)la-Jln~LAtJ'IrlU 

1') f~ !?l'WlLUU "ll'tl '11') f~~'e)1 f'f)l fL 'tl ~~1 tJ~1,J€J'WLLJ'I~~ U L 'WU J~ lVl PI~'WLl~~ L~tJ ~'Wl a-J 1~uri HEB1 
q q 

LL~~ 07QN a-Jl n n~1 t~tJiJfl,)l~ fl~ltJfl~'1rl'W'Vll'1~'Wfinj'j'a-Jlh~~lru~'f)tJ~~ 49.1-94.3 ll~:; 50.8
q 

" I I 

96 .5 (?l1~~I~U 'W'f)n~lni1l;:j'eHmtJulYltJufl,)la-Jll(?ln(1h'lVll'1~'Wfinj'j'~j'~~~1'11')f~~'f)lf'tllfl'tl~Yl
q 

V'lul'Wl'VltJl'Wu9"u'Wnul')f~~ltJ~'W{~1~dj'Wt)fl8J1u l~LLri Ingelvac ATP Ll~:; Ingelvac PRRS 

o "" "'"~U~ln fl,)1 a-JU(?l n I?i 1'1 n'Wu J~~1 ill¥'tltJ~~ 50.8-64.4 lL~~ 36.4-64.4 (?l1a-J~I~U LL~:;a-Jfl,)la-J 

fl~ltJ fl~'1'Vll'1~'Wfin j'J~ rlU JXA 1 ~'1 LLI'Wl')f~~'f)lf'enfL'el~~ltJ~'Wfij''WLLj''1~l~ ltl'Wr)r1~'WUj':;a-J1 ru 
q q q 
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1if)tJ~~50 n~ 86.3 (1?l1J1~~ 6) L~)tJ(:.J~n1J4'V1lrtJ~~1~U~'WfinJJ~~TW MSP2 ~if)~1')f~~if)1fif)1f
q 

Lif)~~1~'Wn1J~nM1-d LL~t?1~1'W!l1Yl~ 9 

~1~1.:tv1 6 ~11~~~1tJ~~~'Vl1~~'WfinJJ~1'W1'~~unJt?1if)~nL'W l~if)lmtJulYltJul'W~')'W NSP2 
q 

Isolates 10PL01 8NP154 01NP1 .2 Lelystad VR2332 Ingelvac_ATP Ingelvac_PRRS JXA1 HEB1 07QN 

12CHTB01 0 .988 0.406 0.398 0.084 0.389 0.525 0.398 0.931 0.92 0.92 

12KB01 0.977 0.423 0 .381 0.092 0.372 0.525 0.381 0.92 0.909 0.909 

12LB01 0.491 0.635 0.644 0.134 0.635 0 .771 0.644 0.5 0.491 0.508 

12NN01 0.943 0.406 0.389 0.084 0.381 0.508 0.389 0.909 0.897 0.92 

12NP01 0.92 0.406 0.364 0.067 0.355 0.508 0.364 0.863 0.852 0.852 

12NP02 0.943 0.406 0.389 0.084 0.381 0.508 0.389 0.909 0.897 0.92 

12PJB01 0.931 0.406 0.381 0.084 0.372 0.516 0.381 0.897 0.886 0.909 

12RB01 0.977 0.423 0.381 0.092 0.372 0.525 0.381 0 .92 0.909 0.909 

12SHB01 0.897 0.398 0.398 0.084 0.389 0.533 0.398 0.954 0.943 0.965 

12SURIN01 0.965 0.415 0.372 0.092 0.364 0.516 0.372 0.909 0.897 0.897 

12TAK01 0.897 0.398 0.398 0.084 0.389 0.542 0.398 0.954 0.943 0.965 

4 .2 n1~1bfl~1~~fl11l-J bb~n IPh.:t~'fl~~1~'U n'i~'el~~b'Ub'U~1'U ORF5 

(:.J~n1nmtJU lYltJU~'J1~ lll?ln 1?i1~'Vl1~vr'WfinJJ~1'W~')'W ORF5 1~(:.J~l'W~nMru~l~tJ'JnUn1J 
q 

NSP2 Lt?1tJ ~11~ ~~1tJ ~~'l'Vl1'l~'WfinJd~osnif)'l1')f~~!11 f'f)1 fl'~~~YlUl'W1.JJ~ l'Vl Pll'VltJ1UU~~Uun 
q q 

r11th~~1ru1'f)tJ~~ 57 n'l 1 00 ll~~l~'f) lmtJU lYltJU nul1f~~'f)1f'f)1fl'f)~~1tJ~'WfiduLLJ~~~1J1U
q q 

l.lJ~ l'Vl Pll'VltJl'W'f)~1?l (UDT0810US 5/28-16) YlU~1nf),)1l.J ~~1tJ ~~~Yl1'l~'Wfinddl.JJ~"d1'lnU 
q 

lh~~1ru1'e)t.J~~ 64.5-97.8 'e)~1'lldnI?l1~ l~'f)lmt.JulYlt.Junul'Jf~Yi'f)1f'f)1fl'f)~~1t.Jvrufi'f)l~1n1
q 

l~ilif)~Ylul'W1.lJ~l'VlPll'VltJluu Yl.PL 2551 Ll~~ 2553 nu1'Jf~~if)1fif)1flif)~~Yl1Jlui1~~uu ~U~1n 
q 

~,)1~~~1tJf)~~nU'Vl1'l~UfinJJl.J~1n~1 L~~N,JJ~~1ru1if)tJ~~ 58.0-91.5 ll~~ 57.5-88.7 1?l1l.J~1~U 
q 

lti'e)'l~1 n1'J f~~'e)1 f'e)1fl'e)~~YlUl'W1.h~ l'Vlp\1'VltJl'Uu~~uun n1JlU~t.JUlLU~~~1~1 n1')f~~'f)1f'f)1f
q 

L'f)~~1tJ~tJflULLJ'l~n n1dJ~U1(?)1UU Yl. Pl . 2553 dj'W~')ul~ rY LL~~l~'f) lmtJU lYltJUrlU Lelystad 

virus LL~~ VR2332 ~~lLlul'Jf~~uuuuosn'f)'l1')f~~'f)1f'f)1fl'f)~~1tJ~'UfitJtduLL~~'e)L~1n1l~il'e) ~U~1 
q q 

nt..l~ln~l~t.J'lnun1JlmtJulYltJut(?)tJ~'Ju NSP2 tt?1tJl'Jf~vT'l~'f)'ln~,)1~~~1tJ~~'ln'Wn'Ul'Jf~~'f)1f 

'f)1fl'f)~~Yl1Jl'W1.h~l'VlPll'Vlt.Jl'Wi1~~u'WtlJ~~1ru1'e)tJ~~ 41.2-48.8 lL~~ 58.5-88.7 1?l1~~1~U Ll~~ 
q 

L~'f) LmtJU l YltJU n1Jl') f~~'f)1ftnflif)~~1tJ~'WfiJ'UllJ'l~YluluI?i1'l1.lJ~l'VlPl HEB 1 ~Ylul'WtlJ~l'Vl PI~'W 
q q 

Ll~~ 07QN ~Ylul'WUJ~ l'Vl PI l~tJ t?1'W1~ Yl1J~1n ~'J1~ ~~1tJ ~~'ln1Jl'Jf~~'e)1f'e)1fl'~~~'V'lulUlh~L'Vl PI 

1'VltJl'Wi1~~u'Wtld~~1ru1'e)tJ~~ 62.0-96.0 ll~~ 64.5-97.8 1?l1~~1~U 'e)~1'lldnI?l1~ l~'f)lmtJUlYltJU
q 
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I ~ 

nulr.lf~Vl1~d~h.At)fl~'W Ingelvac ATP Ingelvac PRRS LL~:; Prime Pac 'V'lU~11r.lf~L~~hilnflr.lll-J 

fl~'tJfl~'l nulr.lf~~'fl1 ftnfvf)~~'V'lu1'WtJ ~:;LVlPllYltJ1'WU99U'Wth:;a.n ru¥'fltJ~:; 60.5-88.0 57.5-88.7 
q 

LL~:; 61.0-92.2 L9l'J-J~'vTu U~:;L~'fllmfJulVltJulr.lf~~'fl1f'e)1fL'fl~~~u1'Wth'~LVlPllYlt11'W1199u'Wnu
q 

JXA1 ~'llLl'Wlr.lf~~'fllf'fllfL'fl~~ltJvr'Wfi~'WLl~'I~ djW1fl;'W ~U~l~flr.llJ-J fl~,tJfl~'I n'WYll'1vr'Wfin~~J-J 
q q q 

tl~~J-Jlru¥'fltJ~~ 65.6-97.8 LV1fJ LL~V1'11'WL9l1~1'1~ 7 ll~:;t:J~nl~4'V1 L1fJ'I~,vTuvr'Wfin~nJ~f)'W ORF5 
q 

I ~ I 

~'fl'l1r.lf~~'fllf'fllfL'fl~Vl1fl:wnl~~n'lj'lil LL~V1'l1'W[n~Vl1 0 

91 nnl~LmfJU LVltJU flr.llJ-J UL9l n !?l1'lYll'1vr'Wfin~~J-J~:;vdl'l1f)f~~'fllf'fllfl'fl~~~u1'WtJ~~LYl PI 
q 

1YlfJ1'Wu99u'Wnul'J f~ !?l'WllUU~'fl'llr.l f~~'fllf'fll fL'fl~ ~lfJvr'Wfitl LJ-J1nll~u''fl VR2332 ~unl ~ 
q q 

I I I 

Ltl~tJ'WLltl~'Icsn'fl'ln~V1'fl:;~L'W~~ltJ ~'lLWW'l1'WLtJ~~'W GP5 1~uri Yl~'U~,l-:Jn~Wf)~~L'WYl19 csn'f)'I~f)'W 

signal peptide domain 91'Wf)'W 6 n~V1'f)~~L'W 15 ~, LL~11'l1'W~'JtJ ectodomain L~1fJ~Unl~ 

LtJ~tJ'WLLtJ~'IGfI'f)'In~Wf)~~L'W asparagines ~~lLlWW'lnj'V1'f)~~L'W~ 44 LL~~ 58 ~'Itl19ihJ~!?l'f) 

glycosylation site csn'f)'l GP5 1~ LL~~~Un~V1'f)~~L'W asparagines 1'W~'LL'VIti'l1vnJ 3 ~'LLVlti'l1'W 
~ I 

~r.l'W ectodomain 'Wtl n91 nil tJ'l~1J nlntJ ~tJ'Wll1J~'I~tl'l n~V1'f) ~~L'W ~'llVlti'l 1 'W~'J'W 

transmembrane domain 1 2 ~, LL'VIti'l1'W~'J'W transmembrane domain 2 LL~:; 7 ~, LL'VIti'l1'W~r.l'W 

transmembrane domain 3 L9l'a.J~'vTu ~'InlntJ~tJ'WLLtJ~N1'W~~vT'JLtJ~~tJvT'In~h'J 'f)19~'It:J~19l'f)nl~ 

n~~~'WlJ~~J-Jn'W!?l'f) GP5 ~'IlU'W~lLl'VIU'l'VI~n~lnV1 neutralizing antibody 1~ ([n~~ 8) 
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VR2332 
1201TB01_Tha i land 
12RBOl Thailand 
12lB01-Tbailand 
12NN01:::'Thailand 
12NPOl Thailand 
12NP02-Tbailand 
12p.mOl_1'hat land 
12RB01 Thailand 
12SHB01 Thailand 
12SURlNOl Thailand 
12TAKOl_Thai land 

VR2332 
12C8TBO 1 Tba i land 
12RB01_Thailaoo 
12lB01 ThaHaoo 
12NN01-Tbailaoo 
12NP01:::'Thailand 
12NP02 Thailaoo 
12PJBOl 'lbailand 
12RB01_Tballaoo 
12SHB01 Thai land 
12SURlNO1 Tha Hand 
12TAJrol_Thai land 

Signal peptide Ectodomain TM1 TM2 

.... I ... ~~ .... I ... ~~ .... I .. ~~ .... I ...~~ ... . I ... ~~ .... I ... ~~ .... I ... ~~ .... I .. . ~~ .... I ... ~~ .... II . ~~~ 
!oILEto: l TAOCYSQLLS UrIC IVPf"CFA SSSBLQLIYNLTLa: U«rn>WlANKFDWA Sf'VIFPVL1'8 IVS'tGAL SHn.D1VAl.~TAG 
------------------ ••••• 'iL. • " •• S!! ••• 1 •••• , •.••••••.•.•• 0 .. N•.•••••.....••..•••.•.•••.••.O.A. 

------------------. S ... 'iL.......MH ••• r ..................Q.... '" . ................ . ....... O.A. 
------------------ •• , ••••• A ••••• 8 •.•••••...•• r .... . ....NKS . • . • • • ••••.• . ••• . " •.• • .•.•• A.O. I. 
----------------- •• , •. 'iL••••.•. S!!•• •r .... . ..... . .......Q•.• , •.• • •.•.• • ••••.••.••••.•.•• O.A • • •.•. 

----------------- ••..• 'iL. • . ...SR.•• r ..................0 ... , .................... . ..... . . O.A. 
----------------- .. , .. n.. . ...SN••• I.S ••K..... , .......0 ................................O.A.... . 
------------------ .•... 'iL.. . •.. SM••• r.s ..K •••••••••••••0 ... , ............................O.A.•.•• 

------------------ .. . •. 'iLS •.••..MH ••• 1 •• M • ••••••••.••• , .Q .•• , .•..••.....• ? •••••. .. • • ..•• O.A ••• • • • 
------------------ .• . ..• L. • .•...•MH .••r ..... S ..•...•..••• Q••••••••••••• • •••••••••••••••••• O.A ••.•• 
------------------ .. . .. YL.......SM••• r .......... . ...E ... R ....... . ........................O.A.... . 
------------------ ..... YL..... . . NN ••• r ...... A ... . .......0 ............ .. ... .. .............O.A ..... . 

TM2 TM3 Endodomain 
130 140 150 160 170 180 190 200 

·,··.·, ... ·, .... '·· .. 1· · .. ' •... , .... ( .•.. , •... , ...• , .•.• , •.•• , .... , •••• , 
A.C'I'Rn'NrL lD'I'KGRLmWRSPVI IEKRGRVEVEGBLID l.XRWl.OOSVA.TPrTRVSAl'1JWGU' 

,..................r .. A.. L ........ S •• •••••••••••••••••••••V-------------------------------------
· . . . . . .. . .. . . . ... r ..... L •.••. • ••• S .A••.•Y •••.• ? •••• • •••• v-------------------------------------
· .................1 .. I .. l .... . . .85 . • •.•.• r ..... r ..........-------------------------------------
· . ................r .. A .. L ........ S •• •••••• " •••••••••••••V------------------------------------

I: : : : :: :: : : : : :: :: : :~: :~:: ~.: :: : :: :: ~:: :: : :: : :: :: : :: :: : :: : :: ~================================== 
• •••••••..•••••••• 1 • • A .• L ••••.• • • S • • ••••••••...••• • •• , •••v------------------------------------
· ................. r ..... L •••••••• S ••••••••••••••••••• , •••v--------------------------------------
,.............. P...r ..... L......... S.......................V------------------------------------- 
., ........ . ......1 .. A.. L ........ Soo ........ oo ... oo .oo • oo V------------------- --------------------

,..•. oo •....•. P •.•• 1 ..... Loo oo ... oo Soo ................ oo ...V-------------------------------------

1l1~~ 8 n1j'LtJ~tJt.HLU~~'Vl1~'v~\~~nj'j'J.Jl'Wj'~(?)1Jnj'(?1tl~i)L'Wl'W~h'W glycoprotein 5 LL~~ functional 

domain LL!?l~~~')'Wc5jJtl~L1.h~'W L(?1tJ LL~(?1~L'Wnj'1lU~ m~tJJ.J~'W~l 
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Isolates 
UDToa10 

US_5/2a-160 

oaRB 

154 
01 NP1 .2 Lelystad VR2332 

Ingelvac 

ATP 

RespPRRS 

MLV 

Prime 

Pac 
JXA1 HEB1 07QN 

12CHTB01 0.978 0.859 0.873 0.417 0.873 0.615 0.873 0.908 0.964 0.685 0.964 

12KB01 0.645 0.58 0.575 0.488 0.585 0.855 0.575 0.61 0.655 0.935 0.645 

12LB01 0.866 0.915 0.83 0.412 0.838 0.605 0.83 0.866 0.873 0.62 0.859 

12NN01 0.992 0.873 0.887 0.417 0.887 0.625 0.887 0.922 0.978 0.695 0.978 

12NP01 0.992 0.873 0.887 0.417 0.887 0.625 0.887 0.922 0.978 0.695 0.978 

12NP02 0.978 0.859 0.873 0.412 0.873 0.615 0.873 0.908 0.964 0.685 0.964 

12PJB01 0.978 0.859 0.873 0.412 0.873 0.615 0.873 0.908 0.964 0.685 0.964 

12RB01 0.665 0.59 0.6 0.483 0.61 0.855 0.6 0.63 0.675 0.95 0.665 

12SHB01 0.668 0.608 0.613 0.483 0.623 0.88 0 .613 0.643 0.678 0.955 0.668 

12SURIN01 0.978 0.88 0.88 0.412 0.88 0.62 0.88 0.915 0.964 0.685 0.964 

12TAK01 
- - -

0.676 0.601 0.606 0.485 0.616 0.865 0.606 0.636 
L-._ 

0.686 
-

0.96 0.676 

1Pl1~~v1 7 f1,)1J.Jf1~ltH·l~\lY11\1~'WfinddJ.J1'Wd:::~und~'f):::~'L'W Lri'f)Llli,tJU1.YltJu1'W~')'W ORF5 
q 

iii 
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845 855 865 875 885 895 
.... I .... I .... I .... I .... I .... I .... I .... I •... I .... I •••• 1· ••• 1 

VR2332 PVPAPRRKVG SDCGSPVSLG GDVSNSWEDL AVSSPFDLPT PPEPATPSSE LVIVSSPQCI 
12CHTBOl -----?RKVR SDCGSPVLMG DNVPNGSE-? TVGGPLNFPT PSELMTPMSE PVLVPASQFV 
12KBOl ------?KVR SDCGSPVLMG DNVPNGSE-E TVGGPLNFPA PSELMTPMSE PALVPASQFV 
12LB01 ------RKIR SDCGSSILLG DNVPNSWEDL TVGGPLDLPA PPEPVTPPRE LAPMPAPQHI 
12NN01 -------?VR SDCGSPVLMG DNVPNGSE-E TVGGPLNFPA PSELMTPMSE SVLMPASQFV 
12NP01 ------?KVR SDCGGPVLIG DNVPSGSE-R TVGGPLNFPT PSKLMTPMSE PALVPASQFV 
12NP02 -------?VR SDCGSPVLMG DNVPNGSE-E TVGGPLNFPA PSELMTPMSE SVLMPASQFV 
12PJBOl -----?RKVR SDCGSPVLMG DNVPNDSE-? TVGGPLNFPT PSELMTPMSG PVLMPASQFV 
12RB01 ---~--?KVR SDCGSPVLMG DNVPNGSE-E TVGGPLNFPA PSELMTPMSE PALVPASQFV 
12SHB01 ------?KVR SDCGSPVLMG NNVPNGSE-K TVGGPLNFPT PSEPMTPMSE PVLMPASRRA 
12SURIN01 ------RKVR SDCGSPVLMG DNVPNGSE-E TVGGPLNFPA PSELMAPMSE PALVPASQFV 
12TAK01 ------?KVR SDCGSPVLMG DNVPNGCE-K TVGGPLNFPT PSEPMTPMSE PVLMPASRRA 

905 915 925 935 945 955 
•••• 1 •••• 1 .... I .... I •••• 1 •••• 1 •••• 1 •••• 1 •••• 1 •••• 1 •••• 1· ••• 1 

VR2332 FRPATPLSEP APIPAPRGTV SRPVTPLSEP IPVPAPRRKF QQVKRLSSAA AIPPYQNEPL 
12CHTB01 PTLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 
12KB01 PTLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 
12LB01 FRPVTPLSEP APVPAPRRTV FRPMTSLSEP ILVSAPRHKF QQVEKANLAT TTLTHQDEPL 
12NN01 PKLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTPTHQDEPL 
12NP01 PTLITPLIGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 
12NP02 PKLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTPTHQDEPL 
12PJB01 PKLMTPLIGS APVPAPRRTV -------- - - ---------- ---------T TALTHQDEPL 
12RB01 PTLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 
12SHB01 PKLMTPLSGS APVPAPRRTV ---------- ---------- ------ - --T TTLTHQDEPL 
12SURIN01 PTLMTPLIGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 
12TAK01 PKLMTPLSGS APVPAPRRTV ---------- ---------- ---------T TTLTHQDEPL 

965 975 985 995 1005 
.... I .... I .... I . ... I .... I .... I ...• I .... I .... I ./ ... I .... I .... I 

1015 
VR2332 DLSASSQTEH EASPPAPPQS GGVPGVEGHE AEETLSEISD MSGNIKPASV SSSSSLSSVR 
12CHTB01 DLSASSQT?- ---------- ---------- ---------- ---------- ---------
12KB01 DLSASSQT?- ---------- ---------- ---------- ---------- ---------
12LB01 DLSASSQT-- ---------- ---------- ---------- ---------- ---------
12NN01 DLSASS---- ------ - --- ---------- ---------- ---------- ---------
12NP01 DLSASSQT-- ------ - --- ---------- ---------- ---------- ---------
12NP02 DLSASSQT?- ---------- ---------- ---------- ---------- ---------
12PJB01 DLSASSQT-- -- - ------- ---------- ---------- ------- - -- ---------
12RB01 DLSASSQT?- ---------- ---------- ---------- ---------- ---------
12SHB01 DLSASS---- ---------- ---------- ---------- ---------- ---------
12SURINOl DLSASSQ?-- ---------- ---------- ---------- ---------- ---------
12TAK01 DLSASSQ--- ---------- ---------- ---------- ---------- ---------

111CWV1 9 nldr.tVl~t1\l~1~uvr'WDnddJ.J1'W~'d'W NSP2 6jJ'a\ll'l'd'ath\l1'df~Yitl1f!l1fL'a~~~u1'Wlh:;LYlf1
q 

" 
lYltllwu~~u't.rVr\l 11 l'l'd'ath\l 

q 
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5 15 25 35 45 55 
.... I .... I .... I .... I .... I .... I .... I .... I .... I .... I .... I .... I 

VR2332 MLEKCLTAGC YSQLLSLWCI VPfCfAVLVN ASNDSSSHLQ LIYNLTLCEL NGTDWLANKf 
12CHTBOl T --------- --------?I PfYLAVLAN ASNSNSSHIQ LIYNLTLCEL NGTDWLAQKf 
12KB01 Tha --------- --------CS VPfYLA?RVN A??NNSSHIQ LIYNL?LCEL NGTDWLAQKf 
12LBOl Tha --------- --------CI VPfWfAALVN ASNH??SHLQ LIYNLTICEL NGTDWLNKSF 
12NNOl Tha --------- --------CI VPFYLAVLAN ASNSNSSHIQ LIYNLTLCEL NGTDWLAQKF 
12NPOl Tha --------- --------CI VPFYLAVLAN ASNSNSSHIQ LIYNLTLCEL NGTDWLAQKF 
12NP02 Tha --------- --------CI VPFYLAVLAN ASNSNSSHIQ SIYKLTLCEL NGTDWLAQKF 
12PJBOl Th --------- --------CI VPFYLAVLAN ASNSNSSHIQ SIYKLTLCEL NGTDWLAQKF 
12RBOl Tha --------- --------CI VPFYLSVLVN ASNNNSSHIQ LM?NLTLCEL NGTDWLAQKF 
12SHB01 Th --------- --------CI VPFC?AVLVN ASNNNSSHIQ LIYNS?LCEL NGTDWLAQKF 
12SURINOl --------- --------CI VPFYLAVLAN ASNSNSSHIQ LIYNLTLCEL NGTEWLARKF 
12TAK01 Th --------- --------CI VPFYLAVLVN ASNNNSSHIQ LIYNLALCEL NGTDWLAQKF 

65 75 85 95 105 115 
.... I .... I .... I .... I .... I .... I .... I .... I .... I .... I .... I .... I 

VR2332 DWAVESFVIF PVLTHIVSYG ALTTSHFLDT VALVTVSTAG FVHGRYVLSS IYAVCALAAL 
12CHTBOl T NWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12KBOl Tha DWAVETFVIF PVLTHIVSYG ALT?SHFLDT VGLATVSTAG YYHGRYVLSS VYAVCALAAL 
12LB01 Tha DWAVETFVIF PVLTHIVSYG ALTTSHFLDA VGLITVSTAG YYHGRYVLSS IYAVCALAAL 
12NN01 Tha DWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12NP01 Tha DWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12NP02 Tha DWAVETFVIF PVLTHIVSYG ALTTSHfLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12PJB01 Th DWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12RB01 Tha DWAV??FVIF PVLTH?VSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCAL?AL 
12SHB01 Th DWAVETFVIF PVLTHIVSYG AL?TSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCAP?AL 
12SURIN01 DWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCALAAL 
12TAKOl Th DWAVETFVIF PVLTHIVSYG ALTTSHFLDT VGLATVSTAG YYHGRYVLSS IYAVCPLAAL 

125 135 145 155 165 175 
.... I .... I .... I .... I .... I .... I .... I .... I .... Ii· .. I .... I .... I 

VR2332 TCFVIRFAKN CMSWRYACTR YTNFLLDTKG RLYRWRSPVI IEKRGKVEVE GHLIDLKRVV 
12CHTB01 T ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12KB01 Tha ICFVIRLAKN CMSWRYSCAR YTNYLLDTK? RLYRWRSPVI V--------- ---------
12LB01 Tha ICFIIRLTKN CMSWRHSCTR YTNFILDTKG KLYRWRSPVI ?--------- ---------
12NN01 Tha ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12NPOl Tha ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12NP02 Tha ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12PJBOl Th ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12RBOl Tha ICFVIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI V--------- ---------
12SHBOl Th ICFVIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12SURINOl ICFAIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRSPVI ?--------- ---------
12TAK01 Th ICFVIRLAKN CMSWRYSCTR YTNFLLDTKG RLYRWRS??I V--------- ---------

1l1'V'4V11 0 nlj'~(;)l1tJ~~1~U~'WDnj'j'~1'W~'J'W ORF5 ~'tl~Ifff)'tlth~L'J~~Vi'fnf'il1fl'tl~~YlUl'Wlh~lYlPI
q 

lYltJl'l..!1:r~~u'W~~ 11 Ifff)'e)th~
q 
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d 
'lJ'Vl'Vl 5 
~ d' 

'J~I'lru 

a 0 CV I 

1. nl'lbn'lJ bb~~~lbb'Wn 1PI'J'fl~1.:J 

" II 

L~~rvhnf!llfl!l~ djcw~n'll'WL~flV1~1 flrul'W!ll'l~I~ n~~l-J nln~tJ'l~ n~1,'WtI ~~t. 'Vl ~1'VltJ L~1EJl 'J f~ 
QI q q 

~!llf!llfllf)~ lu'W~ii'l1,'W~ll~I?l~Vh 1,~ In ~fI'Jll-J~ru l~tJ91 nL~fIlU~~UU'Vll'll~'W~ltJl~ L~tJ l'ilYn~ 
q 'II QI 

'f)th..J~..J ~!llf'f)lfVf)~ dj'W~n'll'W~llvWl~~n~vh1~ln~ n~l-J'f)lnl~ Porcine respiratory disease 
q q 

complex (PRDC) LL~~~'lv111~ln(;)ury~11'W~~1JU~1J~'Wf~ n~'JtJ t~tJ~1J nl~~~Ul~"1J'f)..J1'Jf~~'f)lf 

'en fbt)~~~ n~lJ~ltJvrufitJ1d1.J bb~~n~~~1t1vrutflH~1nll,."ih)1ijUl~bY1 rl1vltJ ~~nllMntrnfiu1!llJ 
q q q q q 

fI'Jll-J~~nnvHntJ'Vll..J~'Wfin~~l-Jl'W~'J'W NSP2 LL'~~ ORF5 "1J'f)..J1'Jf~~'f)lf!llfl'f)~1'WtI~~l'Vl~1ylt.ll'W
q 

'f)~l'l ~u~11'Jf~~!lI{'f)1{l'f)~1'Wlh~L'Vl~1'VltJ iJ nlntl~tJ'WLLtI~N'Vll..J~'Wfin~~l-J lll'l n 1?11..J91 n~'Wfin~~l-J 
q q 

I iJ' " • 

"1J'f)..J1')f~~'f)lf!llfL'f)~Yl~ul'W~'WYl~U1 (Kedkovid et ai., 2011; Tun et aI., 2011) 'f)th..J1~nl'l1l-J 

~~..J91 n nl~~~Ul ~"1J'f)..Jl'Jf~~!l1 f'f)lfl'f)~~ltJ~'Wfi~'WLL~..J (HP-PRRSV) l'Wu ~~ l'Vl~1'VltJ1,'WtI ~. ~. 
q q 

2553 ~u~11'Jf~~'f)1 f'Cn{L'f) ~~ltJ~'W€~'WLl~..J~ ~~Ul ~ 1,uti ~~l 'Vl ~1yltJlu~'J'l LL~n iJ~'Wfin ~~l-J~
q q q 

ln~L~tJ'l nu1'Jf~~'f)lf'f)lfL'f)~~ltJvr'Wfi~'WLL~..J~iJ nl~~~Ul ~1'WtI~~lYl~9UU~~ L~tJ ~'Wll-J (Nuntawan
q q 

II 

Na Ayudhya et al. 2010; Nilubol et al., 2012) vl..J'WU nl~~n1j'If1'Jll-J~~ln~~ltJ'Vll..J~'W~n~~l-J 

"1J'f)'lL'Jf~~!llf'f)l{l!l~~~U1,utI ~~lYl PlLYltJluu991J'W ~..JiJ fI'Jll-J~llU'W Lti'f)..J91 n~'Wfin~~l-J"1J'f)..J1'Jf~~
q q 

'f) 1 f'f) 1 f L!l~ ~nnl ~~~U 1 ~1'WtJ)'~ lYl PlLYltJ 'f) 19 iJ fl'J 1l-J~ ~ 1 n ~ ~1 tJ~ Ltl ~ tJ'W (lU ~..J1t191 n l~l-J 'fl'W 
, , II 

lU'f)..Jl-J191nnl~~~Ul~"1J!l..JL'Jf~~'f)lf'f)lfllf)~~ltJ~'Wfi~'Wll~'lV1Ln~~'Wl'WU9U'W
q q q 

vr'Wfin),~l-J~'Ju NSP2 U~~ ORF5 "1J'f)..J1'Jf~~!llf'f)lfl!l~~L~91n~n~1,'WU~~LYl~1'VltJ1J\'l11l-J1
q q 

fj Lfl~l~tf L~!l'Vll nl)'~n1-.tl~n1-.tru~Yll..Jvru~n ~~l-J"1J'f)..JL'J f~~'f)1 f'f)lfL'f)~~iJ nl~~~Ul ~ LL~~ri'f),:rry~1 
II , 

1'W~..J~ n)'l'WtJ~~ L'Vl Pl1YltJl'Wu99u'W L~tJ !?l'J'f)tJl..JYI..JVll-J (;) 11 !?l')'f)tJl..J 1~91 nyhfl-J~n)'V1 Ln~L~fI~'f)lf
'II q q q 


II 


'f)1 fL!l~ 1'W~'J..J),~VI~I..J l~'f)Unl-JJllvr'Wfi ~'l L~'f)Ul'l~l fll-J ~. ~. 2555 L~tJ~U~I191'J'f)tJl..JYI..JVll-J ~ ltl'W 
q q 

1'Jf~~'f)1 f!l1 {L'f)~n~l-J~It.lvr'Wfi'f) Ll-J1nl LVlU'f) ~..J Ll~ ~..J1,~L~'W~11'J f~~'f)1 f'f)l fl'f)~ n~l-J~ltJ~'Wfi 
q q q q 

'f) Ll-J1nllVlU'f) Lu'Wn~l-JVI~n~'Vll1~ln~uru~I'Vll..JfI~Un 91nn~l-J!llnl~~'f)lf'f)lfL'f)~1'W~lfl-J~n~1'W
q cv q q 

tI),~l'Vl~L 'VltJl'Wu99u'W ~..J UI?l n !?Il..J91 n~~ nl~~ n1111'W!l ~ I?l ~~u1'Jf~~'f)lf!llfl'f)~ n~l-J~ltJ~'W€
q q q 

~Ln.hJ1nn~l (Thanawongnuwech et aI., 2004) 'f)tJl'l1~nl?lll-J 91nnl~~mj'I1,'WtI fI.~. 2012 

~1J~I~..J~Il-Jl~ClI?l~'J9~u1'Jf~~!llf'f)lfL'f)~n~l-J~ltJ~'WfitJtnJLJ\1'W~lfl-J~n)'ul'lvhfl-J t~tJ~~n)'~
q q q q q 

II , , 

~~L~'f)LaJ1~ll~~'l'f)lnl),"1J'f)..JL~fI~'f)lf'f)lfl'f)~ll!?l'f)tJl'l1~ (Nilubol et ai., 2012) ~'l~'f)~fI~'f)..Jnu~~Yl 
II , , 

1J\91 n n 1),~ n1-.tl UV1 LL~ ~..Jl~ l~'W~ 11'J f~~'f) 1 {'f) 1 f l'f) ~ n ~l-J~1 tJ~',Jfi'f) Ll-J1n 1 L ~U'f) ltl 'WL'J f~Yl 
q q 

n'f)1~Ln~ fI,)Il-J~ ry L~tJ LL~~'f)lnl~Yll"fI~iln1'W~n)'1'Wu),~LYlP1LYltll'Wu9'u'W 
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2. n''i~hA'i'~,"~'~'lJvr'Ufin'i'iaJbb~~bb~'Ul1ij~'Ul,r
q Q.I 

2.1 n''i1bA'i,~,"~'~'lJvr'Ufin'i'iaJ1.'U~h'U NSP2 
q 

vrUfi rij'j'l-J~(),W NSP2 LUW~f)W~iJrlf)ll-J~lfPlru1'WYI1'1~f)f)VltJlj'~~ULl-J L~ n~"ll'tl'llf)f~~'tllf
q 	 .., q 

T:nfL'tl~ LVltJ djw~f)wvrw~n j'dl-J~jj rlf)ll-J~tn n~~ltJ~'1~~V1 LL~~LL1'W~'dW~jjflru~nMru~41LYn~"ll'tl'l 

1f)f~~111f111~\tl~~ltJvrwfin,HLN ~l~uvrwfinddl-J~lflwnldf)Lfldl~lX tllf) 368 bp ~1tl 123 ndVltl~ 
q q q 

i1LW tVltJtl~lW~lU~U'l~LU~~ 2,550 D'I2,888 "1Jtl'l ORF1a "1Jtl'l1'df~~tllftllfLtl~ ldtlLYltJUnU 

1'df~~wuuu VR2332 ~'1~lu~ti'l!?T'Inrll'drldtlUrl~l-J~lu~ti'lndVl'tl~ijLW~ 863 LL~~ 915-943 "lltl'l 
q 

ORF1a (~lLL~ti'l~ 481 LL~~ 533-561 "lltl'l NSP2) ~LnVlnld"lllV1~ltJLU"llll'lndVlll~ijtW ~'I 30 

A<;' J _Q! IV ~ IV c:j 6' 6' IV 6' 
ndVlll~l-J LW sn'l LU'Wrl ru~nMru~L'U~l~"llTN L'dd~~'tlldlllj'Lll~~ltJl"jWfidWLLd'i

q 	 q q 

• 	 ~ I ~ 

d1T:I'Vh nld~l LL'Wn!?l'dreltll'1vrwfindj'l-J"llrel'lLf)f~~rellf'tllfLrel~l1'1 11 !?l'drelth'lYll~unld~nMTn 
q 

LVltj LmtJ1J LV1tJnulf)f~ VR2332 ~'1 Li1wlf)f~~WLLUU"llrel'llf)f~~rellf'tllfVf)~~ltJvrufirel Ll-J1'nl L~u'rel 
q 

LL~:;Lf)f~ HEB 1 ~'IlL1w1f)f~~WLL1JU"1Jtl'l1f)f~~tll ftllfLll~~ltJvrwfidWLLd'l ~1J~1 !?If)relth'lvrwflnddl-J
q q 	 q 

10 ~ln 11 !?If)llt.h'l~~u1'wud:;LVl~1VltJlwu~~uw 1~LLri 12CHTB01 12KB01 12NN01 12NP01 
q 

12PJB01 12SHB01 12RB01 12SURIN01 LL~~ 12TAK01 fjnlj'''lllV1~ltJLU''llrel'lndVlrel~ijL'W 30 

ndVlrel~ijLW lW~llLVlti'l L~tJ'd nwn1J~l"j1Jlw HEB 1 ~'1~ll-Jld(1~dUl~~l 1 0 ~f)relt1l'1~'1nrllf) 4'V1'tltllw 
q 	 ~ 

nrll-J1'df~~rellfTl1fLrel~~ltJvrwfidWLLN lWVll'1n~1J nu ~1J~1 ~f)relt1l'1 12LB01 L~jjn1d"ll1 V1~ltJ1u 
q 	 q q 

" , 
"1Jtl'l ndVlll~ijtW LL~:;dJ'WLf) f~~tll ftll fLtl~~'Wn'W1'WU d~LVl ~1VltJ 

~l n nld~ nMl uC-J'W]JiJ ~'WLiJ ~ll-Jl dC1~~U nl dd:;1Jl V1"1Jtl'lLf) f~~lll ftll fL'f.) ~1WUd:; LVl ~1VltJ1~ 

LVltJ ~'Wrh LUVI"llrel'lLf) f~~rell frell fL rel~ nrll-J~l tJvrWfill Ll-J1'nl LVlu'rellwu d~LVl P1LVltJ Ln V1fiill n nl dd:;U1V1
q q 

"llrel'lLf)f~~rellfrellfVf)~~l-Jl~l nrkl'11.h~LVlPl Vl1rel Lnv)~l nl'df~~l~dj'Wt)rl~W Lti'tl'lfiil1nl"ju~11f)f~ 

01 NP1.2 LL~~ 01 NP1 ~'1 LUWLfJf~~Tnf'il1fLrel~~ltJvrwfirel Ll-J1'nl L~u'relLrel LsnL~Vl udn~l"julwud~LVlPl
q 

11 	 Q 1 ~ Q ..... 11 ..... d"l ~;Sl ..... Q aJ 11 IV d Q 1 ' . I "l
LVltJ 	 l-lflf)ll-l n~LfltJ'InU Lf)d~Vl b~luWf)rl6fiWtlW1 LL~:;Lf)d~Vll-JdltJ'Il'Wnldd~1J1V1 WlPll'1ud:;LVlPI bW 

"1l'd'l Lf)~l rirelw~i,h LVltJ nl d~~l'1 LLC-JW1:JiJ~wLiJ~ll-JldC14'V1L'df~!?T'Inrllf)rel~lwn~l-l1f) f~~lojfltlw~rl~W 
" ,

u~:;1	fJ f~~ rell frell fL rel ~Ylwn wLv1' LL~~L'df~!?T'I n rllf)tJ'Irell~ LL1W~WIPl d:;Q~GJJll'llf)f~~'tllfrel1 fLII~~1 tJ 
" ,

vrwfYlwnWGJJrel'lUd~LVlP1LVltJl'lHfJ~l(P]rell-Jl LVltJ~lnnld~nMl1wtl ~.PI. 2550 [1'1 2551 'ViU~lc;lf)'fltll'1 
, 	 " , 

LfJf~~rellf'fll fL 'fl~V1~ 1J1WU j'~ LVl PlLVltJ1U"l1'd'l L'd ~l ~'1 n ~1'd4'v)'fltllwn~l-JL'df~~'fllf'tllfL'fl~~WnUGJJ'fl'l
~ 	 q 

" 
1VltJl1'1V1l-JVI LVltJ~rlfJll-Jln~L~tJ'In1JLfJf~ 01 NP1 relt11'1LdrllPlll-J ~lnnldd~U1V1"l1'tl'lL'df~~'il1f'fllf 

Lrel~~ltJvrwfidWLLd'llWU d~ LVl P1LVltJ d:Jwnldd:;1Jl V1GJJll'l1'df~~ltJvr'WfilVl~~jjvrwfinddl-J LLlPln l'l1'11tl~1 n 
q q 	 q q 

L~l-J LVltJ Vu'Vil~f1f)ll-JVI~l nVl~ltJlw~f)W NSP2 ~U~IL'df~~re:nf'tll fL'tl~~d~U1v)lwuj'~LVlP11VltJ 
" " ,

Ud:; ntlu ~'dtJl1'11f) f~~ltJvrWfi~WnWLL~:;1f)f~~rellftll fLtl~ ~ltJvrwfidWUd'l ~1 n nld~ nMl1WU~fiilU'W 
q 	 q q q 

~'I LUWL'd~l 2 UVl~'1~ln nldj'~1Jl V1"llrel'lLf)f~~rellfrellfLrel~~ltJvrwfidWUd'llwu d~LVl~lVltJ 'Vi1J~11'df~ 
q q 
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Yh)1f'f)1fL'fl~~ riif)1~Ln(?)if)l n1~Yl1'lrl~Un1'W~'l~ n~l'WU99U'W ~'l rl'ltl ~~nif)U ~f)tJlf)f~~ if)lfif)lfLif)~
'lI q q 


it it , II< 


Vf'l1f)f~~ltJ~'Wfi~'Wn'W u~~lf)f~~if)lfif)lfLif)~~ltJ~'Wfi~'WLLd'l ttr1tJ rl1 (?)~11f)f~Vf'l~if)'l n~iJti19~~'l rl'l 
q q q q 

ij n 1 ~~~U1 (?) 1'Wvh fl-J ~ 
q 
n ~if) U1 '1 L1l if) Lrt'fl 'l U~~LU'W1f) f~ n~ 

q 
l-J ~~n~ ~1l-J1nn"lU1~ 'Wtl ~~LYI fllYI tJ 1 tl ~ n 

d 
~~tJ~Lf)rl1WW'l 

2.2 n1~-;h~r1~~'ii1~'Uvr'Ufin~~~1.'U~'l'U ORF5 
q 

~f)'W~'W~n~~l-J ORF5 LU'W~f)'W~'W~n~~l-J~l~fu Glycoprotein 5 (GP5) ~'lLU'W~f)'W~ij 

rlf)la.J~lf"i'(1J~~(?)1'Wn1nn (?)UB n1'tJ1Uf)YI~11~ L6jj~'W~'fl'l1f)f~~if)lf1)1fLif)~ t(?)tJ~f)'W N-terminal ~'fl'l 

ORF5 bLlu~'JU major neutralization epitope ~~lrTt1J1unldnd~~UlJ~~t-lnull'tl\l1'Jf~ nld~n1:tl 
rlf)ll-J~~l nVl~ltJ~if)'l1f)f~~'fl1f'fl1fL'fl~1'W~f)'W~LllitJu LVltJU nulf)f~~l-nLtI'W~rl;'W~'lijrlf)la.J~l f"i'(1J 

r it 

~if)n1~tl~~L~'Wt.J~~l-J ~Ylfil'Wn1~Uif)'ln'Wt~fI~f)tJrrfl;'WonUtr1i?l1'l11'Wvhfl-J 'W'i1 n91 nil ORF5 iT'l LU'W 

~'W~l~fu ttl ~~'Wtfl ~'l ~ ¥1'l~ iJ rlf)la.J~ ~1 n~~ltJ l-J1 n~~ 
q 
tr1~'fl'l1f)f~~'i11 f'i11 fL'fl ~~ n ~f)tJ L(?)tJiJ"IJ'W1 ~ 

603 Uf)rl~L'i11Y11?1 t~tJif)tlUW~l LL~tl'lUf)rl~L'i11Y11?1~ 13,618 ~'l 14,220 Ld'i1 LVltJunu VR2332 ~'l LU'W 
'lI 

If)f~~'WLLUU"IJ'fl'l1f)f~~if)l fif)lfL'i1~~ltJ~'Wfiif) Ll-J1'n1 mu'fl 
q 

it , 

n1 ~~ n111il vh n1 ~C1'i1~~l~U~'Wfi 
q 
n~~a.J"IJif)'l1f)f~~'fl1f'fl1 fL if)~Vl'Wul 'Wtl ~~LVl fllYltJ ~1'Wf)'W 

11 ~f)if)tl1'l U1a.J1 LllitJU LVltJU nulf)f~~'i11fif)lfL'i1~~ltJ~'Wfi~'WLL~'l If)f~~'WLLUU VR2332 LL~~lf)f~
q q 

~1'l~'l~t~1 L~if)~¥l'l LLt.J'W1J~l?l'Wl~ 'WU~1~1a.J1~tl~1 LL'Wnlf)f~~'i11fif)lfLif)~vr'l~a.J~1~Lij'W 3 n~a.J~~n 
it ,I 

1~ LLn n~a.Jlf) f~~if)1fif) 1fL if)~ ~ltJ~'Wfi~'WLL~'l 1f) f~~if)1f'fl1 fLif) ~~ltJ~'Wfi~ 'WO'W LL~~lf)f~~'fl1f'fl1 f 
q q q q 

Lif)~ n~l-J~ln~ L~tJf)~if)'l nU~fI~'W L~tJlf)f~~'i11f'fl1fL'fl~~'Wul 'Wtl ~~LYI PllYltJL'WU99U'W ~1'Wf)'W 10 
q q 

~f)'f)tl1'l 'f)tlL'km~J.Jlf)f~~'f)lf'fl1fL'f)~~ltJ'W'Wfi~'WLL~'l (12CHTB01 12KB01 12NN01 12NN01
'II q q q 

12NP01 12NP02 12PJB01 12SHB01 12RB01 12SURIN01 LLrl~ 12TAK01) 1'W"IJru~~ 12LB01 
it 1 it it, I< 

~~'f)tll'Wn~l-Jlf)f~~'Wo'W r1'lu'1 0 ~f)tltl1'lVl~~'f)tll'Wn~a.Jlf)f~~'f)lf'f)lfL'f)~lEJ~'Wfi~'WLL~'l'l!'W ijrlf)ll-J
'lI q 'II q q q 

ln~L~tJ'lnULf)f~~tl1ftl1fLtl~~ltJ~'Wfi~'WLL~'l~'Wul'Wtl~~LYlPllY1EJ1'WtJ 'W.Pl. 2553 L"ll'W UDT081 OUS 
q q 

5/28-160 UDT1210US-25-1 FDT1 OUS-2-1 LL~~ UD121 OUS/61-E03 LLrl~iJrlf)1a.J1n~t~EJ'lnu 

Lf)f~~'fl1f'fl1fL'f)~~'WUL'Wtl~~LVlPl~'WLL~~L~tJ~'W1l-J L6JI'W HEN1 JXA1 LLrl~ 070N 1'WYl1'l19l~'l~1J.J 

12LBO 1 iJrlf)la.Jln~ L~tJ'lnulf)f~~'f)1f'fl1fL'f)~~'Wul'Wtl~~LYI flLYlEJ1'Wu 'W .PI. 2553 L"ll'W SCP121 0

U.S.-7 -79-1 LL~~1f)f~~tl1fif)lfLtl~~'Wul'Wtl ~~ LYlPllYlEJ1'W"llf)'ltl 'W. Pl. 2543 ti'l 'W .Pl. 2545 LL~~ 

2550 ti'l 2551 t(?)tJt.J~n1~~n111~1~91nn1~f)Lrl~1~~~1~U~'Wfin~~l-Jl'W~f)'W ORF5 ,x'W ~'f)~rl~'f)'l
q 

nu t.J~ n1~~n1111'W~f)'W NSP2 L~tJ~1l-J1~tltl1a.J11-nYl~ LLYI'W~1'fl LVltJU L~tJ'ln'Wl~ 1'Wn1~~ m~n ~'fllu 

1'W'f)'W1rll9l 
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~fl91 n nlj'~ ~cPl j'l:;,x~l~U~'Wfi
q 
nj'J'd-Jl'W~,)U ORF5 dJ'W~~'W~~tJ,) nu NSP2 LcPltJ~l ~U 

~'Wfi 
q 
nj'j'd-J~~Vll-J cPl~ld-Jl J'(l u~ cPl~~l ~u nl j'J':;U 1 cPl Ufl:; ~U~tJ'WUUfl~'Vll~~'Wfi 

q 
n j'j'~GJJ'fN1') f~vhl1f!l1 f 

~ 

L!l ~1'WU j':; L'Vl Pl1 'VltJ 1~ LcPl tJ1')f~~!l1 f'ell f L'f.)~11)L6jj LflvHLj'n~'Wu1'WU j':; L'Vl Pl1 Vltl ~!l 01 N P1.2 ~ 

~'W~nJn-J~ln~L~tJ~ flU VR2332 LL~~1'J f~~'W1 ~~ LU'W~'WLLUUGJJ1)~1'Jf~~'e"l1f'tllfL1)~ tcPltJ L'UVi1~ 
1')f~~!llf!llfL!l~~lifLLI'Wt)f1~'W LGJ1'W RespPRRS MLV ~l~'W~Vlf~1)Ld-J1'nl CC-1 LLfl:; BJ-2 ~~ViU 

oJl 

, \II 

1'Wuj':;L'VlPl9'W Ufl:; PL-97 ~~'Wul'WLnlV1~l~ 'W!ln91n-W f11cPl~11')f~ 01 NP1.2 fi~!l19Ltl'W1')f~~'W 

(;1j':;Q~GJJ1)~1')f~Yi1)lf1)l'fL1)~ 11)L6jjLfl'Vl~'W1 ~~ul'Wu1:;L'VlPl1'VltJl'WGJ1,)~ 'W.PI. 2543 n~ ~ . Pl. 2545 L"ll'W 

00CS1 01NP1 01UD6 02CB13 02KK1 02PB1 LLfl:; 02SP2 LL~~~nr.rcPl1)~l'Wn~~L~tJ')n'W f)!ln~~ 
it I it I 

1')f~~'W(l'WlU.U j':;L'Vl Pl1'VltJ 91 nw'W 91 n nl 1~nMl~l~U~'WD 
q 
n1Jl-JGJJ1)~1')f~Vl'WUl'Wlh:; L'VlPl1VltJ 1'W'll,)~ 

tl Vi.PI . 2550 LL~:; 2554 Ylu~11')f~~1)lf1)lfL1)~~YlUl'WU1:;L'VIPl1'V1tJiJn11n~1tJvr'Wfi iJ~'WDn11~~ 
q q 

LL(;1n~h~91nb')f~~'Wul'W"ll')~ 'W.Pl . 2543 n~ YI.PI. 2545 L~niJ!ltJ LL~r.rcPl1)tJcPl'Wfl:;n~~nub')f~~'Wul'W
'II q 

I II , t 

tJJ:; L'Vl Pl~'W1 LcPl tJ'lu-J\!n-W LcPltJn~nMru:;~'W~ n J'J'~ L'U'W 1:;1Pi,)GJJ1)~l') f~Yl 'W(l'WYl'W1Jl'W UJ':; L'VI Pl1YltJ 

!lth~1J'n (;11 ~ VI~~91 n nl j'J':;UlcPl"ll!l~1') f~Yi1)l f1) lfL!l ~~1 t.J~'WfiJ''W LL J'~l'Wu J':; L'Vl Pl1'Vl tJl'Wu 'W. Pl . 
q q 

2553 1')f~~'WulU.U j':; L'VlPl1'VltJl'W"lI ru:;L1'W lh:;n1)u~,)tJ1')f~~!l~n~~ 1~uri 1') f~~!l1f!llfL!l~~ltJ 
q 

\II I 

~U.fi1'WLLN Ufl:;b')f~~!llf1)lfL1)~~ltJ~'Wfi~u.(l'WGJJ!l'lU1:;L'Vl Pl1'VltJ LL~:;lQn n n11~ nM1 ~!ll-J11u.u ~. PI. 
q q q 


I \II, 


2555 'WU~lb')f~Yi1)lf1)1fL't)~Vl~ul'Wtl1:;L'VlPlb'VltJfi'l cPl'lU1:;n1)U J)')tJb') f~vl'l~1)~ n~~ Ln!l~91 ntJ'lcPl~ 
q 

iJn1J'J':;ulcPl"ll1)~1')f~Yi't)lf!llfL't)~~ltJ~'WfiJ''WLLJ'~1'Wyhf~~n1Ul~LLvi'l9 'Wn'lif99U'W 
q q q q 

'1 ...., " " ~ AI '1 d...., 9 ....oCI3. n1'an 'a~~,tllI}J~.:J ','J'j~'Vi'el1'a'el1'ab'el~ blJl..I 'a~b 'VI flf b'VIti bb~~A'J1:J-J bn tI'J'VilJ'VI1.:J'el ru".o'J'J'VItl1 
IU 

\II \II \II 

WU!?l'lLL~iJnlJ'1:;U1cPl"llIf.)'l1')f~~1)111)lfLIf.)~cPlf~U1nl'Wlh:;L'VlPl1'VltJ !?l~LL~tl 'W.Pl. 25321')f~ 

~!)1 f!)lfL'f.)~1~iJ n 1 1J:;U1 cPl LLfl:; LU'WVln~l 'Wt 1cPl J:;U1cPl~~1 ~rul'W~ n11'Wtl1:;L'VlPl1'VltJ9'W(1~U99U'W
'" q q 

I I \II 

Lt?1tJ L'U'W1:;1')f~~1)lf!llfL1)~~ltJ~'Wfi1) Ld-J1'n1 LVlnlf.) ~~ LLVI~~Yld-Jl"l11)~ L~1)1')f~lJn~191 n~ nj'~'Wfivj1!l
q q q 

iI " I I 

til L~1)YlU1 Lif191 n ~h~u J':;L'VlPl !lth~lJ'n (;11l-J LJ:j!l Ln t?1 n1J'J':;U1cPl"ll1)~1') f~~!llf!llfL'f.)~~ltJ~'Wfi
q 

1'WLL1~1'Wlh:; LYl Pl1'VltJ l'WU 'W. Pl. 2550 'WU~l n11GJJ'W~~~nJ'iJ~~ (;1if1l-J'WJ'd-J LLcPl'WJ':;VI~1~U1:; L'VlPl!ltJ1~ 
q q 

~cPl n!] Vld-J 1 tJ LU'W~l LVI ~VI~n~ LiJ'Wn1 J'u11')f~~ltJ~'W~1V1~ L~1l-J11'Wlh:; LYlPI LL~:;n11GJJ'W~~~ n1 

d:;VI~l~yhfd-J LLI'Wt19r.rt.JVI~n~y'h l1X LncPln1j'j':;U1t?1GJJ!l~L1cPl1U~1JiJJllfl~'W11'W~~cPl (Nuntawan Na 
" \II 

Ayudhya et aI., 2012) ~~1'W'll,)~L,)fl1Yly'hn1d~nMl1')f~~1)lf!llfL1)~vl~GjjUcPl~ltJ~'Wfi1'WLLJ'~ LL~:;
qq 

'" I iI I I 

~ltJ~'W~Yl'W(l'W 1~nnl1LL'W'iJ:;U1cPl1ul'WYl'WYll?il~1 vl,)U 1:;L'VlPl LcPltJiJ cPl,)1l-J~'WLLN1'Wn1dri!ltdcPlflcPl~~ 

(;11l-J n1J'U fu !?l')(;11d-JDdJ'J.JGjj1~GjJIf.)~1') f~ LL~:;~n1 vl~J-'W~~ViU~l fl,)ll-J l~tJVl1tJ~ LncPl91ntdcPl~'e"nf't)1f
q 

L1)~1'Wi:h91r'W iJfl,)ld-Jd'WLLNflcPlfl~ L~!l LmtJU LYltJU nul'W"1l')~ LLJ'n~ LncPl nlJ'J':;UlcPl
q q 
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~1 n n1 ~fj U4~1 ~t-f~mjru~Yl1'l~'W~n~~~6fJ'fN C9l,)tl rh '11') f~~Yl1J1'Wt.h~ LYl PllYltJ1'W~u~ ~1'l1 
1~~1~1~o ~~tl f1') 1~ ~~~'Wjh~~~1'11') f~1'WLL~~~Yltl'l~l~~tJ~~unu Lrttl'l~1 n91'W,)'WC9l,)tlrh'l~

~ 'IJ 

I " I I 

91 n~ LL~~n1 ~~~U1 ~~tl'll')f~Yitl1 ftl1 fLtl~1'Wth9U'WLn ~91n n 1 nf1~tl'WU1tJ~n~~1 nYh.rVl~il'lltJ ~ 
~ ~ 'IJ 

i/ , , 

~n~'WYl~U'lt~tJ n1~6fJ'W~'lYl1'lU n dj'W~~n Vl11tXn1JLLYl fn~~~1tJGJJtl'l1')f~1'Wtl~~ LYlPl dJ'WLUtlti1'l 

~') ~ L~,) u~~1,j~1~1~o~~tl~tl LLUU~ Utl'Wtl'W~1n n1~~ n111Yl1'l~ihfjYltJ1~~vlUt~ L~n~ tlti1'lL~n1911~ 
q 'IJ q 

91nn1~~n111~tl~~1'WL~'l~W1Jtl'lvr'l 11 'Vhf~ YlU~1iJn1~~tl6fJ1tJ~tl~'Wfi ~~~l'l'Vhf~~LfiuC9l,)tlth'l
'IJ q 

12NP01 LL~~yhf~~LnUI?l,)tlti1'l 12NP02 t~tJYhf~~iJn1nnUC9l,)tlti1'l 12LB01 ~'l LLI'W'Vhf~~n~
q 

11 iJ' II' I "', I 

~'WL'W4''l~~~'Wf1~Uj~ l1niJn1~~re1l11L~tl~n~~1nYhf~~'W1 ~,)~t1'lyhf~vhnUL')f~ 12NP02 ~'ldj'W 
I iI I I 

Yhf~~n~~'Wfi ~'l~tl'lYl1'lUIf)1~ L1J'W~il'lL'W~tl'lYl1\!~YhL~Ln ~ n1 JLLYl fn~~91tJ6fJtl\!l')f~Yitl1fIf)1fLtl
q q 

~~~Vl~1\!yhfl-J~
q 
n~LJf 

d G..o' G..o' I ~ G..o'.,. ~ ~ d "I ftl ~ 1. if G..o'

4. fl ';J1:J,! bn ~';J'VfU'VI1~'ViU fi n 'i'i:J,! 'i~'VI';J1~ b';J 'i'61'Vi'fl1 'i'fl1 'ib'fl '61 'VI 'Viti "UlJ 'i~ b'VI pf b'VI ~ U ~~t1U 
q q 

ntl1';J~'61Vi'f)1i'f)1ib'f)'61mibtJU-Jfl:ziU 

L'Wll Yl.PI. 2555 ~fl~'W Ingelvac PRRS LU'W~f1~'Wi:lIf)\!n'Wt~f1YiIf)1fIf)1fLIf)~GJlU~L~If)LU'WL~tJ\! 
, i/ 

GJlU~ L~tJ,)Yll~fUtllfC1J1191 U~~~1~1nlLfl'Wyhf~~n ~1'Wtl ~~ LYl PlLYl tJL~~tJQnn!lVl~1tJ t~tJ1'f1~'WU 

iJL')f~~'WLLUUGJJIf)'ll') f~~Li~~l9I~fI;'W~tl VR2332 LL~~Yh fl-J~ 
q 
n~L'WtJ~~LYlPllYltJ~iJ n1 ~Li~f1;'W~ 

i/ ," 

tl1ftl1fLIf)~~,)'WL~qJ iJn1~Li1'f1~'WGJlU~uL'WYhf~ t~tJ91nyhfl-JYlv11n1~~n111~\!Vll-J~ 11 yhfl-J 
I ~. 11 

YlU~1iJYhfl-JYlLi~f1sn'WGJluv)U 2 yhfl-J ~tlyhfl-JYl LLtJ nl')f~ 12N PO 1 LL~~ 12RB01 1~ 'Wtln91nU 
i/ , , 

YiU~liJ n1~Li~f1sn'WGJluv)uL'Wyhfl-J~ n~~'WfiVl ~~f?l~n~L~yhfl-J~ n~6fJ'WVlYlul')f~ 12LB01 LL~~ 
q q q q q 

12KB01 tlti1'11~nlYl1~ Y'lU~1iJnl~Li1'fl~'W Ingelvac ATP ~\! LU'W~fl;'WiJtl'ln'Wt~fl~tl1ftl1fLtl~~ 
, i/ i/ 

L~L~fUIf)'t-F1d1lYlLmfl'Wt.h~LYlPllYltJ L'Wyhfl-J~'1YiUC9l')lf)ti1'1 12NP02 ~\!illngelvac ATP LLI'W~fl~'W 
i/ , 

"1lUv)L~tl LU'W~'1 ~~lYltv)tJ~~~lYl L~tJ')n'Wnu Ingelvac PRRS LL~Li1')f~!?l'Wri1 LUv)~1'1n'W t~tJ Ingelvac 
i/ i/, 

ATP Li1')f~ JA 142 LLI'Wl')f~~'Wn1 LUV) 'Wtln~1 nu U1'1Yhf~L'Wn1~~ n111U L~'W Yhf~YlYlUl')f~ 

12CHTB01 12PJB01 12SHB01 LLU~ 12TAK01 L~iJn1~Li~fl~'W~tl1fIf)1fLtl~ LL~~iJn1~4'V)n1~ 

LLUUvhf~tJ~tlv)t~fl LL~YlU~1iJn1~~~U1V)on'f)'lL')f~~'f)1f'f)1fL'f)~1'W'Vhfl-J 'f)rh'l1~nlYl1~ llJiHf'f)~~ 

n1~Li1'fl~'WL'W'vhf~~LnuC9l')'f)ti1'l 12NN01 U~~ 12SURIN01 
q 0 V I IV' 

L n'f) '191 n f1 ') 1~ LLlYl n~ 1'1 Yl1\! ~',J,fi
q 
n~~l-JL 'W.~ ,)'W ORF5 ~ fl') 1~ ~1 fl C1J lYllf) ~ n11ru~onlf)'1 

Glycoprotein 5 9'1v11 n1~fj Lfl~1~t-ffl,)1~ LtJ~tJ'W.LLtJ~\!Yl1'l~',J,Dn~~~L'W~')'W. ORF5 6fJ'f)'1I?l')'f)ti1\!l')f~
q 

~tl1f'f)1fltl~vr'l 11 l?l,)tlr11'1 YlU~1 Lf)f~~'f)1ftl1fL'f)~ 12CHTB01 12KB01 12LB01 12NN01 

12NP01 12NP02 12PJB01 12RB01 12SHB01 12SURIN01 LL~~ 12TAK01 iJflf)1~fl~1tJfl~\!Yl1\1 

~'WDn~~~nul')f~~'WLLuU VR2332 llJLVl1n'W ~tl 87.3 58.5 83.8 88.7 88.7 87.3 87.3 61.0 62.3 
q 
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88.0 LL~~ 61.6% (?l1l-J~I~1J L~tJ~1J~I~')lm.h'l1')f~~~1Jl'Wu~~LVlPl1VltJvr'lVll-J~ iJnlntl~tJ'WLltl~'l 

l'W~~~1Jn~~'f):;nL'W~LLl?ln!?iI'ln'W 1'W~')'W signal peptide domain ectodomain endodomain U~:; 

transmembrane domain 1 n'l 3 L~tJ (1),Yn:;nlntl~tJ'WLL'll~'l~J'f)'1 glycosylation site L'W~,)'W 

ectodomain ~'l1119iJ t:.J~Wll1 nl~~ltlBmtJl~l1'l neutralizing antibody L~tJ~1J nln'll~rJ'WlttJ~'l~l1'l 

n~~l1~i1L'W Asparagines L'W~1llVlll'l~ 44 (N~K) ~11'l 12NP01 Ll~~ 12NP02 n1ntJ~tJ'WLltJ~'l~ 

~1 UVlti'l~ 58 on 11'1 'YJ n1~,)l1ih'l t~rJ dJ'Wn1dLtI~tJ'WLLU~'1 N~Q L'WI?l')'f)ih'l 12CHTB01 12KB01 

12NN01 12NP01 12NP02 12PJB01 12RB01 12SHB01 Ll~:; 12TAK01 LtI'Wn1~ltJ~tJ'WLltJ~'l 

N~K L'WI?l'dl1tl1'1 12LB01 ll~~lLl'Wn1dLtJ~tJ'WlLtJ~'l N~R 1'W~,)l1tl1'1 12SURIN01 L'WVl1'll?lN 

~1l-J ~U n1dL'll~rJ'WLL'll~'1~:;~U n~~'f)~nt'W t~tJ lLl'Wnl~LlVl~non'f)'1n~~'fl~i1L'W Asparagines L'WUI'l 

~1 LLVlll'l L~'Wn'W t~rJl'W~1 LLVlti'l~ 34 (D~N) L'W 12KB01 12RB01 12SHB01 LL~~ 12TAK01 LL~~ 
I •• II 

L'W~1 LLVll.l'lVl 35 (S~N) onl1'll?l,)l1tll'l1')f~~Tl1fTl1fLl1~Vl~1JL'WtJ~~LVlPl1VlrJVl
q 
nl?lf)'fltll'l 'W11 n91 nil 

U'l~UnlnU~tJ'WlL'll~'l~~ILLVlti'l~ 57 (A~N) on'fl'l 12LB01 U~~~~ILlVlll'l~ 61 (D~N) ~i)'l 

12CHTB01 ~n~,)tJ ~'ln1~n~lrJ~'W~LVI~h;liJfl,)Il-J~I~'lJ!?i11~ILlVlll'l glycosylation L'W 

glycoprotein 5 onl1'l1')f~~111f111fLl1~ LL~~i)19iJt:.J~!?il1nlnn~UBmrJl neutralization oni)'l1')f~ 

Ll~~ll'fl'W~Ul1~1~ L~rJ~n~~Qnn~~~'W1Jn~l-Jn'W~f)rJt)fl~'W Ingelvac PRRS 1119iJLLl1'W~Ul1~~hJ 
~1l-JI~tlr.rU n1J~f)'W glycoprotein 5 onl1'l1f)f~~iJ nl~~~UI ~1'WYhfl-J1~i)tll'l~l-J\!n-w 'fltll'l1~ril?lll-J 

fl') ~iJ nl~~ n't11 L~ l-J l~l-J L~tJf) nuu ~~~Vlfit:.J~oni)'lt)fl~'W(?]'f)1') f~~~~UI ~l'W'll~:; LVl Pl1VlrJ'f)tll'l~~ L~tJ ~ 
I 9/ i/ I 

(?] 111 U L\111 '191 n fl ') 1l-J ~ 1l-J 1 ~ tll 'W n 1 ~U 11 'l n'W t ~ fl on 11 'l t) fl an 'W tr'W ~ 'W 11 tI 
qJ 

n u 119 r.rrJ VI ~ 1 rJ i) tJ 1 'l ~ 
~ 'v

'W'fl n lVl'W'fl91 nflf)1l-J Lll?l nf1l1'1Vl1'1~'WDn~~l-J 
q 

http:1l-JI~tlr.rU
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d 
'lJ'Vl'Vl 6 

~'3tJ bb~~i'f) b~'U'f) bb'U~ 
q 

~'3tJ 
q 

!/.I 

l1u !?l'lll~fj nldd~Ul C91GJJ1l'll ') t'~Yhl1frel1fl1l~~ltJvr'Wfid'WlLd'llWtld~ lYl fll'YltJL'Wn Y'j. fl. 2553 
q q 

1') t'~~1l1f1l1fl1l~~ltJvr'Wfid'Wlld'l~'1 Luul')t'~~1l1 f1l1 fL1l~~ltJvr'Wfi1lll-J1'nll~n1l~ In v)~'WL~lJ lU'W 
q q q 

I I I tI 

~llVl"lVl~l f1qJVlvh1~ In V)f),)1l-J~ qJ l~tJL'W~1?1~1'~ nddl-J nld~I~I?1~nd1lth'll-Jl n Lv)tJ~ndVl~ V) l~1ll1n 

ll~ v)'11l1 nl d1j,)tJ~l nLdf)~'e)l f'e)l fl'e) ~ ll~~nd~~l~futJf)-:nl~l-Jl n1l'Wn 1?11l-J 1'WGJJ ru~~1')t'~~1l1f1l1 f 
q 

~tl~~l[.rfiu1ftJbnJtI~ rH~ nldd~Ulr11uyhf~~ndUl~yhf~ ~~~1~~11~~nr1'fll nldYll~ f1~un bb~tl~h~ 
q q q 

LV) LV)tJ vuYn~L'Wnnu~ llaJ~ndl~futJf)-:n'WiJ1l'ln'WLdf)~1l1f1l1fl'e)~ ~1 nnld'l If)dl~tr~l~Uvr'Wnnddl-J
q q 

L'W~')'W NSP2 lL~~ ORF5 GJJ1l'l1')f~~1l1f'e)lfl1l~ ~~uL'Wyhfl-J~ndL'W'Lld~l'Vlfll'YltJ ~ri'elL,xlnv)'ellnld
q 

'Vll'1f)~iln ~u~11')f~ 12CHTB01 12KB01 12NN01 12NP01 12NP02 12PJB01 12SHB01 

12RBO 1 12SURlN01 ll~~ 12TAK01 fj nld6JJl V) VI 1 tJltJGJJ1l'l ndv)1l~nL'W d,)l-J 30 ndv)'el~nL'W 1'W 2 

~1 UVlU'I l"1l'Wl~tJ,) nUL') t'~rX'WllUU6JJ'el'l1')t'~~'ellf'ell fl1l~~ltJvr'Wfid'Wud'l L'W6JJ ru~~ 12LB01 1aJfjnld
q q 

6JJl v)VlltJ1U6JJ1l'l n dV)'e) ~nL 'WL 'W~n~ru~~'1 n ~1,) U~ ~iJvr'Wn 
q 
n ddl-JLn~l~tJ'I nUL') t'~~1l1 f'ell fl'el ~~1 tJ 

vr'Wfi~'W~'W~~ul'Wud~l'Vlfll'VltJL'W'el ~1?1 'W1l n~l nl1 ~1 n nldf) If)dl~l-fut:.J'WJlnrX'Wlm'W~')'W NSP2 lV~~ 
q 'II 

ORF5 ~U~lllt:.JU1Jn ~'Wl~~'1~'e)'1iJ t:.J~~ f1~ltJf)~'1 n'W LV)tJ~1l-Jldbl91ll'Wnl')f~~~uL'Wud~l'Vl fll'VltJL'W 

U~~U'W1l1l n lU'W 2 n~l-J 1~llnl')t'~~'ellf'ellfl'el~~ltJvr'Wfid'Wlld'l u~~l')t'~~il1f'ellfl'el~~ltJvr'Wfi~'W
q q q q q 

~'W Lv)t11')t'~~'e)1 f'ellfl1l~~1 tJvr'Wfid'WllN~~uL 'WU d~ l'Vl fll'VltJL'Wu~~u'W fj f),)ll-JLn~ l~tJ'I nul')t'~~
q q q 

~UL'WUd~lYlfl~1'11 l"1l'W ~'W l~tJ v)'Wll-J u~~~~tJtl'W~ u~~iJ f1,)ll-JLn~ l~t1'1 nul')t'~~1l1f1l1fl'el~~ltJ 

vr'Wfid'WUd'l~d~U 1 V) L'WU d~l'Vl fll 'VltJL'WU 'V'l. fl. 2553 ~'11')t'~~~uL'WU~9U'W 1l1~ ltl'Wl')t'~~fjnld
q q q 

lU~tJ'WUU ~'1'Vll'1vr'Wnnddl-J91 n 1') t'~~1l1 f'ell fVt)~~ltJvr'Wfid'Wud'l~d~Ul V) L'WUd~ l'Vl fl1'VltJL'WU Y'j. fl. 
q q q 

2553 Vl11l1l19 dj'Wl') t'~~'e)1 frenfv[)~~ltJvr'Wfid'Wlld'l~iJ nldd~U1v)91 n ~l'1Ud~ l'Vl flL'WJlltJ~~'1 Lv)tJ
q q 

'ell~iJ nl dd~U 1 V) ~l'Vll'1~ dl-J llC91 'W~ ~ V) nuu d~ l'Vl fl l~'e)'WU1'W l"1l'W nl-J~"Ill 'V'l aJl ll~~~l,) dj'W~'W 
I II' I I iI 

'elt1 I'lldn 1?11l-J vr'W~ n ddl-J 6JJ 'e) 'I 1') t'~~'e)1 f'el 1 fv[) ~ ~1 tJ vr'Wf~'Wlld'lVl~uL'W~'WVl (?]1'11v1,)U d~l 'Vl fll1'WiJ 
I !/.I I 

f),)1l-J lll?1 n(?]l'1n'W U~~'elt1L'W~lllVlU'IVl UI?1 n(?]l'1 n'Wu'WLlt:.J'WJln~'Wl~ 'W'eln91 ni11')f~ 12LB01 ~'1lU'W 
'II 'II 

iI I tI I I I 

1')t'~~1l1f1l1 fl'el~~ltJvr'Wf~'Wn'W iJvr'W~nddl-JLn ~ l~tJ'I n1Jl') t'~~'e)lf1l1fl1l ~~ltJvr'Wf~'W'h.&~'W1 Vl 

~u1'WU d~ l'Vl fll'VltJ1'W!f) ~ 1?1 U~~ U~ ~'1 f),)1l-J ~''WUN1'Wnl dn1l L df) l"1l'W l~tJ') nu1') t'~~'e)1 f1l1 fL'el ~~1 tJ ~'Wfi 
q q 

d'Wlld'l ~'1ll~ ~'1L~l~'W~11') t'~~1l1f'ellfl'el~~ltJ~'Wfi'el ll-J1'nllVlil1l~ d:J'Wl') t'~~'W~'W6JJ1l'lUd~ lYl fl1YltJ iJ q q 

f)') 1 l-Jd'WUd'lL'Wnldn'elLdf) l"1l'Wb~tJ,) nUL')f~~'ellf1l1fl1l~~ltJvr'Wfid'WUd'l L~tJ f),)1l-J ~''WUNL 'Wnl dn'el hf1 
q q q q 
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~U'tltJ ri1J"'~ltJiJ~9tJtlr:::n'tl1J riu L6JlU ~uDnrr~~'tl'llf)f~ nlr~~nlr n~~~nr~~~ L~'f) LL~:::nlnn (?)'lJ , , , 

Lrf)~~t~'tl LL'Vlrn~'f)U LUucvl'W 

~ 

ezt'fl b~'lJ'fl bb'lJ~ 
I II iI I I 

L11'tl'l~1 nlf"Jf~~'tllf'tll fL'f)~ Yl\l~ltJ~'Wfir'WLLr\l LL~:::~ltJ'Wufi~'Wn'WYlr:::Ul(?)luth:::L'VlfPl1vltJ il 
, q q 

~Yn~r'WLLr'll'Wnlrri'tlLrf) LL~:::~I~lrC1Yi1L,x Ln(?)f)f)I~ L~tJ"'ltJL'Wyhf~~ nr L(?)tJ L'UYn:::Yhf~~nr~il
q q q 

nl ~9(?) nl~l~ L~~1:::~~ LL~:::~ 1 fl-J~1J~'f) (?) L~f) ~'lJ-'W nl~i1'f)'l ri'WL~f)L'W~lfl-JL~tJ'f)lr1tJ~~nf)f)Il-J 

I " 

tJ~'tl (?).ntJ'Vll'l~'JI1TW (biosecurity) LL~:::nln~lr:::tJ\lLrf)~ln~nr'Vl(?) LL'Vl'W~'lLU'W~\l~lrTC1J 'W'tln~1 nil 

nld'nnbd'flbU~nd'~Ul b~TV! ~ bbYlUrhft-J d''Jt-J~~ nld'U '[)~ nun 1 d'Ulbd'fl"'11 nflU bb~ :;~~anlN dju~(iu5illi 
I I " 

VliJ f)f)Il-J~1 LU'W L~'tlU'tl'l ri'Wnlnl11'Jf~~'tllf'tllfL'tl~~ltJ~'Wfl~a,lL'ih~ ~'l~nr 'W'f) n~1 nil nl~Lon 

tJf)~'W~'tllf'tll fL'tl~l'W~'l~ nrlf)fu~~ nlrr:::Ul (?)~'tl'll'Jf~~'tl1 f'f)l fL'tl~'tl~ LL~'J LiJ'W~ n'lfiVlii\l~'f)I~~ (?) 
, if. II 

f)f"Jl~ L~tJ"'ltJYl Ln(?)~lnnlr~(?) L~'tll~ur:::~uww'l 'tlth'llrnLPlll-J tJf)~'W~'tllf'tllfL'tl~"1lil(?) L~'f) dJ'W l~il 

t-J~LUnlrU'tl\l riunlr~ ~ L~'tl LL~:::nlnL'W1nr:::~ltJ"lI'tl'l1f"Jr~Lu~\ll~'f)th'l~~1J nu J1nA'l-Jnu~ Ln (?)~1 n 
'lJ 'lJ 'II q 

I " I 

nlrnr:::cvlUL(?)tJtJf)~'W 1,x t-J~1'W~IU~(?)r1f"Jll-Jr'WLLr'l"ll'tl\lLrf)Yl Ln(?)~ln nlr~(?) L~'f) ~'l'f)I~U(?)U'l'tl1 nlr 
q q 

LL~(?)'l'Vll'lf)~ilnLu~ 
q 
nr~ Ln t?1 Lrf) LL~:::dJUA'Jl~ L~tJ'l~~1L~Ln~nlrr:::Ul (?)~'tl'll'Jr~~'f)lf'f)lfL'f)~'tlth'l 

v1'f) Lci'tl'lL'W~1 f~ ~'lJ-'WnlrLontJf)~'W~'tllf'f)l fL'tl~L'W~'l~ n~lf)ru 9'l f)'J rLon~f)tJ f1f"J1J.Jr:::~(?)r:::1'l 
" I 

nld~ m~nnl~LL~ (?)'lL,xL~'W~I'W'WDnrnJ~'tl'llf"Jf~~'f)lf'tllfL'f)~Yld:::U 1(?) LL~:::ri'f)L~Ln(?)'f)1 nld 
q 

'Vll'lf)~ilnL'Wlh:::L'Vl Pll'VltJL'Wi1~~uu iJ~m1ru:::'Vll'l~'WDnddJ.J~ LLLPl nv11'l~1 n1f)f~~'WulutJr:::L'VlfPll'VltJ 
qq. 

" I

L'W'tl~(?l 'tltJl'11~n(?llJ.J ~lnnl~P1n111il'Wu~1 l'Jf~~'tllf'tllfL'tl~YlY'luL'WtJr:::L'VlPll'VltJ iJnl~ 

LtJ~tJ'WLLtl ~'l'VlI'l~'WD 
q 
nrdJ.J~ LL(?l n v11\1~1 n L f"J r~L'W'tl ~ (?l rl'tl'W-nI\1l-J1 n LL~:::'tlI~iJ nlntl~tJuLLt1 ~'lv1'tlltJ 

L'W'tl'W1 r1LPl ~'l r1f"J dil nl r~ n111 v1tl Ln'f)\l L~tl~ n111 nlntJ~tJ'WLLtJ~\l'Vll'lvr'WD 
q 
ndd~"lItl\ll f"J f~~'f)lf'ell fLtl ~ 

L'WtJ~::: L'VlfPlL'VltJ'tltJl'l v1'tl Lci'tl'l LL~:::~ m11 L~J.J L~~ L~tJf"J rlU'WtJlfl'l'VltJl LL~:::nlrri'el Ldf)"1J'f)\lLf"Jf~~'l n~h'J 

L'W~ n ~ r'JJ.J n'l f)'J lJ.J LL(?l n v11'lL'WL~'lJ1nA'J.J rl'W'lyltJl L~'f) LmtJu LVltJU riutJf)~'W~L-n1'Wlh::: L'Vl PlL'VltJL 'W 
q 'lJ q 

u~~u'W Lt?1tJoif'elJ.J ~ ~\l n~I'J iJtlr:::LtJ"1l,rdj'W'f)tJl'l~'l (Y\'tl nl~'Jl'l LLt-J'WU'tl'l n'Wnl~~:::1Jl (?) LL~:::nlrf)'JU f)J.J
q 'lJ q 

L~f)1'Wtl~::: L'VlPll'VltJL'W'el'W1 f)(?l 
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