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Abstract: This study aimed to evaluate the application of metatranscriptomic sequencing technology
for the identification of a co-infection event involving European and North American genotypes of
PRRSV. A PRRSV-positive serum sample was collected from a swine farm in Guangxi Zhuang
Autonomous Region. The complete genome sequence of the virus was obtained using metatranscriptomic
sequencing, and further subjected to phylogenetic and recombination analysis.
sequences of both PRRSV1-GXHZ-202408 (15 076 bp) and PRRSV2-GXHZ-202408 (14 989 bp)
were successfully recovered. Phylogenetic analysis revealed that PRRSV1-GXHZ-202408 formed a
novel subclade with its closest relative SC-2020-1 (GenBank: MW115431; 90.45% nucleotide
identity) , while PRRSV2-GXHZ-202408 clustered within the NADC30-like group (Lineage 1.8),
sharing 88.63% nucleotide identity with the prototype NADC30 strain (MH500776). Notably,
recombination events were identified in both strains: PRRSV1-GXHZ-202408 originated from an
SC-2020-1 backbone with recombination breakpoints in NSP1-NSP2 (650-2 050 nt) and ORF6
(14 131-14 570 nt) involving 1LV4. 2.1 (AY588319) and HKEU16 (EU076704) , whereas PRRSV2-
GXHZ-202408 arose from recombination between NADC30 (MH500776, major parent) and JXA1
(EF112445, minor parent) in the NSP3-NSP9 region (5 331-8 081 nt). In this study, metatranscriptomic
sequencing was employed to not only definitively identify co-circulation of PRRSV1 and PRRSV?2 in

Complete genome

the swine farm, but also to obtain complete viral genomes and precisely characterize the genetic
features of circulating strains. This approach clearly analyzed the epidemic dynamics of PRRSV in the
swine farm, demonstrating that metatranscriptomic sequencing serves as a powerful tool for precise
prevention and control of PRRS.

Keywords: porcine reproductive and respiratory syndrome virus; co-infection; metatranscriptomic
sequencing; genomic characterization
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2.15.0) 5 [ 2 #Y PRRSV B 5 #E47 Ho X, 482 H
g5 LL60% M AH AL B AN E-value<<0. 000 001 Ay [
(B A7 0 16 I 43 S 5% DN 78 0 IR I R B 2 L il
Samtools(V 1. 19) 7 Ml IR & o & Ja , X i LA
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Table 1 The information of the PRRSV reference strains used in this study
R 5 24 B mxmm 2T b 2 B LR
number Strain name Country/Year number Strain name Country/Year
AY032626 CH-1a China/1996 KP998476 FJFS China/2015
AY 366525 EuroPRRSV USA/2003 KR706343 JLL.580 China/2013
AY588319 LV4-2 Netherlands/2004 | KT022071 HNxal4 China/2014
DQ489311 SDO01-08 USA/2001 KT224385 HLIB1 China/2014
EF112445 JIXA1 China/2006 KT257976 1ISU29 USA/2014
EF635006 HUN4 China/2007 KT351740 HLIB1 China/2013
EF641008 JXwn06 China/2007 KU950372 HENXX-1 China/2014
EU076704 HKEU16 China/2007 KX668221 WestSib13 Russia/2013
GQ461593 SHE China/2009 KX815423 15LLN1 China/2015
GU047344 BJEU06-1 China/2006 KY373214 JISWA China/2014
GU047345 NMEUO09-1 China/2009 M96262 Lelystad Netherlands/2000
GU067771 Amervac Spain/2009 MF 375261 SC-d China/2015
HQ315837 SY0909 China/2009 MG844181 HB17A China/2017
HQ401282 Shaanxi-2 China/2007 MG860516 LNWK96 China/2017
HQ843178 HLJ-09 China/2009 MH500776 NADC30 China/2017
HQ843179 HLM-09 China/2009 MH651736 CY1-1604 China/2016
HQ843180 SD-09 China/2009 MH651739 HBFL-1604 China/2016
JE802085 lena Belarus/2007 MH651740 HNJYH-1606 China/2016
JN387271 GDQY1 China/2007 MH651741 LNCH-1604 China/2016
IN654459 NADC30 USA/2008 MH651742 SDQD-1604 China/2016
ING662424 GM2 China/2011 MH651743 SD-1602 China/2016
JQ308798 QYYZ China/2011 MH651744 SD53-1603 China/2016
JX187609 NVDC-NM1-2011 China/2011 MH651745 SD99-1606 China/2016
KC492504 NVDC-NM2 China/2011 MH651747 SDZC-1609 China/2016
KC492505 NVDC-NM3 China/2011 MH651748 TJZH-1607 China/2016
KC492506 NVDC-FJ China/2011 MK303390 180900-5 China/2018
KF001144 GZ11-G1 China/2011 MK639926 EUGDHD2018 China/2018
KF287129 HK3 China/2003 MN648054 LNDZD10-1806 China/2018
KF287130 HK5 China/2004 MN648055 HLJZD30-1902 China/2019
KF287131 HK10 China/2004 MN648449 HLHDZD32-1901 China/2019
KM196101 LNEU12 China/2012 MW115431 SC-2020-1 China/2020
KP860909 FJZ03 China/2013 M7Z820388 JS2021INADC34 China/2021
KP860912 FIEU13 China/2015 OL771206 CH/SCCD-4/2020 China/2020
KP860913 FIQEU14 China/2015 01771208 CH/SCMS-4/2020 China/2020
KP889243 SU1-Bel Belarus/2010
1.5 EASW 5 1 e ) 2 S R A A, S 7 Ry ik

VAL PRRSV 35 #k 8 16 19 3240 5 144, A
RDP4 % 4 (V 4.10.1) 1 RDP. GENECONV ,
BootScan, Maxchi, Chimaera , SiScan Fl 3Seq 3£ 7 #f

3Fh AR L B P<<0. 001 I, DA N 3% B 4H =4 ] fig
KA [RIHEE Simplot(V 3. 5. 1) #EAT I IIE , % & %
F RN A 500 bp, 24K 8 20 bp, 27 H B0 4 Wi 4,
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it — 2 T R RE L BE AR B A SE R AL R X RR A A
i 14T SC 2R R el o IR AR AR R 2.8 Gb
Jadi 248, B R OF 2 Reads Ui Oy Q370 BEA
MEGAHIT #4741%% f# H blastn #E 1705 2%, 75 2] T
W4 PRRSV J¥41 . — 458 TR B (PRRSV-1) , K

&R 15 076 bp, fiy 24 & PRRSV1-GXHZ-202408; 73
— %)@ T W (PRRSV-2) , K K 14 989 bp, fir
% 5 PRRSV2-GXHZ-202408, Samtools %k {4 43 #r
B AR URARAR I 2 55 77 5] 11 1 359 0 O 4 0 ek
710 000 X, 78 ¥ B A A 4 5% X . PRRSVI-
GXHZ-202408 F1 PRRSV2-GXHZ-202408 % ¥k 5
PRRSV 4 K K 240 2 % 8% e b B AU 5 Bk
LV4.2.1 (AY588319) iy % K A1 L B 2 il A
86.25% M 55.57 %, 1 5 M ALK #E K NADC30
(MH500776) Y & K AH L B2 43 51 b 55.75%
88.63%0 . KP4 AHLBEAE SR 1K B, AW T a2
It S 2L W) P R B ) M S T S U R R R AR 5 AR 114
TRA Y IR T o8 8 s R L 4L (B 1) .
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Fig. 1 Genome-wide similarity plot of the isolated viral strains

R P PRRSV1-GXHZ-202408 #: k5 10 %
PE BRI A2 25 35 ik 0 4 5L DR 21 A% 1 R A R0 RE S R
g 82.37%~90.45% ORF5 )&% 1 R Fl 4 5 1R 41
181 )3 36 1Bl 43 1 Sk 83.83%6~88.94% Fl 84.65% ~
89.11% . HiA I[N 4 Al ORF5 ¥ 5 SC-2020-1 &
PRI R M L BE B o, g3 il A 90.4500
88.94% . PRRSV1-GXHZ-202408 £ ¥k £ NSP2-
NSP12 ,0ORF2a-ORF5 LA & ORF7 X3k 5 SC-2020-
1 # bR A B B9 A LBE L {H 7E NSP1JE [ b 3 vk 5
LV4. 2.1 % kA LB B & , 76 ORF6 X 8l 4k ) 5
HKEU16 & Bk A1 1 & & & (% 2) o 3% i 2
PRRSV2-GXHZ-202408 7 #k 5 45 18 3 1 36 I 7 75
PR 4 5 DR AL i A Bl S B R 791726 ~88.63% .
ORF5 M A% 1 iR Fn 24 5L 2 5 4% AR 3 B2 bk 1 AH U EE
Rl 23 1) A 82. 09 % ~90. 22 % H1 81. 59 % ~90. 05%
H 4 JE R 40 i ORFS ¥ 5 NADC30 B A ik & 19 B

TR AH 0L RE 43 51 R 88.63% F190.05% ., bk TE
NSP1-NSP3.NSP9-NSP12 fil ORF2a-ORF7 % %
X 3 5 NADC30 # #k H A 5 09 A5 LB A 78
NSP4-NSP8 ik JLA™ % 22 1 X B A1 5 IXAL AL,
X % B PRRSV2-GXHZ-202408 T bk il RE & 4 T &
H(F3)., A, 7E NSP2 X 38 3% ¥ %! PRRSV2-
GXHZ-202408 # bk 5 10R % bk NADC30 A &% i 1
AEARLBE | ELAF 7 40 TR) %) 32 PRk 2R A X B 111+ 1+
197 B LR w5
2.2 EfFEHSH

A% 4k & & Wk, PRRSV1-GXHZ-202408
B R 4 5N 41 R ORFS 35 4 # 5 SC-2020-1
(MW 115431) # MR AL F [/ — 443 % 1. SC-2020-1
BER T 2020 4R 76 10 1148 B A B, 5 At RROH A4 25: k
FHEE , 76 HNSP2  ORF3 Fll ORF4 41 £ A i 42 Y it
KA, HEERGE LR EW 5T W AFEN
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Table 2 Nucleotide (nt) and amino acid (aa) sequence homology analysis of coding genes in PRRSV1-GXHZ-202408 isolate

R MR R H R (5] IR / 2 R TR ) A )

Ilz:ej;ﬁion Strain (Nucleotide sequence homology/amino acid sequence homology)

SC-2020-1 Lv4.2 Amervac BJEU06-1 HKEU16 NMEU09-1
2R H 4 Genome 90. 45 86. 44 85. 14 83.78 84.17 82.37
ORFla 88.78/89. 48 84.69/86. 44 82.98/85.02 81.63/83.48 81.71/83.60 79.42/81.06
ORF1b 92.71/96. 38 88.11/94. 88 87.04/94.74 85.31/94. 54 86.09/93.72 83.97/93.17
NSP1 85.33/86. 46 86.02/86. 98 84.11/85. 16 82.99/84.90 80.56/82.55 82.03/83.85
NSP2 87.37/85.47 83.31/80.69 81.24/78.73 79.02/76. 10 80.31/76. 29 76.15/72.73
NSP3 92.52/81.74 85.60/63.90 85.18/63.49 83.38/61.41 83.66/59. 34 82.27/55.60
NSP4 93.45/84. 31 89.53/72.55 89.36/73.53 86.91/66. 18 86.74/65. 20 86.25/65. 69
NSP5 90.98/95. 29 87.84/92. 35 85.10/90. 59 85.88/91. 76 85.49/93.53 82.75/90. 00
NSP6 89.58/93.75 81.25/87.50 81.25/87.50 75.00/87. 50 79.17/93.75 81.25/87.50
NSP7 92.07/94. 80 87.24/94. 42 85.38/93. 31 86.49/94. 42 85.01/93. 31 83.64/91.82
NSPS8 93.33/95. 56 88.89/91. 11 90.37/93. 33 88.15/91.11 87.41/93. 33 88.15/91. 11
NSP9 93.09/83. 65 88.95/72.85 87.54/69.93 85.88/64. 96 86.95/67.59 84.66/62.04
NSP10 92.46/96. 38 86.27/92.76 85.52/92.53 84.39/93. 44 84.31/90. 50 82.88/91. 86
NSP11 92.08/96. 86 88.49/96. 86 86.40/96. 86 84.90/95. 96 87.00/94. 62 84.60/94. 62
NSP12 93.11/90.78 89.07/87.94 89.07/88. 65 86.94/86. 52 86.22/86.52 84.09/82.98
ORF2a 93.87/94.40 88.53/90. 40 87.33/88.00 86.13/88.80 85.73/87.20 85.87/87.60
ORF2b 95.31/95.77 93.90/97. 18 92.96/95.77 92.96/95.77 87.79/91.55 91.55/95.77
ORF3 91.48/90.11 84.46/81.20 83.33/79. 32 82.44/80.23 83.72/79.85 84.35/83. 65
ORF4 86.85/88. 40 84.42/84. 24 83.51/85. 33 83.15/82.87 84.26/85.08 85.00/85.08
ORF5 88.94/87. 62 84.98/84. 65 85.64/87.13 85.81/87.62 83.83/89.11 83.99/85. 64
ORF6 87.55/90. 80 88.12/91. 95 88.70/91. 38 86.02/88. 51 90.04/93. 10 87.74/90. 23
ORF7 93.80/93.02 93.28/95. 35 91.99/93. 80 90.18/87. 60 90.18/89.92 88.89/90. 70

2% 5, U B E S — S 87 #F ; PRRSV2-
GXHZ-202408 8 P (1) 4> 5 X 40 1 ORF5 1 Y %
GRBEWEE R BIRZERBIGR L8, xRN
M8 NADC30, fH 13 7 & 1) /&2 , PRRSV2-
GXHZ-202408 # #k 75 #F L 44 Th i T NADC30 & %
BRI — ARk N7 8 4 S, 3R AR AR B K AR
F(E2).
2.3 RITEHREREABFTESW

40 & PRRSV 3 b Al ik 14 A8 5 (%) 5 Z AL
AN [) 3 2 A X Y R R EE O 2R B Ot A S A TR
&4 Hr 45 B R, PRRSV1-GXHZ-202408 # £k
()42 36 R4 L SC-2020-1 (MW 115431) % ¥R 7E R 8
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Table 3 Nucleotide (nt) and amino acid (aa) sequence homology analysis of coding genes in PRRSV2-GXHZ-202408 isolate
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a, b. Maximum likelihood phylogenetic trees were constructed based on the complete genome and OREFS5 gene of PRRSV1-

GXHZ-202408; ¢, d. Maximum likelihood phylogenetic trees were constructed based on the complete genome and ORF'5 gene of

PRRSV2-GXHZ-202408. The isolated strain is marked with a red star (%)
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Fig. 2 Phylogenetic tree of the isolated viral strains
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A. Similarity plot (generated by Simplot) , with colored solid lines representing reference strains from different subgroups, and

potential recombination regions indicated by distinct color codes; B. Phylogenetic trees of different recombinant regions, where

the isolated strain is marked with a red symbol (3 )
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Fig. 3 Genetic recombination analysis of PRRSV1-GXHZ-202408 strain

W SC-2020-1 # Bk A & 19 8% B A LR
90. 45% , T J5 & 5 2020 4F DU 1 45 3 5% 3 B 5% 09 i
IR SRR % T R i
SC-2020-1 5 %6 T 2020 4F7E 4 )1 48 9 i 18, AW 52
e RS Z M B PRRSV1-GXHZ-
202408 b , $2 7% 28 58 B 1) 8] 09 9 8, 1% W B 1
BEVR AT RE O M5 55 2 2 24 )7, 3 [ B i3 1

H AT X B Y1 PRRSV B WA 2 o A BFFE R E
INFF I v E O PRRSV 43 B bk 3647 55 20 5 1 19
A, R — R Bk R T mEAFE A,
F W] H [ B R PRRSV JE R4 5 T & AR JE I &
41177 FEARBEFE HF PRRSV1-GXHZ-202408 3 bk 1Y
ORFla f1 M & [ X I th &l i 7 & 4 F 4.
PRRSV2-GXHZ-202408 # #k J& T 3£ ¥l &1 PRRSV



1658 R

57 &

A

Similarity Distance Plot (Query: PRRSV2-GXHZ-202408)

= NADC30(MH500776) wesss= NADC34(MF326985) wwsss JXA1(EF112445) wesssmm CH-1a(AY032626) wwwss GM2(JNG62424) mwsss VR2332(EF536003)

0.95

0.9

Sequence Identity
o
fe]

I
9
S

0.7

0.65

0.6

1k 2k 3k 4k 5k 6k 7k
Nucleotide Position

-—’--I- o 10

NSP1 2
B

AY032626.1_CH-la
EF112445.1_JXAl
IN662424.1_GM2
EF536003.1_VR2332

MH500776.1_NADC30
MF326985.1_NADC34

Tree scale 009

1-5331nt, 8 082-15 424nt

4 5678

PRRSV2-GXHZ-202408 %

8k 9k 10k 11k 12k 13k 14k 15k

11 12

g M
ORFGINNINE Gps @ N

PRRSV2-GXHZ-202408 %
EF112445.1_JXA1
AY032626.1_CH-1a
IN662424.1_GM2
| EF536003.1_VR2332
MF500776.1_NADC30
MF326985.1 NADC34

Tree scale 206

5332-8 081nt

AL AELEE P (T Simplot &2 )80 , % 6 S 2 AU AR R & #9275 5 bk, AT RE A9 B 41 X R R B AR 15 B 26 TR R E 41X

SRR TR ) 3 A AL, R R PR 20 €0 e B il

A. Similarity plot (generated by Simplot) , with colored solid lines representing reference strains from different lineages, and

potential recombination regions indicated by distinct color codes; B. Phylogenetic trees of different recombinant regions, where

the isolated strain is marked with a red symbol (3 )
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Fig. 4 Genetic recombination analysis of PRRSV2-GXHZ-202408 strain
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