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Abstract: This study analyzed a bovine viral diarrhea virus (BVDV) strain isolated from the intestinal contents of di-
arrheic calves, and classified it as subtype BVDV-2d for the first time and designated it as 22-Gansu-F3. Through viral isola-
tion, identification, and whole-genome sequencing, this study not only explored the pathological changes in the intestines of
diarrheic calves, but also analyzed the genetic characteristics of their synonymous codon usage pattern. Our findings revealed

a significant reduction in the usage frequency of CpG dinucleotides within open reading frames. Besides, arginine showed no-

table suppression of synonymous codon usage containing

e #5 H #1:2024-04-06 CpG during the selection process for synonymous codon. To
E€WE A AARAIESITH (23JRRAT1S) elucidate the genetic features of synonymous codon usage
1EE B AE M (2001-) 55 TR R D L5 2, 2B patterns among various functional protein-coding sequences ,

WEEER TAEDTSE ., (E-mail) yangxuanye2001@ 163.com we compared the usage differences of synonymous codons in

EHAEE : B, (E-mail) maxiaoxia56@ 163.com different coding sequences and found significant differences
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in the synonymous codon usage of the N™ and NS4A encoding regions compared to other proteins. Furthermore, the different

protein-coding regions of the BVDV-2d strain 22-Gansu-F3 exhibited good adaptability for synonymous codon usage pattern in

pigs, sheep, and camels, and provided a potential material basis for the translation of viral proteins in these hosts. The re-

search results offer new theoretical insights into the evolutionary dynamics of BVDV subtype 2 in China and serve as an early

warning to prevent this subtype from becoming the predominant circulating subtype.
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Table 1 Reference information of 5’ untranslated region ( UTR)

sequences for subtyping classification of bovine viral diar-

rhea virus (BVDV)

FrE WAL S'UTR 731 GenBank %55

BVDV-1la AJ133739.1
BVDV-1b EU224226.1
BVDV-1¢ AF049221.2
BVDV-1d EU224230.1
BVDV-1e EU224224.1
BVDV-1f MH753468.1
BVDV-1g EU224236.1
BVDV-1h EU224231.1
BVDV-1i AF298059.1
BVDV-1j JF759939.1
BVDV-1k K(C853440.1
BVDV-11 MG670548.1
BVDV-1m GU120241.1
BVDV-1n GQ495676.1
BVDV-1o JIN248734.1
BVDV-1p GU120246.1
BVDV-1q JN400273.1
BVDV-Ir MG670547.1
BVDV-1s LM994673.1
BVDV-1t LM994674.1
BVDV-1u KJ578848.1
BVDV-1v KP749794.1
BVDV-1w MN417893.1
BVDV-2a GU395545.1
BVDV-2b AY379547.1
BVDV-2¢ AF417996.1
BVDV-2d AF244959.1
BVDV-3 JX4691191.

14 S BESHRERANRF

MR GenBank H(¥g EHhic st AR BVDV-2 7
PRI AR AT 5 B, % 8 BVDV A [a] 5 bR 5 ]
P RAF IX BT BRI 15 0 1 4 R DR 4 ) A S
ST E) (% 2), WIS HLSI Y ORY WME E
BVDV 7 #5443 A i & X (£ 2) . 4000l
RT-PCR ¥ 34 H K 94 50 PCR 7= ¥ F| F§ DNA 46
AT AT PR, W S5 4% A pMD-18T (E H A9
FARA B F 7= i) OB gk Ik L #4 pi R 2l 2k ik, OF
N4 25 kg BE R 1) e o 28 A 6 R A AR A B
BEATIE . I DNASTAR %4 P Y EdiSeq P2
Tromi FFEY , LI A58 219 BVDV SEH 4

2 X4 FREUESRE(BVDV) S EEHEERANSIWE
=|

Table 2 Information about primers for the whole genome of bovine

viral diarrhea virus (BVDV) isolate

314 SIS (5'—3) TR
1F GATTGGACGTTGACAAAATAT 302
IR CTATCAGGCTGTGTCCATAACGC

2F TAGGGTGTAGCAGAGACCTGC 524
2R GTATACCCATTTGAGGACTTC

3F CAACCAGAAGTCCTCAAATG 759
3R GTCCCTAGCCTGTGTTACGAT

4F GACAGTCCTACAACTTTGACAG 2 019
4R TATCTCCTCAGTGTTCACTC

S5F CTGAGGAGATAGTCATGATAG 624
SR GCAGTAGGAAGCCTGCTAAGTC

6F CTACTGCAATGGGCACCAACAG 309
6R CACCTGCCACTGGCTACTGATG

7F GTAGCCAGTGGCAGGTGGTC 707
TR GTCCATGATATTTACGTGGCAC

8F GACAAGCTAACTGCATTCTTTG 1 301
8R GCATTGGTGGCTACTACTAC

9F GCCATAGAGTCAGGTGTAACAC 1024
9R CATACTCCTTGAGTGTTTGC

10F CACTCAAGGAGTATGTGGAT 955
10R TGCAAGTTGAAGATCAAGTC

11F GACTTGATCTTCAACTTGCATG 1720
11R GTTCACCTTCCACCAGCTCT

12F GAAGGTGAACTTTCGAAGGT 735
12R GTCAAATAGCGGTGTTTTGC

13F GCTATGAGGGCAAAACACCGC 1199
13R TACTGTCATCAGCATCAGCCTC

14F GTGCCAGTCAGATGGGCAGAT 782

14R GTAGTGTTAAGTTAGGGTAT
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PRI ACA, ZitiAE 2 RR Y AGA 1 AGG ; fifi F A9 % i
Ry R B Ry dtth 5E 2R 1Y CUU A CUC, Fnfidh
SRR AUU, 4t 22 2 1R 11 UCG, g5 TN 2 2
1) GCG , BRI CCG , LI E MR ACG, %

St ) 2 SR 2, IF HAS R 6 Fhin) %%
i3F(CGU.CGC .CGA .CGG . AGA Fl AGG) {ii I #5
A1 2B Y v L X sl g AR R B
BVDV-2d A 22-Gansu-F3 ik FE R 475 [F) X &1 7

S BRI CGU .CGC .CGA FIl CGG, M 3 w4,
A CpG ZAZ AT R 1 [) SC 288 At = 1) felt FH B A XoF 1z

_|j BVDV-1vJS12 02 KP749794.1
BVDV-10JS10116 JN248734.1
BVDV-1q SD0803 JN400273.1
BVDV-1g B434/06 EU224236.1
BVDV-1w T6-20 MN417893.1
BVDV-1m LZ-05 GU120241.1
BVDV-1p TI06 GU120246.1
BVDV-1h B335/06 EU224231.1
BVDV-1t S1/207/12 LM994674.1

N BVDV-la NADL AJ133739.1

BVDV-1j CHL/P30 JF759939.1
BVDV-1i 23-15 AF298059.1
BVDV-1c Bega AF049221.2

BVDV-1d B325/06 EU224230.1
BVDV-1n KB-01 GQ495676.1

BVDV-1e B248/06 EU224224.1
BVDV-1k SuwaNCP KC853440.1
BVDV-11 TR72 MG670548.1

BVDV-1b B288/06 EU224226.1
E BVDV-1f TR80 MH753468.1
BVDV-1s UM/136/08 LM994673.1

BVDV-1r TR70 MG670547.1
BVDV-1u JS-00108 KJ578848.1
BVDV-3 JS12/01 JX469119.1
BVDV-2a MS12 GU395545.1
BVDV-2¢ 133283 AF417996.1
BVDV-2b Giessen AY379547.1
22-Gansu-F3 W
BVDV-2d 354 AF244959.1

i FH L 32 B384 a4 I T )R

[
0.02
* RIRAMITE T B AR
E1 ETHHSHEEERS(BVDV) S'IEHERX (UTR) MEN RS LR
Fig.1 Phylogenetic tree constructed by 5'untranslated region (UTR) of bovine viral diarrhea virus (BVDV)
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Fig.2 Pathological injury characteristics for different regions in intestine of cattle caused by bovine viral diarrhea virus (BVDV) 22-Gansu-F3
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*3 4RHSHESHE(BVDV)-2d & 22-Gansu-F3 SHEEA
BIHE X [2) X A F{E A ( RSCU)
Table 3 Relative synonymous codon usage value for the whole cod-
ing sequence of the strain 22-Gansu-F3 from bovine viral
diarrhea virus (BVDV)-2d type

] ¥ AHX ) S W AT AR A
(FHEm) W HE (€593 W HE
UUU(F) 1.10 AAU(N) 0.86
UUC(F) 0.90 AAC(N) 1.14
UUA(L) 1.06 AAA(K) 1.04
UUG(L) 1.23 AAG(K) 0.96
#CUU(L) 0.53 GAU(D) 0.91
#CUC(L) 0.58 GAC(D) 1.09
CUA(L) 1.39 GAA(E) 1.06
CUG(L) 1.20 GAG(E) 0.94
#AUU(T) 0.45 UGU(C) 0.94
AUC(T) 1.04 UGC(C) 1.06
AUA(D) 1.51 #CGU(R) 0.06
GUU(V) 0.75 #CGC(R) 0.09
GUC(V) 0.66 *CGA(R) 0.19
GUA(V) 1.30 *CGG(R) 0.19
GUG(V) 1.29 *AGA(R) 2.92
UCU(S) 0.60 *AGG(R) 2.54
Ucc(s) 0.79 GGU(G) 1.02
UCA(S) 1.45 GGC(G) 0.70
*UCG(S) 0.09 GGA(G) 0.94
*AGU(S) 1.73 GGG(G) 1.33
AGC(S) 1.35 CCU(P) 0.99
GCU(A) 1.28 CCC(P) 0.84
GCC(A) 0.97 *CCA(P) 1.82
GCA(A) 1.45 *CCG(P) 0.35
#*GCG(A) 0.30 ACU(T) 0.91
UAU(Y) 0.98 ACC(T) 0.87
UAC(Y) 1.02 * ACA(T) 1.67
CAU(H) 0.84 *ACG(T) 0.55
CAC(H) 1.16 CAA(Q) 1.00

CAG(Q) 1.00
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3 37 B AT R I AR BB 1 s, 2, IS
i 35 S SR i 2 D X 7 1% ) 1 37 A [) S %
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BRAS [R]85 1 03 G A5 7 5 64T 90 AT, 2 AN [R) 4 B )
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FI ENC BT 515 TR AR M2 T 7 (B 3)
BR T NP FINS4A it 7 ok, HAr AR 4548 2 1 iR

S5 R85 1 0 1 G 2 EL A AR AL A B0 0 Al v
PE, BEAN, NSAA Gty 17 51) i) 2 55 it g P fe ik, 1
NP Gt 7 5 1) 3 5 - P M e 55 . X BB 2 R 3k
W, A P ) 5 A AR e s J) % BVDV-2d A
22-Gansu-F3 FERRKE R 21 A9 AS [R]85 1 5 4 5 1 571 1)
SO AN — (), HAE NP Fl NS4A Zihs 551 bR
RHNZE

651
60
m 55
e
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E,E'Aj 45
40
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35

30

0 0.11 ().12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 liO
GC3% it
* BVDVHTSEEAE; © JE45HA; + 45iiEH
GC3 F i HihJ 5 5 B0 145 3 LAY G+C &1,
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Fig.3 Plot of ENC-GC3 content for different viral regions of
bovine viral diarrhea virus (BVDV)-2d type 22-Gansu-
F3

FET ENC-GC3 # a5 B BT B bt 1 %% i fifi
Trrg e (K 3) i — 2R FE W53 8 (PCA) 544
BVDV-2d A 22-Gansu-F3 FERRIE K 20 b 1) A 5] 2 5
51 X5 T ) 32 HE ( ORF) 14T ) S % At 7~ fdfi 7
BB 2 R i, 253 (F 4)%%% NS2 &
HLHE 1 ERAZSE(,)=0.19,5 2 ElISH
(f,)=0.10]5 ORF(f,=0.21, f,=0.22) 7E[F X
A P X Dy T LA 0 e A AR, AR 75
Yt H YN [R) B2 JE M 55 ORF [m) S 2% 65 -l i A5
AAFTE B AL 22 5 (181 4) o AP, NS5A (/' = 0. 40,
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diarrhea virus (BVDV) 22-Gansu-F3
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Fig.5 Adaptability of different coding regions of the isolated strains to the synonymous codon usage patterns of different hosts
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