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Abstract; In order to study the structure and function of sheep rotavirus NSP2 protein, the cDNA of a sheep rotavirus GS2023 strain was
used as a template to amplify and clone the NSP2 gene by PCR, and various bioinformatics analyses and prediction software were used to ana-
lyze the bioinformatics characteristics of NSP2. The results showed that the open reading frame of the NSP2 gene was 954 bp, encoding 317
amino acids. NSP2 was a hydrophilic and stable protein, with no signal peptide. The prediction of subcellular localization showed that it was
mainly located in cytoplasm and nucleus and belonged to non—transmembrane protein. The NSP2 protein contained 36 glycosylation sites and
49 phosphorylation sites. Its secondary structure was composed of a helix structure, extended chain and random curl, while its tertiary struc-
ture was connected end to end. The amino acid similarity between the NSP2 protein and the rotavirus strains in China and in the world was
90. 2% -98. 7%. Compared with bovine rotavirus strains SCMY1 and SCMY2 in China, the amino acids of GS2023 were mutated from lysine
to arginine at position 38, and from serine to asparagine and from valine to isoleucine at positions 100 and 202, respectively. The phylogenet-
ic tree analysis showed that the genetic distance between the GS2023 strain and the bovine rotavirus strains in China was the closest, but it
was far from other sheep rotaviruses. In this study, the NSP2 gene of a sheep rotavirus was successfully cloned and the biological characteris-
tics of the NSP2 protein were analyzed, which provided theoretical reference for further research on the structure and function of the NSP2

protein.
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1.1 FEHMM

RV GS2023 #RH#b LR KRB s or kit S
KAV R M S5 % 0 B O IR AF, DHSo J52 2540
. DNA B & 2 x Rapid Taq Master Mix, DNA
Marker 31 H Vazyme Biotech /A H]; 5xPrimeScript RT
Master Mix S %% 5% . pMD— 18T A& A K% 74
WHEARAR A A HUEHE H Biosharp 24 7] ; 50 %
TAE W H I 4E /R AL VR A R w5 B e
Ji2 SRR £ [ HLINGENE /A #] ;i RNA $#2BGK
FEWH M Y TRA RA ],
1.2 35|¥igit

HRYE NCBI _EAZ #9485 NSP2 JF51] (Gen-
Bank: PP115433) & it 51 %, 51 % )% %) n F.
NSP2- F. 5'- ATGGCTGAGCTAGCTTGCTTCT - 3’,
NSP2-R: 5'-TTAAACTCCTATTTGAGAAACTTCATCC -
3, 51l B A T AW TR KA RS 317
B
1.3 fFELS RNA RIS BHEREY 1S

ffi ] Total RNA Kit #£47 GS2023 J 7k RNA 1)
U, JEFIH PrimeScript RT Master Mix S % 3% i1
RNA S %% 5% Bl cDNA, X Fik & . 16.0 pL

RNA, 4.0 pL 5XPrimeScript RT Master Mix &2 % 5% i ,
S S )RR J¥ 9. 37 °C 15 min, 85 C 5 s, DU
cDNA MM AT PCR P71, SO SRR H725.0 wl:
2x Rapid Tag Master Mix 12.5 uL, bF FiFE5I¥&
1.0 pL, ¢DNA 3.0 wL, RNase Free H,0 7.5 uL, 2
MEEF H: 95 °C 3 min; 95 C 15 s, 55 C 15 s,
72 °C 60 s, ¥ 30 ¥ 72 °C 5 min, i 1% M35
EREBERS HLYK 150 V 30 min K5l PCR 484774,
1.4 NSP2 EFEEESNF

Xf NSP2 475 Wt i e 1] iR & A B Jie 1]
W, B 4.5 pl PRSI 4lifk PCR =915 0.5 pl
pMD-18T #844&, 5.0 wL Solution I 7E 4 °C i%4% 16 h,
5.0 wL #REZY A 30.0 pl DHSo S22 40 1,
42 CHIVH 45 s, SLRIVK BEFFE 3 min, ZJEAMA
300 wL JoPt LB $5373E, IF7E 37 CHEIR 200 v/min $2
T 40 min, BB S TR AT 2= A Z R HUA R AR
LB i FRk I, 37 ClHI B F7 5 RIS T % 2
FAHER LB KRG FRAE T, 37 CHEW 5 h, JEAT
HR PCR, IR OB AT PCR 9784, [ SR
%M 25.0 uL: 2xRapid Tag Master Mix 12.5 pL, [
TG94 1.0 pL, H# 3.0 wL, RNase Free H,0
7.5 pL, I FEF H: 95 C 3 min; 95 C 15 s,
55°C 15s, 72 °C 60 s, ¥ 35¥; 72 °C 5 min, fifi
19 B9 BERE FHBEIRE LUK AS I PCR 4347, LR
PSR R R L 2 B AR TR A R T IN R
1.5 NSP2 £MERZESH

i | ExPASY ( http ://web.expasy. org/ protparam/ )
X NSP2 # F#Y BEAL PR BT RIS E 2R B AT 23 Bt A B
15 ProtScale ( https://web. expasy. org/protscale/) X
NSP2 £ [ % 3% K/ 8 K M i 47 20 Br; - SignalP - 4. 1
(https ://services.healthtech. dtu. dk/service.php? SignalP -
4.1)%f NSP2 # H B {5 5 IKEAT #UIN ;. WOLFPSORT
Il ( https://www. genscript. com/wolf — psort. html ) X}
NSP2 3 [ B W 40 i 22 37 JE 47 #U0; TMHMM - 2. 0
( https://services. healthtech. dtu. dk/service. php?
TMHMM-2. 0) % NSP2 2 [ Yy 5 [l S5 e 45 4y 1/t 17 1
s YinYang—1. 2 ( https ://services. healthtech. dtu. dk/
services/YinOYang—1. 2/) %f NSP2 & FH (B LA 21
PEAT FUI ;. NetPhos — 3. 1 ( https ://services. healthtech.
dtu.dk/service.php? NetPhos—3. 1) X NSP2 %K [ ¥
WA A S AT U ; DNASTAR $PFXH NSP2 2 1 HY)
PUEYEFEAT /0 M1 ; SOPMA ( https ://npsa — prabi. ibep.
fr/cgi—bin/npsa_automat. pl? page = npsa_sopma. html )
F1 SWISS-MODEL( http : //www.swissmodel. expasy.org )
X NSP2 & 1 1 — G4t A = A b AT T
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(S2023-2023~sheep—China PP115433 o 2023 *
RVA.Sheep—tc.ESP.OVR762.2002.G8P14 EF554155 PYPEF 2002 *
RVA. Antelope—wt.ZAF.RC-18-08.G6P14 FJ495134 [E[S 2008 ES
RVA.Goat-wt. UGA.BUW-14-085.2014.G6P1 KY055434 Bk 2014 *
RVA.Goat—wt. MAR.S19.2012.G10P 14 MN067440 JEE 1% AF 2012 =
RVA.Goat-wt.ARG.0040.2011.G8P1 KF577845 F fR AL 2011 £
G034-1999-goat—-Bangladesh GU937884 oy IETAES| 1999 *
XL~-2010-goat—China 1Q004977 o 2010 *
LLR-1985-lamb—China JQO31147 E 1985 *
LLR-2023-lamb~China 00603395 R 2023 *
Lamb-NT-2007-lamb FJ031020 GRS 2007 *
€C0812-1.2008-lamb—China HQ834203 FE 2008 ES
RVA.Cow-wt.UGA.BUW-14-A035.2014.G12P8 KX655535 5T 2013 4
RVA.Cow—tc.China.SCMY2 ONO012981 o 2021 4
RVA.Cow—tc.China.SCMY1 ON012970 i 2021 4
RVA.Cow-wt.ARG.B383.1998.G15P11 FJ347118 i #R 7 1998 4
RVA.Cow—-wt.ARG.4385VTDBA.2008.G8P11 OR344108 P AR A 2008 4
RVA.Cow-wt.TUR.K53.2006.G15P21 MZ848154 +HHE 2016 4
RVA.Cow-wt.URY.LVMS3206.2016.GxP11 MN649761 Bk 2016 4
RVA.Ovine.Northern Ireland. R2ZWTA65.2014 01989001 TR 2013 *
RVA.Chamois—wt.SLO.GA471.2019.G8P14 0R270738 ik SO 2019 *
RVA.Yak—tc.CHN.QH-1.2015.G6P1 MK638877 i E 2015 YA
RVA.Yak—tc.CHN.HY-1.2018.G6P11 MK250431 o 2017 T4
RVA.alpaca—wt.PER.356.2010.G3P14 KT878999 W 2010 E S
RVA.alpaca—wt. PER.1115.2010.G8P1 KT887538 W 2010 T4
HLJ-H3.2022.CHN-2021~cow—China 00807046 LS 2021 4
RVA.Cow-wt.TUR.K060.2008.G10P11 MZ848152 +HH 2008 4
RVA.Calf-wt. MAR.S18.2012.G6P 14 MN067451 JEE % AF 2012 4
RVA.Cow—wt. TUR. Amasya—2.2015.G8P5 KX212884 +HH 2015 4
RVA.Rabbit—tc.NLD.K1130027.2011.G6P11 KC488892 fif % 2011 %
RVA.Pig—tc. VEN.A131.1988.G3P97 EF990688 N HL 1989 ki
RVA.Cow—tc.VEN.BRV033.1990.G6P61 EF990704 Z N IL 1990 4
RVA.Pig—tc.VEN.A253.1988.G11P97 EF990696 ZE NS L 1989 b
Ind.Bo. HR.B85-2010~bovine~India JF831950 EEE 2010 4
RVA.Bovine—tc. KOR.KJ44.2006.G5P1 MF940732 if; [ 2006 4
RVA.N2.India.HR.2011.B91-bovine JX442771 ENEE 2011 4
RVA.Bovine.Northern Treland. R1WTA17 01988989 FIR 2013 4
RVA.Guanaco—wt. ARG.Chubut.1999.G8P 14 FJ347107 P AR 42 1999 T4
RVA.Cow-wt.URY.LVMS1812.2016.G6P5 MN649754 R 2016 4

RVA.Cow-wt.ZAF.MRC-DPRU3005.2009.G6P11 MW771202 EIE 2009 4
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1.7 SRS
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2 HBREHMN

2.1 NSP2HJPCR ¥ IE5%LE
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Ji, fR B, NSP2 HEF 4K M1 016 bp, & 317
MR EER, Hrp R (A) R 365 1, il

35.93%; MmENE (C) M 166 4, hI 16.34%; 5
B (G) N 199 4, (5 19.59%; Mafgmsne (T)
1286 4, (L 28.15%, PRIGSEH R 9. 06,
2.2.2 FEFBRAKMESH

i ] ProtScale #AF % NSP2 & I #E 72007, 45
WE 3 s, NSP2 f /KR ILI L, HikPEsR
S, UIHZE AR TR, HAE el
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9 36 689.22 Da, iR R Ciot9 Hasss Nugg O3 S1a 0 A
FUESRECH 36.72, ARETRHUNT 40 R H B E
HE TR E & M, i SignalP—4. 1 F 4 1 NSP2
EHNESIK, SRENZEARARFTKOE, 45
KUK 4,

) C—SCOI"&
1.0} S—score
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0.8}
0.6}
8
~ 0.4-\
o.z.w—m—fw*ﬂwmJ L X
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Fe A9 h 17. 5% F1 14%
2.2.5 BBk 45 TR
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FIH YinYang—1.2 X H i 8 098 3 A0 47 5 F
PP, 45400 6 s, NSP2 2 HAEAE 36 ML
A5, 4515040 . 18 NetPhos—3. 1 % H W) H )
WERR AL AT s FEAT T, &5 WA 7 i, B8 NSP2
BESA 49 MR AL, o 22 SRR R 1b 7 55
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2.2.7 RIRMESH

FIH DNASTAR #4347 NSP2 & [ 95T 5 1
Br, &5 R wmE 8 roan, BRiZEMAES 20, 60,
250, 280, 300 %527 B AA AR BT R 2 B 40
i,

1
20 40 60

T T T
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T
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A EE—— —) + i = s - @ Alpha,Regions—Garnier—Robson
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T —2=8 H +—0 H -0 - O Turn, Regions—Garnier-Robson
T —aE= 0 il - 0 - -8 ¥ Turn, Regions—Chou-Fasman
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(=]

P ——
E

-8
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2.2.8 LR LEMTRM

fdiFH SOPMA T5UI -4 Bt NSP2 8 19 g 4544,
SERME 9 iR, ZEAM o BRELSH . G HEE R
TCRLII A L R, b o BRBESS R 149 A2
FREAIN, ik 47%, ZEHT 75~130, 230~317 {i;

10 20 30
|

FIERR AL, ORI i i 113 NEIERR ALK, (S
35.65% , FERIETR RN 5] o0 A SE ek il
55 ANEIEIRA G, S 17.35%, TERILRR BN 5
RIS s KR ARETE B BE S5,

40 50 60 70
|

2.2.9

MAELACFCYPHLENDSYKFIPFNNLAIKCMLTAKVDKRDQDKFYNSIIYGIAPPPQFKKRYNTNDNSRGM
hhhhhheeeecccccceeeecccchhhhhheehcceccececcceeeeeeecceeccecechhecccececececce
NYETPMFNKVAVLICEALNSIKVTQSDVANVLSRVVSVRHLENLVLRRENHQDVLFHSKELLLKSVLIAI
cccchhhhhhhhhhhhhhhhecccchhhhhhhhhhhhhhhhhhhhhhhe cchhhhhhhhhhhhhheeeeh
GHSKEIETTATAEGGEIVFQNAAFTMWKLTYLEHKLMPILDQNFIEYKITVNEDKPISESHIKELIAELR
cccecccceeeeccccceeeecchheeeeecccccecccecececccchhheeeeeccececcecchhhhhhhhhhh
WQYNKFAVITHGKGHYRVVKYSSVANHADRVYATFKSNNKNGNTLEFNLLDQRI IWQNWYAFTSSMKQGN

TLDVCKKLLFQKMKRESNPFKGLSTDRKMDEVSQIGV

chhhhhhhhhhhhecececcchhhhhhhhhhhhhhhhee

Sequence length : 3T

SOPMA :
Alpha helix (Hh) : 149 is 47.00%
310 helix (Gg) : 0 is  0.00%
Pi helix @@i) 0 is 0.00%
Beta bridge (Bb) : 0 is  0.00%
Extended strand (Ee) : 55 is 17.35%
Beta turn sy 0 is  0.00%
Bend region (s8) - 0 is  0.00%
Random coil (Ce) : 113 is 35.65%
Ambiguous states (?) : 0 is  0.00%
Other states 3 0 is 0. 00%

T WEFR o B, SEFT B KM, BEFRITMNET, LaFmIEmbE,

B9 GS2023 # NSP2 E A _F LT

=R TR

Mr, d5HanE 12 pras, #£Z NSP2 A S5 E N4

SWISS-MODEL % GS2023 #% NSP2 & [ #17 =
ey AR TR R R e TR R s I o Ak e
(1 10), NSP2 &5 H & 5 A8y I RIK G5,
GMQE {E°4 0.89 (A ERBIAI G411, W15 B [
R0~ 1, B MR FRY T ) , 5B A LR
h 88.42%.,

2.3 SEBBEMES T

fii i DNASTAR # {4 %} RV B NSP2 & 1 #E1T &
FERAARIME X, S5 mE 11 i, B/R GS2023 &
5 HALSH BRI AR M 90. 2% ~98. 7% ; 5 [H
2R AT RE SCMY1 F1 SCMY?2 1Y 28 5L 18 AH bl M
B, N98.7%; 55Tk UEEEME G12P [8] WA
FERRARIMERAK, S 90. 2%,

2.4 FEBRF 5T

F GS2023 R NSP2 2 KR )7 41 5 BEHUAY 40

PRI EEAR NSP2 SRR 7 51 A7 2 B R 17 4 L Xt 43

JREERR SCMY1 ., SCMY2 [ NSP2 & 755 38 i i &
AR 5 N LR AR IR AR R AR R B AR TE SR 100,
202 s R HERAE

E 10 GS2023 # NSP2 E Q=R &N
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Percent Identity
1 2[3 4 5 (6 7 8 | 9 |10 |11 |12 |13 |14 |15 |16 |17 |18 | 19 | 20 | 21 |22 |23 |24 | 25 | 26 | 27
1 98.1 [96.5|98.4 |98.1|98.198.1 /959 |98.7 |98.7 |924 |97.2 |96.2 [97.2 |95.9 |95.9 |90.2 |95.9 |95.9 |95.3 | 96.2 | 96.5 | 95.9 | 96.5 | 959 |96.2 |98.1 | 1 GS2023-2023-sheep-China.seq
2 |19 96.2 | 98.4 [100.0(100.0{100.0/96.5 | 98.1 [98.1 | 921 |96.9 |96.2 |97.5 |959 | 95.6 |90.6 | 96.5 |96.5 | 953 |96.9 | 96.5 [96.2 | 97.2 |96.2 |96.5 [100.0| 2 €C0812-1.2008-lamb-China.seq
3 (3639 96.5|96.2 |96.2 |96.2 |953 959 | 959 |92.1 /962 |95.9 |96.5 |95.6 (953 |89.3 [95.3 [95.3 | 95.6 {959 |96.2 |95.9 | 956 |97.2 978 |962 | 3 G034-1999-goat-Bangladesh.seq
4 |16 |16 |35 98.4 {984 |98.4 |96.2 984 |98.4 |925/97.2 965 |97.2 962 959 899 969 |96.9 |956 |97.2 (969 (959 [96.9 |959 |96.2 |984 | 4 HLJ-H3.2022 CHN-2021-cow-China.seq
5 |19 /00|39 |16 | 100.0/100.0/96.5|98.1|98.1 921|969 |96.2 |97.5|959 |956 |90.6 |96.5|96.5 |95.3 |96.9 |96.5|96.2 |97.2 |96.2 | 965 |100.0| 5 Lamb-NT-2007-1amb.seq
6 | 19|00 39|16 00 100.0/96.5 |98.1 | 981|921 |96.9 |96.2 [97.5 | 95.9 |95.6 |90.6 | 965 |96.5 |95.3 | 969 [96.5 | 96.2 |97.2 [96.2 | 965 [100.0| 6 LLR-1985-/amb-China.seq
7 [19[00[39[16]00]00 96.5 981 98.1 921 96.9 (962 |97.5 950 (956 |90.6 |96.5 |96.5 |953 | 96.9 (965 |96.2 [972 |96.2 |965 |100.0| 7 LLR-2023-1amb-China.seq
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