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Genomic characteristics of mumps virus genotype G in Dalian
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1 Sinovac (Dalian) Vaccine Technology Co., Ltd., Dalian, Liaoning, China
2 Dalian Women and Children’s Medical Group, Dalian, Liaoning, China

3 Dalian Minzu University, Dalian, Liaoning, China

Abstract: [Objective] Mumps virus (MuV) is the causative agent of mumps. Nowadays, genotype
F is widely prevalent in China, while genotype G appears in localized areas and is exhibiting a
trend of gradual expansion. To understand the genetic characteristics of genotype G strains in
China, we selected two genotype G MuV strains that were isolated from Dalian, Liaoning for
analysis. [Methods] The whole genomes of the two strains were sequenced, and the genotypes were
determined according to the WHO reference strains. Furthermore, we compared the molecular
characteristics among different genotypes and within genotype G. By comparison with the
sequences of genotype G strains in other areas of China, we analyzed the features of genotype G
MuVs in China, as well as the genetic distance and variations of key antigenic sites between the
wild-type genotype G strains and the existing vaccine strains. [Results] The strains isolated in this
study both belonged to genotype G, and they showed the nucleotide differences ranging from 4.2%
to 6.9% from other 12 genotypes, with the greatest divergence from genotype A. Among the protein
coding genes, the SH coding gene exhibited the largest variation, while the NP, M, and L coding
genes were conserved. The P, F and HN coding genes demonstrated significant differences among
different genotypes. The genotype G strains isolated in this study were closely related to the strain
isolated in Jiangsu Province (Jiangsu.CHN/22.13/2), while they were distinct from the strains
previously isolated in Liaoning Province. The genotype G strains isolated in this study lacked a
N-glycosylation site (aa 12-14) but gained a N-glycosylation site (aa 464-466) in the key epitope
of HN protein. In addition, the genotype G strains showed considerable differences in terms of
neutralizing epitopes from the genotype A vaccine strain. These differences suggested that the
mutations of these sites may potentially reduce the cross-protection effects of vaccine strains
against wild-type MuV strains. Although there were some mutations in F protein, the functional
region was conserved. [Conclusion] This study details the genotypic characteristics of genotype G
MuVs in Dalian, highlighting their high similarities to the genotype G strains in China and the
WHO reference strains, while underscoring significant differences from the genotype A vaccine
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strain used worldwide. These findings suggest the necessity of continuous surveillance of MuV
strains in China and further studies of their epidemiology and virology, which could provide
references for tracing MuVs, cutting the transmission route, and developing immunization

strategies in China.

Keywords: mumps virus; genotype G; whole genome; genetic characteristic
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1.1 MuV E#KIE

ETYY-LZH ¥l ETYY-HCQ #k h K i i
LB BRSO RN A BT e X AL JePhR A
TR T, RO B BARAT PR 7
FIH Vero 4ii Hd 53 85 35 45% . MuV 8 4% 43 25 15 57
&, MERTEMEL 7.5 Ig CCIDsy/mL, TG
24381, Hib, ETYY-LZH #3% A6 A, 5
P, 6% 7T A A, MEMR S8R T A AN TE,
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1.2 REEREENF D

1.2.1 RNA 1ZE{#1 RT-PCR &3 £ E X H
fifi F§ TRIzol LS Reagent iat 7] $2 B 5 4= 5k

41 RNA, i ] cDNA JZ %% 541 7] £ FastKing

1 RT-PCRY &N I149F5

RT Kit With gDNase (KR116) [ KAR 4= L BH% (At
HOA B F) 1A R cDNA, F)H Oligo #4431
PGP 1), K915 PCR P YITE 2%
TERE AR BE B Th HEA T R UK 3 A, VTIRCH 09 8 I
T4tk

Table 1 Sequence of primers used in RT-PCR amplification and sequencing analysis

Name of Primer sequences (5'—3") Name of  Primer sequences (5'—3")
primers primers
IF ACCAAGGGGAAAATGAAGATGG (LZH strain)/ || 17F ATAGTGAATGCAGCAGGAGG
ACCAAGGGGAAAATGAAGAT (HCQ strain)
IR GTAGCATCGATCCAGGAATT 17R ATCTGTTAACTCACCTGTCT
2F CGCCAATCTTACTGCCAATG 18F GATTACTCAATTCCATCCAC
2R TGTGCCGACTCCCATAGCAT 18R GCCCCAAAGTCTCATAATGC
3F TCACTAAGCTCCGATCCTTG 19F ATGGTGATCCTGTTGTAGAC
3R TCCTGTTGAGAATCACCATT 19R AGCTCTTTAATGGGATCGAA
4F CAATTCAAGCACAACTCTTC 20F GCAAGACTGGATGGGAGTAT
4R GAAAAGGGGCTCAGGAATCT 20R CCGACATAGAGAGTGCTTCG
SF AGAGCAAAAGAACATTCAGT 21F CTGCTTTCTAACAACTGACC
SR CTGTCGCCATCATTCCTTCA 21R AATCTTTCTCGACCCCGTTC
6F GCGAACGAGATTATGGACCT 22F TGGACACCACTTGAAAGAAC
6R GAATCTGAATCGGGGGGCTT 22R TTCCTCAGCTGCATTTTCAC
7F TAAGAGCCGCAATGATTCCC 23F TGGCAGCTGATCCTTATACT
7R AATCTAGATCGTGCAGCAAG 23R AGATCCGATGTAAGGCACTC
8F GCTCCGATAAATATGTCAAG 24F GGTGTTTGATAATTGGGTCA
8R AGGAAATTATCATAGGTTGC 24R GAAGGGTACAGGAAGCAACG
9F GGCTCAGACTATGCATCACT 25F GGCCTTGCTTTAATTGAGAC
9R GCTTGAACTAATGAGACAGC 25R TGGAGAATTGATTGGGGCTA
10F TCTTCCAATCGCAGAAAACA 26F CCAAGGAATTCTAGACTATG
10R CCTGTCTGGCAATTGAATTA 26R CTCGAATAGCATTAAGCAAC
11F ATGGAGGGTCAGATTGTTTC 27F ACCCATCTAATCCAAACTGT
11IR CACAGATTGGAGTTGATGGT 27R CGGGCAAGAAAGTCTCTATA
12F ACGCTGAGAACCTTACCATT 28F CATCATGTTCTCAGACCACT
12R CATGATTGAACGGCATTATT 28R TCAAGATTAGTAAGCCACCT
13F TATAAGACTGCGGTGCGACA 29F ATACATGTGCATTGGTCCAT
13R AGGTCATTAACTAAGGGGAT 29R AGATCCAACCATTTTCTTGT
14F GTGGGAGTAATGAATCAAGT 30F ACTTATCCCACCTGAATTAG
14R CAAAATATATCCCACTCCCC 30R GGTTTAATGCAGACTTCAGA
1SF ACTATGCGGGGTCCAGTCCA 31F ACTGTAAGGAACTGGTGTAT
ISR GGAGTTAATGGCCAGGGATC 31R ACCAAGGGGAGAAAGTAAAAAT (LZH strain)/
ACCAAGGGGAGAAAGTAAAA (HCQ strain)
16F ACATTTACAAACTCTGGTCC
16R AATTCTGATTTGCTAGTGGG
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SnapGene. ClustalX 2 #kfF; G0 & B W L
F AL BB 43 ) MEGA K1) Neighbor-
Joining Tree % 7% (HUAE{H & 1 000) Al Pairwise-
distance 7% .
1.4 S ZETON 534

AFFE o B ek HN 25 45 R T oy S id i
Protein Blast £ £& PDB %4} J%£ (https://www.rcsb.
org))ifi iE 24 45K Hoshino #:Hk HN & 1 5
& (PDB: 5b2d), £ #4 #& Ll 1) J 72 2k 4k fF
SWISS-MODEL (https://swissmodel. expasy. org/)
F1 AlphaFold3 (https://alphafoldserver. com/) # 1T

T, BUECEER AL R A PyMOL 84k 47
SR . BT RIERL.
1.5 AN RN 3 4
1.5.1 IIRBRIMERSE

AHIEFE B S S 56 7 B8 E il B % R )
HIHARA RS /] SL s sh e e & . A5 Hsh
Y1}y SPF 2% 6 J&# BALB/c /N, 1 B 3 D148
A FE ARG BR AT . K 20 H/NEBEHLS:
M2, HH 10 2, SCEdhy A B A EE bR
(S79 PEWIKK), XTHEZL A PBS ZZnpif, s =
FWLRTES, e & 100 pl (FF 5 i R
6.6 1g CCIDsy/mL), s 2 W, 5% [A] fF
21.d, SR AT MR UK H g e TR HE Rl I 43 B
L7
1.5.2  ME AN N K F ZE

W e B 1T K R IS LT T 56 °C K
30 min, FHHTMLIE B (99% MEM ¥, 1%
(4 7.5% B S AH T W) 4 IR 2 A% EA T A% LU T
(RP1:2, 1:4, 1:8, 1:16 )5, FRAARRILL 1:1
SR A SR B bR (ST9 SERR) . G BEA
R4y 85 MR (ETYY-LZH #R) F1 F 3E R 78 75 25 Bk
[2022 4F 10 A 14 Hor & A RiEiiid & JLEEST
U EERTR BRI, b, 52 54 H, BRI
RIE VRN LT (R BE4°4 1000 CCIDsymL),
B R A3 Pl 35 0 0l S HT ISR B 1:1
RA), T 37 °C/KH 60 min; H Vero 4 fifd il £
1.5x10°-2x10° 4~/mL BIZIER, IZE 96 FL4N
faxsFEc, AEFL 100 uL, FHERESE 30 min 5
PEATHEFR AL 45 RS R BE (100 pL/AL, &%
4 AEAL), ARE RO (100 pL/AL, 1% 4 4
L) Pl X R (R R4S £ 1:2, 100 /AL,
AN EE, B 2 A FL) RN BT HR (100 nL/AL,
B4 ANE L), 37°C. 5% CO, 55 F# 4 b 5 3%
8 d. HIEFk E Reed-Muench 1318 5590 &
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2.1 ETYY-LZH #%#1 ETYY-HCQ #k£&
ERFFIE 57 4R

ETYY-LZH £ Ff1 ETYY-HCQ ¥k 4 K K
15384 MZATIR, T ARXEEE 5" Rl 37 K
i AT M, B 2 AN EERREY STUTR Al
3'UTR A, S0 ETYY-LZH #k 45 4
JF %51 15 340 nt (23-15 362), ETYY-HCQ kE4 %
I4H 751 15 344 nt (21-15 364). 2 DREEMRA I
PR ZH 4% 1B 3" -NP-P-M-F-SH-HN-L-5 " ) Il & HE 1)
Jtgatth 7 FmsEdE A, Hrp NPL PL L BER 4t
REEAZ AT T, TSR M S )T FL
HN B 4 ith 35 11 17 5 7 A= Sz iR R 1 M
RFEEFE AN SH /Mg KIS A,
i ETYY-LZH FEFI ETYY-HCQ bk4 5K 41 341
(#2), K2 AFHHRTFIIAHRIE R 99.9%, I
A B3 MEHRES, 29T P, M. F. HN,
L 2 F A % 5 [X (coding sequences, CDS), H:
QIR L RAS 44>, FERD SA, AN
MRAR 44,

%2 ETYY-LZHH%FETYY-HCQ#FFIES

SH £ MuV 43k PR 21748 S e K ) 36
HAEN MuV SER S ] 0 T 2R, HN R
FE AL R oy B e 2 R S B B b e, e Ab
AHEFEME T 4> Bk LW AUF 5, e g
IR 3 RS, ¥ BETYY-LZH %A1 ETYY-
HCQ #5 tH 7 T A= 21 21 (World Health Organization,
WHO)Z % Btk AT K BRI . TEREW L,
MuV 1 12 >R RV B8 5 4% 5 2k S7 19 43
X, AR 2 MBS G BRREAE—A
57, ¥ G IEFANE 1), HT SH JEK |, HN
5 DRRN 4 56 DR 2 1) 2 2 G R 25 I — 3
bootstrap [ & {H ¥ KT 80, Uil &k & W45 R
CIEES

ETYY-LZH ¥k #l ETYY-HCQ ¥k (1) 5 41 4
IR R, H ETYY-LZH ¥R 20 4% R 14
—Pg 5L, JSIEK ETYY-LZH Bk 545 5L R L 2
PRIEAT 2 FE 21 L XS (3R 3). ARWFSY 40 B8 bk
ETYY-LZH #k5 G FE R A8 bk 4 5 H 2 H AT 3¢
EAHRIE, BT REBERESRN 1.2%-1.6%
(183/15 384-246/15 384), 5 H Al 3L X 7Y 22 &7

Table 2 Sequence differences between ETYY-LZH and ETYY-HCQ strains

Number Nucleotide position (nt) Residue position ETYY-LZH ETYY-HCQ
Base Amino acid Base Amino acid
1 1994 P-CDS A Lys (K) C Gln (Q)
2 3800 M-CDS T Val (V) C/T Val (V)
3 3937 M-CDS A Asn (N) A/T Asn/Ile (N/T)
4 5555 F-CDS A Glu (E) A/G Glu/Gly (E/G)
5 5893 F-CDS G Ala (A) T Ser (S)
6 6 650 HN-CDS G Ala (A) A Thr (T)
7 6691 HN-CDS G Lys (K) A/G Lys (K)
8 6 694 HN-CDS G Lys (K) A/G Lys (K)
9 6 835 HN-CDS G Lys (K) A/G Lys (K)
10 6 840 HN-CDS G Arg (R) A/G Lys/Arg (K/R)
11 10 504 L-CDS C Phe (F) G Leu (L)
12 11579 L-CDS G Glu (E) A/G Lys/Glu (K/E)
13 14 789 L-CDS A Thr (T) C Pro (P)
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A 100, ETY Y-LZH-SH
83 IETYY-HCQ-SH Genotype G
99 EU597478.1-MuVi-Sheffield. GBR [G]/SH*
| L AF280799.1-MuVi-UK96 [G]/SH*
5% EU370206.3-MuVi-9218/Z98 [C]/SH*
L JQ945268.1-MuVi-VC34 [C}/SH* Genotype C
97 KF878076.1-MuVi-Ge9[D]/SH*
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j 100, AY508995.1-MuVi-L3/Russia/Vector [N]/SH* T
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| 100— KF042304.1-MuVi-SD9 [F]/SH*
L KFI170917.1-MuVi-ZJ06-1 [F/SH* ] Genotype F
100, AF338106.1-MuVi-JL5 [A]/SH*
100 L HQ416906.1-MuVi-S79major [A]/SH Genotype A
GU980052.1-MuVi-Enders [A]/SH*
10— KF878079.1-MuVi-Leeds.GBR [I/SH*
L ABI05475.1-MuVi-SapporoK-4 [J]/SH* ] Genotype I
—_—
0.01
B 100,ETYY-LZH-HN
100'2‘:[ ETYY-HCQ-HN Genotype G
JQ946046.1-MuVi-Sheffield. GBR [G]/HN*
J L AF280799.1-MuVi-UK96 [G]/HN*
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100 KF042304.1-MuVi-SD9 [F]/HN* .
——L KF170917.1-MuVi-ZJ06-1 [F}/HN* ]
95 KF878076.1-MuVi-Ge9 [D]/HN* ] —
99 JQ034464.1-MuVi-Nottingham.GBR [D]/HN*
95 JQ946040.1-MuVi-RW 154 [K]/HN* :l Genotype K
! JQ946045.1-MuVi-V28 [K]/HN*
100 KF878079.1-MuVi-Leeds.GBR [J]/HN* :l Genotype J
: J1Q946044.1-MuVi-SapporoK-4 [J]J/HN*
| 10— EU370206.3-MuVi-9218/7¢98 [CHN* ] Genotype C
1Q999999.1-MuVi-VC34 [C/HN*
100, AY508995.1-MuVi-L3/Russia/Vector [N]/HN* Genotype N
IAY685920.I-MuVi-L-Zagreb [NJ/HN* R
1o 100— AF338106.1-MuVi-JL5 [AJ/HN*
O——————11Q416906.1-MuVi-S79major [A}/HN Genotype A
o L GU980052.1-MuVi-Enders [A]/HN*
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ETYY-LZH
100
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100 LETYY-HCQ
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KF878079.1-MuVi-Leeds.GBR [J]* =] Serstype J
Jgo— AF338106.1-MuVi-JLS [A]*
100 L HQ416906.1-MuVi-S79major [A] :| Genofypes
GU980052.1-MuVi-Enders [A]*
0.01

Bl MuVsEEFEBRGLZFWMME. A-C: MuVsEEFR 513 T SHIEH (A) . HNFEH (B)FI2FE N 4H(C)
WAL ER; KEWI A RMERERY AACE, HTIHEIZS SRl 5RE, — B T70801 0
A BEEARIAL T AT T 7, ARRIFH ) 22 57 (0 SR

Figure 1

Phylogenetic trees of MuV genotypes. A—C: Phylogenetic trees of MuV genotypes based on the SH

gene (A), the HN gene (B) and the whole genome (C); The bootstrap value of the phylogenetic tree is marked at

the node position to evaluate the credibility of the branch, generally, a value greater than 70 is considered

credible; The distance scale is located below the tree which represents the unit length of differences between

sequences.

N 4.2%-6.9% (648/15 384—1 058/15 384), H:
5 A SRR iR, SEWN ST79 bR
AR S79major ¥ 2% 54 6.8% (1 047/15 384),
55 H At © Bk 0 08 B2 RR T 9 22 S5 0 ok
Urabe AM-9 ¥k 4.4% (673/15 384), Hoshino f£
4.3% (662/15 384). L3/Russia/Vector ¥k 4.2%
(648/15 384). L-Zagreb Pk 4.2% (650/15 384),
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H— P I RIBE A M X R 5 A
BRI, ETYY-LZH #5483 pk SH 5
ARSI, BHIRZES N 5.7%-16.1% (10/174-
28/174), AHEMRZEF N 5.3%-21.1% (3/57-12/57);
NP L[, M AT L BRI ORN, AT
FR-I 22 503 0 4.3% (71/1 650) . 4.7% (53/1 128).
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#*3 ETYY-LZHARSMuVEMERBEAESEFERREAEARBXOGHERMESERESR
Table 3 Differences of nucleotides and amino acids between the ETYY-LZH strain and other MuV genotypes in

the whole genome and coding regions of the expressed proteins (%)

Strain GenBank Genotype Genome NP P M F SH HN L
number nt aa nt aa nt aa nt aa nt aa nt aa nt aa

Jeryl-Lynn, JL5*#  AF338106.1 A 6.9 56 1.6 69 59 63 0.8 6.8 5.8 16.1 140 7.9 52 57 1.1
Enders* GU980052.1 A 6.3 49 13 63 5.1 6.0 0.8 6.0 5.0 155 14.0 6.7 46 54 1.1
S79major# HQ416906.1 A 6.8 53 18 69 59 63 0.8 6.7 5.6 16.1 14.0 7.7 52 5.7 1.1
Urabe AM-9*# AB000388.2 B 4.4 47 1.6 3.8 2.8 46 0.5 48 41 9.8 158 4529 3.6 0.6
Hoshino# MK279727.1 B 43 43 1.5 40 3.1 45 00 4735 80 123 4529 35 0.8
9218/2g98* EU370206.3 C 5.1 51 07 37 43 59 1.1 46 39 12.1 158 53 34 43 0.8
Ge9* KF878076.1 D 4.7 45 02 45 46 48 05 48 4.1 109 140 5.1 24 3.8 0.7
SD9* KF042304.1 F 5.1 5.1 0.7 46 3.6 5.1 0.5 49 35 12.6 175 5.1 24 43 0.7
7J06-1* KF170917.1 F 5.0 53 05 40 3.6 48 03 49 37 9.8 123 5024 4.1 05
UK96* AF280799.1 G 1.6 1.6 00 14 1.0 1.6 0.0 2.1 22 63 7.0 13 0.7 1.1 0.1
Sheffield. GBR* ONI148331.1 G 1.2 1.1 00 14 15 0.8 0.0 1.6 1.3 57 53 1105 0.8 0.1
MNG09-024* AB600843.1 H 53 42 02 49 49 52 05 55 4.1 132 21.1 65 40 44 0.6
Odatel* KF878078.1 I 4.7 43 0.5 4.0 33 52 03 5337 98 884729 40 0.7
Dgl062* AY309060.1 1 4.9 39 05 44 1.0 51 03 5.6 45 109 105 47 22 42 1.8
Leeds.GBR* KF878079.1 J 5.0 43 02 47 3.8 52 03 58 43 13.8 158 53 3.1 4.1 0.6
RW145% KF878080.1 K 4.5 45 05 39 38 47 05 4433 103 88 4529 38 04
Fukuoka49* KF878081.1 L 4.9 45 05 45 33 52 03 5832 11.5 140 5.1 2.7 39 0.8
L3/Russia/Vector*# AY508995.1 N 4.2 42 02 3.6 33 42 0.8 5039 98 884422 35 0.7
L-Zagreb*# AY685920.1 N 4.2 43 04 3.6 59 42 0.8 5139 98 884422 35 0.7
Mean of differences - - 4.7 43 0.7 43 38 47 05 4939 11.2 126 5.0 29 39 0.7
*: WHOZH#bk; #: MuVIERIHREZ Sy, B N eryl-LynnkR(JL), JLSHILBRIERE; S79major: TEISTOREHIHRIEAR, LA
SHAERWE N WK /3 BbRHE, XTRILS5; Urabe AM-9: HASHEBR ST #k; Hoshino: HASHEIRA SR H; L3/Russia/Vector:

WL HTHEIR R SE MR s L-Zagreb: se% M . ENEEHEARASHEHIBE .

*: WHO reference strain; # MuV vaccine strain or component, specifically Jeryl-Lynn strain (JL), JL5 is the sub-strain of JL strain;

S79major is the sub-strain of Chinese S79 vaccine strain, it corresponds to JLS based on SH gene; Urabe AM-9 is a Japanese mumps

vaccine strain; Hoshino is also a Japanese mumps vaccine strain; L3/Russia/Vector is the Russian mumps vaccine strain; L-Zagreb is

used as mumps vaccine strain in both Croatia and India. nt: Nucleotide; aa: Amino acid.

3.9% (263/6 786), FIEMRT-32% 553510 0.7%
(4/549), 0.5% (2/375). 0.7% (16/2 261);

. FBER . HN BER A 22 ok, AT
SEH 2N 4.3% (50/1 176) . 4.9% (80/1 617).
5.0% (87/1 749), IR T34 22 753 M 3.8%
(15/391), 3.9% (21/538). 2.9% (17/582).

2.2 ETYY-LZH #%#1 ETYY-HCQ #%5
|7~] G EERFIER

— A AIF S 43 85 7 bk T 9 At

X 53 E RIARERR 22 57, K3 GenBank

Kl qﬂ@l(ﬂ%@%iﬁﬁiﬁ@)ﬁﬁ 154> G Xt

P28 MuV # bk SH 3L 2 K FAIE B A, 1
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FEBEPY 5 k. 07 1k, REEE 3 Bk, VIIR 2 Bk

= A RR, Hh =R 4 bR RN 4 4 KA
5B

1 & B AN AL A B (P-distance) 74T 7] 1
(B2, 3 4), RUTERIEDEH 2tk G HEHA
FEMR 5 VL83 B TR MR (Jiangsu. CHN/22.13/2) 35 4
KA, 52014 B 115 T 5 4 (Liaoning.
CHN/16.11) 8 h A A, 5 = B # #k (Yunnan.
CHN/2.19.1) F1¥ P4 2k (Shannxi. CHN/17.11/3 I
Shannxi.CHN/17.11/2) 35 4% K R e . & B
AIEL, AR EER SN LT R
FRIE B — Il 57 53 32 (Lineage 1), 1w . BE
P4 . 2% 3k UK96 #1 Sheffield. GBR & it ¥ —
AN ST 43 37 (Lineage 2), 4 TH 5 HAD [ 5 F1
DA A N AR 56 G LA SH JPF40Hr, 4332 1

100|

95

93

88

96

0.01

ETYY-LZH-SH
| KX987648.1-Jiangsu.CHN/22.13/2 G/SH
—— KX987644.1-Liaoning. CHN/16.11 G/SH
83 KX987645.1-Fujian.CHN/21.11 G/SH
— KX987647.1-Fujian.CHN/22.11/2 G/SH
AF280799.1-MuVi-UK96 G/SH* —
OR&822027.1-Yunnan.CHN/2.19.1 G/SH
82|j KX987639.1-Shannxi.CHN/17.11/3 G/SH
KX987643.1-Shannxi.CHN/17.11/2 G/SH

ON148331.1-MuVi-Sheffield. GBR G/SH* _

FER A 1996-2016 FRRPN ALY, M55
Lo fEE L P, WAEE. HAGH
W B4 B RR, 43S 2 FEOR A 2000-2016 4F
WIHER, @A P EM RS E K5
BRI RATRSEE R, IR
X 17 #k G HEF B MuV Fdk R R T AE
MuV,
2.3 ETYY-LZH #%#1 ETYY-HCQ #%5
REMKXBENEESR

Ry — 2 5 B 3 B R O TR e A
PRXT G BRI AL FE AR IR P ROR I 2 ), 48
TN AR W DG T 1), A SR R 3% Hb IX
IYETR . R WHO 2% Stk S IA %
BRI AT A T LT 48T . B R S
PV {8 A9 Jeryl-Lynn #%, oK S79 B,

Lineage 1

Lineage 2

E2 ETYY-LZHHESHEEFEMXGERESHRETSHERN ARG A BRDE. [FHIX SHFFI AR

RE DR TR

Figure 2 Phylogenetic tree of the ETYY-LZH strain and genotype G strains from different regions of China

based on SH gene. Only one strain per region with identical SH sequences was included.
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THY A SEIRIRE AR A b [ B 2R R
Bt = A 2 I T X A AR SP AR IR A T 7
b, BRAT F LR R R D 27 15 E T SP-A BE,
£ 52 G R 11 (CTR20150482), 1F 7ETFJR I PR
11T #(CTR20201943), W—Ff- 1 720#7.

M#E -2 HREF HN A MRS F &
& MuV B Z AR EPE R . MuV &G,
HN 5 126 5 1 3 200 62 1 1) e AR 1R =2 1Ak &5
G, RS MR RIGEN; 2R G
J&, fik F ARSI A SR, Ed i,
6 N EY furin 2 R F B AP TIH],
F4EiE e, #Fms & NG RT R R G S
G, AR e AR . PRI,
HN & [ F 8 AAUZ MuV &9 O+,
2 B SRR 1t R By 0y 28 1Y) B AT R

3t HN A ESER 25, 5 ETYY-LZH
PRAH I, ETYY-HCQ #k . UK96 # . Sheffield.
GBR #k M = kI =R 22 5500 1 0.3% (2/582).
0.7% (4/582). 0.5% (3/582) 1 0.9% (5/582); i
JE W FR JLS . S79major Fll SP-A Ky 22 57 i & Tt

NN
=]

. N 5.2% (30/582). 5.2% (30/582) Al
2.4% (14/582), LibRZEHRERM, G RIEEHRIEE A A
WAR AN, B A BUFF RLRE AR 0 8 1% 25
SR

WHE HN AW Ihae, . (1) mEEx=%2
IREE AT s (2) i1 5 20 0 W e A ity M VAL PR
SEE TP LRI, R MV R AR L, R e
TS EAMER R 3) 5 F ERMEA,
R B9 B A IV FH N T R 0 3 i R, A
WFFE it — 20 b G LR B ik 55 02 T AR E HN
AR N-BEEEALA 8 . MEVEIRAS G 3R AL, DI
S EVE A G 1Y B 4 B 3% 067 S v R R A 45 22
5 (#5),

N-BEEAAL s, iR ALES 7 WS
fLgi, MG EEH B RE I MuV B BR Gk T
aa 12-14 1) N-WEEALA A% AF280799-UK96[G)),
fHEENIN T aa 464-466 i & /) N-FESAL B, J5
H5HRIRATHY F 3R —3

#F— 4 % JHl SWISS-MODEL #1 AlphFold3
PR F G 2L AL HN 8 3 R IR S5,

*5 ETYY-LZH¥EFETYY-HCQHSZEMRHNER EZF LS
Table 5 Differences in HN protein between ETYY-LZH, ETYY-HCQ and vaccine strains

Strain N-glycosylation site® (aa) Neutralizing epitope (aa)
12-14 127- 284- 329- 400- 448- 464- 507- 279 287 288 336 354 356
129 286 331 402 450 466 509

ETYY-LZH SAT NCS NDT NST NQT NSG NCS NSS T A% T S Q D
ETYY-HCQ STT NCS NDT NST NQT NSG NCS NSS T \Y T S Q D
UK96* NAT NCS NDT NST NQT NSG NCS NSS T v T S Q D
Sheffield. GBR* SAT NCS NDT NST NQT NSG NCS NSS T \Y% T S Q D
Yunnan.CHN SAT NCS NDT NST NQT NSG NCS NSS T \' T S Q D
Jeryl-Lynn,JL5 **  NAT NCS NDT NST NQT NYS HCS NSS 1 1 T L Q E
Jeryl-Lynn,JLZ# NAT NCS NDT NST NQT NSG KCS NSS T 1 K S P E
S79major” NAT NCS NDT NST NQT NYS HCS NSS I I T L Q E
S79minor” NAT NCS NDT NST NQT NSG KCS NSS T I K S P E
SP-A* NAT NCS NDT NST NQT NSG SCS NSS T V T S Q D

“HWHOSH bk “HMuVEERAREAL 53 “IN-BEEALAL, BIN-X-S/T, XAAE A2 #Pro.

*: WHO reference strain; *: MuV vaccine strain or component; a: Means N-glycosylation site predominantly occurs in N-X-S/T

sequence where X is any amino acid other than proline.
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R BAAARRIE 3A), R HN EE S a-2,
-MEVR IR ZS A, RIL G FER T 50 1 bk
A5 AL BB RSY , B PR A 22 ok
BRI AL RS, X 5B HN EH S
-2, 3- M % R B 4> 1 (3'-SL, NeuAca2,3Galfl,
4GIcNAC)E A WE5FAH—EU(E 3B).

P B iR fi kL, £ R E 25 1E

HN 5 192 18 (5 aa 220-240), 1 B KEL 400
BCR s Bt iR #E 1 T iR 5(& 3C), JFHR A AH L1
e SR, AEPRIERAIT, HN AR
3 A il 26 7 (aa 265 - 288, aa 329 - 340 I
aa 352-360), 5K ZENR 25 541 aa 329-340.
aa 354, aa 356 AJ S RRARRE koo B dE bk i 22
S AR, HOS AR A L GO N A A

SM-predict PDB-5b2d AF3-predict

B3 ETYY-LZH#AHNZEBZ# . A: HNEH ML BN . ETYY-LZH k9 HN 8 H 454 2%
SWISS-MODEL (SM) il AlphaFold3 (AF3)#£ 47 Wil , 2% & # & Hoshino#k (PDB: 5b2d, 75 AHALE Hy
97.1%), TMEEH) 5 2% HHkCaYRMSD 4] 40.114 AF10.292 A, B: HNZE 4 -53"-SLIYE A 445 H9 i
W, P S X 3l SWISS-MODEL Ui 25 #1513 - SLIY L & 20, HdkKyaa 180, 407, 422, 512, 540,
561, 204, 242, 254, 323, 369, 476, HASia yMERIL . Galy>FF LB, Gl yN-ZBtH#H. C: HNHEH
HIBANAE RN . EIFP L4 A XIS BANIE RN, 7300 Maa 113-130 (Z5H TP ARJE/R) . aa 199-207, aa 220-240
(LERINER) . aa 261-266., aa 327-363. aa 375-403. aa 440-443. aa 533",

Figure 3  Structural analysis of the HN protein of ETYY-LZH strain. A: Structural prediction of HN protein. The
HN protein structure of ETYY-LZH strain was predicted by SWISS-MODEL (SM) and AlphaFold3 (AF3), and
the reference model was Hoshino strain (PDB:5b2d, sequence identity was 97.1%), and RMSD of Ca were 0.114
A and 0.292 A, respectively. B: Structural prediction of HN protein complexed with 3'-SL. The purple area is the
3’-SL binding epitope, specifically aa 180, 407, 422, 512, 540, 561, 204, 242, 254, 323, 369, 476, where Sia is
sialic acid, Gal is galactose, and Glc is N-acetylglucose. C: B cell epitopes distribution of HN protein. The red
areas are B cell epitopes, which are aa 113-130 (not shown in the structure), aa 199-207, aa 220-240 (inside the
structure), aa 261-266, aa 327-363, aa 375-403, aa 440-443, and aa 533"
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279 {571 287 i (43 A 1-T Al 1=V kT 748
5, TRESTE A SLHAVR G JL R AL B pk =2 ]
AXT CD4™ T 40 (R BIESIC, 1 S 3 R 22
(T Aii N A P, A & BAR AR 9T i |
3 ANFN S T REFZ I HR S T 40 s 0 Y A7
&, G BRI EER 7 91 5 T Pk SP-A B4 —
H, 25075 5K JILS. S79major ¥4 —
%, 5 IJL2. S79minor #Br—EL, AR T H
T2 A FH 2 1 - s 2k 3 9 38 43 B ]
S FEAMAREXMRZE R (K6, 5
ETYY-LZH #AHLt, ETYY-HCQ #k. UK96 %k .
Sheffield. GBR ¥k . =’ bk 2 KL 1R 25 5 43 il by
0.4% (2/538). 2.2% (12/538). 1.3% (7/538).
2.4% (13/538), 53tk JLS. S79major il SP-A
PRI TR 22 R 40 0l M 5.4% (29/538). 5.2%
(28/538)Fl1 3.0% (16/538), 5 HN AH{Yl, G A&
PRIERARI N 22 28/, 5 A SRR bR 22 R
R, 5 F RNt SP-A #2580, F
I BNA AR 2=, (ATERe & T,
A4 N-BEIEALDL A . @A AT A A,

G IEH R 5K R h AR e 22 5, U
W] G BLRBIBERRTE F 28R 1 DI RE X BN IRST
24 FEAXTIRRS B INERZ X F
Ao

KRR — BRI T A L AE X G
FEI RSy B RR(ETYY-LZH #%) &% H BT 257547
F LRI B AR [ [RIRE 20 8 A R & i id 2o L s s
I HRC (B AN 14 1035 58 SUH AR

25 5 I 7 B P A5 2L RD B g S BF I o R A
FRC BN T 102, RPE)E S79 Sl 10 H
/N R B B R S AR B R A T 122, UL
fa]SF- Y5775 £ (geometric mean titer, GMT)43 51 A X}
A LI (EEERR) 1:194, *%F G JEPIA 1:51, %)
F JERAY 1:65 (% 7), ULHHERHRXT G JE R RLAN
F BRI RE A RAF A2 SR RN, HhRIAK
MR T AIEH A (A R, SHlF s RN
I BT —3

3 WhEE&#h

MuV 5| 1 I8 g 5 S — i ULRY . 2K

%6 ETYY-LZHHKFETYY-HCQHSEZEHKFERESFM S
Table 6 Differences in F protein between ETYY-LZH, ETYY-HCQ and vaccine strains

Strain N-glycosylation site (aa) Neutralizing epitope (aa)
73-75 182-184  352-354  427-429  433-435  457-459 221 323 373
ETYY-LZH NKT NMS NIS NIT NLT NAS | N D
ETYY-HCQ NKT NMS NIS NIT NLT NAS I N D
UK96* NNT NMS NIS NIT NLT NAS I N D
Sheffield. GBR* NKT NMS NIS NIT NLT NAS I N D
Yunnan.CHN NKT NMS NIS NIT NLT NAS I N D
Jeryl-Lynn,JL5*" NKT NMS NIS NIT NLT NAS I N D
Jeryl-Lynn,JL2" NKT NMS NIS NIT NLT NAS I N D
S79major” NKT NMS NIS NIT NLT NAS I N D
S79minor” NKT NMS NIS NIT NLT NAS I N D
SP-A* NKT NMS NIS NIT NLT NAS I N D

*HWHOSH M “HMuVEE B Rl 5 .

*: WHO reference strain; *: MuV vaccine strain or component.
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Table 7 Serum cross-neutralization results of vaccine strain against clinical isolates

Group Before immunization After immunization
Mouse Genotype A Genotype G Genotype F Mouse Genotype A Genotype G Genotype F
number number
PBS group 1 <2 1 <2
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
S79 group 1 <2 1 107 89 89
2 2 214 74 89
3 3 295 45 79
4 4 295 40 64
5 5 178 89 89
6 6 148 40 50
7 7 256 45 74
8 8 295 40 64
9 9 214 100 100
10 10 89 16 16
- - GMT 194 51 65

JLE 2 VEPF B AR YLs , FE2BIEE Nz 0
7o MERR AR R —Fpa] Ty s, e FE N
B PAd AT M Teryl-Lynn BRUSGEETG 257, Tk
T 1979 4E5| A Jeryl-Lynn ¥k, 78 J5ACA IR 40
MR 3 YAz A 879 AR, 20 (42 90 4EAT
FHEE R, FEAE 2008 A IR AR 28 28 1 9 A BT K
P RABZERK, MuV B AR R R AR T 8
R 9 0 A 2R o T ) T R 6 Kl 43 2 P 2
Byes, (HAHEYA R RIEIR A B B, e
BRR I KR —E R R AT

ARFFE 2 AW A RET AL LEE
7L (R, 29 BB AR % A e K 3 1 e ek

2, N SRR . WATIRAE A BN
2 ARG ECR AR R AR5
o BRI AT IR AL, AR AT TR ak
IR IR A TGS, AT H A IR 37 -NP-
P-M-F-SH-HN-L-5" (¥ it J5> HEZ1 I 4 i 7 Fos 25
B, EEEREFM T, 2 DEERYE G
FEA, 5 G REASEFHRMMUERSE, 5
A FEH R TR 25 S de K o 4 ik TR 4 2 A 11
TAYRBEE AL P, SH JENAE Rk, NP,
M A1 L ZEFAXTORSE, PR F R, HN &
PRI ) 22 SR, Xt 5 e T REA —2L,
SH R AR H AU RIREN, HARARE; M
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HHREEFTEH, TR0 AR iR 2R,
NP. P J¢ L 25 [ 50 2 5 5 41 3 [7) 2 1 RNP,
TG AR S R R, I, e
MR Rz LR T A AR X R SF A P BRI 548
MuV a3 o, PR R ) 2 25 bk
HN M F EASSREAR. M e S5
R, 2 R RIAE R S 2 AR B i T BB
Rl HA B2

AW TR K 53 2 FE MR S5 GenBank (¥ E
N GIFAERIT A, ZBRESEHKRS
TR EE AR I 25 /N (P-distance: 0.000 0), 5
2011 4F 43 B 1Y 10 77 B Mk 25 7 K (P-distance::
0.034 8); Kt FLIE I G 3 N R FE kb4 736
oM, BRBKRESEFHRS T TEE. WA
¥RIE F—"1%r % (Lineage 1), M=/ . M., =
%3 Hk UK96 FI Sheffield. GBR J& T %5 — N 7
/732 (Lineage 2), HM33Z %50k &, MuV &
PR3P 37 5 A i ) R B A I, X 4
G FE N AR Wk A B LIS B K A 00 5 44
INT AN E

FLAS AT IT A3 B B G 3k R R B k5088 B bk
HN EAMF EAZER LM, HNEADT
aa 12-14 if N-BEFEALN7 5, HZ T aa 464-466
o N-FERAL A7 05 . AR E, HN A BE3L1L
AV 1 AN i 7R AN [ B I 78 ) A — B, X ] g
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