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[Abstract] Objective To analyze the genetic evolution and hemagglutinin (//4) gene mutation sites of influenza B
virus in Chengdu. Methods Influenza virus was isolated from patient’s throat swab samples using Madin-Darby canine
kidney (MDCK) cells in vitro. The HA gene of influenza B virus was obtained by PCR and was sequenced. The phylogenetic
tree was constructed and mutation sites were analyzed by online comparison with NCBI database and MEGA 6.06 software.
Results One strain of influenza B virus was isolated by MDCK cells, and 1 755 bp full-length HA gene was obtained by
PCR amplification using the nucleic acids of the throat swab and the isolated strain as templates. The obtained sequence was
submitted to the GenBank database, and the gene accession number was MH236281. By online alignment and phylogenetic
tree construction, the virus infected in this case was confirmed to be Yamagata type B influenza virus. There were 57 HA
point mutation bases as compared with Influenza B/Yamagata/16/88 (GenBank No. M36105). There were 20 mutated bases
in HA as compared with the World Health Organization (WHO)-recommended vaccine strain Influenza B/Utah/08/2014
(GenBank No. KU592766). HA1 amino acid mutation site was further analyzed. Compared with the epidemic strains in
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Sichuan in recent years, HA1 amino acid sites have undergone varying degrees of mutations, of which there were only 4

point mutations compared with Wenjiang/2010 isolate (GenBank No. KP461138). Compared with the WHO-recommended

vaccine strain Influenza B/Utah/08/2014, two amino acid sites mutated (L176Q and M255V), but the mutation was not

located in the antigenic determinant region of HA1. Among them, site 176 was a new mutation. The amino acid was leucine

(L) at site 176 of HA1 epidemic strains in Sichuan, Influenza B/Yamagata/16/88, and the WHO-recommended vaccine

strain Influenza B/Utah/08/2014, whereas the amino acid was glutamine (Q) in the influenza B strain isolated in this study.

Conclusion Mutations have occurred in the /4 gene of influenza B virus infected in Chengdu during 2017—2018, while

these mutations have not yet caused antigenic changes.

[Key words] influenzavirus B; hemagglutinin; mutation; phylogenetic tree
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Fig 2 Isolation and incubation of influenza B virus

Original magnification: X 100

PE— X HAT BYZSERR 7 ST LX), 25
JRUWNER 2 Fron . 5001 XARAEGATRRAR et & A

TARREMZRA, b5 2010 4FPU)IR TR 7>
BIMRAH LE SRR i, A 4 AR SRS



B X LR, SF. RCERALES—RERYL Yamagata F £ R BE IL5E L o b e 1219 -
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Fig3 Immunofluorescence detection of nucleoprotein expression in MDCK cells infected with influenza B virus

MDCK: Madin-Darby canine kidney. Original magnification: X 100

bp 5 WHO #EMEH K Influenza

B/Utah/08/2014 ( GenBank No. KU592766 ) #
T o, H 2 ANEIEMGLAK L TS, SR
2000 L176Q Fl M255V, iX 2 AN s ¥ ANTE £ 7R i Jek
1 000 PiTE HAL b B0 g 7 N . (A5 —32 0
;5)2 S, HAL 1Y 176 AR — 2 sRE, DIt
250 PO RATRERR . Yamagata R A(CRFEAR Influenza

B/Yamagata/16/88 (GenBank No.M36105) &% WHO
HEFAIE AR Influenza B/Utah/08/2014 ( GenBank
No. KU592766) i) HA1 176 v ¥ N AR
influenza BHA gene ( leuCine9 L ) ﬁlﬁzliﬁﬁﬁﬁﬁju_n /ﬁ" E@Zﬁﬂ {}lbu_,\

HA: Hemagglutinin; M: Marker; 1: Throat swab nucleic acid as PR HATL 176 {5 878 N4 2B (glutamine,

B4 ZEREHS HA EE PCR F=HHBkE
Fig4 Electrophoresis of PCR product of the

template; 2: Isolated virus strain nucleic acid as template Q) , HBAE YA RFRERAMIG

—— 20171123 (MH236281)
100

55 L— Influenza B/Sichuan Wenjiang/295/2010 (KP461138)

99 |l——— Influenza B/Sichuan/379/99 (EF541424)

Influenza B/Sichuan/8/92 (AF129898)

L Influenza B/Yamagata/16/88 (M36105)

Influenza B/Sichuan Chengdu Qingyang/1284/2010 (KP460715)

100

Influenza B/Victoria/2/87 (M58428)

0.01

5 ETF HAEFEWNRFEFHUK
Fig 5 Phylogenetic evolutionary tree based on the HA gene
The 20171123 (MH236281) is the sequence obtained in this study. The numbers in parentheses indicate the accession number
in GenBank. The number at each branch points is the percentage supported by bootstrap. Bar: 0.01 sequence divergence. HA:

Hemagglutinin
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Tab 1 Variation sites of influenza B virus HA full-length gene nucleotide sequences
Site Virus strain Site Virus strain
No. 1 No.2 No.3 No.4 No.5 No.b6 No. 1 No.2 No.3 No.4 No.5 No.6

76 T . . G . . 637 T . . . . C
128 G . A . . . 640 C . . . T .
121 C . T . . . 644 A . G . . .
127 G . . A . . 645 C . . . A .
133 C . T T T . 655 G . A A A .
135 T . . C . . 657 G . A A A .
167 T . C C C . 670 C T . . . .
192 G . A A A . 700 T . C . . .
206 C . . . T . 707 G . . A . .
214 G . A A A . 709 G A A A A A
215 G . A A A . 715 A G . . . .
216 A . . C . . 736 C . T . . .
229 T . C C C . 738 A . . G G .
256 G . A A A . 745 A . . G . .
266 G . A . . . 746 G . A . . .
273 C . . T . . 748 T . . C . .
276 C . T . . . 757 A . . G . .
283 T . G G G . 763 A G . . . .
286 T . A A A . 766 A . G G G .
304 T . C C C G 803 G A . . . A
307 A G . . 3 G 844 G . A A A A
308 G . . A p . 847 T . . G . .
312 G . . A . . 848 G . . A . .
328 G . . A . . 877 G - A . . .
364 A G . é 4 G 883 C s . T . .
367 A . G G G . 892 A . G . . .
397 G . T A T . 901 A . . . G .
403 G . A A A : 907 A . C C C .
415 A . T . . . 940 T . C . C .
425 G . A A A . 944 G - A A A A
427 T . C C C . 986 A . G G G G
435 A . G Y . . 1024 A 4 G G G .
436 A . G G G % 1081 G y A A A .
451 C . . T . : 1118 C o * * T *
466 C . . T ' . 1195 G . * * A *
471 G . . . A . 1207 A G * * G *
481 T . . . O A 1213 A . * * G *
486 C . T . : 1222 T . * * C *
495 A . G . G . 1228 C T * * . *
498 T . A G G . 1261 A . * * G *
499 T C C C C C 1276 C . * * T *
505 T . C . . . 1324 T C * * C *
508 T . C C C C 1336 A . * * G *
529 T C C C C C 1348 C T * * T *
534 A . G G G . 1363 T . * * A *
545 T . - A A . 1372 A . * * G *
546 A . - . . . 1426 T C * * . *
547 C . - . . . 1492 A . * * G *
552 A . C C C . 1495 C . * * T *
553 T . A A A . 1519 A . * * G *
562 C . T T T . 1582 C . * * T *
567 A T T T T T 1594 C T * * T *
574 G . A A A A 1598 T . * * C *
584 T . . C . . 1603 C . * * T *
589 C T T . T T 1660 T . * * C *
592 T . C . . . 1696 A . * * G *
596 G . A A A . 1700 C . * * A *
600 G . . A . . 1738 T C * * . *
601 G . A A A . 1744 T A * * . *
634 G . T T T A 1753 T C * * . *

No.1: 20171123 HA (MH236281); No.2: Influenza B/Utah/08/2014 (KU592766); No.3: Influenza B/Yamagata/16/88
(M36105); No.4: Influenza B/Sichuan/379/99 (EF541424); No.5: Influenza B/Sichuan/8/92 (AF129898); No.6: Influenza B/Sichuan
Wenjiang/295/2010 (KP461138). * indicates the same base as strain No.1; * indicates that the sequence in the GenBank database is

incomplete; — represents a base deletion
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R2 ZCERBRESH HAl REERTRMAALLE
Tab 2 Comparison of amino acid variation sites in the

HATI region of influenza B virus

Virus strain
No.1 No.2 No.3 No.4 No.5 No.6
. A .

Site

33
44
52
60
72
77
79
80
91
92
120
126
130
133
145
150
153
154
166
169
171
176
182
186
187
200
202
206
223
233
236
255
270
301
302 K K K K
316 E E E E

No.1: 20171123 HA (MH236281); No.2: Influenza B/
Utah/08/2014 (KU592766); No.3: Influenza B/Yamagata/16/88
(M36105); No.4: Influenza B/Sichuan/379/99 (EF541424);
No.5: Influenza B/Sichuan/8/92 (AF129898); No.6: Influenza B/
Sichuan Wenjiang/295/2010 (KP461138). * indicates the same

amino acid as strain No.1; — represents deletion of an amino acid.

H
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N

e 2> Z R .
¢« 83 R
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M AR DA Z T o .
c A

QO —Z
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V: Valine; Y: Tyrosine; R: Arginine; D: Aspartate; G: Glycine;
T: Threonine; K: Lysine; Q: Glutamine; A: Alanine;
[: Isoleucine; N: Asparagine; E: Glutamate; S: Serine;

H: Histidine; M: Methionine; L: Leucine
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B, bR P A B PE AR A — i B T
PR, PRt WHO B4EERSs A AT T — M4
TEPEHITR

MBS NH (A) . &4 (B) . N (C)
38, Hrh OB R R IE R R R, A
ghkly, LA BERY ke RNANY, 2 137 gk
R AR AN AL 4E, To ALY (HAE HR A AR
SR N B T SRR R IR
() R IBR 2Bk B/Lee/40™ . HET, WATHY
CHIGIREEMR ST 2 DB . B/Victoria/2/87 %
Fl B/Yamagata/16/88 R, RUGELZ WAL, Z R
JRR 8 3 5t % i 2H A AN R R 0 SRR A bk v i
Iy teas 5, JfF N RIS AE PR HT R A .
2017 AR 2018 4E RS, FREMILTHRE T
Yamagata 5 £ R RGN B T U IRER, EEEK
T FRIALA T R TR S

AT, FRATRE BLABREAE 2017 R4 —
RGN B YL BRIV HA BT T R4
G0, AR R G R B R, R I R
AUTEMRE T Yamagata %, (HG i BRI 5 50H7,
H5 Yamagata )57 B/Yamagata/16/88 Xif
et B T2, 501 H X DU RAT
Yamagata R BRI AL TARBRERNAZ T, HA]
VIE 55T Yamagata ZR3E0R 751 L BCAH
T, RAR SARXT D

EH, WHO IER kA 1T 2018—2019 4R
Je 2Pk 0 W B A AT, 5 2017—
2018 AFREAL PRI R R A AR LG, BR T
B/Victoria ZJGREL1/0F1 A (H3N2 ) ALK 414>
AHEAN, WHO B IRLAEss T DM e i 1)
Hor o X—2B R R A R T — A T
Z¥ Yamagata R ORIIBYRERE R TV EAH . A
MF 5T Lo 5] () £ B i . HA JER S5 WHO
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