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Abstract: In this study, the genetic characteristics of novel influenza A (HIN1) pdm09 viruses were analyzed, to provide
research data for the scientific prevention and control of influenza. Seven strains of novel influenza A (HIN1)pdm09 viruses in
Guangzhou in 2019 were selected for sequencing. The genetic characteristics were analyzed in bioinformatics software. Among
the eight segments of the seven viruses, the nucleotide sequence similarity of PB2 genes was the highest (98.8% ~99.9%) and
that of NA genes was the lowest (97.3% ~99.2%). In general, the distribution of HIN1 influenza isolates in different months
was time-dependent. The isolates after June in 2019 had the closest genetic relationship to the vaccine recommended strain (A/
Guangdong Maonan/1536/2019 HIN1), and they were in the same evolutionary branch. Except for PA and M1 proteins. all
proteins of the viruses from this branch had various amino acid mutations. The strains isolated from the influenza-like cases in
monitoring hospitals belonged to the same evolutionary branch as those from the cases of community influenza outbreaks. The
phylogenetic tree of each gene showed that there was no recombination among different genes from different sources. In conclu-
sion, the strains of novel influenza A (H1N1) from monitoring cases in Guangzhou showed homology with the strains from the

cases of influenza outbreaks in the community. The whole genome sequences matched the recommended vaccine strain well. No
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FrAS i 14 986 B RT-PCR Jy ¥ B4 A HINT,
FH AL H3N2 il 2 78 358 JEos B 4% R Ao I Gkl 391 65 0 T
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- 1L 4 R B (CHA-HD X 37 800 75 85 35 ) 6 17
S5 CHfiLER R KRR - i 3 P R 5 BT 42 ol
AR o AR HE 53 B B ] AR [ AR BF 5T B B
HC7 MR AL HINT 30 80 2 20 47 4 58 D 2 )7
1.2 IEHEAFFIME 2% Deng YM F L F
TR B A S AL T L RS I R R
HIN1 Ji 8 8 4 2 W 2 K851, B A Oligo 6 # 4
B R HIND 3 B 25 4 7 51 &k B Br 4 K
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Tab.1 Amplification primers for gene fragments of the avian

influenza A (H1N1)pdm09 virus

5|9 4 B ¥R (5'-3")

HA-F TGTAAAACGACGGCCAGTATGAAGGCAATAC
HA-R CAGGAAACAGCTATGACCGATCGGATGTATATTC
NA-F TGTAAAACGACGGCCAGTAGCAAAA

NA-R CAGGAAACAGCTATGACCGTGAT

PB2-1-F  AGCRAAAGCAGGTCAAWTATATTCAAT
PB2-1-R ATSACAYTRTCRATDGTTCAATTCC
PB2-2-F  GTRTTYTCACARGAGATTGCATG
PB2-2-R  AGTAGAAACAAGGTCGTTTTWAAACWATT
PB1-1-F AGCAAAAGCAGGAAACCATT

PB1-1-R TTRAACATNCCCATCATCAT

PBI1-2-F  ACTGGAGAYAAYACYAARGGA

PB1-2-R  AGTAGAAACAAGGCATTTTTCATG
PA-1-F AGCAAAAGCAGGTACTGATCC

PA-1-R TTGGTTCTGCATTGCTTATC

PA-2-F CAATTACCTCCTGGCTTGGAAG

PA-2-R AGTAGAAASAAGGTACYTTTTGGA

NP-F AGCAAAAGCAGGGTAGATAATC
NP-R AGCAAAAGCAGGGTAGATAATC
M-F AGCAAAAGCAGGTAGATRTTAAAG
M-R AGTAGAAACAAGGTAGTTTTTACTC
NS-F AGCAAAAGCAGGGTGACAAA

NS-R AGAAACAAGGGTGTTTTTA

1.3 7 FARES T i DNA Star?. 1 #0F 9 3%
AP £5 5L R R B, ) B X 45 366 PR iR A 7 [R] s 43 A
K H MEGA 6.0 #F . I N ORF Jy S A 850, Xt
AN [R) A 53 378 S B HL R AT A3 #T

1.4 BT LRI GISAID B4 & h I 4F
WHO #77 i9 HRS HINT 3 80 25 982 5 bk 45 3k (R R
B N2 ¥ % ( A/Guangdong-Maonan/1536/
2019 (HIN1)., A/Hawaii/70/2019 ( HIN1), A/
Brisbane/02/2018 (HIN1)., A/Michigan/45/2015
(HIN1). A/California/7/2009 (HIN1), A /
Christchurch/16/2010 ( HIN1 ). A/Brisbane/59/
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B HIND WREE R 70 Bk (%Y MDCK 41 Jf
2 —REE ) . AW 7 MR AR LS BRO B H
TR I 18] 5 2 AR A3 S TR R PEIE R . 2 KRG
BT 20194F 1 H,2 #k4ET 2019 4F 3 H,2 #Ror
BT 2019 4F 6 H,1 BE4Y BT 2019 4F 12 A .
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BETF B B2 AE 7 41 (HA £ .1 701 bp NA JE[H .
1410 bp,PB2 %[ :2 280 bp.PB1 %4 :2 274 bp,
PA .2 151 bp NP 5.1 497 bp. M1 HH .
759 bp.NSI1 3L . 693 bp) . 7 Biw T 4 5L H ¥ 5
o A% T R R R PR B = O PB2 P (98.8% ~
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Tab.2 Sequence similarity analysis of whole genes from novel

influenza A (H1N1)pdm09 isolates in Guangzhou in 2019

P KH R/ 7 M/
HA 97.7~99.9 96.6~99.6
NA 97.3~99.2 96.4~99.4
PB2 98.8~99.9 99.3~100
PB1 98.6~99.9 98.8~99.9
PA 98.5~100 99.2~100
NP 98.7~100 99.2~100
M1 98.5~100 99.2~100
NS1 98.6~100 96.5~100

2.3 sfedtter b B LR A HINT 3R
Sy BRI ] 4345 L 23 3 T A/Michigan/45/2015
(HIN1).A/Brisbane/02/2018 (H1N1).A/Guang-
dong-Maonan/1536/2019 (HIN1)., A/Hawaii/70/
2019 CHIND) J 1 ¥k 2R O — #8402 2019 4 6
T LR 89 HINT 73 5 bk 45 1 5 T 28 40 210 2020 —
2021 AEHERE A A9 2 B HEFEMRE A/Guangdong-Ma-
onan/1536/2019 (HINDEZ KRR, 70 & T
A I T S R R T i ) 1Y 7 AR 5 A DX Ut R R
N 0 FE R T T 6] — Rk 3. Ak DR 20 st A% i
AR S 7 3 A e AN [) B PR R PR A S D B 4

A/Hawaii/70/2019 HIN1
A/Guangzhou/30909/2019 HIN1-¥ ###k. 128
A/Guangdong-Maonan/1536/2019 HIN1
A/Guangzhou/14130/2019 HIN1- 1% E#k, 64
A/Guangzhou/14137/2019 HIN1-ZE 584k, 64
A/Guangzhou/00661/2019 HIN1-¥5 &k, 15
A/Guangzhow/ 04171/2019 HIN1 - ¥ # &k, 34
A/Brisbane/02/2018 HIN1
A/Guangzhou/04163/2019 HIN1-¥ 3 &k, 3H
A/Guangzhou/01336/2019 HIN1- % # ##k, 1H
A/Michigan/45/2015 HIN1

I: A/California/07/2009 HIN1

99 '— A/Christchurch/16/2010 HIN1

A/New/Caledonia/20/1999 HIN1

L{—_A/Solomon Islands/3/2006 HIN1
81 A/Brisbane/59/2007 HIN1

12019 &7 B2 HIND it B 5 B 4k HA B [F s fE st i

Fig.1 Genetic evolution analysis of HA genes from novel influenza A ( HIN1) pdm09 isolates in

Guangzhou in 2019
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99 — A/Guangzhou/14130/2019 HIN1-Z 1534k, 64

NA 51 |A/Guangzhow/14137/2019 HIN1- #1584k, 6H
A/Guangdong-Maonan/1536/2019 HIN1
-A/Guangzhou/30909/2019 HIN1-¥s 4k, 128
A/Hawaii/70/2019 HIN1
A/Guangzhou/00661/2019 HIN1-¥JuE#k, 15
-A/Guangzhou/01336/2019 HIN1- ¥l ##k, 18
A/Brisbane/02/2018 HIN1
-A/Guangzhou/04163/2019 HIN1-¥5 3k, 38
-A/Guangzhou/04171/2019 HIN1- ¥ ik, 38
A/Michigan/45/2015 HIN1

A/California/07/2009 HIN1
99 L— A/Christchurch/16/2010 HIN1

A/New Caledonia/20/1999 HIN1

100 |_|——A/Solomon Islands/3/2006 HIN1
& A/Brisbane/59/2007 HIN1

—
0.01

2 2019 TN TR HIND RS B Ak NA B E & E AR
Fig.2 Genetic evolution analysis of NA genes from novel influenza A (H1N1)pdm09 iso-
lates in Guangzhou in 2019

617 A/Guangzhou/14130/2019 HIN1-Z 1584k, 65
PB2 74| A/Guangzhou/14137/2019 HIN1-Z1& 84k, 6H
-A/Guangzhou/30909/2019 HIN1-J ###k, 124
A/Guangdong-Maonan/1536/2019 HIN1
A Hawaii/70/2019 HIN1
A/Guangzhou/00661/2019 HIN1-¥ &k, 1H
A/Guangzhou/04163/2019 HIN1-¥ J#k, 34
A/Brisbane/02/2018 HIN1
A/Guangzhou/04171/2019 HIN1-¥5 J &k, 34
A/Guangzhou/01336/2019 HIN1-J#F#k, 18
A/Michigan/45/2015 HIN1
L——— A/California/07/2009 H1N1
— A/New Caledonia/20/1999 HIN1
100 L A/Brisbane/59/2007 HIN1
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H
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32019 M TR A HINT fEE ST B R PB2 & FE Rt
Fig.3 Genetic evolution analysis of PB2 genes from novel influenza A (H1N1)pdm09 i-

solates in Guangzhou in 2019

88 |A/Guangzhow/14130/2019 HIN1-FEE#K, 6H
A/Guangzhow/14137/2019 HIN1-EEt5#E 4k, 64
A/Guangzhow/30909/2019 HIN1-¥ Uk, 128
A/Guangdong-Maonan/1536/2019 HIN1
A/Hawaii/70/2019 HIN1
A/Guangzhow/00661/2019 HIN1-¥#l k%, 145
A/Guangzhou/01336/2019 HIN1-¥s 3§k, 15
A/Brisbane/02/2018 HIN1
A/Guangzhou/04163/2019 HIN1-¥5Ji##k, 35
A/Michigan/45/2015 HIN1
A/Guangzhou/04171/2019 HIN1-¥#l##k, 38
\—A/California/07/2009 HIN1

— A/New/Caledonia/20/1999 HIN1

100l A/Brisbane/59/2007 HIN1

PB1 y

A
0.02

B4 2019 7N TH R E HINL TS B4k PB1 2 F &G
Fig.4 Genetic evolution analysis of PB1 genes from novel influenza A (HIN1)pdm09 i-

solates in Guangzhou in 2019
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76| A/Guangzhou/14130/2019 HIN1-# 1584k, 65
A/Guangzhou/14137/2019 HIN1-FE 1584k, 34
A/Guangzhouw/30909/2019 HIN1- %3 #F#k, 128
A/Guangdong-Maonan/1536/2019 HIN1
A/Hawaii/70/2019 HIN1
A/Guangzhou/00661/2019 HIN1-¥%# &k, 14
A/Guangzhou/01336/2019 HIN1-¥ i #4k, 14
A/Guangzhou/04171/2019 HIN1-¥J##k, 35
A/Guangzhou/04163/2019 HIN1-¥Jl 24k, 35
A/Brisbane/02/2018 HIN1
A/Michigan/45/2015 HIN1
L—— A/California/07/2009 HIN1

— A/New Caledonia/20/1999 HIN1
100 L—— A/Brisbane/59/2007 HIN1

PA

—
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5 2019 £ T R E HIND B 5> Bk PA B F i (& it 0
Fig.5 Genetic evolution analysis of PA genes from novel influenza A (H1N1)pdm09 iso-

lates in Guangzhou in 2019

47| A/Guangzhou/14130/2019 HIN1-Z 15 &4k, 64
NP 63]A/Guangzhow/14137/2019 HIN1-E &2k, 65
-A/Guangzhou/30909/2019 HIN1- ¥ #l %4k, 128
A/Guangdong-Maonan/1536/2019 HIN1
A/Hawaii/70/2019 HIN1
A/Guangzhou/00661/2019 HIN1-¥ sk, 15
A/Brisbane/02/2018 HIN1
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A/Guangzhou/04171/2019 HIN1-¥ 3 &4k, 38
A/Michigan/45/2015 HIN1
L—— A/California/07/2009 HIN1

[ A/New/Caledonia/20/1999 HIN1
100 L A/Brisbane/59 2007 HIN1
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Fig.6 Genetic evolution analysis of NP genes from novel influenza A (HIN1)pdm09 iso-

lates in Guangzhou in 2019
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-A/Guangzhou/30909/2019 HIN1-¥s i ##k, 128
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A/Guangzhou/04171/2019 HIN1-¥5 &4k, 34
-A/Guangzhou/01336/2019 HIN1-¥#lF#k, 185
A/Brisbane/02/2018 HIN1
-A/Guangzhou/04163/2019 HIN1- ¥ JHE#k, 34
A/Michigan/45/2015 HIN1
{A/Caljfornia/07/2009 HIN1
64 L A/Christchurch/16/2010 HIN1
A/New Caledonia/20/1999 HIN1
100 A/Solomon Islands/3/2006 HIN1
60 A/Brisbane/59/2007 HIN1

M 67

99

—
0.005
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Fig.7 Genetic evolution analysis of M genes from novel influenza A (HIN1)pdm09 iso-

lates in Guangzhou in 2019
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64| A/Guangzhou/14130/2019 HIN1-Z 58+, 64
69 llA/Guangzhou/14137/2019 HIN1-Z 1534k, 64
-A/Guangzhou/00661/2019 HIN1-¥Jl &4k, 15
A/Guangzhou/30909/2019 HIN1-J &4k, 124
A/Guangdong-Maonan/1536/2019 HIN1

s L A/Hawaii/70/2019 HIN1
Guangzhou/04163/2019 HIN1-¥ il ##%, 34
A/Guangzhou/01336/2019 HIN1-¥ &4k, 18
A/Michigan/45/2015 HIN1

8l A/Brisban/02/2018 HIN1
A/Guangzhou/04171/2019 HIN1-¥ &4k, 35

63

26

66

— A/California/07/2009 HIN1

[ A/New Caledonia/20/1999 HIN1

0.005

100 I—A/Brisbane/59/2007 HIN1

8 2019 FEJ MTEHE HINI RESBEHK NSEEEZEHAR

Fig.8 Genetic evolution analysis of NS genes from novel influenza A (HIN1)pdm09 iso-

lates in Guangzhou in 2019
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PR LR = A, UL 3R 3, [R) B X 7 AR O JER % 1
B R A/Guangzhou/14130/2019 (HIND) Fl A/
Guangzhou/14137/2019 (HIN1) ¥F 17 4 5 N 4 3
BRAS S A AURE 5 PR 43 O o, W bR B A HA-
K188E.NA-140T,PB1-M6461, NS1-1145V % 1 [d]
(1) 22 B IR 78 SV K

3 0 i

H 2017 4EJF 4R, WHO #fEEdb 2Bk H /Y 3 kR
HI1N1 % 8 #k (A/Michigan/45/2015 (H1N1) (2017
—2019) A/ Brisbane/02/2018 (HIN1)(2019—

®3 AN BHREFRAHFRESERTROWN
Tab.3 Analysis of genome specific amino acid variations

in homocladistic isolates

P T bR
A/Guangdong-Maonan/
1536/2019 (HIND)

) 43 32 43 s R

00661 14130 14137 30309

HA N146D,T2021

NA F74S,T4521

PB2 T81I,G225S,V6671
PB1 V200I,K386R

PA -

NP V4251

M1 -

M2 -

NS1 T80OA,A155T

NS2 -

(D The amino acid mutations of 00661, 14130, 14137
and 30309 isolates, which belonged to the same clade, were

compared with those of 01336, 04163 and 04171 isolates.

2020) . A/Guangdong — Maonan/1536/2019 (HIN1)
(2020 —2021)) FE G K R B, 5t 4L #E AL b A Wy iE
1£,2020— 2021 FFE MRS 2019 4F 6 H ZJ5 M
ITHRTE 2 H A A7 T W — st A5 i b, 38R
2020 4F R 2AF 5 B0 00 A % B R S U AT PR UG I
B, (HIZ4r 3 00661 BERRSF BT 2019 4£ 1 A,
Yo B T O Hb X Y HINT 5 B8 7 AT 1 &2 29 1,
AN HEBR B2 HL 0 U AT PR 50 AT R 3 W] AT 0
0 o 3 047 75 95 25 51 0 XURS: o BL ke R B 3 0 e A 7 1 28
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