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Abstract A neural network classification method, and a batch-learning self-organizing map ( BLSOM) , was established using trinucleotide

and tetranucleotide in the hemagglutinin gene sequences of 25 avian influenza viruses isolated in Guangdong Province. Statistical analysis and

normalization of the fragment number were done and MATLAB function was used to simulate the human brain thinking for self-organizing learn-

ing. When the number of training steps was 100 and above, the strains could be successfully clustered. H,, H,, Hy, H, and H, subtype

strains fell within different classes, respectively, and the HA gene cluster map of H;N, and H,N, strains was quite similar, suggesting that

these strains shared the same origin; H;N, strain was quite different in different years; H,N, and HyN, strains could be clustered into one

group, indicating the natural recombinant variation in the two kinds of viruses, thereby providing a reference for high-risk strain screening and

traceability.

Key words Avian influenza virus, BLSOM, HA gene, Neural network, Classification

1 Introduction

Avian influenza can cause great economic losses to poultry indus-
try, and according to statistics of OIE, H;N, avian influenza in-
fected 668 humans, and the mortality rate reached 58.83% . Cur-
rently, the emerging H,N, avian influenza continues to be preva-
lent, and there are new human cases, making it more difficult to
prevent and control avian influenza. In fact, the zoonotic influenza
virus is spread to humans ultimately, and brings a great threat to
public health"’. In the avian influenza virus monitoring, with the
rapid progress of high-throughput sequencing technology, the gene
pool data increase sharply, making the classic phylogenetic tree
analysis difficult, so there is a need to conduct technological inno-
vation. Pear] River Delta is located in the international migratory
routes of migratory birds, and has a mild and humid climate. It is
the world’s avian influenza outbreak center. Survey shows that the
avian influenza infection is increasingly serious in the live pouliry
markets of Guangzhou, Jiangmen, Zhaoqing and other places, and
these markets become important repository of virus”> ™. The posi-
tive rate reaches 32.73% , and it is even up to 75% on the chop-
ping board for the slaughter”'. Tt is also found that it is dominated
by Hy subtype, and there are also Hs and H, subtypes, greatly dif-
ferent from the vaccine strains'®’. At the same time, the majority
of residents are often in contact with live poultry, and humans will
be in critical condition or even die after infection'” *'. Therefore,

it is of great significance to study the classification methods for
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avian influenza virus.

2 Materials and methods
2.1 Data sources All strains used in this study came from
Guangdong Province, providing all of the HA gene sequences.
Among them, H N, influenza virus was isolated from the pig strains
by South China Agricultural University and from the human strains
by the medical unit; HyN, strains were viral samples isolated by
Guangdong Provincial Center for Disease Control from the patient;
H;N, viruses were the poultry strains isolated by Harbin Veterinary
Research Institute and South China Agricultural University, and hu-
man infections isolated by National Influenza Center; H,N, viruses
were the recent epidemic strains, provided by Guangdong Provincial
Center for Disease Control, 3 isolated from humans and 2 from
chickens; HyN, was isolated from chickens by Harbin Veterinary
Research Institute and South China Agricultural University.

2.2 Research methods

2.2.1 BLSOM algorithm. We established BLSOM ( Batch-
Learning Self-Organizing Map) artificial neural network to receive
the external input to produce different response regions and simu-
late human brain’s self-organizing learning process'’’. The Euclid-

ean distance was calculated as follows:

d, =Px—W,»P=«/§l[xi(t) W)

2.2.2 Data normalization. We measured the number of HA gene
[10]

fragments for each strain' ", and the normalization formula was as

follows :
v _ Y " i
X=——"+-
Xnax ™ Xmin
2.2.3 MATLAB realization. The programming was based on

Reference [ 11], and MATLAB (2014) was run. Part of the pro-

gram codes are as follows;
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x> >

% % clear environment variable
cle

clear

% % input data

% load data

load (’c:\data. mat’) ;

The function newsom was used to establish SOM network,
and the competition layer consisted of 6 x 6 =36 neurons. The
functions train and sim were used for training and simulation; the
function plotsom was used to draw the variable relation diagram;

the function vec2ind was used to convert data.

Table 1 BLSOM characteristic genetic fragment statistics about the avian influenza virus prevalent in Guangdong Province

Strains Gene bank codes I I IIr v \ \lI
H,N, (1) A/GuangzhouSB/01,/2009(H, N, ) 7 59 6 0 48 4
H,N,(2) A/ Guangzhou/506/2006 (H, N, ) 7 58 7 0 49 4
H,N,(3) A/swine/ Guangdong/1/2010( H; N, ) 5 52 5 2 40 1
H N, (4) A/ swine/ Guangdong/11/2009 (H, N, ) 6 55 3 4 44 3
H, N, (5) A/Guangdong/1513/2012(H, N, ) 7 57 5 0 46 4
H;N, (1) A/ Guangdong/522/2009 (H;N, ) 5 58 8 3 34 6
H;N,(2) A/ Guangdong/472/2009 (H;N, ) 5 56 6 2 35 6
H,N, (3) A/Guangdong/93/2008 (H; N, ) 5 53 7 3 34 6
H;N, (4) A/ Guangdong/578/2008 (H; N, ) 5 54 7 3 34 6
H;N,(5) A/ Guangdong/560/2009 (H; N, ) 5 58 8 3 34 6
HsN, (1) A/ Goose/ Guangdong/1/96 (Hs N, ) 8 50 6 6 39 3
HsN, (2) A/ duck/ Guangdong/23/2004( Hs N, ) 5 52 5 6 48 5
HsN, (3) A/ Guangdong/1/2006( Hs N, ) 6 48 6 6 45 5
HsN, (4) A/ Goose/ Guangdong/3/97 (HsN, ) 8 53 7 7 41 3
HsN, (5) A/ parrot/ Guangdong/C99/2005 (Hs N, ) 8 52 8 7 45 4
H,N, (1) A/Guangdong/05/2013 (H, Ny ) 5 49 1 4 39 1
H;Ny(2) A/ Guangdong/04,/2013 ( H; Ny ) 5 49 11 4 39 1
H;Ny(3) A/ Guangdong/03/2013 (H, Ny ) 5 48 12 4 40 1
H,;Ny(4) A/ environment/ Guangdong/25/2013 (H, Ny ) 5 44 10 4 38 1
H; Ny (5) A/ environment/ Guangdong/30/2013 (H; Ny ) 5 42 10 4 38 1
HyN, (1) A/ chicken/ Guangdong/LY/2010(Hy N, ) 5 49 4 11 40 5
HyN,(2) A/ chicken/ Guangdong/BL/2010( Hy N, ) 5 44 5 10 36 1
HyN,(3) A/ chicken/ Guangdong/6/97(HgN, ) 6 47 5 9 43 2
HyN, (4) A/ chicken/Guangdong/56/01 (HgN, ) 7 49 7 5 41 2
HyN, (5) A/ chicken/ Guangdong/5/97( HgN, ) 6 45 6 9 41 3

Note: The characteristic genetic fragments were I. GGGG, II. AAA, TII. TTTC, IV. TCTT, V. AAG, VI. ACGG, respectively.

3 Results and analysis

3.1 Microorganism BLSOM classification At present, mi-
crobial genomic information has increased significantly, and there
is a need for new technical means to conduct a comprehensive
analysis. The common GC value analysis method for microbial ge-
nome is simple, not suitable for processing large amounts of ge-
nomic information, and the results can not reflect the essential
characteristics of microbial genetic variation. The non-sequence-
alignment self-organizing map (SOM) and the improved BLSOM
method, can be used to classify the 1 kb genetic fragment and pre-
dict the direction of variation. BLSOM uses the visual classifica-
tion tool of advanced computer software which can reveal virus
host-dependence and codon bias caused by natural selection, to
identify high-risk types in millions of microbial gene data and mo-
nitor high-risk strains. It is of great significance to biomedicine
and preventive veterinary medicine. The new MATLAB software
toolbox provides neural network function, and can simulate the hu-

man brain to complete BLSOM competitive learning and training,

pattern recognition, classification and identification. It is widely
applied in engineering, finance, agriculture, environmental pro-
tection, education, public security and a variety of scientific stud-
ies!" ") In this paper, it was used to study the avian influenza
virus and achieved initial success, worthy of further study.

Competitive Output
Input layer layer layer

oo @ -4

36
Fig. 1 BLSOM algorithm flowchart for HA genes of avian influen-

za virus isolated in Guangdong Province

3.2 Avian influenza classification standard and BLSOM
classification

According to statistics, the current nucleic acid
sequences about avian influenza virus in the gene pool have been
as many as 730000, and the number for H N, , H;N,, H;N, and
H, N, is 110000, 83000, 27000 and 14000, respectively. The con-
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ventional evolutionary tree and other analysis tools fail to see the
) BLSOM method can handle more than one mil-
lion gene sequences at the same time, and the analysis results are

whole picture

consistent with the evolutionary tree. At the genetic level and in
the oligonucleotide (2 —4 bp) fragment composition, avian influ-
enza shows significant host dependence, namely the self-organiza-
tion and classification characteristics based on host, which is the
biological basis of BLSOM classification.

growth depends on many host factors such as nucleotides, amino

The influenza virus

acids and tRNA, while avoiding the antiviral mechanism of host
such as the action of antibodies, cytotoxic T cells, interferon and
RNA interference, thereby forming unique host dependence of
gene structure. However, we often can not draw the conclusion of
host dependence from the single nucleotide BLSOM, and the tetra-
nucleotide BLSOM classification effect based on host is good. The
results from Table 2, Fig. 3, Table 3 show that except HA genes,
all 8 genetic fragments can be used for BLSOM analysis.

-1.0 1 1 1 1 1 J
51 0 1 2 3 4 5

Fig. 2 Distance between adjacent BLSOM neurons for some avian

influenza virus strains prevalent in Guangdong

Table 2 BLSOM training steps and clustering results for some avian influenza virus strains prevalent in Guangdong

Number of training steps

Clustering results

4 36 36
12 36 25 6
23 35 24
6 5 19 36
31 4 36
6 24 25 1
28 31 9 36

10 36 1
30 31 1
50 36 1
100 13 35
200 21 12
500 33 9
1000 1 12
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Fig. 3 BLSOM clustering map for some avian influenza virus

strains prevalent in Guangdong

Table 3 BLSOM clustering results for some avian influenza virus strains
prevalent in Guangdong

Type Name of the strain

1 HiN, (1), H;N;(2), H;N;(4), H N, (5)

2 HyN, (1), H3N,(2), HsN,(3), H3N,(4), H3N, (5)
3 HsN, (1), H5N, (2), HsN,(3), HsN, (4), HsN, (5)
4 HyNo (1), H;Ng(2), HyNo(3), H;Ng (4), H;Ng (5)
5 HoN, (1), HoN,(3), HoN,(4), HyN, (5)

6 H;N; (3), HyN,(2)

=1 0 1 2 3 4 5 6

Fig. 4 BLSOM map for the test samples concerning HA genes of
avian influenza virus isolated in Guangdong Province

3.3 BLSOM software tool, parameter and short nucleotide
fragment selection The natural selection of avian influenza virus
gene codon has pressure on all 8 fragments which can be used for
BLSOM analysis to obtain genetic characteristics and host prefer-
ence information. Tetra-BLSOM can clearly divide the human in-
fluenza virus from swine influenza virus according to region and
color, and the high-risk strain located in the border between two
regions due to the variation can be identified. From Fig. 3, we can
clearly see that the strain structure of H;N, and H,N, is consist-
ent, and there is strain variation for HyN,, H;N, and H,N,. In
this study, 6 kinds of oligonucleotide fragments are selected for
BLSOM analysis, and the main avian influenza strains can be iden-
tified. When the number of training steps is more than 100, the ef-
fective clustering effect is generated ( Table 2). The neurons in
the upper right corner are distant (Fig. 2), and the test samples
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are evenly distributed (Fig. 4). The methods and softwares that
can handle large data sequences simultaneously are for further
study. BLSOM is used to analyze the host dependence on oligonu-
cleotide, identify sequence variation direction in huge gene data,
and monitor high-risk strains of animals and humans, thus it is an
important issue on viral molecular evolution study'”’. In this stud-
y, there is large variation in HsN,, and BLSOM map is signifi-
cantly different (Fig. 3). There is a need to conduct further stud-

ies on the use of BLSOM as virus warning and traceability tool.
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skill training and improving agricultural labor forces’™ skills. We
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