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Abstract: The species and subtype differences were analyzed in the matrix 2 (M2) proteins of 

influenza A viruses from a statistical viewpoint. First, the amino-acid pair predictability was used 

to convert 1129 M2 proteins into 1129 scalar data;Second,the model I ANOVA was used to 

analyze these data in terms of species and subtype in order to find if they are distinguishable; 

Third, the model ll ANOV A was used to determine the inter- and intra-species/ subtype 

variations to further trace the reason for cross-species infection and cross-subtype mutation. T he 

results provide three pieces of statistical evidence to demonstrate why the cross-species infection 

and cross-subtype mutation are possible because the barriers between species and between 

subtypes are not strong enough, which leads a mutation to easily jump to another species or 

subtype. 

Key words: amino-acid pair, influenza A virus, matrix protein 2, species, subtype, variation, 
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摘要：从统计学视角分析甲型流感病毒基质蛋白 2(M2）的种属差异和亚型差异。首先，用氨基酸对的可预测

性将 1129 个 M2 蛋白质转换成 1129 标量数据，然后用 I 型 ANOVA 分析这些数据，寻找是否存在种属和亚

型的区别，最后用 E 型 ANOVA 确定组间和组内的差异，进一步追踪跨种属感染和跨亚型突变的原因 ．得到 3

条统计学证据，说明甲型流感病毒可能发生跨种属感染和跨亚型突变，其原因是由于各种属和亚型之间的屏

障不够强壮，导致突变易于跨越到其它种属或亚型。
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The unpredictable mutations of influenza A 

viruses threaten the humans with possible flu 

pandemics or epidemics, therefore the accurate, 

precise and reliable prediction of mutations becomes 

more and more important, by which we can 

manufacture new vaccines more effective against the 

influenza A virus[1~ 6] . 
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The design of vaccines is generally based on the 

virus subtype, for example, the focus in recent year 

was directed to the H5Nl subtype of influenza A 

virus[7 .sJ. Understandably, the proteins of influenza 

A viruses are different from subtype to subtype, 

otherwise there would be no classification of 

subtypes. Moreover, the proteins of influenza A 

viruses under the same subtype are different one 

another, otherwise a single subtype would contain 

only a single protein. The same consideration should 

be held for the proteins classified according to 

species, where the sample was obtained. These are 

so called a wide variety of patterns of antigenic 

variation across space and time, and within and 

between subtypes as well as hosts[9J. 

Here, an important question raised is if these 

classifications are numerically distinguishable, say, if 

a protein is different from species to species or from 

subtype to subtype in number. If distinguishable, it 

would mean that the barrier between species and 

between subtypes is strong enough to prevent cross

species infection and cross-subtype mutation; if 

indistinguishable, we would deduce an opposite 

consequence, which could explain why the HlNl 

swine flu pandemic currently privileges although our 

focuses were misplaced on the highly pathogenic 

H5Nl avian viruses[6~ 8] . 

Statistically, it is not difficult to determine if 

proteins are distinguishable in terms of species and 

subtype because ANOV A can do the job. However , 

this job is not easy because ANOV A deals with only 

numbers but proteins 红e sequenced in terms of 

letters, which represent amino acids. Therefore, it is 

necessary to convert a protein as a number in order to 

conduct statistical analysis. In this study, we use the 

amino-acid pair predictability to convert a protein into 

a single number because we have developed three 

computational mutation approaches, which can 

convert a protein into a scalar datum or a numeric 

sequence, and then we can use them to study various 
[10~ 14] issues 

The matrix protein 2 (M2) of influenza A virus 

forms a proton channel in the virion and is essential 

for infectionC15·16J. The blockers for M2 ion channel 
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have been used to treat influenza virus 

infections[17~20J , however, the usage of M2 inhibitors 

is impaired by high frequencies of their resistance 

among currently circulating strains[21~ 23J . In . 

addition, the M2 protein of influenza A virus serves 

as a prototype for designing vaccine based on the 

conserved ectodomain 'in M2 protein[24J , thus it is 

very practical to analyze if M2 proteins are 

distinguishable from both vaccine-design and 

pandemic-analysis viewpoints, which is the aim of 

this. study. 

1 Materials and methods 

1. 1 Data 

6017 full- length M2 proteins of influenza A 

viruses sampled from 1918 to 2008 were obtained 

from the influenza virus resources[2sJ . After excluded 

identical sequences, 1129 M2 proteins are actually 

used in this study. 

1. 2 Conversion of lettered M2 proteins into scalar 

data 

We use the amino-acid pair predictability to 

convert a protein into a single number. According to 

the permutation, the adjacent amino-acid pairs in a 

protein can be classified as predictable and 

unpredictable, which provides a measure to 

distinguish protein one another, and we have used it 
舍」 · [26-31] in many our previous stumes 

For example, ABB86897 M2 protein from a 

swine influenza virus, strain A / swine/ Ontario/ 

55383/04 ( H1N2), has 97 amino acids. The first 

and second amino acids can be counted as an amino

acid pair, the second and third as another amino-acid 

pair, the third and fourth, until the 96th and 97th, 

thus there are totally 96 amino-acid pairs. There are 

10 leucines “ L ” in ABB86897 M2 protein. If the 

permutation can predict the appearance of amino-acid 

pair LL in this protein: it must appear once (10/ 97 

× 9/ 96 × 96 = 0. 93) ; actually there is only one LL in 

it, so the appearance of LL is predictable. By clear 

contrast, there are 9 isoleucines “ I ” in this protein. 

If the permutation can predict the appearance of 

amino-acid pair IL in this M2 protein: it must appear 

once (9 / 97 × 10/ 96 × 96 = 0. 93) ; but it appears 3 
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statistical difference in the rest of pairs of subtypes 

such as Hl versus H2, which means that there are no 
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many pairs of subtypes, 

consequently a cross HA subtype mutation would 

easily occur. 
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Fig. 1 Comparison of HA subtypes 
The model I ANOV A indicates a statistically significant 

difference ( P < 0. 001) among fifteen subtypes, and the 
Holrn-Sidak comparison test indicates the significantly 
statistical difference between any two subtypes as follows ( P 

< 0. 05): Hl versus H3, Hl versus HS, Hl versus H6, Hl 
versus H7, H2 versus H3, H2 versus HS, H3 versus HS, H4 
versus HS, H6 versus HS, H7 versus HS, H9 versus Hl, H9 
versus H2, H9 versus H3, H9 versus H4, H9 versus HS, H9 
versus H6,H9 versus H7 ,H9 versus H8,Hll versus H3,Hll 
versus HS ,and H13 versus HS. 

Figure 2 can be read in the same way as done in 

represent 

computed 1129 M2 proteins, 

predictabl巳 portions of M2 proteins were . grouped 

according to their classifications of subtypes and 

species. The data were presented as mean±SD. The 

model I ANOV A followed by the Holm-Sidak' s 

times in realty, so the appearance of IL appearance is 

unpredictable. In this way, all amino-acid pa町s in an 

M2 protein can be classified as predictable 

unpredictable. For this particular M2 protein, its 

predictable and unpredictable portions 盯e 18. 18% 

and 81. 82 % . 

Taking another M2 protein (accession number 

ABB86927) as the second example, it has only one 

amino acid different from ABB86897 M2 protein at 

95. However, its predictable 

unpredictable portions are 20. 46 % and T9. 54 % . 

Thus, the amino-acid pair predictability distinguishes 

difference between different M2 proteins in 

which 
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I. 3 Statistics 

After 

numbers 

comparison test was used to compare the difference 

among and between subtypes/ species 

SigmaStat software[JZJ . P < O. 05 

statistically significant. The single classification m0del 

ll ANOVA with ·unequal sample sizes[33J was used to 

and intra-subtype/ species 

the usmg 

considered 

statistical no indicates figure This Figure 1. 

difference in 

IS 

proteins among NA subtypes, 

suggesting that there are no barriers between any pair 

of NA subtypes at all so that a cross NA subtype 

would totally easily occur. As the 

M2 

inter-the determine 

variations. 

盯1utat1on

neuraminidase is a target for anti-flu drugs, the 

direct implication is that the drug designed to target 

M2 is better according to NA subtype because there 

is no statistical difference cross NA subtypes. 

Figure 3 demonstrates the statistically significant 

difference in M2 proteins among species. This figure 

can be read in a similar way as done in Figures 1 and 

2, but each bar includes various subtypes that were 

sampled in the same species. Actually, the difference 

between species can only be found between avian and 

using the Holm-Sidak ' s comparison test, 

implies that the cross-species inflection 

between avian and human is not easy to occur as we 

previously thought. On the other hand, the cross

species inflection related to any other pairs of species 

human 

which 

Results and discussion 

proteins among 

which simply means that there are barriers among 

HA subtypes. This figure can be read as follows, for 

example, the first bar represents the mean 士 SD of 

predictable portion of amino-acid pairs from 237 M2 

proteins that are classified as Hl subtype isolated 

from all the species, and the similar reading can be 

applied to other bars. From this figure, we can see 

that the use of predictable portion helps to conduct 

statistical analysis. 

However, the Holm-Sidak comparison test 

indicates the statistical difference in only 21 pairs of 

thus there is 
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is not difficult to occur as we previously thought. ANOV A) ; the third column shows the degree of 

This conclusion can be supported by the study done freedom, for example, ANOV A studied fifteen HA 

by other research groupC34J . subtypes whose degree of freedom of inter-subtype is 
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NA subtype 
Fig. 2 Comparison of NA subtypes 

The model I ANOV A indicates no statistical difference 

(P = 0. 231) among nine subtypes. 
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Fig. 3 Comparison of species 

The model I ANOV A indicates a statistically signi ficant 

difference ( P =0. 012) among seven species ,and the Holm

Sidak' s comparison test indicates a statistically significant 

difference between avian and human ( P = 0. 001). 

Figure 4 shows the comparison in terms of three 

major species, which are the focus of current 

14, and the degree of freedom of intra-subtype is the 

difference between 1126 M2 proteins and 15 HA 

subtypes; the fourth column displays the variations in 

terms of the sum of squares; the fifth column is mean 

squares obtained by dividing the sum of squares by 

the degree of freedom; and the sixth column is F 

value obtained by dividing mean squares of inter

subtype/species by mean squares of intra-subtype/ 

species, by which and the degree of freedom we can 

judge if the comparison is statistically significant. 
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Fig. 4 Comparison of difference among three species 

under different subtypes. 

The model I ANOV A indicates a statistically significant 

difference ( P < 0. 001) among species in HlNl and H2N2 

subtypes. 铃 indicates the statistical difference compared with 

human at P < 0. 001 level ( the Holm-Sidak' s comparison 

test). 

pandemic. From this figure, we can see how easy for • :Avian; c, :Human; • :Swine 

the cross-species infection to occur because the 

statistical difference is found only in few cases either 

using ANOV A or using the Holm-Sidak’s 

comparison test following ANOVA. 

Thus, Figures 1 to 4 provide the first piece of 

statistical evidence for cross-species infection and 

cross-subtype mutation. 

The fact that no barriers exist between subtypes 

and species in many cases requires us to have a close 

look at the standard ANOV A table. This table can 

be read as follows: the first column indicates the 

objective studied by ANOV A; the second column 

divides the variation as inter-subtype/species and 

intra-subtype/specie in terms of model ][ ANOV A 

(or between group and residual in terms of model I 

Except for the species in H2N 2 subtype, we can 

see the intra-subtype/species variation is larger than 

inter-subtype/species variation in Table 1, which 

makes a mutation easily jump from one species to 

another species, and from one subtype to another 

subtype. 

So, Table 1 provides the second piece of 

statistical evidence for cross-species infection and 

cross-subtype mutation. 

This again suggests that we need to have a good 

concept on the intra- and inter-subtype/species 

variations in terms of percentage for better 

comparison, whose computation should be conducted 

using model Il ANOV A [ 35 · 36] . The model U 

ANOV A defines the total variation as 100 % , which 
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Tabl e 1 Standar d ANOV A table regarding subtype and spec阳

Subtype/Species Source of Variation Degree of Fr回dom Sum of Squares Mean Squares F value 

HA subtyJ)<盟 Inter-subtype 14 
Intra-subtype 1111 
Total 1125 

NA subtypes lnt町－subtype 8 
Intra-subtype 1117 
Total U25 

Sp配肥S lnter-sp配，es 6 
Intra-species 1122 
Total ll28 

Sp配ies in HlNl Inter-species 2 
lntra-s肘c,es 206 
Total 208 

S阳~ies in HlN2 lnter-sp配，es 2 
Intra-species 23 
Total 25 

S阴阳es in H2N2 lnter-s院c1es

lntra-s阳cies 20 
Total 21 

S阴咒ies in H2N3 Inter-species 
lntra-s防cies 2 
Total 3 

S阴咒ies in H3N2 Inter-species 2 
Intra-species 270 
Total 272 

Species in H5Nl Inter-species 1 
Intra-species 203 
Total 204 

Species in H7N2 Inter-species 1 
In町a-sp时’因 23 
Total 24 

Species in H9N2 lnter-s阳coes 2 
Intra-species 85 
Total 87 

is further divided into inter- and intra-subtype/ 

species variations with respect to this s tudy. Table 2 

lists the inter- and intra-subtype/ species variations. 

As seen in Table 2, the intra-subtype/species 

variation is far much larger than the inter四subtype/

s pec ies variation, except for the species in H2N2 

subtype. For example , the NA intra-subtype 

variation accounted for 99. 64 % whereas NA inter

subtype variation was only 0. 36%. 

Table 2 Inter- and intra-subtype/ species variations 

Classification ~::::;:~btm/ species lnter-subtm/species 
var1at1on( 

HA subtype 83. 29 16. 71 
NA subtype 99.64 0.36 
Species 98. 73 1. 27 
Species in Ht N 1 86.48 13.52 
Species in H!N2 100. 00 0. 00 
Species in H2N2 25.20 74.80 
Species in H2N3 100. 00 0.00 
Species in H3N2 97.28 2. 72 
S阳ci臼 in H5Nl 100.00 0.00 
Species in H7N2 58.04 4 I. 96 
Species in H9N2 96.51 3.49 

Hence, Table 2 provides the third piece of 

1601. 03 114. 36 14.1 4 
8987.18 8.09 
10588.21 

98.96 12. 37 1. 32 
10489.25 9. 39 
10588.21 

137.68 22.94 2. 46 
10461. 75 9. 32 
10599. 41 

207. 42 103. 71 9. 62 
2221. 46 10. 78 
2428. 89 

4. 49 2. 24 0. 21 
240.47 10. 46 
244.96 
49.72 49. 72 20.43 
48.67 2.43 
98.39 
2.97 2. 97 0. 17 
35. 01 17. 51 
37.98 
25. 29 12.64 1. 74 

1960.60 7.26 
1985.88 

0. 16 0. 16 0. 03 
1019. 13 5.02 
1019. 29 
18. 65 18.65 2.39 
179.59 7.81 
198. 23 
24. 74 12. 37 I. 24 
850.05 10.00 
874. 79 

statistical evidence for cross species infection and 

cross-subtype mutation. 

The results in this study are consistent with our 

previous studies on the influenza A virus 

hemagglutinns[3汀 ， Ml proteins[3sJ and polymerase 

acidic proteinsC39J. All the statistical evidence 

supports the idea to develop a vaccine that generates 
I 

effective heterosubtypic immunity based on immune 

recognition of influenza A virus antigens conserved 

across all viral s trains[40· 41 J. 

In conclusion, this study provides three pieces of 

statistical evidence for cross-species infection and 

cross-subtype mutation of M2 proteins from influenza 

A viruses because the barriers between species and 

between subtypes are not strong enough to confine 

the infection within a single species as well as the 

mutation within a single subtype. 
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