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Forecast of SSRs in hemagglutinin sequences of influenza viruses A/H1N1
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[Abstract |

relative abundance and relative density of simple sequence repeats(SSRs)in Hemagglutinin Sequences of influenza viruses A/HINI,

Objective : To explore the feasibility of using Autoregressive Integrated Moving Average (ARIMA) model to predict the

and to provide scientific basis for measures of preventing and controlling influenza pandemic. Methods:Eviews 6.0 software was
utilized to construct the ARIMA model based on the relative abundance and relative density of SSRs in hemagglutinin (HA)
sequences of influenza A with high homology from 1970 to 2007,and the constructed model was applied to predict the relative
abundance and relative density from 2008 to 2010.The model was evaluated by actual data and then used to forecast the data of 2011.
Results: The ARIMA model exactly fitted the relative abundance and relative density of the previous time series,and got a good
predicting result on the data of 2008 to 2010. Conclusion:The ARIMA model can be used to make a short-term prediction and a
dynamic analysis on the relative abundance and relative density of SSRs.

time series; ARIMA model ;simple sequence repeats ;influenza viruses A/HIN1 ; prediction
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Table 1 List of analyzed HA sequences, their attributed regions and length,relative abundance and relative density of

mono,di repeats in HA sequences

%i*s  GenBank Fil'5  JFHIKIE(bp)  OREEZFEGMIX WA (4EG) AR A HA 3 A

S1 CY022444 2309 Wisconsin 1970 50.238/3.465 171.503/21.654
S2 CY022420 2309 Wisconsin 1971 51.104/3.898 172.802/24.253
S3 CY022419 2299 Wisconsin 1971 55.241/0.870 189.648/5.220

S4 EU139826 1701 lowa 1973 58.201/2.352 195.767/14.109
S5 X57491 1074 HongKong 1974 53.073/1.862 178.771/11.173
S6 CY024940 2297 Minnesota 1975 50.065/3.483 169.351/21.768
S7 CY036806 2295 Minnesota 1976 50.980/3.922 172.113/24.401
S8 CY032936 2289 Tennessee 1977 49.367/3.932 167.759/24.465
S9 CY028422 1522 linois 1978 53.219/5.256 172.142/31.537
S10 CY019746 2293 Memphis 1979 50.153/2.181 172.263/13.956
S11 CY023011 988 Auckland 1980 45.547/1.012 158.907/6.073

S12 CY022985 22717 Ontario 1981 51.383/3.513 172.156/21.959
S13 CY010371 2333 Baylor 1982 51.865/2.572 177.025/17.145
S14 CY037965 2280 Belgium 1983 44.737/2.193 153.509/13.158
S15 CY037972 2280 France 1984 46.491/1.754 159.649/10.526
S16 CY037980 2280 France 1985 46.053/1.754 158.333/10.526
S17 CY028795 2309 lowa 1986 51.537/3.032 170.637/19.056
S18 CY022969 2301 lowa 1987 52.151/3.911 174.707/25.206
S19 CY039932 2292 Indiana 1988 52.360/3.490 174.084/21.815
S20 CY037988 2280 Belgium 1989 46.930/1.316 160.965/7.895

S21 CY035077 2289 Memphis 1990 51.349/3.046 169.713/19.147
S22 CY027162 2283 lowa 1991 50.810/3.066 167.762/19.273
S23 CY038004 2280 England 1992 43.860/1.754 150.877/10.526
S24 CY037903 2280 England 1993 44.298/1.754 152.193/10.526
S25 CY037911 2280 England 1994 45.175/1.754 155.263/10.526
S26 CY037919 2280 England 1995 45.175/1.754 155.702/10.526
S27 CY037934 2274 England 1996 54.969/0.880 182.498/5.277

S28 CY037941 2280 England 1997 44.298/1.754 152.632/11.404
S29 CY037949 2280 England 1998 44.737/1.754 154.386/11.404
S30 CY037957 2279 Scotland 1999 48.267/2.194 164.107/13.164
S31 FJ752499 2280 Changhua 2000 46.491/2.632 156.579/16.667
S32 Q229361 2250 Hong Kong 2001 48.444/2.667 165.333/16.000
S33 HM125972 2280 MN 2002 50.877/2.632 171.053/15.789
S34 CY010579 2309 Spain 2003 46.773/2.165 156.778/13.859
S35 CY010587 2309 Spain 2004 48.073/2.165 161.975/13.859
S36 FJ638303 2285 NC 2005 49.891/3.501 166.302/21.007
S37 CY035427 2251 Minnesota 2006 48.867/2.665 163.483/15.993
S38 CY035445 2252 [linois 2007 47.069/2.664 159.414/15.986
S39 CY042313 2342 [linois 2008 49.530/2.562 166.951/15.371
S40 CY061826 2345 Hong Kong 2009 49.032/2.581 167.742/15.484
S41 CY061803 2323 Hong Kong 2010 53.810/2.580 179.930/16.360
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Table 2 Parameter estimates of alternative ARIMA models

ARIMA(0,1,1)

ARIMA(2,1,0)

B4 td P1E E i t{d P
AR(1) - - - -0.374 -2.529 0.016
AR(2) - - - -0.315 -2.119 0.042
MA(1) -0.993 -20.919 <0.001 - - -
R*H 0.306 0.201
AIC 2.854 2.907
#3 HREFIINBEHEXKNRE
Table 3 Autocorrelation check of residuals
i J5 B 8K Q Gtk PlE A AHSCPREE
6 3.131 0.680 0.238,0.004,0.017,-0.028,0.004,-0.133

12 6.064 0.869 -0.065,-0.132,-0.046,0.146,-0.011,0.102

18 10.419 0.885 0.049,-0.054,-0.052,-0.098,-0.034,-0.202

24 15.552 0.874 —0.098,-0.099,-0.132,-0.047, 0.014, 0.124

2.5 A GFAM

H ARIMA (0, 1, 1)BEARITE0 2008~2011 41 H 7Y
TR HA A% RR 51 rp 0t SSR AN, Jf4%
4 2008~2010 4 SEBRECE A T IS BE (1) B E | 45
RATF (F4), W 4 BRI B EEA 138

F] 98% L) I, Ui B ARIMA (0,1, 1) #5575 %) F 7 37 Je&
JEE HA BT IRT 51 i i3t SSRARXS = B (1 il
SEARE AR
2.6 HAbIBARTAM LR

& 5~7 FHRRER 5200 B R 5 HA A%
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Table 4 Actual values and predictive values of relative abundance of di repeats
e i SSR AN FE
i PRl e AN iRE AN PR 22
2008 2.562 2.609 0.047 0.018 3
2009 2.581 2.596 0.015 0.005 8
2010 2.583 2.586 0.003 0.001 2
2011 - 2.578 = -
x5 BEE SSRs BN FER KR ESHTNME
Table 5 Actual values and predictive values of relative abundance of mono repeats
o __ AL SSR I T _ _
SR B ot e AR 2% AT 1R 22
2008 49.530 48.456 -1.074 -0.021 7
2009 49.032 48.915 -0.117 -0.002 4
2010 53.810 49.068 -4.742 -0.088 1
2011 - 49.112 - -
6 BmE SSRs X EHXRMESTINE
Table 6 Actual values and predictive values of relative density of mono repeats
4 _ ‘ gL SSR AN E ‘ ‘
SEPRE ot fEL AR IRE AN R 22
2008 166.951 163.695 -3.256 -0.019 5
2009 167.742 166.474 -1.268 -0.007 6
2010 179.940 166.474 -13.466 -0.074 8
2011 - 166.474 - -
®7 ZHWE SSRs MW EEHLRESHE
Table 7 Actual values and predictive values of relative density of di repeats
e HgE SSR A
i PRl e Xy iRz AN PR 22
2008 15.371 15.939 0.568 0.036 9
2009 15.484 15.891 0.407 0.026 3
2010 16.358 15.856 -0.502 -0.030 7
2011 - 15.827 - -
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