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[Abstract] Objective To study the evolutionary characteristics and rules of two lineages on
influenza B virus. Methods A total of 126 HA1 sequences of strains isolated during 1940 to 2012
were downloaded from the GenBank. Time of the most recent common ancestor (TMRCA) and
divergence of the two lineages were calculated based on the data from phylogenetic analysis of HAI
gene, using Bayesian Markov Chain Monte Carlo (Bayesian-MCMC) and molecular clock method.
Results The average amino acid variant ratios were ranged from 5.4% to 10.2% within the strains of
influenza B virus isolated during 1978 to 2010. Compared with the Victoria-like strains, all Yamagata-
like strains showed an amino acid deletion at 163" site, while some of them showing a deletion at
position 166. HA1 gene of influenza B virus seemed not have been affected by positive selection
except a few sites. The evolutionary average rate on HA1 gene was 2.138 X 10~ substitutions/site/year
(95%HPD: 1.833 X 107°-2.437 X 107 substitutions/site/year). The estimated dates for TMRCA of the
two lineages of influenza B virus could be dated back to 1971(95% HPD: 1969-1972) , while the
divergence times of the two lineages were 1973 (95% HPD: 1971-1974) and 1977 (95% HPD:
1975-1978) respectively. Conclusion Significant differences were found on HA1 gene between
earlier and recent identified strains of Victoria and Yamagata lineage. Differences between the two
lineages increased and showing the potential of dividing themselves into different subtypes in the
future. More attention should be paid to these trends and the related epidemiological significance.

[Key words] Influenza B virus; HAI gene; Bayesian-MCMC; Molecular clock; Evolution

DOI: 10.3760/cma.j.issn.0254-6450.2013.04.013

BEETRE WA AREEESIE (Y2080987) ; #iTLE 204k WA KRN E SR (XKQ-009-003)
PEHBEAL:315211 THRKRFEER(2HFE); VLA FREP I h.O CRg hi )58 53 188 T K1)
EBfEtE®E . A7F8, Email: luyiyuzjh@yahoo.com.cn



FHERATR S

e 20134E4 A 55344 4%] Chin J Epidemiol, April 2013, Vol. 34, No. 4

- 367 -

LRV BR B B HA £ N A B AL % HAL FI
HA2 W B4, R ER 8 E E MNP K, % X 35
B AR (aa) 28 545 2 BOR BoR R AL R kg
M5 R R RRM R R 5T NIEYUEMEM
B R FRIEM AR, 2,8 5 2R 9% B 4> 4 Victoria Hl
Yamagata P K3 R SR E N AMER R XL FH A
ERMLU KRB REEH AT L —
B AR 2 RIS B KO R AL AT
Bt A, Ao ok U 8- SR B R 52
% (Bayesian-MCMC) i , % A Z 7 i 8 75
HTHAL R BT RE K BT EDT, 8T T80
R 2R R R R T AR R VR R A
B[] o

MR 5H*

1. BEA R IR A GenBank ${3E T #1940 —
012 A FEHX AR FEPRIFEH B RURR Z R ATH
R HAL Z 7513t 126 4%, A Clustal W R F3#HT H
XA

2. BRI 15007 IR UE 2 B i BR R B0 HAL 3
W ¥ %), i HyPhy #& £ % 4 (http:// www.
datamonkey.org) A maximum likelihood SLAC
(Single Likelihood Ancestor Counting) 5 #: %t Z B 3
R B R KGE R S B Hoff (o=
dN/dS)', Horh AN FR 3R [R] B ZR , dS FR ] L
BRE, aall KKK SR 0.050, 0<1] FER
RN A 0 =1 FRPHEEREALE ;0>1 FR
E B A

3. BILHE S A R R Gk AL A . F A
Mega 4.0 B4 #E 17380 15 B B (1T 38, JF 4 28 NI R
(Neighbor-Joining) , PAUP 4K {4 #4 & MP #} (Maximum
Parsimony) . MP 4% &- 43 32 B0y B A5 5 H Bl
(bootstrap ) EHATH S , 3£ 1000 MEIR,

4. B R AR e £ L b4k R R kit
[B] 49 1t B : AR 48 Modeltest 3.7 24 ) Akaike {25 8.7
] (Akaike’ s Information Citerion, AIC) & £ AR 57
BH R 5 40 B Y B A B B B N GTR+14-G,,
7| ] Beast 814 XF 2 B 3 B 22 19 HA 1 22 RF 51 3
Fr 08T, 3 BB R A AL SR 2 2 ) Y

B 3T 3L [7] # 5% (the most recent common ancestor,
TMRCA) ', R A S0 8O0 B 4 F S i 2
(uncorrelated relaxed lognormal ) 45 R B 48 Bt K
Bi & (exponential growth) , 33547 3.2 X 10'1%,, &
1000 FRi#EFT4HHE . FH Tracer 73 #7 Beast HE 7 A2 ()
4%, burn-in B4 3.2 X 10°, [RIATF) [5G S HER 1%,
#H MR K S XA B (maximum clade
credibility, MCC) , Fi Figtree 5k 4F M A B AR 32E AL AR

s B

A

1. P R HA1 ZEH 4575 aa ()25 7 : Victoria B
FTREHA 1 B $ 4574 3401 aa, Yamagata 3 A THEAL
4 75 338~339 4~ aa. 5 Victoria F 3 ¥k A .,
Yamagata R 2R 163 3 aa 3 T8k 1 166
fiiaa ik, 1978—2010 4 Z R FEHK B Victoria &
5 Yamagata 2 ) aa Y2 R R A 5.4% ~ 10.2% , H
H1 1978 — 1988 4 i) aa ¥ 342 R EH/N18.4 £ 4.4),
2000—2010 4F 1) aa P2 RER K (34.7£2.0) ,2a
2 e SR S B B B (R PR R BT R R (R 1),
S CRIEAFT Y L R R KIS R A TR HAL 3
) aa 22 RETHI R 13 ~ 141N F134 ~ 36 1M(F22.3),

£1 19782010452 BIFRIETE Victoria £
5 Yamagata & HA1 B [H 415 aa 2 7

Gz BERK FHERK  FHERE%)
1978—1988 13~24 18444 54
1989—1999 25~31 27.6%2.2 8.1
2000—2010 3238 347420 10.2

2. LRI s R R F1 40T - 8 1 SLAC H7
IR, BB RR S HAL ZEE S E 11 E e
{H50.278, & R 4L AT 2 RV 3 8 0312,
Victoria &4 0.234, Yamagata & 4 0.280, Ea=0.05
WIKFE T, 2 BB # Victoria & il Yamagata &
HA1ZE X ) 19947 52 280 8 /9 1IE (M % 8% f1 , M
K% F AL [R) IE ) 288 07 85 ; Rl 20K BT 2 B Rk
Jp 8 | Victoria £ fl Yamagata & B A 1] S5 B0 55 804>
BIH5 . TRITAN(FS),

3. LRV B BB AR HE BT - #F 1978 — 2012
4 2 BRI BIR B Victoria 2 Al Yamagata & A TARH:
P (B (TBI R 6 4F ) 231 5 41, HE TG IR B 43

R2  ZHRFPBHNT Victoria K5 Yamagata RIMEFIHIRITH HAL X ) aa £ 5

R WATER 56 75 122 129 137 141 163 164 166 183 197 199 233 235 255 262 267
VictoriaZ  B/Shanghai/10/1980 K N H T VvV R. N N N K N T S T S T I
B/Xuanwu/23/1982 K T H T VvV G N N N E N I N A S T 1

Yamagata & B/Singapore/222/1979 N T R R 1 G - D - K T T N T P v \"
B/Oregon/5/1980 N T R R I G - D - X N A N T P V V




-+ 368 -

PHERITRERE

20134F 4 A% 3445554  Chin J Epidemiol, April 2013, Vol. 34,No. 4

£3 ZEGPGEE Victoria &5 Yamagata 22 S4Fi TR HA1 K aa £ 7

EE FiATRE 15 40 48 56 58 71 73 75 76 80 81 116 122 126 129 136 137 146 148
Victoria & B/Georgia/07/2010 I H E K L K T K I R V H H N N K I 1 N
B/Ningbo/49/2010 V H E K P K T K I R V H H N N K I V N
Yamagata% B/Pemnsylvania/132010 V. Y R D L M V T T K A N Q D K R L A S
B/Wisconsin/01/2010 vV Y R D L MV T T K A N Q D K R L A 8

R FATHR 149 150 163 164 165 166 168 175 197 198 202 203 209 230 233 252 255 262 267
Victoria &  B/Georgia/07/2010 G N N D K N T I N E A K K G N V 8 T 1
B/Ningbo/49/2010 G N N D K N T 1 D E A XK K G N V 8§ T 1
Yamagata & B/Penmsylvania/13/200 K I D - N Y N V N K K N N D D V P V V
B/Wisconsin/01/2010 K I D - N Y N V N K K 8 N D D M P V V

I .- FRiK aa i Sk
x4 BEMERTZEIFUBSRRE | Victoria & F1 Yamagata 5

FiATRR HA LR R s B 1434
- A btz IvA=t il <=2
TR ¥ o=dN/dS (aa f ) s
ERMEAIRE 17 0.312 0 5
Victoria 2 Btk 49 0.234 1(199) 7
Yamagata REHE 60 0.280 1(199) 7

o KEFRIBENERAENEERE 0~ 0.025 Z 8], 15
INFEEH I ZH E] BE S 0.039 ~ 0.120, 4 1985—1991
FE G, H A AF {03 14 Victoria 2 A N EE B /N T
Yamagata 28 B 20 R B, BT R R M 4H N BE RS 22 B
7 1999 — 2005 4F fx K , H o Yamagata & 0.025,
Victoria & 0.016, — # [A] % 5 ik 0.009, It 4,
Victoria Z& #l Yamagata 25 ) £H IR I 25 B Bvf B) #E 78 2%
Witk Horb 1978 — 1984 4F 5 1985 — 1991 4% ji] i3
i1 g B B A, k7 0.027, 1992 4F 2 5 By 388 im0 B 7E
0.017 ~ 0.019 Z [&] , FREFAEARM R E MK F-(K 5) o

4. 2GR BAR T R GLE A 43 - Mega 4.0
B F 2 B NI AR 5 PAUP 304 A9 MP #), DL &
Bayesian-MCMC BB M MCC W = H 25 R EA —
2, ¥ B R 254 8% 57 B vk B/Hongkong/5/72 5
W1 T Victoria & #l Yamagata R B K453 X . F5h,
MEG AL EF, 1940 —2012 4 2 R BIR 3 B
R R BLAR R ARk S (B 1),

5. Z R R A TR AL R R S R T
AWF5Y Fl Bayesian-MCMC & , i+ 815 H B4E LRI
A HAl R R RER R E R 2.138X
10 (95% HPD: 1.833 X 107 ~2.437 X 107°) & /L
e 7 B B 7 A0 B AH S IRTE 1928 4F
(95%HPD: 1921 — 1934 4F ) , Victoria & 1 Yamagata

Z B LRI SR B 1971 £ (95%HPD: 1969 —
1972 %) , Victoria £ f44b. it 8] &2 1973 4F (95%
HPD: 1971 — 1974 4E ) , Yamagata & i 5B [B] &5
1977 % (95%HPD: 1975— 1978 4F) (1),

Wi

— R B & BT R M BR 7 51 0 A 52 2
W, — A E R, B —RF A, BR
FHEFY], R EFY 54 Rk Bl A A 5
R M AR AL R R E NS, 201
4070 FEAR LA R 2,20 3 B 3 1 oK AL Victoria 71
Yamagata K3 25 , #E I T 09 B SRA TR R X I
G BIRER PP, RSB BIMERA B
SRAEFREABRANER, APIREGRENR,
2 BV G R B 404k K Victoria £ il Yamagata 2 L)
%, B4 £ 18] HA 1 ZE (R ) aa 2 5 (A [B] HERS 2
HE K, 1978 —2010 4F3% R [H] 1 aa F 2 R EUN 18.4
AHEINE 34.74, a2 P12 SR N i 5.4%9 KE
10.2%, 8 20104 & Al i) aa 2R FEEIK 10%. [
I, M 3BtA% I B8 B 43 A P R B T B R R AR
BE B i 8] HE #5 3% BT 38 K (0.039—0.120) , &5 &
Victoria Z Fll Yamagata & 43 7 F 1973 1977 4 FF- 4
I, R LRI RIS R E & H LR EZ
BB, ERBERK, HERERBER R HIE R
AL AN IR B TR

T PR IE S A HT & B, 3 R AT 2 B Rk
Y% 2% . Victoria & #l Yamagata & f) HA1 SN ) ofHYY
03T, ZEFRBFE RFEHAL R ERIIE [
VEFENL AN 19914 aa, R B FLBYR T HAL X

£5 1978—20124FE Z B WBYRT Victoria 2l Yamagata R IATHIRIZEE R ST
1978 — 1984 4F 1985—1991 4E 1992 —1998 4F 1999 —2005 4E 2006—20124F
S VictoriaX Yamagata® Victoria% Yamagata® VictoriaZ Yamagata® Victoria% Yamagata®X Victoria% Yamagata ES
Victoria & 0.014 - 0.019 - 0.018 - 0.016 - 0.013 -
Yamagata £ 0.039 0.019 0.066 0.013 0.084 0.019 0.103 0.025 0.120 0.020







+370- SRR 275 2013 F 4 A% 3435548 Chin J Epidemiol, April 2013, Vol. 34, No. 4

[ SEAEmE] b=t —E M R4 . ARFSER
FA i) Bayesian-MCMC 5 J2 4R $8 95 3 () °F- 35 5 e
FRRHETT BV LB KL R A o B ], RS 7R 43
FRRATHRAG 2> B[R] B AUAE B S8 R Y 4t
Iﬁhﬂﬁ’aﬂﬂ‘ [ AT B R FL S A 1 R AL 1]
RITEIRA KT R 2 [0 ¥ B s A St

‘ﬁﬂ@”ﬁﬁ,'ﬁliﬁ@ﬁ@%k SRATEIMERL, I
ﬁtﬂﬂﬁlﬂ‘?ﬁ@ﬁﬁMﬁ%m% XHF T R OB
SR TAT %ﬁﬂsﬂﬁi %}E{ﬁu%ﬂ‘l@ﬁﬁgi ¥, B
AEBENTITRFEEX

2 £ x ®

[1] Guo YT, Cheng XW. Influenza virus and experimental technology.
Beijing: Three Gorges Press, 1997. (in Chinese)

B MR RATHRERER R ZREA. b =k
AL, 1997.

[2] Nerome R, Hiromoto Y, Sugita S, et al. Evolutionary characteristics
of influenza B virus since its first isolation in 1940: dynamic
circulation of deletion and insertion mechanism. Arch Virol,
1998,143(8):1569-1583.

(3] Wang YP,Li CH, Di B, et al. Analysis of pathogen of influenza B
in Guangzhou during 1986-1997. Chin J Health Lab Technol,
1999,9(1):39-40. (in Chinese)

FHIF, Y, K08, % TINTT 1986 — 1997 FF Z VR BAH R
AT PRI AR R, 1999,9(1):39-40.

[4] Rota PA, Wallis TR, Harmon MWR et al. Cocirculation of two
distince evolutionary lineages of influenza type B virus since
1983. Virology, 1990, 175:59-68.

[5] Chen M, Guo YJ, Wu KY , et al. Study on the origin and evolution
characteristics of two lineages of influenza B. Chin J Virol,2001,
17(4):322-327. (in Chinese)

PRELAE, oo E  REE % ZRRITHRERTRLRMN
BRI FRE. SR B4R, 2001,17(4) :322-327.

[6] Kosakovsky Pond SL, Frost SDW. Datamonkey: rapid detection
of selective pressure on individual sites of codon alignments.
Bioinformaties, 2005,21(10) : 2531-2533.

[7] Meng SL, Xu GL,Lei YL, et al. Analysis of genetic diversity
of rabies virus isolates in China. Chin J Biol, 2010 (50) :
449-454. (in Chinese)

R EEA, FAR,E PEERKRKS
o [ A ] A 2, 2010(50) : 449-454,
[8] Pan XL. Study on the molecular evolution and recombination of

SRR AT

genome of Japanese encephalitis virus. Beijing: Chinese Center
for Disease Control and Prevention, 2009. (in Chinese)
W ZARRFESEEA S TH RN TARSR. b
B E SR B R 0, 2009.
[9] Drummond AJ, Rambaut A. BEAST: Bayesian evolutionary
analysis by sampling trees. BMC Evolut Biol,2007,7:214.
[10] Drummond AJ, Ho SYW, Phillips MJ, et al. Relaxed phylogenetics

and dating with confiden-ce. Plos Biol,2006,4(5) :€88.

[11] Jin Q. Medical Molecular Virology. Beijing: Science Press, 2001:
2-3. (in Chinese)

EF. BEAFREE. U R, 2001 :2-3.

[12] Li MH, Zhou M, Mao HY, et al. Analysis of HAl gene of
influenza virus B isolated in Zhejiang province. Chin J Health
Lab Technol, 2008, 18(3):429-432. (in Chinese)

R, R, F I, E WL RV R R HAL AR 2
B, R E EAR R 4%AE, 2008, 18(3) :429-432.

[13] Qi SX, Han GY, Liu YF,et al. Virological surveillance and
molecular characteristics of influenza B viruses in Hebei
province during 2004-2008. Chin J Vac Immun, 2009, 15 (1)
27-30. (in Chinese)

FEMRHE, EEBER, XIH5 5. HL4E 2004 — 2008 5 Z R AT
B E R S R AR R . P EEE A,
2009,15(1):27-30.

[14] Lv YN, Peng XM, Liang HJ, et al. Analysis on the characteristics
of HA gene of influenza virus B circulated in Beijing area from
2009 to 2010. Chin J Dis Control Prev, 2011, 15(8) : 689-694.
(in Chinese )

BT, UL BB, F. UK 2009 — 2010 4F R e
& LAY E HA BEEFHE /. shAesmiEhizes, 2011,
15(8):689-694.

[15] Tapasi R, Anurodh SA, Anupam M, et al. Surveillance and

molecular characterization of human influenza B viruses during
2006-2010 revealed co-circulation of Yamagata-like and
Victoria-like strains in eastern India. Infection, Gen Evoln, 2011
(11):1595-1601.

[16] Air GM, Gibbs AJ, Laver WG, et al. Evolutionary changes in
influenza B are not primarily governed by antibody selection.
Proc Natl Acad Sci USA, 1990, (87) : 3884-3888.

[17] Zhang DY, Feng Y, Mao HY, et al. Study on the differences of
the amino acid sequences in HA1 regions between the vaccine
strains and the epidemic strains of influenza virus B. Zhejiang
Prev Med,2011,23(7) : 1-4. (in Chinese)
A, R E P EE X BB RS
BRI HAD X B2 AT, #TITHBT B2, 2011,23(7)
1-4.

[18] Rubing C, Edward CH. The evolutionary dynamics of human
Influenza B virus. J Mol Evol,2008,66(6) : 655-663.

[19] Nelson MI, Simonsen L, Viboud C, et al. Stochastic processes are
key determinants of short-term evolution in Influenza A virus.
PLoS Pathog,2006,2:¢125.

[20] Li GX, Zheng GZ, Qiu DH, et al. Phylogenetic analysis of HA1
gene of influenza B viruses isolated and identificated in Taizhou
city. Chin J Health Lab Technol, 2011, 21 (9) : 2126-2129. (in
Chinese)

PR, REW, B S AN CRREYR T B E R
HAl B FFHOT R E DGR & &, 2011, 2109):
2126-2129.
(ks H #1:2012-11-13)
(A5 FRARR)



