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Two-time test for reassortment

Macken, Webby and Bruno (2006)  J. General Virology
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Avian influenza A (H5N1) HA sequences, 1996-2001

Inference of reference trees

Bootstrap support >70%
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Replication complex – avian influenza A viruses, 1993 - 1999



Two-time test for reassortment
Macken, Webby and Bruno (2006)  J. General Virology

Test

Time

Reference trees

Outgroup

Segment 1 Segment 2

Test viruses

Virus1
Virus1

Virus2

Virus2

Reference (donors)

+ reference trees for segments 3 and 4

Virus1

Virus2

Time 1 Time 2



A/duck/Guangxi/53/2002 A/duck/Korea/ESD1/03
A/crow/Kyoto/53/2004

A/pheasant/Hong Kong/FY155/01
A/duck/Guangdong/22/2002

A/duck/Anyang/AVL-1/2001

A/duck/Shanghai/37/2002

A/duck/Shanghai/38/2001
A/duck/Shandong/093/04

A/chicken/Hong Kong/YU822.2/01

ANCESTOR

A/chicken/Hong Kong/FY150/01

A/chicken/Hong Kong/NT873.3/01
A/chicken/Hong Kong/YU777/02
A/egret/Hong Kong/757.2/03
A/quail/Vietnam/36/04
A/duck/Yokohama/aq10/2003

A/duck/Zhejiang/52/2000
A/duck/Guangdong/40/2000

Uncharacterized

A/pigeon/Hong Kong/Y233/97

A/goose/Guangdong/3/97
A/ostrich/South Africa/9508103/95

A/SCk/HK/YU100/2002

A/duck/Guangdong/1/96
A/duck/Guangdong/3/97
A/goose/Hong Kong/ww26/2000
A/duck/Shanghai/08/2001

A/ostrich/South Africa/9508103/95

ANCESTOR

Minimum parsimony model of evolutionary path of replication 
complex of avian influenza A viruses, 1993 - 1999



Time 1 (T1) Time 2 (T2)

A: Persistent genotypes
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B: Genotype turnover by reassortment



o Segments reassort independently
o New reassortants replace earlier viruses
o Reassortants circulate for apparently short periods of time

Conclusions

How fast is reassortment?
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Likelihood function: example

Estimate of rho = 0. 9473
TR =the time in years between creation of a new genotype at C and the first
reassortment with a biologically distinct lineage to create a new, viable (i.e. 
transmissible) genotype
Estimated median value of TR is 3 years and the chance that TR exceeds 7 years 
is 22 %.



Avian influenza A (H5N1), HP viruses

o 651 viruses HP influenza A (H5N1) viruses from Eurasia
o 1999 – 2008
o six internal genes/8 proteins
o exclude HA and NA (surface proteins) – did not reassort (cladal expansion)
o time intervals: 2000-1, 2003-3, 2004-8 
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o Segments reassort independently
o New reassortants replace earlier viruses
o Reassortants circulate for apparently short periods of time

Conclusions
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Conclusions

o It is essential to deal with reassortment in a 
“rigorous” manner for many analyses.
o Reassortment and point mutation both contribute 
significantly to evolution over a short period of time
o Reassortment creates novel genotypes, many of 
which are unsuccessful; successful ones replace 
earlier genotypes
o Point mutation distinguishes apparently “stable” 
lineages

Many questions
o What factors contribute to “stability” of lineages?
o Interaction of surface and internal proteins?




	Slide Number 1
	Slide Number 2
	REASSORTMENT
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

