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Unclassified / Non classifié 

Molecular signatures of mammalian adaptation of avian influenza viruses 
 
cċőŰШxŔҵЯШuǃũĲШ ůċƖċũҵЯШòŸŰċШÑƨŊŊЯШ9őċƖũŸƣƣĲШ[ũĲƣĦőĲƖЯШéŔƣőƨƚőċŰШÉƨƖĲŰĬƖċŰЯШEůůċШÂċũũċĬŔŰŸЯШfůƖċŰШ őůĲĬЯШuċƖĲŰċШ

ìŸŰŊЯШsŸƚőƨċШÅƨƚƚĲũũЯШÉċůШ ŉťőċůŔЯШ~ċƣƣőĲƽШÉШ~ŔũũĲƖ҉ 
 

ҵ

Virus GenesШ55аШ ΤΟΦтΤΣΥЮШ ΞΜΝΦьЮШ ?ċƣċШƨƓШ ƣŸШ ΞΜΝΦШƽċƚШĲǂƣƖċĦƣĲĬШ ĬŔƖĲĦƣũǃШ ŉƖŸůШ ƣőĲШ ÉƨƣƣŔĲШ et al.Ш
ƓƨĤũŔĦċƣŔŸŰЯШċŰĬШŰĲƽШĬċƣċШƽċƚШĦċƓƣƨƖĲĬШƨƚŔŰŊШċŰШċŰċũŸŊŸƨƚШƚĲċƖĦőШƚƣƖċƣĲŊǃШĦŸŰĬƨĦƣĲĬШŸŰШsƨũǃШΟΝЯШ
ΞΜΞΠЮШ ĲƽШĬċƣċШĲǂƣƖċĦƣĲĬШŉŸƖШƓƨĤũŔĦċƣŔŸŰƚШĦċƓƣƨƖĲĬШŔŰШŸƨƖШƚĲċƖĦőШċƖĲШƚőŸƽŰШŔŰШblue fontШ ŔŰШƣőĲШ
ƣċĤũĲƚШĤĲũŸƽЮШ ũƣőŸƨŊőШċũũШƚƨĤƣǃƓĲƚШŸŉШċƻŔċŰШŔŰǰƨĲŰǍċШƻŔƖƨƚШƽĲƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШƚĲċƖĦőШƚƣƖċƣĲŊǃЯШ
ƣőĲƖĲШŔƚШċШĤŔċƚШŔŰШĬċƣċШŉŸƖШőŔŊőũǃШƓċƣőŸŊĲŰŔĦШċƻŔċŰШŔŰǰƨĲŰǍċШƻŔƖƨƚĲƚЯШċŰĬШƣőŸƚĲШƣőċƣШůŸƖĲШŉƖĲƕƨĲŰƣũǃШ
ĦċƨƚĲШƚƓŔũũŸƻĲƖШŔŰŉĲĦƣŔŸŰƚШŔŰШőƨůċŰƚЮ 
 

Considerations for interpretation of data 
 
ÖŰũŔťĲШ ĦũŔŰŔĦċũШ ĬċƣċЯШ ƽőŸƚĲШ ƕƨċũŔƣǃШ ĦċŰШ ĤĲШ ĲƻċũƨċƣĲĬШ ƨƚŔŰŊШ ƚƣċŰĬċƖĬŔǍĲĬШ ċƓƓƖŸċĦőĲƚШ ƚƨĦőШ ċƚШ
]Å ?EЯШƣőĲƖĲШŔƚШŰŸШċŰċũŸŊŸƨƚШŉƖċůĲƽŸƖťШŉŸƖШĲƻċũƨċƣŔŰŊШƣőĲШƕƨċũŔƣǃШŸŉШĲǂƓĲƖŔůĲŰƣċũШċŰĬШĲĦŸũŸŊŔĦċũШ
ĬċƣċШƨƚĲĬШƣŸШŔĬĲŰƣŔŉǃШůŸũĲĦƨũċƖШůċƖťĲƖƚШŸŉШƻŔƖċũШċĬċƓƣċƣŔŸŰЮШcŸƽĲƻĲƖЯШ

cʰƚĲĬШƣŸ

ċƖĲШůĲƣШŉŸƖШċШƓċƖƣŔĦƨũċƖШůŸũĲĦƨũċƖШƚŔŊŰċƣƨƖĲЯШƣőĲШ
ŊƖĲċƣĲƖШƣőĲШƖĲũŔċĤŔũŔƣǃШŸŉШƣőĲШĬċƣċаШƖĲƓĲċƣċĤŔũŔƣǃШыŔЮĲЮЯШůƨũƣŔƓũĲШŔŰĬĲƓĲŰĬĲŰƣШƖĲƓŸƖƣƚьЯШŸĤƚĲƖƻċƣŔŸŰШŸŉШ
ůƨƣċƣŔŸŰШŔŰШŰċƣƨƖċũШŔƚŸũċƣĲƚЯШċŰĬШĲǂƓĲƖŔůĲŰƣċũШƻċũŔĬċƣŔŸŰШŸŉШƓőĲŰŸƣǃƓĲШin vitroШċŰĬШin vivo.Ш 
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Unclassified / Non classifié 

оéŔĲƣŰċůоΝΞΜΟоΞΜΜΠШыcΡ ΝьѐЯШőŸƽĲƻĲƖЯШƖĲŉĲƖĲŰĦĲШƚƣƖċŔŰƚШĦċŰШĬŔǭĲƖШŉŸƖШũĲƚƚĲƖрƚƣƨĬŔĲĬШƚƨĤƣǃƓĲƚШ
ċŰĬШƓƖŔůċƖǃШũŔƣĲƖċƣƨƖĲШůƨƚƣШĤĲШĲǂċůŔŰĲĬШƣŸШŔĬĲŰƣŔŉǃШƣőĲШƖĲŉĲƖĲŰĦĲШƚƣƖċŔŰЮ 
 
fŰШƣőĲШƖĲƓŸƖƣШƣőċƣШŉŸũũŸƽƚЯШƽĲШƚƨůůċƖŔǍĲШƣőĲШůŸũĲĦƨũċƖШƚŔŊŰċƣƨƖĲƚШƖĲƓŸƖƣĲĬШƣŸШĤĲШċƚƚŸĦŔċƣĲĬШƽŔƣőШ
ůċůůċũŔċŰШċĬċƓƣċƣŔŸŰШŸŉШċƻŔċŰШŔŰǰƨĲŰǍċШƻŔƖƨƚĲƚЮШEċĦőШŸŉШƣőĲШΥШŊĲŰŸůŔĦШƚĲŊůĲŰƣƚШŸŉШ ŔŰǰƨĲŰǍċШ
ƻŔƖƨƚШŔƚШƚƨůůċƖŔǍĲĬШŔŰШċШĬŔƚĦƖĲƣĲШƚĲĦƣŔŸŰШŸŉШƣőĲШƖĲƓŸƖƣЮШìĲШőċƻĲШċũƚŸШċĬĬĲĬШċĬĬŔƣŔŸŰċũШƣċĤũĲƚШċƣШƣőĲШ
ĦŸŰĦũƨƚŔŸŰШŸŉШƣőĲШƖĲƓŸƖƣШыÑċĤũĲƚШΦрΝΝьШƣőċƣШƚƨůůċƖŔǍĲШůƨƣċƣŔŸŰƚШċŰĬШƓőĲŰŸƣǃƓĲƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШ
ƻŔƖċũШŔƚŸũċƣĲƚШŉƖŸůШőƨůċŰШċŰĬШůċůůċũŔċŰШőŸƚƣƚШŉƖŸůШΞΜΝΦрŸŰƽċƖĬƚЮ 

MAIN REPORT 
 

Hemagglutinin (HA) (Segment 4) 
 
c Ш ŔƚШ ƣőĲШ ƓƖŔůċƖǃШ ƻŔƖċũШ ŊũǃĦŸƓƖŸƣĲŔŰШ ƖĲƚƓŸŰƚŔĤũĲШ ŉŸƖШ ĤŔŰĬŔŰŊШ őŸƚƣШ ĦĲũũШ ƚŔċũŔĦШ ċĦŔĬШ ƖĲĦĲƓƣŸƖƚШ ċŰĬШ
ůĲĬŔċƣŔŰŊШĲŰƣƖǃЮШ~ċŰǃШŸŉШƣőĲШůƨƣċƣŔŸŰƚШŔŰШőĲůċŊŊũƨƣŔŰŔŰШċƚƚŸĦŔċƣĲĬШƽŔƣőШůċůůċũŔċŰШċĬċƓƣċƣŔŸŰШ
ĲŔƣőĲƖШ ƚőŔŉƣШ ƖĲĦĲƓƣŸƖШ ĤŔŰĬŔŰŊШ ƓƖĲŉĲƖĲŰĦĲШ ŉƖŸůШ ͈ΞЯΟШ ƚŔċũŔĦШ ċĦŔĬШ ыÉ ьШ ыċƻŔċŰьШ ƣŸШ ͈ΞЯΣШ ƚŔċũŔĦШ ċĦŔĬШ
ыůċůůċũŔċŰьЯШ
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Unclassified / Non classifié 

 ΝΥ?ШыcΠШ
ŰƨůĤĲƖŔŰŊь



 ШШ 

 Π 

Unclassified / Non classifié 

ыcΦШ
ŰƨůĤĲƖŔŰŊь 
ÉΝΞΤÂ  fŰĦƖĲċƚĲĬШ͈ΞЯΣШĤŔŰĬŔŰŊй cΡ Σ ΝΥ 





 ШШ 

 Σ 

Unclassified / Non classifié 

fŰШĦŸŰĦĲƖƣШƽŔƣőШÂ7ΞШEΣΞΤuЯШ
ŔŰĦƖĲċƚĲĬШċĬċƓƣċƣŔŸŰШŔŰШůŔĦĲйШ cΡ Ξ ΠΞ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШċŰĬШ
ƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃйШ cΡ Υ ΠΞ 

ÅĲůŸƻċũШŸŉШŊũǃĦŸƚǃũċƣŔŸŰШƚŔƣĲШċƣШ
ΝΡΥ 
fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣй 

cΡ Σ 



 ШШ 

 Τ 

Unclassified / Non classifié 







 ШШ 

 ΝΜ 

Unclassified / Non classifié 

?ĲĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШƣőĲƖůŸƚƣċĤŔũŔƣǃШŸŉШc  

cΡ Ν ΠΡ 

ΞΞΣÄ ΞΞΞÄ fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣй 
fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΟй 

cΦ Ξ ΡΡ 

xΞΞΣÄ 
 

xΞΞΞÄ 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
fŰĦƖĲċƚĲĬШƚƣċĤŔũŔƣǃШŸŉШc ШĤŔŰĬŔŰŊШ
ƓŸĦťĲƣ 

cΦ Ξ ΞΠЯΥΥ 

xΞΝΤÄШыcΤШ
ŰƨůĤĲƖŔŰŊь 

?ĲĦƖĲċƚĲĬШ͈ΞЯΣШƖĲĦĲƓƣŸƖШĤŔŰĬŔŰŊ 
fŰĦƖĲċƚĲĬШƣőĲƖůŸƚƣċĤŔũŔƣǃШŸŉШc  
?ĲĦƖĲċƚĲĬШŉƨƚŔŸŰШƓcШŸŉШc  
fůůƨŰĲШĲƚĦċƓĲй 

cΤ Φ ΝΠЯΝΡЯΥΦ 

ÑΞΞΣ  ÑΞΞΞ  fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣйШ cΡ Ν Υ 
xΞΞΣf xΞΞΞf ?ĲĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΟ cΤ Φ ΤΡ 

ìΞΞΣ ìΞΞΞ fŰĦƖĲċƚĲĬШƖĲĦĲƓƣŸƖШĤŔŰĬŔŰŊШ
ƚƓĲĦŔǯĦŔƣǃй cΟ Υ ΣΞ 

ÉΞΞΤ  ÉΞΞΟ  
fŰĦƖĲċƚĲĬШƻŔƖƨƚШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣШċŰĬШ
ŔŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũƚ 

cΡ Ν 
ΟΜЯΡΤЯΤΠЯΦΜЯΦΝ 

ΠΡЯΦΞ 

ÉΞΞΤÅ  
ÉΞΞΟÅ 

fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣй cΡ Σ ΣΡ 

͈ Ξ͈ Ξ ͈ Ξ
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Unclassified / Non classifié 

?ĲĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯ



 ШШ 

 ΝΞ 

Unclassified / Non classifié 

ƖĲƚƓŔƖċƣŸƖǃШƣƖċĦƣШċŰĬШƣŸШĤƖċŔŰЯШ
ŔŰĦƖĲċƚĲĬШŔŰǰċůůċƣŸƖǃШƖĲƚƓŸŰƚĲЯШ
ŔŰШůŔĦĲ 

EΞΡΡu EΞΡΝu fŰĦƖĲċƚĲĬШƻŔƖƨƚШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣ cΡ Ν ΡΤ 

EΞΣΤu  cƨůċŰШƖĲĦĲƓƣŸƖШĤŔŰĬŔŰŊШ
ƚƓĲĦŔǯĦŔƣǃй 

cΡ Ν ΝΟ 

ÑΟΝΥf ÑΟΝΡf ?ĲĦƖĲċƚĲĬШŉƨƚŔŸŰШƓcШŸŉШc  



 ШШ 

 ΝΟ 



 ШШ 

 ΝΠ 

Unclassified / Non classifié 



 ШШ 

 ΝΡ 

Unclassified / Non classifié 

ÑΝΣΜ ЯШ
ÄΞΞΣxЯШ
]ΞΞΥÉ 

ÑΝΡΣ ЯШ
ÄΞΞΞxЯШ
]ΞΞΠÉ 

fŰĦƖĲċƚĲĬШƻŔƖƨƚШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣ cΡ Ν ΝΣЯΡΣЯΝΞΠ 



 ШШ 

 ΝΣ 

Unclassified / Non classifié 

EΝΦΜ]ЯШ
ÄΞΞΣEЯШ
]ΞΞΥÉ 

EΝΥΣ]ЯШ
ÄΞΞΞEЯШ
]ΞΞΠÉ 

fŰĦƖĲċƚĲĬШƻŔƖƨƚШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣ cΡ Ν ΡΤ 

ÑΝΥΤÂЯШ
~ΞΞΤxЯШÂ7Ξр
EΣΞΤu 

 

fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣ 
?ĲĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΟ 
fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
fŰĦƖĲċƚĲĬШĦŸŰƣċĦƣШƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ŊƨŔŰĲċШƓŔŊƚ 

cΦ Ξ 



 ШШ 

 ΝΤ 

Unclassified / Non classifié 

xŸƚƚШŸŉШĤŔŰĬŔŰŊШƣŸШ͈ΞЯΟЯШŰŸШŊċŔŰШŸŉШ
ĤŔŰĬŔŰŊШƣŸШ͈ΞЯΣ 

cΝΜ ΥШ
ыőƨůċŰШ
ŔƚŸũċƣĲь 

ΥΜЯΥΝЯΝΟΠ 



 ШШ 

 ΝΥ 

Unclassified / Non classifié 

Neuraminidase (NA) (Segment 6) 
 
 ĲƨƖċůŔŰŔĬċƚĲШы  ьШŔƚШƣőĲШŸƣőĲƖШůċŢŸƖШƻŔƖċũШŊũǃĦŸƓƖŸƣĲŔŰЮШfƣШŔƚШƣǃƓŔĦċũũǃШũĲƚƚШċĤƨŰĬċŰƣШŸŰШƣőĲШƻŔƖċũШ
ƚƨƖŉċĦĲШƣőċŰШőĲůċŊŊũƨƣŔŰŔŰШĤƨƣШƓũċǃƚШċŰШĲƚƚĲŰƣŔċũШƖŸũĲШŔŰШĲŊƖĲƚƚШĤǃШĦũĲċƻŔŰŊШƚŔċũŔĦШƖĲƚŔĬƨĲƚШŸŰШƣőĲШ
őŸƚƣШĦĲũũШƚƨƖŉċĦĲШƣŸШƓƖĲƻĲŰƣШċŊŊƖĲŊċƣŔŸŰШŸŉШŰĲƽũǃШŉŸƖůĲĬШƻŔƖċũШƓċƖƣŔĦũĲƚЮШ  ШċũƚŸШƓũċǃƚШċШƖŸũĲШŔŰШĲŰƣƖǃШ
ĤǃШĦũĲċƻŔŰŊШƚŔċũŔĦШċĦŔĬШƖĲƚŔĬƨĲƚШŸŰШůƨĦŔŰƚЯШŉċĦŔũŔƣċƣŔŰŊШƻŔƖċũШċĦĦĲƚƚШƣŸШƖĲƚƓŔƖċƣŸƖǃШĲƓŔƣőĲũŔċũШĦĲũũƚЮШ
?ĲũĲƣŔŸŰƚШŔŰШ  ШċƖĲШŸŉƣĲŰШŸĤƚĲƖƻĲĬШĬƨƖŔŰŊШċĬċƓƣċƣŔŸŰШŸŉШċƻŔċŰШŔŰǰƨĲŰǍċШƻŔƖƨƚĲƚШċƚШƣőĲǃШŢƨůƓШŔŰƣŸШ
ƓŸƨũƣƖǃШŸƖШůċůůċũŔċŰШőŸƚƣƚЮШ  ШŔƚШċũƚŸШƣőĲШƣċƖŊĲƣШŸŉШƣőĲШũċƖŊĲƚƣШĦũċƚƚШŸŉШċŰƣŔƻŔƖċũƚШƨƚĲĬШƣŸШƣƖĲċƣШ
ŔŰǰƨĲŰǍċШы  ШŔŰőŔĤŔƣŸƖƚьЯШċŰĬШůċŰǃШůƨƣċƣŔŸŰƚШőċƻĲШĤĲĲŰШĬĲƚĦƖŔĤĲĬШƣőċƣШĦŸŰƣƖŔĤƨƣĲШƣŸШƖĲƚŔƚƣċŰĦĲШ
ċŊċŔŰƚƣШƣőŔƚШĦũċƚƚШŸŉШĬƖƨŊƚШыEЮŊЮШcΞΤΠòЯШÅΞΦΞuьЮ 
 
Table 2. Molecular markers/motifs in the neuraminidase (NA; segment 6) gene of avian 
influenza A viruses associated with enhanced virulence and antiviral resistance†.  
 

Mutation/ 
motif (N2 

numbering) 
Phenotype 

Subtypes 
tested References 

ΠΦтΣΥШ
ĬĲũĲƣŔŸŰ 

EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
cΡ ΝШыƽŔƣőШ
cΝ ΝШ

ĤċĦťĤŸŰĲь 

ΝΟΥЯΝΟΦ 

EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ Φ ΝΠΜ 

ΡΠтΤΞШ
ĬĲũĲƣŔŸŰ 

EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШĤƨƣШŰŸƣШĦőŔĦťĲŰƚ cΡ Ν ΝΠΝ 

EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ Φ ΝΠΜ 

EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШċŰĬШĦőŔĦťĲŰƚ cΝ ΝШ ΝΠΞ 

ΡΠтΤΟШ
ĬĲũĲƣŔŸŰ EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ ΦШ ΝΠΜ 

ΡΠтΤΡШ
ĬĲũĲƣŔŸŰ EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШĦőŔĦťĲŰƚШĤƨƣШŰŸƣШĬƨĦťƚ cΤ Ν ΝΠΟ 

ΡΠтΥΝШ
ĬĲũĲƣŔŸŰ 

EŰőċŰĦĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШĦőŔĦťĲŰЯШĤƨƣШŰŸƣШ
ĬƨĦťЯШĦĲũũШũŔŰĲЮШEŰőċŰĦĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ƖĲƚƓŔƖċƣŸƖǃШƣƖċĦƣШŸŉШĦőŔĦťĲŰƚЮ 

cΞ Ξ ΝΠΠ 

ΡΤтΣΡШ
ĬĲũĲƣŔŸŰ EŰőċŰĦĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ ΦШ ΝΠΡ 

ΣΜрΣΥШ
ĬĲũĲƣŔŸŰ 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũƚй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΣ Σ ΝΟΡ 

ΣΦрΤΟШ
ĬĲũĲƣŔŸŰ fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůċůůċũƚй cΤ Φ ΝΞΡ 





 ШШ 

 ΞΜ 

Unclassified / Non classifié 

fΞΞΞu ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖЯШ
ǍċŰċůŔƻŔƖЯШƓĲƖċůŔƻŔƖЯШċŰĬШũċŰŔŰċůŔƻŔƖ cΤ Φ ΝΡΟ 

fΞΞΞÅ ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖШċŰĬШ
ũċŰŔŰċůŔƻŔƖ cΤ Φ ΝΡΟ 

fΞΞΞÑ ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖШċŰĬШ
ƓĲƖċůŔƻŔƖ cΤ Φ ΝΡΤ 

ÑΞΞΟf fŰĦƖĲċƚĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũƚй cΡ Ο ΟΞ 

ÉΞΠΣ  ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖ cΡ Ν 
ΝΠΥ 

ΝΞ 

ÑΞΠΤÂ ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖШċŰĬШ
ǍċŰċůŔƻŔƖ 

cΤ Φ ΝΡΟ 

cΞΤΠò 

ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖШċŰĬШ
ƓĲƖċůŔƻŔƖ 

cΡ Ν ΝΡΝтΝΡΟЯΝΡΣЯΝΡΥЯΝΡΦ 

ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖ 

cΤ Φ 

ΝΡΟ 
ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖШċŰĬШ
ƓĲƖċůŔƻŔƖ 
?ĲĦƖĲċƚĲĬШ  ШċĦƣŔƻŔƣǃ 

ΝΡΤ 

ΞΤΡc ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШ  ШŔŰőŔĤŔƣŸƖƚй cΡ Ν ΝΣΜ 

EΞΤΣ? ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖЯШ
ǍċŰċůŔƻŔƖЯШƓĲƖċůŔƻŔƖЯШċŰĬШũċŰŔŰċůŔƻŔƖ cΤ Φ ΝΡΟ 

EΞΤΤÄ 



 ШШ 

 ΞΝ 

Unclassified / Non classifié 

ÅΟΤΝu ÅĲĬƨĦĲĬШƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŸƚĲũƣċůŔƻŔƖЯШ
ǍċŰċůŔƻŔƖЯШƓĲƖċůŔƻŔƖЯШċŰĬШũċŰŔŰċůŔƻŔƖ cΤ Φ ΝΡΟ 

ΟΦΡE ƚƚŸĦŔċƣĲĬШƽŔƣőШċŰƣŔŊĲŰŔĦШĬƖŔŉƣоŔůůƨŰĲШ
ĲƚĦċƓĲй cΡ Ν ΝΞ 

ΠΜΝÑ fŰĦƖĲċƚĲĬШƻŔƖƨƚШĤŔŰĬŔŰŊШƣŸШ͈ΞтΟ cΤ Φ ΝΣΥ 
ÅΠΜΟì ~ċůůċũŔċŰШċĬċƓƣċƣŔŸŰШůċƖťĲƖй cΦ Ξ ΣΠ 

ÉΠΟΜ] 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШƻŔƖċũШĬŔƚƚĲůŔŰċƣŔŸŰШƣŸШ
ĤƖċŔŰЯШŔŰШůŔĦĲШ 



 ШШ 

 ΞΞ 

Unclassified / Non classifié 

Polymerase Basic Protein 2 (PB2) (Segment 1) 
 
ÑőĲШƓŸũǃůĲƖċƚĲШĤċƚŔĦШƓƖŸƣĲŔŰШΞШыÂ7ΞьШŔƚШŸŰĲШŸŉШƣőƖĲĲШƻŔƖċũũǃрĲŰĦŸĬĲĬШƓƖŸƣĲŔŰƚШƣőċƣШŉŸƖůШƣőĲШƻŔƖċũШ
ƓŸũǃůĲƖċƚĲШĦŸůƓũĲǂЮШÂ7ΞШƖĲĦŸŊŰŔǍĲƚШƣőĲШΡќШĦċƓШŸŉШőŸƚƣШůÅ  ƚЯШƽőŔĦőШċƖĲШƣőĲŰШĦũĲċƻĲĬШĤǃШƣőĲШƻŔƖċũШ
ƓŸũǃůĲƖċƚĲШ ĦŸůƓũĲǂШ ċŰĬШ ċĬĬĲĬШ ƣŸШ ƻŔƖċũШ ůÅ  ƚШ ƣŸШ ĲŰőċŰĦĲШ ƣőĲŔƖШ ƚƣċĤŔũŔƣǃЮШ Â7ΞШ ŔŰƣĲƖċĦƣƚШ ƽŔƣőШ
ƚĲƻĲƖċũШőŸƚƣШƓƖŸƣĲŔŰƚШċŰĬШ ƣőƨƚШċĬċƓƣŔƻĲШůƨƣċƣŔŸŰƚШ ŔŰШÂ7ΞШċƖĲШŸŉƣĲŰШ ŉŸƨŰĬШƽőĲŰШ ŔŰǰƨĲŰǍċШƻŔƖƨƚШ
ŢƨůƓƚШ ŔŰƣŸШ ŰĲƽШ őŸƚƣƚЮШ ÄΡΦΝuЯШ EΣΞΤuШ ċŰĬШ ?ΤΜΝ Ш ċƖĲШ ĲǂċůƓũĲƚШ ŸŉШ ƓƖŸůŔŰĲŰƣШ ůċƖťĲƖƚШ ŸŉШ
ůċůůċũŔċŰШċĬċƓƣċƣŔŸŰШ ŔŰШÂ7ΞШ ƣőċƣШ őċƻĲШĤĲĲŰШ ŉŸƨŰĬШċĦƖŸƚƚШůƨũƣŔƓũĲШ ŔŰǰƨĲŰǍċШ ƻŔƖƨƚШ ƚƨĤƣǃƓĲƚЮШ
ÑőĲƚĲШůƨƣċƣŔŸŰƚШ ƣĲŰĬШ ƣŸШĲŰőċŰĦĲШ ƣőĲШċĦƣŔƻŔƣǃШŸŉШ ƣőĲШƻŔƖċũШƓŸũǃůĲƖċƚĲЯШ ũĲċĬŔŰŊШ ƣŸШůŸƖĲШĲǭŔĦŔĲŰƣШ
ƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũƚШċŰĬШŸŉƣĲŰШŔŰĦƖĲċƚŔŰŊШƻŔƖƨũĲŰĦĲЮ 
 
Table 3. Molecular markers/motifs in the polymerase basic protein 2 (PB2; segment 1) gene 
of avian influenza A virus associated with polymerase activity, virulence, and 
transmissibility†.  
 

Mutation 
/motif Phenotype Subtypes 

tested References 

?Φ  fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν 
ΝΤΝЯΝΤΞ 

ΤΦ 

éΞΡ  fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ ΝШĤċĦťĤŸŰĲШ
ƽŔƣőШcΝ ΝШ É 

ΝΤΟ 

uΣΝÅ 
 

?ĲĦƖĲċƚĲĬШÂ7ΞШƓƖŸƣĲŔŰШĲǂƓƖĲƚƚŔŸŰШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ cΦ Ξ ΝΤΠ 

fΣΟÑ ?ĲĦƖĲċƚĲĬШƓċƣőŸŊĲŰŔĦŔƣǃШŔŰШůŔĦĲ cΡ Ν ΝΠΝ 

ÑΣΟf fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο ΝΤΡ 

xΥΦé 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

cΡ ΞШыċŰĬШ
cΡ ΟЯШcΡ Υь 

ΠΞ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΡ Υ ΝΤΣ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο ΝΤΡ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

 



 ШШ 

 ΞΟ 



 ШШ 

 ΞΠ 

Unclassified / Non classifié 

uΞΡΝÅ fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο ΝΤΡ 

?ΞΡΟ  fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲ cΦ Ξ ΝΥΠ 

?ΞΡΣ] fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲ 

cΡ ΝШĤċĦťĤŸŰĲШ
ƽŔƣőШƓcΝ Ν 
Â7Ξ 

ΝΥΡ 

ÑΞΤΝ  fŰĦƖĲċƚĲШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШċƻŔċŰШċŰĬШ
ůċůůċũŔċŰШĦĲũũШũŔŰĲй 

cΟ ΞШыċƻŔċŰь ΝΥΣ 

cΡ Ν 
ΝΥΤ 

ΞΣЯΞΤЯΝΥΥ 
cΤ Φ ΝΥΦ 

fΞΦΞé 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΦ Ξ ΝΦΜ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃЯШŔŰĦƖĲċƚĲĬШ
ŔŰŉĲĦƣŔƻŔƣǃЯШĬĲĦƖĲċƚĲĬШċŰƣŔƻŔƖċũШŔůůƨŰĲШ
ƖĲƚƓŸŰƚĲЯШŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШŔŰĦƖĲċƚĲĬШůŸƖƣċũŔƣǃЯШŔŰШ
ůŔĦĲ 

cΦ Ξ ΝΦΜ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲ 

cΝΜ Υ ΝΦΝ 

fŰĦƖĲċƚĲĬШƓċƣőŸŊĲŰŔĦŔƣǃШċŰĬШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ůċůůċũŔċŰШőŸƚƣй 

cΝΟ Σ ΣΤ 

éΞΦΞf 

?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũƚ 
?ĲĦƖĲċƚĲĬШċĲƖŸƚŸũШƣƖċŰƚůŔƚƚŔŸŰШŔŰШŊƨŔŰĲċШƓŔŊƚ 

cΤ Φ 
ΝΦΞ 

 

~ċůůċũŔċŰШċĬċƓƣċƣŔŸŰШůċƖťĲƖй cΡ Ν ΝΞ 

]ΟΜΦ? 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΡ Ξ 

ΠΞ 
 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο 



 ШШ 

 ΞΡ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΝΝ Φ ΝΤΤ 

EΟΡΥé ?ĲĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ Ο ΝΦΟ 

uΟΥΦÅ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШƖĲƓũŔĦċƣŔŸŰШ
ŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲ cΤ Φ ΝΦΠ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй cΡ Ν ΞΣЯΞΤ 

xΟΟΦÑ ?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШĬĲĦƖĲċƚĲĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν ΝΦΡ 

ÄΟΣΥÅ fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο ΝΤΡ 

~ΠΤΟÑ 

?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃЯШĬĲĦƖĲċƚĲĬШ
ŔŰŉĲĦƣŔƻŔƣǃЯШŔŰШůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШĬĲĦƖĲċƚĲĬШũĲƣőċũŔƣǃЯШŔŰШ
ůŔĦĲ 

cΤ Φ ΝΦΣ 

cΠΠΤÄ fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

cΤ Ο ΝΤΡ 

fΠΤΝÑ 9őċŰŊĲШŔŰШĲũĲĦƣƖŸƚƣċƣŔĦШƓŸƣĲŰƣŔċũй cΤ Ο ΝΤΡ 

ÅΠΤΤ] 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

cΡ ΞШыċŰĬШ
cΟ ΞЯШcΡ Υь 

ΠΞ 



 ШШ 

 ΞΣ 





 ШШ 

 ΞΥ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШƖĲƓũŔĦċƣŔŸŰШ
ŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲƚЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШ
ůŔĦĲШ 

cΤ Φ 
ΞΝΥЯΞΞΜ 
ΞΞΝ 

EŰőċŰĦĲĬШƻŔƖƨƚШƖĲƓũŔĦċƣŔŸŰй cΤ Φ ΝΞΡ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΦ Ξ 

ΞΝΥЯΞΞΞ 
ΝΤΠ 

EΣΞΤé 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШƖĲƓũŔĦċƣŔŸŰШ
ŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲƚЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШ
ůŔĦĲ 

cΡ Ν 
ΝΥΞ 
ΞΣ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШŔŰĦƖĲċƚĲĬШ
ŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΦ Ξ ΝΤΠ 

uΣΞΤE 

?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃЯШĬĲĦƖĲċƚĲĬШ
ŔŰŉĲĦƣŔƻŔƣǃЯШŔŰШůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШċĲƖŸƚŸũШƣƖċŰƚůŔƚƚŔŸŰШŔŰШŊƨŔŰĲċШƓŔŊƚ 

cΤ Φ ΝΦΞ 

?ĲĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШĬĲĦƖĲċƚĲĬШůŸƖƣċũŔƣǃЯШŔŰШ
ůŔĦĲ 

cΤ Φ ΝΦΣ 

uΣΞΤE fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШĦőŔĦťĲŰƚ cΡ Ν ΞΞΟ 

ΣΤΣÑ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй



 ШШ 

 ΞΦ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй cΟ Υ ΠΟ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃЯШĲŰőċŰĦĲĬШ
ƖĲƓũŔĦċƣŔŸŰШĲǭŔĦŔĲŰĦǃЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШċŰĬШ
ĦŸŰƣċĦƣШƣƖċŰƚůŔƚƚŔŸŰШŔŰШŊƨŔŰĲċШƓŔŊƚЯШŔŰĦƖĲċƚĲĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΡ Ν 
ΠΠЯΝΥΞЯΞΞΠтΞΞΣ 

ΞΣ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΡ Σ 





 ШШ 

 ΟΝ 

Unclassified / Non classifié 

fΞΦΞéЯШ
ÅΟΥΦuЯШ
ΡΥΥéЯШ
ÑΡΦΥ~ЯШ
xΣΠΥéЯШ
ÑΣΤΣ~ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΝΜ Υ ΞΜΟ 

xΥΦéЯШ
]ΟΜΦ? 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲШċŰĬШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν ΞΟΣ 

xΥΦéЯШ
]ΟΜΦ?Я 
ÑΟΟΦuЯШ
ÅΠΤΤ]Я 
fΠΦΡéЯШ
uΣΞΤEЯ 
ΣΤΣÑ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲШċŰĬШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν 

ΞΟΣ 

ΤΦ 

~ΝΠΤxЯ 
EΣΞΤu 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲШċŰĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΦ Ξ ΞΟΤ 

fΝΠΤÑЯ 
uΟΟΦÑЯ 
ΡΥΥÑ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲШċŰĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν ΞΟΥ 

fΞΥΟ~ЯШ
uΡΞΣÅ 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШŔŰĦƖĲċƚĲĬШůŸƖƣċũŔƣǃЯШŔŰШ
ůŔĦĲ 

cΡ Υ ΞΟΦ 

éΞΦΞfЯ 
EΣΞΤu 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃЯШŔŰĦƖĲċƚĲĬШ
ŔŰŉĲĦƣŔƻŔƣǃЯШŔŰШůċůůċũŔċŰШĦĲũũƚ cΤ Φ ΞΠΜ 

ÉΠΥΦÂЯ 
 ÂрéΠΜΥf 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШŉĲƖƖĲƣƚ 

cΡ Ν ΞΝΤ 

uΡΞΣÅЯ 
EΣΞΤu 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШƻŔƖċũШ
ƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲƚЯШŔŰĦƖĲċƚĲĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ

 



 ШШ 

 ΟΞ 

Unclassified / Non classifié 

EΣΞΤuЯ 
?ΤΜΝ  

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲ cΤ Φ ΞΠΞ 

EΣΞΤuЯ 
ÉΤΝΠÅ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШ
ĦĲũũШũŔŰĲƚ



 ШШ 

 ΟΟ 

Unclassified / Non classifié 

ÄΞΞΣxЯШ
]ΞΞΥÉб 
Â7ΝаШ
cΦΦòь 

 
йШŔŰĬŔĦċƣĲƚШƣőċƣШƣőĲШƓőĲŰŸƣǃƓĲШŉŸƖШƣőĲШůƨƣċƣŔŸŰШőċƚШĤĲĲŰШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬЯШĤƨƣШŰŸƣШĲǂƓĲƖŔůĲŰƣċũũǃШƻĲƖŔǯĲĬШĤǃШƣőĲШ
ƚŸƨƖĦĲЮ 
҉~ƨƣċƣŔŸŰƚШŔŰШblack fontШċƖĲШĬŔƖĲĦƣũǃШĲǂƣƖċĦƣĲĬШŉƖŸůШÉƨƣƣŔĲШet al.Ш~ƨƣċƣŔŸŰƚШŔŰШblue fontШċƖĲШŰĲƽũǃШĲǂƣƖċĦƣĲĬШƨƚŔŰŊШċŰШ
ċŰċũŸŊŸƨƚШƚĲċƖĦőШƚƣƖċƣĲŊǃЮ 
 
 
 
  



 ШШ 

 ΟΠ 

Unclassified / Non classifié 

Polymerase Basic Protein 1 (PB1) (Segment 2) 
 
ÂŸũǃůĲƖċƚĲШ ĤċƚŔĦШ ƓƖŸƣĲŔŰШ ΝШ ыÂ7ΝьШ ŔƚШ ċŰŸƣőĲƖШ ĦŸůƓŸŰĲŰƣШ ŸŉШ ƣőĲШ ƻŔƖċũШ ƓŸũǃůĲƖċƚĲШ ĦŸůƓũĲǂШ ƣőċƣШ
ĲŰĦŸĬĲƚШ



 ШШ 

 ΟΡ 

Unclassified / Non classifié 

uΞΜΤÅ ?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ



 ШШ 

 ΟΣ 

Unclassified / Non classifié 

ΠΣΦÑ fŰĦƖĲċƚĲĬШċĲƖŸƚŸũШƣƖċŰƚůŔƚƚŔŸŰШŔŰШŊƨŔŰĲċШ
ƓŔŊƚй cΤ Ο ΝΤΡ 

xΠΤΟé fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃ cΤ Ο ΝΤΡ 

éΠΤΟx 
?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШ
ƖĲƓũŔĦċƣŔŸŰШĲǭŔĦŔĲŰĦǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 

cΝ ΝШ
ƽŔƣőШÂ7ΞЯШ
Â7ΝЯШÂ Ш
 ÂШŉƖŸůШ
cΡ Ν 

ΞΠΦ 

ÉΡΞΠ] 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
fŰĦƖĲċƚĲĬШċŔƖĤŸƖŰĲШƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ŉĲƖƖĲƣƚ 

cΟ Υ ΟΥ 

uΡΤΤE fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΦ Ξ ΞΡΜ 

éΡΦΥÂ 
?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШ
ƖĲƓũŔĦċƣŔŸŰШĲǭŔĦŔĲŰĦǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 

cΝ ΝШ
ƽŔƣőШÂ7ΞЯШ







 ШШ 

 ΟΦ 

Unclassified / Non classifié 

Polymerase (PA) (Segment 3) 
 

ÑőĲШƓŸũǃůĲƖċƚĲШƓƖŸƣĲŔŰШыÂ ьШ ŔƚШƣőĲШƣőŔƖĬШċŰĬШǯŰċũШůĲůĤĲƖШŸŉШƣőĲШƻŔƖċũШƓŸũǃůĲƖċƚĲШĦŸůƓũĲǂЮШ fƣШ ŔƚШ
ƖĲƚƓŸŰƚŔĤũĲШŉŸƖШĦũĲċƻŔŰŊШΡќШĦċƓƚШŉƖŸůШőŸƚƣШůÅ  ƚЮШ ĬċƓƣŔƻĲШů



 ШШ 

 ΠΜ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũШũŔŰĲ cΤ Φ ΝΦΤ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚй cΝΟ Σ ΣΤ 

ΟΤÉ ?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũШũŔŰĲ cΤ Τ ΞΡΥ 

ΟΥ? fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШċŰĬШċƻŔċŰШĦĲũũƚй cΦ Ξ ΣΠ 

ÉΠΦò 
fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШċŰĬШŔŰǰċůůċƣŸƖǃШ
ƖĲƚƓŸŰƚĲШŔŰШůŔĦĲ 

cΦ Ξ ΝΤΥ 

éΣΟf 
fŰĦƖĲċƚĲШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШĲŰőċŰĦĲĬШ
ƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲЯШ
ŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΤ Τ ΞΡΥЯΞΡΦ 

ΤΜé fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃй cΦ Ξ ΝΝΦ 

ÑΥΡ  
fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚй 

cΡ Ν Υ 

ÑΦΤf 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΟ Υ ΠΟ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШ
ƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲЯШ
ŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΡ Ν ΝΥΞ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũШũŔŰĲШċŰĬШĲŰőċŰĦĲĬШ
ƖĲƓũŔĦċƣŔŸŰШŔŰШůŔĦĲ 

cΡ Ξ ΞΣΜ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ cΣ Ν ΞΣΝ 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШċŰĬШƓŸũǃůĲƖċƚĲШ
ċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
ĲŰőċŰĦĲĬШƻŔƖċũШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ 

cΦ Ξ ΥΥ 

fΝΝΥÑ ?ĲĦƖĲċƚĲĬШőŸƚƣШƚőƨƣŸǡּזů şΣΝ





 ШШ 

 ΠΞ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШċŰĬШċƻŔċŰШĦĲũũШũŔŰĲƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůċůůċũƚйШ 

cΡ Ν 
ΞΣΡЯΞΣΣ 
ΞΣЯΝΞΦ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШċŰĬШƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ůċůůċũƚйШ cΣ Ξ ΝΝ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΤ Ο ΝΤΡ 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШċŰĬШċƻŔċŰШĦĲũũШũŔŰĲƚй cΝΟ Σ ΣΤ 

ÄΠΜΜÂ ?ĲĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΤ Ο ΝΦΟ 

 ΠΜΦÉ



 ШШ 

 ΠΟ 





 ШШ 

 ΠΡ 

Unclassified / Non classifié 

ÂΝΜΟcЯШ
ÉΣΡΦx 

?ĲĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШƖĲƓũŔĦċƣŔŸŰШ
ŔŰШůċůůċũŔċŰШĦĲũũШũŔŰĲЯШĬĲĦƖĲċƚĲĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΤ Τ ΞΣΦ 

ÉΞΞΠÂЯШ
 ΟΥΟ? 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШċŰĬШ
ĲŰőċŰĦĲĬШƻŔƖċũШƖĲƓũŔĦċƣŔŸŰШŔŰШĬƨĦťШċŰĬШ
ůŸƨƚĲШĦĲũũШũŔŰĲƚЯШŔŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШ
ůŔĦĲШċŰĬШĬƨĦťƚ 

cΡ Ν ΞΣΡЯΞΣΣ 

ÉΠΜΦ ЯШ
[ΣΤΞx fŰĦƖĲċƚĲĬШƣƖċŰƚůŔƚƚŔŸŰШŔŰШůċůůċũƚй cΦ Ξ ΝΝΦ 

uΝΠΞÅЯШ
fΝΠΤéЯШ
fΝΤΝéЯШ
~ΝΥΞx 

fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШċĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũШũŔŰĲ cΤ Φ ΞΤΜ 

éΠΠfЯШ
éΝΞΤ ЯШ
9ΞΠΝòЯШ
ΟΠΟÑЯШ
fΡΤΟé 

fŰĦƖĲċƚĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШůċůůċũŔċŰШĦĲũũШ
ũŔŰĲШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ cΡ Ν ΞΤΝ 

ÉΝΠΦÂЯШ
cΞΣΣÅЯШ
fΟΡΤuЯШ



 ШШ 

 ΠΣ 

Unclassified / Non classifié 

éΝΞΤf fŰĦƖĲċƚĲĬШőŸƚƣШƚőƨƣŸǭ cΡ Ν ΞΤΣ 

ÅΝΦΡu 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШċŰĬШ
ƓƖŔůċƖǃШőƨůċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШŔŰǰċůůċƣŸƖǃШƖĲƚƓŸŰƚĲƚШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШőŸƚƣШƚőƨƣŸǭШŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲЯШċŰĬШĦŸŰƣċĦƣШċŰĬШ
ċĲƖŸƚŸũШƣƖċŰƚůŔƚƚŔŸŰЯШŔŰШŉĲƖƖĲƣШ 

cΤ Φ ΞΤΤ 

uΞΜΣÅ fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШċŰĬШŉĲƖƖĲƣƚ cΦ Ξ ΞΤΤ 

ÂΞΝΜx fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲШċŰĬШŉĲƖƖĲƣƚ cΦ Ξ 
 

ΞΤΤ 

    

йШŔŰĬŔĦċƣĲƚШƣőċƣШƣőĲШƓőĲŰŸƣǃƓĲШŉŸƖШƣőĲШůƨƣċƣŔŸŰШőċƚШĤĲĲŰШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬЯШĤƨƣШŰŸƣШĲǂƓĲƖŔůĲŰƣċũũǃШƻĲƖŔǯĲĬШĤǃШƣőĲШ
ƚŸƨƖĦĲЮ 
҉~ƨƣċƣŔŸŰƚШŔŰШblack fontШċƖĲШĬŔƖĲĦƣũǃШĲǂƣƖċĦƣĲĬШŉƖŸůШÉƨƣƣŔĲШet al.Ш~ƨƣċƣŔŸŰƚШŔŰШblue fontШċƖĲШŰĲƽũǃШĲǂƣƖċĦƣĲĬШƨƚŔŰŊШċŰШ
ċŰċũŸŊŸƨƚШƚĲċƖĦőШƚƣƖċƣĲŊǃЮ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 ШШ 

 ΠΦ 

Unclassified / Non classifié 

 
 
 

Nonstructural protein (NS) (Segment 8) 
 
ÑőĲШ ŰŸŰрƚƣƖƨĦƣƨƖċũШ ƓƖŸƣĲŔŰШ ы ÉьШ ƚĲŊůĲŰƣШ ĲŰĦŸĬĲƚШ  ÉΝЯШ ƣőĲШ ůċŔŰШ ċŰƣŔƻŔƖċũШ ċŰƣċŊŸŰŔƚƣШ ƓƖŸƣĲŔŰШ
ĲŰĦŸĬĲĬШ ĤǃШ ŔŰǰƨĲŰǍċШ ƻŔƖƨƚЯШ ċŰĬШ  ÉΞо EÂЯШ ƽőŔĦőШ ƚƨƓƓŸƖƣƚШ ŰƨĦũĲċƖШ ĲǂƓŸƖƣШ ŸŉШ ƻŔƖċũШ ƖŔĤŸŰƨĦũĲċƖШ
ƓƖŸƣĲŔŰƚЯШƖĲŊƨũċƣĲƚШƣőĲШĤċũċŰĦĲШŸŉШƻŔƖċũШÅ  ШƚǃŰƣőĲƚŔƚоĲǂƓŸƖƣЯШċŰĬШŔŰƣĲƖċĦƣƚШƽŔƣőШ~ΝШƣŸШƚƨƓƓŸƖƣШƻŔƖċũШ
ċƚƚĲůĤũǃЮШ~ƨƣċƣŔŸŰƚШŔŰШ ÉΝШŸŉƣĲŰШĲŰőċŰĦĲШƣőĲШċĤŔũŔƣǃШŸŉШ ÉΝШƣŸШċŰƣċŊŸŰŔǍĲШċŰƣŔƻŔƖċũШƓƖŸƣĲŔŰƚШŔŰШŰĲƽШ
őŸƚƣƚЯШũĲċĬŔŰŊШƣŸШƖĲĬƨĦĲĬШċŰƣŔƻŔƖċũШƖĲƚƓŸŰƚĲƚШċŰĬШĲŰőċŰĦĲĬШƖĲƓũŔĦċƣŔŸŰоƻŔƖƨũĲŰĦĲШыĲЮŊЮЯШÂΠΞÉьЮШ 
 
Table 7. Molecular markers/motifs in the non



 ШШ 

 ΡΜ 

Unclassified / Non classifié 

ƽŔƣőШ
cΡ ΝШ É 



 ШШ 

 ΡΝ 

Unclassified / Non classifié 

òΝΜΟ[ fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΡ Ν ΝΜ 

fΝΜΣ~ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲй cΡ Ν ΝΞЯΞΤ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

cΡ ΞШ
ыċŰĬШ
cΡ ΟЯШ
cΡ Υь 

ΠΞ 

fůƓƖŸƻĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ůċůůċũƚй cΡ Σ ΝΥ 

fŰĦƖĲċƚĲĬШƻŔƖċũШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ůċůůċũŔċŰШĦĲũũƚШċŰĬШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй 

cΦ Ξ ΤΦ 

9ΝΟΥ[ 

fŰĦƖĲċƚĲĬШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ůċůůċũŔċŰШĦĲũũƚЯШ
ĬĲĦƖĲċƚĲĬШŔŰƣĲƖŉĲƖŸŰШ
ƖĲƚƓŸŰƚĲ 

cΡ Ν 
ΞΦΠ 

ΞΤ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲй cΡ Ξ ΠΞ 

éΝΠΦ  

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШċŰĬШ
ĬĲĦƖĲċƚĲĬШŔŰƣĲƖŉĲƖŸŰШ
ƖĲƚƓŸŰƚĲШŔŰШĦőŔĦťĲŰƚ 

cΡ Ν 
ΞΦΡ 

ΞΤ 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШċŰĬШ
ƻŔƖċũШƖĲƓũŔĦċƣŔŸŰШŔŰШ
ůċůůċũŔċŰШĦĲũũƚй 

cΦ Ξ ΟΦЯΣΠ 

fΞΜΡ  ?ĲĦƖĲċƚĲĬШċŰƣŔƻŔƖċũШŔůůƨŰĲШ
ƖĲƚƓŸŰƚĲШŔŰШŉĲƖƖĲƣƚй cΡ Ν ΝΜ 

éΞΞΣf fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲй cΡ Ν ΝΞ 

ÑΟΤΡ] 
?ĲĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШŔŰШ
ůċůůċũŔċŰШĦĲũũƚ 
?ĲĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 

cΡ Ξ ΞΦΣ 



 ШШ 

 ΡΞ 



 ШШ 

 ΡΟ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƻŔƖċũШƖĲƓũŔĦċƣŔŸŰШŔŰШ
őƨůċŰШċŰĬШĬƨĦťШĦĲũũШũŔŰĲƚШ
ĤƨƣШŰŸШĲǭĲĦƣШŔŰШůƨƖŔŰĲШĦĲũũƚ 

cΤ Ν ΟΜΡ 

ΞΟΜтΞΟΤШĲũŸŰŊċƣŔŸŰ 
fŰĦƖĲċƚĲĬШƖĲƓũŔĦċƣŔŸŰШċŰĬШ
ŔŰǰċůůċƣŸƖǃШĦǃƣŸťŔŰĲШ
ƓƖŸĬƨĦƣŔŸŰШŔŰШĦőŔĦťĲŰƚ 

cΦ Ξ ΟΜΣ 

~ΝΣf 
fŰĦƖĲċƚĲĬШƓŸũǃůĲƖċƚĲШ
ċĦƣŔƻŔƣǃШŔŰШůċůůċũŔċŰШĦĲũũШ

 



 ШШ 

 ΡΠ 



 ШШ

�Ù�Ù



 ШШ 

 ΡΣ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƖĲƚŔƚƣċŰĦĲШƣŸШċůċŰƣċĬŔŰĲШ
ċŰĬШƖŔůċŰƣċĬŔŰĲ 

cΡ Ξ 
cΤ Ξ 
cΦ Ξ ΥΣ 

ÉΟΝ о]



 ШШ 

 ΡΤ 

Unclassified / Non classifié 

Â7Νр[Ξ N66S 

cΦ Ξ 

   
fΝΦÑЯШ~ΡΝéЯШ ΟΞΡÉЯШ

]ΠΞΡÅ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШ
ŔŰШůŔĦĲ 

ΟΞΞ Â7Ν fΟΞΞ~ 
Â  





 ШШ 

 ΡΦ 



 ШШ 

 ΣΜ 

Unclassified / Non classifié 

cΡ Σ 

c  

ÅΠΠ]ЯШ?ΡΦ ЯШÉΤΤÅЯШ
ÄΝΞΜxЯШÅΝΞΡÉЯШS128PЯШ
ΝΠΣÂЯШuΝΤΠÅЯШÉΝΥΥ ЯШ

V202IЯШÅΞΥΥÉЯШfΞΤΠ~ЯШ
ÉΟΞΡ ЯШÅΟΤΞuЯШéΠΜΜfЯШ
EΠΥΠ]ЯШéΡΟΞ ЯШéΡΟΤ~ 

fŰĦƖĲċƚĲĬШŔŰŉĲĦƣŔƻŔƣǃШ
ŔŰШůċůůċũŔċŰШĦĲũũƚ 
fŰĦƖĲċƚĲĬШĤŔŰĬŔŰŊШƣŸШ
͈ΞЯΣ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШ
ŔŰШůŔĦĲШ 
éŔƖċũШĬŔƚƚĲůŔŰċƣŔŸŰШ
ŸƨƣƚŔĬĲШŸŉШƖĲƚƓŔƖċƣŸƖǃШ
ƣƖċĦƣШċŰĬШƻŔƖċũШ
ĬŔƚƚĲůŔŰċƣŔŸŰШŔŰШ
ĤƖċŔŰШŸŉШůŔĦĲ 
fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШ
ċŰĬШĦŸŰƣċĦƣШ
ƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ŊƨŔŰĲċШƓŔŊƚ 

ΞΟ 

   
 ΥΜÉЯШuΥΟÅЯШcΞΞΥÄЯШ
ΞΣΤÑЯШÅΞΥΤ]ЯШéΟΜΠfЯШ

fΟΜΣÑ 

Â7Ξ 

ÅΣΞuЯШÂΝΝΞÑЯШÉΝΟΤ ЯШ
ÅΝΠΠuЯШT339KЯШéΟΥΠxЯШ
fΠΡΤéЯШ~ΠΤΟfЯШéΠΦΡ ЯШ
ÑΡΞΠ~ЯШ ΡΡΦÉЯШ ΣΝΟéЯШ
~ΣΟΣxЯШÅΣΦΦuЯШÅΤΡΡ] 

~ ÑΟΠ ЯШÑΝΥΟ ЯШòΞΟΡ9ЯШ
ÉΟΟΟ  

Â  uΞΝΣÑЯШ]ΟΡΦEЯШéΡΠΣ  
Â7Ν éΞΞ ЯШEΣΞu 

cΤ Φ c  
ΝΦÉЯШEΥΝuЯШfΥΥéЯШ

ÑΝΞΣuЯШéΝΞΡÑЯШÉΝΠΠÂЯШ
A160T,ШuΟΝΜÅ 



 ШШ 

 ΣΝ 

Unclassified / Non classifié 

fŰĦƖĲċƚĲĬШƻŔƖƨũĲŰĦĲШ
ŔŰШůŔĦĲ 
fŰĦƖĲċƚĲĬШċŔƖĤŸƖŰĲШ
ƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ŊƨŔŰĲċШƓŔŊƚ 

cΝΝ Φ 

Â7Ξ 
K627E, N701D, L89V, 

G309D, T339K, R477G, 
I495V, K627E, A676T 

 ŸШĦőċŰŊĲШŔŰШ
ƻŔƖƨũĲŰĦĲШŔŰШůŔĦĲ 
éŔƖċũШĬŔƚƚĲůŔŰċƣŔŸŰШ
ŸƨƣƚŔĬĲШŸŉШƖĲƚƓŔƖċƣŸƖǃШ
ƣƖċĦƣШċŰĬШƻŔƖċũШ
ĬŔƚƚĲůŔŰċƣŔŸŰШŔŰШ
ĤƖċŔŰШŸŉШůŔĦĲ 

ΞΟΟ 

Â7Ν Y436H 

Â  ÄΡΤÅЯШéΣΞfЯШxΣΡÉЯШ
ΝΜΜé 





 ШШ 

 ΣΟ 

Unclassified / Non classifié 

c  









 







 ШШ 

 ΤΜ 

Unclassified / Non classifié 

Â7Ξ E627K 

ÅĲƓũŔĦċƣĲĬШŔŰШŰċƚċũШ
ĦċƻŔƣǃШŸŉШƚƽŔŰĲ 
ÑŔƚƚƨĲШƓċƣőŸũŸŊǃШŔŰШ
ũƨŰŊШŔŰШƚƽŔŰĲ 
?ŔƖĲĦƣШĦŸŰƣċĦƣШ
ƣƖċŰƚůŔƚƚŔŸŰШŔŰШ
ƚƽŔŰĲ 

cΡ Ν 

c  N110SЯШÑΝΞΥÂЯШ
ÑΝΠΝÉЯШéΞΝ  

ÅĲĬШŉŸǂ 

 ĲƨƖŸũŸŊŔĦċũШ
ƚǃůƓƣŸůƚЯШƚĲŔǍƨƖĲƚЯШ
ĬĲƓƖĲƚƚŔŸŰЯШŰŸŔƚǃШ
ĦƖǃŔŰŊЯШĬŔċƖƖőĲċЯШ
ũĲƣőċƖŊǃЯШƚċũŔƻċƣŔŰŊЯШ
ċŰĬШĦőŸťŔŰŊ 
éŔƖƨƚШƓƖĲƚĲŰƣШŔŰШ
ĤƖċŔŰЯШũƨŰŊƚЯШ
ťŔĬŰĲǃƚЯШċŰĬШőĲċƖƣ 

ΝΞ 

   H155YЯШÉΞΠΥ ЯШ
N366SЯШ ΟΦE 

Â7Ξ V292I 
Â7Ν N375S, D622G 
Â  P28L, A36V 

 É P42S, I106M, 
V226I 

~ N30D, S82N, 
T215A 

йШŔŰĬŔĦċƣĲƚШƣőċƣШƣőĲШƓőĲŰŸƣǃƓĲШŉŸƖШƣőĲШůƨƣċƣŔŸŰШőċƚШĤĲĲŰШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬЯШĤƨƣШŰŸƣШĲǂƓĲƖŔůĲŰƣċũũǃШƻĲƖŔǯĲĬШĤǃШƣőĲШ
ƚŸƨƖĦĲЮ 
ҋ7ŸũĬĲĬШůƨƣċƣŔŸŰƚШċƖĲШƓƖĲƚĲŰƣШŔŰШƣċĤũĲƚШΝрΥЮ 
 
 
 
 



 ШШ 

 ΤΝ 

Unclassified / Non classifié 
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