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The mutation network for the hemagglutinin gene from
the novel influenza A (H1N1) virus
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A mutation network for the hemagglutinin gene (HA) of the novel type A (H1N1) influenza virus was
constructed. Sequence homology analysis indicated that one HA sequence type from the viruses
mainly isolated from Mexico was likely the original type in this epidemic. Based on the 658A and 1408T
mutations in HA, the viruses evolving into this epidemic were divided into three categories, the Mexico,
the transitional and the New York type. The three groups of viruses presented distinctive clustering

features in their geographic distributions.
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On April 15th and 17th 2009, the Centers for Disease
Control and Prevention of the United States in Atlanta
identified isolations from two children as a novel type A
(HIN1) influenza virus'". Sequence homology analysis
indicated that the novel virus was generated from a reas-
sortment of multiple influenza viruses (from swine,
avian and humans). Further studies found that the novel
virus appeared in Mexico as early as on March 18, 2009.
Some patients infected by this novel virus developed

serious clinical syndromes and several patients died. As
of Beijing time 14:00 May 20, 2009, 49 countries re-
ported 9830 identified cases of the novel influenza virus
A (HIN1) infection, including 79 deaths (http://www.
who.int/csr/don/ 2009 05 19/en/index.html).

The genome of influenza virus A contains 8 separate

Received May 18, 2009; accepted May 22, 2009
doi: 10.1007/s11434-009-0428-4
Corresponding authors (email: 1jin007@gmail.com; gpzhao@sibs.ac.cn)

Citation: Consortium for Influenza Study at Shanghai. The mutation network for the hemagglutinin gene from the novel influenza A (H1N1) virus. Chinese Sci Bull,

2009, 54: 2168-2170, doi: 10.1007/s11434-009-0428-4

z
o
—
=)
-
o
>
w
o
<
—
>
O
i
|
o
=




RNA segments, which code for different proteins which
play certain roles in construction and duplication of the
influenza virus. Among these proteins, hemagglutinin
(HA) attracted much more attention. HA is located on
the outside of the virus membrane. In hosts, the HA
binds to sialic acids on the surface of target cells as one
of the necessary steps for invasion. Therefore, HA is
primarily responsible for the host range of influenza vi-
rus and immunity response of hosts to the infection!.
Sequences of the HA gene from the novel influenza
virus A (HIN1) published before May 12, 2009 were
downloaded from database of GISAID". Fifty-four full-
length sequences with high quality passed a data clean
procedure. The network of mutations for the sequences
was constructed using NETWORK (version4.5.1.0,
http://www.fluxus-technology.com/) after the multiple
alignment was conducted using ClustalW1.83™ (Figure
1). Every node in the network represented a sequence
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type observed in the 54 full-length sequences. BLAST
search in NCBI database of nucleotide sequences and
homology analysis with an outgroup (viruses from swine)
indicated that a node containing 4 sequences could be
treated as an ancestral node of all the observed se-
quences”’ (Figure 1, accession number in NCBI:
GQ117067, FJ982430, GQ149692, FJ998208). Based on
the mutation network, the ancestral sequence type first
appeared in the late August of 2008 (with standard de-
viation 0.24 year, that is about 3 months), giving an es-
timation of 1.83 mutations (time unit in mutation) before
May 2009' and the mutation rate of the HA4 gene as 2.8
bases per year' .

Based on the 658A and 1408T mutations in HA, the
viruses evolving into the epidemic could be divided into
three categories, the Mexico, the transitional and the
New York type. The Mexico type virus was found in
Mexico, South of the United States (such as Texas,

Transitional type

Figure 1 Mutation network for HA of the novel influenza virus A (H1N1). Each node is named in sequence ID and the first three letters of the
name of the location where the sample was isolated. When multiple sequences are presented at one node, information of one sequence will
be used randomly to name the node. The area of each node is in proportion to the number of sequences the node represents. The ancestral
node representing the original sequence type is marked in blue. Location and status of mutations are marked on edges in red with the original
sequence type as a reference. Based on information of the sequences in GSAID database, 54 samples were separately collected from Ari-
zona (ARI), California (CAL), Colorado (COL), Indiana (IND), Kansas (KAN), Massachusetts (MAS), Michigan (MIC), New York (NEW), Ohio
(OHI), South Carolina (SOU), Texas (TEX) of the United States; Christchurch (CHR) and Auckland (AUC) of New Zealand; Canada (CAN);
Denmark (DEN); England (ENG); Israel (ISR), Lisbon (LIS) of Portugal; Mexico (MEX); Netherland (NET).
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California and Arizona), several European countries
(England, Denmark, Portugal, Netherland and Germany),
and New Zealand. Most of the European patients found
in the early stage of the pandemic had been to Mexico.
One patient found in Sichuan Province of China also
carried the novel influenza virus of the original type.
The transitional type characterized by 1408T mutation
was mainly found in New Zealand and Mexico. Se-
quences published after May 12, 2009 showed the type
that appeared in Thailand, Texas, Michigan and Wiscon-
sin (data not shown). The virus of the New York type
with both 1408T and 658 A mutations mostly appeared in
North and East of America, such as New York, Massa-
chusetts, Ohio and Canada. The virus of this type also
appeared in California but the cases were rare in
GISAID sequence database. The New York type virus
has been found in New Jersey and Nebraska based on
the recently released HA sequences (data not shown). To
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summarize, the three groups of novel influenza A(HIN1)
virus presented distinctive clustering features in their
geographic distributions (based on the sequencing data
released before May 20, 2009). The New York type was
found in North and East of America; the Mexico and
transitional types mostly appeared in other countries and
areas.

The 658A mutation carried by the New York type
mutated from Serine to Threonine at residue 220 of HA.
This residue is located in the sialic acid bonding domain
of HA and close to the important 200-loop region
(221—228 amino acid)®®. It has been reported that the
host of 1918 influenza virus A (HIN1) switched be-
tween humans and avian when the residues at 190 and
225 sites were mutated”. However, there is no solid
evidence in this study to support the effect of 658 A mu-
tation on binding capability of HA and sialic acids. Fur-
ther studies are necessary to address this issue in future.

596—601

6  Saillard J, Forster P, Lynnerup N, et al. mtDNA variation among
Greenland Eskimos: the edge of the Beringian expansion. Am J Hum
Genet, 2000, 67: 718—726

7  Ferguson N M, Galvani A P, Bush R M. Ecological and immu-
nological determinants of influenza evolution. Nature, 2003, 422:
428—433

8  Gamblin S J, Haire L F, Russell R J, et al. The structure and receptor
binding properties of the 1918 influenza hemagglutinin. Science,
2004, 303: 1838—1842

9  Tumpey T M, Maines T R, Van Hoeven N, et al. A two-amino acid
change in the hemagglutinin of the 1918 influenza virus abolishes
transmission. Science, 2007, 315: 655—659

2170 www.scichina.com | csb.scichina.com | www.springerlink.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


