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METHODS AND ARRAYS FOR DNA SEQUENCING

FIELD OF THE INVENTION

The present invention relates fo a method of DNA sequencing and in particular but not N

exclusively to methods and arrays for nucleotide base calling.

BACKGROUND TO THE INVENT ION

Every year there is an exponential growth in the amount of DNA sequence information’
generated and deposited into Genbank. Many of the current sequencing fechnologie_s use
a form of sequencing by synthesis (SBS), wherein specially designed nucleotides and
DNA polymerases are used to read the sequence of chip-bound, singlé—stranded DNA
templates in a controlled manner. To attain high throughput, many millions of such
template spots are arrayed across a sequencing chip and their sequence is independently
read out and recorded. Devices, equations, and computer systems for making and using
arrays of material on a substrate for DNA sequencing are known. However, there is a
ontinued need for methods and compositions for increasing the fidelity and accuracy: of

‘sequencing nucleic acid sequences.

Sequencing of viral genomes in particular has historically been performed using standard
dye termination technologies. In recent years, many researchers have migrated away from
traditional capillary sequencing instruments and towards high-throughput DNA sequencing
technologies that provide higher accuracy at a lower cost. However, these technologies
are still too slow, costly and labour-intensive to obtain genomic sequences of viruses that
mutate ever so frequently and for large-scale epidemiologic or evolutionary invesﬁgaﬁohs
in viral outbreaks. For example, the cumrently available sequencing technology is‘r‘no’t
suitable for sequencing the genomic sequences Of'; HINA influenza A virus and in
parﬁéutar the 2009 infiuenza A (H1N1) virus from the ever-increasing pool of infected

individuais.

in April 2009, a novel swine-origin HIN1 influenza A virus erupted in Mexico and spread
swiftly across the world at unprecedented speed, forcing the World Health Organization
(WHO) to raise its pandemic alert to phase 5. As of September 13th, WHO had reported’
over 2,86,471 laboratory-confirmed cases of pandemic (H1N1) 2009 in 135 countries.
However, these figures are likely to be an underestimate .as survéillance. has been
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5 focused on severe L£ases, Fortunateiy, desplte the hlgh transmnssubmty of this outbreak
there has been a low number of fatalities (3,486 reported deaths). This suggests that the

virulence of the 2009 influenza A (H1N1) virus may be relatively low.

The.ihﬂuenza pandemics of 1918, 1957, and 1968 that killed millions of people remind us
that the ‘moét recent 2009 influenza A (H1N1) virus éutbreak should not be taken lightly.
This virus will continue to evolve through mutations and/or recombination that may
increase its virulence and/or drug res:stance of the virus. As drug compames ‘rush . to
supply the worid with antuvnral drugs for this. pandemlc outbreak, isolated cases of drug-
resistant H1IN1 flu strains have already emerged. These drug-resistant strains usually
have mutations near drug-binding sites that reduce the binding affinities and effectiveness
of certain drugs. Thus, it is absolutely vital that the evolution of the 2009 mﬂuenza :

- A(H1TN1) viruses be closely and continually monitored for any genetic variations.

Oligonucleotide resequencing microarrays that are capable of identifyin_g nucieotide
'svequence,variants may offer an alternative solution to the standard dye termination
technologies and in recent years, have been used for detecting and subtypihg influenza
viruses. By analysing sequences generated from tiling probes écrosé targeted regions of

_various strains of the influenza virus (e.g. partial fragments of the haemagglutinin (HA)

and neuraminidase (NA) genes), important information such as viral subtypes, lineages
‘and seguence variants can be determined. Analysis of the sequences is usually done
using platform accompanying software that employs probabilistic basé—caiiing algorithms

such as ABACUS and Nimblescan PBC. Although statistically sound, these methods are

susceptible to hybridization noise caused by factors such as poor probe quality, poor
amplification or mutations. This results in numerous ambiguous and false positive. base
calls that may affect the accuracy of downstream evolutionary analysis. Efforts have been
made to improve the call rates and accuracnes of existing probabmstlc base—calhng»‘ .

algonthms but the methods mostly resulf in the base cali rates suffering. -

Also, ideélly dUring sequencing, a perfect match (PM) probe used in the sequencing,

- would be 'expected to gain a hybridization intensity multi-fold that of its cotresponding

mismatch (MM) probes, making base calling a straight-forward task. However, two types

of errors are prevalent in practice:
L. The PM probe and lts correspondmg MM probes have similar hybridization

intensities
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', 1. One or more MM probes may have higher hybridization intensities than the

PM probe.

A myriad of factors, such as weak PCR products, suboptimal annealing temperatures, CG

biasses, pdor probe quality, and non-specific binding of MM probes have been attributed to
be the causes of these two types of errors. With the use of better primers, optimization of
annealing temperatures and the use of variable length probes, certain factors such as

weak PCR products and CG biases can be overcome. However, some factors are

unavoidabie. This implies that even under optimai expeﬁmental conditions, there may still
exists MM probes that do not exhibit a significant reduction in hybridizaﬁpn intensity
relative to the PM probe, causing a type | error. The tiling requirement of a'resequencing
array also greatly inhibits the exciusion of podr quality probes from the array. For example,
the inclusion of probes that are of low complexity or containing c'onsecdtive runs of the
same nucieotide (homopolymers) are likely to cause type It errors since they have a .

_higher tendency to exhibit non-specific cross-hybridization.

These factors affect the hybridization intensities of the PM/MM probes has prove'd useful
in designing probes for microarray experiments however, the acburacy of 'sequence calling

-has yet to be improved.

SUMMARY OF THE INVENTION

The present invention is defined in the appended independent btaim. Some optional
features of the bresent invention are defined in the appended dependent claims.

in general terms, the invenﬁoﬁ sequencing a first polynucleotide strand (e.g. a strand ofa

" virus which is believed to have mutated) using the known polynucleotide structure of a -

second polynucleotide strand (e.g. the virus before njutation). For each of a anbér»of

‘fragments of the second polynucieotide strand, and for each position along each fragment,

we obtain (i) “first probe data” describing the hybridization activity of the first
polynucleotide strand with a “first probe” designéd to bind with a portion of the-second

‘polynucleotide strand centred at that position, and (ii) “second probe data” describing the

hybridization of the first polynucieofide strand with “second probes” which differ from the
first probe only at that position. in positions where the hybridization with the first probe is
much gréater than with the second probe, it is likely that the first and second
polynucleofides are the same. in other pesitions, there is a higher chance of a mutation..
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in one specific expression, the presenf invention relates to a method of sequencing a-ﬁrét

polynucieotide strand comprising a first polynucleotide sequence, the first polynucieofide
strand. resembling a secohd polynucleotide strand having a known.second polynucleotide
sequénce, the method employing a data set which, for one or more fragments of the -
second polynucleotide sequence, contains:’ A

for each position along each said fragment:
(i) first probe data describing the hybridization intensity of the first polynucleotide

“strand with a respective first. probe designed to bjhd to a portion of the second

polynucleotide strand centered at said position; and '
(i) second probe data describing the respective hybridization intensities of the first

‘ >polynuc!eotide strand with each of a set of second probes, each said second probe 'being

designed to bind with a respective mutation of the corresponding portion of the second
polynucleotide- sequence which is formed by mutating the corresponding portion of the
second polynucleotide sequence at said position, the data sef including said second probe

data for every possible said mutation; -

the method comprising: ‘
for each said position, pbtaihing from the dataset a first numerical parameter

-characterizing the hybridization intensity of the first polynucleotide strand with the

comresponding first probe in comparison to- the hybridization intensities of the first

'poiynucleotide strand with the corresponding second probes;
said first numerical parameter being indicative of whether a nucleic acid of the first

polynucleofide sequence is equal to a nucleic acid of the second polynucieotide sequence .

at said posif:ion.

| The method of the present inventioh may enable large-scale identification of variations in

polynucelotide sequences. In particuar, it may enable large-scale identification of
variations in viruses. This may be advantageous especially with H1 N1(2009); viruses |
which mutaie easily and frequently and may vary in letip!e patient samples. Thé method - -
of the present invention may provide a meéns for rapidly whole—genomé se_quericing the

- H1N1 samples.

The term “fragment” is used here to refer to a pari (i.e. a sub-set) of the second
polynucleatide strand, with no implication that the fragment has been separated from the
rest of the second po!ynuéleoﬁde strénd. Preferably the set of fragments coliectively span
the entire second polynucleotide strand (in the sense that every base in the secohd
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» po!ynucledtide strand is included within at least one of the fragments), so that if thé first

polynucleotide strand differs from the secqﬁd polynucleotide strand only by mutations, the
method may be used to sequence substantially the whole of the first polynucleotide étrand
(also, in some instances,‘ as discussed below, at certain isolated positions, the method
may determine that no idéntiﬁcatiod of the base is possibte)k Alternatively, the fra‘gments ,

may be selected such that they do not span the entire second polynucleotide strand (e.g.

to omit portions of the poiynucleotlde strand which are not beliaved to be of clinical

lmportance)

_The first probe is “designed to bind to a portion of the second polynucleotide strand” in the

sense of having a sequence complementary to that portion of the second poiynucleotide

strand.

The one of the first and second probes which is complemehtary to the first nuciectide
strarid at the central position (i.e. the probe with the highest hybridizaﬁon, activity) is called
the “perfect match probe",r"and the other probes are called “mismatch probes”. In the case
that the corresponding portion of the first polynucieotide strand does not contain a
fnutation, the “first probe” is the “pen‘ect match probe”, and the second probes are the

-miSmatch_ probes. Conversely, if there is a ‘mutation at the central pos_ition, then the

coarresponding one of the second probes'is the “perfect match 'probe”, and the first probe

and the other second probes are the mismatch probes.

in one embodiment, the method further comprises at each said position,
6btaining at least one correéponding second numerical parameter indicative of v
data abnormalities in the first probe data and second brobé data relating to said position;
determining whether: ' ‘
(i) said first numerical parameter indicates that the nucleic acid of the first
polynucleotide sequence is equal to the nucleic acid of the second poiynucleo’nde-
sequence-at said position; and - , '
(i) said at least one second numerical parameter does not mdlcate abnomalities
in the first probe data and the second probe data; and
if said determinations are both positive, determining that the nucleic acid of the
first nucleotide seguence is equal to the nucleic acid of the second nucleotide sequence at

said posxtlon‘
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~ The sa}d at ieaét one _second numerical parameter for each Said position may include a

parameter comparing the mean and the standard deviation of the Corresponding first
probe data and second. probe data. If either of said determinations is negative, a
veriﬁcation élgorithm' may? be performed using data (“perfect match data”) describing the
hybridizétion intensity of the perfect match probe of neighbouring pbsiﬁons. '

The verification algorithm may comprise a first determination of whether the perfect match
data for the neighbouring positions is indicative of a divergence between the first and
second nucieotide sequences at said position. The first determination may be positive if

the average of the perfecf match data for one or more nearest neighbouring positions is

lower than the perfect match data for neighbouring positions further from said position

than said nearest neighboring positions.

Altetjnativeiy or additionally, the verification algorithm may comprise a second
determination of whether there is a likelihood of a substitution bias at said position. One of
said second numerical parameters may be obtained from the hybridizaﬁon intensity-based
order 6f the PM probe and mismatch pro'bes for the site. Suppose that, for a given positidn,
we say thét -a given probe encodes base b if b is located at the centre of the region. We

" denote the base enco;ied by the PM probe as b; and the mismatch probes encode by, bs

and by, where {by, by, b3, bg} = {A, C, G, T}. Without loss of genérality, we will assurne that -

. hybridization intensity reduction order is bsbsb3 by The second numerical parameter may

then be obtained as a ratio fouefang, Where fops is° @ probability of observing the
hybridization intensity reduction order bsbybsbs given that the perfect match probe
encodes b4, and fang, is the probability of observing the hybridization intensity reduction

order bibsbsby by chance, -

The values s and fang Mmay be obtained by calculating:
o #(b1b2b3bs)
1055 Wb\ bobsba) + #(b1bababs) + #(b1b3baba)
+#{b1b3bsby) + #(b1babrbs) + #(b1babsbr)

, and

#biby)  #(baby) | #bab) -

frand = P ; / ’

wherein, for any order of the bases denoted by wxyz, the function #(wxyz) denotes the

number of times, in a number f of other positions, that the hybridization ihtensity reduction

order was wxyz. Preferably the t positions are those in which the first numerical parameter

indicated that the first and second nucleotide strands were both by, and #(wx) denotes the
6
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- number of times, in the ¢ positions that the hybridization order began wx. For example,
#(b1bo)= #(b1bz babyg)+ #(b4b; by bs). :
Upon said first determmatton being positive and said second determination bemg negative,
it may be determined that the nucleic acid of the first polynucieotide sequence differs from

the nucleic acid of the second po!ynucieoﬁde seguence at said position.

in another specific expression, the present invention relates to a method of sequencing a
pair of first polynucleotide strands, which are complementary strands having
complementary first polynucleotide sequences. In pértibular, in the pair of strands, .one’
strand has the first polynucleotide sequence and the other strand has a polynucleotide
sequence compiementary to the first polynUCIeotide sequence. The method comprises
performing a method according to any aspect of the present invention for each first
polynucleotide strand using a respective second polynucleotide stra_hd, the second
polynucieotide strand having complementary respective second poiynucieotide sequence,
for each corresponding position in the second polynucieotide sequence, said veriﬁ‘cation
algorithm may be performed'upon"a determination that said first numerical parameters are-
indicative ' of the two first poiynuclectide sequences not being complementary in that

-position.

As_menticned above, the set of fragments of the second polyhucleotidé sequence.may
collectively span the entire polynucieotide strand. Preferably, the fragments overtap fo
some degree, so that the dataset contains multiple sets of perfect match data and
mismatch data for locations in the overlap regions. This data may be averaged before '
calculating the first numerical parameter in respect of such posiﬁons' Preferably, the A
overlap regions are selected. to.inciude regions considers fo be critical in the sense. glven

below so that more accurate sequencing of the critical regions is posszble

In oné expression, the present invention relates to a method of prbducing an array for
sequencing a first polynucleotide strand having a first polynucleotide sequence, the
method employing data encoding a second polynucleotide sequence of a pqiynucleoﬁde'

- strand resembling the first polynucleotide strand, the method comprising:

'(a) defining one or more fragments of the second polynucleotide sequence,

b) construcﬁng the array, the array comprising:
(i) for each position along each said fragment of the second polynucieotide
sequence, a first probe designed to bind to a portion of the second

pqunucleotide sequence centred at said position; and

7
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- (i) for each first probe, a plurality of second probes, eéch said 'sec'o.nd
probe being designed to bind with a respective mutation of the |
corresponding portion of the second polynudeoﬁde sequence which is.
formed by‘mutaﬁng the second polynucleotide sequence at said position,
there being a respective said -second probe for every possible said

mutation.

Step (a) of defining the one or more fragments may include:
identifying one or more critical regions of said second polynucieohde sequence '

and . .
defining at least one of said fragments to include at léast one of said critical
regions; ' ' |

said critical regions being any one or more of:

(i) drug-binding sites; '

(ii) structural components; and

(i) mutation hotspots.
“The method above may be implemented by a computer (e.g. any generai purpose
~computer such as a PC) having a processor and a data storage device containing
program instructions operable by the processor to carry out the method. Furthermore, a
computer program product (e.g. a software downioad, or a tangible data storage device,

such as a CD-ROM) may be provided containing such program instructions.

In another expression, the present invention relates to an array for sequencing a first
-polynucleotide strand having.a first polynudeoﬁde sequence and resembiing a second
polynucleotide sfrand héﬁng a sécond known polynucleotide sequence, the‘ array
compnsmg for each of one or more fragments of the second polynuclectide sequence:

(i) for each position aiong each said fragment of the second polynucleotsde
sequence, a first probe designed to bind to a portion of the second polynucleotide
sequence centred at said position; and . o

(if) for each first probe, a piurality of second probes, each said second probe being
designed to bind with a respective mutation of the corresponding portion of the second
polynucleotide sequence which is formed by mutaling a nucleic acid of the second
polynucleofide sequence at said position, there being a respective said second probe for

every possible said mutation.
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- These arrays may be used as-a practical, large-scale re-sequencing tool. Also, the

sequences obtained from the arrays may alsp be highly reproducibie.

The dataset' may be deﬁved using an array which may be produced by a method
according o any aspect of the present invention and/for an -array according to any aspect

- of the present invention.

The second polynucleotide strand may be a RNA or DNA of a virus. In particular, the virus
may be influenza A virus. More in particular, the virus may be H1N1 mﬂuenza A virus,

in another expression, the‘present‘invention‘relat'e,s to a kit comprising:
(a) RT-PCR primers used for ampliﬁcatioh,
(b} the array accofding to any aspect of the present invention, and

(c) .a. computer readable medium capabile of carrying out the fnethod of
sequencing "accordihg to any aspect of the present invention.

Preferably, the computer‘ réadable medium may be fully—autémated and may proVide ‘a
comprehensive graphical rebort that shows the first polynucleotide sequénce guality and
the location of all mutations with their associated confidence and proxumuty to the
important regions |n the first polynucleot:de strand The short turnaround time from sampie»
to sequence and analys:s results may also be short. . For example, it may take
approximately 530‘ hours for 24 safnples, making this kit an efficient large-scale

evolutionary surveillance tool.

* The array may be a 12-plex array. The kit may be used for sequencing H1N1 influenza A
virus. In particular, the H1N1 influenza A virus may be 2009 influenza A(H1N1) virus.
More in particular, the computer readable medium may be used for automatic base—callihg
and ‘variant analysis, capable of interrogating all eight segments of the 2009 influenza
A(H1N1) virus genome and its variants. The array accbrding to any aspect of the piésent

~ invention may be able to detect all sequence variations with respect to a second

polynucleotide strand with a second polynucleotide sequence. In particular, the second
polynucieofide sequence may be a consensus 2009 influenza A(H1TN1) virus sequences
with added focus on important regions such as drug binding sites, structural components

and prev:ousiy repotted mutations.
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" . The conéensus 2009 influenza A (H1N1) may comprise at least one sequence selected

from the group consisting of SEQ ID NO:1 to SEQ ID NO:8, fragment(s), derivative(s),

mutation(s), and compleméntéry sequence(s) thereof. In particular, the consensus 2009

- influenza A (H1N1) may consists of nucleofide sequences SEQ ID NO:1 to SEQ ID NO:8.

In another expression, the present invention relates to isolated oligonucleotide comprising '
at least one nucleotide sequence selected from the group consisting of: SEQ ID NO:1 to
SEQ ID NO:8, fragment(s_), derivative(s), mutation(s), and complementary sequence(s)

thereof. The sequences may be derived from H1N1 influenza A.

As will be apparent from the following description, preferred embodirhents of the present )
invention allow an optimal use of the method of the présent invention to take advantage of

the accuracy, speed and reproducibility. This and other related advantages will be

apparent to skilled persons from the description below.

BRIEF DESCRIPTION OF THE FIGURES -

Preferred embodiments: of a method of DNA seguencing will now be described by way of

~ example with reference to the accompanying figures in which:

Figure 1 is a flowchart of Evolution Surveillance and Tracking Algorithm for Resequencing

~ Arrays (EVoISTAR),

Figure 2 is -a detailed flowchart of EvolSTAR . Bold arrows represent ‘Yes' paths, while
normal arrows represent ‘No’ paths. In the first step, sites are found at which the data
gi\)es good support to the view'that a strand being sequenced conforms to the sequence

of a known strand; for other sites, step 2 is carried out,

Figure 3 is a summary of characteriétics of neighbourhood hybridization infensity profiles
(NHIP) for different type of calls. Five distinct types -of NHIP patterns are shown. The
query base is at posiion 0 while neighbourhood probes (+ € bases) are numbered -

~according to their distance away from the base query position. Dark Grey‘ circles represent’

the PM probe of the query base, and black circles represent neighbourhood PM probes.
(a) True non-mutation, (b) True-Mutation, (c) Isolated error or *N”, (d) Poor quality region

(i.e. long chains of consecutive errors) or ‘N’, (e) Unknown error or “N”,

10
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- Figure 4 is a graph of the'accur‘acy of base calls with respect to fold change (Perfeet‘

Match Probe (PM)/Mismatch Probe (MM) hybridisation intensity). For all resequencing
ekperiments’, a fold change (PM/MM) threshold of 1.4 is sufficient to achieve 299% .

matches with capillary and 454 sequencing,

Figure 5 is an observed NHIP jor frue-non-mutation calls. A representative set of observed
NHIPs for true-non-mutation calls from patient sample 380. This representative set
consists of five true-non-mutation calls randomly selected fr_om each segment. Each line

represents the NHIP (%6 bp from query base position) of a true-non-mutation call,

Figure 6.is an observed NHIP for true-mutation calls. The observed NHIPs for ali 10

identified true-mutation calls from patient sample 380,

Figure 7 is.an observed NHIP for isolated error/N’ calls. The observed NHIPs for all three

- identified isolated error/'N' calls from patient sample 380. These.errors are flanked by true

(correct) calls,

Figure 8 is an observed NHIP for long consecutive error/N’ calls. The observed NHIPs for

five regions where there are long consecutive (25) error/'N' calls from patnent sample 380,

' Figure 9 is an observed NHIP for unknown error/'N’ calls. A representative set of observed

NHIPs’ fof 'unknown error/'N’ calls from péﬁent sample 380. This representative set

consists of two unknown error/N’ calls randomly selected from each segment,

Figure 10 is a graphical v:suahzatlon of sequence calls made by EvoISTAR of a first
sample. Sequence calls are represented by bars that are colour-coded based on their
percentage matches with the reference sequences. Mutations are marked by biack (high
confidence) or light grey (low confidence) friangles. Drug binding sites are marked by
white circles in the neuraminidase (NA) gene (Segment 6). A heat map bar is used to
represent the quality and eoverage of its sequence calis. Sequences with coverage <80%
are automatically flagged as ‘low coverage’. Other details such as coverage: befcentage"

of base calls successfully made, match: number of base calls that match the reference

sequence i.e. non-mutation base calls, strong mismatch: number of high confidence base
calls that do not match the reference sequence i.e. mutation base calls, weak mismatch:
number of low-confidence base-calls that do not match the reference sequence je.

mutauon base calls and Ns: number of ‘N’ calls, for each sequence call are aiso shown on

the visualization map, A
11
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Figure 11 is a graphical visualization of sequence calls made by EvolSTAR of a secohd
sample. The visualization map of all eight segments of the 2009 influenza A(H1N1) virus
and the locations of khown drug binding sites (marked with white lines) on the
neurammtdase (NA) gene (segment 6) are shown. The remaining features are the same

as those represented in Flgure 10,

Figure 12 is a visualization Vmap of a 2009 influenza A (H1N1) virus with artificial
reassortment of H3N2 segment 4. The segménts 1, 2, 3, 5, 6 and 7 of the 2009 influenza
A(H1N1) virus and segment 4 of a H3N2 influenza A virus were independently ampilified.
and hybridized them onto an array. As expected, the sequence call for segment 4 (based
on PM/MM probes from the segment 4 consensus of the 2009 influenza A(H?N 1) v:ms) is

poor in quality and coverage.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures 1 and 2 show a flowchart of an embodiment of a method 'of sequencing a first

polynucleotide .strand having a first polynucleotide sequence, the first polynucieotide '
-strand resembling a second polynucieotide strand having a known second polynucleotide

sequence, the method employing a data set which, for one or more fragmenti(s) of the

. second pelynucleotide sequence, contains:

for each position along each said fragment: 4 v
" (i) first probe data describing the hybridization |nten5|ty of the first

po!ynucteotnde strand with a respective first probe designed fo bind to a
portion of the secbnd polynucleotide strand centered at said position; and
(i) second probe dafa describing the respective hybridization intensities of
the first polynucleotide strand with each of a set of second probes, each
. said second probe being designed to bind with a respective mutation of
the corresponding portion of the second polynucleotide sequence which is
formed by mutating - the corresponding portion of the second
polynucleotide sequence at said position the data set including -said
second probe data for every possible satd mutation; :

the method comprising:
for each said posiﬁvon, obtaining from the dataset a first numerical

parameter characterizing the hybridization intensity of the first
polynucledtide strand with.a corresponding first probe in comparison to the

12
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hybridization lntensmes of the first polynucleotlde strand w:th the

correspondmg second prebes; ‘
said first numerical.parameter being indicative of whether a nucleic acid of the first
- polynucleotide sequence is equal fo a nucleic acid the second polynucleotide

sequence at said position.

The term *“resembiing” is used herein to refer to a measure of sim'ilarity. tn particular, it
refers to the measure of similarity between the ﬁr_st polynucfeoﬁde strand and the second

_polynucleotide .strand; For example, the po_lyn_ucleotide sequence of the first strand may

vary from the polynucleotide. seqUence of the second strand by 1-20 nucieofides. in
particular, the polynucieotide sequence of the first strand may vary from that of the second
strand by 1, 2, 3, 4, 5, 10 or 15 nucleotides. The polynucleotide sequence of the first
strand may be 95-99% similar to the polynucleotide seqdenc_;e of the second strand. |

The term “fragment” is used herein to refer to a portion of the second polynucieotide

© strand. In particular, the fragment may refer to a seduence'of the polynucleotide that is at
~ least & nucleotides long. More in. particular, the fragment may refer tc a sequence of the
: second p_olynucieotxde strand that is 5, 8, 10, 15, 20, 25, or 25 nucieotides long. It may

also refer to a longer fragment, such as an entire segment of the virus, and thus be up to

several hundred or thousand nucleotides long.

The term “second polynucieotide -strand” is used ‘herein to refer to a reference sequence

or part thereof. The second polynucleotide strand may be a consensus sequence and/or a

known sequence used as a reference to determine the polynucleofide sequence of the -

ﬁrst nucleotide strand.

The term “nucleic acid” is used herein to includes, but is not limited to, @ monomer thét
includes a base linked to a sugar, such as a pyrimidine, purine or synthetic analogs
thereof, or a base linked to an amino acid, as in a peptide nucleic acid (PNA). A
nucléotide is one monomer in a polynucieotide. A nucleotide sequence refers to the

sequence of bases in a poiynucieotide.

The term “polynuclectide” is used herein to refer to a.nucieic acid‘sequence {such as a

linear sequence) of any length. Therefore, a polynucleotide includes oligonucieotides, and
also gene sequences found in. chromosomes. The term “polynucleotide” also
encompa_ssed RNA or DNA, as well as mRNA and cDNA corresponding to or
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- complementary to the RNA or DNA. A fragment of a polynuclectide is a shortened length

of the polynucieotide.

The term "mutation” of a bosition in the first polynucleotide sequence, refers at least one
nucleic acid that varies from at least one reference {second) sequence via substitution,
deletion or addition of at least one nucleic acid. In particular, the mutants may be naturaliy '

occurring or may be recombinantly or synthetlcaliy produced.

This method of sequencing‘is a platform-independent automated method for sequence
calimg that analyzes data from results of any array. The method adopts a gain-of-signal
approach which assumes that the signal intensity of the perfect match (PM) probe (whtch
" matches exactly to the polynucleotide sequence in a sample) will be significantly hlgher
than that of the corresponding mismatch (MM) probes. Hence, base calis are made by
quantifying the gain in hybridization intensities of a PM probe over its corresponding MM
probes. Using this method, an indication of the type of error in-a suspicious base call is
determined and the true PM probe may be discerned from the noisy MM probes.

The flowchart of the two-step process for base-calling is shown in Figures 1 and 2. In'the
“step 1" of Fig. 1, each bése query is scrufinized for signs of hybridizétion inténsity
abnormalities. In particular, step 1. attempt to identify (calls) all-bases with confidence. In
most caées, the query base is easily determined when complementary PM probes of both
the forward and reverse strands having hybridization intensities multi-fold that of its
corresponding MM probes. Such base calls are known as high conﬁdehce calls.
- Traditional -étatistical and probabilistic sequence-caliing techniques ascertain that a base :
call is of high confidence if they exce;d some pre—deﬁnéd signiﬁéance or probability

* thresholds.

The remaining bases (i.e.-Base gueries with hybridizati_on intensity abnormalities) are then
passed to step 2 of Fig. 1 for further analysis. In the second step, the method according to
the present invention (EvolSTAR) is then used to recover base queries that have any

hybridization intensity abnormalities indicative of type | or li errors by empioying several

key observations and novel heuristiés, This step is also used to determine the validity of a

mutation call which cannot be purely based on the distribution of hybridization _intensities

of its PM and MM probes.

Figure 2 represents the same process as in Fig. ‘1, but in more detail. In Figure AZ‘ the boid

arrows represent ‘Yes' paths, while normal arrows represent ‘No' paths. The first step -
14
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- shown ih Fig. 2 is one which is not explicit in Fig. 1, .in which there is a test of whether the

left and right strands lead to the two complementary probes having the highest

hybridization intensity.
If not, the method passes to a sequence correction step.

The terms “base query” and “query base” are interchangeably used and are herein used |
to refer to a nucleic acid in a sequence that is not known and/or shows signs of
hybridization intensity abnormalities. The base query refers to a position in the first
polynucleotide strand that is to be determined using the method according to any aspect

of the present invention.

All base queries with type | or Il errors are assumed to have the following characteristics:

1. The base derived from the PM probe in the forward strand is not the same as the

base ‘derived from the PM probe in the reverse strand, -
2. In either or both of the forward or reverse strands, the putative PM probe (the

probe with the highest hybridization intensity) does not have hybridization .intensity
significantly higher than that of its MM probes,

3. One or more of its eight querying probes at any one position have unusually low

signal-tmnoise'ratio. For a probe, its signal-to-noise ratio is defined as the ratio of the
mean fo the standard deviation of the intensities of the 9 pixels on the array encoding the

probe.

Under optimized experimental conditions, the average percentage of high confidence calls
made per sample is approximately 93%. Thus the number of non-high confidence calls
{7%) can still seriously undermine thé reliability of sequences generated by an array. Thds,
it is imperative that these problematic queries be identified and subjected to further

analysis.

The second step specifically comprises mutation confirmation and recovery of unreliable

- base queries through: neighbourhood hybridization intensity profile (NHIP) analysis and

nucleotide substitution bias analysis.

in step 2, to extract any information out of noisy base calls, and unreliablé base calls and
to obtain more assurances of putative mutation calls, hybridization intensity patterns are
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- used. Since a high-confidence mutation call may be a result of coincidental’ non-specific

hybridization of the same MM probe in both strands, it.is impor’iant to validate the mutation.

Many factors that cause noise in resequencing arrays do not only affect a single isolated
query base. For example, if a region of the sample sequence is not amplified efficiently by

" PCR, the query bases i in the region will be erroneous. As another example, when a single

nucleotide mutation occurs at a particular query base, it may affect the hybndlzatxon

mtensst!es of probes belongmg to neighbouring query bases as well

The nature of a suspicious query base is determinedf'by analyzing the hybridization
intensities of its‘ PM and MM probes together with its neighbouring (+ 6 bases from'_query
base) PM and MM probes. Collectively, the hybridization intensities of these probes form a -
NHIP of the query base. Each query base is analysed to be classified as,én isolated érror,
pért of a poor quality région or real sequence variation based on its NHIP. Figure 3 shows
the: ﬁybridization intensity patterns (NHIP) that are used to extract information frbm noisy

calls.

‘NHIP analysis results in a more informative decision on base-calling. Five distinctl types of
NHIP belonging to true non-mutations (wﬂd—type) true mutatcons isolated errors/'N's, long
consecutive errors/'N’s, and unknown errors/’N 5, respectwely are present and shown in
Figure 3. For guery bases with NHIP shown in Figure 3(b), the middle base is a mutation.
it results in a mismatch in neighbouring PM probes and causes a drop in their
hybridization intensities. The closer this mutation is to the, center of a nenghbounng PM
probe the blgger the drop in hybridization intensity. Thus in Flgure 3(b), detec:tmg a dlp in |
the NHIP of a putative mutagemc query base gives a very strong indication that the

mutafion is real.

On the other hand, query bases with NHIP shown in Figure 3(c) do not seem to affect the
hybridization intensities of their neighbouring PM probes in any significant way. These
query bases are most likely isolated type | errors caused by poor PM probe quality. As

- such, the base-calls of these query bases are corrected to their respective reference

‘bases in the reference sequences (second known polynucleotide strand).

Q’uery'bases with NHIP shown in Figure 3(d) and Figure 3(e) are more complex and can
occur-for several reasons, most notabiy weak PCR or poor probe quality. In such cases,
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_ NHIP analysis alone is unable to recover these query bases. A snmple solution wouid be to

make an unknown ‘N’ call for such guery hases.

Fihally, to confirm the mutation and/or to identify the m)c!eic acid at the base query,

nucieotide substitution bias analysis is carried out on these guery bases.

"EXAMPLE 1

RNA isolation and amplification of patient isolates

" Viral RNA from diagnostic swabs or RNA extracted from MDCK cell cultures was

extracted using the DNA minikit (Qiagen, Inc, Valencia, CA USA) according to

" manufacturer’s instructions. RNA was reverse-transcribed to cDNA using custom:zed

random pnmers designed - using LOMA (Lee 2008) and then amplified by PCR using
propnetary H1N1 (2009) specific primers, The presence of 2009 influenza A-(H1N1) virus
>.n the samples was conﬁrmed using a separate real-time PCR assay based on the
published pnmer sequences from the Centre for stease Control and Preventxon (CDC)

- USA.

Design of probes in mutation hotspots

36 mutation' hotspots were foun'd in the alignmenis where mutaﬁons occurred near one
another (within 20 bp). A perfect match (PM) probe resxdmg in a mutation hotspot may
contain mismatches that will have a detrimental effect on its hybridization intensity. To
avoid this prqblem, additional mismatch probes were designed that contain all possible
combinations of mutationsy found in each mutation hotspot. Thus, if two mutations are
" found thhm 20 bp of each other in the ahgnments then in tota four (22) addmona!'

mismatch probes were needed to encode them. in general 2" additional mismatch probes '
. are needed to completely encode a cluster.of x mutations that occur within 20 bp of one

another in the alignments.

Resequencing Array Desigh
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© The 2009 influenza A (H1N1) virus resequencing array was designed based on eight

consensus sequences (one for each segment, SEQ ID NQO:1-8) derived from 1715
- complete and partial sequences of 2009 Influenza A (H1N1) \}irus'isolates deposited in-
NLM/NCBI " HINt flu resources : database’
(http:/lwww.ncbi.nIm.‘nih.gbvlgenomes/FLU/SwineFIu.html) as of June 11th 2009. Each
consensus sequence of a segment was generated by aligning all available sequences of
- the segment using MAFFT (Koh, 2008) with high accuracy option. At the time of
production (June 2009), no deletions, insertions or significant evidence of recombination
in the alignments of the eight segments were found. There has also been no reports of
any deletions, insertions or recombination in 2009 Influenza A (H1N1) virus sequences
deposited in NCB! up to September 2009. This suggests that, at the present stage,
mutation is the only evolutionary mechanism dn’ving chahges fo the 2009 Influenza A _

{(H1N1) virus.

Probes encoding all possible combinations of such mutations (as mentioned in the Design
of probes in mutation hotspots section, subject to the maximum probe limit of the array)
" were included. Lastly, to enhance the usability of the array not only as an evolutionary

- -surveillance tool but also as an 'evolutiohary alarm, genomic sequences of the drug-
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~binding pocket targeted by neuraminidase inhibitors (Maurer-Stroh S, 2008) such as
'oseltamivir (Tamifiu®) and zanamivir (Relenza®) wére included onto the array. In this way,
any nucleotide mutatibns that might cause a .change in the amino acids in the drug-
binding'pocket and con.sequently render current neuraminidase inhibitors ineffective, will

be accurately detected and reported by the array.

The complete list of consensus. sequences, mutational hotspots, structural important sites
and drug-binding sites of the 2009 Influenza A (H1N1) virus used for the design of the
érray’of the preferred embodiment is given in Table 1. The sequence of the 8 segments of
the cbnsensus sequenceis in Table 2. There are 54 seqﬁehces of total length 16,861
bésés‘. In"order to interrogate both strands of the 54 sequences for all possible single
nucleotide substitutions, the array consists of 8 X 16,861 probes (of variable iength 29-39

- nucleotides with opfimized annealing temperature). There are 4 probes (‘A’, ‘C’, ‘G' and ‘T’

'probes) to interrogate each base of the 54 sequences on each stfand. Among these 4
probes, the one that matches exactly to the given sample sequence is known as the
perfeci match (PM) probé, while the rest are nﬁismatch (MM) probes. The correct base is
_ deduced by analyzing the differences in hybﬁ'diziation signal intensities between
. sequences that bind strongly to the PM probe and thosc—; that bind weakly to the
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corresponding MM probes. As such, probes are designed such that the location of the
interrogated target base ié in the centre-most position of the prdbe, and thus provides the
best discrimination for hybridization specificity. The array désign ensures that bases that
reside in the important regions of the virus are queried at least 4 and up to 8 times each
and avt least 2 times otherwise, and provides 99.9 percent coverage of the 2009 Influenza

A (H1N1) virus (dated June 2009).

' ) . brug
Sequence On Array Length | Start | End  Mutation Binding Remarks
e ’ . Hotspots )
. Sitas
. Consensus
Consensus Segmentl,
SEQ ID NO:1 2358 3 2358 . of 175
sequences
- i . Consensus
Consensus Segment?2, : :
SEQ ID NO:2 2334 1 2334 of 176
sgguences
) ’ Consensus
Consensus Segment3,
SEQ ID NO:3 2259 1. 2259 of 164
segquences
Consensus
Consensus Segment4,
SEQ ID NO:4 1772 1 1772 » of 306 _
- . seguences
: Consensus
Consensus Segment5, |
SEQ ID NO:5 1576 1 1576 _ of 237
. seguences
. ] . Consensus
Consensus Segmenté,
SEQ ID NO:6 . 1458 -1 1458 ‘ of 226
: . | seqguences
- Consensus
Consensus Segment7, . .
SEQ ID NO:7 1032 1 1032 ) of 231
sequences
-Consensus
Consensus Segments8, >
SEQ ID NO:8 . 892 ‘ 1 882 of 200
. : sequences
Segment4:238623307:671:8220T . 53 671 723 696, 698.
Segment4:2288982703:671:8220T 53 671 723 696, 698
Segment5:238867423:321:V1001 55 321 .375 346, 348
Segment5:237511907:321:V1001 55 321 375 346, 350
_ Segment5:227831760:305:V1001 67 305 371 330, 346
Segment5:237651443:321:6: V1001 57 321 377 346, 352
Segment5:237651443:321:A:V1001 57 321 377 346, 352
Segment5:228462688:321:V100I 57 321 377 346, 352
314,
Segment6:238867489:289:V1061 T3 289‘ 361 323, 336
Segment6:229396352:287:G:V1061 74 287 360 312, 335
Segment6:2298396352:287:R: V1061 74 287 360 312, 335
Segment6:237825455:310: V1061 53 310 362 335, 336
Segment6:228536043:718:N248D 70 © 718 787 743, 762
' . : ' 740,
Segment6:229535805:715:N248D 73 715 87 741,
758, 762
Segment6:237651385:715:T:N248D 73 715 787 740, 762
Segment6:237651385:715:C:N248D 73 715 787 740, 762
Segment6:228783402:737:N248D 77 737 813 762, 788
SegmentB:2377B0616:352:1123V 69 352 420 377, 395
SegmentB:229484056:352:1123V 69 352 .| 420 | 377, 385 )
: ) Circulating |
372, Subtype:
. _ _ 375, 33¢
Sequenceé6:DrugTarget:242 270 242 511 332'
. : 474’ structural
4éé Importance:
426
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'Multiple

Patient
Occurrence:
267, 303
Seguenceé:DrugTarget:530 54 530 583 ii;;
. : : Structural
Sequence6:DrugTarget:599. ‘51 599 649 Importance:
: : 624
Circulating
Subtype:
762
684, .
687, Structural
. 690, Importance:
Sequence6:DrugTarget: 659 138 659 . 796 693, 747, 150,
' 693, 753, 771
702,
758 Multiple
Patient
Occurrence:
765
843, . )
849, Structural
Sequence6:Druglarget: 818 114 818 931 852, Importance:
. : : 897, 900, 206
903 .
. . . 1053 Structural
Seguenceé:DrugTarget:1028 57 1028 1084 - lOSé Inportance:
. 1059
Seguenceé:DrugTarget:1097 51 1087 1147 1122 )
. . Structural
Seguenceé:DrugTarget:1196 54 1196 1249 1224 Importance:
. ) : 1221
‘ Structural
‘Sequence6:DrugTarget:1268 51 1268 1318 Inportance:
: 1293
. Multiple
. Sequenceé:DrugTarget:1346 53 1346 1398 Patient
; ) Occurrence:
1371
Segment4:237769995:445:3 71 445 515 470, 430 L
Segmentd4:227977171:729:G6 54 729 782 754, 757
Segment4:227977171:728:GA 54 728 782 754, 757-
Segment4:227877171:728:A8G 54 728 782 754, 757
Segment4:227877171:729:AA 54 728 | 782 754, 757
Segment5:238867371:672 71 672 742 697, 717
Segment5:238627835:722:CC " 53 722 774 747, 749
Segment5:238627835:722:CT 53 722 774 747, 750
Segment5:238627835:722: TC 53 722 774 747, 751
Segment5:238627835:722:TT 53 722 774 747, 752
‘Segmentl:238505743:548 52 549 600 574, 575
Segment3:238015650:1232 57 1232 | 1288 | 22T
; 1253,
Segment4:238638050:1228 54 . 1228 1281 1056
1436,
Segmentd:237651332:1411 61 1411 1471 1446
1064,
Segment6:229598893:1039 54 1039 1082 1067
11865,
Segment5:229892751:1140 77 1140 1216 1166,
1181
1166,
Segment5:237659597:1141 76 1141 1216 1182,
. 1181
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~ Table 1. List of sequences on the array. Locations of mutation hotspots, drug-binding sites,
structural important sites ‘and other ihteresting sites within each sequence are also
included. Al positions given are with respect to the 8 consensus segments. '

SEQ ID'NO: Nucieotide Sequence

SEQID . tage tcaatalgyag AgaACTGAGAGATCTAATGTCGCAGTCCCGCACTCGCGAGA
NO:1 TACTCACTAAGACCACTGTGGACCATATGGCCATAATCAAAAAGTACACATCAGGAAGGCAAGAGAAGAAC
CCCGCACTCAGAATGAAGTGGATGATGGCAATGAGATACCCAATTACAGCAGACAAGAGAATAATGGACAT
GATTCCAGAGAGGAATGAACAAGGACAAACCCTCTGGAGCAAAACAAACGATEGCTGGATCAGACCGAGTGA
TGGTATCACCTCTGGCCGTAACATGGTGGAATAGGAATGGCCCAACAACAAGTACAGTTCATTACCCTAAG
GTATATAAAACTTATTTCGAAAAGGTCGAAAGGTTGAAACATGGTACCTTCGGCCCTGTCCACTTCAGAAAT
CAAGTTAAAATAAGGAGGAGAGTTGATACAAACCCTGGLCATGCAGATCTCAGTGCCAAGGAGGCACAGGA
TGTGATTATGGAAGTTGTTITTCCCAAATGAAG TGGGGGCAAGAATACTGACATCAGAGTCACAGETGGCAAT
‘AACAAASGAGAAGAAAGAAGAGCTCCAGGATTGTAAAATTGCTCCCTTGATGGTGGCGTACATGCTAGAAA
GAGAATTGGTCCGTAAAACAAGGTTTCTCCCAGTAGCCGGCGGAACAGGCAGTETTTATATTGAAGTGTTG
CACTTAACCCAAGGGACGTGCTGGGAGCAGATGTACACTCCAGGAGBAGAAGTGAGAAATGATGATGTTG
ACCAAAGTTTGATTATCGCTGCTAGAAACATAGTAAGAAGAGCAGCAGTGTCAGCAGACCCATTAGCATCTC
TCTTGGAAATGTGCCACAGCACACAGATTGGAGGAGTAAGGATGGTGGACATCCTTAGACAGAATCCAACT
GAGGAACAAGCCGTAGACATATGCAAGGCAGCAATAGGGTTGAGGATTAGCTCATCTITCAGTITTGGTGG
GTTCACTTTCAAAAGGACAAGCGGATCATCAGTCAAGAAAGAAGAAGAAGTGCTAACGGGCAACCTCCAAA
CACTGAAAATAAGAGTACATGAAGGGTATGAAGAATTCACAATGGTTGGGAGAABAGCAACAGCTATTCTCA
GAAAGGCAACCAGGAGATTGATCCAGTTGATAGTAAGCGGGAGAGACGAGCAGTCAATTGCTGAGGCAAT -
AATTGTGGCCATGGTATTCTCACAAGAGGATTGCATGATCAAGGCAGTTAGGGGCCATCTGAACTTTGTCAA
TAGGGCAAACCAGCGACTGAACCCCATGCACCAACTCTTGAGGCATTTCCAAAAABATGCAAAAGTECTTTT
CCAGAACTGGGGAATTGAATCCATCGACAATCTGATGGGAATGATCGGAATACTEGCCCGACATGACCCLAA
GCACGGAGATGTCGCTGAGAGGGATAAGAGTCAGCAAAATGGGAGTAGATGAATACTCCAGCACGGAGAG
AGTGGTAGTGAGTATTGACCGATTTTTAAGGGTTAGAGATCAAAGAGGGAACGTACTATTGTCTCCCGAAGA
AGTCAGTGAAACGCAAGGBAACTGAGAAGTTGACAATAACTTATTCGTCATCAATGATGTEGGAGATCAATGG
CCCTGAGTCAGTGCTAGTCRACACTTATCAATGGBATAATCAGGAACTGGGAARATTGTEAARATTCAATGGTCa
CAAGATCCCACAATGTTATACAACAAAATGGAATTTGAACCATTTCAGTCTCTTGTCCCTAAGGCAACCAGAA
GCCGGTACAGTGGATTCGTAAGBACACTGTTCCAGCAAATGCGGGATGTGCTTGGGACATTTGACACTGTC
CAAATAATAAAACTTCTCCCCTTTGCTGCTECTCCACCAGAACAGAGTAGGATGCAATTTTCCTCATTGACTG
TGAATGTGAGAGGATCAGGGTTGAGGBATACTGG TAAGAGGCAATTCTCCAGTATTCAATTACAACAAGBCA
- ACCAAACGACTTACAGTTCTTGGAAAGGATGCAGGTGCATTGACTGAAGATCCAGATGAAGGCACATCTGG
GGTGGAGTCTGCTGTCCTGAGAGGATTTCTCATTTTGGGCAAAGAAGACAAGAGATATGGCCCAGCATTAA
GCATCAATGAACTGAGCAATCTTGCAABAGBAGAGAAgGCTAATGTGCTAATTGGGLAAGGGGACGTAGTET
TGG’FAATGAMCGAAAACGGGACTCTAGCATAGTTACTGACAGCCAGACAGCGACCAAAAGAATTCGGATG

GCCATCAATT Agtgtegaatigtitaaaaacgacctigtitctactaggtcatagetgttic

SEQ1ID geaggcaaaccatitpastgpatgtcaatecgacictacitticctaaaasaticcagcgeaaAATGCCATAAGCACCACATTCCCTTATACT
NO:2 GBAGATCCTCCATACAGCCATGGAACAGGAACAGGATACACCATGGACACAGTAAACAGAACACACCAATA
’ CTCAGAAAAGGGAAAGTGBACGACAAACACAGAGACTEGTGCaCCCCAGCTCAACCCGATTGATGGACCAC
TACCTGAGGATAATGAACCAAGTGGGTATGCACAAACAGACTGTETTCTAGAGGCTATGGCTTTCCTTGAAG
AATCCCACCCAGGAATATTTGAGAATTCATGLCTTGAAACAATCCGAAGTTETTCAACAAACAAGGGTAGATA
‘| AACTAACTCAAGGTCGCCAGACTTATGATTGGACATTAAACAGAAATCAACCGEBGCAGCAACTGCATTGGCCA
" ACACCATAGAAGTCTTTAGATCGAATGGCCTAACAGCTAATCAGTCAGGAAGGCTAATAGATITCTTAAAGS
ATGTAATGGAATCAATGAACAAAGAGGAAATAGAGATAACAACCCACTTTCAAAGAAAAAGGAGAGTAAGAG
ACAACATGACCAAGAAGATGGTCACGCAAAGAACAATAGBGAAGAAAAAACAAAGACTGAATAAGAGAGGEC
TATCTAATAAGAGCACTGACATTAAATACGAT GACCAAAGATGCAGAGAGAGGCAAGTTAARAAGAAGGGCT
ATCGCAACACCTGGBOATGECAGATTAGAGETTTCGTATACTTTGTTGAAACTTTAGCTAGGAGCATTTGCGAA
AAGCTIGAACAGTCTGGGCTCCCAGTAGGEGGCAATGAAAAGAAGGCCAAACTGGCAAATGTTGTGAGAAA
GATGATGACTAATTCACAAGACACAGAGATTTCTTTCACAATCACTGGGGACAACACTAAGTGGAATGAAAA
TCAAAATCCTCGAATGTTCCTGGCBATGATTACATATATCACCAGAAATCAACCCGAGTGGTTCAGAAACAT
CCTRAGCATGGCACCCATAATGTTCTCAAACAAAATEGGCAAGACTAGBGAAMGEGTACATGTTCGAGAGTA
AAAGAATGAAGATTCGAACACARATACCAGCAGAAATGCTAGCAAGCATTGACCTGAAGTACTTCAATGAAT
CAACAAAGAAGAAAATTGAGAAAATAAGGCCTCTTCTAATAGATGGCACAGCATCACTGABGTCCTGGGATGA
TGATGGGCATGTTCAACATGCTAAGTACGETCTTGGBAGTCTCGATACTGAATCTTGGACAAAAGAAATACA
CCAAGACAATATACTGGTGGGATGGGCTCCAATCATCCGACGATTTTGCTCTCATAGTGAATGCACCAAACC
ATGAGGGAATACAAGCAGGAGTGBACAGATTCTACAGGACCTGCAAGTTAGTGGGAATCAACATGAGCAAA
AAGAAGTCCTATATAAATAAGACAGGGACATTTGAATTCACAAGCTTTTITTTATCGCTATGGATTTGTGGCTA
ATTTTAGCATGGAGCTACCCAGCTTTGGAGTGTCTGGAGTAAATGAATCAGCTGACATGAGTATTGGAGTAA
CAGTGATAAAGAACAACATGATAAACAATGACCTTGGACCTGCAACGGCCCABATGGLTCTTCAATTGTTICA
TCAAAGACTACAGATACACATATAGGTGCCATAGGGGAGACACACAAATTCAGACGAGAAGATCATTTGAGT
TAAAGAAGCTGTGGGATCAAACCCAATCAMAGGTAGGECTATTAGTATCAGATGGAGGACCAAACTTATACA -
ATATACGGAATCTTCACATTCCTGAAGTCTGC TTAAAATGGGAGCTAATGGATGATGATTATCGGGGAAGAL
TTTGTAATCCLCTGAATCCCTTTGTCAGTCATAAAGAGATTGATTCTGTAAACAATGCTGTBBTAATGCCAGT
CCATGGTCCAGCCAAAAGCATGGAATATGATGCCGTTGCAACTACACATTCCTGGATTCCCAAGAGGAATC
GTTCTATTCTCAACACAAGCCAAAGGGGAATTCTTGAGGATGAACAGATGTACCAGAAGTGCTGCAATCTAT
TCGAGAAATTTTTCCCTAGCAGTTCATATAGGAGACCGGTTGGAATTTCTAGCATGETGBAGGCCATGGTET
CTAGGGCCCGGATTGATGCCAGGGTCGACTTCGAGTCTGGACGGATCAAGAAAGAAGAGTTCTCTGAGAT
CATGAAGATCTGTTCCACCA'ﬂT‘nnnqaﬂmﬂnam {3 fﬁaarﬁntm-m*af petigittctacta :
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SEQID ftactgates JeagactintgcgacaatGCTTCaATCCAATGATCGTCGAGCTTGCGGAAAAGGE
NO:3 AATGAAAGAATATGGGGAAGATCCGAAAATCGAAAC TAACAAGTTTGCTGOARTATGCACACATTTGGAAGT
TTGTTTCATGTATICGGATTTCOATTTCATCGACGAACGGGGTGAATCAATAATTGTAGAATC TGGTGACCE
GAATGCACTATTGAAGCACCOATTTGAGATAATTGAAGGAAGAGACCBAATCATEGCCTGGACAGTGGTGA
ACAGTATATGTAACACAACAGGGGTAGAGAAGCCTAAATTTCTICCTGATTTGTATGATTACAAAGAGAACC
GGTTCATTGAAATTGGAGTAACACGGAGGGAAGTCCACATATATTACCTAGAGAAGCCAACAAAATAAAAT
CTGAGAAGACACACATTCACATCTTTTCATTCAC TGGAGAGGAGATGGCCACCAAAGCGBACTACACEETT
GACGAAGAGAGCAGGGCAAGAATCAAAACTAGGCTTTTCACTATAAGACAAGAAATGGCCAGTAGGAGTCT
ATGGGATTCCTTTCGTCAGTCCGAAGAGGCGAAGAGACAATTGAAGAAAAATTTRAGATTACAGGAACTAT
GCGCAAGCTTGCCGACCAMGTCTCCCACCBAACTTCTCCAGCCTTGAAAACTTTAGAGCCTATGTAGATG
GATTCGAGCCGAACGGCTGCATTGAGGGCAAGCTTTCECAAATETCAAAAGAAGTGAACGCCAAAATTGAA
CCATTCTTGAGGACGACACCACGCCCOCTCAGATTGCCTGATEGGCCTCTTTGCCATCAGCGGTCAAAGTT
CCTGCTGATGRATGCTCTGAAATTAAGTATTGAAGACCCGAGTCACGAGGGGRAGGGAATACCACTATATG
ATGCAATCAAATGCATGAAGACATTCTTTGGCTGGAAAGAGCCTAACATAGTCAACCACATGAGAAAGGCA
TAAATCCCAATTACCTCATGGCTTGGAAGCAGGTGCTAGCAGAGC TACAGGACATTGAAAATGAAGAGAAG
ATCCCAAGGACAAAGAACATGAAGAGAACAAGCCAATTGAAGTGGECACTCGGTGAAAATATGGCACCAGA
AAAAGTAGACTTTGATGACTGCAAAGATGTTGGAGACCTTAAACAGTATGACAG TGATGAGCCAGAGCCCA
GATCTCTAGCAAGCTGGETCCAAAATGAaTTCAAMAGGCATGIGAATTGACTGATTCAAGCTEGATAGAACTT
" GATGAAATAGGAGAAGATGTTGCCCCGATTGAACATATCGCAAGCATGAGGAGGAACTATTTTACAGCAGA
AGTGTCCCACTGCAGGGCTACT GAATACATAATGAAGGGAGTGTACATAAATACGGCCTTGCTCAATGCATC
CTGTGCAGCCATGGATGACTT TCAGCTGATCCCAATGATAAGCAAATG TAGGACCAAAGAAGGAAGACGGA
AAACAAACCTGTATGGGTTCATTATAAAAGGAAGGTCTCATTTGAGAAATGRATACTGATGTGGTGAACTTTGT
AAGTATGGAGTTCTCACTCACTGACCCGAGACTGGAGCCACACAAATGGGAAAAATACTGTGTTCTTGARAT
AGGAGACATGCTCTTGAGGACTGCGATAGGCCAAGTGTCGAGGCCCATGTTCCTATATGTGAGAACCAATG «
GAACCTCCAAGATCAAGATGAAATGGGGCATGGAAATGAGGCGCTGCCTTCTTCAGTCTCTTCAGCAGATT
GAGAGCATGATTGAGGCCGAGTCTTCTGTCAAAGAGAAAGACATGACCAAGGAATTCTTTGAAAACAAATC
GGAAACATGGCCAATCGGAGAGTCACCCAGGGGAGTEGAGGAAGGC TCTATTGGGARAGTGTGCAGGAC
CTTACTGGCAAAATCTGTATTCAACAGTCTATATGCGTCTCCACAACTTGAGGGGTITTCGGCTGAATCGAG
AAAATTGCTTCTCATTGTTCAGGCACTTAGGGACAACCTEGAACCTGGAACCTTCGATCTTGGGGGGCTATA
TGAAGCAATCGAGGAGTGCCTGATTAATGATCCCTGGRTTTTGCTTAATGCATCTTGGTTCAACTCCTTCET
T CACACATGCACTGAAGTAGH tgcantgatactatiigotatecatactgtcoaaanaGatacetiptitctactgtctactatittttticetogaa

SEQID acpactage AL gaaGGCAATACTAGTaGTTCTGCTATATACATT TGCAACCGC
" NO:4 AAATGCAGACACATTATGTATAGGTTATCATGCuAACAA'ITCAACAGACACTGTAGACACAGTACTAGAAAA
» GAATGTAACAGTAACACACTCTGTTAACCTTCTAGAAGACAAGCATAACGGGAAACTATGCAAACTAAGAGG
- GGTAGCCCCATTGCATTTGGGTAAMTGTAACATTGCTGGCTGGATCC TGGGAAATCCAGAGTGTGAATCAC
) TCTCCACAGCAAGCTCATGGTCCTACATTGTGGAAACATCTAGTTCAGACAATGGAACGTGTTACCCAGGAG
ATTTCATCGATTATGAGGAGCTAAGAGAGCAATTGAGCTCAGTGTCATCATTTGAAAGGTTTGAGATATTCC
CCAAGACAAGTTCATGGCCCAATCATGACTCGAACAAAGGTETAACGGCAGCATGTCCTCATGCTGGAGCAA
AAAGCTTCTACAAAAATTTAATATGGCTAGTTAAAAAAGGAAATTCATACCCAAAGCTCAGCAAATCCTACAT |
TAATGATAAAGGGAAAGAAGTCCTCEBTGLTATGGGGCATTCACCATCCATCTACTAGTGCTGACCAACAAAG |
TCTCTATCAGAATGCAGATOCATATGTTTTTGTGGGGTCATCAAGATACAGCAAGAAGTTCAAGCCGGAAAT
AGCAATAAGACCCAAAGTEAGGoatCaAGAaGGaAGAATGAACTATTACTGGACACTAGTAGAGCCGGGAGA
CAAAATAACATTCGAAGCAACTGGAAATCTAGTGGTACCGAGATATGCATTCGCAATGGAAAGAAATGLTGEG
ATCTGGTATTATCATTTCAGATACACCAGTCCACGATTGCAATACAACTTGTCAGACACCCAAGGETGCTAT
AAACACCAGCCTCTCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTAAAAAGCACA
- AAATTGAGACTEGCCACAGGATTGAGGAATEGTCCCGTCTATTCAATCTAGAGGCCTATTTGGGGCCATTGC
CGBTTTCATTGAAGGGCGETEGGACAGGCATGBTAGATGGATGGTACGGTTATCACCATCAAAATGAGCAS
* | GGGTCAGGATATGCAGCCGACCTGAAGAGCACACAGAATGCCATTGACGAGATTACTAACAAAGTAAATTC
TGTTaTTGAAAAGATGAATACACAgTTCACAGCAGTAGGTAAAGAGTTCAACCACCTGGAAAAAAGAATAGAG
AATTTAAATAAAAAAGTTGATGATGGTTTCCTGGACATTTGGACTTACAATGCCOBAACTGTTGGTTCTATTGG
. AAAATGAAAGAACTTTGGACTACCACGATTCAAATGTGAAGAACTTATATGAAAAGG TaAGAAgCCAGETAAA
AAACAATGCCAAGGARATTGGAAACGBCTEGCTTTGAATTTTACCACAAATGCGATAACACGTGCATGGAAAG
TGTCAAAAATGGGACTTATGACTACCCAAAATACTCAGAGGAAGCAAAATTAAACAGAGAAGAAATAGATGS
GEGTAAMGCTGGAATCAACAAGGATTTACCAGATTTTGGCGATCTATTCAACTETCGCCAGTTICATTGGTACT
GGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTaGaATATGIATTTAA

cattaggatttcae b actt - .
SEQID ttagmaaaggtagggmgamatcachcaatgagtgécatcgaagccATGGCGTCTCAAGGCACCAAACGATCATATGAACAAA
NO:5 TGRAGACTEGTGGGGAGCGLCAGGATGCCACAGAAATCAGAGCATCTEGTCGCAAGAATCATTGGTGGAAT

CGGGAGATTCTACATCCAAATETGCACTGAACTCAAACTCAGTGATTATGATGGACGACTAATCCAGAATAG
CATAACAATAGAGAGGATGGTGCTTTCTGCTTTTGATGAGAGAAGAAATAAATACCTAGAAGAGCATCCCAG
TGCTGGGAAGGACCCTAAGAAAACAGGAGBaCCCATATATAGAAGATAgaCgGAAAGTGGaTGAGAGAACT
CATCCTTTATGACAAAGAAGAAATAAGGAGAGTTTGGCGCCAAGCAAACAATGGCBAAGAIGCAACAGCAG:
GTCTTACTCATATCATGATTTGGCATTCCAACCTGAATGATGCCACATATCAGAGAACAAGAGCGCTTGTTC
GCACCGGAATGGATCCCAGAATGTGCTCTCTAATGCAAGGTTCAACACTTCCCAGAAGGTCTGGTGCCGCA
GGTGCTGCGGTCAAAGCGAGTTGGAACAATAGCAATGGAGTTAATCAGAATGATCAAACGTGGAATCAATGA
CCGAAATTTCTGGAGGGGTGAAAATGGACGAAGGACAAGGETTGCTTATGAAAGAATGTGCAATATCCTCAA
AGGaAAATTTCAAACAGCIGECCAGAGGGCAATGATGGATCAAGTAAGAGAAAGTCGAAACCCAGGAAARCGT |
TGAGATTGAAGACCTCATTTTCCTGGCACGGTCAGCACTCATTCTGAGGGEATCAGTTGCACATAAATCCTG
CCTGCCTBCTTGTGTGTATGGRGCTTGCAGTAGCAAGTCGGCATGACTTTGAAAGGGAAGGGTACTCACTGG
TCGGGATAGACCCATTCAAATTACTCCAAAACAGCCAAGTGGTCAGCCTGATGAGACCAAATGAAAACCCA
GCTCACAAGAGTCAATTGGTETEGGATGGCATGCCACTCTGCTGCATTTGAAGATTTAAGAGTATCAAGTTTC
ATAAGAGGAAAGAAAGTGATTCCAAGAGGAAAGCTTTCCACAAGAGGGGTCCAGATTGCTTCAAATGAGAA
TGTGGAAACCATGgaC TCCAAACCCTGGAACTaAGAAGCAGATACTGGGBCCATAAGGACCAGGAGTGGAGE
AAATACCAATCAACAAAAGGECATCCGCAGBCCAGATCAGTGTECAGCCTACATTCTCAGTGCAGCGGAATE
TCCCTTTTGAAAGAGCAACCGTTATGGCAGCATTCAGCGGGAACAATGAAGGACGGACATCCGACATGCGA |
ACAGAAGTTATAAGAATGATGGAAAGTGCAAAGCCAGAAGATTTGTCCTTCCAGGGGCGGGGAGTCTTCGA | |
GCTCTCGGACGAAAAGGCAACGAACCOGATCGTGCCTTCCTTTGACATGAGTAATGAAGGBTCTTATTTCTT |
CGGAGACAATGCAGAGGAGTATGACAGTTGAggaaaaataceetigttictaciaggicata .
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SEQID agcaaaagcaggagttt jaatccaaaccAAAAGATAATAACCATTGGTTCGGTCTGTATGACAATTGGAATGGCTA
NOE ACTTAATATTACAAATTGGAAACATAATCTCAATATGGATTAGCCACTCAATTCAACTTGGGAATCAAAATCA
GATTGAAACATGCAATCAAAGCGTCATTACTTATGAAAACAACACTTGGG TAAATCAGACATATGTTAACATC
AGCAACACCAACTTITGCTGCTGGACAGTCAGTGGTTTCCGTGAAATTAGCGGGCAATTCCTCTCTCTGCCCT
GTTaGTGGATGGgCIATATACAGIAAAGACAACAGIaTAAGAATCGGTTCCAAGGGGGATGTGTTTGTCATAAG
GGAACCATTCATATCATGCTCCCCCTTGGAATGCAGAALCTTCTTCTTGACTCAAGGGGCUTTGCTAAATGA
CAAACATTCCAATGGAACCATTAAAGACAGGBAGCCCATATCGAACCCTAATGAGCTGTCCTATTGGTGAAGT
TCCCTCTCCATACAACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGTCATGATGGCATCAATTG
GCTAACAATTGGAATTTCTGGCCCAGACAATGGGGCACTGGCTGTGTTAAAGTACAACGGCATAATAACAG
ACACTATCAAGAGTTGGAGAAACAATATATTGAGAACACAAGAGTCTGAATCTGCATGTGTAAATGGTTCTT
GCTTTACtgTaATGACCGATGGACCaAGTgAT GGACAGGCCTCAaTACAAGATCTTCAGAATAGAAAAGGGAAA
GATAGTCAAATCAGTCGAAATGAATGCCCCTAATTATCACTATGAGGAATGCTCCTGTTATCCTGATTCTAGT
GAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCBTGGGTGTCTTTCAACCAGAATCT
GGAATATCAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAATGATAAGACAGGCA
GTTGTGGTCCAGTATCGTCTAATGGAGCAAATGGAGTAALAGGaTTITCATTCAAATACGGCAATGGTGTTTS
GATAGGGAGAACTAAAAGCATTAGTTCAAGAAACGGTTTTGAGATGATTTGGGATCCGAACGGATGGACTG
GGACAGACAATAACTTCTCAATAAAGCAAGATATCGTAGGAATAAATGAG TGGTCAGGATATAGCGGGAGTT
TTGTTCAGCATCCAGAACTAACAGGGCTGBATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGC
GACCCAAAGAGAACACAATCTGGACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAACAGTGACACTGTG
GGTTGGTCTTGBCCAGACGGTECTGAGTTGCCATTTACCATTGACAAG TAA ticaaaaaattcottgtttetact -

cagggagcaaaageaggtagatatttaaagATGAGTCTTCTAACCGAGGTCGAAMACGTACGTTCTTTCTATCATCCCGTC
AGGCCCCCTCAAAGCCGAGATCGCGCAGAGACTGGAAAGTGTCTTTGCAGBAAAGAACACAGATCTTGAG
- BCTCTCATGGAATGGCTAAAGACAAGACCAATCTTGTCACCTCTCGACTAAGGGAATTTTAGGATTTGTGTTC
" ACGCTCACCGTGCCCAGTGAGCGAGGALCTGCAGCGTAGACGCTTTGTCCAARATGCUCTAAATGGGAATG
GGGACCCGAACAACATGGATAGAGCAGTTAAACTATACAAGAAGCTCAAAAGAGAAATAACGTTCCATGGG
GCCAAGGAGGTGTCACTAAGCTATTCAACTGGTGCACTTGCCAGTTGCATGGGCCTCATATACAACAGGAT
GGGAACAGTGACCACAGAAGETGCTTTIGGTCTagTGTGTGCCACTTGTGAACAGATTGCTGATTCACAGCAT
CGGTCTCACAGACAGATGGCTACTACCACCAATCCACTAATCAGGCATGAAAACAGAATGGTGCTGGCTAG
CACTACGGCAAAGGCTATGGAACAGATGGCTCGATCGAGTGAACAGGCABCGGAGGLCATGGAGETTGET
AATCAGACTAGGCAGATGGTACATGCAATGAGAACTATTGGGACTCATCCTAGCTCCAGTGCTGGTCTGAA
AGATGACCTICTTGAAAATTTGCAGECCTACCAGAAGCGAATGGBAGTGCAGATGCAGCGATTCAAGTGAT
CCTCTCGTCATTGCAGCAAATATCATTGGGATCTTGCACCTGATATTGTGGATTACTGATCGTCTTTTTTTICA
AATGTAT“’TATCGTCGCTFTAAATACGGTTTGAAAAGAGGGCCm:tacggaaggagtgcctgagtccatgagggaagaatatc

aacaggaacagcagaetgmgtggm..... ja tacctigttictaca

SEQID pyag Ao =f"fﬁm‘mr‘ACCATGTCAAGCTTTCAGGTAGACTGTTT&CTTTGGCATATC
NO:8 - CGCAAGCGA‘H’TGCAGACAATGGATTGGGTGATGCCCCATTCCTTGATCGGCTCCGCCGAGATCAAAAGTC
1 CTTAAAAGGAAGAGGCAACACCCTTGGCCTCGATATCGAAACAGCCACTCTTGTTGGGAAACAAATCGTGE
AATGGATCTTGAAAGAGGAATCCAGCGAGACACTTAGAATGACAATTGCATCTGTACCTACTTCGCGCTACC
TITCTGACATGACCCTCCAGGAAATGTCACGAGACTGGTTCATGCTCATGCCTAGGCAAAAGATAATAGGT
CCTCTTTGCYTGCGATTGBACCAGGCGaTCATGGAAAAGAACATAGTACTGAAAGCGAACTTCAGTGTAATC
TTTAACCGATTAGAGACCTTGATACTACTAAGGGCTTTCACTGAGBAGGGAGCAATAGTTGGAGAAATTTCA
CCATTACCTTCTCTTCCAGGACATACTTATGAGGATGTCAARAATGCAGTTGBGGTCCTCATCGGAGGACTT
GAATGGAATGGTAACACGGTTCCAGTCTCTGAAAATATACAGAGATTCGCTTGGAGAAACTGTGATGAGAAT
GGGAGACCTTCACTACCTCCAGAGCAGAAATGAAAAGTGGCGAGAGCAATTGGGACAGAAATTTGAGGAAA
TAAGGTGGTTAATTGAAGAAATGCGGCACAGATTGAAAGCGACAGAGAATAGTTTCGAACAAATAACATTTA
TGCAAGCCTTACAACTACTGC’ITGAAGTAGAACAAGAGATAAGAGCTTTCTCGTHmﬂ tttaat

cctigitictact

SEQ ID.
NO.7

ggicattttytoaac

Table 2. Sequences of the 8 consensus segments of the 2009 Influenza A (H1N1) virus

Optimization of R T-PCR primers and conditions

Due fo the small amount of virus present in samples relative to human or cell-line total
RNA, it was necessary to émp!ify the viral RNA through PCR. A combination of sequence-
specific and-random PCR approaches using LOMA-optimized primers (Lee, 2008) were
used. Thefaddit‘xon of random primers ensured complete genome amplification, even if
mutations were present at the specific-primer binding sites. PCR conditions weré
.optimizéd ‘by conducting five duplicate hybridizations of the same virus sample cultured
from a patient sample under different PCR conditions. The optimized method was then
tested. on RNA iso}ated'directly from nasal swabs obtained from the same patient and
from virus grown in cell culture. Microarray sequences generated from these repiicéte

experiments were compared with capillary sequencmg fo estlmate sequencmg accuracy

Resuits not shown.
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Identification of Base Queries with Suspicion of Type | dr I Er"mrs {(Step 1)

The array specifies thét eight probes (four for the forward strand and four for the reverse
strand) were used to query each base. For each probe, the hybridization intensity is given
by the mean and standard deviation of the fluorescence intensities of 9 individually

scanned pixels asspciated with the probe on the microarray.

The signa!—tofrioise ratio (SNR) of a probe is déﬁned as the ratio of the mean to the

standard deviation of the intensities of the nine pixels associated with the probe. >95% of
all probes had SNR less than TSNR (Tsnr = ;As~1;+20;‘9~1z, where usve and oswr are the
mean and standard deviatioﬁ of SNR of all probes on the array). The remaining 5% of -

probes with SNR =Tgyr are unreliable.

Base queries with one or fﬁore probes with =Tsyx are analysed further in step 2. All base .
gueries whose PM probe in.the forward strand and PM probe in the reverse st_'rand‘are:

.non—complementary, or have weak PM/MM hybridization intensity differentiation (<1.4-

“foid) are also passed to step 2.

All putative mutation calls are also passed to step 2 for confirmation. In particular, all high

confidence calls resulfing in a mutation (different from the corresponding base in the
reference sequences used to design the array) were also considered to as a putative type
It error. Since mutations may have far-reaching impiications in epidémiology studies and

dri.tg development against the 2009 influenza A (H1N1) virus, they were subject to further '

hybridization intensity analysis in step 2 to confirm the mutation.

Based on empirical observations, 1.4 was set as the minimum fold-change threshold for
PM/MM hybridization intensity since 289% of the bases called using this threshold are
consistent with capiliary and 454 generatéd sequences from the same sample (Figure 4).
>85% of all probes had Tsnr of >1.4. The remaining 5% of probes with unusually low Tgur

. are the most likely culprits for causing type-! or Il errors in a base query.

Mutation Confirmation and Recovery of Unreliable Query Bases (Step 2)

This step is used to extract any information out of noisy base calls and to determine the
validity of a mutation call. : o
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e Determination of neighboumdod hybridization intensity profile (NHIF) types

Due to the use of tiling probes in re-sequencing arrays, a single nucleotide mutation at a
particular query base could cause a dramatic reduction in the hybridizatibn intensities of -
neighbouring PM probes up to six bases away. This effect can be-measured by studying
the NHIP of each query base. The NHIP of each query base is defined as the observed
pattern of hybridization intensities of its PM. and MM prqbes and neighbouring (+6 bases

from query base) PM and MM probes.

Figure 3 shows the 5 different NHIP types that result from this step. The query base is at

’posit_io‘n 0 while neighbourhood probes (* 6 bases)'ére numbered according to their '

distance away from the query base. Dark grey circles represent the PM probe of the query
base, and black circles represent neighbourhood PM ‘probes. The five distinct types of

NHIP are:

a) 'eTrue»hon—mutation. — The PM probe (of both strénds) of the query base must be a
. high-confidence call (iie. it has hybri_dization intensity > 1.4-fold that of its
mismatch (MM) probes). Neighbourhood PM probes are also high-confidence calls.

The mean hybridization intensity of the three nearest PM probes to the immediate -
left of the mutation base (at position -1, =2 and ~3), is denoted as g-1-2-3), the
-mean hybridization intensity of the three PM probes to the far left of the mutétion L
base (at position -4, ~5 and —6), is denoted as U4 .-5-5), the mean hybridization
intensity of the three nearest PM probes to the immediate right of the mutation
base (at position 1, 2 and 3), is denoted as 423, and the mean hybridization
~ intensity of ‘the three PM probes to the far right of the mutation base (at position 4,

5 and 6), is denoted as tyuse). It was assumed that Hi-1-2,-8) = fhi-g-5-5) and

Hiy2,3 = Hig 56y

b) True Mutation ~ The .ﬁeighbourhood consists of high- confidence calls but may
have PM probes with Ibwer hybridization intensities compared to the PM probe
_representing the mutation at the query base. The PM probes (of both strands) of .
the query base must have hybridization intensity = 1.4 fold that of its MM probés.
On average, neighbourhood PM probes have hybridization intensity > 1.4 fold that
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of their MM probes.. Slight dips in hybridization intensities of PM probes ciosest fo

the mutation query base may also be observed.

To detect the characteristic dip, four mean hybridization intensities were checked.
M ppet 23 < Hi-4-5-6) BN 23 < Hase 1his dip pattern and the query base is

likely to be mutated.

¢} lIsolated error / “N™~ Orﬂy the query base is noisy, while neighborhood consists of
high confidence calls. The PM probe (of either or both strands) of the query base
_has hybridization 'intensity < 1.4 foid that of its MM probes. On average,
neighbourhood PM probes have hybridization intensiiy >1.4 foid that of their MM
probes. Neighbourhood PM probes are high-confidence ‘cal.ls.

d) Poor quality region/ Long consecutive errors/N's — Both the query base and its
neighbourhood are noisy. The PM probe (of either. or both strands) of the query
base has hybridization Vinteinsity < 1.4 fold vthat of its MM probes..o'n .average,
neighbourhood PM probes have hybridization invtensity < 1.4 fold that of their MM
;probeé. A majority of neighbourhood PM probes are non-high—conﬁdenoe calls.

e) Unknown error/ “N"- Neighbourhood PM/MM probes oo not provide conclusive
clues on the nature of the suspicious query base. All other erratic neighbourhood
hybridization profiie patterns that do not fall under the previous categories.

To study the effects of sequence variation {mutation) and noise on the NHIP of a guery
base, RNA from H1N1(2008) patient 380 was sequenced by capillary sequencing and on
duplicate microarrays. The sequence calls were ,compared with those generated usino
Nimbiescan or capiliary sequencing and a ﬁst.of,true (correct) calls, error calls and ‘N

- {(unknown) calls was compiled.

in total, of the expected 13,588 bases of the H1N1 virus (based on genome described at ‘

- http:// www.ncbi.nim.nih.gov/genomes/taxg.cgi?tax=211044) the microarray according 1o a

preferred embodiment of the present invention called 13,449 bases while capillary
sequence was only able to call 12,832 bases. The microarray according to a preferred

embodiment of the present invention is thus more reliable, accurate and efficient.

Figure 5 shows th»é NHIPs of a representative__set of-40 randomiy selected guery bases
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* that result in true-non-mutation calls (wild-type calls). It was observed that in thesé.NHlPs_,
the PM probe of the query base together with neighbouring PM probes, have hybridization
intensities significantly higher (>1.4-fold) than that of their MM probes in general. 10
mutations were also identified using capillary sequencing in the patient sample. The
NHIPs of these 10 true-mutation calls (Figure 6) are very different from NHlPs of wild-type .
calls. The presence of a mutation at the query base created an MM in neighbouring PM |
probes and caused a drop in their hybridization intensities. The closer this mutation is to
the centre of a heighbourihg P‘M probe, the bigger the drop in hybridization intensity. This
results in a distinctive dip to the immediate left and right of the centre of the NHIP where

the mutation is.

"Unlike the NHIPs of wildtype and true-mutation calls, the NHIPs of most errors and ‘N’
calls appear haphazard (Figure 7). When these errors were traced, the ldcaﬁoné of some
of these errors and ‘N’ calls on fhe genome were found to be isolated among good calls
while others were conjugated in a small locality of the genome. In NHIPs of isolated errors
and ‘N’ calls that occurred among good calls, only the PM probe of the query base that is
‘an error or ‘N’ call has poor hybridization differentiation with its MM probes while other PM .
-probes have hybridization iniensities_‘signiﬁcant_ly higher than that of their MM ’probes'in

'general (Figure 8). This suggests that for such calis, only the PM and MM probes of the

query base are noisy while neighbouring PM and MM probes are unaffected. .

l.ong chains of consecutive error and ‘N’ calls (especially at the 50-' and 30-end of the
sample sequences) often ‘have NHIPs where the PM probe of the query base together =
with neighbouring PM probes, have poor hybridization differentiation with their MM probes
(Figure 9). These error and ‘Ni-calls usually occur at the ends of the genome segments.

NHIP analysis showed that -all true mutation calls had :a characteristic profile (Figure 3b)
that differed from wild-type sequence calls (Figure 3a). Ambigubus calls arising from
different causes, such as homopolymers, isolated errors and hybridization artifacts also

have profiles that are distinct from true mutation profiles (Figure 3).

e Nucleotide Substitution Bias Analysis

Re—seduencing arrays rely on the difference in hybridization intensity between a specific’
hybridization of a PM probe and non-specific hybridizatibn from its MM probes-to make a
base-call. However, there is evidence that non-specific binding by MM probes depends
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. upon the individual nucleotide substitutions they incorporate. Thjs nucleotide substituﬁon

bias implies that a general order in terms of hybridization intensity reduction may exist
among the MM probes of each PM probe such that it is possible to compute the likelihood
that an observed PM probe is indeed the true PM probe of the sample sequence given the
hybridization intensity-based ordering of its MM probes. The key idea is to build a
likelihood model of the substifution bias among the probes of non—ambiguoué "ca!!s on the

array, then use this to call bases with ambiguous signais.

The effects of nucleotide substitutions was determined using PM and MM probes (both
strands) from high confidence base -calls without suspicion of having type | or It errors.
There was clear evidence of nuclectide substitution biases shown. The ﬁnding's from an

experiment (305M_AO08) is shown in Table 3.

Regardiess of strand, ,
1. If PM probe encodes ‘A’, then the prevalent order is AT, A—G, A—C in

increasing reduction of hybridization intensities.

2. 'If PM probe encodes ‘C’, then the prevalent order is C—A, C—G/T in increaéing

reduction of hybridization intensities.

3. If PM probe encodes ‘G’; then the prevalent order is G—A, G—C, G—T in

increasing reduction of hybridizaﬁon intensities.

4. If PM probe encodes ‘T', then the prevalent order is T-G, T-C, T—A in

increasing reduction of hybridization intensities.
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Forward strand ' " Reverse strand

P 4 Freque | Frequency | Freque | Freque | Frequency | Freque
probe R o i stitut | noy of of ncy of | ncy of of ncy of
encodi son least intermedi most least intermedi most
ng reduct ate | reduct | reduct ate reduct
ion reduction ion ion reduction ion

c 552 1058 - 3051 180 481 |- 2568

I G 1392 2335. ‘ 835 " 711 2089 " 440
T 2718 ‘ 1268 | - 676 2339 670 ' 231

a 1981 486 . 260 2840 406 177

c G 333 1106 1288 254 1334 1835
T - 413 1135 1178 | 32% 1683 1411

2 1441 1248 734 1036 1078 613

G c 1377 1173 873 1275 916 "536
T 605 1002 1816 416 733 1578

. A 526 _ 1143 | 1571 - 551 © 1454 2657
T c 945 1198 1097 | 1276 2004 | 1382
G ' 1769 | 899 © 572 2835 1204 ' . 623

Table 3 Nucléotide substitution biases found in sample 305M_AO06. For each PM encoding, -
the frequency of a MM substitution having the least, intermediate or most reduction in -
‘hybridization intensity was counted. The trend is the same for MM substitutions in the

forward and reverse sirands.

From Table 3,' there is strong indication that there exist general orders in terms of .
hybridization intensity reduction for each PM probe encoding. For example, it is expected o
that the most frequent hybridization intensity reduction order for PM probes encoding an
‘A’ is TGC since 58% of their MM probes with the substitution ‘T’ suffered the least
reduction in hybridization bintensity, 50% of their MM probes with the substitution ‘G!
suffered intermediate reduction in hybridization infensity and 65% of their MM probes \Mth
the substitution ‘C’ suffered the most reduction in hybfidization intensity. There are
hybridization intensity reduction orders that are observed primarily for certain PM probes

~ encoding. Thus, if characteristic hybridization intensity reduction orders are identified for

each PM probe encoding, then it can be used to ascertain the correctness of a PM probe

encoding with some statistical confidence.

Using the same experimental dataset as Table 3, Table 4 shows the enumeration of all
possible hybridization intensity reduction orders for each PM probe encoding and their
29
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- respective frequencies. For each hybridization intensity reduction order, the fraction, fus,

that a hybridization intensity reduction order is observed in the PM probe encoding it
belongs to and the random fraction, fang that the particulavr hybridization intensity -
reduction order is seen in .other PM probe encodings was computed. Formally, giveri a PM
probé encoding by and é hybridization intensity reduction order bobsb, where by, bs, by #
by and b, has the lesast reduction in hybridization while by has the most reduction in

hybridization, then
#@bbb)

Tt = #(bb bb )+#(bb b, b )+#(bb b b, )+#(bb b b )+#(bb b b )+#(bb bb )
‘ and

#(bb,) 8 #(b,by) g #(bb,)
r r t

Jrand =

where t is the fotal number of hybridization intensity reduction orders excluding bybsbsb,

' ;obtamed from hngh confidence base calls. Fmally, the likelihood that an ebserved PM

probe is mdeed the true-PM probe of the sample sequence given the hybridization
intensity-based ordering of its MM probes is estimated by fops/fans. Hybridization intensity
reduction orders with likelihood scores > 2 are statistically significant and are used to

discern the PM probe encoding.
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Reverse strand -

g

Foﬁard strand
M Hybridiza
probe in ;}:;:._ by Ot::x Rando 'Oh::rv Random
cod 3 m ; xal i .
_e:ng reduction | F¥ed i fract | fract | *F odzha Fz;l 3 Fracti fracti Lj'kildih
order c¥ ion, ion, R Y on, ;n ! °
Ve 252 0.055 | 0.069 0.795 124 0.038 0.05
CTG 262 0.057 0.09 - 0.632 130 0.04 0.084
GCT 412 0.088 0.107 0.835 165 G.051 0.106
A : = = = -
TCG 563 0.122 0.094 1.298 358 0.111 0.103
= e e S i
GAT 181 0.071 0.062 1.132 158 0.047 0.057 0.82
C - -
GTA 89 0.033 0.033 0.987 87 0.025 0.035 0.724
TAG 245 0.08 0.052 1.725 225 0.066 0.048 1.379
0. ¢.088 0.27

¢ — " 0.142 | ©0.078 | 1.829
TAC 312 0.091 | ©0.056 1.625 207 0.076 | 0.044 | 1.724
TCA 268 0.078 | 0.081 0.971 219 0.081 | 0.083 | o0.979
ACG 239 0.074 | 0.029 2.593 270 | 0.058 | 0.026 | 2.219
AGe 297 0.092 | 0.057 1.613 367 0.078 0.05 | 1.605
CAG 278 0.086 | 0.117 0.738 415 0.09 0.134 0.672
! cGA 562 0.181 | 0.056 | 3.243 776 0.166 | 0.053 | 3.189
(GAC 833 0.258 | 0.085 3.051 1126 | .0.244 | 0.068 | 3.608
Gca 994 0.308 | 0.206 { 2.918 . | 166¢ 0.36 0.132 | 2.738

Tabie 4. Frequencies of all possible hybridization intensity reduction orders for each PM
probe encoding in sampie 305_A06. Hybridization intensity reduction orders that are
significant (likelihood score > 2) and can be used to identify the PM probe encoding are

highiighted. -

For each of the query bases with NHIP of type described in Figure 3b, the likelihood / that

- the observed PM probe (representing the mutation) is indeed the true PM probe of the

sample sequence given the hybridization intensify-based ordering of its MM probes was
calculated. If />2, the query base results in & strong mutation call (represented by upper
case base calls ‘A’, ‘C’, ‘G’ or ‘T"). if &1, the query base results in a m'utaﬁon call with.

‘weak support (represented by lower case base calls ‘@', ‘’¢’, ‘g’ or ‘t'). Otherwise, they are

re-assigned an unknown ‘N’ call.
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: VFor query bases that results in a mutation call but have NHIP of type described in Figure

4¢, they are most likely isolated errors caused by poor PM probe quality. The base-calls of
these query bases are corfected to their respective reference 5ases (but represented by
lower case base calls ‘a’, ;c’, ‘g’ or ') in the reference sequences. The same correction to
non—ﬁigh'-‘conﬁdence' query bases with NHIP of type described in Figure 4c was also |

performed.

The remaining query bases that have NHIP of type described in Figure 4d or 4e were
recovered by analysing the substitution bias from their PM and MM probes in the forward
- and reverse strands separately. Similar to how a mutation is confirmed, the likelihood J
that the observed PM probe. (representing the unsure base call) is i'ndéed the true PM
probe of the sampie sequence given the hybridization intensity-based ordering of its MM -
probes in the forward strand is calculated. A similar likefihood / for the PM probe in the
reverse sfrand is computéd. if the PM probes in both strands are complementary and £, /
> 2, the query base results in a strong base call (represented by upper case base calls ‘A’,
'C', ‘G or ‘T’). In many cases, the PM probes in both strands are not complementary due
“to', non-specific hybridization of MM probes in one or both strands. For such query bases,
base calls are made based.én &, and ?,‘: if >l and &, >-2, a base call with weak support
-(represented by tbwer case base calis ‘@, ‘c’, g or ') is made from the PM probe in the
forward strand. Eise, if > kand > 2, a base call v\}ith weak subport is made from the PM

probe in the reverse strand. Otherwise, they are assigned an unknown ‘N’ call.

Since nucleotide substitution biases may vary depending on the experimental conditions, .
experimental reagents or input samples, for each experiment, a set of high-confidence |
base-calis are obtained and. used to infer the hybridization intensity reduction orders for
each PM probe encoding. This is fhen used to compute likefihood “/” scores for base-

calling non-high-confidence query bases and mutation confirmation.

The ‘substitution bias oh this platform was determined by comparing the PM and MM
probes (of both strands) of 25,028 true calls made by PBC from two replicate microarray

- experiments of patient sample 380. For each frue call, a hybridization intensity reduction

order was generated by ranking the PM and MM probes of a particular strand in
decreasing order of hybridization intensity and recording their respective frequencies
(Table 5). Table 5 shows that for each PM probe encoding, certain hybridization intensity’
reduction orders occur much more frequently than others. For exampie, if the PM probe

encoding is ‘A’ (regardiess of strand), then if is most likely that the hybridization intens'ity '
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- reduction order is "TGC’ or ‘GTC'. Thus, by matching the hybridization intensity reduction
orders of its PM/ MM probes with that in Table 5, the likelinood that the putative base caliv
for a query base was determined. In this way, base cal!é of ambiguous query bases .
exceeding a reasonably high‘ likelihood threshold and achieve better accuracy and call

rate than PBC was recovered.

PM probe Hybridization Forward - Reverse
encoding intensity strand strand
Frequency reduction - Frequency .
order
A CGT 547 . . 246 -
CTG 558 237
GCT 957 367
GTC o 2215 1407
TCG 1049 . 611
.. TGC 3015 . 2873
C AGT. . 2035 2712
ATG 1752 2400
GAT 382 341
GTA . - 159 134
TAG 360 377
TGA 165 129
G ACT 1474 1043
‘ATC 976 624
CAT ©. 1639 1534
CTA 868 788
TAC - ' 594 410
. TCA 542 454
T ACG ' 432 529 -
AGC 562 636
CAG 623 841
CGA 1066 ) 1616
GAC - ’ 1421 1878
GCA o 1637 .2841

Table 5. Hybridization intensity reduction drders found in two replicated hybridization

experiments of patient sample 380.

Graphical Visualization of Sequence Calls

Figure 10isa graphical visualization of the séquence calls generated using evolSTAR
r'nadevin SVG and PDF formats. The locations of mutations detected during the sequence
"calling and all known drug-binding sites are marked by dark grey/light grey triangles and
white circles respectively. In this way, researchers would be able to identify mutations, ‘

- especially those in close proximity to drug binding sites, at a glance. Other details such as

coverage, number of base calis successfully made, number of mutations and number of

‘N’ calls are also shown in the graphical visualization.

Another heat map based on the percentage identity of the call sequence to the reference
sequence measured at 50 bp windows generated from EvolSTAR is shown in Figure 11.
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The map template consists of all eight segments of the 2008 influenza A(H1N1) virus and
the locations of known drug binding sites (marked with gréy lines) on the NA gene.
Locaﬁons of all mutation calls are denoted by dark grey triangles beneath the heat map
bar. Sequences that are of low coveragé (<80%) are automatically flagged, and the

overall PM/ MM discrimination. ratio for each segment'is displayed. The heat map bar -

.allows the technician to rapidly assess the quality of the sequence data obtained from the

microarray and identify regions where PCR. did not work well, or presence df potential
recombination/ reassoriment events. Other details such as coverage, number of base
calls successfully made, number of mutations and number of ‘N’ calls for each sequence

- call are also shown on the visualization map.

EXAMPLE 2

» Comparative study

_ Six pairs of-'.repiicate experimenté consisti'ng of one pair of nasal swab (305_A01,

305_A02) and five pairs of cell culture isolates (305_AU3, 305_A04; 305__A05,' 305_A06;
305_A07, 305_A08; 305_A09, 305_A10; 305ﬁ_Ai1, 305_A12), belonging to the same

" patient sample (305) were employed, to determine the robustness of EvolSTAR sequence

calls. Of the experiments, two pairs of replicates (305_nasal and 305_cell_cond1) were
amplified under the same optimal experimental conditions while each of the other pairs -
{305_cell_cond2, 305_cell_cond3, 305_cell_cond4, 305_cell_cond5) were amplified under

. different sub- optimal exberimental conditions (simulating experimental volatility). The

results were compared with that of the propriety Probabilistic Base Caller (PBC) algorithm

used by Nimblegen. This results are shown in Table 6.

On average, EvolSTAR was successful in calling 99.6% of the 13,449 sites of the 2009
Influenza A(H1N1) virus in the six pairs of replicates. Among the sites EvolSTAR called in
each pairs of replicates, >98.9% of sites are calledfidentica!ly. in fotal, there are 10
mutations (compared to the referénce sequenceé) in the genomic sequenées of the 2008 -
influenza A (H1N1) virus in patient sample 305 and all of them were correctly called by

'EvolSTAR in each experiment. The error rate was 6.2_2e—06 (i.e. 1 error in 1,860,750 bases

called) since only one base was wrongly called by EvoISTAR in all 12 replicate
experiments. By comparison, PBC was successful in calling only 94.3% of the total
possibie sites. Although PBC managed‘ to correctly call all 10 mutations present in sample
305, it has a reijatively high error rate of 0.006 (i.e. 1 error in 165 bases called). In
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particular, PBC performed badly on nasal swab replicates 305_A01 and 305A02,
achieving only up to 86% coverage and >1 5% error rate. There may have been two likely
causes: (1) nasal swab samp}es have much less concentration of virus RNA than cell-
cultures, and (2) abundance of human DNA in the nasal swab samples. in comparison,

EvoISTAR suffered only a slight drop in performance (= 98.9% coverage) when analyzing

these nasal swab samples.

. Real
u Total Calls ) ot : Correct Wrong mutations
Sample Algorithm sites’ made N' calls calls calls called
T ‘ ' correctly

305 a0l EvoSTAR 13449 13317 - 132 - 13317 0 10
- PBC - 13449 11582 . 1867 . 11407 175 - | 10
305 A02 EvoSTAR 13449 13287 - 162 13286 1 10.
-~ PBC 13449 11427 2022 11208 218 10
305 A03 EvoSTAR 13449 13402 47 13402 0 . . 10
- PBC 13449 12803 646 12735 68 10
305 204 EvOSTAR 13449 13390 59 13390 0 10
-~ PBC 13449 12672 777 12591 81 10
30'5 AQS EvoSTAR 13449 13426 23 13426 a 10
- PBC 13449 13009 440 12971 38 10
305 206 EvoSTAR 13449 | 13428 . 21 13428 0 10
. -~ . PBC 13449 12989 460 12955 34 10
305 RO7 EvoSTAR 13448 13416 33 13416 0 10
N : PBC 13449 - 12957 492 12905 52 ) 10
205 A0S BEvoSTAR 13448 13400 49 | 13400 0 10
: - . .PBC 13449 12806 . 643 12729 77 10
305 209 EvoSTAR 13449 13429 20 ] 13429 : 0 10

- . PBC 13448 13060 - . 389 13017 43 16
305 210 L EvoSTAR 13443 13429 20 13429 0 10
. PBC 13449 13024 425 12992 32 10

305 all EvoSTAR .13449 13406 43 - 13406 . 0 10 |
- PBC 13449 13028 421 12978 50 10
305 n12 BvoSTAR 13449 13420 29 13420 ] 10
- PBC 13448 12823 526 12871 52 10

Table 6. The call results of EvoISTAR and PBC on 12 replicates of patient sampie 305.
EvolSTAR significantly outperformed PBC in terms of coverage and accuracy-for all

replicates.

The companson was repeated and it was shown that compared with the available capillary
sequences for sample 305, EvolSTAR had an average error rate of 0.0012% and 28
ambiguous calls per sampie (338 in total). On the other hand, Nimblescan PBC obtained a

‘ relatively higher average error rate of 0.169% and 237 ambiguous calls per sample (2855

in total). EvolSTAR is thusrobust and performs well when samples are prepared under
sub-optimal conditions. Even for nasal swab samples that tend to have much less
concentration of virus RNA than cell cultures, EvolSTAR suffered only a slxght drop in

~performance compared to Nimblescan PBC.
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" To further validate the software, 14 patient samples were hybridized in duplicate onto the
microarray. The microarrays were anaiysed in parallel using Nimblescan (PBC algorithm) .-
and EvolSTAR, and the sequences obtained were compared to Sanger capillary
sequencing. The number of frue-non-mutation calls, true-mutation calls, error calls and
ambiguous (‘N’) calls were counted for both methods. The substitution bias was also .
confirmed in all 14 duplicate hybridization experiments (Table 7) to be consistent with that
found in Table 5. Compared with the available capillary sequences for the 14 samples,
EvolSTAR had an average errdr rate of 0.0028% and 12 ambiguous calls per sample (346
in total). This is far superior to Nimblescan PBC, whére had an average error rate of
0.083% and 158 ambiguous calls per sample (4,434 in ioté}). ‘EvoISTAR also called all
true mutations correctly. The genome coverage attained by EvolSTAR (99‘.021;0‘82%) was
also much higher than that of Nimblegen PBC (94.3 + 6.06%).
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Sampie Program Rep. Total sites Mutsions « True:non- True Missed " - Error
' verified by (verified by mutation mutation mutations " calis
capiliary capiliary) calls calls
129 EvolSTAR l 4767 6 4737 6 [} 0
PBC 1 4767 6 4500 6 [} 3
EvolSTAR 2 4767 6 4737 6 [ i)
PBC . 2 4767 6 4474 6 0 [}
141 . EvoISTAR 1 405t 6 4026 .6 0 0
PBC i 4051 6 3832 6 ¢ io
EvolSTAR 2 4051 [3 4021 6 [4 [
. PBC 2 4051 6 3808 3 G 4
27 EvolSTAR 1 693 2 670 2 0 [}
PBC } 693 2 358 1 ) 8§
EvoISTAR 2 653 2 682 2 0 [
PBC 2 693 2. 645 2 0 [
354 - EvolSTAR t 8950 9 8942 9 0 0
PBC - ! 8950 9 §802 9 0 1
EVOISTAR 2 8950 9 8944 9 0 0
PBC 2 8950 9 8851 9° 0 0
380 EvolSTAR H 12832 jisl 12803 . 10 0 [
© PBC ! 12832 10 12466 10 0 6
EvolSTAR 2 12832 1o 12816 10 0 [
PBC 2 12832 10 ! 12542 ) 10 0 4
384 EvoiSTAR 1 6642 6 5992 3 [¢] ¢
PBC t 6002 6 5888 6 0 1
EvolSTAR 2 6002 6 5993 6 0 [
PBC 2 6002 6 5895 6 [ 1
507 EvolSTAR 1 3921 8 3913 8 0 0
PBC | 3921 8 3736 8 0 a
EvolSTAR 2 392 3 3916 3 [ ¢
PBC 2 3921 8 3758 8 [ 2
581 EvolSTAR 1 8574 10 8567 , 10 0 0
PBC { 8574 10 8458 10 -0 2
EvolSTAR 2 8574 10 8566 10 0 i}
PBC 2 8574 10 8461 10 ] 5
. 582 . EvolSTAR 1 3057 -4 3051 4 1] Ry
PBC ) 3057 4 2986 4 0 0
EvolSTAR 2 3057 4 3053 4 [1} 0
) PBC 2 3057 4 3001 4 o 0
593 EvoISTAR 1 3054 3 3053 3 1] [i]
PBC i 3054 3 3007 2 H [
EvoISTAR 2 3054 3 3053 3 0 ¢
PBC 2 3054 3 2992 2 L ]
906) 364 EvolSTAR 1 5129 5 5123 5 0 0
PBC . i 5129 5 5064 5 0 [
EvoISTAR 2 5126 5 5122 5 0 [
PBC Z 5129 5 5042 5 L] ¢
9061 365 EvolSTAR 1 3000 3 2993 3 0 0
PBC 1 3000 3 2956 3 0 1
EvolSTAR. 2 3000 3 2991 3 0 0.
PBC 2 3000 3 2941 3 [ [
9061 366 EvolSTAR 1 1683 3 1683 3 0 ¢
PBC § 1683 3 1649 3 1 }
EvoISTAR 2 1683 3 1682 3 ] 1
X PBC 2 .. 1683 3 1636 3 0 1
923 EvolSTAR i 4373 - s 4365 5 0 0
" PBC 1 4373 5 4187 5 0 !
EvolSTAR 2 431 5 4330 5 0" !
PBC 2 4373 5 3738 5 0 6

Table 7. Comparison of calls inade by EvolSTAR and PBC for 14 samples
Maore than 70% of the 65 error calis (false mutation calls) made by PBC did not have the
characteﬁstic NHIP of a true-mutation shown in Figure 3b. The remaining 30% of the error
calls had a NHIP reminiscent of a true-mutation NHIP but did not satisfy the substitution
bias rule. Using NHIP and substitution biases analysis together, the number of false
mutat&dn calls were reduced to only two. Most of the 4,434 'N' calls made by PBC were’
due to conflicting base calls from the forward and reverse strand. By analysing the NHIP

and hybridization intensity reduction order of the query base in the forward and reverse
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~ strand individually, the noisy strand was identified and hence, the base call only from the

non-noisy strand was made. 82% of the ‘N’ calls made by PBC was recovered using this

approach.
EXAMPLE 3

To investigate the effects of a re-assortment event on the array, independently amplified
segments 1, 2, 3, 5, 6 and 7 of the 2009 influenza ‘A(‘H1N1) virus and segment 4 of a
H3N2 influenza A virus, were hybridized onto an array according to the preferred
embodiment of the present invention. The visualization map of this experiment is shown in

Figure 12. .

The sequence call for segment 4 [based on PM/MM probes from the ségment 4
consensus of the 2009 influenza A(H1N1) virus] is poor in quality and coverage. Good
base calls from region 1150-1547 was obtained. This region turns out to be the only

- significantly simifar (70% matched) region between the segment 4 .(SEQ ID NO4)

consensus of the 2009 influenza A(H1N1) virus and segment 4 of a H3N2 virus
(CY039087). This shows that idéntifying regions of high similarity between the 2009

“influenza A(H1TN1) virus with other influenza viruses and checking if these regions have

good sequence calls may be a plausible way of detecting re-éssortments.
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CLAIMS

MCSLLP

1. A method of sequencing a first polynucleotide strand having a first polynucleotide

sequence, the first polynucleotide strand resembling a second polynucleotide

strand having a known second polynucleotide sequence, the method employing a
data set which, for one or more fragment(s) of the second polynucleotide

sequence, contains:

for each position along each said fragment:

(i) first probe data describing the hybridization intensity of the first
polynucleotide strand with a respective first probe designed to bind
to a portion of the second polynucleotide strand centered at said
position; and

(i) second probe data describing the respective hybridization
intensities of the first po|ynucieotide strand with each of a set of
second probes, each said second probe being designed to bind
with a respective mutation of the corresponding portion of the
second polynucleotide sequence which is formed by mutating the
corresponding portion of the second polynucleotide sequence at
said position, the data set including said second probe data for

every possible said mutation;

the method comprising for each said position:

obtaining from the dataset a first numerical parameter

characterizing the hybridization intensity of the first polynucleotide strand with a

corresponding first probe in comparison to the hybridization intensities of the first

polynucleotide strand with the corresponding second probes;

said first numerical parameter being indicative of whether a nucleic
acid of the first polynucleotide sequence is equal to a nucleic acid

the second polynucleotide sequence at said position;

(b) obtaining at least one corresponding second numerical parameter
indicative of data abnormalities in the first probe data and second probe
data relating to said position; and

(c) determining whether:

(i) said first numerical parameter indicates that the nucleic acid of
the first polynucleotide sequence is equal to the nucleic acid of the

second polynucleotide sequence at said position; and
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(ii) said at least one second numerical parameter does not indicate
abnormalities in the first probe data and the second probe data;
and
if said determinations are both positive, determining that the nucleic acid of
the first polynucleotide sequence is equal to the nucleic acid of the

second polynuclectide sequence at said position.

A method according to claim 1 in which said at least one second numerical
parameter for each said position includes a parameter comparing the mean and
the standard deviation of the corresponding first probe data and second probe
data.

A method according to claim 1 or claim 2 including identifying for each said
position the perfect match probe which is the one of the corresponding first probe
and second probes having the highest hybridization intensities, and, if either of
said determinations is negative, performing a verification algorithm using perfect
match data describing the hybridization intensities with the first polynuclectide
strand of the respective perfect match probes for the neighbouring positions.

A method according fo claim 3 in which the verification algorithm comprises a first
determination of whether the perfect match data for the neighbouring positions is
indicative of a divergence between the nucleic acid of the first and second

polynucleotide sequences at said position.

A method according to claim 4 in which said first determination is positive if the
average of the perfect match data for one or more nearest neighbouring positions
is lower than the perfect match data for neighbouring positions further from said

position than said nearest neighboring positions.

. A method according to any of claims 3 to 5 in which the verification algorithm

comprises a second determination of whether there is a likelihood of a substitution

bias at said position.

. A method according to claim 6 in which the second determination is calculated as

a ratio of::
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11.

Fos = #(b1b2b3byg)
obs = #(b162b3bs) + #(b162b4b3) + #(b1b3D264)
HH(b1b3b4bs) + #(b1bababs) + #(bybabsby)

, and

Srand = #(bllbz) X #(btzb"‘) % #(b;b4) ,

wherein b, denotes the base encoded by the perfect match probe, by, bs and by
denote the bases encoded by the other of the first and second probes, {b;, b,, b3,
bsg = {A, C, G, T}, the hybridization intensity reduction order in the position is
bibobs by, and for any order of the bases denoted by wxyz, the function #(wxyz)
denotes the number of positions, out of a number f of other positions at which the
first polynuclectide seguence was determined to be b;, that the hybridization

intensity reduction order was wxyz, and #(wx) denotes #(wxyz)+#(wxzy).

A method according to claim 6 or 7 when dependent on claim 8, in which, upon
said first determination being positive and said second determination being
negative, it is determined that the nucleic acid at the first polynucleotide sequence

differs from the second polynucleotide sequence at said position.

A method according to any preceding claim in which the fragments overlap in

more than one part of the second polynucleotide strand.

A method according to any preceding claim in which the dataset further comprises
further data describing the hybridization intensity of the first polynucleotide with
one or more sets of plurality of additional mismatch probes,

each set of additional mismatch probes being designed to bind with
mutations of a respective hotspot portion of the second polynucleotide strand
known o contain a plurality of hotspots, and comprising an additional mismatch
probe for every possible mutation of the corresponding hotspot portion of the

second nucleotide portion in at least one of the hotspot positions.

A method of sequencing a pair of first polynucleotide strands which are

complementary strands having complementary first polynucleotide sequences,

comprising performing a method according to claim 1 for each first polynucleotide

strand using a respective second polynucleotide strand, the second polynucleotide

strand having complementary respective second polynucleotide sequences, for
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13.

14.

15.

16.

17.

MOSLLP

each corresponding position in the second polynuclectide sequences, said
verification algorithm being performed upon a determination that said first
numerical parameters are indicative of the two first polynucleotide sequences not

being complementary in that position.

A method according to any of claims 1 fo 11, in which the second polynucleotide
strand is RNA or DNA of a virus.

A method according to any of claims 1 to 11 in which the second polynucleotide

strand is of an influenza A virus.

A method according to any of claims 1 to 11 in which the second polynucleotide

strand is of an H1N1 influenza A virus.

A system comprising a processor and a data storage device, the data storage
device storing program instructions readable by the processor to cause the

processer to perform a method according to any one of claims 1 to 11.

A computer program product, such as a tangible data storage device, encoding
program instructions readable by a computer processor to cause the processor to

perform a method according to any of claims 1 to 11.

A kit comprising:

(a) RT-PCR primers used for amplification,

(b) an array for sequencing a first polynucleotide strand having a
first polynucleotide sequence and resembling a second
polynucleotide strand having a second, known polynucleotide
sequence, the array comprising, for each of one or more

fragment(s) of the second polynucleotide sequence:

(i) for each position along each said fragment of the second
polynucleotide sequence, a first probe designed to bind to a
portion of the second polynucleotide sequence centred at said

position; and
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(c)

MCSLLP

(i) for each first probe, a plurality of second probes, each
said second probe being designed to bind with a respective
mutation of the corresponding portion of the second
polynucleotide sequence which is formed by mutating a nucleic
acid of the second polynuclectide sequence at said position,
there being a respective said second probe for every possible

said mutation, and

a computer readable medium encoding program instructions
readable by a computer processor to cause the processor to

carry out the method according to any one of claims 1 to 11.
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