wo 2012/131616 A1 I} 00 OO 0O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/131616 A1l

4 October 2012 (04.10.2012) WIPO I PCT
nternational Patent Classification: gents: , dindhu et al.; art-
G I ional P Classificati (74) A VIJAYAKRISHNAN, Sindh I, K&SP
C12Q 1/68 (2006.01) ners, Intellectual Property Attorneys, 4121/B, 6th Cross,
(21) International Application Number: 19A Main, HAL II Stage (Extension), Bangalore,
: Karnataka 560 038 (IN).
PCT/IB2012/051517 arnataka (N)
. - ) (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: 29 March 2012 (29.03.2012 kind of national protection available). AE, AG, AL, AM,
arc (29.03. ) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(25) Filing Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(30) Priority Data: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
1003/CHE/2011 30 March 2011 (30.03.2011) IN MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(71) Applicant (for all designated States except US): SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
CHROMOUS BIOTECH PVT. LTD. [IN/IN]; #842, IT TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Floor, Sahakar Bhavan, A Block, Sahakar Nagar, Ban-
galore 560092 (IN). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US orly): ROY, Biswajit UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

[IN/IN]; Chromous Biotech Pvt. Ltd., #842, II Floor,
Sahakar Bhavan, A Block, Sahakar Nagar, Bangalore
560092 (IN). HEGDE, Kiran Venkatasubba, [IN/IN];
Chromous Biotech Pvt. Ltd., #842, II Floor, Sahakar
Bhavan, A Block, Sahakar Nagar, Bangalore 560092 (IN).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: PRIMER SET, KIT AND METHODS THEREOF

Present staie of art:

Perfecy muateh: >

Good & succsssbhid PC

N i & *
Mutated tesyriate
Failed FCR
Current inventiom:
P—
P
Perfect match: —
A
e, . o
Good & succsssful PCR
. £ PPl s
Mutated template- 1
T
—_—
Gosond & suovesabud POR
e I S—
Mutated templiade 2 P

fiond & successiul PUR

FIGURE 2

(57) Abstract: The present disclosure provides for a
primer designing for amplification of templates with un-
predicted sequence variations. A major hurdle in design-
ing primers for amplifications from microbial genomes
is the presence of mutations, also called Single Nucle-
otide Polymorphisms (SNPs) among the microbial
strains. One set of primer designed for PCR based detec-
tion of a particular strain of organism might fail to amp-
lity another strain. To overcome this, multiple strains
(nation-wide or globally) are sequenced and consensus /
wobble primers are made. Furthermore, long-term valid-
ation programs continue as the microbes keep mutating
continuously. The present disclosure proposes a novel
concept to design primers that can positively and accur-
ately amplify targets from all strains/mutants of a mi-
crobe or an organism.



WO 2012/131616 A1 WAL 00NN O AN AN ERE A OO

Declarations under Rule 4.17: Published:

— as to the applicant's entitlement to claim the priority of —  with international search report (Art. 21(3))
the earlier application (Rule 4.17(iii))

—  of inventorship (Rule 4.17(iv))



10

15

20

25

30

WO 2012/131616 PCT/IB2012/051517

“PRIMER SET, KIT AND METHODS THEREOF”

TECHNICAL FIELD

The present disclosure provides for a primer designing technique for amplification of
templates with unpredicted sequence variations. The present disclosure proposes a novel
concept to design primers that can positively and accurately amplify targets from all

strains/mutants of a microbe or an organism.

BACKGROUND OF THE DISCLOSURE

Major hurdle in PCR amplification of any microbial genome is sequence variations
(SNPs) within strains. Thus, a set of primers designed based on data obtained from one
strain / isolate might fail to amplify the same target from another strain / isolate. To
overcome these problems, large validation exercises are taken up to develop consensus

primers.

Currently, molecular diagnostic kits arc available that rely on detection of presence of
microbes / templates by PCR. Primers are designed and validated for the templates
available across the country / region. Validations are required to ensure that there are no
mismatches between the primer sequence and the primer anncaling sequence within
templates available in the Country / region. Further, even the kits developed and

validated do not perform after few years as the organisms mutate over time.

Some of the limitations of the existing technology:

1. A library of sequence data has to be generated and validated for developing
consensus primers.

2. The microorganisms keep evolving / mutating continuously and more SNPs are
introduced in their genome and thus, the consensus primers fail to amplify on
PCRs over time.

3. Mismatch(es) at 3” end of primer annealing site (because of mutations introduced)
can reduce PCR cfficiency by 3-logs. (Reference: “Quantification of the
Detrimental Effect of a Single Primer-Template Mismatch by Real-Time PCR
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Using the 16S rRNA Gene as an Example”; D. Bru, F. Martin-Laurent, and L.
Philippot; APPLIED AND ENVIRONMENTAL MICROBIOLOGY; Mar. 2008,
p. 1660—-1663”).

STATEMENT OF THE DISCLOSURE

Accordingly, the present disclosure relates to a primer set comprising plurality of primers
having a maximum length N, ranging from about 19 to about 45 nucleotides, wherein
cach primer has a length selected from a group comprising N, N-1, N-2, N-3, N-4, N-5,
N-6, N-7, N-§, N-9, N-10, N-11, N-12, N-13, N-14, N-15, N-16, N-17, N-18, N-19, N-
20, N-21, N-22, N-23, N-24, N-25 and N-26 or any combination thercof, wherein the
primers are corresponding to a consensus sequence flanking a region of a target
nucleotide sequence to be amplified, said region having mutation or suspected of having
mutation at N position; a kit for amplifying a region of target nucleotide sequence
having mutation or suspected of having mutation at N™ position, said kit having a primer
set comprising plurality of primers having a maximum length N, ranging from about 19
to about 45 nucleotides, wherein each primer has a length selected from a group
comprising N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-8, N-9, N-10, N-11, N-12, N-13, N-
14, N-15, N-16, N-17, N-18, N-19, N-20, N-21, N-22, N-23, N-24, N-25 and N-26 or any
combination thereof, wherein the primers are corresponding to a consensus sequence
flanking said region, optionally along with DNA polymerase and nucleic acid
amplification reagent sclected from a group comprising magnesium chloride, dNTPs and
buffer or any combination of reagents thereof; a method of obtaining a primer set
comprising plurality of primers having a maximum length N, ranging from about 19 to
about 45 nucleotides, wherein each primer has a length selected from a group comprising
N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-8, N-9, N-10, N-11, N-12, N-13, N-14, N-15,
N-16, N-17, N-18, N-19, N-20, N-21, N-22, N-23, N-24, N-25 and N-26 or any
combination thercof, said method comprising acts of: (a) identifying a region for
amplification having mutation or suspected of having mutation at N™ position in a target
nucleotide sequence, followed by observing a consensus sequence flanking the said N™
position, and (b) synthesizing plurality of primers corresponding to the consensus

sequence, wherein length of the primers range from about 19 to about 45 nucleotides to
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obtain said primer set; and a method of amplifying a region of target nucleotide sequence
having mutation or suspected of having mutation at N™ position, said method comprising
act of subjecting the target nucleotide sequence to the reaction mixture as claimed above,

for amplifying the said region.

BRIEF DESCRIPTION OF ACCOMPANYING FIGURES

In order that the disclosure may be readily understood and put into practical effect,
reference will now be made to exemplary embodiments as illustrated with reference to
the accompanying figures. The figure together with a detailed description below, are
incorporated in and form part of the specification, and serve to further illustrate the
embodiments and explain various principles and advantages, in accordance with the
present disclosure where:

Figure 1 shows 4 strains which are indicated with minor variations / mutations within the
region of primer annealing.

Figure 2 shows a comparative analysis between the present disclosure and prior art.
Figure 3 shows Amplicon from conventional PCR and PCR based on the present
disclosure.

Figure 4 shows the results of PCR when the conventional primers are used (a) and the
results of PCR when the primer set designed by the present disclosure are used (b).
Figure 5 shows the results of PCR when the conventional primers (fluorescent labeled)
arec used (a) and the results of PCR when the primer set (also fluorescent labeled)

designed by the present disclosure are used (b).

DETAILED DESCRIPTION

The present disclosure relates to  a primer set comprising plurality of primers having a
maximum length N, ranging from about 19 to about 45 nucleotides, wherein cach primer
has a length selected from a group comprising N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-
8, N-9, N-10, N-11, N-12, N-13, N-14, N-15, N-16, N-17, N-18, N-19, N-20, N-21, N-
22, N-23, N-24, N-25 and N-26 or any combination thercof, wherein the primers are

corresponding to a consensus sequence flanking a region of a target nucleotide sequence
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to be amplified, said region having mutation or suspected of having mutation at N™
position.

In an embodiment of the present disclosure, one of the primers in the set is having a
length N and remaining primers in the set arc having a length ranging from about N-1 to

about N-26 in any order thercof.

The present disclosure further relates to a kit for amplifying a region of target nucleotide
sequence having mutation or suspected of having mutation at N™ position, said kit having
a primer sct comprising plurality of primers having a maximum length N, ranging from
about 19 to about 45 nucleotides, wherein each primer has a length selected from a group
comprising N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-8, N-9, N-10, N-11, N-12, N-13, N-
14, N-15, N-16, N-17, N-18, N-19, N-20, N-21, N-22, N-23, N-24, N-25 and N-26 or any
combination thereof, wherein the primers are corresponding to a consensus sequence
flanking said region, optionally along with DNA polymerase and nucleic acid
amplification reagent sclected from a group comprising magnesium chloride, dNTPs and

buffer or any combination of reagents thereof;

In an embodiment of the present disclosure, the kit is a reaction mixture used for

amplifying said region of the target nucleotide sequence.

In another embodiment of the present disclosure, the amplification is carried out by
technique selected from a group comprising Conventional Polymerase Chain Reaction,
HotStart Polymerase Chain Reaction, Real Time Polymerase Chain Reaction and

Isothermal Amplifications.

In yet another embodiment of the present disclosure, the mutation is selected from a
group comprising unpredicted sequence variations, SNPs, deletions, alternate splice

products, microsatellites and gene rearrangements or any combination thereof.

The present disclosure further relates to a method of obtaining a primer set comprising

plurality of primers having a maximum length N, ranging from about 19 to about 45
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nucleotides, wherein each primer has a length selected from a group comprising N, N-1,
N-2, N-3, N-4, N-5, N-6, N-7, N-8, N-9, N-10, N-11, N-12, N-13, N-14, N-15, N-16, N-
17, N-18, N-19, N-20, N-21, N-22, N-23, N-24, N-25 and N-26 or any combination
thereof, said method comprising acts of: (a) identifying a region for amplification having
mutation or suspected of having mutation at N™ position in a target nucleotide sequence,
followed by observing a consensus sequence flanking the said N™ position, and (b)
synthesizing plurality of primers corresponding to the consensus sequence, wherein
length of the primers range from about 19 to about 45 nucleotides to obtain said primer

set.

The present disclosure further relates to a method of amplifying a region of target
nucleotide sequence having mutation or suspected of having mutation at N™ position, said
method comprising act of subjecting the target nucleotide sequence to the reaction

mixture as claimed above, for amplifying the said region.

In an embodiment of the present disclosure, the amplification with said reaction mixture

provides amplified product of the mutated region.

In another embodiment of the present disclosure, the amplified product is detected by
techniques selected from a group comprising Agarose based detection,

spectrophotometric detection and fluorometric detection or any combination thereof.

In yet another embodiment of the present disclosure, primers of the reaction mixture
amplifies said region of the target nucleotide sequence by binding to a consensus
sequence flanking the region having mutation or suspected of having mutation at N™

position.

In still another embodiment of the present disclosure, primers of the reaction mixture
anneal at same location at 3' end of the consensus sequence and at different locations at 5'

end of the consensus sequence.
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In still another embodiment of the present disclosure, the amplification is carried out by
technique selected from a group comprising Conventional Polymerase Chain Reaction,
HotStart Polymerase Chain Reaction, Real Time Polymerase Chain Reaction and

Isothermal Amplifications.

In still another embodiment of the present disclosure, the mutation is sclected from a
group comprising unpredicted sequence variations, SNPs, deletions, alternate splice

products, microsatellites and gene rearrangements or any combination thereof.

In still another embodiment of the present disclosure, the target nucleotide sequence is
selected from a group comprising prokaryotic and eukaryotic genomic sequence or a

combination thereof.

The present disclosure provides for a novel concept to design primers for amplification of
templates with probable variations/ mutations. Primers are designed from data available
from one strain / isolate that can positively and accurately amplify targets from all related
strains irrespective of sequence variations. Further, development of series of primers and
large-scale validation experiments will not be required and the PCR amplifications will
work in spite of evolutionary changes or mutations. Hence, the present disclosure is a

valuable tool to eliminate false negative cases in molecular diagnostics.

The present disclosure presents the following aspects:

l. A set of primers designed which amplifies the target sequence irrespective of
whether there are mutations in the sequence where the primers anneal.

2. The primers are designed based on available information in public domains.

3. The primers (more than one forward primers in combination with more than one
reverse primers) are used simultancously for single reaction.

4. All forward primers anncal at identical position in the 5’-end but end at different
positions at the 3’-end.

5. The primers are one or more bases smaller than each other.
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6. Any one or more of the forward primer(s) would anneal on template and generate
amplicons in combination with any one or more reverse primer(s).
7. The size of the amplicons is observed to be always identical irrespective of which
set of the primers are used to amplify and give the amplicons.
8. The concept would make “validation” requirements redundant which would be
beneficial in the following ways:
a. No special knowledge of sequence is required.
b. Large expenses spent on Validation would be saved.
c. Long duration wvalidation process can be avoided. Developmental
processes will be faster.
d. The life of the kits will be prolonged. That means, once developed, the kits
will be performing equally well over the years though the microbes /

template might mutate over time.

THE PRIMER DESIGNING PROTOCOL:

a) The primers are designed based on reference sequence data available.

b) Design 2 to ‘N’ sets of both forward and reverse primers each that anneal
at identical regions on lower strand and upper strands respectively.

¢) The forward primers are a combination of 2, 3 or more primers which are
1, 2, 3 or more bases smaller than each other. It is the same for the reverse
primer as well.

d) The forward primers’ anncaling position at the 5’-end are identical but
different at the 3’-end (Please refer to figure 1). It is the same for the
reverse primers as well.

¢) The primer-sets are mixed and PCR performed.

In an embodiment of the present disclosure, PCR always works even if there are
mutations on the template within primer anncaling sites. Further, the PCR products are
detected by running samples on agarose gels (and run along with molecular weight

markers for proper sizing) or by spectrophotometric / fluorometric detection.
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POSSIBILITIES OF PRIMER SIZES / COMBINATIONS. RULES:

1. There can be more than one forward and more than one reverse primers for PCR.

2. Maximum length of the longest primer (forward & reverse): between 20 and 45
bases.

3. Minimum length of the smallest primer (forward & reverse): Between 19 and 44
bases.

4. The second longest primer (forward & reverse) size can be smaller than 45 bases
and can be till the point of a consensus region.

5. Similarly, the third longest primer size (forward & reverse) can be smaller than
the second longest primer and can be till the point of another consensus region.

6. All forward and reverse primers are mixed together and PCRs are performed.

7. In presence of mutations on template, while any one or more of primers fail to
extend/ polymerize (because of mismatches between primer and template
sequences), the other primers extend / polymerize to give PCR products. The
same happens in case of mutations within both forward as well as reverse primer

anncaling positions.

Further, when the primers are used individually in combination of single forward and
single reverse primer, the PCR reactions fail in case there are mutations in the last base

(alone or in combination with other mutations spread around).

For example, if only the N-4 of Forward primer and only N-2 of Reverse primers are

used in combination, the PCRs would fail in the following cases:

L. if there are mutations in 3’-end positions (where the primer ends) on the forward
primer annealing region.

2. if there are mutations in 3’-end positions (where the primer ends) on the reverse

primer annealing region.

The present disclosure is further claborated with the help of following examples and
associated figures. However, these examples should not be construed to limit the scope of

the present disclosure. Further, as the scope of the present disclosure is non-limiting in
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nature, the instant primers can be applied to various other biotechnological applications
such as but not limiting to those illustrated in the following examples. Further, all the
possible amplification experiments involved in all such biotechnological applications fall

under the purview of the present disclosure.

EXAMPLES

EXAMPLE 1: Schematic representation of sequence data for a targeted part of the

template genome for PCR amplification

The figure 1 depicts 4 strains which are indicated with minor variations / mutations
within the region of primer anncaling and demonstrates how the primers would still

anncal (and thus, PCR amplify) in spite of those mutations.

Assume only Strain A sequence is known while Strains B, C and D are variants present

in nature.

Based on Strain-A sequence, the following primers are designed:

Primer-1: BBB BBB BBB BBB BBB GAC TGA CTC AGT C Size: 28 bases

(size = N)

Primer-2: BBB BBB BBB BBB BBB GAC TGA CTC AG Size: 26 bases
(size = N-2)

Primer-3: BBB BBB BBB BBB BBB GAC TGA CTC Size: 24 bases
(size = N-4)

Where Bisabase: A, T, GorC

All these three primers are used together in the PCR reaction and the observations are as
follows:

For Strain A: all the 3 primers anneal and give the product.

For Strain B: Only Primer-2 and Primer-3 give product since Primer-1 would fail as it has

last base mismatch.
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For Strain C: Only Primer-2 and Primer-3 give product since Primer-1 would fail as it has
penultimate base mismatch.
For Strain D: Only Primer-1 and Primer-3 give product since Primer-2 has penultimate

base mismatch.

Use of all the three sets of primers together with N, N-2 and N-4 bases in size ensures

that all mutant strains are amplified successfully and accurately.

EXAMPLE 2:
In an embodiment, a wild template and a corresponding mutated template is generated in
order to showcase the efficacy and success of amplification of the mutated template by

the primers designed according to the present disclosure.

Wild Template:

s TTTTGATTTTGCTGTTTCAAGCTCAACACGCAGTTT
CCCTACTGTTAGCGCAATATCCTCGTTCTCCTGGTCGCGGCGTTTGATGTATT
GCTGGTTTCTTTCCCGTTCATCCAGCAGTTCCAGCACAATCGATGGTGTTACC
AATTCATGGAAAAGGTCTGCGTCAAATCCCCAGTCG ;
sTTCACGCTGTGCCTGAGAGTTAATTTCGCTCACTTCGAACCTCTCTG
TTTACTGATAAGTTCCAGATCCTCCTGGCAACTTGCACAAGTCCGACAACCCT
GAACGACCAGGCGTCTTCGTTCATCTATCGGATCGC
ATAGCCTGGTGGTTCAGGCGGCGCATTTTTATTGCTGTGTTGC
GCTGTAATTCTTCTATTTCTGATGCTGAATCAATGATGTCTGCCATC

Mutant Template:

TTTTGATTTTGCTGTTTCAAGCTCAACACGCAGTTT
CCCTACTGTTAGCGCAATATCCTCGTTCTCCTGGTCGCGGCGTTTGATGTATT
GCTGGTTTCTTTCCCGTTCATCCAGCAGTTCCAGCACAATCGATGGTGTTACC
AATTCATGGAAAAGGTCTGCGTCAAATCCCCAGTCG

_TTCACGCAGTGCCTGAGAGTTAATTTCGCTCACTTCGAACCTCTCTG

10
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TTTACTGATAAGTTCCAGATCCTCCTGGCAACTTGCACAAGTCCGACAACCCT
GAACGACCAGGCGTCTTCGTTCATCTATCGGATCGC
TATAGCCTGGTGGTTCAGGCGGCGCATTTTTATTGCTGTGTTGC
GCTGTAATTCTTCTATTTCTGATGCTGAATCAATGATGTCTGCCATC

Note: The bases mutated are in bold.

The following primers are designed to demonstrate the criticality of last base match on

PCR efficiency:

Experiment 1:

CF CTCACGCTGCTCGTTGAG (highlighted)

CR TCTGCCACTCATTGTTGTGAGTGTG (highlighted)

WSPIFP | TCATGCATTGCCTGCTCTGCCG® (highlighted)

Where, CF (control forward) and CR (control reverse) are Primers that amplify the 380
bp sequence containing the mutations and is used as PCR positive control.

WSP1FP (wild-type forward) primer is specific for wild type template and ends at G
Two tubes of PCR are sct up with following combination of template and primers:

1. Wild template with CF,CR and WSP1FP primer.
2. Mutant template with CF,CR and WSP1FP primer.

For the above two PCR reactions, following conditions with respect to the components
are employed-

Reaction Volume 25 ul

Enzyme FasTaq 0.25ul (0.75 Units)

dNTP 1 ul (10 mM mix)

PCR cvcle conditions

11
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94 °C 94 °C 55 °C 72 °C 72 °C 4°C
2 min 5 sec 10 sec 1 sec 10 sec oo
1 Cycle +— 30Cycless ——— 1 Cycle Hold

Observations [Figure 4 (a)]:

In lane 1, results for amplification of the wild-type template using the designed primers is
shown. Both positive control primers (CF and CR) and WSP specific primers have
worked, since the primers and template are perfectly complementary to cach other.

In lane 2, results for amplification of the mutant template using the designed primers is
shown. Only control primers (CF and CR) have worked and the WSP specific primers
have failed, as the last base of the template is not complementary to the last base of the

designed primer. Hence, no amplification occurs because of last base mismatch.

Experiment 2:

CF CTCACGCTGCTCGTTGAG
CR TCTGCCACTCATTGTTGTGAGTGTG
WSP1FP TCATGCATTGCCTGCTCTGCCGH:

WSP1-1FP TCATGCATTGCCTGCTCTGCCG

WSP1-2FP TCATGCATTGCCTGCTCTGCC

Where, CF (control forward) and CR (control reverse) are Primers that amplify the 380
bp sequence containing the mutations and is used as PCR positive control, and

Primer WSP1FP is specific to wild type template that ends at ‘G’[N].

Primer WSP1-1FP is a base smaller that ends at ‘G’ [N-1].

Primer WSP1-2FP is 2 bases smaller that ends at ‘C’[N-2].

12
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Two tubes of PCR are sct up with following combination of template and primers:

1. Wild template with CF,CR and WSP1FP, WSP1-1FP, WSP1-2FP primer mix.

2. Mutant template with CF,CR and WSP1FP WSP1-1FP, WSP1-2FP primer mix.
For the above two PCR tubes, following conditions with respect to the components are
employed-

Reaction Volume 25 pl
Enzyme FasTaq 0.25 ul (0.75 Units)
dNTP 1 pl (10 mM mix)

10

PCR cycle conditions

94 °C 94 °C 55 °C 72 °C 72 °C 4°C
2 min 5 sec 10 sec 1 sec 10 sec oo
1 Cycle +— 30Cycles ———m 1 Cycle Hold

Observations [Figure 4 (b)]:

In lane 1, results for amplification of the wild-type template using the designed primers is
shown. Both positive control primers (CF and CR) and WSP specific primers have
worked since there are no mutations and thus all the primers bind and amplify the
template.

In lane 2, results for amplification of the mutant template using the designed primers is
shown. Both positive control primers (CF and CR) and WSP specific primers have
worked. Therefore, it is observed that despite mutations in the template sequence, the
designed consensus primer set [of Experiment 2] successfully amplifies the mutated
template. A comparison of this experiment with experiment 1 above shows that primers
having less bases [N-x] than [N] bases of the primer anncaling region of the template are

still able to successfully amplify even if the mutations are present at the N™ position.

13
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EXAMPLE 3:
In another embodiment, a wild template and a corresponding mutated template is
generated in order to showcase the efficacy and success of amplification of the mutated

template by the primers designed according to the present disclosure.

Wild Template:
CTCACGCTGCTCGTTGAGTTTTGATTTTGCTGTTTCAAGCTCAACACGCAGTTT
CCCTACTGTTAGCGCAATATCCTCGTTCTCCTGGTCGCGGCGTTTGATGTATT
GCTGGTTTCTTTCCCGTTCATCCAGCAGTTCCAGCACAATCGATGGTGTTACC
AATTCATGGAAAAGGTCTGCGTCAAATCCCCAGTCG
s TTCACGCTGTGCCTGAGAGTTAATTTCGCTCACTTCGAACCTCTCTG
TTTACTGATAAGTTCCAGATCCTCCTGGCAACTTGCACAAGTCCGACAACCCT
GAACGACCAGGCGTCTTCGTTCATCTATCGGATCGC
ATAGCCTGGTGGTTCAGGCGGCGCATTTTTATTGCTGTGTTGC
GCTGTAATTCTTCTATTTCTGATGCTGAATCAATGATGTCTGCCATC

Mutant Template:
CTCACGCTGCTCGTTGAGTTTTGATTTTGCTGTTTCAAGCTCAACACGCAGTTT
CCCTACTGTTAGCGCAATATCCTCGTTCTCCTGGTCGCGGCGTTTGATGTATT
GCTGGTTTCTTTCCCGTTCATCCAGCAGTTCCAGCACAATCGATGGTGTTACC
AATTCATGGAAAAGGTCTGCGTCAAATCCCCAGTCG

_TTCACGCAGTGCCTGAGAGTTAATTTCGCTCACTTCGAACCTCTCTG

TTTACTGATAAGTTCCAGATCCTCCTGGCAACTTGCACAAGTCCGACAACCCT
GAACGACCAGGCGTCTTCGTTCATCTATCGGATCGC
ATAGCCTGGTGGTTCAGGCGGCGCATTTTTATTGCTGTGTTGC
GCTGTAATTCTTCTATTTCTGATGCTGAATCAATGATGTCTGCCATC

14
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The following primers are designed to demonstrate the criticality of last base match on
PCR cfficiency and how the present primer designing protocol overcomes it:

Experiment 1:

CRF TCTGCCACTCATTGTTGTGAGTGTG (highlighted)

WSPIFP | TCATGCATTGCCTGCTCTGCCG (highlighted)

Where, CRF (Control Reverse Fluorescent) primer is labeled at 5°- end with a fluorescent
tag FAM (carboxy fluorescein) and,
WSP1FP (wild-type forward) primer is specific to wild type template (ends at G)

Two tubes of PCR are sct up with following combination of template and primers:
1. Wild template with CRF and WSP1FP primer.
2. Mutant template with CRF and WSP1FP primer.

For the above two PCR tubes, following conditions with respect to the components are
employed-

Reaction Volume 25 pl

Enzyme FasTaq 0.25 ul (0.75 Units)

dNTP 1 pl (10 mM mix)

PCR cycle conditions

94 °C 94 °C 55 °C 72 °C 72 °C 4°C
2 min 5 sec 10 sec 1 sec 10 sec oo
1 Cycle 4+— 30Cycles ——m 1 Cycle Hold
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After PCR, 1 micro litre of PCR product is taken in a vial and mixed with 8 micro litre of
Formamide (Hi-DiTM Applied Biosystems, Part No. 4311320) and 1 micro lit of Size
Standard (Applied Biosystems, Part No0.4322682) GeneScan™ -500 LIZ®. The mix is
denatured 94 °C for 10 min and quick-chilled on ice.

The quick chilled samples are loaded on the Genetic Analyzer (Applied Biosystems®

3500XL) and the samples are run and analyzed as per manufacturer’s protocol.

Observations [Figure 5 (a)]:

In Lane-A, results for amplification of the wild-type template using the designed primers
is shown. Peak secen at 184 bp indicates successful PCR. Hence, both positive control
primer and WSP specific primer have worked since there are no mutations and thus all

the primers bind and amplify the template.

In Lane-B, results for amplification of the mutant template using the designed primers is
shown. No peak is seen indicating failure of PCR due to last base mismatch in the mutant
template. The WSP specific primers have failed, as the last base is not complementary to
the last base of the designed primer. Hence, no amplification occurs because of last base

mismatch.

Experiment 2:

CRF TCTGCCACTCATTGTTGTGAGTGTG

WSP1FP TCATGCATTGCCTGCTCTGCCGH:

WSP1-1FP TCATGCATTGCCTGCTCTGCCG

WSP1-2FP TCATGCATTGCCTGCTCTGCC

Where, CRF (Control Reverse Fluorescent) primer is labeled at 5°- end with a fluorescent
tag FAM (carboxy fluorescein) and,
WSP1FP (wild-type forward) primer is specific to wild type template (ends at G),

16



10

15

20

25

WO 2012/131616 PCT/IB2012/051517

Primer WSP1-1FP is a base smaller with respect to WSP1FP ends at ‘G’,
Primer WSP1-2FP is 2 bases smaller with respect to WSP1FP ends at ‘C’.

Two tubes of PCR are set up with following combination of template and primers:
1. Wild template with CRF and WSP1FP primer.
2. Mutant template with CRF and WSP1FP primer mix.

For the above two PCR tubes, following conditions with respect to the components are
employed-

Reaction Volume 25 pl

Enzyme FasTaq 0.25 ul (0.75 Units)

dNTP 1 pl (10 mM mix)

PCR cycle conditions

94 °C 94 °C 55 °C 72 °C 72 °C 4°C
2 min 5 sec 10 sec 1 sec 10 sec oo
1 Cycle +— 30Cycless ——— 1 Cycle Hold

After PCR, 1 micro litre of PCR product is taken in a vial and mixed with 8 micro litre of
Formamide (Hi-DiTM Applied Biosystems, Part No. 4311320) and 1 micro lit of Size
Standard (Applied Biosystems, Part No0.4322682) GeneScan™ -500 LIZ®. The mix is
denatured 94 °C for 10 min and quick-chilled on ice.

The quick chilled samples are loaded on the Genetic Analyzer (Applied Biosystems®
3500XL) and the samples are clectrophoresed and analyzed as per manufacturer’s
protocol.

Observations [Figure 5 (b)]:

In Lane-C, results for amplification of the wild-type template using the designed primers

is shown. Peak is seen at 184 bp indicating successful PCR. Both positive control primer
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and WSP specific primers have worked since there are no mutations and thus all the

primers bind and amplify the template. .

In Lane-D, results for amplification of the mutant template using the designed primers is
shown. Pecak is seen at 184 bp indicating successful PCR due to employment of novel
primer set. Both positive control primer and WSP specific primers have worked.
Therefore, it is observed that despite mutations in the template sequence, the designed
consensus primer set [of Experiment 2] successfully amplifies the mutated template. A
comparison of this experiment with experiment 1 above shows that primers having less
bases [N-x] than [N] bases of the primer annealing region of the template are still able to

successfully amplify even if the mutations are present at the N™ position.

EXAMPLE 4:
In regular PCRs, there are 2 primers: one forward primer and one reverse primer. The
forward and reverse primers anncal on the template on the lower strand and upper strand

respectively and amplify the region of the template between the annealing points.

Conventionally, Multiplex PCR protocols uses multiple sets/ pairs of primers that
specifically and independently anneal at different regions on the template(s) and amplify
multiple amplicons from the template(s). Also, each set of primer anneals specifically at

the respective target template region only.

In the present disclosure, multiple sets of primers that specifically and independently
anncal at the same region on the template and amplify the same amplicon from the
template are used. Also, all or more than one primer sets can anneal the target template

region and amplify the same.

EXAMPLE §:
STEP-WISE PCR-BASED PROTOCOL

In an embodiment the step-wise PCR based protocol is for molecular diagnostic

applications and the steps followed are provided below:
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1. Step-1: Designing of primers.
2. Step-2: Isolation of sample target DNA.
3. Step-3: Performing PCR using standardized PCR cycle conditions using the
primers, amplification reagents and sample target DNA.
4. Step-4: Detection of PCR product is carried by loading the product on Agarose
gels.
Finally, if PCR worked, it would indicate presence of the contamination/ infection.

Failure of PCR suggests no contamination/ infection.

The most critical step within the 4 steps mentioned above is the designing of the primers
(Step-1). The primer sequences have to be chosen such that there are no mismatches
between the template sequence and the primer sequence, particularly at the 3’-end of the
primer. In an exemplary embodiment, a primer set comprising a plurality of primers is
designed based on the nucleotide sequence of the template and the possible mutated bases

on the template as reported in the literature.

Any one or more mismatches within the last 3 bases in the 3’-end would result into sub-
optimal or failure PCRs. Thus, several sets of primers are usually designed for a
particular organism/target and the performance of the primers is validated for all

strains/variants available in the geographical region.

EXAMPLE 6:

This example provides for a comparative analysis between the present disclosure and
prior art; depicting the absence of amplification when mutations are present in the
template in prior art studies and on the other hand irrespective of the presence of

mutations the amplification of the template in the instant disclosure [Figure 2].

EXAMPLE 7:
The size of an amplicon is the distance / size between the bases between the 5’-ends of
the forward and reverse primers used for PCR. Figure-3 shows Amplicon from

conventional PCR and PCR based on the present disclosure.
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The PCR amplicon size is always the same as the 5’-ends of both the primers (forward as

well as reverse) end at identical points.

The current disclosure has applications in cancer detection as well as detection of genetic

disorders apart from its applications to detect microbes. Some of the applications are

captured below.

3.

Multiple Drug Resistance (MDR) Tuberculosis, Drug-resistant Malaria,
Methicilin Resistant Staphylococcus aurcus (MRSA), ctc, occur when mutations
are introduced within genes responsible for drug resistance.

Thus, if primers are designed for amplifying the hotspots (regions where most
mutations occur) of the organism, it would serve 2 purposes; detection of the
microbe as well as presence of mutations / MDR (detected by sequencing the
amplicon).

Amplification of hotspots is possible through the current disclosure as it would
allow PCR amplifications as NOT all 3’-end positions of all primers would have

mutations in the primer annealing regions.

Advantages:

a.

Molecular diagnostic kits with primers designed as per the present disclosure
would make the protocols fail-proof. At present, a PCR-based kit with a
sensitivity of 90% is regarded as an “excellent” kit.

Over-all success rate (in terms of sensitivity and specificity) for molecular
diagnostics will improve resulting in better acceptance of the molecular protocols.
Molecular diagnostic kit development programs will benefit as large scale

validation process will not be required.
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We Claim:

1.

A primer set comprising plurality of primers having a maximum length N,
ranging from about 19 to about 45 nucleotides, wherein each primer has a length
selected from a group comprising N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-8, N-
9, N-10, N-11, N-12, N-13, N-14, N-15, N-16, N-17, N-18, N-19, N-20, N-21, N-
22, N-23, N-24, N-25 and N-26 or any combination thereof, wherein the primers
are corresponding to a consensus sequence flanking a region of a target nucleotide
sequence to be amplified, said region having mutation or suspected of having
mutation at N™ position.

The primer sect as claimed in claim 1, wherein one of the primers in the set is
having a length N and remaining primers in the set are having a length ranging

from about N-1 to about N-26 in any order thereof.

. A kit for amplifying a region of target nucleotide sequence having mutation or

suspected of having mutation at N™ position, said kit having a primer set
comprising plurality of primers having a maximum length N, ranging from about
19 to about 45 nucleotides, wherein each primer has a length selected from a
group comprising N, N-1, N-2, N-3, N-4, N-5, N-6, N-7, N-§, N-9, N-10, N-11,
N-12, N-13, N-14, N-15, N-16, N-17, N-18, N-19, N-20, N-21, N-22, N-23, N-24,
N-25 and N-26 or any combination thereof, wherein the primers are
corresponding to a consensus sequence flanking said region, optionally along with
DNA polymerase and nucleic acid amplification reagent selected from a group
comprising magnesium chloride, dNTPs and buffer or any combination of
reagents thercof.

The kit as claimed in claim 3, wherein the kit 18 a reaction mixture used for
amplifying said region of the target nucleotide sequence.

The primer set as claimed in claim 1 and the kit as claimed in claim 3, wherein the
amplification is carried out by technique selected from a group comprising
Conventional Polymerase Chain Reaction, HotStart Polymerase Chain Reaction,

Real Time Polymerase Chain Reaction and Isothermal Amplifications.

. The primer set as claimed in claim 1 and the kit as claimed in claim 3, wherein the

mutation is selected from a group comprising unpredicted sequence variations,
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10.

1.

12.

SNPs, deletions, alternate splice products, microsatellites and gene
rearrangements or any combination thercof.

A method of obtaining a primer set comprising plurality of primers having a
maximum length N, ranging from about 19 to about 45 nucleotides, wherein each
primer has a length selected from a group comprising N, N-1, N-2, N-3, N-4, N-5,
N-6, N-7, N-8, N-9, N-10, N-11, N-12, N-13, N-14, N-15, N-16, N-17, N-18, N-
19, N-20, N-21, N-22, N-23, N-24, N-25 and N-26 or any combination thercof,
said method comprising acts of:

a. identifying a region for amplification having mutation or suspected of
having mutation at N™ position in a target nucleotide sequence, followed
by observing a consensus sequence flanking the said N™ position; and

b. synthesizing plurality of primers corresponding to the consensus sequence,
wherein length of the primers range from about 19 to about 45 nucleotides
to obtain said primer set.

A method of amplifying a region of target nucleotide sequence having mutation or
suspected of having mutation at N position, said method comprising act of
subjecting the target nucleotide sequence to the reaction mixture as claimed in
claim 4, for amplifying the said region.

The method as claimed in claim 8, wherein the amplification with said reaction
mixture provides amplified product of the mutated region.

The method as claimed in claim 9, wherein the amplified product is detected by
techniques selected from a group comprising Agarose based detection,
spectrophotometric detection and fluorometric detection or any combination
thereof.

The method as claimed in claim 8, wherein primers of the reaction mixture
amplifies said region of the target nucleotide sequence by binding to a consensus
sequence flanking the region having mutation or suspected of having mutation at
N™ position.

The method as claimed in claim 8§, wherein primers of the reaction mixture anneal
at same location at 3' end of the consensus sequence and at different locations at 5'

end of the consensus sequence.
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13.

14.

15.

The method as claimed in claim 8, wherein the amplification is carried out by
technique selected from a group comprising Conventional Polymerase Chain
Reaction, HotStart Polymerase Chain Reaction, Real Time Polymerase Chain
Reaction and Isothermal Amplifications.

The methods as claimed in claims 7 and 8, wherein the mutation is selected from
a group comprising unpredicted sequence variations, SNPs, deletions, alternate
splice products, microsatellites and gene rearrangements or any combination
thereof.

The primer set as claimed in claim 1, the kit as claimed in claim 3 and the
methods as claimed in claims 7 and 8, wherein the target nucleotide sequence is
selected from a group comprising prokaryotic and cukaryotic genomic sequence

or a combination thereof.
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