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ABSTRACT

Spinocerebellar ataxias (SCA) type 1, 2, 3, 6, grabsociated with a (CAG)n repeat expansion ifncpd
sequences, are the most prevalent autosomal dongiteexias worldwide (approximately 60% of the
cases). In addition, the phenotype of SCA2 expaisdias been now extended to Parkinson’s disease and
amyotrophic lateral sclerosis. Their diagnosisrespntly based on a PCR to identify small expanded
alleles, followed by a second-level test whenekerduspect of false normal homozygous, or a CAT
interruption in SCA1 needs to be verified. Next-getion sequencing still does not allow efficient
detection of these repeats. Here, we show theaeffiof a novel, rapid, and cost-effective method to
identify and size pathogenic expansions in SCA&-2nd 7 and recognize large alleles or interrugtio
without a second-level test. Twenty-five healthyirols and 33 expansion carriers were analyzeeleasll
migrated consistently in different PCRs/capillamps, and homozygous subjects were always
distinguishable from heterozygous carriers of lmatitnmon and large (>100 repeats) pathogenic CAG
expansions. Repeat number could be calculated ioguiie number of peaks, except for the largest
SCAZ2 and SCAY alleles. Interruptions in SCA1 wdveags visible. Overall, our method allows a
simpler, cost-effective, and sensibly faster SCAgdbostic protocol compared to the standard teckniqu

and to the still unadapted next-generation seqognci



INTRODUCTION

Autosomal dominant cerebellar ataxias (SCA) amiadily and genetically heterogeneous
neurodegenerative diseases characterized by tlyesgsive loss of voluntary muscle control (ataxia)
often associated with various neurological andeererurological signs, and cerebellar atrophy.

In two-thirds of all SCA patients, gait disorders ¢ghe prevalent symptoms at onset, and the fgasf
disease appear in the third-fourth decade of life.

The classification based on clinical signs and spms, originally proposed by Anita Hardfngoes not
allow the discrimination of subtypes as: i) diffetsubtypes share common phenotypic features; ii)
clinical signs vary considerably between familiggwhe same subtype; iii) extra-cerebellar clihica
manifestations can be the predominant signs odligease; iv) complicated forms can show extra-
cerebellar signs only in the advanced stages dligeasé.Presently, a classification based on the
gene/locus associated with the disease is preféaethe time of writing, more than 35 SCA subtypes
have been identified, and the underlying genetitatian is known for at least 29 of them
(http://neuromuscular.wustl.edu/ataxia/domatax.html, last accessed November 17, 2017).

Mutations can be divided in expansions/insertidre jpolynucleotide repeat (SCA1-3, SCA6-8,
SCA10, SCA12, SCA17, SCA31, SCA36 and dentato-rHpladbdoluysian atrophy/DRPLA), and
conventional mutationy! It has been suggested that the most severe anglicated forms belong to the
first group whereas the second includes mostly famas of ataxid: ®
SCA1 (MIM#164400), SCA2 (OMIM#183090), SCA3 (OMIM&2150), SCA6 (OMIM#183086), SCA7
(OMIM#164500), SCA17 (OMIM#607136), and DRPLA (OMi#I125370) belong to the group of
(CAG), repeat expansions in coding sequences. The mutigses the polyglutamine-encoded tract to
exceed a pathogenic threshold specific for eacteiprd

In three genes, the CAG-tract can be interrupte@CGAL, by CAT units, encoding for histidine; in
SCA2 and SCA17, by CAA units, coding for the glutaenamino acid. The length and position of these

interruptions is variable within the CAG-tract, aateles carrying interruptions are less prone &iotic
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expansion. Furthermore, SCA1 expanded alleles 3@tto 44 repeats are not pathogenic in the presence
of interruptions In SCA2, small interrupted repeat expansions atetriupted intermediate-size repeats
have been associated with Parkinson disease anutraplyic lateral sclerosis, respectively, in nunusro
studies:*™ A recent large survey, however, did not find aogrelation between SCA2, 3, 6, and 17
expansions and Parkinson dise¥se.

Taken together, SCA1-3, 6, and 7 are the most [@etvautosomal dominant ataxias worldwide,
accounting for ~60% of the case¥.®The diagnosis of these SCAs is presently basedstandard
PCR able to identify small-expanded alleles, fobovby a second-level test whenever an interruption
SCA1 is to be verified or the PCR shows a sindlealn a symptomatic subject (false homozygous),
raising the question if an expanded allele faiteti¢ amplified®

Here, we show the efficacy of a novel, rapid, aost-effective method based on PCR and capillary
electrophoresis, named tethering PCR (tPCR), tatifjeand size pathogenic expansions in SCA1-3, 6
and 7 and recognize large alleles or interruptigitisout a second-level test. This method advances o
previous technique to detect large SCA2 and SCAarsion?’ and is required for efficient and reliable

diagnosis as next-generation sequencing (NGS) igabs still fail to detect these repeats.

MATERIALS AND METHODS

Twenty-five healthy controls, tested negative faA3-3, 6, and 7 using a standard diagnostic
technigue (based on PCR amplification and CAG-regssessment using the amplicon size as a
reference), and 33 expansion carriers (SCAL, nEXZS n=8; SCA3, n=4; SCA6 n=6; SCA7, n=6) were
collected at the “Citta della Salute e della Scaénzniversity Hospital of Torino, Fondazione IRCCS
Istituto Neurologico “Carlo Besta”, the Pitié-Saip&re University Hospital of Paris according tcab
ethical rules (Department of Medical SciencestutdiNeurologico “Carlo Besta” and Paris-Necker
Ethics Committees) (Table 1). Blood samples wetainbd with the written consent of the subjectsl an

DNA was extracted using standard procedures.
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Expansion carriers were diagnosed using standaR] B€Combination of standard PCR and Southern
blot for the larger alleles, or a combination offP@nd enzymatic digestion to assess the presence of
CAT interruption in SCA1 expanded alleles (Tablg"2)

To precisely assess the number of CAG repeatshseigects to have two homozygous controls,
carrying the more common allele according to litera data, for SCA1L, 3, 6, and 7, and a homozygous
(allele size = 22 CAG) and a heterozygous (allzle s 22/23 CAG) subject for SCA2 (Table 1) were
Sanger-sequenced. Three of these subjects (CTRR5Gihd CTR15; Table 1) were also used to verify
the reproducibility of amplicon size. Each sam@edifor the set-up was PCR-amplified five times, th
first PCR was run five times (capillary replicates)d PCRs "8-5" were run once (PCR replicates).

A locus-specific fluorescently labeled forward peinwas designed for each SCA upstream of the
unstable repeat. The reverse primer containedusispecific sequence followed by five CTG units
complementary to the (CAG)epeats (Table 3, Figure 1). This design alloyvge amplification of the
entire repeat, obtaining amplicons of differenesifor each SCA (SCA1 = PET, 104-200 bp; SCA2 =
ATTO, 255-327 bp; SCA3 = FAM, 170-272 bp; SCA6 =CYI70-108 bp; SCA7 = FAM, 115-157 bp;
sizes are referred to alleles in the normal rarnigefie random annealing inside the unstable secgie
generating a stutter of bands starting from five#nCAG repeats and differing from each other by one
repeat (Figure 1). This is useful for manually dingnthe repeats number and can allow automatic
binning.

Amplifications were performed using different comégiions of MgC)(Promega, Madison, WI), Betaine
(Sigma-Aldrich, Milan, Italy), DMSO 100% (Sigma-Aidh), and GoTaq G2 Hot-start polymerase with
Flexi Buffer (Promega) as reported in Table 4, @ianetra T Professional or a Biometra T Gradient
thermal cycler (Analytik Jena, Jena, Germany). P@RIucts were subsequently pooled in two groups
(SCAL, 3, 6 and SCA2, 7) and loaded on an ABI P83130XL automatic sequencer (Thermo Fisher
Scientific, Foster City, CA) on a 36 cm capillaritiwthe POP7 polymer and the GS-500 Liz size-
standard. Oven temperature was set to 60 °C, iajegbltage to 2.5 kV, and injection time to 20.sec
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The bioinformatics analysis was performed usingGeeeMapper ver4.0 (Thermo Fisher Scientific) and

GeneMarker ver.1.95 (Softgenetics, State Collegg,sBftware by three independent operators.

RESULTS

The rationale to set up a rapid technique for fhgribsis of the main SCAs associated with
polyglutamine expansions (SCA1-3, 6, and 7), wasitomize the number of PCR reactions, thermal
cycling conditions, and capillary electrophoresisg. Different combinations of commercially avaiéab
reagents, and co-solvents commonly used to amp(Byrich regions (eg, Betaine and DMSO) were
tested. The optimal conditions and mix of reagémteach SCA are reported in Table 4 and 5 andéen t
Materials and Methods. As a final procedure, three different chemicaltpcols (SCA2 and SCA7
required specific concentrations of DMSO and Mg&eimpared to SCAL, 3, and 6), and a single cycling
condition were used to amplify all five SCAs.

To determine the exact number of repeats for ezgtlhd SCA, and have the standard profile of a
homozygous subject, one homozygous genotype westadIfor each SCA allele in the normal range.
These SCA alleles were Sanger-sequenced to beagseadibrators in subsequent reactions. The size of
the alleles was deduced from the number of pealteiarrays as specified below. In both capillary
electrophoresis and PCR replicates, the same alliglated consistently, with a standard deviation
0.41 base pair (Supplemental Table S1).

Then, 25 healthy controls and 33 expansion carvierg tested using this method. Electropherograms
showed a series of discrete peaks: using the tdald®ators, the first peak corresponded to fiveGCA
repeats for SCAL, 2, 6, and 7, and to nine CAGaeyp®r SCA3 (Figure 2, 3). Each subsequent peak
corresponded to an increment of one CAG repeataVbheage distance between two consecutive peaks
was ~2.9 bp, slightly smaller than the expecteg godme CAG-repeat).

Peaks with the highest intensity correspondedédcstibe of the genotyped allele(s).



A homozygous subject was always distinguishablm feoheterozygous carrier of an expansion (Figures
2, 3). If the expansion was <~100 repeats, thergbaliele was detectable as a bell-shaped arrpgaks
for SCAL, 2, 3, and 7: the tallest peak within ledl was considered for allele-calling (Figure 18).

SCAG, the small size of the pathological expangi@vented the formation of the bell-shaped curve
(Figure 3). The hallmark for large SCA2 and SCApansions (>100 CAGs) was a slowly degrading
array of peaks (Figure 3): the size of the lardieteacould not be determined by our technique.

Sizes detected by our method and the standard @@Ritjue in controls and expansion carriers were
compared (Table 1 and 2). A systematic differenceCA1 was found (-1 to -3 repeats). In these ¢ases
the presence of CAT interruptions could be cleddiermined as a gap in the array of peaks (Figure 2
In SCA2, the measure was concordant with the stdriél@R (Table 1 and 2). A very large SCA2
expansion carrier (EXP11, ~200 CAG as estimate8daythern blof) was recognizable by the
descending array of peaks starting from the noaihele (Figure 3). The presence of a CAA-interrdpte
allele was always clearly detectable (Figure 22nd
In SCAS3, the standard PCR overestimated the CA@ategize of the smaller allele by one unitin 11
controls (Table 1). In the four expansion carriergth the normal and the expanded allele were @rer-
underestimated by the standard PCR by 1-4 CAG éT2hlUsing the standard diagnostic technique, one
out of four expanded alleles (EXP20, Table 2)deili of the + 3 tolerance recommended by the Eumopea
Molecular Genetics Quality Network (EMQN) guideline
In SCABG, the standard PCR overestimated the CA@ategize by one unit in four out of 25 controls
(Table 1). The sizing of expanded alleles usingtedhnique was precise, as recommended by the EMQN
guidelines (£ 1 CAG).

In SCA7, the standard PCR overestimated one caatihlone expanded allele by one CAG unit.
(Table 2). The three large expansions (EXP31, 82,38) were estimated by Southern blot anaf/st§
and were always recognizable with our techniquebse of the descending array of peaks starting from

the normal allele (Figure 3).



DISCUSSION

Here, we describe a new method to determine theepeoe of pathogenic expanded SCA1-3, 6, and 7
alleles, named tethering-PCR. To go beyond thedatdnlPCR method and the STR-primed PCR
technique developed in our laboratory for sevetplet expansion disorder$,* *°a SCA testing
protocol was implemented, following the proceduesatibed for Huntington’s disea¥e.

In this protocol, a forward fluorescent-labeledmer was coupled with a reverse primer containireg th
last five CTG units of the polyglutamine encodiegeat followed by 15 to 16 bp of the gene-specific
region. After the capillary run, an array of peakss obtained and interpreted.

The test overcomes several limits of the standaghastic technique, which is performed amplifying
the region containing the repeat with primers exkto the CAG-tract and measuring the amplimearaft
capillary electrophoresis. Moreover, in the STRy@d PCR the reverse primer anneals in the repeat
only, and a third primer, annealing on the reversail, is required for the final amplification. thbugh
this allows the formation of an array of stuttentbathe normal alleles are not clearly distinguidbaa
precise CAG-size counting is not possible, andiinions in SCA1 and SCA2 are not visible.

The size of the alleles measured using the formula

[(@amplicon size — “constant region”)/3]

is incorrect. Allele migration is influenced by thheorochrome in the labeled primer, the type of

capillary, the polymer, and the presence of theakfiself. Thus, the “constant region” size needse
corrected experimentally, running a known conteshple validated by Sanger sequencing. Moreover, the
sizing error increases with the number of repestsilso shown for other triplet repeat disord&hs.this
work, an average distance between two CAG-consecptaks of ~2.9 bp was calculated, instead of the
expected 3 bp, causing an error in the measuré\&f-@lleles that increases with their size. Wittsthi
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method, allele sizing is performed counting the banof peaks, each corresponding to a CAG unit,
starting from the first visible one. However, sirf®@€Al and SCA2 interrupted alleles contain traits i
which the peaks are not visible, it would stilldmvisable to run a standard sample whose CAG-repeat
number has been ascertained by Sanger sequenedigr t0 generate a sizing bin based on the cafier
an uninterrupted expansion allele, in which allkseare visible. The first peak corresponded to five
CAGs for SCAL, 2, 6, and 7, as was expected bedhaseverse primer contains five CTG units. For
SCAZ3, the first peak corresponded to nine CAGs. ihbecause SCA3 polyglutamine trait starts with a
“irregular” and interrupted CAGCAGCAAAAG sequen@ncoding for the amino acids Glu-Glu-Glu-
Lys and included in the count of CAG repe#tshe reverse primer is most likely unable to ahnea
because of the mismatches, skips these four amitsthen anneals from the fifth to the ninth CAG,
producing a first peak corresponding to nine CA@suBupplemental Figure S1).

The standard technique cannot discriminate betwearozygous alleles and an expansion carrier
with a dropped-out allele. Indeed, standard PCHipiet repeat disorders is unable to amplify large
alleles due to technical limitatiod$3**'Large alleles have been described in SCA2 neoaathl
infantile-onset cases (230-500 CAG repe&ts)and in SCA7 severe forms with onset in childhood a
rapid fatal course (55-460 CAG repeadfsf>“°It is therefore mandatory to perform a secondltest
(eg, Southern blot) when a homozygous genotypeuisd in infantile cases or in prenatal tests wioeie
of the parents is a carrier. With this method,ieasrof an expanded allele, the size of which faillsof
the PCR sensitivity range, are clearly discernfliden normal homozygous subjects because of the
presence of a slowly descending array of peaksrgldrom the main one. This array is never foundcio
normal subject (Figures 2 and 3). In carriers oflfgn expansions, the expanded allele is visible bsll-
shaped array of peaks for SCA1-3, and 7. In SCA6h &n array does not form due to the small number
of repeats even in pathologically expanded allafesbit is sufficient to count the number of peaks.

This method is able to clearly detect both SCA1 &6d\2 interruptions (Figure 2 and 3). In routine
diagnostics, when a SCA1 allele between 36 to 4&Cdpeats is found, a second level test to determin
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the presence of CAT interruptions is used to disitrate if the allele is not associated with theedge
(interrupted), is a mutable normal allele (36 tan®®-interrupted CAGS), or is a full-penetrancelall(39
to 44 non-interrupted CAGs). Moreover, recent firgdi strongly suggest the association of SCA2
interrupted intermediate alleles with amyotroplitetal sclerosis.

In conclusion, the current diagnostic procedurepfadyglutamine expanded SCAs is time-consuming
and requires distinct amplification protocols, P@Rditions, and capillary runs. Having the same
thermal cycling protocol, our new method allows $ivaultaneous amplification of five SCAs on a singl
thermal cycler. Primer design allows two pooledsrtor the capillary electrophoresis. These featlgad
to a simpler, cost-effective, and significantlyteasSCA diagnostic protocol compared to the stathdar

technique.
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FIGURE LEGENDS

Figure 1. Schematic of the proposed PCR procedure. An idetakbzygous subject, carrying 11 and 12
CAG repeats (small rectangular bars), is repredeiitee forward primer (F), marked with a
fluorochrome (green), is designed to anneal upstr@fahe repeat. The reverse primer (R) annealsypar
on the repeat, and partly downstream. Given thisgodar design, it can amplify the whole repegifer
part) generating two main peaks (heterozygous st)bgnd, at the same time, it can anneal inside th
repeat giving rise to a discrete number of stutterds with a 3 bp interval (lower part). The
electropherogram shows two main peaks (11 and 1@ @&peats from left to right) preceded by an array

of smaller peaks starting from five CAG repeats.

Figure 2. The electropherograms of one homozygous and deedaggous normal subject for each SCA
tested are reported. Homozygous subjects’ allets also sized by Sanger sequencing. Each panel
contains the subject code (see also Tables 1 atlde2allele size (expressed as number of CAG tepea
and the main peak(s) size. SCAL: peaks start filefntll bp, corresponding to 5-CAG repeats; SCA2:
peaks start from 255 +1 bp, corresponding to 5-C&@kats; SCA3: peaks start from 170 + 1 bp,
corresponding to 9-CAG repeats; SCAG6: peaks gtam 70 +1 bp, corresponding to 5-CAG repeats;
SCAT: peaks start from 115 +1 bp, corresponding-@AG repeats. Main peaks are marked by a black
arrowhead. The size of the first peak is reportdg m left panels. The order reflects the two eliffnt

pools prepared before capillary electrophoresisAB@, 6 and SCA2, 7). For SCAL1 and SCA2
homozygous subjects, a zoomed panel shows thanrattich peaks are absent because of the presence

of CAT and CAA interruption, respectively.
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Figure 3.0n the left, electropherograms of one expansionerdor each SCA tested are reported. A
black arrowhead indicates the main peak and thie ga@esponding to the expanded allele. On the,righ
two subjects carrying large SCA2 and SCA7 exparssaa reported. A black arrowhead indicates the
main peak whereas the expanded allele is not gistbzoomed panel shows a slowly descending aifray o
peaks, the hallmark of the presence of an expaalitdd. Each panel contains the subject codedlsee
Tables 1 and 2), the alleles size (expressed abewofi CAG repeats), and peak size. The orderatsfle

the two different pools prepared before capilldecophoresis (SCAL, 3, 6 and SCA2, 7).
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Table 1. Controls (CTR) analyzed for each SCA.

CTR SCAl SCA2 SCA3 SCAG6 SCA7
S T S T S T S T S T
1 28/2¢ 29/3( 222z = 18/2¢ = 13/1F  13/1¢  10/1C  10/1C
2 28/2¢ 29/3( 222z = 21/21 = 12/1: = 10/1C =
3 29/29*  30/30* 2222 = 18/1¢ = 11/11  11/112  10/1C =
4 28/3( 29/31 22/22 22/22 13/2] 12/21 13/1 = 10/1C =
IS) 28/28*  29/29* 22/2: = 21/21 21/21 11712 = 10/1C =
6 28/3: 29/3¢ 222z = 13/2¢ 12/2¢ 4/11 = 10/1C =
7 28/3( 29/31 222z = 17/2C = 71z = 10/1C =
8 29/3: 30/3¢ 222z = 13/2z 12/21 7112 = 9/1z2 =
9 28/3( 29/31 222z = 13/1¢ 12/1¢ 11718 = 11/1z  10/1zZ
10 28/31 29/3: 222 = 19/2¢ = 7/11 = 10/12 =
11 29/2¢ 30/3( 222z = 13/13*  12/12* 11/t = 10/1C =
12 28/31 29/3% 222z = 13/21 12/21 12/1: = 1018 =
13 29/2¢ 30/3( 222z = 19/21 = 711 = 101z =
14 28/2¢ 29/3( 222 = 19/2z = 7/11 = 10/1C =
15 28/2¢ 29/3( 22/23 22/23 13/ 12/2( 11712 = 101z =
16 28/2¢ 29/2¢ 222z = 13/21 12/21 9/1C 10/11 10/1F =
17 28/2¢ 29/3( 222z = 21/2¢ = 13/1: = 10/1z =
18 28/3: 29/3¢ 222z = 18/21 = 7/11 = 10/1C =
19 29/31 30/3z 222z = 13/2z 12/2% 10/1z 11/1¢  10/1F =
20 30/31 31/32 222z = 15/21 14/21 10/11 11/1z 10/1z =
21 28/31 29/3% 222z = 21/2¢ = 4/1% = 12/12 12/12
22 26/2¢ 27/3(C 222z = 19/21 = 12/1z = 101z =
23 28/31 29/3% 222z = 13/1¢ 12/1¢ 10/1z 11/1z 10/1C =
24 28/2¢ 29/3( 222z = 21/2¢ = 12/1z 10/1C =

25 28/2¢ 29/3( 22/22 13/1: 12/12 7/1% 10/1C

Allele sizes are expressed as CAG-repeat nunSioejects used to set-up the technique are
underlined. Alleles sequenced for SCA2, SC3BA6, andSCA7 for which sPCR and tPCR were
concordant are in bold.

*sequenced alleles for which sPCR and tPCR wemdiant (SCAL, CTR3 and CTR5, and SCAS3,
CTR11): in all three cases sPCR under- or overregéid the number of repeats measured by Sanger
sequencing.

S = sPCR (standard PCR); T = tPCR (tether PCR).

Values in “T” columns are indicated with an equighs(=) when the measures obtained by sPCR and
tPCR were identical.
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Table 2. Expansion carriers (EXP) analyzed for eaclSCA.

EXP Standard PCR Tether PCR
SCAl 1 28/5¢ 29/5¢
2 29/4: 30/4¢
3 29/4¢ 30/5(
4 35/5¢ 36/5¢
5 31/3¢€ =
6 28/3¢ 29/37
7 31/5¢ 30/57
8 31/51 30/51
9 29/4¢ 28/4¢
SCA2 10 22/3¢ =
11 23/~200 =
12 - 22/41
13 - 22/36
14 22/4F =
15 22/3¢ =
16 22/3¢ =
17 22/3¢ =
SCA3 18 22/67 23/7(
19 25/7( 24/71
20 24/7¢ 20/7(
21 29/6F 28/6¢€
SCA6 22 11/2¢ =
23 11/2¢ =
24 11/2¢ =
25 13/2¢ =
26 13/2: =
27 13/2¢ =
SCA7 28 - 12/3¢
29 10/4¢ =
30 10/41 10/4(
31 10/~8¢ 10/9(
32 12/~14( 12/>10(
33 12/~87 12/8¢

* Estimated by Southern blot analysis.

Allele sizes are expressed as CAG-repeat number.

Equal sign (=) indicates when the measures obtdigedfandard and tether were identical. A
dash (-) indicates that the subject was not andlpgestandard PCR.
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Table 3. Primer sequences.

GENE

FORWARD

REVERSE

SCA1

SCA2

SCA3

SCA6

SCA7

5-PET-TTTGCTGGAGGCCTATTCCACTCT-3

5-ATTO-TTTCGGCGGCTCCTTGGTCTC-3

5'-FAM-AGTCCAGTGACTACTTTGATTCG-3’

5-VIC-TTTTTCCCCTGTGATCCGTAAGG-3’

5-FAM-TTTGAAAGAATGTCGGAGCGGG-3

5-GAGCCCTGCTGAGTGCTGCTGCTGCTGCTG-3’

5-AGCCGCGGGCGGC@®EGCTGCTGCTGCTG-3
5-GTCCTGATAGGTCCCCTGCTGCTGCTGCTG-3’
5'-CGGCCTGGCCACCCCTGCTGCTGCTGCTG-3’

5-CTGCGGAGGCGGCGGTGCTGCTGCTGCTG-3'
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Table 4. PCR Reagents.

Quantity pL)

Reager SCA1, 3, | SCAZ SCAi
dNTPs 2.5mM 1.8 1.8 1.8
MgCl, 25mM 1.8 1.8 11
Buffer 5X 5.0 5.0 5.0
Betaine 5M 7.5 7.5 7.5
GoTaq 5u/pul 0.1 0.1 0.1
Primer F 10uM 1.0 1.0 1.0
Primer R 10uM 1.0 1.0 1.0
DMSO 100% - 1.3 1.3
DNA 50-200 ng 50-200 ng 50-200 ng
H,O up to 25uL up to 25uL up to 25uL
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Table 5. PCR thermal cycling conditions

t (°C) Time (sec) Cycles
95°C 7

95°C 1

63°C — 0.5°Cl/cycle iy 14

72°C r

95°C 1

56°C 1

72°C 1"+ 20"/cycle 35

72°C 10
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Figure 3
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