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Fig. 1 The workflow of MethyScan

The workflow of MethyScan consists of three modules including primer design module, genome indexing module, and primer evaluation module. For

each module, the crucial rules are labeled with purple color. Python packages and NGS tools integrated in the workflow are listed and enclosed by

brackets in each main function. For a certain sequence, CpG islands will be scanned first to obtain regions of potential amplicons. All primers are

designed by following the primer design rules of MethyScan. After the prediction of M primers, the U primers and Nested primers will be adapted

according to the locations of M primers. Primer groups will be ranked by a series of primer properties, such as CpG number and 7m difference. To

evaluate non-specific amplification, genome sequence will be converted and indexed according to the methylation status and genome strand

information. Then, Bowtie will be employed to accomplish sequence alignments. After extraction of amplicon sequences by BEDTools, primer

evaluation will be performed to generate both a comprehensive result and a graphic report to show the non-specific amplification information.
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Table 1 MethyScan design rules

Checking rules M primer U primer Nested primer

3" end CpG boundary + - -
Maximum polyT + +
Tim interval + +

Amplicon length interval

+ o+ o+ o+

Tim difference for primer pair
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A5, WA AR, B G [ —
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5 e 51 B XE LR G iR E5H), MethyScan
X5 1) Z BRARTN e e AR R Y O I A 1514
ivE, HEEHLREBR R Pk HE T

Forward: 5'- ... ATCGGTCCGC CATACGGT ... -3' ==

Reverse: 3'- ... TAGCCAGGCGGTATGCCA ... -5' ==

MethyScan #4775 [P iR a T

a. Bt F Gardiner-Garden & ¥ # 17 CpG &
T 2

b. H T CpG BT M Wiit. A TS ULl
YIBHA X 5, 7RI MBI, B3R 3 uy 51
AR 3AIE S A CpG, MRS 4738 Jt 54
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c. T UBIYRERC T . FIH Bk M5 it
HORTH Y CpG P HI A B R B, MRE%R 1 s u gl
YT RN A TR B R RS L . R U S K
FERE, SN T RES MG IX 5, BOROR B AN
M5B CpG AL EIFF, LLSER U 51953t

d. 7E9 88722 4P 25~100 bp FEHI X, R 4EE%F
M. UGG #AT R0 WiE . Bk 1 s 5
KLYV HRINS, Fr=GE R, Rt
HAGI WS R A CpG. #5 J6 sk i it AL
AR EER AT RS e, DASEE AR
Ak BB AR 93

e. ATHIYIFFIEHEFF AIM . U RS 9751
RN S5 T RS . R, RS
IS IREA . MSIIFESITh R CpGELH s M. U
AT S5 FE RBUR 5y MBI G Tm(H
ZMH; M, UMEXSHA TR Tm{E2ZH K
HHAG YT 5 1 CpG A4k
1.2.2  MethyScanik K] £H 5% g ]

ST B RGIET, TEHIES R AL
AP R DR 2 S & AR AR 4R . I, MethyScan
HENT T 4 I DR 2L B A R D Y DA R B e I R K]
4, WHEIEHRE L CHi T H SN
(MCT) . 1EHE I CHe40h T Y FE I B B 40
(UCT) . fadk bl C 54 T i H 2 Ak 56 X 40
(MGA) Fifi sk [l CHA A T HyFE H AL 20
(UGA) . 27T LIEH, MCT 5 UCT 2= 517

MCT: 5'- ... ATCGGTTCGT TATACGGT ... -3'
UCT: 5'- .. ATTGGTTTGTTATATGGT ...-3'

MGA: 5"- ... ATCGATCCGCCATACGAT ... -3'
UGA: 5'- .. ATCAATCCACCATACAAT ... -3'

Fig.2 Genome conversion rules in MethyScan

According to the methylation status and genome strand information, the genome sequence will be converted into 4 sequences including MCT, UCT,

MGA, and UGA genome sequences. Unlike the UCT genome sequence in which all cytosines converted to thymines, methylated cytosines with red

color in the MCT genome sequence will be retained and only unmethylated cytosines with orange color will be converted. Additional step for the

MGA and UGA genome sequence will be performed by transforming to the forward strand after similar conversions like the MCT and UCT genome

sequences, respectively.
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Fig. 3 The primers for TFPI-2 gene designed by MethyScan

Three CpG islands predicted in the TFPI-2 gene promoter were displayed with cyan color. For each island, three primer groups were designed by

MethyScan. The M primers, U primers, and Nested primers in a primer group were shown as red, blue and black rectangles linked with dotted lines.
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Fig. 4 The evaluation of primer sequences for TFPI-2 gene designed by MethyScan

Mismatch, genome template, and amplicon length information were evaluated by MethyScan. Each circle represented a potential amplicon while the

size and color of the circle represented mismatch and genome template information, respectively. As a typical primer group, p2_CpG-73-340 gained

the best specificity for U primers and Nested primers, though only a non-specific amplification might happen on the UGA genome sequence with 5

mismatches for M primers.
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Fig. 5 The comparison of primer properties designed by MethyScan and MethPrimer
Both the M primers and U primers of six genes were designed by MethyScan and MethPrimer under the same parameters. Tm values and GC content
properties of the primers were analyzed by using python package Primer3-py. The M primers and U primers were merged to calculate difference of

Tm values and GC content. The analysis of the CpG number in M primers was also included in the comparison.
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Fig. 6 Theoretical verification of primer non-specific amplification from Methblast and BiSearch articles
The non-specific amplification information of six primers from Methblast and BiSearch articles was analyzed by MethyScan. Unlike the specific
amplification of the methblastll primer group, the amplification of the methblastl5 primer group was failed and not shown. Specific/non-specific
amplifications were marked with an alphabet for primer group THbs566_827 and THbs114_308. Both the phenomenon of smear and distinct bands
mentioned in the BiSearch article could be deduced by MethyScan.
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MethyScan: A Tool for Methylation Specific PCR Primer Design and
Evaluation

CAO Ying-Hao
(Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences & School of Basic Medicine,
Peking Union Medical College, Beijing 100730, China)

Abstract DNA methylation is an important epigenetic phenomena and plays crucial roles in the gene regulation.
Many studies showed that DNA methylation can be used as clinical diagnostic biomarker. However, the ability to
detect the DNA methylation status quickly and accurately is a prerequisite and key point for clinical application.
By using two kinds of primers which can bind to methylated and unmethylated template respectively, methylation
specific PCR (MSP) can distinguish DNA methylation status and prove to be a feasible and convenient diagnostic
technique in clinical practice. Unlike traditional PCR, MSP mainly has four difficulties: how to enhance the
specificity of binding to primer-methylated/unmethylated template, how to reduce the difference of 7m value of
primer sequences, how to remove false positive amplification and how to improve sensitivity. Though most MSP
primer design tools have proposed various solutions for those difficulties, there are still some defects in
consideration of primer influencing factors, multitasking, prediction of specific amplification in MSP primer
design and evaluation. Therefore, in this study, after deep exploration of existing MSP primer design tools, a
novel MSP primer design and graphic evaluation tool named MethyScan was developed based on the integration
of Bowtie, SAMtools, and BEDTools with Python graphic library Matplotlib and third-party functional libraries
Biopython and Primer3-py. Three functional modules were involved in MethyScan including primer design,
genome indexing and primer evaluation. MethyScan not only has the ability to perform MSP primers design and
Nested primers adaptation, but also can evaluate primers specific/non-specific amplification with the analysis of
primer binding information on four converted genomic templates and graphically displaying of the difference
between non-specific amplification and target. Meanwhile, the comparison of MSP primer design for six potential
biomarkers TFPI-2, NDRG4, CDKN2A, CD44, CASPS, and SDHD in esophageal cancer, colorectal cancer, and
other malignant tumors suggested that MethyScan can not only obtain primers with more CpG sites, but also
obtain primers with same or similar locations to those of other softwares, and the difference of Tm values of
primers is even smaller. As the first MSP primer design tool for graphically displaying specific/non-specific
amplification differences, MethyScan can effectively improve the accuracy of methylation primer design and
provides strong support for the development of clinical DNA methylation detection projects, tests and diagnostic
kits. The download address of MethyScan is: https://github.com/bioinfo-ibms-pumc/MethyScan.
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