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MutPrimerDesign: Design primers for human gene mutations located
in coding sequence region

CAO Yinghao, PENG Gongxin
(Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences & School of Basic
Medicine, Peking Union Medical College, Beijing 100730, China)

Abstract; DNA mutations located in the coding region of a gene are closely related to the function of the gene.
When the mutation site of the human gene protein coding region is known, how to design primers on the genome to
validate the mutation becomes an important issue. In this study, MutPrimerDesign was developed as a primer design
program by using Python language. Through analyzing human genome sequence and gene annotation information,
MutPrimerDesign converts the gene coding region coordinates into genomic coordinates and calls the Python package
interface of Primer3, which can automatically complete the primer and probe sequence design for the gene mutation
in batches. MutPrimerDesign is easy to use, can recognize gene names in various databases, and can modify the
general parameters of primers, thus achieving rapid adjustment of primers.
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1 7 ik
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i git f8 A] L sg T SRS
W

git clone https://github. com/bioinfo-ibms-pume/
MutPrimerDesign. git

TEJE R H S AL 4 S, g nl
MutPrimerDesign. py, gffLoader. py, fastaloc. py #l
namedb (4, FEFEF MutPrimerDesign.py FF4£UL
BRI AR BB 5149, effLoader. py T Hir A&
PRI B SC A, fastaLoc. py FH T £ B 5E A 41 )5 971,
namedb SCA4 R 55 K 42 FRBCTE MutPrimerDesign
K i BioPython | Pandas , Primer3-Py Bdm A, X
python AL Il pip fif & BEATARHEZCHE . K
WAL 2 e S IR

pip3 install biopython pandas primer3-py

7340, BT HGNC H3EH 2 BRI T RefSeq 1Y
PRAERE B, B, S T DR R S A B B E R
MutPrimerDesign H i H4Z W NCBI MhE$E LAY A
I PR A 7 51 SCA LA KR X 07 RAS 1) A P T B S
o AN GRCh38 AN JE PR 2 R PN 1 8 SO T 3K
LIRS0 E

wget-c¢ ftp://fip. ncbi. nlm. nih. gov/genomes/all/
GCF/000/001/405/GCF _000001405. 39 _ GRCh38. p13/
GCF_000001405.39_GRCh38.p13_genomic.fna.gz

wget-c ftp://ftp. ncbi. nlm. nih. gov/genomes/ all/
GCF/000/001/405/GCF _ 000001405. 39 _ GRCh38.
p13/GCF_000001405.39_GRCh38.p13_genomic.gff.gz

gunzip-¢ GCF _000001405. 39 _ GRCh38. p13 _
genomic.fna.gz > genome.fa

gunzip-¢ GCF _000001405. 39 _ GRCh38. p13 _
genomic.gff.gz > gene.gff
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Fig.1 Flow chart of MutPrimerDesign and its principle

TE: (a) 2 ZATHR XA B 195 R A FRIEATARAT , e HONC 45 2 BOBR MR R DG O 6 2% ol o s R 4L ) 500 P % v v ks R A AR S
Pl BRIOZIE R A8 R I8, IFHEAT 5 | 9 BARET P I, (b) TESR IR AL (L md BT S R 4P I, ol T P & 7 I AE7E , o Bl 5ol ik
PRI A B0 ) DX Ay A A e 0 U PR 2 b Y A, I DAL AL AT 9 18 7 R 9 B4R, it — 2B IR T primen3-py ST 5191803

Notes: (a) MutPrimerDesign mainly involves parsing the gene name of the input data, converting it to the standard gene correspondence given in HGNC,
loading the genome sequence database and the corresponding gene annotation file, extracting the sequence near the mutation site of the gene, and
performing primer and probe sequences design. (b) Due to the presence of introns, when exiracting the genome sequence near the mutation site, it is
necessary to convert the coordinates of the coding region to the coordinates on the genomeby using gene annotation information. MutPrimerDesign uses the

mutation site as the center to extract the amplicon sequence, further calling primer3—py for primer design.
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MutPrimerDesign.py [-h] (-i INPUT | -f FILE | -p) -g GENOME -G GFFFILE -k NAMEDB -o OUTFILE [-m MAXLENGTH] [-n PRIMERNUM]
[-s GENESOURCE] [--primer_opt_size PRIMER OPT SIZE] (--primer_min_size PRIMER MIN_SIZE]
[--primer_max_size PRIMER_MAX_SIZE] [--primer_opt_tm PRIMER OPT_TM] [--primer_min_tm PRIMER_MIN_TM]
[--primer _max_tm PRIMER_MAX TM] [--primer _min_gc PRIMER_MIN_GC] [--primer_max_gc PRIMER_MAX_GC]
[--primer_max_poly num PRIMER_MAX_ POLY_ NUM]

Program: MutPrimerDesign
Version: 0.1
Author : Yinghao Cao
Email : <yhcao@ibms.pumc.edu.cn>

optional arguments:

-h, --help show this help message and exit

-i INPUT, --input INPUT Input string for mutation primer design, (Format:genename:cds_location:length,
separated by comma. For example: KRAS:34:2,MET:1124:1,EGFR:2573:1).

-f FILE, --file FILE Input file for mutation primer design, each line stands for one mutation.

-p, --primerFile Amplicon sequence file for mutation primer design, ignore sequence extraction.

-g GENOME, --genome GENOME Human genome sequence file (From NCBI).

-G GFFFILE, --gffFile GFFFILE Human genome annotation file (From NCBI).

-k NAMEDB, --nameDB NAMEDB Name convertion database file.

-0 OUTFILE, --outFile OUTFILE Output file for amplicon sequences.

-m MAXLENGTH, --maxLength MAXLENGTH Amplicon maximum length. (Default:400bp)

-n PRIMERNUM, --primerNum PRIMERNUM Number of primer pairs for each amplicon. (Default:1)

-s GENESOURCE, --geneSource GENESOURCE Type of genenames. (Default:gene_symbol,[ensembl_id],[hgnc_id”

--primer_opt_size PRIMER_OPT_SIZE Primer optimize size. (Default:20)

--primer_min_size PRIMER MIN_SIZE Primer minimum size. (Default:18)

--primer_max_size PRIMER MAX SIZE Primer maximum size. (Default:27)

--primer_opt_tm PRIMER OPT_TM Primer optimize temperature. (Default:60)

--primer _min_tm PRIMER MIN_TM Primer minimum temperature. (Default:57

--primer_max_tm PRIMER MAX TM Primer maximum temperature. (Default:63)

--primer_min_gc PRIMER_MIN_GC Primer minimum GC. (Default:20)

--primer_max_gc PRIMER_MAX_GC Primer maximum GC. (Default:80)

--primer_max_poly num PRIMER_MAX POLY NUM Primer maximum ploy base number. (Default:5)
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Fig.2 Screen shot for commands of MutPrimerDesign
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MutPrimerDesign £ 1) iy A S50 B Fh SR
B R -1 A A, AR R N R AR L
AL AR E B = A5 LB S50 I, A
W3 HE R 24 FR S AEAEIZIE I /Y CDS DX I A
b RAERKE, ANFEEAZEEVGESRIF, e
“KRAS:24.2,MET:1124:1,EGFR;2573:1", 75—
Pl 17 A4, HARR OO S, S h g —17
H— DR RABER, WA -1 P RAZRF B
—2,

MutPrimerDesign [ 1 #ii A 1) & K5 B4, 8 57
BE A A SCE, gy ) Sy i DR 44 R B e S
namedb , &P 2 J5 51 LAY genome. fa LA Ko AH X 1 iR
A B B SCF gene. gff, L namedb R
MutPrimerDesign oAb B 5 BY j(ﬁ‘, F AN ST
M NCBI ki b #5153 21

MutPrimerDesign FA#i 53 A = AN SCAS SO, 38
e —o" SR, EE AR ¥ 5 S,
FHNEA —ALL . primer” J5 8% 45 BB W 51 W) ¥ 51 C
T, A B — A~ L. detail” 5 2% 45 B8 1) 1 40 4 45
BTN

2 g R

2.1 AREEIEERIER S| Hi& it 26

2581t 50% 1) 30 Z R P LI BRAF
KT RAL, Horf 90% 1 98728 K HEAE S 600 (145 R
MRIGALE B A AR — A AR A S A
A LR RAS WA IR FH2GRCR . Rk, 7351
{li ] BRAF JE[H )5 [N 44 B Ensembl 1D 5 \HGNC
ID SRR X V600 JA8 7 st AT 5 I ik 3T,
BT AT R

(1) python3 MutPrimerDesign.py —g genome.fa —
G gene. gff —k namedb —o result. fa —i “ BRAF:
1799.1”

(2) python3 MutPrimerDesign.py —g genome.fa -
G gene. gff — k namedb - o result. fa - i
“ENSG00000157764:1799:1” -s ensembl_id

(3) python3 MutPrimerDesign.py —g genome.fa -
G gene.gff =k namedb —o result.fa —=i “1097:1799.1”
-s hgnc_id

BRAF B 4t X 55 1 799 {3251 P36 53
LA I (LI 3) o B A B
5 B LA Amplicon JT U6, 5 BT TR K 51 ) 2
AT Y T T AT AL R SR AR A
EPEN ,Wﬁ'\jﬁﬁ—ﬁ/\?&’}? FAE FEH .Refseq i Yo,
RS B FAERE R 2 AR BRIX H] | AR i 7R

PRI E AR SR TR SRS DX AR bR S5 AR S K
JERGI > o AT YT RBE, ST R
E474 primer3-py WITHIE Y SAREN PG B, H
SR DUAT AR A 22 07 B RS W A B
AR AT BEE LR 37 AR I L T R A R 1 AT
REVE. SBIAT N 5 W), EEE R 51 F
1,510 E, Tm B, GC & &, 5 A BT K
SERITTREVE 37 R i A A Y T REAE B
PR e 55 A6 () AT R, 37 SR i 1 B E M (delta G,
keal/mol) o [AIFE SN AT MRS L AT 73 5 37 o5
PIFARE P 90 AE B B \AT MY T, L
1518 REE (AR S AEY TR AL E L
E 3 A LLAE H Toie & Rk I 3E R 44 FK, Ensembl
%5 B H HGNC % 5, A 24 mr L) 52 A [ i 5|
Yiseit .
2.2 #tES[igit 6

Maki-Nevala S 453 2 X 425 {51l /1N 4H i 754 il 4
RNFEARSEATIN T, 8] T 9 MERRAERS
FIH MutPrimerDesign 4417 i A« —1” F13C 44
A= PR IT AT 51t 514 R AT T4
ROLFE D), BT TR,

(1) python3 MutPrimerDesign.py —g genome.fa —
G gene.gff -k namedb —o lung.fa —i " KRAS.34.2,
MET;1124.1, MET. 30291, EGFR. 25731, TP53.
820. 1, PIK3CA. 1624. 1, EGFR; 2235, 1, TP53;
469.1"

(2) python3 MutPrimerDesign.py —g genome.fa -
G gene.gff —k namedb -o lung.fa —f samples.file
2.3 SIMEZITEH

X ER5E T | et i 3 AL, O B3
FIEHCAARFTE result. fa SCA A 40 1575 248
B SR T TR, AT LU ] -p S8 2 s
Fe R BGE R, AT DI B st S T
FioR

(1) python3 MutPrimerDesign.py —g genome.fa —
G gene.gff —k namedb —o result.fa —p ——primerNum 3
——primer_opt_tm 61 ——primer_max_tm 64 ——primer_
opt_size 23
2.4 BHFIEITRERML

MutPrimerDesign 735 71 5| ) B 14 #& A7 S 1t
SEBRIRE Nl i 5 ALBCE B ICA IR T Y]
Pligfy, o 1 PR iy as 17 v R AR 2 1, LA
Linux #24E R 48 M 61 ( & G UAS ; Linux Mint 19.3
Cinnamon ; CPU :Intel Core i7-9700; N1%:24 GB; 1%
it 1T HLARAE 23) | % H MutPrimerDesign R BR A
ZHHAT THEREINIA : RETTHUS , BRI 8 R
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SNE T RNAE RGBS ENE RS S,

Amplicon0 0:
BRAF|NM_004333.6|NC_000007.14|140753136_140753536 | center:140753336|1799 |Refbase:T|1 0
amplicon length: 236
primer informations:
primer pair: AnyTH:1.299091594196625|EndTH:1.1530253069911396
left primer(>): TGCTTGCTCTGATAGGAAAATGA|Loc:86|Len:23|TM:58.15/GC:39.13|AnyTH:0.0|EndTH:0.0|HairpinTH: 34.81|Stability:2.57
right primer(<): ARCTCAGCAGCATCTCAGGG|Loc:321|Len:20|TM:59.75|GC:55.0 AnyTH:0.0|EndTH:0.0|HairpinTH:0.0|Stability:4.45
internal oligo(|): AGTGARATCTCGATGGAGTGGG|Loc:198|Len:22|TM:53.92|GC:50.0|AnyTH:0.8|EndTH:0.0|HairpinTH:38.12
TAAGAGGAAAGATGAAGTACtatgttttaaagaatattatattACAGAATTATAGAAATTAGATCTCTTACCTAAACTCTTCATAATGCTTGCTCTGATAGGAAAATGAGATCTACTGTTTTCCTTT
ACTTACTACACCTCAGATATATTTCTTCATGAAGACCTCACAGTARAAATAGGTGATTTTGGTCTAGCTACAGTGAAATCTCGATGGAGTGGGTCCCATCAGTTTGAACAGTTGTCTGGATCCATTT
TGTGGATGGTAAGAATTGAGGCTATTTTTCCACTGATTAAATTTTTGGCCCTGAGATGCTGCTGAGTTACTAGAAAGTCATTGAAGGTCTCAACTATAGTATTTTCATAGTTCCCAGTATTCACAAA
MAtcagtgttcttatttttt

© ® oL W N

NEIN R ERPEER]) ENSG00000157764|NM_004333.6(NC_000007.141140753136_140753536| center:140753336/1799|Refbase:T|1 0

13 amplicon length: 236

14 primer informations:

15 primer pair: AnyTH:1.299091594196625|EndTH:1.1530253069911396

16 left primer(>): TGCTTGCTCTGATAGGARAATGA|Loc:86|Len:23|TM:58.15/GC:39.13|AnyTH:0.0|EndTH:0.0|HairpinTH:34.81|Stability:2.57

17 right primer(<): AACTCAGCAGCATCTCAGGG|Loc:321|Len:20|TM:59.75|GC:55.0AnyTH:0.0|EndTH:0.0|HairpinTH:0.0(Stability:4.45

18 internal oligo(|): AGTGAAATCTCGATGGAGTGGG|Loc:198|Len:22|TM:53.92|GC:50.0|AnyTH:0.8|EndTH:0.0|HairpinTH:38.12

19 TAAGAGGAAAGATGAAGTACtatgttttaaagaatattatattACAGAATTATAGAAATTAGATCTCTTACCTAAACTCTTCATAATGCTTGCTCTGATAGGAAAATGAGATCTACTGTTTTCCTTT
ACTTACTACACCTCAGATATATTTCTTCATGAAGACCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTACAGTGARATCTCGATGGAGTGGGTCCCATCAGTTTGAACAGT TGTCTGGATCCATTT
TGTGGATGGTAAGAATTGAGGCTATTTTTCCACTGATTAAATTTTTGGCCCTGAGATGCTGCTGAGT TACTAGRAAGTCATTGAAGGTCTCAACTATAGTATTTTCATAGTTCCCAGTATTCACAAA

AAtcagtgttcttatttttt
20 5 courperereeens stvnese S SIS WiCh SENTERERRINS XNTSUAVS SCSTH SUSTHNF RNTR FHNTSISSRIONRYS FSSISVER SRS FFIGISUR SIS SHNISIONY GHNES SRETGNEY DIIIOIIIIIIIIIIIIIDII Y= mmmmmmmmmmmm e
FEXEEEEEEEEE TR
L L e < .
2
2 TETA L ATz M_004333.6]NC_000007.14]140753136_140753536 | center: 1407533361799 | Refbase:T|1 0

23 amplicon length: 236
24 primer informations:

25 primer pair: AnyTH:1.299091594196625|EndTH:1.1530253069911396
26 left primer(>): TGCTTGCTCTGATAGGAAAATGA|Loc:86|Len:23|TM:58.15/GC:39.13|AnyTH:0.0|EndTH:0.0|HairpinTH:34.81|Stability:2.57
217 right primer(<): AACTCAGCAGCATCTCAGGG|Loc:321|Len:20|TM:59.75|GC:55.0|AnyTH:0.0|EndTH:0.0|HairpinTH:0.0|Stability:4.45

28 internal oligo(|): AGTGAAATCTCGATGGAGTGGG|Loc:198|Len:22|TM:53.92|GC:50.0|AnyTH:0.8|EndTH:0.0|HairpinTH:38.12

29 TARGAGGAAAGATGAAGTACtatgttttaaagaatattatattACAGRATTATAGAAATTAGATCTCTTACCTAAACTCTTCATAATGCTTGCTCTGATAGGAAAATGAGATCTACTGTTTTCCTTT
ACTTACTACACCTCAGATATATTTCTTCATGAAGACCTCACAGTAAARATAGGTGATTTTGGTCTAGCTACAGTGAAATCTCGATGGAGTGGGTCCCATCAGT TTGAACAGT TGTCTGGATCCATTT
TGTGGATGGTAAGAATTGAGGCTATTTTTCCACTGATTAAATTTTTGGCCCTGAGATGCTGCTGAGT TACTAGAAAGTCATTGAAGGTCTCAACTATAGTATTTTCATAGTTCCCAGTATTCACAAA
MAtcagtgttcttatttttt

B 3 MutPrimerDesign 3 BRAF ERE 5| #i%itiEM@mHER
Fig.3 Detailed results of primers of BRAF gene designed by MutPrimerDesign

F 1 3t Maki-Nevala FXEHH 9 NE X RTH A FITSI % IT

Table 1 Primer design for 9 recurrent hot spot mutations in works of Maki-Nevala et al.

Variation TD Left Primer Right Primer Tnternal Oligo
EGFR:2235:1_0 ATATCAGCCTTAGGTGCGGC GGATGTGGAGATGAGCAGGG TTCCCGTCGCTATCAAGGAA
EGFR:2573:1_0 CCTGGCATGAACATGACCCT CATCCTCCCCTGCATGTGTT TCACAGATTTTGGGCTGGCC

KRAS:34:2_0 AAAGGTACTGGTGGAGTATTTGA GGTCCTGCACCAGTAATATGC TAGTTGGAGCTGGTGGCGTA

MET:1124.1_0 GGAGCCAGCCTGAATGATGA AGCACAAAAGAAGCCCTGGa ACGACTTCTTCAACAAGATCGTCA
MET:3029:1.0  TCTGTAAACATCTAATGAAATGCTTGT GGGCCCAATCACTACATGCT TCCTTCATCTTACAGATCAGTTTCCT

PIK3CA :1624:1_0 TCATCTGTGAATCCAGAGGGg AGGTATGGTAAAAACATGCTGAGA  TCTCTGAAATCACTGAGCAGGAGA

TP53:469:1_0 tectacaGTACTCCCCTGCC GCTGCTCACCATCGCTATCT CCGCGCCATGGCCATCTA

TP53:820:1_0 AAAGGACAAGGGTGGTTGGG TACCTCGCTTAGTGCTCCCT ACAGCTTTGAGGTGCGTGTT
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AN SRAS T DR SR AT AR B SR A I 3 5, D) S An iy
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MutPrimerDesign 38 1:f XA [ 5548 P2 19 2 A DL S 3t A
SRR DR T X SRR GE I IR, 53 A, 51 i
THIF A8 — A EE AR bR Q] BE A% BE 4 2yl 2
PR CAE & 5B P 58 it & L A sk s ik
11, MutPrimerDesign 2% &1 18 15 % ] 7% A0 5 A K 56 1%
ZMEOLT AR B T, R XSS AR 1)
— W2, 7EF K, MutPrimerDesign ¥ 275 & &
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