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Standardized primer designing process for point mutation detection
XIE Jialing . SHEN Xia ,ZHANG Lei ,GU Yijing , DONG Lei®
(Department of Pathology ,Ruijin Hospital ,Medical School of Shanghai Jiaotong
University ,Shanghai 200021 ,China)

Abstract: Objective Sanger sequencing is a classical method to detect the gene substitution,deletion and inser-
tion. Designing primer for point mutation detection is a multistep process, including database query, primer
creation,sequence and position confirmation. In this study, we present a set of easy-to-use process for primer
design. Methods Two FFPE samples,a BRAF (V600E) mutated papillary carcinoma of thyroid gland and a
FOXL2 (C134W) wild type ovarian granulosa cell tumor, were selected from Department of Pathology.Ruijin
Hospital of Shanghai Jiao Tong University School of Medicine. For the genes included by Locus Reference Ge-
nomic (LRG) database, three sequences (NG,NM,NP) of them were downloaded. Software was applied for
position confirmation. For genes were not included in LRG, their sequences were downloaded from NCBI data-
base. Primers were designed according to the results of the above process. Results The primers were verified
using Sanger sequencing on the above FFPE samples. The results showed that the primers were correctly de-
signed. Conclusion Confirmation the version of NG,NP,NM sequences version is important step for accurate
primer design. The position of sequence of some genes in LRG database may not fit with the position which
was used in clinical situation. So, NG, NP, NM sequences need to be checked even for those LRG included
genes.
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Sanger Jll ¢ #EA7 B

I PR Iz FH v s 8 9828 s /N i B A A Bk 2k a0 20 Al )
FRYEAl AT I RS R — B R AT 2 A AN [ B SR
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BF4r 9 1 52 3 % 4T BRAF (V600E) J [ 4 Wil A1
FOXL2(C134W ) J P56 I 114 F PR i 21, S bR e 5 2 A
UKL 200 B e S8 E R 25 R & 1 . &4, BRAF
(V600E) J PG I 3112 437 i 2748 . FOXL2 (C134 W) Sk
PRI T A R A 0 380922 o7 i 28 A8
1.2 ik
1.2.1 #iAWH LRG 5 E K (BRAF V600E)
W T 5 | 0 3 R4 R 3R R 0 S L #E LRG
3 Chttps: //www. lrg-sequence. org/) & $t H LRG
5 (LRG _299), # i) I N 1% & A 1) FASTA X
f—— LRG _299 [ (H # 1 & NG _007873, NM _
004333 F1 NP_001341538)3 F JF 51 (& 1), 4y Rt 3=
NEFLH 51 . mRNA 551 F & 582 55 1. F 4K
4 Lasergene(DNASTAR, USA) 1 1) Editseq ¥4 F7
FFTFHER 3 FF 5, /£ mRNA JFo b & HE 14
ATG, Bl BRAF NM J¥ 51 i {55 226 i, Y] 23X A4~
ATG DARTHY F %) . T5 1 Lasergene 11 [ Goodies %
T i) Translate DNA T BEHE 6 42 1 % 2 7 91 5% Ry
ZIAMITH) . 4 mRNA JPH 5 NP 55 317 Hoxt,
EWE—F . RIGHAIER NS (VE600E) B 600 X3,
75 3 K L 10 B TR 07 5 1800, I 396 IUIX — 37 A R 10 4>
B 5L 2 5 10 Bk R Z [\ 1 B (TAGCTACAGT-
GAAATCTCGA),

PUBLIC

‘This LRG has been made public (finalised) i.e. the fixed reference sequences will not change.

LRG 299 212438nt CCDS5863.1%

0078733 t1

0043334 p1  766aa NP 0043242

ENSP00000493543.1

B oownload LRG_299 data: 1 xML - B FASTA

A1 LRG B k£ LRG 299 Bl BRAF(V600E){5 &

i B R B JF s HR S A A KX 20 N F
IR NG 551 v, #2350 A0 W] #9462 & . 72 DNA
F 81 b EIBCRT S & 200 A0 B Bl CHE 7 51, 55 3% 20 A6
FeJpH) (R iZ 5 7 51 LRG _299g (943 176 221 ~
176 6204y ) , 3 400 oI A K E . H BLAST (ht-
tps://blast. ncbi. nlm. nih. gov/Blast. cgi) kXt iZ H
B R LR

XA B A0 #E AT 51 vt s AR L prim-
er3(http://bioinfo. ut. ee/primer3-0. 4. 0/) ¥ & Hil &1
f9 400 bp K 19 7 51 & ) E 2, K N 250~ 350
bp K W 51 9. 13 81519 —*t. ¥4 . 3'-TCA
TAA TGC TTG CTC TGA TAG GA.,5-TTT CTA
GTA ACT CAG CAG CAT CT., H&Jgi#t A BLAST
PRIMER Chttps://www. ncbi. nlm. nih. gov/tools/
primer-blast/) X} 5| ¥ 1) F 7 M AT B0 AIE
1.2.2 LRG R ER  LRG R R E IR
T EHEE AL S B S B A AR N (FOXL2
C134W) 2t m] 9960 ERf 19 mRNA KR R 41 & 1
3PS KL FOXL2 il H Al LRG W 3T ik 35
SRNZFER AR AT B . TEWI80 I &5 51 4 04 BE 1R 44
SIEIR 7 55 > i FOXL2 JEH %48 4k C134W, 78
NCBI ( National Center for Biotechnology Informa-
tion, https://www. ncbi. nlm. nih. gov/) i A 1% &
, FEDI 7 158 21 “ Results by taxon” F 77 1% ££ “ Homo
sapiens”, S E /R T mRNA F5|(NM_023067) &
FIBTY 31 (NP_075555) , 78 NM J3 1 g #6545 1 4>
ATG, MEx ATG ZHi #9551, EditSeq 1 #)“Good-
tes”, & FE“ Translate DNA” I FE¥ mRNA JF 31 56 4
AT, F 5550 NP JPF N T, KA
564V .

PL B 75 T BT A R Al UG E i) B AR IR A . iEA
NCBI 1/ GenBank, & 3L & ' FOXL2 X Jij 5% 3¢
A0 DQO16609, FEi% 74 i & R4 1 4> ATG (5
147 ) B ATG Z R 146 73751, i Goodies 1
) Translate DNA T ¥ RNA J3 51 7 b & L W v
G555 0 NP P8 N T, S5k . %751k
NP_075555 5% i i 5% sk AL 7 IR e 41 (1] 2)
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e HEN R IERIT B L BREE 1 4 ATG Z AT 4 7 3 e » & 3 1R
BN E A5 R E G751 0%
& 2 FOXL2 EEH 3 #FEF

Bk NMUNP 7 51 X B 6 3% Ji » #5242 B2 A s
(CI34W) Il 134 X3, 45 FI K LAY A% R 37 5L 402, I I
X7 RURT 10 S AR 10 AN B AR A A B
(ACCCGGCCTGCGAAGACATG) . #4iX 20 4~ F 51
A NG 8. X% 51 . % A N GE 3T K H bx
JF40 K H AR 8197 & 9 DNA FifJ5 3% 446 (07 51 (R
PP Y5 NG_012454. 1 {955 5 630~6 075 fir) 4R
36 R D5 IR AT S BT A5 B 51 8 9 Dy - (1D
3-GCC TCA ACG AGT GCT TCA TC, 5'-GGA
AGC CAG ACT GCA GGT Aj; (2)3'-ATC GCG
AAG TTC CCG TTC TA,5-TTG AGG AAG CCA

GAC TGC AG; (3)3-AAC CTC AGC CTC AAC
GAG TG, 5-GTT GTT GAG GAA GCC AGA
CTG;(4)3-ACA ACC TCA GCC TCA ACG A,5'-
GGC CAC GAG TTG TTG AGG AA. #:J5i# A
BLAST PRIMER X 5| ¥ (1) %% 5 1 B ik, & 4% 4 . 4 Xf
SR

2 & ES

2.1 #HEL BRAF (V600E) & FOXL2 (C134W) 3|
Y Zat FRERE, £ 4 BRAF (V600E) 3% A, 14 3
Bl ¥ 5 1 %F: 3-TCATAATGCTTGCTCTGAT-
AGGA. 5 -TTTCTAGTAACTCAGCAGCATCT,
3.5 K AN 23 bp.3'uE Tm {H K 57. 19,5
sty Tm {5k 57. 33, GC H 4r tb#7F 39. 15, %A &K
#Ef (Hairpin) , — B 4K (Dimer) AG {55 — 5. 6, 45 it
&% (False Priming) AG {8 — 9.5, 8| ¥ — B ik
(Cross Dimer) AG {H N —5.0, S HEHWHFESTIWikit
— LI, X FOXL2(C134W) L, 18 5] 4 X5
Y. 4 X5 AE AT G5 B it iy — e,
I 1 AR T Al 3 X518, To & 450 K g e &
L5 RAK K BRI Z ) R AR AG
NG D SRR 1 S5 Wi T T W Sk

*1 FOXL2 4 3t 5| #1 & {E L &

i AE Gk 519 2 5197 3 51497 4

2K BE (3 3 /5 5 20 bp/19 bp 23 bp/23 bp 20 bp/21 bp 19 bp/20 bp

Tm {8 (33 /53O 59.28/59. 02 59.19/59. 96 59.97/59.12 58.87/60.53

GC(3'3 /5" 3 55.00/57. 80 50.00/55. 00 55.00/52. 38 52.63/55.00

Hairpin AG — —0.4 0.0 —

Dimer AG —9.4 —4.5 —4.2 —10.7

Cross Dimer AG —6.1 —5.6 —6.2 —9.4

False Priming — — —14.7 —16.8
T — N ER

Detailed primer reports KT 400 bp. % ¥ iF. FOXL2 (C134W) . BRAF
Primer pair 1 (V6OOE) éll % m. }% ) é}?]u *\/j\i}ﬂ\ﬂ ?IJ BRAF(VGOOE) ?}r\l” J_‘? r?

Sequence (5'->3') Length Tm GC% Self i Self 3' i . .

orward primer > D Ne D N N ZSWAIN 2 AR
Seuie Enswe B mmen = 5119 : CTAGCTACAGTGAAA (BRAF % 45 b A< , 56 15

Products on target templates
>DQ089672.1 Homo sapiens transcription factor FOXL2 mutant 3 (FOXL2) mRNA, complete cds

GCCTCAACGAGTGCTTCATC 20
7 576

GGAGCCAGACTGCAGGTA 19

B 3 FOXL2 EE A BLAST MR /ERITHE5 9

2.2 GlYEmaE EESSIWEIIERE. Y E
JR)R CE AR T A 22 @)D 3T BRAF (V600E) |
FOXL2(CI34W) B[R 51 4 4% 1 XF . JH A Il 380 Y st
[ 5 A9 AR A XS 5 R AT B o K B B AR D 1 | 4l ik
J5 . B 40 3k o M A CABI3500Dx, ThermoFisher
Scientfic, America) 15 21| 9 & W 1) 3 7 51 . 4 B4
F Chromas ( Technelysium, Australia) ¥ JF, ] /7 4%
RICHIE TIREAE B e B, Iy h B R E

BlEE R R QIR b 7 D s FOXL2 (C134W) 3l ¥ 1551 g

CGGCCTGCGAAG(FOXL2 FAM:FRA) , WL 3.4,
VY AAAY
GB C G A A G

Ay BRAF(V600E) B 5 5| Wik i 58 i fill A 1 98 A8 &%
) FEPE 7 A< K i B i i )% & B S FOXL2(C134W) 3 8 5| 4% i1 52

JJE B TR 2 AR 25 AL 10 FEPE BRAKG I 1 7 14
B4 BITFIA
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XFF Sanger W ¥ 51 ¥k itim & . & 4k H 19 3L A
AR BUUTE T AN B mRNA JF 51 24 5L 1R 7 41 L 35
WP Rt BN EZ G5 WAk E BEEN—2.
H A PR i 45 35 PR A7 o5 58 A8 3 2 20 5 T 0 2L R
fE EGI R X n il RN . ik, B
FE R 2H 7 %) (NC/NG %) & mRNA J# 31 (NM
SOMIVEAL, mRNA 41 (NM 5) K & H 1R 7 41 (NP)
SRR DT D X 5 B A R i AR

EHEFENH TSI H R B R 400
bp, — &L T » Primer3 #B 0] A2 BAH R 19 519 {0t
SH ARG RGO H B BE R, AT L 22 i
s DR B BN G ST

AWFFE LB, 78 LRG W 1T _E 25 H B3R 43 3 B &
SER R FE TR .mRNA JF 51 5 15 PR AR A5 H B B 2 2 iR
A7 AR Z 48 Ol . B b, 3 R 4% % 40 ) o i A% A AR
B, BT BRSO i ih A L DA 5 Y
o . 0 MYDSS (LRG _157), MYDS88 % 48 i i
L265P, LRG #2420 5L 2 )7 51 Hh i 265 {7 JfF9E“L”
(5L BT AH I B AR 1 B 28 3 . 0L 35 UF mRNA
J 3 (NM 5 J& A5 1E iy th JC 14 DL I A% 2 3k R 41 )7 97
(NG 5) 157751

N H3F3B H 4 skl s 5 A 24> ATG,
AT 38 5 1 TR TR A A6 R A T A A b A R A A
WAS , 4% 2, H3F3B 1y NM J5 ATG i % & M5
44 ATG MEAER MM 14 ATG s . B 7E5]
Wit ool B v o B A% S R R B SR A5 (W DR BE
LV 2 R RRAR 5 R AN DE TE S X5 5 | 49035 3 B AS 1L R

NCBI # ENSEMBL 1 K ¥4 15 4B /2 3k B 4 %
B R EHE i NCBI 08 1 b 23 35 0 iR ) 24 612
S AR S 1 ENSEMBL 088 13 72 57 35 A
XL LRG 5 Fi 3 R 5 A8 6 B A5 2 P A 08 8 4%
AR R EE 8 (R AR SCHETE fi ] NCBI il &,
5 XF T PR 2 3 TR AR 1 A B B L TR S5
FEl 7 Sanger W) J3 3 A8 B CH 49 & 5 5 44 R - mR-
NA A5 EA TS LR P55 5 9K . 5]
RIS S AT R S T NG X D SIS B E I = A
SR R PR R AT R (s A

A3 H i A i Lasergene (DNASTAR, USA) iy
fF 885, % %% 2 UGENE (Unipro GENE, Rus-
sia) AT DAVE R B AR

g5 b i s w] D o 5 B i AR v Ak X it San-
ger MF 51 ¥, H 2 W T Sanger W7 5| ¥y % 11 i #2
HRA — AN Bff o PR AN 5 3 TRAS [R] R AR 5 AL A ] 5
AT R R BT RN A8 HET R MESR — 2 A

A TR SR BT W RE A Ja al DA B O A
WAL A S 519 et 75 A B
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