
MSH2 c.211G>C 

 



Gene and variant MSH2 c.211G>C (exon 1) 

Experimental approach TTS 

Laboratory BCN 

Design E1-E4 

Result of the splicing analysis r.195_211del (p.Tyr66Serfs*10) = Δ1q(17) 

wt: 
r.195_211del = Δ1q(17): 

TGATCAAGTACATGGGGCCGGCAGGAGCAAAGAATCT 
GTTCAAGACCCAGGGGGTGATCAAGAGCAAAGAATCT 

carrier 
-P 
 
 
 
carrier 
+P 

c.211G>C 

Δ1q(17) 
10% 

 
 
 

Δ1q(17) 
20% 

GTACATGGGGCCGGCAGGAGCAAAGAATCT 
exon 1  exon 2 

control 
-P 
 
 
 
control 
+P 

E4 reverse seq 

17-nt exonic deletion 
due to the use of a cryptic 5’ss 

ex1 ex2 

WT 

Mutant 

exon 1 / Δ1q(17) exon 2 



Gene and variant MSH2 c.211G>C (exon 1) 

Experimental approach FLT 

Laboratory MUC 

Design E1-E16 

Result of the splicing analysis r.195_211del (p.Tyr66Serfs*10) = Δ1q(17) 
r.-16_211del (p.?)  = Δ1q(227) 

17-nt and 227-nt exonic deletion 
due to the use of cryptic 5’ss 

ex1 ex2 

WT 

Mutant 

c.211G>C 

TGATCAAGTACATGGGGCCGGCAGGAGCAAAGAATCT 
GTTCAAGACCCAGGGGGTGATCAAGAGCAAAGAATCT 
TCGCGCATTTTCTTCAACCAGGAGGAGCAAAGAATCT 
 exon 1 / Δ1q(17) exon 2 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
 
 
 
 
 
 
control  
-P 
 
 
control  
+P 

E3 reverse seq 

Δ1q(17), 5% 
 
 
 

Δ1q(17), 25% 
Δ1q(227), 5% 

 

wt: 
r.195_211del = Δ1q(17): 

r.-16_211del  = Δ1q(227): 

exon 1  exon 2 



Gene and variant MSH2 c.211G>C (exon 1) 

Experimental approach TTS 

Laboratory MUC 

Design E1-E3 

Result of the splicing analysis Not analysable, PCR-bias: preferential amplification of Δ1q(227) aberrant transcript in sample (100%) and controls 
(10-20%) 

TGATCAAGTACATGGGGCCGGCAGGAGCAAAGAATCT 

TCGCGCATTTTCTTCAACCAGGAGGAGCAAAGAATCT 

c.211G>C 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
 
 
 
control  
-P 
 
 
control 
+P 
 
 
control 
+P in FLT 

 

wt: 
r.-16_211del = Δ1q(227): 

Δ1q(227) 
100% 

 
 
 

Δ1q(227) 
100% 

E3 reverse seq 

exon 1  exon 2 

Δ1q(227) 
10% 

 
 
 

Δ1q(227) 
20% 

 
 

Δ1q(227) 
0% 

227-nt exonic deletion 
due to the use of a cryptic 5’ss 

ex1 ex2 

WT 

Mutant 

exon 1 / Δ1q(17) exon 2 



MSH2 c.1276G>A 

 



Gene and variant MSH2 c.1276G>A (exon 7) 

Experimental approach TTS 

Laboratory BCN 

Design E6-E13 

Result of the splicing analysis r.1229_1276del48 (p.Ile411_Gly426del) = Δ7q(48) 

CCGACTCTATCAGGGTATAAATCAACTACCTAATGT... 

CCGACTCTATCAGGGAAAACACCAGAAATTATTGTTGG 

Δ7q(48) 
30-50% 

 
 
 

Δ7q(48) 
50% 

control 
-P 
 
 
 
 
control 
+P 

carrier 
-P 
 
 
 
carrier 
+P wt: 

r.1229_1276del48 = Δ7q(48): 

exon 7 exon 7 continued 

E6 froward seq 

ex7 ex8 

WT 

Mutant 

ex6 

48-nt exonic deletion 
due to the use of a cryptic 5’ss 

exon 7 exon 7 continued + exon 8 (Δ7q(48)) 

c.1276G>A 



ex7 ex8 

WT 

Mutant 

ex6 

48-nt exonic deletion 
due to the use of a cryptic 5’ss 

Gene and variant MSH2 c.1276G>A (exon 7) 

Experimental approach FLT 

Laboratory MUC 

Design E1-E16 

Result of the splicing analysis r.1229_1276del48 (p.Ile411_Gly426del) = Δ7q(48) 

c.1276G>A 

CCGACTCTATCAGGGTATAAATCAACTACCTAATGT... 

CCGACTCTATCAGGGAAAACACCAGAAATTATTGTTGG 

carrier 
-P 
 
 
 
 
carrier 
+P 
 
 
 
 
 
control 
+P 
 

E5 forward seq 

Δ7q(48) 
10-20% 

 
 

Δ7q(48) 
20-30% 

wt: 
r.1229_1276del48 = Δ7q(48): 

exon 7 exon 7 continued 

exon 7 exon 7 continued + exon 8 (Δ7q(48)) 



Gene and variant MSH2 c.1276G>A (exon 7) 

Experimental approach TTS 

Laboratory MUC 

Design E5-E8 

Result of the splicing analysis r.1229_1276del48 (p.Ile411_Gly426del) = Δ7q(48) 

exon 7 

c.1276G>A 

GGAAAAACATGAAGGAAAACACCAGAAATTATTGTTGG 

CCGACTCTATCAGGGAAAACACCAGAAATTATTGTTGG 

CCGACTCTATCAGGGTATAAATCAACTACCTAATGT... 

CCGACTCTATCAGGGAAAACACCAGAAATTATTGTTGG 

E7q del/exon 7       exon 8 

exon 7 continued /exon 8 (Δ7q(48)) 

 

wt: 
r.1229_1276del48 = Δ7q(48): 

wt: 
r.1229_1276del48 = Δ7q(48): 

exon 7/Δ7q(48) exon 8 

E5 froward seq 

E8 reverse seq 

Δ7q(48) 
30% 

Δ7q(48) 
60% 

carrier 
-P 
 
 
 
 
 
 
 
 
 
carrier 
+P 

ex7 ex8 

WT 

Mutant 

ex6 

48-nt exonic deletion 
due to the use of a cryptic 5’ss 



48-nt exonic deletion 
due to the use of a cryptic 5’ss 

ex7 A B 

pCAS2.MSH2.ex7 
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Gene and variant MSH2 c.1276G>A (exon 7) 

Experimental approach Minigene 

Laboratory URO 

Result of the splicing analysis r.1229_1277del (p.Ile411_Gly426del) = Δ7q(48) 

1
0

0
 b

p
 la

d
d

er
 

WT 

Mutant 

Δ7q48 

Normally-spliced transcript 

Δ7 



MSH2 c.2459-12A>G 

 



Gene and variant MSH2 c.2459-12A>G 

Experimental approach TTS 

Laboratory BCN 

Design E14-E16 

Result of the splicing analysis r.2458_2459insATTTCTTATAG (p.Gly820Aspfs*4) = ▼15p(11) 

exon 14      exon 15 

GGTGAAGAAAGGTGTCTGTGATCAAAG 
GGTGAAGAAAGATTTCTTATAGGTGTC 

 
carrier 
-P 
 
 
carrier 
+P 
 
 
 
 
 
 
carrier 
PAX 1 
 
 
carrier 
PAX 2 
 
 
control 
-P 

E14 forward seq 

wt: 
r.2458_2459insATTTCTTATAG = ▼15p(11): 

▼15p(11) 
0-5% 

 
 

▼15p(11) 
20% 

▼15p(11) 
0-5% 

 
 

▼15p(11) 
0-5% 

exon 14      ▼15p(11) / exon 15 

11-nt IVS14 retention 
due to the use of a de novo 3’ss 

ex14 ex16 ex15 

WT 

Mutant 



Gene and variant MSH2 c.2459-12A>G 

Experimental approach FLT 

Laboratory MUC 

Design E1-E16 

Result of the splicing analysis r.2458_2459insATTTCTTATAG (p.Gly820Aspfs*4) = ▼15p(11) 

11-nt IVS14 retention 
due to the use of a de novo 3’ss 

ex14 ex16 ex15 

WT 

Mutant 

GGTGAAGAAAGGTGTCTGTGATCAAAGTTTTG 
GGTGAAGAAAGATTTCTTATAGGTGTCTGTGA 

c.2459-12ª>G 

▼15p(11) 
0-5% 

 
 

▼15p(11) 
15-35% 

exon 14      exon 15 

E13 forward seq 

exon 14      ▼15p(11) / exon 15 

 
carrier 
-P 
 
 
carrier 
+P 
 
 
 
 
 
 
 
carrier 
PAX 2 
 
 
 
 
control 
+P 

▼15p(11) 
0-5% 

wt: 
r.2458_2459insATTTCTTATAG = ▼15p(11): 



Gene and variant MSH2 c.2459-12A>G 

Experimental approach TTS 

Laboratory MUC 

Design E13-E15 

Result of the splicing analysis r.2458_2459insATTTCTTATAG (p.Gly820Aspfs*4) = ▼15p(11) 

11-nt IVS14 retention 
due to the use of a de novo 3’ss 

ex14 ex16 ex15 

WT 

Mutant 

GGTGAAGAAAGGTGTCTGTGATCAAAGTTTTG 
GGTGAAGAAAGATTTCTTATAGGTGTCTGTGA 

▼15p(11) 
0-5% 

 
 

▼15p(11) 
25-30% 

exon 14      exon 15 

E13 forward seq 

exon 14      ▼15p(11) / exon 15 

▼15p(11) 
0-5% 

wt: 
r.2458_2459insATTTCTTATAG = ▼15p(11): 

 
carrier 
-P 
 
 
carrier 
+P 
 
 
 
 
 
 
carrier 
PAX 2 
 
 
 
 
control 
+P 
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11-nt IVS14 retention 
due to the use of a de novo 3’ss 

WT 

Mutant 

Gene and variant MSH2 c.2459-12A>G 

Experimental approach Minigene 

Laboratory URO 

Result of the splicing analysis ▼15p(11), r.2458_2459insATTTCTTATAG (p.Gly820Aspfs*4) 

A B 

pCAS2.MSH2.ex15 

ex15 

pCAS2. 
MSH2.ex15 

WT 

Mutant 

▼15p(11) 

Normally-spliced transcript 

Δ15 



MSH6 c.1894A>G 

 



Gene and variant MSH6 c.1894A>G (exon 4) 

Experimental approach TTS 

Laboratory BCN 

Design E3-E5 

Result of the splicing analysis Not analyzable due to high level of alternative splicing of Δ4 in controls 

carrier 
-P 
 
 
carrier 
+P 
 

control 
-P 
 
 
control  
+P 

E3 forward 

Δ4 
10-20% 

 
 

Δ4 
40-50% 

 
 
 
 

Δ4 
0-20% 

 
 

Δ4 
20-50% 

exon 3   exon 4 / Δ4 

ex3 ex5 ex4 

WT 

Mutant 

exon 3   exon 4 / Δ4 



Gene and variant MSH6 c.1894A>G (exon 4) 

Experimental approach TTS covering the whole gene 

Laboratory MUC 

Design E1-E4 and E3-E10 

Result of the splicing analysis No effect on splicing; biallelic expression of the variant 

TTS E1-4 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
control  
+P 

E4 forward c.1894A>G 

exon 4/ Δ4       exon 5 

exon 3   exon 4 / Δ4 

TTS E3-10 
E3 forward  

carrier 
-P 
 
carrier 
+P 
 
control 
+P 

 
carrier 
-P 
 
carrier 
+P 
 
control 
+P 

E6 reverse 

Δ4 
10% 

 
Δ4 

20-25% 
 

Δ4 
10-35% 

Δ4 
10% 

 
Δ4 

20-25% 
 

Δ4 
10-35% 

ex3 ex5 ex4 

WT 

Mutant 



Gene and variant MSH6 c.1894A>G (exon 4) 

Experimental approach TTS 

Laboratory MUC 

Design E3-E5 

Result of the splicing analysis Not analyzable due to high level of alternative splicing of Δ4 in controls 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
control 
-P 
 
 
 
control  
+P 

E3 forward 

exon 3     exon 4 / Δ4 

Δ4 
15% 

 
 
 

Δ4 
60% 

 
 
 
 
 

Δ4 
20% 

 
 
 

Δ4 
50% 

ex3 ex5 ex4 

WT 

Mutant 



MLH1 c.1039-2A>T 



Gene and variant MLH1 c.1039-2A>T (IVS11) 

Experimental approach TTS 

Laboratory BCN 

Design E11-E15 

Result of the splicing analysis r.1039_1409del (p.Thr347Lysfs*8) = Δ12 

ex12 ex11 ex13 

Exon 12 skipping 

WT 

Mutant 

TCACCCAGACTTTGCTACCAGGA                                                                                        

TCACCCAGAAAGAGACATCGGGA 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
carrier  
PAX 
 
 
 
 
 
 
control 1 
+P 
 
 
control 2 
+P 

Δ12 
30-50% 

 
 
 

Δ12 
60-70% 

 
 
 

Δ12 
90% 

wt: 
r.1039_1409del = Δ12: 

exon 11      exon 12 

exon 11      exon 12 / Δ12 

E11 forward 

Δ12 
3-5% 

 
 

Δ12 
1-2% 



Gene and variant MLH1 c.1039-2A>T (IVS11) 

Experimental approach FLT 

Laboratory MUC 

Design E1-E19 

Result of the splicing analysis r.1039_1409del (p.Thr347Lysfs*8) = Δ12 
r.678_1409del (p.Glu227_Arg470del) = Δ9-12 
r.885_1409del (p.Ser295_Pro469del) = Δ11-12 
r.1039_1051del (p.Thr347Aspfs*16) = Δ12p(13) 

carrier 
-P 
 
 
carrier 
+P 
 
 
 
 
 
control 
+P 

carrier 
-P 
 
carrier 
+P 
 
 
 
 
 
 
control 
+P 

E11 forward E6 forward 

TCACCCAGACTTTGCTACCAGGA                                                                                      

TCACCCAGAAAGAGACATCGGGA  

TCACCCAGGACTTGCTGGCCCCT  

exon 8        exon 9 

wt: 
r.1039_1409del=Δ12: 

r.1039_1051del=Δ12p(13): 

Δ12, 15% 
Δ12p(13), <5% 

exon 11        exon 12 / Δ12 / Δ12p(13) 

Δ9-12 
10% 

 
Δ9-12 
15% 

TGTTAGTCGAGAACTGATAGAAATTGGAT 

TGTTAGTCGAAAGAGACATCGGGAAGATT 

wt: 
r.678_1409del=Δ9-12: 

exon 11        exon 12 

exon 8        exon 9 / Δ9-12 



Gene and variant MLH1 c.1039-2A>T (IVS11) 

Experimental approach TTS 

Laboratory MUC 

Design E10-E14 

Result of the splicing analysis r.1039_1409del (p.Thr347Lysfs*8) = Δ12 

ex12 

Exon 12 skipping 

WT 

Mutant carrier 
-P 
 
 
carrier 
+P 
 
 
 
 
 
 
 
 
control 
+P 

exon 11      exon 12 

exon 11      exon 12 / Δ12 

TCACCCAGACTTTGCTACCAGGA                                                                                        

TCACCCAGAAAGAGACATCGGGA 

wt: 
r.1039_1409del = Δ12: 

E10 forward 

Δ12 
10% 

 
 
 

Δ12 
30% 

 
 
 
 
 
 
 
 

Δ12 
0-10% 

ex11 ex13 



Gene and variant MLH1 c.1039-2A>T (IVS11)  

Experimental approach Minigene 

Laboratory URO 

Result of the splicing analysis r.1039_1051del p.(Thr347Aspfs*16) = Δ12p(13) and r.1039_1409del, p.(Thr347Lysfs*8) = Δ12 

pCAS2. 
MLH1.ex12 

W
T 

c.
1

0
3

9
-2

A
T 

ex12 

pCAS2.MLH1.ex12 

+ 

r.1150_1409del 

1.8% 
39% 

94% 
61% 4% 

WT   
c.1039-2A>T  

p
C

A
S2

 

Δ12p(13) 

Δ12 

Δ12q(260) 

Δ12q(260) Δ12 Δ12p(13) 

Normally-spliced 
transcript 

One representative electropherogram 
is shown. Peak areas were used to 
quantify the relative levels of each 
transcript, expressed as percentage, 
and correspond to the average of three 
independent experiments 

13-nt exonic deletion due to the use of a 
cryptic 3’ss and exon skipping 

1
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0
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Size (nt) 
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u

o
re

sc
en

ce
 

WT 

Mutant r.1039_1051del 

Normally-spliced 
transcript 

ex11 ex13 



MLH1 c.1217G>A co-occurring with c.1989+3dup 



Gene and variant MLH1 c.1217G>A co-occurring with c.1989+3dup 

Experimental approach TTS 

Laboratory BCN 

Design E11-E15 

Result of the splicing analysis No effect on splicing (r.1217G>A); biallelic expression of the variant  

c.1217G>A 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
carrier 
PAX 
 
 
 
control  
-P 

E11 forward 

12 11 14 13 15 16 17 18 

WT 

Mutant 



Gene and variant MLH1 c.1217G>A co-occurring with c.1989+3dup 

Experimental approach TTS 

Laboratory MUC 

Design E11-E17 

Result of the splicing analysis No effect on splicing; monoallelic expression of the variant in exon 12 

c.1217A  E11 forward 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
control  
-P 

12 11 14 13 15 16 17 18 

WT 

Mutant 



Gene and variant MLH1 c.1217G>A co-occurring with c.1989+3dup 

Experimental approach TTS 

Laboratory BCN 

Design E15-E19 

Result of the splicing analysis r.1897_1989del (p.Glu633_Glu663del) = Δ17 

 

 

 

 

 exon 16          exon 17 

AATTGATGAGGAAGGGAACCTGATT 

AATTGATGAGGTGAATTGGGACGAA 

carrier 
-P 
 
 
carrier 
+P 
 
 
carrier 
PAX 
 
 
 
 
 
 
control  
-P 

 exon 16          exon 17 / Δ17 

E15 forward 

Δ17 
70% 

 
 
 

Δ17 
50% 

 
 

Δ17 
80% 

 
 
 
 
 
 
 
 

Δ17 
5-10% 

 

wt: 
r.1897_1989del = Δ17: 

12 11 14 13 15 16 17 18 

WT 

Mutant 

19 



Gene and variant MLH1 c.1217G>A co-occurring with c.1989+3dup 

Experimental approach FLT 

Laboratory MUC 

Design E1-E19 

Result of the splicing analysis r.1897_1989del = Δ17; biallelic expression of the variant c.1217G>A 

c.1217G>A 

E11 forward 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
control  
-P 

12 11 14 13 15 16 17 18 

WT 

Mutant 

AATTGATGAGGAAGGGAACCTGATTGG  
AATTGATGAGGTGAATTGGGACGAAGA 

carrier 
-P 
 
 
 
carrier 
+P 
 
 
 
 
 
control  
-P 

E13 forward 

exon 16      exon 17 

Δ17 
50% 

 
 
 

Δ17 
50% 

 
 
 
 
 
 
 
 

Δ17 
5-10% 

 

wt: 
r.1897_1989del = Δ17: 

exon 16      exon 17/ Δ17 



Gene and variant MLH1  c.1989+3dup (IVS17)  

Experimental approach Minigene 

Laboratory URO 

Result of the splicing analysis 85% Δ17, r.1897_1989del (p.Glu633_Glu663del) and 15% ▼17q(32) r.1989_1990ins[1989+1_1989+31;1989+3dup] p.(Asn665Glnfs*) 

2% 
85% 

98% 15% 

WT   
c.1989+3dup 

A B 

pCAS2.MLH1.ex17-18 

ex17 ex18 

Δ17  ▼17q(32)  

One representative electropherogram 
is shown. Peak areas were used to 
quantify the relative levels of each 
transcript, expressed as percentage, 
and correspond to the average of three 
independent experiments 

Exon skipping and 32-nt IVS17 retention 
due to the use of a cryptic 5’ss 
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Normally-spliced 
transcript 

Δ17  

▼17q(32)  

Δ17-18  

Normally-spliced 
transcript 


