
Table S2A | BRAF targeted hotspot studies 

Reference Sub-Type Exon Mutation 
Mutations 

(n) 
Samples  

(n) 
Exons 

Sequenced 

(Shim et al., 2017) 
Acral & 

Subungual 
15 V600E 2 28 Hotspots of 11, 15 

(Choi, Chun, Jin, 

Lee, & Yun, 2013) 

Acral & 

Subungual 
15 V600E 2 33 15 

(Zebary et al., 2013) 
Acral & 

Subungual 

11 G469A 1 

88 11, 15 15 V600E 13 

15 V600K 1 

Si, et al Acral 

11 G442S 1 

148 11, 15 

11 W450stop 1 

11 G466R 1 

15 D594G 1 

15 V600E 18 

15 W604stop 1 

(Colombino et al., 

2013) 
Acral 15 V600E 2 11 15 

(Jin et al., 2013) Acral 15 V600E 3 110 11, 15 

(Oyama et al., 2015) Acral 15 V600E 13 20 15 

(Lang & MacKie, 

2005) 
Acral 15 V600E 2 13 15 

(Puig-Butille et al., 

2013) 
Acral None None None 17 11, 15 

(X. Kang et al., 

2018) 
Acral 

15 L597Q 1 
19 11, 15 

11 P453H 1 

(Moon et al., 2018) Acral 

15 V600E 17 

64 1 - 18 

11 Y471_K472insYGTVY 1 

15 K601N 1 

15 D594G 1 

15 G596R 1 

1 D22N 1 

(Ashida, Takata, 

Murata, Kido, & 

Saida, 2009) 

Acral 15 V600E 3 22 15 

(Akslen et al., 2008) Acral 
11 G466V 1 24 

11, 15 
15 V600E 1 25 

Acral 15 V600E 18 84 15 



(Carvajal et al., 

2011) 
15 I592del 1 

(Dika et al., 2020) 
Acral & 

Subungual 

15 V600E 3 
31 15 

15 K601E 1 

(Gao, Tsai, Perng, 

Wang, & Chiang, 

2018) 

Acral  
15 V600E 6 

40 11, 15 
15 V600L 6 

(Yun et al., 2011) Acral / None / 49 15 

(Zaremba et al., 

2019) 

Acral & 

Subungual 
15 V600E 15 50 1 - 18 

(Shi et al., 2019) Acral 

15 V600E 6 

29 1 - 18 15 V600K 1 

15 K601E 1 

(Yeh et al., 2019) Acral 

15  V600E 21 

122 1 -18 
11 G469S 1 

15 K601E 1 

15 V600K 3 

(Hilke et al., 2020) Acral 15 V600E 1 14 1 - 18 

(Borkowska et al., 

2020) 
Subungual 15 

V600E 
1 31 Hotspots of 11, 15 

(Zou et al., 2020) Acral 

15 V600E 10 

54 1 - 18 

15 V600E, T599R 1 

15 L597Q, D565E 1 

11 G466A 1 

15, 10 V600E, S394P 1 

11 G469A 1 

(Cirenajwis et al., 

2017) 
Acral 15 

V600E 
1 6 1 - 18 

(Sheen et al., 2020) Acral 
15 V600E 3 

45 1 - 18 
12 E501K 1 

(Niu et al., 2013) Acral 15 V600E 5 30 Hotspots of 11, 15 

 

 

 

 

 

 



 

Table S2B | NRAS targeted hotspot studies 

Reference Sub-Type Exon Mutation 
Mutations 

(n) 
Samples  

(n) 
Exons Sequenced 

(Uhara et al., 

2014) 
Acral 

3 Q61K  4 
54 2, 3 

2 G12A  1 

(Zebary et 

al., 2013) 
Acral & Subungual 

2 G12C 1 

88 2, 3 

2 D33E 1 

3 Q61R 8 

3 Q61L 2 

3 Q61K 1 

(Si et al., 

2012) 
Acral 

2 G12C 1 

148 2, 3 

2 G13R 1 

3 A59D 1 

3 Q61K  1 

3 Q61L 1 

3 Q61R 8 

(Oyama et 

al., 2015) 
Acral None None None 20 2 

(Puig-Butille 

et al., 2013) 
Acral 

2 G12V 2 
17 2, 3 

3 Q61H 1 

(Moon et al., 

2018) 
Acral 

3 Q61R 4 

64 1 - 7 

2 G12D 2 

3 S173R 1 

2 G13R 2 

3 Q61K 3 

3 Y64D 1 

3 Q61H 1 

(Ashida et 

al., 2009) 
Acral None None None 22 3 

(Sheen et al., 

2016) 
Acral 

2 G13D 2 

89 2, 3 3 Q61L 6 

3 Q61R 1 

(Akslen et 

al., 2008) 
Acral 

2 G12D 3 26 
2, 3 

3 None 0 24 



(Carvajal et 

al., 2011) 
Acral 

3 T58I, Y64H 1 

84 2, 3 

3 Q61K 4 

3 Q61H 2 

3 Q61R 1 

2 G12C 3 

2 G12V 1 

2 G13R 1 

(Dika et al., 

2020) 

Acral Melanoma 

and Subungual 

2 G13R 1 

30 2, 3 

3 Q61R 1 

3 Q61R & Q43stop 1 

3 L79F & C80Y 1 

3 E62K 1 

2 G12V 1 

(Gao et al., 

2018) 
Acral Melanoma 

2 G13R 2 
40 2, 3 

2 G12D 2 

(Zaremba et 

al., 2019) 

Acral and 

Subungual 

3 Q61K 3 

50 1 - 7 

5 A155V 1 

3 Q61R 6 

3 Q61H 1 

2 G12S 1 

2 G12D 2 

(Shi et al., 

2019) 
Acral 

2 G13R 1 
29 1 - 7 

3 Q61R 2 

(Yeh et al., 

2019) 
Acral 

2 G12A 1 

122 1 - 7 

2 G12C 3 

2 G13D 1 

2 G13R 3 

3 Q61H 2 

3 Q61K 7 

3 Q61R 17 

(Hilke et al., 

2020) 
Acral 3 Q61R 1 14 1 - 7 

Subungual 2 G12C 1 31 Hotspots of 2, 3 



(Borkowska 

et al., 2020) 

2 G13D 1 

3 Q61R 1 

3 Q61K 1 

(Zou et al., 

2020) 
Acral 

2 G12C 1 

54 1 - 7 2 G13D 1 

3 Q61K 3 

(Cirenajwis 

et al., 2017) 
Acral 3 

Q61R 
1 6 1 - 7 

(Sheen et al., 

2020) 
Acral 

3 Q61L 1 

45 1 - 7 

3 Q61K 2 

4 A146T 1 

2 G13D 1 

2 G12D 1 

(Niu et al., 

2013) 
Acral 

2 G12C 1 
30 Hotspots of 2, 3 

3 Q61L 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2C | KIT  targeted hotspot studies 

Reference Sub-Type Exon Mutation 
Mutations 

(n) 
Samples  

(n) 
Exons Sequenced 

(Torres-

Cabala et al., 

2009) 

Acral 

11 L576P  1 

39 11, 13, 17 

17 D816V 1 

11 N566-D572 del  1 

13 N655K  1 

11 V559A 1 

(Abu-Abed et 

al., 2012) 
Acral 13 K642E  1 24 11, 13 

(Curtin, 

Busam, 

Pinkel, & 

Bastian, 

2006) 

Acral 

11 Y553N  1 

28 11, 13, 17, 18 13 R634W  1 

13 K642E 1 

(Shim et al., 

2017) 

Acral & 

Subungual 

11 L576P 2 
28 Hotspots of 11, 13 

13 V654A 1 

(Dai et al., 

2013) 

Acral & 

Subungual 

9 A502V 1 

39 9, 11, 13, 17 

11 E583_F584insPYDHKWE 1 

9 A507T 1 

13 V654M 1 

9 V474I 1 

9 V489I &  A493T 1 

17 G803D 1 

13 K642E  1 

17 D816V 1 

(Kong et al., 

2011) 
Acral 

9 V489I 1 

193 9, 11, 13, 17, 18 

9 E490G 1 

11 Y553N 1 

11 I563V 1 

11 W582stop 1 

11 N566D & A829V 1 

11 L576P 6 

11 L576F 1 

13 E633G 1 

13 G648S 1 

13 K642E 1 

17 I817T 1 

17 N822K 1 



18 C844Y 1 

18 W853stop 1 

18 L859P 1 

(Zebary et al., 

2013) 

Acral & 

Subungual 

11 L576P 5 

88 9, 11, 13, 17, 18 

11 V560D 1 

11 D572G 1 

11 V559del 1 

11 D579del 2 

11 P577del 1 

13 K642E  1 

17 Y823C 1 

(X. J. Kang et 

al., 2016) 
Acral 

13 K642E  1 
35 11, 13 

11 L576P 5 

(Colombino 

et al., 2013) 
Acral 11 D579del 1 11 9, 11, 13, 17, 18 

(Jin et al., 

2013) 
Acral 

9 V474I 1 

110 9, 11, 13, 17 

11 L576P 2 

13 S639P 1 

13 K642E 2 

13 G664S 1 

11, 17 L576P & I817L 1 

(Oyama et 

al., 2015) 
Acral 

9 V489G 1 

20 9, 11, 13, 17, 18 11 R588K 1 

11 D579G 1 

(Moon et al., 

2018) 
Acral 

1 R19H & V654A 1 

64 1 - 21 

11 V560D 1 

17, 11 I817L & L576P 1 

17 Y823D 1 

13 K642E 2 

11 L576P 1 

(Lin et al., 

2013) 
Acral none none None 20 11, 13, 17, 18 

(Ashida et al., 

2009) 
Acral 

13 K642E 1 
16 11, 13, 17, 18 

17 D820Y 1 

(Schoenewolf 

et al., 2012) 
Acral 

11 L576P 2 

41 9, 11, 13, 17, 18 13 K642E 1 

13 T632I 1 



(Handolias et 

al., 2010) 
Acral 17 D820Y 1 16 11, 13, 17 

(Puntervoll, 

Molven, & 

Akslen, 

2014) 

Acral 

Acral 

11 D579del 1 

36 9, 11, 13, 17, 18 18 S864L 1 

13 K642E 1 

(Carvajal et 

al., 2011) 
Acral 

11 L576P 3 

84 9, 11, 13, 17, 18 

11 V559G 1 

11 W557R 1 

13 K642E 3 

13 I653T 1 

13 G648D 1 

17 D820Y 1 

17 L813P 1 

18 P838L 1 

18 S850G 1 

11, 18 E554K, Y846C 1 

17 K818Q, N822Y 1 

13 L647F, G648D 1 

18 S840I, L859P, L862P 1 

(Comodo-

Navarro et 

al., 2020) 

Acral 

11 D572N 1 

25 11, 13 

11, 13 P585T & Y646H 1 

11 P585T & Y568D 1 

11 Y578C 1 

13 K642R 2 

13 G658E 1 

11 P585T & M552I 1 

13 C660R 1 

(Dika et al., 

2020) 

Acral and 

Subungual 

13 N655K 1 

29 9, 11, 13, 17 

13 K642E 1 

11 P551L 1 

17 D816N 1 

11 V560D 1 

(Terada, 

2010) 
Acral 11 V559A 1 2 9, 11, 13, 17 

(Yun et al., 

2011) 
Acral  

11 K558R 1 

92 11, 13, 17, 18 11 V559A 1 

11 L576P 1 



13 N655K 1 

(Minor et al., 

2012) 
Acral 

13 E635G 1 

22 9, 11, 13, 17, 18 11 W557R, G565E 1 

11 L576P 1 

(Zaremba et 

al., 2019) 

Acral and 

Subungual 

11 L576P 1 

50 1 - 21 13 K642E 1 

18 A829P 1 

(Shi et al., 

2019) 
Acral 

11 L576P 1 

29 1 - 21 
11 Y578C 1 

17 D820Y 1 

16 E761stop 1 

(Yeh et al., 

2019) 
Acral 

17 D816V 1 

122 1 - 21 

17 D820G 1 

17 D820Y 1 

13 K642E 3 

11 L576P 4 

17 N822K 1 

11 T574delinsTQLPYDQT 1 

11 V559D 1 

11 W557R 1 

(Hilke et al., 

2020) 
Acral 

13 K642E 1 

14 1 - 21 13 S628G 1 

8 C443S 1 

(Borkowska 

et al., 2020) 
Subungual 

11 Gln575_Pro577del 1 

31 Hotspots of 11, 13 
11 L576P 1 

11 L576P, V559D 1 

11 Asp579del 1 

(Zou et al., 

2020) 
Acral 

17 D816H 1 

54 1 - 21 

11 V559D 1 

11 P573_D579dup 1 

17 S840N, D820V 1 

11 L576P 2 

17 A829P 1 

13 K642E 1 

(Cirenajwis et 

al., 2017) 
Acral 

13 K642E 1 
6 1 - 21 

17 N822K 1 



(Sheen et al., 

2020) 
Acral 

17 N822K 2 

45 1 - 21 

13 K642E 2 

17 D820Y 1 

3 T84M 1 

11 L576P 4 

11 D572G 1 

(Niu et al., 

2013) 
Acral 

13 K642E 1 
30 Hotspots of 11, 13 

11 L576P 1 
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