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eTable 1. Summary XK allele table adapted from the comprehensive ISBT allele 
table for variants and large-scale deletions associated with a neurogenic or 
haematological XK phenotype 
 
Allele name Nucleotide 

change 
Predicted 
amino acid 
change 

Effect on 
secondary 
protein 
structure 

dbSNP/Clinvar 
and 
ExAC/gnomAD 
reported 
frequencies 

Authors and 
PubMed ID 

XK*01 Canonical 
transcript 

   Ho et al. PMID 
8004674 

Null phenotypes 

XK*N.01 Deletion of 
entire XK gene 

Del AA 1 - 
444 

  See 
supplementary 
table 3 
 

XK*N.02 Del exon 1 del AA 1 to 
82 

Loss of 
transcript, no 
protein 
produced 

 Danek et al. PMID 
11761473 

XK*N.03 Del promoter + 
exon 1 

del AA 1 - 
82 

Loss of 
transcript, no 
protein 
produced 

 Wendel et al. 
PMID 15504163 

XK*N.04 Del exon 2 Del AA 82 
to 170 

Truncation of 
transcript, 
truncation of 
protein 

 Singleton et al. 
PMID 12899725 

XK*N.05 del intron 2 + 
exon 3 

del AA 170 
- 444 

Truncation of 
protein 

 Kawakami et al.  
PMID 10465497 

XK*N.06 del -272 to 119 del 1 to 40 
+ fs 45X 

Loss of 
transcript, no 
protein 
produced 

 ISBT reported 

XK*N.07 172delG V58Y + fs 
129X 

Truncation of 
protein 

 Zeman et al. 
PMID 16314760 

XK*N.08 269delA Y90S + fs 
129X 

Truncation of 
protein 

 ISBT reported 

XK*N.09 268delT Y90T + fs 
129X 

Truncation of 
protein 

RCV000010420 Ho et al. PMID 
8619554 

XK*N.10 450-451 insC Q151P + fs 
198X 

Truncation of 
protein 

 Ueyama et al. 
PMID 10930599, 
Starling et al. 
PMID 16344536 

XK*N.11 686+687delTT F229Y + fs 
264X 

Truncation of 
protein 

 Danek et al. PMID 
11761473 

XK*N.12 771delG W257C + fs 
264X 

Truncation of 
protein 

 Danek et al. PMID 
11761473 

XK*N.13 856-
860delCTCTA 

delL + 
L286Y + fs 
301X 

Loss of 
8,9,10

th
 TM 

segments, 
truncation of 
protein 

 Danek et al. PMID 
11761473 
Man et al. PMID 
23943810 

XK*N.14 938-951del del WYQL 
+ N313T + 
fs 336X 

Loss of 9 and 
10

th
 TM 

segments,  
truncation of 
protein 

RCV000010423 Danek et al. PMID 
11761473 
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XK*N.15 1013delT F338S + fs 
408X 

Loss of 10
th
 

TM, loss of 
Kell binding 
site and 
truncation of 
protein 

RCV00010421 Hanaoka et al. 
PMID 10426139 

XK*N.16 107G>A W36X Truncation of 
transcript, loss 
of protein 

 Danek et al. PMID 
11761473 

XK*N.17 397C>T R133X Truncation of 
transcript, loss 
of protein 

Listed in 
ExAC/gnomAD, 
but filtered due 
to zero allele 
count. 

Danek et al. PMID 
11761473, Bansal 
et al. PMID 
18167163, 
Klempir et al. 
PMID 17870653 

XK*N.18 463C>T Q155X Truncation of 
transcript, loss 
of protein 

 Danek et al. PMID 
11761473 

XK*N.19 707G>A W236X Truncation of 
transcript, loss 
of protein 

 Danek et al.  
PMID 11761473 

XK*N.20 799C>T Q299X Truncation of 
transcript, loss 
of protein 

rs104894954 Jung et al. PMID 
11261514 

XK*N.21 941G>A W314X Truncation of 
transcript, loss 
of protein 

rs104894953 Supple et al. 
PMID 11703337 

XK*N.22 245+1G>C Alt. splice Truncation of 
transcript, loss 
of protein 

 Russo et al. PMID 
11961232, Russo 
et al. PMID 
11099667 

XK*N.23 246-1G>A Alt. splice Truncation of 
transcript, loss 
of protein 

 Arnaud et al. 
PMID 19040496 

XK*N.24 508+1G>A Alt. splice  Truncation of 
transcript, loss 
of protein 

RCV000010419 Ho et al. PMID 
8004674,  
Russo et al. PMID 
11961232 

XK*N.25 508+5G>A Alt. splice  Truncation of 
transcript, loss 
of protein 

rs534318896 
7.411e-6 

Daniels et al. 
PMID 8916972, 
Walker et al. 
PMID 17302777 

XK*N.26 509-1G>A Alt. splice  Truncation of 
transcript, loss 
of protein 

RCV000010418 Ho et al. PMID 
8004674 

XK*N.27 664C>G R222G Possible 
change in TM 
conformation 

 Russo et al. PMID 
11961232, Walker 
et al. PMID 
17302777 

XK*N.28 880T>C C294R Change in 8
th
 

TM length 
rs28933690 Danek et al. PMID 

11761473 
XK*N.29 979G>A E327K Study 

suggests 
protein is 
functional 

 Jung et al. PMID 
12823753 

XK*N.30 1124G>C R375P Identical to 
canonical 
transcript 

 Shizuka et al.  
PMID 9268240 

XK*N.31 1134C>G N378K Identical to  Shizuka et al.  
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canonical 
transcript 

PMID 9268240 

XK*N.32 962A>G Y321C Possible 
change in TM 
conformation 

 Shimo et al. PMID 
21145924  

XK*N.33 509-13C>G Alt. splice 
site 

 rs186819181 
0.0001242 

Shimo et al. PMID 
21145924 

XK*N.34 523insA I175N + fs 
198X 

Truncation of 
transcript, loss 
of protein 

 Dubielecka et al.  
PMID 21463873 

XK*N.35 246-2A>G Alt. splice 
site 

Truncation of 
transcript, loss 
of protein 

 Dubielecka et al.  
PMID 21463873 

XK*N.36 229delC fs 125X Truncation of 
transcript, loss 
of protein 

 Wiethoff et al. 
PMID 24529944 

XK*N.37 154 C>T Q52X Truncation of 
transcript, loss 
of protein 

 Chen et al. PMID 
24635891 

XK*N.38 669-
673del5ins13 
(delTGTAGinsG
GTCCTCTTTAC
C) 

Frameshift  
causes X 
36bp 
(12AA) 
upstream 

Truncation of 
transcript, loss 
of protein 

 Narumi et al. 2016 
(doi: 
10.1111/ncn3.120
42) 

XK*N.39 195-
198delCCGC 

Frameshift 
causes X 
187bp 
upstream 
(fs128X) 

Truncation of 
transcript, loss 
of protein 

 Gassner et al. 
2017 
PMID 28555782 

XK*N.40 640-645del 
TGGAGG 

Del W213 
& R214 

Change in TM 
length 

 Bhansali et al. 
2013 
(doi: 
10.1093/ajcp/140.
suppl1.063) 
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eTable 2. Listing of XK variants with more than one associated case from apparently 
unrelated kindred 

 
 
 

ISBT Allele 
designatio
n Variant 

Coding 
change 

Referenc
e (PMID) 

Number of cases with reported allele 
and patients geographic origin 
(1) declared by the authors (DEC) 
(2) deduced according to the affiliation 
of the authors (AAA) 

XK*N.10 450-451 insC 
Q151P + 
fs 198X 

Ueyama 
et al. 
10930599, 
Starling et 
al. 
16344536 2 cases AAA: Japan, DEC: Brazil 

XK*N.13 

856-
860delCTCT
A 

delL + 
L286Y + fs 
301X 

Danek et 
al. 
11761473, 
Miranda et 
al. 
17469188, 
Wada et 
al. 
14638894, 
Man et al.  
Man et al. 
PMID 
23943810 

4 cases DEC United Kingdom, DEC: Chile, 
DEC: Japan, DEC: China 

XK*N.17 397C>T R133X 

Danek et 
al. 
11761473, 
Bansal et 
al. 
18167163, 
Klempir et 
al. 
17870653 

3 cases AAA: Italy, AAA: USA, AAA: 
Czech Republic 

XK*N.22 245+1G>C Alt. splice 

Russo et 
al. 
11961232, 
Russo et 
al. 
11099667 

2 cases DEC: USA (Ohio, New Mexico), 
eventually 1 more case 

XK*N.24 508+1G>A Alt. splice 

Ho et al. 
8004674, 
Russo et 
al. 
11961232 2 cases DEC: United Kingdom 
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eTable 3. Listing for large deletions involving the XK gene 
 
 

Whole gene and contiguous gene deletions – the XK*N.01 series 

Allele  Loci involved Size of 
deletion 

Authors and Pubmed ID 

XK*N.01.001 Xg – OTC ~7.15Mbp Franke U – 1984 
PMID 6510024 

XK*N.01.002 DMD – TX-IL5 ~6.42Mbp Franke et al. 1985 
PMID 4039107 

XK*N.01.003 DMD - CYBB ~6.6Mbp Bertelson et al – 1988 
PMID 3358422 

XK*N.01.004 XK - RPGR ~380Kbp Bertelson et al – 1988 
PMID 3358422 

XK*N.01.005 XK only ~50Kbp Ho et al. 1994 
PMID 8004674 
(patient first reported by 
Danek et al. 1990 PMID 
11761473) 

XK*N.01.006 XK – CYBB ~580Kbp Frey et al. 1998 
PMID 3334897 

XK*N.01.007 XK – RPGR ~580Kbp De Saint-Basille et al. 1998 
PMID 3417309 

XK*N.01.008 DXS84 – ETX1 ~5.8Mbp El nemer et al. 2000  
PMID 10651848 

XK*N.01.009 XK – RPGR ~580Kbp El nemer et al. 2000  
PMID 10651848 

XK*N.01.010 DXS709 – CYBB ~120Kbp El nemer et al. 2000  
PMID 10651848 

XK*N.01.011 PRRG1 – DYNLT3 ~870Kbp Al-Zadjali et al. – 2015 
PMID 24446915 

Allele  Loci involved Size of 
deletion 

Authors and Pubmed ID 

XK*N.01.101 LOC44148 – XK intron 2 1.12Mbp Peng et al. 2007 
PMID 17300882 

XK*N.01.102 TCTE1L - DMD 5.65Mbp Peng et al. 2007 
PMID 17300882 

XK*N.01.103 LANCL3 – DYNLT3 0.59Mbp Arai et al – 2012 
PMID 22383943 

XK*N.01.104 CXorf22 – DYNLT3 1.94Mbp Arai et al – 2012 
PMID 22383943 
 

XK*N.01.105 DMD – DYNLT3 5.71Mbp Arai et al – 2012 
PMID 22383943 
 

XK*N.01.106 LANCL3 - CYBB 0.15Mbp Gassner et al. -  2017  
PMID 28555782 

 

This table includes all reported whole gene and contiguous gene deletions that have 
been associated with an MLS phenotype. The series is split and numbered from 
XK*N.01.001 - .099 for imprecise loci and .101 onwards for alleles with specifically 
defined nucleotide breakpoints. 
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