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The HLA Loci

MS susceptibility is known to involve several risk alleles in the major 

histocompatibility complex (MHC) of genes [e.g., 7-9].  These genes, the human 

leukocyte antigens (HLA), include several loci (e.g., A, B, C, DRB1, and DQB1) on the 

short arm of chromosome 6 and these alleles have been imputed using the HIBAG 

method [24]. Phasing of thes 5 loci was done according to a previously-published 

algorithm [25, 26]. Several MS-associations and interactions have been reported [7-9] 

and those that have been confirmed in the WTCCC2 data-set [17,18] have been 

included in the present analysis (Table S2).  

Table S2.  HLA Associations in the WTCCC2 Data* 

OR (overall) OR (DRB1*1501+) OR (DRB1*1501–) 

HLA A 
0201 0.69 (0.66, 0.72) 0.70 (0.65, 0.76) 0.68 (0.64, 0.72) 

HLA B 
3701 1.44 (1.26, 1.64) 1.37 (1.12, 1.69) 1.25 (1.04, 1.50) 
3801 0.51 (0.44, 0.60) 0.45 (0.33, 0.63) 0.66 (0.55, 0.79) 
4402 0.65 (0.60, 0.69) 0.69 (0.61, 0.77) 0.67 (0.61, 0.73) 

HLA C 
0501 0.76 (0.71, 0.82) 0.75 (0.67, 0.84) 0.84 (0.78, 0.93) 

HLA DRB1 
0301 1.02 (0.97, 1.08) 1.23 (1.10, 1.38) 1.27 (1.19, 1.36) 
0401 0.70 (0.65, 0.74) 0.81 (0.71, 0.92) 0.85 (0.79, 0.92) 
0404 0.99 (0.91, 1.08) 1.32 (1.09, 1.60) 1.16 (1.04, 1.28) 
0801 1.05 (0.96, 1.16) 1.56 (1.28, 1.91) 1.15 (1.03, 1.29) 
1101 0.73 (0.68, 0.79) 0.99 (0.86, 1.14) 0.89 (0.82, 0.96) 
1301 0.70 (0.65,0.76) 0.65 (0.54, 0.77 0.96 (0.88, 1.05) 
1303 1.72 (1.49, 1.99) 1.78 (1.24, 2.59) 2.24 (1.90, 2.64) 
1401 0.60 (0.52, 0.68) 0.32 (0.23, 0.44) 0.91 (0.79, 1.04) 

1501 (1 copy) 2.98 (2.83, 3.14) - - 
1501 (2 copies) 6.26 (5.50, 7.15) - - 

HLA DQB1 
0502 1.02 (0.89, 1.16) 0.70 (0.55, 0.90) 1.35 (1.15, 1.58) 
0602 3.22 (3.06, 3.39) 1.80 (1.32, 2.44) 1.23 (0.73, 2.01) 

* Analyzed as the presence (i.e.,  ≥ 1 copy) or absence of each allele. Yellow highlighting

indicates significant overall effects. Blue highlighting indicates significant subgroup effects.

(95% confidence intervals shown in parentheses)



In this analysis, for each identified (and confirmed) allele [7-9], we have 

investigated the possible interaction of this allele with the DRB1*1501 allele. We have 

not, however, systematically investigated other potential interactions.  

In the logistic linear model used, MS-phenotype referred to whether or not the 

subject was a case (1) or a control (0). Dose refers to whether the subject has 0, 1, or 2 

copies of a particular allele. Colons separate the interaction terms used. The final linear 

model for the HLA region was: 

MS-Phenotype  =  constant  + 

dose A*0201 + dose B*3701 + dose B*3801  +  dose B*4402  + 

dose C*0501 +  dose DRB1*0301  +  dose DRB1*0401 +  

dose DRB1*0404  +  dose DRB1*0801  +  dose DRB1*1101  + 

dose DRB1*1303  +  dose DRB1*1501 +  dose DQB1*0502  +   

dose DQB1*0602  +  dose A*0201 : dose B*4402 : dose C*0501 + 

dose DRB1*0404: dose DRB1*1501 + dose DRB1*0801 : dose DRB1*1501 + 

dose DRB1*1101: dose DRB1*1501 + dose DRB1*1301: dose DRB1*1501 + 

dose DRB1*1401 : dose DRB1*1501 + dose DQB1*0502 : dose DRB1*1501 + 

dose DQB1*0602 : dose DRB1*1501 

In the circumstance of C*0501, this allele appears to be protective (Table S2). 

However, this apparent protectiveness is caused by the fact that this allele commonly 

exists on the same haplotype as the protective alleles A*0201 and B*4402.  Indeed, 

when the compound interaction term:

(dose A*0201 : dose B*4402 : dose C*0501) 

is included, the logistic linear model indicates that C*0501 carries significant risk. 



Thus, the logistic linear model using these three alleles was: 

Coefficient p-value 

Intercept -0.339 < 2 x 10-16 
dose (C*0501) 0.269 6 x 10-4 

dose (B*4402) -0.365 3 x 10-5 
dose (A*0201) -0.247 < 2 x 10-16 

dose (C*0501) : dose (B*4402) -0.112 ns 
dose (C*0501) : dose (A*0201) -0.148 ns 

dose (B*4402) : dose (A*0201) -0.160 ns 
dose (C*0501) : dose (B*4402) : dose (A*0201) 0.198 3 x 10-2 

In the circumstance of DQB1*0602, this allele is frequently on the same 

haplotype as DRB1*1501, which is known to carry risk. Nevertheless, this allele also 

carries risk independently. Thus, the logistic linear model using these two alleles, was: 

Coefficient p-value 
Intercept -0.937 < 2 x 10-16 

dose (DQB1*0602) 0.606 4 x 10-7 
dose (DRB1*1501) 0.655 2 x 10-8 

dose (DQB1*0602) : dose (DRB1*1501) -0.164 3 x 10-5 

In the case of DRB1*0301, DRB1*0404, and DRB1*0801, the overall effect was 

not significant but, in each circumstance, for both DRB1*1501 and non-DRB1*1501 

individuals, these alleles carried risk (Table S2). For DRB1*0404 and DRB1*0801 

individuals, this risk was especially great in DRB1*1501 individuals (Table S2). 

Thus, the logistic linear models using these two alleles, were: 

Coefficient p-value 
Intercept -0.934 < 2 x 10-16 

dose (DRB1*0404) 0.111 3 x 10-2 
dose (DRB1*1501) 1.024 < 2 x 10-16 

dose (DRB1*0404) : dose (DRB1*1501) 0.299 5 x 10-3 



and: 

Coefficient p-value 

Intercept -0.934 < 2 x 10-16 
dose (DRB1*0801) 0.124 2 x 10-2 

dose (DRB1*1501) 1.019 < 2 x 10-16 
dose (DRB1*0801) : dose (DRB1*1501) 0.452 5 x 10-5 

Therefore the interaction terms for DRB1*0404 and DRB1*0801 were included in the 

final linear model. 

In the case of DRB1*1301 and DRB1*1401, these alleles were protective only in 

DRB1*1501 individuals but had no effect on non-DRB1*1501 individuals (Table S2).  

This effect may have been, in part, due to the fact that the presence of these alleles 

prevented the occurence of the homozygous DRB1*1501 state. For DRB1*1101, this 

allele was (marginally) protective only in non-DRB1*1501 individuals. Nevertheless, 

interaction terms for each of these alleles were included in the final linear model. 

  The situation for the allele DQB1*0502 is more complicated. Initially, this allele 

was identified as being relevant based upon a SNP-haplotype analysis in the region of 

the DRB1 gene. The “top hit” in this region was an 11-SNP haplotype consisting of 

SNPs (rs2395173_A, rs2395174_C, rs3129871_A, rs7192_A, rs3129890_G, 

rs9268832_A, rs532098_A, rs17533090_A, rs2187668_A, rs1063355_A, and 

rs9275141_C), which spanned a total of 246 kb of DNA surrounding the DRB1 gene 

(Figure S1). The letters designate the minor allele nucleotide at the SNP location in the 

control population (coded as equal to 1).  Because data for all of these SNPs was also 

present in the EPIC data-set used earlier, we could demonstrate that, taken together, the 

two SNP-haplotypes (a1=10110100010) and (a8=10110100011) correlated almost 

perfectly with the (a2) SNP-haplotype − using a different set of SNPs − and reported 

previously (in EPIC) as being strongly DRB1*1501-associated [23]. The SNP-

haplotypes are here labeled in accordance with their designations in the EPIC data-set 

(Table S3) using the above set of SNPs (Figure S1). In the present dataset, the 

correlation of  (a1 + a8) status with DRB1*1501 status is (ρ =0.99).  Moreover,       

every (a8) SNP-haplotype carried the DRB1*1501 allele. Certain HLA Haplotype 

associations, which include this allele, are shown in Table S4.



The (a1) and (a8) SNP-haplotypes differ only in the identity of the last SNP, 

which is located near the DQB1-locus (Figure S1).  Perhaps not surprisingly, therefore, 

these two SNP-haplotypes also differed in their DQB1 associations. Thus, 99% of all (a1) 

SNP-haplotypes carry the DRB1*1501/DQB1*0602 haplotype (Tables S5 and S6) and 

the correlation of (a1)−status with this haplotype is (ρ = 0.99). By contrast, 94% of (a8) 

SNP-haplotypes carry the DRB1*1501/DQB1*0502 haplotype (Tables S5 and S6) and 

the correlation of (a8)−status with this haplotype is (ρ = 0.88). 

Figure S1. Location of the 11 SNPs in the “top hit” for the most disease-associated SNP-haplotype 

surrounding the DRB1 gene on Chromosome 6 (see text). The blue bars represent the location of the 

start and stop points for the DRB1, DQA1, and DQB1 genes. The (a1) and (a8) SNP-haplotypes are 

each highly-associated with DRB1*1501 (see text for a description of the haplotype designations).  

Other haplotypic associations for these 11 SNPs are discussed in the Supplement text. The locations 

of the other HLA loci discussed in text are not depicted but their locations are as follows:  

     HLA A: (30,018 − 30,021 kb)  ;  HLA C: (31,345 − 31,348 kb) ;  HLA B: (31,430 − 31,433 kb) 
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Moreover, for these two SNP-haplotypes, their MS-association differed markedly.  

For (a1) the odds ratios (OR) and 95% confidence intervals (CI) were: 

OR (1 copy v. 0 copies)  =     3.02;    

OR (2 copies v. 0 copies)  =     6.54;    

CI = 2.87 – 3.18 

CI = 5.72 – 7.47 

There were no (a8) homozygotes. Nonetheless, the other comparison for (a8) yielded: 

OR (1 copy v. 0 copies)  =     1.34;    CI = 0.93 – 1.92 



Coefficient p-value 

Intercept -0.932 < 2 x 10-16 

dose (DQB1*0502) 0.277 3 x 10-4 

dose (DRB1*1501) 1.047 < 2 x 10-16 

dose (DQB1*0502) : dose (DRB1*1501) -0.573 7 x 10-6 

Thus, the logistic linear model using these two alleles, was: 

In part, as a consequence of this, the DQB1*0502 was protective in the setting 

of DRB1*1501. Nevertheless, this allele also exerted a protective influence in non-(a8), 

DRB1*1501 carriers.  By contrast, this allele caused disease risk in non-DRB1*1501 

individuals (Table S2). 

HLA-associations for SNP-haplotypes in this Chromosomal Region 

Each of the other SNP-haplotypes in this region (see Table S3) are also very 

specific with regard to their HLA haplotype associations. Supplemental Tables S7-S11 

show the cross-correlation matrices for the different SNP-haplotypes in this genomic 

region with the various HLA alleles for the A, B, C, DRB1, and DQB1 loci.  

Supplemental Tables S5 and S6 show the DRB1/DQB1 haplotype relationships for these 

same SNP-haplotypes. Each of these SNP-haplotypes and these same HLA associations 

were present in the EPIC data discussed earlier [23]. As before, each SNP-haplotype has 

been named in accordance with its order of identification in the EPIC data-set using the 

SNP-set presented in Figure S1. Naturally, this nomenclature is distinct from the SNP-

haplotype designations that were given previously using a different set of SNPs [23]. 

Naturally, also, the observed relationships will change as different SNPs are included in 

the haplotype or as the window of SNPs included is shifted either to the right or to the 

left of the SNP-set presented in Figure S1. For example, as discussed above, using the 

present set of SNPs, the (a1) and (a8) SNP-haplotypes have become separated out as 

distinct whereas, previously, they were both identified as the (a2) SNP-haplotype [23]. 

For illustrative purposes, the associations for several of these SNP-haplotypes are 

considered in more detail.  Nevertheless, there is a marked allelic specificity for each of 

the SNP-haplotypes identified (Tables S4 and S5).  



Table S3.  SNP-haplotyopes in the HLA DRB1 Region of Chromosome 6 * 

_________________ 0.___ 01_____ 0.___ 01_______ ________________ 0.___ 00____ 0.___ 00__

* The "Name" is arbitrary and indicates the order of haplotype identification in the EPIC dataset [23].
The "SNP-haplotype" represents the haplotypes identified using the SNP-set of Figure S1.
Only the first 40 SNP-haplotypes are listed.

There were a total of 52 SNP-haplotypes represented in EPIC and 171 in WTCCC. 

The unlisted haplotypes were very rare, together accounting for only 1.1% of the total 

      SNP-haplotypes in both controls and cases.

Thus, of the 171 haplotypes in the WTCCC data, 63 were present in a single individual 
     and, in another 14 cases, they were present in only 2 individuals

The "Frequency" represents the haplotype-frequency in the control population of the EPIC [23] and 
the WTCCC [18] datasets. As can be appreciated from the Table, these frequencies are quite comparable 
for both the EPIC and the WTCCC populations.

Name SNP-Haplotype Name SNP-Haplotype Frequency 
EPIC WTCCC 

Frequency 
EPIC WTCCC 

a1 10110100010 0.11 0.12 a21 00001100011 0.02 0.02 

a2 00000000100 0.02 0.02 a22 01011100101 0.00 0.00 

a3 00000010001 0.21 0.19 a23 10100001010 0.02 0.01 

a4 00000000001 0.13 0.11 a24 01111000100 0.00 0.00 

a5 10100010001 0.08 0.09 a25 10111110010 0.01 0.01 

a6 01011100100 0.09 0.10 a26 01000001001 0.00 0.00 

a7 10111100011 0.01 0.01 a27 10100100011 0.00 0.00 

a8 10110100011 0.00 0.00 a28 00011110001 0.00 0.00 

a9 01000001010 0.11 0.11 a29 01011001010 0.00 0.00 

a10 01000010010 0.00 0.00 a30 10111101010 0.01 0.00 

a11 00000010010 0.03 0.02 a31 10110010010 0.00 0.00 

a12 00000011001 0.00 0.00 a32 01111100001 0.00 0.00 

a13 00000001010 0.02 0.02 a33 10110000100 0.00 0.00 

a14 10111111001 0.01 0.01 a34 10111100010 0.00 0.00 

a15 00000000101 0.00 0.00 a35 10100000001 0.00 0.00 

a16 10111110001 0.02 0.04 a36 10100100010 0.00 0.00 

a17 10111100001 0.02 0.01 a37 01011010001 0.00 0.00 

a18 01111110010 0.03 0.03 a38 00000000000 0.00 0.00 

a19 01011110010 0.03 0.02 a39 01011010010 0.01 0.01 

a2 ___0 01010110010 a4__ __0 01011100010 

See also Figure S1, which shows the locations of the 11 different SNPs in these 40 SNP-haplotypes

__________________________________________________________________________________



In the case of (a2=00000000100) and (a6= 01011100100), which share the motif 

(******00100), essentially every one of the (a2) or (a6) SNP-haplotypes carry the 

DRB1*0301/DQB1*0201 HLA haplotype (Table S5).  Conversely, essentially every 

carrier of this HLA haplotype also carries either the (a2) or the (a6) SNP-haplotype 

(Table S6). In addition, for the (a6) SNP-haplotype, there was a strong correlation with 

having the further haplotype of A*0101, B*0801, and C*0701 (Tables S7, S8, and S9). 

Indeed, 66% of the (a6) SNP-haplotypes (compared to only 8.5% in the whole 

population) carry this particular (A−B−C) haplotype.  

These same linkages were not present for the (a2) haplotype (Tables S7, S8 and 

S9). Rather, the (a2) SNP-haplotype was associated with a further haplotype consisting 

of A*3002, B*1801, and C*0501 (Tables S7, S8, and S9). Indeed 20% of the (a2) 

SNP-haplotypes (compared to only 0.5% in the whole population) carry this particular        

(A−B−C) haplotype. Thus, the (a2) and (a6) SNP-haplotypes are each examples of a 

linkage disequilibrium, which spans 2.7 mb of DNA. Several other such long-range 

linkages were also present for certain SNP-haplotypes (Tables S5 – S11). 

In the case of (a7=10111100011), which differs from the (a8) SNP-haplotype at 

only a single SNP position, 94% carry the DRB1*1502/DQB1*0601 HLA haplotype 

(Table S5). Conversely, 97% of the carriers of the DRB1*1502/DQB1*0601 HLA 

haplotype, have the (a7) SNP-haplotype (Table S6). Thus, the correlation of (a7) with this 

haplotype is very high (ρ = 0.95). 

In the case of (a27=10100100011) and (a36=10100100010), which differ from 

(a1) at only one or two SNP positions, 58% and 91% of these SNP-haplotypes, 

respectively, also carry the DRB1*1501/DQB1*0602 HLA haplotype (Table S5).   

Finally, in the case of (a11=00000010010), (a18=01111110010), and 

(a20=01010110010), which share with each other the motif (******10010), 99% of these 

SNP-haplotypes carry the DRB1*1301/DQB1*0603 HLA haplotype (Table S5). 

Conversely, 95% of this particular HLA haplotype is carried by one of these three SNP-

haplotypes (Table S6).  Interestingly, (a10=01000010010), (a19=01011110010), and 

(a39=01011010010), also share the motif of (******10010), and 95% of these SNP-



haplotypes carry the similar, but distinct, DRB1*1302/DQB1*0604 HLA haplotype 

(Table S5). Also, similarly, 97% of the DRB1*1302/DQB1*0604 HLA haplotypes 

are carried by one of these three SNP-haplotypes (Table S6). 

Insights from SNP-haplotypes to Disease Susceptibility 

In addition, exploring the SNP-haplotype relationships with known alleles 

can provide insight to the basis of the genetic susceptibility to MS, especially in 

circumstances where certain combinations of DRB1 and DQB1 alleles are known to 

affect MS risk significantly. Six examples of this use for SNP-haplotypes are 

discussed in more detail. In addition to the DRB1*1501/DQB1*0602  and 

DRB1*1501/DQB1*0502 haplotypes presented earlier, four other haplotypes are 

also considered, including DRB1*1502/DQB1*0601, DRB1*0301/DQB1*0201,  

DRB1*1301/DQB1*0603, and DRB1*1601/DQB1*0502 (see Table S4).

When considering all carriers of these haplotypes, four of them significantly 

impact the likelihood of MS although each seems to do so in a different manner 

(Table S4). Thus, DRB1*1501/DQB1*0602 seems to increases the risk MS in a dose 

dependent manner. A single-copy of DRB1*1502/DQB1*0601 seems to reduce risk.  

DRB1*0301/DQB1*0201 seems to increase risk in a recessive manner. And, finally, 

DRB1*1301/DQB1*0603 seems to reduce risk in a dose-dependent manner.  

Moreover, many of these combinations occur in association with more than one SNP-

haplotype (Tables S5 and S6). 

DRB1*1501/DQB1*0602   As discussed above, this HLA haplotype, in 

addition to its strong association with (a1), also occurs in association with several 

SNP-haplotypes including (a27), (a34), and (a36). It also occurs in some 

individuals with haplotypes (a8) and (a25) and in certain very rare haplotypes such 

as (a43), (a71), and (a114) among others. For example, among the 52 individuals 

who carried the (a36) SNP-haplotype, 48 did not also carry the (a1) SNP-haplotype 

but, yet, still carried the DRB1*1501/DQB1*0602 HLA haplotype.  Of these, 38 

(79%) were controls. Thus, the observed OR for those rare non-(a1) individuals   



who possess a single-copy of the (a36)-DRB1*1501/DQB1*0602 haplotype (compared to 

those who possess neither the (a36) SNP-haplotype nor the DRB1*1501/DQB1*0602 HLA 

haplotype) was significantly different disease-association from that observed for carriers of 

a single-copy of the (a1)-DRB1*1501/DQB1*0602 haplotype (Table S4).

Similarly, 14/19 (74%) of the non-(a1) carriers of the (a27) SNP-haplotype, who 

also carry the DRB1*1501/DQB1*0602 haplotype, were controls. Thus, those non-(a1) 

individuals who carry a single-copy of the (a27)-DRB1*1501/DQB1*0602 haplotype 

(compared to those who possess neither the (a27) SNP-haplotype nor the DRB1*1501/

DQB1*0602 HLA haplotype) also had a significantly different disease-association from 

that observed for single-copy carriers of the (a1)-DRB1*1501/DQB1*0602 haplotype 

(Table S4). 

By contrast, those rare individuals who carry the (a1) SNP-haplotype, but not 

also the DRB1*1501/DQB1*0602 HLA haplotype, have a disease risk (compared to 

non-carriers of either haplotype), which does not differ significantly from the risk in  

single-copy carriers of the (a1)-DRB1*1501/DQB1*0602 HLA haplotype (Table S4).

Taken together, these observations suggest that the apparent association of MS 

with the HLA haplotype DRB1*1501/DQB1*0602 is actually due, not to either of these 

HLA alleles but, rather, to something else that resides on the (a1) SNP-haplotype. If so, 

then the apparent association of MS with these two HLA alleles is presumably due to the 

extremely tight coupling of (a1) to this particular HLA haplotype  (Tables S5 and S6).  

The (a1) SNP-haplotype could also be subdivided. Thus, 55% of all (a1) SNP-

haplotypes were part of an extended haplotype, which included both the B*0702 and 

C*0702 alleles, in addition to DRB1*1501 and DQB1*0602. The remaining (a1) SNP-

haplotypes had no obvious HLA B or C associations. Nevertheless, each of these groups 

of (a1) carriers had the same dose-dependent disease risk as that, which was observed for 

the group as a whole.  



Table S4.  Disease Associations of  HLA Haplotypes with Different SNP-haplotypes *

HLA Haplotype

SNP Haplotypes DRB1*1501 / DQB1*0602 OR (1 v. 0)

All

a1

a27

a36

3.00    (CI = 2.85 - 3.16)

3.04    (CI = 2.88 - 3.20) 
0.91    (CI = 0.33 - 2.52)

0.67    (CI = 0.33 - 1.34)

OR (2 v. 0)

6.38    (CI = 5.59 - 7.28)

6.52    (CI = 5.70 - 7.45) 
na

na

Non-DRB1*1501 / DQB1*0602

a1 1.97    (CI = 1.15 - 3.36) na

HLA Haplotype

SNP Haplotypes DRB1*1502 / DQB1*0601 OR (1 v. 0) OR (2 v. 0)

All 0.61    (CI = 0.48 - 0.76) na

HLA Haplotype

SNP Haplotypes DRB1*0301 / DQB1*0201 OR (1 v. 0) OR (2 v. 0)

All 0.98    (CI = 0.92 -1.04) 1.67    (CI = 1.41 -1.97)

a2 all 1.31    (CI = 1.16 -1.48) 1.91    (CI = 0.93 -3.91)

a2 plus  A*3002; B*1801; C*0501 1.74    (CI = 1.34 -2.35) na

a6 all 0.94    (CI = 0.88 -1.01) 1.65    (CI = 1.35 -2.02)

a6 plus  A*0101; B*0801; C*0701 0.97    (CI = 0.90 -1.05) 2.09    (CI = 1.53 -2.86)

HLA Haplotype

SNP Haplotypes DRB1*1301 / DQB1*0603 OR (1 v. 0) OR (2 v. 0)

All 0.72    (CI = 0.66 -0.77) 0.28    (CI = 0.16 -0.49)

HLA Haplotype

SNP Haplotypes DRB1*1601 / DQB1*0502 OR (1 v. 0) OR (2 v. 0)

All 0.96    (CI = 0.83 -1.12) na

DRB1*1502/DQB1*0601   Although superficially similar to the risky HLA 

haplotype of DRB1*1501/DQB1*0602, this haplotype provides protection from disease, 

some of which is due to making the possession of a single-copy of the (a1) SNP-

haplotype significantly less risky (OR = 1.40 ;  CI = 0.76 − 2.57). Virtually all of these 

HLA-haplotypes (and each allele independently) occur on the (a7) SNP-haplotype. 

DRB1*0301/DQB1*0201   As discussed above this HLA haplotype is tightly 

linked to both the (a2) and the (a6) SNP-haplotypes (Tables S4 and S5). These two 

SNP-haplotypes, however, clearly differ in their disease associations.  In the case of 

(a6), the pattern seems recessive and the heterozygote carries no risk. In the case of 

(a2), by contrast, the heterozygote carries significant risk and the pattern, if anything, 

suggests a dose-dependent effect (Table S4). 

* "All" under the SNP-haplotype indicates all carriers of the particular HLA Haplotype, regardless of SNP-haplotype

"all" under the HLA Haplotype indicates all carriers of the particular SNP-haplotype, who also carried the HLA Haplotype 

OR = odds ratio    ;     na = not available because the numbers were too small



 As noted previously both (a2) and (a6) reside on extended hadfplotypes. Thus, for 

(a6), this extended haplotype included the A*0101, B*0801, and C*0701 alleles, whereas, 

for (a2), the extended haplotype included the A*3002, B*1801, and C*0501 alleles (only a 

single case was homozygous). These patterns of association were exaggerated when 

considering only these extended haplotypes (Table S4).

Moreover, in single-copy carriers of the DRB1*1301/DQB1*0603 haplotype, a 

single-copy of the (a1)-DRB1*1501/DQB1*0602 haplotype (compared to having 

neither haplotype) was still associated with an increased disease risk: 

This increased risk, however, is significantly less than for other single-copy 

carriers of the (a1)-DRB1*1501/DQB1*0602 haplotype. Moreover, if all (a1) carriers 

are excluded from the analysis, the single-copy carriers of DRB1*1301/DQB1*0603  

no longer seem to be protected (OR = 0.98  ;  CI = 0.90 − 1.07).

DRB1*1301/DQB1*0603   Although, individually, not reaching statistical 

significance for the (2 copies v. 0 copies) comparison, each of the (a11), (a18) and (a20) 

SNP-haplotypes, which included this HLA haplotype, seems to provide a similar dose-

dependent protection from disease.  Thus, for carriers of one or two of these 3 alleles 

together with the DRB1*1301/DQB1*0603 HLA haplotype, the ORs were: 

OR (1 copy v. 0 copies)      =   0.72  ; CI    =  0.67 – 0.79 

OR (2 copies v. 0 copies)    =   0.27   ; CI   =  0.15 – 0.48 

OR (both haplotypes  v. neither)   =   2.15   ; CI   =  1.81 – 2.56 

Also, heterozygotes with one copy of the (a10), (a19), or (a39) SNP-haplotypes 

(together with the very similar DRB1*1302/DQB1*0604 haplotype) were provided a 

significant and similar disease protection  as that for the DRB1*1301/DQB1*0603 

haplotype (OR = 0.69 ;  CI = 0.62 − 0.76). Also, again there was a significant 

reduction of the disease risk posed by (a1)-DRB1*1501/DQB1*0602 in single-copy 

carriers of DRB1*1302/DQB1*0604  (OR = 1.89 ;  CI = 1.50 − 2.37) and, again, no 

apparent protection provided by single-copies of this haplotype when all (a1) carriers 

were excluded from the analysis (OR = 0.93 ;  CI = 0.82 − 1.05).



DRB1*1501/DQB1*0502 and DRB1*1601/DQB1*0502  One example of an 

apparently complicated interaction between different HLA alleles was discussed earlier.  

Thus, the effect of DRB1*1501 seemed to be mitigated by the (a8) SNP-haplotype and 

also by other carriers of the DQB1*0502 allele. By contrast, the DQB1*0502 allele 

seemed to be risky in non-carriers of DRB1*1501. However, as discussed above in a 

somewhat different context, these findings are more likely to be due to the haplotype 

structure in this genomic region than to any true interaction between HLA genes. 

Thus, although both the (a8) and (a21) SNP-haplotypes are strongly linked to 

DQB1*0502 (Table S5), for single-copy carriers of either the (a8)-DQB1*0502 or 

the (a21)-DQB1*0502 haplotype, also having the (a1)-DRB1*1501/DQB1*0602 

haplotype (compared to having neither) is associated with an increase in disease-risk, 

which is indistinguishable from that found for other single-copy carriers of this same 

(a1)-containing haplotype (OR = 3.18 ;  CI = 1.26 − 8.07 for (a8)-DQB1*0502 ; and: 

OR = 2.87 ;  CI = 2.06 − 4.01 for (a21)-DQB1*0502). 

Similarly, although the DRB1*1501 and DQB1*0602 alleles still conferred 

a small risk when they occured (either together or separately) on certain other 

haplotypes (OR = 1.53 ; CI = 1.19 − 1.97 for DRB1*1501 ;  and:  OR = 1.35 ;          

CI = 1.00 − 1.82 for DQB1*0602), this risk, individually and collectively, was 

significantly less compared to when these alleles occured together as part of the   

(a1)-DRB1*1501/DQB1*0602 haplotype in a single-copy carrier (see above). 

It is very likely that many other such apparent "interactions" are due, not to any 

true allelic interaction but, rather, to the fact that specific HLA alleles reside on only a 

very restricted set of SNP-haplotypes (e.g., Tables S5 and S6).



Table S5. Analysis of DRB1/DQB1 Haplotypes (by SNP-haplotype) *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a 16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39 

101/501 0.91 0.02 0.04 0.02 101/501

101/504 0.00 0.01 0.07 101/504

102/501 0.00 0.09 0.84 0.02 102/501

103/301 0.00 0.96 103/301

301/201 1.00 1.00 0.13 0.13 301/201

301/301 0.00 0.00 0.00 0.09 0.64 301/301

301/602 0.00 301/602

401/301 0.00 0.25 0.00 0.01 0.14 0.02 401/301

401/302 0.26 0.00 0.01 0.03 0.02 401/302

402/302 0.03 0.00 0.00 0.00 402/302

403/301 0.00 0.00 0.00 403/301

403/302 0.01 0.00 0.00 403/302

403/304 0.00 0.00 403/304

404/202 0.00 404/202

404/301 0.01 0.00 404/301

404/302 0.22 0.00 0.00 0.03 0.02 404/302

405/301 0.00 0.00 0.41 0.00 405/301

405/302 0.01 0.00 0.03 0.00 405/302

407/301 0.01 0.00 407/301

701/202 0.17 0.61 0.02 701/202

701/301 0.00 0.00 0.21 0.00 701/301

701/302 0.00 0.01 0.03 0.00 701/302

701/303 0.35 0.00 701/303

701/402 0.00 0.00 0.00 701/402

801/301 0.00 0.01 801/301

801/302 0.01 0.01 801/302

801/402 0.00 0.00 0.84 0.00 0.05 801/402

803/301 0.01 0.87 803/301

804/301 0.00 804/301

804/402 0.03 0.01 804/402

810/301 0.03 810/301

901/202 0.00 901/202

901/301 0.03 901/301

901/303 0.04 901/303

1001/501 0.08 1001/501

1101/301 0.00 0.71 0.77 0.06 0.02 0.04 1101/301

1101/302 0.00 1101/302

1102/301 0.02 1102/301

1103/301 0.00 1103/301

1104/202 0.00 1104/202

1104/301 0.15 1104/301

1201/301 0.03 0.00 0.93 0.09 1201/301

1301/301 0.17 1301/301

1301/303 0.63 1301/303

1301/501 0.05 1301/501

1301/603 0.00 0.05 0.98 1.00 0.01 0.99 0.14 0.05 0.04 0.01 1301/603

1302/301 0.00 1302/301

1302/501 0.05 1302/501

1302/603 0.05 0.10 0.01 0.02 0.01 1302/603

1302/604 0.82 0.97 0.04 0.03 0.98 1302/604

1302/609 0.02 0.78 0.09 1302/609

1303/301 1.00 1303/301

1401/501 0.00 0.01 0.03 1401/501

1401/502 0.00 1401/502

1401/503 0.00 0.87 0.04 0.95 1401/503

1406/301 0.13 1406/301

1501/301 0.00 1501/301

1501/501 0.00 1501/501

1501/502 0.00 0.01 0.94 0.31 1501/502

1501/602 0.99 0.01 0.06 0.00 0.58 0.35 0.91 1501/602

1501/603 0.00 0.02 1501/603

1501/609 0.03 1501/609

1502/301 0.00 0.00 1502/301

1502/501 0.03 0.02 1502/501

1502/503 0.02 1502/503

1502/601 0.00 0.94 0.00 0.15 1502/601

1502/602 0.00 0.32 1502/602

1601/502 0.90 1601/502

1602/502 0.09 1602/502

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a 16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39 

Total

% Identified 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 1.00 0.98 1.00 1.00 1.00 1.00 0.99 0.99 1.00 0.99 1.00 1.00 0.91 0.99 1.00 0.98 0.90 0.97 1.00 1.00 0.97 1.00 1.00 1.00

Total # 11093 1182 10398 5804 5021 5905 387 121 5928 130 1297 29 1278 753 53 2401 795 1517 1303 483 868 47 578 678 179 48 153 129 78 34 57 388 59115

* see Table Legend  for details about graph



Table S6.  Analysis of DRB1/DQB1 Haplotypes (by HLA-haplotype) *
% Idnetified Total #

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a 16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39 
101/501 0.99 0.01 0.00 0.00 101/501 1.00 5484
101/504 0.04 0.23 0.73 101/504 1.00 56
102/501 0.03 0.18 0.77 0.00 102/501 0.98 628
103/301 0.03 0.95 103/301 0.98 180

301/201 0.17 0.83 0.00 0.00 301/201 0.99 7135
301/301 0.02 0.05 0.04 0.09 0.54 301/301 0.73 56
301/602 0.11 301/602 0.11 38

401/301 0.00 0.96 0.00 0.01 0.00 0.02 401/301 0.99 2680
401/302 0.96 0.00 0.01 0.00 0.02 401/302 0.99 2861
402/302 0.92 0.01 0.04 0.03 402/302 0.99 367
403/301 0.87 0.03 0.03 403/301 0.92 39
403/302 0.90 0.01 0.01 403/302 0.93 69
403/304 0.82 0.04 403/304 0.86 28
404/202 1.00 404/202 1.00 3
404/301 0.90 0.02 404/301 0.92 86
404/302 0.96 0.00 0.01 0.00 0.02 404/302 0.99 2400
405/301 0.75 0.02 0.20 0.03 405/301 1.00 61
405/302 0.93 0.03 0.01 0.02 405/302 0.99 166
407/301 0.96 0.03 407/301 0.99 72

701/202 0.36 0.62 0.01 701/202 0.99 4993
701/301 0.63 0.05 0.10 0.03 701/301 0.81 62
701/302 0.33 0.56 0.01 0.02 701/302 0.92 121
701/303 0.98 0.01 701/303 0.99 1769
701/402 0.75 0.14 0.02 701/402 0.90 59

801/301 0.67 0.17 801/301 0.83 6
801/302 0.79 0.03 801/302 0.82 34
801/402 0.02 0.00 0.96 0.00 0.00 801/402 0.99 2099
803/301 0.09 0.88 803/301 0.97 152
804/301 0.85 804/301 0.85 13
804/402 0.95 0.02 804/402 0.97 65
810/301 0.83 810/301 0.83 6

901/202 1.00 901/202 1.00 4
901/301 0.94 901/301 0.94 213
901/303 0.98 901/303 0.98 212

1001/501 0.99 1001/501 0.99 484

1101/301 0.00 0.96 0.01 0.01 0.00 0.00 1101/301 0.98 4305
1101/302 0.64 1101/302 0.64 14
1102/301 0.97 1102/301 0.97 121
1103/301 1.00 1103/301 1.00 21
1104/202 1.00 1104/202 1.00 2
1104/301 0.98 1104/301 0.98 911

1201/301 0.20 0.00 0.76 0.01 1201/301 0.97 972

1301/301 0.50 1301/301 0.50 26
1301/303 0.94 1301/303 0.94 52
1301/501 0.75 1301/501 0.75 8
1301/603 0.00 0.00 0.37 0.44 0.01 0.14 0.03 0.00 0.00 0.00 1301/603 0.99 3441
1302/301 0.13 1302/301 0.13 8
1302/501 0.86 1302/501 0.86 7
1302/603 0.17 0.08 0.08 0.33 0.08 1302/603 0.75 36
1302/604 0.06 0.70 0.01 0.00 0.21 1302/604 0.99 1798
1302/609 0.01 0.96 0.01 1302/609 0.98 554
1303/301 0.99 1303/301 0.99 762

1401/501 0.06 0.50 0.22 1401/501 0.78 18
1401/502 0.14 1401/502 0.14 7
1401/503 0.01 0.86 0.02 0.10 1401/503 0.98 1284
1406/301 0.86 1406/301 0.86 7

1501/301 0.63 1501/301 0.63 8
1501/501 0.88 1501/501 0.88 42
1501/502 0.02 0.03 0.83 0.11 1501/502 0.99 137
1501/602 0.99 0.00 0.00 0.00 0.00 0.00 0.00 1501/602 1.00 11172
1501/603 0.06 0.06 1501/603 0.13 16
1501/609 1.00 1501/609 1.00 1
1502/301 0.25 0.25 1502/301 0.50 4
1502/501 0.50 0.50 1502/501 1.00 2
1502/503 1.00 1502/503 1.00 2
1502/601 0.00 0.97 0.01 0.01 1502/601 0.99 378
1502/602 0.20 0.73 1502/602 0.93 15

1601/502 0.98 1601/502 0.98 799
1602/502 0.99 1602/502 0.99 82

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a 16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39 

Totals 0.99 59713

* see Table Legend  for details about graph



Table S7.   Correlation of HLA A Haplotypes with SNP-haplotype *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

1:01 0.458 1:01

2:01 -0.113 2:01

2:02 2:02

2:05 2:05

3:01 0.169 0.100 3:01

11:01 11:01

23:01 0.131 23:01

24:02 24:02

25:01 25:01

26:01 26:01

29:01 29:01

29:02 0.254 29:02

29:10 29:10

30:01 30:01

30:02 0.305 30:02

30:04 30:04

31:01 31:01

32:01 32:01

33:01 0.365 33:01

33:03 33:03

34:02 34:02

36:01 36:01

66:01 0.174 66:01

68:01 68:01

68:02 0.165 0.261 0.101 68:02

69:01 0.189 69:01

74:01 74:01

74:03 74:03

80:01 80:01

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

* see Table Legend  for details about graph



Table S8.   Correlations of HLA B haplotypes with SNP-haplotypes *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

7:02 0.533 -0.108 -0.105 7:02

7:05 7:05

8:01 -0.122 0.776 8:01

13:02 0.222 13:02

14:01 0.212 14:01

14:02 0.169 0.413 0.284 14:02

15:01 0.142 0.150 15:01

15:02 15:02

15:03 15:03

15:08 15:08

15:10 15:10

15:16 15:16

15:17 0.371 15:17

15:18 15:18

18:01 0.255 0.108 18:01

18:18 18:18

27:02 0.161 27:02

27:05 0.109 0.109 27:05

35:01 0.385 35:01

35:02 0.192 35:02

35:03 35:03

35:08 35:08

37:01 37:01

38:01 0.374 38:01

39:01 0.101 0.122 39:01

39:06 0.133 39:06

39:24 0.152 39:24

40:01 0.342 40:01

40:02 40:02

40:06 0.130 40:06

41:01 41:01

41:02 0.433 41:02

42:01 42:01

42:02 42:02

44:02 0.127 44:02

44:03 0.453 44:03

44:05 0.115 44:05

45:01 45:01

46:01 46:01

47:01 47:01

48:01 48:01

49:01 0.120 49:01

50:01 50:01

51:01 0.107 51:01

51:08 51:08

52:01 0.701 52:01

53:01 0.376 53:01

54:01 54:01

55:01 0.127 55:01

56:01 56:01

57:01 0.371 57:01

57:03 57:03

58:01 0.181 58:01

73:01 73:01

81:01 0.132 81:01

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

* see Table Legend  for details about graph



Table S9.  Correlations of HLA C Haplotypes with SNP-haplotypes *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

1:02 0.144 0.106 1:02

2:02 2:02

2:10 2:10

3:02 0.167 3:02

3:03 0.165 3:03

3:04 0.182 0.270 3:04

3:05 3:05

3:10 3:10

4:01 -0.121 -0.116 0.275 4:01

5:01 0.192 0.121 5:01

6:02 0.121 0.190 6:02

7:01 -0.100 -0.115 0.630 -0.104 7:01

7:02 0.496 -0.106 -0.107 7:02

7:04 0.105 7:04

8:01 8:01

8:02 0.134 0.143 0.333 0.242 8:02

8:03 8:03

12:02 0.683 12:02

12:03 0.217 12:03

14:02 0.145 14:02

14:03 14:03

15:02 15:02

15:05 15:05

15:11 15:11

16:01 0.370 16:01

16:02 16:02

16:04 16:04

17:01 0.329 17:01

18:01 18:01

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

* see Table Legend  for details about graph



Table S10.   Correlations of HLA DRB1 Haplotypes with SNP-haplotypes *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

1:01 -0.164 -0.134 -0.102 -0.101 -0.110 0.938 1:01

1:02 0.114 0.812 1:02

1:03 0.942 1:03

3:01 -0.159 0.389 -0.173 -0.122 -0.120 0.894 -0.133 3:01

3:02 3:02

4:01 -0.147 0.657 -0.105 4:01

4:02 0.165 4:02

4:03 4:03

4:04 0.428 4:04

4:05 0.108 0.157 4:05

4:07 4:07

4:10 4:10

7:01 -0.164 0.106 -0.117 0.811 -0.135 -0.127 7:01

8:01 0.902 8:01

8:03 0.854 8:03

8:04 0.164 8:04

8:10 0.163 8:10

9:01 0.242 9:01

10:01 0.268 10:01

11:01 -0.145 -0.128 0.809 11:01

11:02 0.127 11:02

11:03 11:03

11:04 0.391 11:04

12:01 -0.116 0.834 12:01

12:02 12:02

13:01 -0.136 0.579 0.638 0.355 0.123 13:01

13:02 0.203 0.706 0.430 0.400 13:02

13:03 0.991 13:03

14:01 0.856 0.309 14:01

14:02 0.208 14:02

14:06 0.334 14:06

15:01 0.982 -0.210 -0.177 -0.138 -0.142 -0.173 15:01

15:02 0.924 0.154 15:02

16:01 0.932 16:01

16:02 0.307 16:02

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

* see Table Legend  for details about graph



Table S11.   Correlations of HLA DQB1 Haplotypes with SNP-haplotypes *

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

2:01 -0.158 0.392 -0.170 -0.124 -0.119 0.900 -0.132 2:01

2:02 -0.133 0.149 0.583 -0.114 -0.104 2:02

3:01 -0.235 0.667 -0.143 -0.154 -0.145 0.235 0.233 0.122 0.110 3:01

3:02 -0.148 0.666 -0.113 -0.102 3:02

3:03 0.520 0.119 3:03

3:04 3:04

4:02 0.896 4:02

5:01 -0.178 -0.164 -0.109 -0.125 0.931 0.243 5:01

5:02 0.324 0.914 5:02

5:03 0.856 0.306 5:03

5:04 0.221 5:04

6:01 0.940 6:01

6:02 0.983 -0.209 -0.175 -0.135 -0.141 -0.173 6:02

6:03 -0.136 0.589 0.642 0.358 6:03

6:04 0.213 0.815 0.455 6:04

6:09 0.865 6:09

a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 a18 a19 a20 a21 a22 a23 a25 a26 a27 a28 a30 a32 a34 a36 a39

* see Table Legend  for details about graph



Legends for Tables S5–S11 

In each of these Tables the SNP-haplotypes are highlighted in light green and labeled according 

to scheme presented in Table S3. In Tables S5 and S6 the HLA DRB1/DQB1 haplotypes are highlighted in 

blue whereas, in Tables S7−S11, the blue highlights the HLA alleles at the A, B, C, DRB1, and DQB1 loci. 

Table S5.    This table shows the relationship between the HLA DRB1/DQB1 haplotypes and the 

different SNP-haplotypes in this genomic region. The row at the bottom indicated by (% identified) 

represents the percentage of each SNP-haplotype accounted for by the HLA haplotypes shown. It is also 

represents the respective totals for each column. The row at the bottom indicated by (Total #) represents 

the total number of each SNP-haplotype present in the dataset. The numbers in the Table itself represent 

the percentage of the total number of each SNP haplotype associated with a particular HLA haplotype. 

Percentage associations of 20% or more but less than 80% are highlighted in pink. Percentage 

associations of 80% or more are highlighted in gold. Note that each of the SNP-haplotypes has either a 

“gold” association or 2−4  “pink” associations with specific HLA haplotypes. 

Table S6.    This table shows the relationship between the SNP-haplotypes and the different HLA DRB1/

DQB1 haplotypes in this genomic region. The column on the right indicated by (% identified) represents 

the percentage of each HLA haplotype accounted for by the SNP-haplotypes shown. It is also represents 

the respective totals for each row. The column on the right indicated by (Total #) represents the total 

number of each HLA-haplotype present in the dataset. The numbers in the Table itself represent the 

percentage of the total number of each HLA haplotype associated with a particular SNP-haplotype. 

Percentage associations of 20% or more but less than 80% are highlighted in pink. Percentage associations 

of 80% or more are highlighted in gold. Note that each of the HLA haplotypes has either a “gold” 

association or 1−2  “pink” associations with specific SNP-haplotypes. 

Tables S7−S11.    These Tables show the cross correlation matrix for each SNP-haplotype with each HLA 

allele at the A locus (Table S7), at the B locus (Table S8), at the C locus (Table S9), at the DRB1 locus 

(Table S10), and at the DQB1 locus (Table S11). Absolute correlations (positive or negative) of 0.1 or 

more but less than 0.2 are highlighted in pink.  Absolute correlations of 0.2 or more are highlighted in 

gold. The physical order for the 5 HLA loci along Chromosome 6 is (A, C, B, DRB1, DQB1). The total 

genomic distance spanned by these 5 HLA genes is 2.7 mb. Not surprisingly, the strength and number of 

correlations becomes diminished with increasing genomic distance between the location of the SNP-

haplotype (see Figure S1) and the locations of the differenc HLA loci.



Legend of Table S1: Disease-associated SNP-haplotypes used in model to assign risk 

See Spreadsheet (Supplemental material) 

In total, 932 haplotypes were used to determine genome-wide heritability.  For each identified 

SNP-haplotype, the set of SNPs is shown in column one. Column 2 designates the SNP-haplotype number 

(arbitrary). Column 3 shows the disease-associated haplotype (where 1 represents the minor allele and  

0 represents the major allele in the control population). Column 4 is the p-value of association. Columns 

5-8 show the number of controls and cases that were "positive" or "negative" for the SNP-haplotype. 

Column 9 shows the model used. The dominant (dom) model was that in which homozygote or 

heterozygotes were considered "positive" and non-carriers were considered "negative". The recessive 

(rec) model was that in which homozyogtes were considered "positive" and heterozygotes and non-

carriers were considered "negative". The (1 vs. 0) genotype model was that in which heterozygotes were 

considered "positive"; non-carriers were considered "negative"; and homozygotes were ignored. The     

(2 vs. 0) genotype model was that in which homozygotes were considered "positive"; non-carriers were 

considered "negative"; and heterozygotes were ignored). 

Columns 10-12 show the odds ratio of association and the 95% confidence interval. Column 

13 shows whether the variant in question was considered harmful or protective. Column 14 shows the 

Benjamini-Hochberg p-value, corrected for the number of tests performed in that region. Column 15 

shows the corresponding Bonferroni correction. For calculating disease heritability, each individual was 

assigned a risk score depending on their genotype at the given position. At each position, non-carriers 

were assigned a score of 0. Heterozygous carriers were assigned a risk score equal to the natural log of 

the odds ratio of the (1 vs. 0) genotype model at that location (column 16). Homozygote carriers were 

assigned a risk score equal to the natural log of the odds ratio of the (2 vs. 0) genotype model at that 

location if such a model was available (column 17). 

Columns 18 and 19 show the nucleotides (in the control population) that correspond to minor 

alleles (coded as 1) and major alleles (coded as 0) at each individual SNP in the haplotype. Column 20 is 

the arbitrary number of the region from which the haplotype is derived (numbered from 1 to 110). 

Columns 21 and 22 represent the Chromosome harboring the region and the position of the 1st SNP in the

haplotype along that chromosome. Column 23 represents  the distance from the first SNP-haplotype in the 

region. 
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