		
A


1 TCCCAGATCT GAGTAACTCC CAATCTTCTC TCTGCAGAGC TCAAAACCCC ACTTGGTGAC ACAACTCACA CATGCCCACG GTGCCCAGGT AAGCCAGCCC 100
2 ---------C CC-------- ---------- ---------- C--......A -TC-T----- ---C---C-C -G-------- ---------- ----------
3 ---------C CC-------- ---------- ---------- C--......A -TC-T----- ---C---C-C ---------- ---------- ----------
4 ---------C CC-------- ---------- ---------- C--......A -TC-T----- ---C---C-C -G------A- ---------- ----------


1 AGGCCTCGCC CTCCAGCTCA AGGCGGGACA AGAGCCCTAG AGTGGCCTGA GTCCAGGGAC AGGCCCCAGC AGGGTGCTGA CGCATCCACC TCCA  194
2 ---------- ---------- ----A----- ---------- ---------- ---------- ---------- ---------- ---G------ ----
3 ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----
4 ---------- ---------- ----A----- G-T------- ---------C A--------- ---T-----T C--------- -A----TG-- ----


B
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Figure S1. (A) Alignment of the four consecutive repetitive elements in the IGHG3 genomic fragment encompassing the hinge exons (ENSG00000211897, www.ensembl.org). Exon sequences within the repetitive elements are shown in red.  (B) Schematic representation of the IGHG3 exon-intron struture and location of primers used for PCR to determine the hinge exon copy number. The repetitive region, consisting of the four elements, is marked by black line; the primers, which anneal outside of the repetitive region, are shown as black arrows.




     161  168                                                                                           311 313
IGHG1*01 gcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccgggtaaa
IGHG1*02 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*03 ---------------------------------------t--------------------------------------------------------------------------------------------------------------c---------
IGHG1*04 ----------------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG1*05 ---------------------------------------------------------------------------------------------------------------------------------a------------------------------
IGHG1*06 ---------------------------------------t--------------------------------------------------------------------------c-----------------------------------c---------
IGHG1*07 --------------------------------------------------------------------------------------------------------------g-------------------------------------------------
IGHG1*08 ---------------------------------------------------------------------------------------------------------------------------------------------------------------- 
IGHG1*09 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*10 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*11 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*12 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*13 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG1*14 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*01 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*02 a------a-------------------------------------------------------------------------------------------------------------------------a------------------------------
IGHG2*03 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*04 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*05 -------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*06 a------a-------------------------------------------------------------------------------------------------------------------------a------------------------------
IGHG2*07 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*08 -------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*09 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*10 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*11 -------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*12 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*13 -------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*14 a------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*15 -------a--------------------------------------------------------------------------------------------------------------------------------------------------------
IGHG2*16 -------a-------------------------------------------------------------------------------------------------------------------------a------------------------------
IGHG2*17 -------a-------------------------------------------------------------------------------------------------------------------------a------------------------------
IGHG3*01 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*02 -------a-------*************************************************************************************************************************************************
IGHG3*03 --------------------------------------------g---a------------------------g-------t----------------------------------------g--t----------------------------------
IGHG3*04 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*05 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*06 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*07 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*08 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*09 -------a-------------------------------------------t------------------------------a---------------------------------------g--t----------------------------------
IGHG3*10 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*11 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*12 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*13 a------a-----------------------------------------------------------------g--------a---------------------------------------g--t----------------------------------
IGHG3*14 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*15 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*16 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*17 ----------------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG3*18 ----------------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG3*19 ----------------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG3*20 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*21 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*22 -------a--------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG3*23 ----------------------------------------------------------------------------------a-----------------------------------------------------------------------------
IGHG3*24 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*25 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*26 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*27 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG3*28 -------a--------------------------------------------------------------------------a---------------------------------------g--t----------------------------------
IGHG3*29 -------a--------------------------------------------------------------------------a---------------------------------------g-------------------------------------
IGHG4*01 --------------------------------------------g---a------------------------g-------t-----------------------------------------------a----------------------t-------
IGHG4*02 --------------------------------------------g---a------------------------g-------t----------------------------------------------------------------------t-------
IGHG4*03 -------------------------------------------------------------------------g------------------------------------------------------------------------------t-------
IGHG4*04 --------------------------------------------g----------------------------g-------t-----------------------------------------------a----------------------t-------
IGHG4*05 a-------------------------------------------g----------------------------g-------t-----------------------------------------------a----------------------t-------
IGHG4*06 --------------------------------------------g----------------------------g-------t-----------------------------------------------a----------------------t-------
IGHG4*07 --------------------------------------------g---a------------------------g-------t-----------------------------------------------a----------------------t-------
IGHG4*08 --------------------------------------------g---a------------------------g-------t-----------------------------------------------a----------------------t-------


Fig. S2. Nucleotide alignment of CH3 exon fragments (nt. 161-320) for IMGT IGHG alleles. Positions of four SNPs differentially detected in the 1kGP datasets and the current study are shown in red.  1kGP-ph3 does not detect polymorphism at position 161 in IGHG2 and position 311 in IGHG1.  1kGP-30X shows variation in IGHG1 CH3 at position 168 (G>A, gmaf 24%) and IGHG2 shows polymorphism at position 313 (C>T, gmaf 19%).  Position numbering is based on position within the CH3 exon.
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Fig. S3. Trimorphism in the IGHG2 gene.  Sequence electrophoregram depicting heterozygosity for rs113678609 (aa pos. 309, nt position 231 in CH2 exon) in three different individuals. The bottom electrophoregram shows the presence of three nucleotide variants at the SNP position. Corresponding amino acid codons are shown on the right.  The PCR product was confirmed to be gene-specific based on the characteristic IGHG2 sequence of the CH2 exon, which includes a 3 bp deletion that is not present in IGHG1, IGHG3, or IGHG4.
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Fig. S4.  LD plots generated by Haploview for amino acid changing variants encompassing IGHG3, IGHG1, and IGHG2 in the three populations tested.  Colors reflect two statistical estimates of LD: D’ and LOD (logarithm of the odds) score: bright red - D’ = 1, LOD  2; shades of pink/red - D’ < 1, LOD  2; white - D’ < 1, LOD < 2; blue – D’ = 1, LOD < 2. Numbers correspond D’ values multiplied by 100, empty red boxes correspond to D’ = 1. H_2, H_3, H_5 – IGHG3 hinge exon number variants (two, three, and five exons variants).  SNPs positions within the corresponding genes and exons are shown on top (e.g. G3_CH1_223 is nt position 223 in the IGHG3 CH1 exon).  SNP information can be found in Table S1.
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Fig. S5. Pairwise FST distribution of a sample of 1000 SNPs across autosomes between pairs of the three super-populations from 1kGP-ph3. All sampled SNPs are bi-allelic and of global minor allele frequency 10%. The red arrows indicate the positions of the significant estimated FST for the SNPs shown in Table 5.




Table S1. IGHG SNPs and frequencies identified in the current study and 1kGP datasets (Excel file with the three worksheets – Current study, 1kGP datasets, Abbreviations and notes).

Table S2. IGHG1 haplotypes1.

[image: ]


1Haplotypes with frequency >1% were estimated using Haploview. Numerical allele names correspond to the IMGT nomenclature, and putative novel alleles are labeled with letter “n”.  Non-synonymous SNPs are shown in red.  SNP positions within the corresponding exons are shown in the header row.  Chromosomal positions, and SNP frequencies can be found in Table S1.  Allotypes are given the name of the most frequent allele encoding the identical protein variant. 


Table S3. IGHG2 haplotypes1.

[image: ]


1 See footnote to Table S2.



Table S4. IGHG3 haplotypes1.
[image: ]
1 See footnote to Table S2.


Table S5. Additional IGHG3 allotypes estimated in the 1kGP-ph3 super-populations1.
[image: ]
1 The allotypes IGHG3*1K1-*1K17 were present only in the 1kGP dataset.  IGHG3*01 is shown for reference.  Amino acid positions are in accordance with Eu numbering. Hinge exon number (H) and polymorphism at amino acid position 419 are missing from 1kGP-ph3 dataset.



Table S6. IGHG3_IGHG1_IGHG2 haplotype frequencies estimated in the current study1.

[image: ]

1 The allotypes represent unique amino acid sequences designated as shown in Tables 1-3. Gm haplotypes were defined according to Lefranc and Lefranc 7.




Table S7. Gm haplotype frequencies estimated in the current study1.

[image: ]
1 Gm haplotypes were defined according to Lefranc and Lefranc 7.


Table S8. PCR amplification primers.
[image: ]



Table S9. Sequencing primers.

[image: ]

1Does not always work in individuals of African descent due to a downstream indel polymorphism.
2May miss some alleles in Asian populations.

Table S10 - Genotyping data generated in the current study (Excel file).
2
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*1K13 - - - - - - - - F - - - - - - - - H - 0.018
*1K14 - - S - - - - - - - - - - - - - - - Y 0.014
*1K15 - - - - - - - - - - - - - K - - - H - 0.014

*1K16 - - - - - - - - - - - - - - - R Vv - - 0014

*1K17 - - - - - - - - - - - - - - Vv - v - - 0014

*1K18 - - - - - - L - - - A - - - - - - - Y 0.001 0.011









CH1 CH2 CH3

IGHG3 192 193 199 H 234 274 276 291 292 296 327 339 379 384 392 397 409 419 422 435 436 AFR EUR EAS

*01 S L T 4 L Q K P R Y A T V S N M K Q I R F 0.3280.0070.364

*1K1

- - - - - - - - - - - - - - V R V

- - 0.103

*1K2 - - - - - - L - - - - - - - - - - - Y 0.0020.0640.033

*1K3 - - - - - - - - - - - - - - - - - - Y 0.033 0.062

*1K4 - - - - - - - - F - - - - - - - - - Y 0.0070.0840.002

*1K5 - - - - - - - - - - - - - K - - - - Y 0.079 0.001

*1K6 - - - - - - - - F - - - N - - - - - - 0.0620.002

*1K7 - - S - - - - - - - - - - - - - - - - 0.051

*1K8 - - - - - - - - - - - - - - V - - - - 0.050

*1K9 - - - - - - - - - - - - - K - - - H Y 0.039 0.001

*1K10 - - - - - - - - - - - - - - - - - H - 0.020 0.016

*1K11 - - - - - - - - - - - - - - - - - H Y 0.006 0.018

*1K12 - - - - - - - - F - - - - - - - - H Y 0.0010.0190.002

*1K13 - - - - - - - - F - - - - - - - - H - 0.018

*1K14 - - S - - - - - - - - - - - - - - - Y 0.014

*1K15 - - - - - - - - - - - - - K - - - H - 0.014

*1K16 - - - - - - - - - - - - - - - R V - - 0.014

*1K17 - - - - - - - - - - - - - - V - V - - 0.014

*1K18 - - - - - - L - - - A - - - - - - - Y 0.0010.011


image11.emf
IGHG haplotype Gm haplotype EA AA SA Global
G3*11/G1*03 / G2*02 5%;3;23 (A) 0.388 0.090 0.159
G3*01/G1*02 / G2*06 5%;17,1;.. (E) 0.180 0.290 0.157
G3*11/G1*03 /G2*03 5%;3;.. (B) 0.224 0.050 0.091
G3*03 /G1*02 / G2*03 24%:17,1;.. (G) 0.133 0.127 0.087
G3*01/G1*02 /G2*03 5%;17,1;.. (E) 0.145 0.078 0.074
G3*14 / G1*02 / G2*03 21%;17,1;.. (C) 0.126 0.018 0.031 0.058
G3*14 / G1*07 / G2*03 21%;17,1,2;.. (D) 0.086 0.021 0.036
G3*07 / G1*02 / G2*n3 5%;17,1;..,27 (E) 0.057 0.048 0.035
G3*01/G1*02 / G2*n3 5%;17,1;..,27 (E) 0.049 0.053 0.034
G3*13 /G1*02 / G2*06 6*;17,1;.. (F) 0.037 0.065 0.034
G3*17 /G1*02 / G2*n3 15%;17,1;..,27 (H) 0.011 0.032 0.014

G3*01m /G1*02 / G2*03 6*;17,1;.. (F) 0.037 0.012
G3*12 /G1*03 / G2*03 5%;3;.. (B) 0.034 0.011
G3*n5/G1*02/G2*n9 15%;17,1;.. (H) 0.032 0.011
G3*17 /G1*02 / G2*03 15%;17,1;.. (H) 0.011 0.021 0.011
G3*26 / G1*03 / G2*03 5%;3;.. (B) 0.030 0.010
G3*16 / G1*02 / G2*03 21%;17,1;.. (C) 0.030 0.010
G3*01/G1*02 /G2*11 5%;17,1;.. (E) 0.027 0.009
G3*n3 /G1*02 / G2*n10 5%;17,1;.. (E) 0.026 0.009
G3*07 / G1*02 / G2*03 5%;17,1;.. (E) 0.018 0.006
G3*n3 /G1*02 / G2*n12 5%;17,1;.. (E) 0.016 0.005
G3*14 / G1*07 / G2*02 21%;17,1,2;23 0.014 0.005
G3*03 / G1*04 / G2*03 24*;17,1,27;.. 0.012 0.004
G3*14 / G1*03 / G2*03 21%;3;.. 0.011 0.004
G3*14 / G1*07 / G2*n1 21%;17,1,2;23 0.011 0.004
G3*12 /G1*03 / G2*02 5%;3;23 (A) 0.011 0.004
G3*17 /G1*n4 / G2*n3 15%;17,1;..,27 (H) 0.011 0.004
G3*03 /G1*n3 /G2*03 24%:17,21,1,27;.. 0.011 0.004
G3*n1/G1*02 / G2*06 5%;17,1;.. (E) 0.011 0.004
G3*03 /G1*02 / G2*06 24*;17,1;.. (G) 0.011 0.004
G3*14 / G1*02 / G2*06 21%;17,1;.. (C) 0.011 0.004
G3*n3 / G1*02 / G2*03 5%;17,1;.. (E) 0.011 0.004
G3*01/G1*02 / G2*n9 5%;17,1;.. (E) 0.011 0.004
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G3*16 / G1*02 / G2*03 21*;17,1;.. (C) 0.030 0.010

G3*01 / G1*02 / G2*11 5*;17,1;.. (E) 0.027 0.009

G3*n3 / G1*02 / G2*n10 5*;17,1;.. (E) 0.026 0.009
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G3*n3 / G1*02 / G2*n12 5*;17,1;.. (E) 0.016 0.005
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G3*03 / G1*04 / G2*03 24*;17,1,27;.. 0.012 0.004

G3*14 / G1*03 / G2*03 21*;3;.. 0.011 0.004

G3*14 / G1*07 / G2*n1 21*;17,1,2;23 0.011 0.004

G3*12 / G1*03 / G2*02 5*;3;23 (A) 0.011 0.004

G3*17 / G1*n4 / G2*n3 15*;17,1;..,27 (H) 0.011 0.004

G3*03 / G1*n3 / G2*03 24*;17,21,1,27;.. 0.011 0.004

G3*n1 / G1*02 / G2*06 5*;17,1;.. (E) 0.011 0.004

G3*03 / G1*02 / G2*06 24*;17,1;.. (G) 0.011 0.004

G3*14 / G1*02 / G2*06 21*;17,1;.. (C) 0.011 0.004

G3*n3 / G1*02 / G2*03 5*;17,1;.. (E) 0.011 0.004

G3*01 / G1*02 / G2*n9 5*;17,1;.. (E) 0.011 0.004


image12.emf
Haplotype EA AA SA
A 0.388 0.101
B 0.288 0.050
C 0.156 0.018 0.042
D 0.086 0.021
E 0.460 0.560
F 0.037 0.102
G 0.133 0.138
H 0.033 0.085
unknown 0.036 0.023
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image13.emf
Gene Exons amplified 5'-3' sequence Direction Location Annealing  Product size,
temp. bp
IGHG1 CH1, H, CH2, CH3 ctgaacctcgcggacagtt Forward 5" upstream of CH1 60C 1846
gaaagaaccatcacagtctcg Reverse CH3, 3' downstream
IGHG2 CH1 gaccctgcctggaccc Forward 5' upstream of CH1 60C 813
gcactcgacacaacatttgc Reverse H exon
H, CH2, CH3 ccccaaaggccaaactg Forward CH1/H intron 60C 1170
cactcaggcctcagactcg Reverse 3' downstream of CH3
IGHG3 CH1 gctctgtecccacaccgea Forward 5' upstream of CH1 65C 633
aggggcaggsgtcctcect Reverse CH1/H intron
H Ccaaaggccaaactctctactca Forward CH1/H intron 63C 893 (4 exons)
ggtccgggaaatcataagggta Reverse CH2
CH2, CH3 aggacaggtgccctagagtg Forward H/CH2 intron 60C 893
cgtgccaagcatcctcg Reverse CH3
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gcactcgacacaacatttgc Reverse H exon

H, CH2, CH3 ccccaaaggccaaactg Forward CH1/H intron 60C 1170

cactcaggcctcagactcg Reverse 3' downstream of CH3

IGHG3 CH1 gctctgtcccacaccgca Forward 5' upstream of CH1 65C 633

aggggcagggtcctcct Reverse CH1/H intron

H ccaaaggccaaactctctactca Forward CH1/H intron 63C 893 (4 exons)

ggtccgggaaatcataagggta Reverse CH2

CH2, CH3 aggacaggtgccctagagtg Forward H/CH2 intron 60C 893

cgtgccaagcatcctcg Reverse CH3


image14.emf
Gene Exon sequenced 5'-3' sequence Direction Location
IGHG1 CH1 ctggcaccctcctecaa Forward CH1
CH1 cctgggttaggggcacct? Reverse CH1/H intron
CH1 gcttgtgattcacgttgcaga2 Reverse CH1
H gctaggtgcccctaa Forward CH1/H intron
CH2 ttctctecctcccagatt Forward CH1/H intron
CH3 ccaaaggtgggacccgt Forward CH2 - intron CH2/CH3
IGHG2 CH1 gaccctgectggaccc Forward 5' upstream of CH1
H, CH2 ccccaaaggccaaactg Forward CH1/H intron
CH3 ataatgccaagacaaagcca Forward CH2
IGHG3 CH1 gggtgaggagtcagac Reverse CH1/H intron
CH2 gcagagggtgggt Reverse CH2/CH3 intron
CH3 ggacagaggccagcttga Forward CH2/CH3 intron









Gene Exon sequenced 5'-3' sequence Direction Location

IGHG1 CH1 ctggcaccctcctccaa Forward CH1

CH1 cctgggttaggggcacct

1

Reverse CH1/H intron

CH1 gcttgtgattcacgttgcaga

2

Reverse CH1

H gctaggtgcccctaa Forward CH1/H intron

CH2 ttctctcctcccagatt Forward CH1/H intron

CH3 ccaaaggtgggacccgt Forward CH2 -intron CH2/CH3

IGHG2 CH1 gaccctgcctggaccc Forward 5' upstream of CH1

H, CH2 ccccaaaggccaaactg Forward CH1/H intron

CH3 ataatgccaagacaaagcca Forward CH2

IGHG3 CH1 gggtgaggagtcagac Reverse CH1/H intron

CH2 gcagagggtgggt Reverse CH2/CH3 intron

CH3 ggacagaggccagcttga Forward CH2/CH3 intron
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