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Abstract

The ‘Human Immunoglobulin Heavy Diversi-
ty (IGHD) and Joining (IGHJ) segments’, fifth
report of the ‘IMGT Locus on Focus’ section,
comprises six tables entitled: (1) ‘Human
germline IGHD segments at 14g32.33'; (2)
‘Human IGHD alleles’; (3) ‘Human germline
IGHJ segments at 14g32.33’; (4) ‘Human
IGHJ alleles’; (5) ‘Human germline IGHD or-
phons on chromosome 15 (15q11.2)"; (6)
‘Correspondence between the different hu-
man IGHD nomenclatures’, and two figures:
(1) ‘Protein display of human IGH D-RE-
GIONs’; (2) ‘Protein display of human IGH
J-REGIONSs’. These tables and figures are
available at the IMGT Marie-Paule page from
IMGT, the international ImMunoGeneTics
database (http://imgt.cnusc.fr:8104) created
by Marie-Paule Lefranc, Université Montpel-
lier I, CNRS, France.

Introduction

‘Human Immunoglobulin Heavy Diversi-
ty IGHD) and Joining (IGHJ) segments’ is
the fifth report of the ‘IMGT Locus on Focus’
section launched in the April 1998 issue of
Experimental and Clinical Immunogenetics
[1], with the first report on the human IGLV
genes and IGLJ segments [2], the second re-
port on human IGKV genes and IGKJ seg-
ments [3], the third report on mouse (Mus
musculus) IGKV genes and IGKJ segments
[4] and the fourth report on human IGHV
genes [5].
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Table 2

Human IGHD alleles
Fct : FUNCTIONALITY

F : Functional

ORF : Open Reading Frame

D-REGION alleles are only described at the nucleotide level since D-REGION can be used in the three reading
frames. The numbering starts with the first nucleotide following the heptamer.

The accession number of a reference sequence is given for each allele.

IGHD | IGHD IGHD | 5 ccession | cOnfirmed by - .
subgroup | name Fct allele number genetics Description of mutations
name and/or data
1 1-1 F D1-1*01 X97051
1-7 F D1-7*01 X13972 +
1-14 |ORF| D1-14*01 X13972 +
1-20 F D1-20*01 X97051
1-26 F D1-26*01 X97051
2 2-2 F D2-2*01 J00232 al |g29 |
F D2-2*02 X97051 |g29>a|
F D2-2*03 M35648 + al>t]
2-8 F D2-8*01 X13972 + ald |al5 |
F D2-8*02 J00233 ald>glal5>g]|
2-15 F D2-15*01 J00234 +
2-21 F D2-21*01 J00235 + tl9 |
F D2-21*02 X97051 t19>c|
3 3-3 F D3-3*01 X13972 + c7  |g8 |
F D3-3*02 X93618 c7>g|g8>c|
3-9 F D3-9*01 X13972 +
3-10 F D3-10*01 X13972 + gl2 \
F D3-10*02 X93615 gl2>del |
3-16 F D3-16*01 X93614 +
3-22 F D3-22*01 X93616 +
4 4-4 F D4-4*01 X13972 +
4-11 | ORF| D4-11*01 X13972 +
4-17 F D4-17*01 X97051
4-23 | ORF| D4-23*01 X97051
5 5-5 F D5-5*01 X13972 +
5-12 F D5-12*01 X13972 +
5-18 F D5-18*01 X97051
5-24 | ORF| D5-24*01 X97051
6 6-6 F D6-6*01 X13972 +
6-13 F D6-13*01 X13972 +
6-19 F D6-19*01 X97051
6-25 F D6-25*01 X97051
7 7-27 F D7-27*01 J00256 +

Analyst/Contact : Nathalie Pallares (ligm@ligm.igh.cnrs.fr)
Last Updated : 26/11/98
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Table 4

Human IGHJ alleles

Fct : FUNCTIONALITY
F : Functional

The accession number of a reference sequence is given for each allele.
IMGT numbering and description of alleles for germline J-REGIONSs start with the first

nucleotide of the first codon.

IGHJ . confirmed
IGHJ Accession - I .
name Fct | Allele number by genetics Description of mutations
name and/or data
IGHJA1 F | J1*01 J00256 +
IGHJ2 F | J2*01 J00256 +
IGHJ3 | F | J3*01 J00256 + glo , v4 |
F [ J3*02 X86355 + gl0>a, V4>I|
IGHJ4 | F | J4*01 J00256 a2l |a24 |
F [ J4*02 X86355 + a2l>g|
F | J4*03 | M25625 |a24>g]|
IGHJ5 F | J5"01 J00256 + tl3 ,s5 |a24 |
F | J5"02 | X86355 + t13>c,S5>P|a24>g]
IGHJ6 F | J6"01 J00256 gl6 ,gl7 ,tl8 ,G6 |g33 |c34 ,012 |
F [ J6"02 X86355 + |g33>c]|
F | J6"03 | X86356 + gl6>t,gl7>a,tl8>c,G6>Y|g33>c|c34>a, Q12>K]|

Analyst/Contact : Nathalie Pallares (ligm@ligm.igh.cnrs.fr)

Last Updated : 08/10/97

This report completes the tables of the
immunoglobulin germline genes in humans
and comprises six tables entitled:

(1) ‘Human germline IGHD segments at

14q32.33%

(2) ‘Human IGHD alleles’;

(3) ‘Human germline IGHJ segments at
14q32.33%;

(4) ‘Human IGH]J alleles’;

(5) ‘Human germline IGHD orphons on
chromosome 15 (15q11.2)’;

(6) ‘Correspondence between the different
human IGHD nomenclatures’,

178 Exp Clin Immunogenet 1999;16:173-184

and two figures:

(1) ‘Protein display of human IGH D-RE-
GIONs;

(2) ‘Protein display of human IGH J-RE-
GIONs’.
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Table 5

Human germline IGHD orphons on chromosome 15 (15q11.2)
Fct : FUNCTIONALITY

OREF : Open Reading Frame

IGHD IGHD name Fct Reference Accession Sequences from the literature
subgroup sequences numbers
1 1/OR15-1a | ORF DM5-a X55575 [3]
1/OR15-1b | ORF DM5-b X55576 [3]
2 2/0R15-2a | ORF D5-a X55577 [3] [M35647 [1]
2/0R15-2b | ORF D5-b X55578 [3] [M35647 [1]
3 3/0R15-3a | ORF DXP5-a X55579 [3] [D22/12 [X93617][2]
3/0R15-3b | ORF DXP5-b X55580 [3] [D22/12 [X93617][2]
4 4/OR15-4a | ORF DA5-a X55581 [3]
4/OR15-4b | ORF DA5-b X55582 [3]
5 5/0R15-5a | ORF DK5-a X55583 [3]
5/0R15-5b | ORF DK5-b X55584 [3]
References

[1] Zong, S.Q. et al., Immunol. Lett., 17: 329-334 (1988)
[2] Buluwela, L. et al., EMBO J., 7: 2003-2010 (1988)
[3] Matsuda, F. et al., EMBO J., 9: 2501-2506 (1990)

Analyst/Contact : Manuel Ruiz (manu@ligm.igh.cnrs.fr)
Last Updated: 16/04/97

These tables and figures are available at
the IMGT Marie-Paule page from IMGT,
the international ImMunoGeneTics database
(http:/fimgt.cnusc.fr:8104) created by Ma-
rie-Paule Lefranc, Université Montpellier 11,

CNRS, France [6-8].

Human IGHD and IGHJ Segments

Marie-Paule page [8].

Description of functionality (FUNC-
TIONAL, ORF, PSEUDOGENE) and de-
scription of mutations [1] are according to the
IMGT scientific chart available at the IMGT
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Table 6

Correspondence between the different human IGHD nomenclatures

IGHD segments are listed from 5’ (top of the table) to 3' (bottom of the table).

IMGEIGHD Other designations from the literature

name
1-1 M4 [5]
2-2 D4 [1] LR4 [5
3-3 23/7 [3] XP4 [4
4-4 Ad 4
5-5 K4 [4
6-6 N4 [4
1-7 M1 [4
2-8 D1 [1] LR1 [4]
3-9 21/0,5 [3] XP1[4
3-10 21/7 [3] XP'1 [4]
4-11 Al [4
5-12 K1 [4
6-13 N1 [4
1-14 M2 [4
2-15 D2 [1] LR2 [5
3-16 21/10 [3] XP2[5
4-17 A2 [5
5-18 K2 [5
6-19 N2 [5
1-20 M3 [5
2-21 D3 [1] LR3 [5]
3-22 21/9 [3] XP3[5
4-23 A3 [5
5-24 K3 [5
6-25 N3 [5
1-26 M'3 [5]
7-27 DHQ52 [2]

Note IGHD segments are designated by a number for the subgroup followed by a dash

and a number for the localisation from 5" to 3" in the locus [6].

References: [1]
[2]
[3]
[4]
[5]
[6]

Siebenlist, U. et al., Nature, 294, 631-635 (1981).
Ravetch, J.V. et al., Cell, 27, 583-591 (1981).
Buluwela, L. et al., EMBO J., 7, 2003-2010 (1988).
Ichihara, Y. et al., EMBO J., 7, 4141-4150 (1988).
Matsuda F. et al., J.Exp.Med., 188, 2151-2162 (1998).

Corbett, S. Unpublished X97051

Author: Manuel Ruiz manu@ligm.igh.cnrs.fr

Created: 13/12/98
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IGHD1-1  X97051,IGHD1-1%01

IGHD1-7

X13972, IGHD1-7*01

IGHD1-14 X13972,IGHD1-14*01

IGHD1-20 X97051,IGHD1-20*01

IGHD1-26 X97051,IGHD1-26*01

IGHD2-2  J00232, IGHD2-2*01
X97051, IGHD2-2*02
M35648, IGHD2-2*03
IGHD2-8  X13972, IGHD2-8*01

J00233, IGHD2~8*02

IGHD2-15 J00234,IGHD2-15*01

IGHD2-21 J00235,IGHD2-21*01

X97051, IGHD2-21*02

IGHD3-3

X13972, IGHD3-3*01

(For legend 1 see p. 184.)

Human IGHD and IGHJ Segments

Direct 5' - 3' orientation

G T T G T
V ¢ L E R
Y N W N D
ggtacaactggaacgac

G I T G T
v * L E L
Y N W N Y
ggtataactggaactac

G I T 6 T
v *# P E P
Y N R N H
ggtataaccggaaccac

G I T G T
v * L E R
Y N W N D
ggtataactggaacgac

G I VvV G A T

Vv * W E L L
Y S G S Y Y
ggtatagtgggagctactac

R I L * *» Y Q L L C
G ¥Y ¢ s 8 T $SsS C Y A
D I vV VvV V P A A M
aggatattgtagtagtaccagctgctatgee

R I L * * Y QLlL X
G Yy CcCs sTSCYT
DI V VUV PAA ATI
aggatattgtagtagtaccagctgctatace
WIL**YQLTLC
G Y ¢C s S T S C Y A
D I VvV V V P A A M
tggatattgtagtagtaccagctgetatgee

R I L ¥ * W C M L Y
G ¥Y ¢C T NGV CY T
b I vL.L MV Y A I
aggatattgtactaatggtgtatgetatace

R I L Y WWOCMLY
G Y C T GGGV C Y T
D I VLYV YA AT
aggatattgtactggtggtgtatgctatace

R I L * W W * L L L
G Y ¢C S5 G G S C Y 8
D I VvV VvV YV AA AT
aggatattgtagtggtggtagetgctactec

S I L W W * L L F
A Y C G G D C Y S8
HI v v Vv I A I
agcatattgtggtggtgattgctattee

S I L W W * L L F
A Y C G G D C Y 8
H I v Vv Vv T A I
agcatattgtggtggtgactgctattce

VIRPFTLETWTLTLY
Y YD F W S G Y Y T
I T IF GV UV II

gtattacgatttttggagtggttattatace

Inverted orientation

v v PV V

gtegttecagttgtace

v v P V I
*F Q¢ L Y
s 8§ 8 Y T
gtagttccagttatacc

v v P VvV I
W F R L Y
G S G Y T
gtggttcecggttatacc

v Vv P V I
S F Q L Y
R § S Y T
gtcgttcecagttatace

v v A P T I
* * L P L Y
S 8 S H Y T
gtagtagctcccactatacce

G I A A G T T T I §
A * Q L VL L Q Y P
H S S W Y Y Y N I
ggcatagcagctggtactactacaatatect

G I AAGTTTTI S
VvV * QL VLLQYFP
Y s s WY Y YNTI
ggtatagcagctggtactactacaatatecct

G I AAGTTT I S
A * QL VL L Q Y P
H S s W Y Y Y N I
ggcatagcagctggtactactacaatatcca

G I A Y T I s T I 8
v * H T P L V Q Y P
Y S I # H * Y N I
ggtatagcatacaccattagtacaatatcct

G I A Y T T s T I S
vV * H T P PV Q Y P
Y S I H H Q Y N I
ggtatagcatacaccaccagtacaatatcect

G vV A AT TTT I S

ggagtagcagctaccaccactacaatatcct

G I A I T T T I C
E * ¢ S P P QO Y A
N S N HHHNM
ggaatagcaatcaccaccacaatatget

G I AV T T T I C
E * 0 S P P Q Y A
N S §$ HHHNM
ggaatagcagtcaccaccacaatatgct
I I T T P K I V I
* * P L Q K S * Y
Y NN H S K N R N
ggtataataaccactccaaaaatcgtaatac

G
v

Exp Clin Immunogenet 1999;16:173-184 181
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X93618, IGHD3-3*02

IGHD3-9

X13972, IGHD3~9*01

IGHD3-10

X13972,IGHD3-10*01

X93615, IGHD3-10*02

IGHD3-16

X93614,IGHD3-16*01

IGHD3-22 X93616, IGHD3-22*01

IGHD4-4  X13972, IGHD4-4*01

IGHD4-11 X13972,IGHD4-11%01

IGHD4-17 X97051,IGHD4-17*01

IGHD4-23 X97051, IGHD4-23*01

IGHD5~-5  X13972,IGHD5-5*01

IGHDS-12 X13972,IGHD5-12*01

IGHD5-18 X97051, IGHD5-18*01

IGHD5-24 X97051,IGHD5-24*01

1b

(For legends 1 and 2 see p. 184.)

Direct 5' - 3' orientation

vL5.L AFLEWLTLY

Y * B F WS G Y YT
I $ I F G V VvV I I

gtattageatttttggagtggttattatacce

VL RYFDWIL L *
Y YDILTGTY YN
I T I F * L V I I

gtattacgatattttgactggttattataac

vV L L WF GE L L *
Y Y Y G S G S Y Y N

I T M VR GV I I
gtattactatggttcggggagttattataac

I T M
gtattactatg.ttcggggagttattataac

vV L * L RL G ETULCTUL Y
Y Y DY VWG S Y A YT
I M I TF GGV M UL I
gtattatgattacgtttgggggagttatgcttatace

v L L * * * W L L L
Y Y ¥ DS S G Y Y Y
I T M I VvV VvV I T
gtattactatgatagtagtggttattactac

* L Q * L
D Y S N Y
T T V T
tgactacagtaactac

* L Q * L
D Y S N Y
T T V T
tgactacagtaactac

* L R * L
D Y G D Y
T T V T
tgactacggtgactac

* L R W * L
D Y G G N S
T T Vv V T

tgactacggtggtaactce

gtggatatagtggctacgattac

vV DT A MV

W I QL W L
G Y 8§ Y G Y
gtggatacagctatggttac

gtagagatggctacaattac

182

Exp Clin Immunogenet 1999;16:173-184

Inverted orientation

G I I TTZPEKMLTI
V * * P L QK C * Y

Y N N H S K N A N
ggtataataaccactccaaaaatgetaatac

v I I T S Q N I VvV I
L * * P V K I S8 * Y
Y NN Q 8 K Y R N

gttataataaccagtcaaaatatcgtaatac

Y NN S P N H S N
gttataataactccccgaaccatagtaatac

v I I T P R T : : ¥
L * * L P E H 8§ N
Y NN S PN IV
gttataataactcecccgaac.atagtaatac

G I 5 I T P P NV I I I
v * A * L P Q T * § * Y

Y K HN S P K R N H N
ggtataagcataactcceccaaacgtaatcataatac

v v I T T T I I VvV I
* + = P L L S * * Y
S N N HY Y H S8 N
gtagtaataaccactactatcatagtaatac

v V. T Vv V
* L L * 8§
s Y C S
gtagttactgtagtca

v Vv T Vv V
* L L * §
S Y C §
gtagttactgtagtca

v vV T vV V
* 5 P * 8
S H R 8
gtagtcaccgtagteca

G vV T T VvV V
E L P P * S
S Y H R S
ggagttaccaccgtagtca

v T I A V §
* P * L Y P
N H 8§ C I H
gtaaccatagctgtatccac

v I VvV A T I 8
* 8 * P L Y P
N R 8§ H Y I H
gtaatcgtagccactatatccac

v T I 2 V S
* P * L Y P
N H S C I H
gtaaccatagctgtatecac

v I v A I 8
* L * P S L
N ¢ $S H L Y
gtaattgtagccatctetac
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Direct 5' - 3' orientation

E Y 5§ 8 8 §
S I A A R

Inverted orientation

G R A A I L
D E L L Y

V * 0 L V T $ C Y T
IGHD6-6  X13972,IGHDG-6*01 gagtatagcagctcgtecc ggacgagctgctatactc
G Y 8§ § S W Y vV P A A A I P
G I A A AG Yy 9 L L L Y
vV * 0 9 L V T S C C Y T
IGHD6-13 X13972,1IGHD6-13*01 gggtatagcagcagctggtac gtaccagctgctgetatacce
G Y S 8 G W Y vV P A T A I P
G I A V A G Y 9 P L L Y
Vv * Q9 W L V T S H C Y T
IGHD6-19 X97051, IGHD6-19+01 gggtatagcagtggctyggtac gtaccagccactgctatacce
G Y 8§ S G Y vV A A A I P
G I A A A * P L L Y
Vv * ¢ R L S R C Y T
IGHD6-25 97051, IGHD6-25*01 gggtatagcagceggctac gtagcecgcetgetatacee
L T G S P V
* L G P Q L
N W G IESES I
IGHD7-27 J00256,IGHD7-27*01 ctaactgggga tceccagttag

Author: Manuel Ruiz (manu@ligm.igh.cnrs.fr)

A

IGHJ1*01 GCT

Y

IGHJ2*01 C TAC
IGHJ3*01
IGHJ3*02
IGHJ4*01
IGHJ4*02
IGHJ4*03

IGHJI5*01 AC

IGHJI5*02 ==

Y Y Y Y

IGHJ6*01 AT TAC TAC TAC TAC

IGHJ6*02 e e e

IGHJ6*03 m e e e -

Analyst/Contact: Valérie Barbié

Human IGHD and IGHJ Segments

E Y F Q H W G
GAA TAC TTC CAG CAC TGG GGC
W Y F D L W_G
TGG TAC TTC GAT CTC TGG GGC

A F D V W G
AT GCT TTT GAT GTC TGG GGC

I

—— ——— mmm —mee B ——— -

TAC GGT ATG GAC GIC TGG GGG

_——— m—— e e __c
Y

-== TAC === === ——= —— ——C

(valerie@ligm.igh.cnrs.fr)

Q G T L v T
CAG GGC ACC ACC

CGT

GGC ACC ACT

GTC

GTC

TCC

TCC

TCA

TCA

Exp Clin Immunogenet 1999;16:173-184

183

1c



Acknowledgments

We are grateful to Gérard Lefranc, Johanne Abad,
Sylvaine Artéro, Géraldine Folch, Véronique Giudi-
celli, Christéle Jean, and Dominique Scaviner for help-
ful discussion. IMGT is funded by the European
Union’s BIOTECH programme (BIO4CT96-0037),
Centre National de la Recherche Scientifique, and the

References

1 Lefranc MP: IMGT Locus on Focus.

5 Pallarés N, Lefebvre S, Contet V,

Ministére de ’Education Nationale, de la Recherche et
de la Technologie. Subventions have been received
from: Association pour la Recherche sur le Cancer,
Association de la Recherche sur la Polyarthrite,
Fondation pour la Recherche Médicale, Ligue
Nationale contre le Cancer, and the Région Langue-
doc-Roussillon.

8 Lefranc MP, Giudicelli V, Gines-

Exp Clin Immunogenet 1998;15:
1-7.

Pallarés N, Frippiat JP, Giudicelli
V, Lefranc MP: The human immu-
noglobulin lambda variable (IGLV)
genes and joining (IGLJ) segments.
Exp Clin Immunogenet 1998;15:8-
18.

Barbié V, Lefranc MP: The human
immunoglobulin kappa variable
(IGKYV) genes and joining (IGKJ)
segments. Exp Clin Immunogenet
1998;15:171-183.

Martinez C, Lefranc MP: The
mouse (Mus musculus) immuno-
globulin kappa variable (IGKV)

Matsuda F, Lefranc MP: The hu-
man immunoglobulin heavy vari-
able (IGHV) genes. Exp Clin Immu-
nogenet 1999;16:36-60.

Giudicelli V, Chaume D, Bodmer J,
Miiller W, Busin C, Marsh S, Bon-
trop R, Lemaitre M, Malik A, Le-
franc MP: IMGT, the international
ImMunoGeneTics database. Nucle-
ic Acids Res 1997;25:206-211.
Lefranc MP, Giudicelli V, Busin C,
Bodmer J, Miiller W, Bontrop R,
Lemaitre M, Malik A, Chaume D:
IMGT, the international ImMuno-
GeneTics database. Nucleic Acids
Res 1998;26:297-303.

toux C, Bodmer J, Miiller W, Bon-
trop R, Lemaitre M, Malik A, Bar-
bié V, Chaume D: IMGT, the inter-
national ImMunoGeneTics data-
base. Nucleic Acids Res 1999;27:
209-212.

Yamada M, Wasserman R, Rei-
chard BA, Shane S, Caton AJ, Ro-
vera G: Preferential utilization
of specific immunoglobulin heavy
chain diversity and joining segments
in adult human peripheral blood B
lymphocytes. J Exp Med 1991;173:
395-407.

Tuaillon N, Miller AB, Tucker PW,
Capra JD: Analysis of direct and

genes and joining (IGKJ) segments.
Exp Clin Immunogenet 1998;15:
184-193.

Fig. 1. Protein display of human IGH D-REGIONS.
Amino acids are shown with one-letter abbreviations.
D-REGIONSs are shown in the three reading frames.
Some of the D-REGIONs having been found in in-
verted orientations [9, 10], the IGH D-REGIONSs are
shown in both direct 5’-3” and inverted orientations.
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inverted DJH rearrangements in a
human Ig heavy chain transgenic
minilocus J Immunol 1995;154:
6453-6465.

Fig. 2. Protein display of human IGH J-REGIONS.
Amino acids are shown with one-letter abbreviations.
The conserved W-G-X-G (Trp-Gly-X-Gly) motif is
underlined. Note that the JUNCTIONS of rearranged
IGHV-D-J-GENEs extend from 2nd-CYS (cystein 104
of the V-REGION) to J-TRP (conserved Trp of the
J-REGION), whereas the CDR3-IMGT extend from
amino acid 105 of the V-REGION to J-TRP not
included.
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