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Organization of Ig Gene Loci
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Junctional Diversity is Associated with 
Nucleotide Deletions and Additions

Germline

Deletion

N Addition

EXAMPLE

TYR-TYR-CYS-ALA-ARG GLU-ALA-PHE-SER ALA-GLY-LEU-TYR

TYR-TYR-CYS-GLY-ALA-SER-THR-PHE-ASP-MET-GLY-LEU-TYR
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NK, B AND T CELLS SHARE A 
COMMON LINEAGE

B Cell

T Cell

NK Cell

ADAPTIVE IMMUNITY

INNATE IMMUNITY





NKG2D
ligand binding site

KIR
ligand binding site

TCR
ligand binding site



• Compact genome
• Reduction in PCR artifacts

NITR Genes in Pufferfish

• Unique innate/adaptive relationship

Rast et al., 1997, Immunity 6:1
Strong et al., 1999, PNAS 96:15080
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Structural Variation in Zebrafish 
NITRS







Immunity In 
Jawless Vertebrates
• No MHC I or MHC II
• No immunoglobulin or TCR
• No RAG or TdT
• Lymphocytes
• Specific humoral immune 

response
• VLRs
• Allograft rejection









V region-containing
chitin binding protein (V-CBP)



             |---------L---------|                            |---------------------IgV1------------ ----- ----- 
                                                                     C               W                           
VCBP2.1    1 –MLGLLVAISAVACFESS-YADAVSITNVTAPYRGSWVMIWNTWWDPTWVNRVEIGCEYTISPAPATPPTITWLKGSF--TDRQVIYKLTSSGEVYVHP 
VCBP2.2    1 –MLGLLVAISAVACLESS-YADAVSITNVTAPYRGSWVMIWNTWWDPTWVNRVEIGCEYTISPAPATPPTITWLKGSF--TDRQVIYKLTSSGEVYVHP 
VCBP2.3    1 –MLGLLVAISAVACFESS-YADAVSITNVTAPYRGSWVMIWNTWWDPTWVNRVEIGCEYTISPAPATPPTITWLKGSF--TDRQVIYKLSSSGEVYVHP 
VCBP2.4    1 –MLGLLAAISAVACFESS-LADAVSITNVTVPDRGYWLMLCTALTDPPWLNRVEFGCEYTISPAPATPPTITWLKGSP--TDRQVVYKWSSSGEVYVHP 
VCBP2.5    1 MMLGLLVTISAAACFGSSLLADAVSIANVTVPNRASWVVMVARPDDPTWVNRIEFRCEYSISPASATPPTVTWLKGSFGHADRQVIYKWSSSGEVYVHP 
VCBP2.6    1 MMLGLLVTISAAACFGSSLLADAVSITNVTVPNRASWVVMVARPDDPTWVNRIEFRCEYSISPASATPPTVTWLKGSFGHADRQVIYKWSSSGEVYVHP 
VCBP2.7    1 MMLGLLVAISAVACFQSS-YADAVSITNVTVPYQSGWVVMWARPGDPTWVNRIEFRCEYTISPASATPPTITWLRGSFADADRQVVYKWSSSGEVYVHP 
VCBP2.8    1 -MLGLLVSVLLLHNFGP-ESGDAVSITTVTVPDRGGWVVMWPRPGDPTWVNRIEFRCEYSISPTSATPPTITWLKGVFADADRQVIYKWSSSGEVYVHP 
PCR01                                    VTVPN--GLVFAYNRWWDPTWVNRVEITCEYTISPAPAIPPTITWLRGVLT--EQEVIYKWSSSG 
PCR02                                    VTVPN--GLVFAYNRWWDPTWVNRVEITCEYTISPAPAIPPTITWLRGVFT--EQEVIYKWSSSG 
PCR03                                    VTAQN--GVVFAYNRWWDPTWVNRVEFRCEYTISPAPATPPTITWLRGVFA--DQEVIYKWSSSG 
PCR04                                    VTAQN--GVVFAYNRWWDPTWVNRVEFRCEYSISPAPATPPTITWLRGVFA--DQEVIYKWSSSG 
PCR05                                    VTAQN--GVVFAYNRWWDPTWVNRVEFRCEYSISPAPATPPTITWLRGVFT--EQEVIYKWSSSG 
PCR06                                    VTVPN--GLVFAYNRWWDPTWVNRVEFGCEYTISPAPATPPTITWLKGSFT--DRQVIYKWSSSG 
PCR07                                    VTVPDRGYWLMLWHRPDDPPWLNRVEFGCEYTISPAPATPPTITWLKGSFT--DRQVIYKWSSSG 
PCR08                                    VTVPNRGGWVLVWPRPGDPNWVNRAEIGCEYTISPTPATPPTITWLRGTFA--DKQVIYKWSSSG 
PCR09                                    VTLPDRGG*VTMWPRPGDPTWVNRIEFRCEYSISPASVTPPTITWFKGVFADGDRQVVYKWSSSG 
PCR10                                    VTLPDRSAGWVYLRYSPDPTWVNRIEFRCEYSISPASATPPTITWLRGPFT--DRQVIYKWSSSG 
 
             -------------IgV1-------------|                                                |------IgV2-------> 
                 R          L        D   Y C                                                G      C            
VCBP2.1   58 EYAGRVSVPSRTHPTLVLTDSKFDDWGRYWCRVTNEEQSDDFGTDEESRLFWFKSGYDPARGSHYSFVQVDKTPVRVKTGGTAKLHCEGWGGKSASIV(WFK) 
VCBP2.2   58 EYAGRVSVPSRTHPTLVLTDSKFDDWGRYWCRVTNEEQSDDFGTDEESRLFWSKSGYDPARGSHYSFVQVDKTPVRVKTGGTAKLHCEGWGGKSASIV(WFK) 
VCBP2.3   58 EYAGRVSVPSRTRPTLVLTDSKFDDWGRYWCRVTNEEQSDEFGTDEESRLFWFRSSYDPARGDYYSFVKVDKTPVRVKTGGTAKLLCEGWGGKEASIV(WFK) 
VCBP2.4   58 EFAGRVSVPSRTHPTLVLTDAKFDDWGRYWCRVTNEDQSDDFGTDEESRLFWYRYGYEPARGDYYSFVRVDKTPVRVKTGGTAKXXXXXXXXXXXXXX(XXX) 
VCBP2.5   60 EYAGRVSVESRTRPTLVLTDAKLDDWGRYWCRVTNEEQSDDFGTDEGSLLFWYQSGYSPARGSHYTFVEVDKTPVRVKTGGTARVRCEGLGGKEASIV(WFK) 
VCBP2.6   60 EYAGRVSVESRTRPTLVLTDAKLDDWGRYWCRVTNEEQSDDFGTDEGSLLFWYQWGYSPARGSHYTFVEVDKTPVRVKTGGTARLRCEGLGGKEASIV(WFK) 
VCBP2.7   59 EFAGRASVESRTHPTLVLTDTKFADWGRYFCRVTNEDQSDDFGTDEGSVLFWYKYGYDPPRGSQFTSVEVDKTPVRAKTGGTARFNCNGLGGPQASIV(WFK) 
VCBP2.8   58 EFAGRVSVESRTRPTLVLTDAKFDDWGRYWCRVTNEDQSDEFGTDEESLLFWYKLGYDPP--TRLSQVSLDKTPVRVAAGGTARLDCTGTSGREASIL(WFK) 
 
 

VCBP Diversity

Cannon, Haire, Litman. Nature Immunology 2002; 3:1200-1207



1 2 3 4 5 6 7 8 9 10 11 12 BAC Sequence #aa cDNA
X             VTVPNRA---SWVVMVARPDDPTWVNRIEFR 28 + 
X X X X X X X  X  X  X VTVPDRG---GWVVMWPRPGDPTWVNRIEFR 28 + 
X  X         X  VTVPNRG---SWVVMRPRLED-----RAEFR 23 + 
X      X       VTVPDRS--AGWVMLWYRPDDPTWEHRIEFR 29 + 
X    X         VTLPDRS---GWVYLRYSP-DPTWVNRIEFR 27 + 
 X            VTVPERG---GWVVMWPRPGDPTWVNRIEFR 28  
 X X X  X      X  VTVPDRS--ASYIMLWHRPDDPTWVNRIEFR 29 + 
 X            VTAPYRG---SWVMIWNTWWDPTWVNRVEIG 28 + 
  X           VTVPDRG---GWVVMWPRPGDPTWVNRVEFR 28  
  X X  X        VTVPDR---EYWLMLWHRPDDPTWVNRAEIG 28  
   X          VTVPDRG---HWVMMWPRPGDPTWVNRIEFR 28  
   X X   X X X  X  VTVPNRG---GWVLVWPRPGDPNWVNRAEIG 28 + 
   X      X    VTVPDRG---GWVVMWARPGDPTWVNRIEFR 28  
    X         VTVPDRG---GWVVMWPRPGDPTWVNQIEFR 28  
    X         VTVPDR---EYWLMLWHRPDDPTWVNRVEFG 28  
    X         VTAQN-----GVVFAYNRWWDPTWVSRVEFR 26  
    X        X VTAQN-----GVVFAYNRWWDPTWVNRVEFR 26 + 
    X         VTAQN-----GVVFAYNRWWDPTWVNRVEFG 26  
    X         VTAQN-----GVVFAYNRRWDPTWVNRVEFR 26  
     X        VTVPDRG---GWVVMWPRPGDPTWVNRAEIG 28  
     X        VTVPDRG---GWVVMWPRPGDPTWVSRIEFR 28  
     X        VTVPDR---DYWLMLWHRPDDPTWVNRAEIG 28  
     X        VTVPDRS--ASYIMLWHRPDDPTWVNRTEFR 29  
      X       VTVPDRG---GWVMMWPRPGDSTWVNRIEFR 28  
      X       VTVPDRG---GWVMMWPRPGDPTWVNRIEFR 28  
      X  X     VTVPDRG---GWVVMWPRPGDPTWVNWIEFR 28  
      X       VTVPDRS--AGWVMLWYRPDDPTWEHRMEFR 29  
      X  X    X VTVPDRSAAAGWVYLRYSP-DPTWVNRIEFR 30  
      X       VTVPYHN---YYVLAADRPWDPTWVNRVEIG 28  
       X  X    VTVPYQS---GWVVMWARPGDPTWVNRIEFR 28  
       X      VTVPDRS--ASYIMLWHRPDDPTWVNRVEFR 29  
       X      VTVPDRS--ASYIMLWHRPDDPTWVNRVEFG 29  
        X     VTVPNRG---SWVLMWPRPGDPNWVNRIEIR 28  
        X     VTVPYQS---GWVVMWPRPGDPTWVNRIEFR 28  
        X     VTVPDRS--ASYIMLWHRPDDPTWEHRIEFR 29  
         X    VTVRDRG---GWVVMGARPGDPTWVNRIEFR 28  
         X    VTVPDRG---GWVMIWARPGDPTWVNRIEFR 28  
          X X  VTVPNRM---GWVVVSPRWGDPTWVNRAEIG 28 + 
          X   VTVPNRG---SWVVMVARPEDPTWVNRIEFR 28 + 
           X  VTVPDRS--AGWIMLWHRPDDPTWVNRIEFR 29 + 
            X VTVPDRG---GWVVMWPRLGDPTWVNRIEFR 28  
            X VTVPDRG---GWVVMWPRLGDPTWVNRVEFR 28  
            X VTVPYHN---YYVLAADRPWDPTWVNRVEIR 28  



Estimation of VCBP V1 domain hotspot 
haplotype diversity via 454 sequencing 

technology

Initial data from pilot run:

1)  6800+ sequencing events
2) Sequences >105bp were kept producing 2789 

sequences, which were stacked if they were 99-
100% identical

3) 243 unique bins were created, each representing 
a unique allelic/haplotypic variant

V1 exons

S AS

V1 hotspot amplified by PCR

x1000



In Situ Hybridization





VCBP3 Crystals



Hernandez Prada, Haire, Allaire, Jakoncic, Stojanoff, Cannon, Litman, Ostrov.
Nature Immunology 2006; 7:in press
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Extensive screening of the hotspot region implicates two sites for meiotic 
strand exchange within the VCBP 2 and 5 hypervariable regions

I IIIII

1 2

or

VCBP 2 & 5 hypervariable region of the V1 domain

Example of 4 different haplotypes 
sharing a specific “block I” type.









Charles Hollahan











Sea urchin rag-like genes



Each Pol-mu scaffold contains a single locus that generates two different gene 
products.  The second gene product is more similar to vertebrate TdT by blast.

Both scaffolds contain similar gene organization, but represent distinct 
haplotypes, or could represent duplicated gene regions.

Amphioxus expresses two distinct Pol-mu sequences from 
same genetic region

Gene region

Observed cDNAs
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GERMLINE ENCODED

VARIATION IN SOMATIC CELLS



VARIATION IN SOMATIC CELLS

VLRS        ANTIBODY/T CELL RECEPTORS



VARIATION IN SOMATIC CELLS

LRR                    IMMUNOGLOBLULIN



VARIATION IN SOMATIC CELLS

VLRS        ANTIBODY/T CELL RECEPTORS
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SOMATIC MUTATION
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VARIATION IN SOMATIC CELLS
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VARIATION IN SOMATIC CELLS

ANTIBODY / T CELL RECEPTOR

V D J C



CLONAL DIVERSITY

VARIATION IN SOMATIC CELLS

CLONAL DIVERSITY



VARIATION IN SOMATIC CELLS

CLONAL EXPANSION
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