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Major Histocompatibility
Complex

MHC most important for
disease resistance

MHC most diverse region
MHC presents antigen

Unsure how selective
forces maintain MHC
diversity




Alm:
To understand MHC diversity

* Objectives:
— Nematodes as a model system
— MHC association with resistance
— Mechanisms maintaining MHC diversity
— MHC In selective breeding



Nematodes as a model

Natural history
Quantitative genetics
Immune mechanisms

Importance of MHC
— GWAS, candidate gene



MHC and nematodes

* Mice, cattle, sheep, pigs, fish

* Sheep
— Scotland, Ireland, Poland, Spain

» Allele G2 (1101) association in Blackface
and Suffolk



|
G N 2 & i N @

DRB1 alleles associated with
FEC

i N

H2 N I A L. M @) D F (: Gl G2
ALLELE



MHC assoclated with worm number
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Heterozygote advantage

* Heterozygotes
lower epg

* Heterozygotes
recognise more
parasite molecules
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Texel

 More resistant to
nematodes than Suffolk

« Allele 1101 present

« No MHC association




Sheep MHC Class Il region
Antigen presenting genes

DRA DRB1 DQAl DQB1 DQA2 DQB2



MHC Structure in Texel flock

 Many alleles
— DRB1 18, DQA1 9, DOQB1 13, DQA2 8, DQB2 16

* Few Haplotypes

— 21/269,568

« Copy number variation in DQ
— 1-3 loci per haplotype



Texel DRB1 alleles

0! HFLEYSTSECHFFNGTERVRFLDRYFYNGEETLRFDSOWGEYRAVAELGRPDAKYWNSQKDFLEQTRAAVDTYCRHNYGVIESFSVQRR 84

D . ElL.RK. ..ot Govivnnns 59
.7 S K. e W RK. .M. GoouTou. . B9
ogot ..... AK...Rovvviian, E........ W, R$.E.......... RK..N........... G...T.... 08
it 1/ S AK R, E.oovovi, W RK. Nt Foovinn, ]
1.1 L El..RR.TE......oovvvvniians ]
e ... K. e W, Foovinnnn, E....ovv El..RR.TE. ..o, |
waz ... TKK. .R.§......o0viivnnnns W El..RR.TE.......ovvvviiians B8
B W Q5.EH..... EL..RR..E...oovviii i
e ..... TKK. .R......... | W o N EL..RK..N........... G...T.... 09
FMo0G007 . . . .. TKK. .R.§..oovvvviinnnn, YA, oo RS.E...... ElL.RK. oo GoouTou . B9
bads . .... HK. .o | L T Fovrnnnn, RS.E...... EL..RR.TE........... G...T.... 88
ez ..... TKK. .R.5....0vviiiis, B L T Govivnnns &
1211 I HK...R.§....... | W N e B ]
HOGIEEH .. ... HK...R.§....... | oo YWVl RS.E.....ovvvviiis B B8
1)) TKK. .......0e L.E........ W........ Forriii i SR.T..ooviiias, G...T.... H
... TKK. .....oovvi L.E........ W, Foovinnn, Q5.E...... I | P §e
ot ..... YRt L.E...H....FA........ Fo..To... AEQ..... NI...K..E.N.V F...A b6



Differences among flocks of the
same breed
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« Two Blackface flocks

 Differ in alleles
present

« Differ in frequency
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MHC-DRB1 frequencies in Scottish
Blackface and Texel sheep
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Fine mapping
. DRB1 DQA1 DQB1 DQA2 DOB2

- SB G1 CC558381 *0901 GU191460 NewsS

« Texel GSF CC558381 *0901 GU191460 NewS




SB

Texel
Texel

Fine Mapping 2

DRB1 DQA1l

1101 AY312394

1101 AY312392

1101 AY312392

DQB1 DQA2 DQB2

Null *0101 AJ238946
Null *0101 AJ238946
Null *0101 AJ238935




Sheep DRB1 structure
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MHC and nematode resistance

Influences IgE mediated worm number
Allele differences
More than one locus

Heterozygote advantage



Selection and MHC diversity

« Balancing selection
— Frequency-dependent selection
— Variation across time and space

— Heterozygote advantage



Heterozygote advantage

« Symmetric

« Asymmetric

overdominance X @

overdominance X

* Divergent allele
advantage ? <EZ>




Evolution of MHC diversity

. Start Wlth Slngle — 10,000,000 individuals

” I —— 1,000,000 individuals
a. e e — 100,000 individuals
_ | —— 10,000 individuals

* Subpopulations T
Increase diversity

1000

100
|

* Diversity and
population size

number of alleles
10




Selective forces and number of

alleles
* For many alleles < 50
— High heterozygote |¢ s
advantage 3
Q ”40
— Low variation
among alleles ; N
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E 0 25
0.02 0.04 0.06 0.08 0.1 0.12
variation in intrinsic merit of allele




Expected Heterozygosity in 10
ruminant populations

Divergent allele advantage
Asymmetric overdominance
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Variation among alleles In
fithess

emm» Divergent allele advantage
Asymmetric overdominance
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Frequency
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Age of alleles under DAA
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Allele emergence (generations after start)
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Genomic selection

» Large reference  [RRENSTINN
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* |dentify SNP
associated with
desired trait

e Sum SNP




Using MHC by mimicking NS

* Define haplotype

« Weight haplotype
by frequency

« Weight haplotype
by diversity and
phenotypic effect
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DQOB2 Frequencies following
selection for nematode resistance

Allele frequencies
change oy

— Drift and selection :Ezz
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MHC In Canadian Bulls

« Canadian Bulls tested

— No loss of diversity

— Changes too great for
drift

— Heterozygote
advantage

Haplotype Frecuency
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Future work

« Selective breeding

* Response to vaccination
— Vaccine design
— Selection criterion



Summary

Ovine MHC very diverse but few haplotypes
MHC associated with reduced parasite numbers
DAA primary driver of MHC diversity

Use MHC in selective breeding
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|dentification of IgE targets on




Allergens from T.circumcincta

Spot Protein pl MW

1,2 Paramyosin 5.4 100878
3 HSP70 5.4 69838
4 Intermediate filament protein B 5.73 67767
5 Propionyl coenzyme A carboxylase 6.15 58707
6,7,8 Putative calponin like protein 5.33 44196
9 Tropomyosin 4.64 33031
10 Disorganised muscle family member 4.98 35750
11,12,13,14,15,16 Galectin 6.07 31711
17 Prohibin-like molecule 6.01 30083




High LD in ovine MHC

* Class 11 160,000 bp ™

» Population
structure

mhel
1 csrd226 |

brm1815 -

* Difficult to identify
causative mutation ..
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Texel Class |l Haplotypes

DRE1 DAL DBl DOAZ DA2-like DQaBp2 Freq

1 0501 Z28518 LNE&EZ261 AY3I123E8 MULL AJ238339 00660
2 0601 M33304 MULL AYI123TT MNULL AJZ238335+ AHDOD1247 0.0330
3 0401 23418 Z2E423 AY3I1Z3E1 MULL HO72B66S 00106
4 1e0l AF2T7E5356 LNE&E260 AYI123E1 MULL GU131456 0.1255
5 1501 AY265308 L0F032 AY3I123E6 MULL LN311403 00085
&6 1202 LNE2T7850 HM3IETEI0 AYI123IET MULL GU191453 00064
¥ 0201 M33304 GU191455 AY3I123T5 AY312392 GU19145%+ 07033 00128
8 0805 Z28518 Z2E424+ GU191455 AY3I123IED MULL GU191459 0.0021
9 2202 LNT3635% LNE&E258 AYI123ET MNULL AJZ38I45 00128
10| 2202 M33304 LNB6E258 AYI123TT MULL ABVODITO 0.0043
1ia 1101 MNULL MNULL AYI123TS AY312392 AJZ3IBIIS 0.14389
11b 1101 MNULL MNULL AY3I123T5 AY¥312352 AJZ2IBTAE 00532
12 | 1401 LNE2T7850 HM3IETEI1 AYI123IET MULL GU191460 0.0787
13 | 0102 M33304 LNE6E25S AY3I123TT MULL ABVSOITD 01258
14 | HO515541 M33304 LNE&E2 64 AYI123TT MULL AHOO1247 00106
15 | 0302 LNT36359 LNE&E25E AYI1Z23ES MNULL AJZ38345 00404
16 | 1001 M33304 GU191455 AYI1Z3IED MULL GU151455 02106
17 | 0701 MNULL AJ2IEDR3 AYI123TS AY312392 LN311404 0.0128
13 | 2002 M333D04 LNE6E255 AYI123TT MULL ABVOOSTD 00213
19 | FMS28E807 M33304 LNE&E25D AYI123TT MULL ABVIOITO 0.0085

20 | 1001 LNE27850 AJ238334 AYI1Z3ET MNULL GU191457 00021



Std. dev. of intrinsic merits of alleles

Variation among alleles In
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— Divergent allele advantage
— Asymmetric overdominance

I %% %% %

10 kK 100 k 1T M 10 M

Population size



