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Context and objectives

Context:

*  SNP markers are more accurate than microsatellite markers (MS) for parentage verification and offer more : major
genes, genomic evaluation...

* ISAG is currently working on a SNP panel for parentage verification, replacing the MS panel

*  Currently, mares and stallions are genotyped with MS. New genotyping of foals will be with SNPs. Without any tool,
there will be an extra cost in either re-genotyping (SNPs) mares and stallions or in the double genotyping of foals
(SNPs+MS)

Objective:

*  Prediction of MS genotypes with SNP haplotypes by building a correspondence table hetween SNP and MS in order to
perform parentage verification with SNP for foals and MS for parents
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Definitions — Microsatellites and SNP markers

Microsatellite marker (MS) or Short Tandem Repeats (STR), here (CTT)g

0 GCTCCAGEC T TAGACT T CTTCT I CTTCT TCTTCT TCTTCGUACTTTARCGATACGS. & .
CEAGETCCGAAT CTGARGARAGARAGARGARGALMGRARGARBGCGT SARATT GETAT GO,

Single Nucleoid Polymorphism (SNP) : 1 locus marker
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*  Microsatellite allele Allele K — 8 repetitions
nomenclature defines the .. .GCTCCAGGCTTAGACTTCTTCTICTTCT TCTTCT ICTTCGCACTT TAACGATACGG. | .
number of pattern repetition .. CGAGGTCOGAAT CTGAASAAGAAGAAGARGALGANGAAGCGTSARATTGOTATGOC, |

(ex: (CTT)g)

Allele J — 7 repetitions
.. GCTCCAGGCTTAGACTTCTTCTTCTTCTTCTTCT TCGCACTTTAARCGATACGS. & .
- CEAGGTCCGAAT CTGAAGARGAAGARAAGARGAAGAAGUGTGAAATTGCTATGCC . | .

Allele L — 9 repetitions

L LGECTCCAGEOTTAGACT TCTTC T TCTTCTTCTTCTTCTTCTTCGCACT TTARCGATAC GG
LOGAGGTCCGAAT CTGARAGRAGARGAA SAAGAMGAAGRBGARLGEGT GARRT TSCTAT GCC
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Method - Microsatellites and SNP locations

TARACGATACGS. . .
CAM AT T GOTAT GO,

Allele K — 8 repetitions
. CcTTAdAPTTCTTCTTCTTCT TCTTCTTCTT
ST
Identification of a sequence of
SNP close to a MS allele

SR AT SO A h o BB DS RSB D I B
- corresponding table A"ele J=17 repeﬁﬁons
.. G TCCAGECTTAGAC T TC TTCTTCTTCTTCTTCTTCGCACTTTAACGATACGS. o .
L CEAGGT O ERAT C T GAASAAGAAGAAGAAGAAGRAGCGTHAARATTGCTAT GO, | .

SNP were located on either side
of each MS +/-500kbp Allele L — 9 repetitions

GO T CCAGECTTAGACTTCTTC T TOTTCTTCT TCTTCTTOCTTCGCACT ITAACGATAC GG
LOGAGGTCCEALT CTGRAGAAGARGAR CAAGAL SAACGARAGAL SOGTGARRTTSOTAT SOCC
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Method - Microsatellites and SNP locations

SNPs

. GCTCCAGGCTTAGA
L CGAGGTCCOGAATCT

L GCTCCAGGOTTAGA
LOGAGGTCCGARTCT

CGCACTTTAACGATACGS. .
GCETGAAATTGCTATGCC . | .

CECACTTTAACGATACGG
GOGTGARATTSCTATSOC
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Method - Microsatellites and SNP locations

TARACGATACGS. . .
RO AT T TRTGCC. |

SNPs

CGCACTTTAACGATACGS. .

. GCTCCAGGCTTAGA
GCETGAAATTGCTATGCC . | .

< CGAGGTCOGAATCT

CECACTTTAACGATACGG

LECTCCAGECTTAGA
GOGTGARATTSCTATSOC

OGAGGETCOGALT T
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Method - Microsatellites and SNP locations

TTCITCTTCTTCTTICTTCTTOTT
ALCRAGLACALGADGALGR DGR DS

TARACGATACGS. . .
RO AT T TRTGCC. |

SNPs

CGCACTTTAACGATACGS. .

. GCTCCAGGCTTAGA
GCETGAAATTGCTATGCC . | .

< CGAGGTCOGAATCT

CECACTTTAACGATACGG

LECTCCAGECTTAGA
GOGTGARATTSCTATSOC

OGAGGETCOGALT T
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Horses with hoth SNP genotypes from research programs and microsatellite (MS) genotypes from parental verification
* 5,892 horses (from 5,374 to 5,869 depending on the MS$)
* 54000, 65000 and 670 000 SNP chips (Illumina/Thermofisher)

* 11 MS (usual reference for parental verification)

Angl}p- arabs
"‘-‘.‘ rench trotters

Selle-Francais

Distribution by horse breeds Distribution by size of SNP chip
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Validation

e Learning set (80% of dataset) randomly selected from horses with MS + SNP genotypes to create the corresponding
table between MS and SNP

*  Validation set (20% of dataset) where the MS information is hidden
*  We use the corresponding table from the learning set to predict the validation set MS alleles
*  Only on the validation set, we count the number of incompatibilities over the 11 MS

* 50 repetitions
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Initially, in the dataset, there were 5% of
horses that had a MS genotype
incompatible with its parents, 1% of them
had 2 MS incompatible (2> rejection of
parenthood)

% of horses

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

94%

All compatible

5%

1 MS
incompatible

1%

2 MS
incompatibles
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MNumber 54K 65K 670k

MS  ofMS  SNP  SNP  SNP  go@l
RESUI-TS . allele chip chip chip
SNPs and MS AHT4 g 15 22 137 137
AHTS fi 2 1 109 111
MS have a variable number of alleles
ranging from 6 to 12, and the number of ASB2 12 14 19 131 131
SNP around them also varies from 111 to HMS1 7 20 10 201 202
314 HMS3 3 10 15 140 140
HMSEG b 15 21 171 171
A total 190? S.NP were used in this stud.y, HMST 3 7 14 313 314
the vast majority came from the 670K chip
(1902) HTG4 7 21 21 216 216
HTGE I 14 22 152 152
HTG10 11 16 21 128 128

VHL20 10 19 25 204 206
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RESULTS

Effectiveness varied greatly with the density of 7%

the chip vsed

Horses genotyped with the 670K chip had only
3.4% of incompatibilities with more than one
MS false, instead of 32.1% for the 65K

For every bhreed within the 670K chip we have
observed good results for the incompatibilities:
4% for Arabs, 3.4% for Selle-Francais and 3.2
for French Trotters 25%-

Chip
I 54K

50% 1

Proportion of horses

32%

For further use: keep markers from the 670K
chip they are certainly closer to the MS

0%+

—

None 1MS >=2 MS

Number of incompatible MS
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A correspondence table was built and there were only 3% of incompatibilities with more than 1 MS with SNPs from the
670K, closest to the MS - up to 97% re-genotyping costs saved

The limits of this study are :
*  This study was made only with 3 major breeds > more work required on other breeds (Thoroughbreds,...)
*  Are we willing to take the 3% risk of incompatibility

*  What about false positives ?

The view of ISAG :

There are 2 risks using imputed microsatellites:

*  The imputed profile produces incorrect alleles and a pedigree is falsely qualified.

* The imputed profile produces incorrect alleles and the pedigree is falsely excluded, STR’s need to be run to verify the
imputed profile is correct/or not , so the exclusion can be reported or the offspring can be qualified.
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