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Sheep as a valuable model to study prolificacy

Phenotype
Gene Mutation Founder Breed Reference
(Chromosome) Name (Fecundity) Heterozygous Homozygous
V299D Inverdale, FecX' Hyper prolific  Sterile Romney Galloway et al.
Q291ter Hanna, Fecx" Hyper prolific  Sterile Romney Galloway et al.
S3671 Belclare, FecX® Hyper prolific  Sterile Belclare Hanrahan et al.
BMP15
(OARX) Q239ter Galway, FecX® Hyper prolific  Sterile Belclare and Cambridge Hanrahan et al.
C321Y Lacaune, FecX" Hyper prolific  Sterile Lacaune Bodin et al.
AP154S159 Rasa Aragonesa, FecX® Hyper prolific  Sterile Rasa Aragonesa mz:tigz;;zzygtztl_a";
BMPR1B B e i e Booroola Merino, Garole Mulsant et al.; Souza
(OARS) Q249R Booroola, FecB Hyper prolific Hyper prolific and Javanese et al.: Wilson et al.
S395F High Fertility, FecG" Hyper prolific  Sterile Belclare and Cambridge Hanrahan et al.
GDF9 S427R Thoka, FecG' Hyper prolific  Sterile Icelandic Nicol et al.
(OAR5) ’
F345C Embrapa, FecG*F Hyper prolific Hyper prolific Santa Inés Silva et al.
B4GALNT2  g.36938224T>A Lacaune, FecL Hyper prolific Hyper prolific Lacaune Drouilhet et al.

(OAR11)  (.37034573A>G
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Description of the study design -1

» Populations
* French breed
» Polish Olkuska breed

» Major gene for ovulation suspected
o Litter Size (LS) measured in Grivette : VS.
e Ovulation Rate (OR) measured in Olskuska : High OR=3.0 vs. Normal OR=2.0

» Case (hyper prolific) vs. Control (normal) design
* Genotyping using the 54K SNP array
e Filtering for Call Rate (=>0.99), Call Freq (>0.98), HWE (<10-%) and MAF (<0.01)
 Comparison of allelic frequencies
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Description of the study design - 2

Initial Design

Final Design

Olkuska Olkuska
Individuals (n)
Total 40 64 39 63
Control 11 35 11 34
Case 29 29 28 29
Call Rate < 0,98 1 1
Phenotype Litter Size Ovulation Rate Litter Size Ovulation Rate
Total 2,75 (0,88) 2,75 (1,40) 2,75 (0,89) 2,77 (1,40)
Control 1,51 (0,27) 1,60 (0,30) 1,51 (0,27) 1,61 (0,30)
Case 3,22 (0,46) 4,14 (0,81) 3,24 (0,46) 4,14 (0,81)
Markers
Total 54241 54241 47290 46451
Call Freq < 0,98 4142 3595
Position Pb 84 84
HWE < 1E-06 0 159
MAF < 0,01 2725 3952
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Haplotypic clustering and association
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Haplotypic clustering and association

<BMP15
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BMP15 coding sequence polymorphisms

Coding Coding Amino Acid

. Base -
Variant change I?srss re(sblg;Je Change Genotype
Grivette Controls Cases
AL10 ACTT 28-30 10 Deletion Leu -/- (6) -/+B) +/+O)|-/-@27) -/+ @) +/+ (0
P249P C>T 747 249 Unchanged Pro C/C (0) cC/T () T/T(11)|C/C(0) C/T(O) T/T(28)
T3171=FecX®" C>T 950 317 Thr>lle C/C(2) C/T(6) T/T (3)|C/C (0) C/T (2) T/T (26)
Olkuska
AL10 ACTT 28-30 10 Deletion Leu -/- (0) -/+ (7) +/+ (26)| -/- (O) -/+ (0) +/+ (29)
V135G =G 404 135 Val>Gly T/T@E3) T/G(A) G/GO)|T/T (29 T/G(0) G/G (0)
N337H=FecX® A=>C 1009 337 Asn=>His AZA (16) A/C (18) C/C (0) |AZA (1) A/C (9) C/C (19
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Novel BMP15 Fecundity mutations - 1
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Novel BMP15 Fecundity mutations - 2

BMF15_Sheep
EMP15_Cow
BMP1S_Fiaq

BMP15_Human

BMP15_Mouse

BMFP15_Sheep
BMP15_Cow
BMP1S_Fig

EMF15_Human

EMF15_Mouse

BMF15_Sheep
BMF15_Cow
BMP1S_Fig

EMF15_Human

BMP15_HMouse

BMP15_Sheep
BMF15_Cow
BMF1S_Fig

BMP15_Human

BMP15_Mouse

1 1a 28 fcls) 48 =15} 6@ 7@ 28 98 168

MYLLSILRILL-HGLYLFMEHRVENTRVGRPSIAHLFEAFTLPLIGELL EEAFGKRRRKPRYLGHFLEYMLEL YORSADASGHPRENRT IGATMVRLYREF
MYLLSILRILLLHWGLYLFMEHRVEMTRVGEPS IAHLPEAPTLPL IGELLEEAPGKRRRKPRILGHFLREYMLEL YORSADASGHPRENRT IGATMVRLVREFP
MYLLST IRTLLLHWGLMLFHEHRVEM TRV GRPSVALLPERCTLPL IRELLEEAPGKRORKPOVLGHFLEYMLEL Y BRSATARGHPRENRT IGATHVRLYRP
MVLLSILRILFLCELVLFMEHRAGMAEGGRSSIALLAEARPTLPLIEELLEESFCERQPRKPRLLGHSLREYMLELYRRSADSHGHPRENRT IGATMVRLVKF
MALLTILRILL-WGWLFHERRVEMAKPGHPSTALLADDPTLPSILDLAKEAPGKEM-KAWFRGYFLREYMLKLYHRSADPHGHPRENRT IGAKMVRLVKF

161 118 128 138 148 15@ 168 178 186 196 288

LASVARPLRGSHUHIATLDFFLRPHRVAYOLYRATVWYRHELHL THSHLSCHY
LASVARPLRGSHHIATLDFPLRPHNRVAYOLVRATVYRHALHL THSHLSCH
LVHGARPLRGPHUHIQTLDFFLRPHRYAYALVYRATVWYRHELHLAPFHLSCHY
LTHVYARPHEGTHHI @ ILGFFLEFHREGLY RLVEATWWYRHHLAL TEFHLSCHY
SANTYRPPRGEHHVATLDFFLASHEVAYEL IRATVWYRHEALHLYHYHLSCHY

THHFPSSGRGSSKPSLLPKTUTEMDIMEHVGRKLUMHKGR
THHFPSSGRGSSKPSLLPKAWTEMDIMEHVGOKLMHKGR
TSHFPSSGRGSLKPSLLPOAWTEMDYTRHVGRKLMMHKGR
THHFFSSEGDSSKPSLMSHAWKEMDI TRLVRERFHUNNKGH
TKHLPSSKSGSSKPSPMSKAWTEIDI THCI@RKLHNRKGR

281 z1@ 22R 238 248
RVLRLRFYCEOPRGSEVLEFWHHGTSSLITUFLLLYFNDT
RVLELEFYCRAPRGSEVREFHHHGTSSLDTYFLLLYFNDT
RVLRLEFMCRRONGSEILEFRGRGISSLDTAFLLLYFHNDT
RILRLEFHMCHAOKDSGELEL-HHGTSSLIDIAFLLLYFNDT

SVLRELEFMCRRQKGHETREFRHHGHMTSLDYAFLLLYFHDT

258

268

278 288 296

VEKTKPLPKGLKEF TEKDFSLLLRRARGAGS IRSEVPGP SREHDGPESH

388

SLHPFQ

VK TKPLPKGLKEFTEKDFSLLLRRARGAGS IASEVYPGFSREHDGFESH

CELHPFR

IRKAKFLFRGHMEEFHERES—LLRRTROADG ISAEVTASSSKHSGPEMK

CSLHPFGR

L

FecX®
Q239ter

348

381

338 358

Ln

L
VEKAKLLPRGLEEFMARDFSLLLRKARGAGS IARSEYLGPSREHDGPESHECSLHPFR

=

4

VE-GKLLARGREELTDRESSFLMRSVRAACS IESDASCPSREHDGSWHNECSLHP YK
FecXx"
Q291ter
368 378 388 398 395

SFRALGHDHHI IAPHY
SFRELGHDHHI IAPHY

FecX©®"
BMP15T3TTF

FecX©°
BMP15N337H

ALIGHLYSELYDEHYPEPSCYPYKYWP ISILLIEANGS ILYKEYEGHM IARSCTCR
AL TEMLYHELYDRSYPEPSCVPYKYWP ISILLIEANGS ILYKEYEGH IAGSCTCR
RIIGHLYHELYDRSYPAPSCYPYKYWP IS
ALIGNL INGLYDRSYPRPSCUPYKYWP IS
AIIEELYNELYNHSVPOPSCYPYNFLF

ILLIEAHGSILYKEYEDMIARPCTCR
LMIEAMGSILYKEYEGMIRESCTCR
SILLIETHGSILYKEYEGMIARSCTCR

FecX®
S3671

J. Demars - Novel BMP15 Mutations Responsible for an Atypical Hyperprolificacy Phenotype in Sheep



Effect of mutations on the prolificacy
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Effect of mutations on the prolificacy
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Effect of mutations on the BMP15 protein
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Effect of mutations on the BMP15 signaling
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Effect of mutations on the BMP15 signaling
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Model of the ovulation quota control
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