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S1_33191068,7
S1_35160659,2
S1_36101039,4
S1_36600139,6
S1_384685010,1
S1_406246810,6
S1_445551211,7
S1_478404812,6
S1_534946214,1
S1_588533515,5
S1_641173616,9
S1_778030620,6
S1_835731522,2
S1_848557922,5
S1_853369622,6
S1_941148125,0
S1_1006661326,8
S1_1109718429,5
S1_1111184429,6
S1_1193414731,8
S1_1253780733,4
S1_1274594333,9
S1_1322720235,2

S1_1498030539,9
S1_1507677340,2
S1_1584475142,3
S1_1620226143,2

S1_1857183649,6

S1_2147120257,3
S1_2335224562,4
S1_2564232368,5
S1_2610158469,8
S1_2633431070,4
S1_2686447271,8
S1_2755490373,7
S1_2814236475,2
S1_2842107476,0
S1_2850927676,2
S1_2867723676,7
S1_2889912577,3
S1_2902298577,6
S1_2945324578,8
S1_2989041879,9
S1_3161020384,5
S1_3166229384,7
S1_3206865985,8
S1_3253692087,0
S1_3287466987,9
S1_3292072788,1
S1_3337464789,3
S1_3390414590,7
S1_3403781091,1
S1_3415077191,4
S1_3421304491,5
S1_3481200793,1
S1_3531139294,5
S1_3606768096,5
S1_3633368497,2
S1_3672575998,3
S1_3676127798,4
S1_3696432798,9
S1_3702661299,1
S1_3722362799,6
S1_3731363499,8
S1_3732909799,9
S1_37537910100,5
S1_39112382104,7
S1_39229716105,0
S1_39379462105,4
S1_39647031106,1
S1_40016757107,1
S1_40525526108,5
S1_40762051109,1
S1_41822497111,9
S1_41929411112,2
S1_42265277113,1
S1_42393765113,5
S1_42593619114,0
S1_42831911114,7
S1_43381710116,1
S1_43590275116,7
S1_43994665117,8
S1_44670450119,6
S1_45463089121,7
S1_45745971122,5
S1_46157131123,6
S1_46324637124,0
S1_46508649124,5
S1_46726253125,1

1B

LG1 LG2 LG3 LG4 LG5 LG6 LG7 LG8
S6_9028930,0
S6_8164700,5
S6_44606761,1
S6_43158791,6
S6_39018302,1
S6_33371582,6
S6_26648113,2
S6_24768613,7
S6_23152454,2
S6_22131005,8
S6_16637377,4
S6_49412812,9
S6_455588114,6
S6_463253515,7
S6_692403716,7
S6_783363918,9
S6_810956519,4
S6_822795419,9
S6_833794620,5
S6_872759221,0
S6_893226921,5
S6_999134023,7
S6_1004207424,2
S6_1011361625,3
S6_1121158525,8
S6_1154054426,3
S6_1502124431,9
S6_1601437533,5
S6_1840672135,1
S6_1852008336,7
S6_1852889537,2
S6_1866455438,3
S6_1922544038,8
S6_2111454045,6
S6_2164120647,2
S6_2213236449,3
S6_2219380849,9
S6_2233663950,4
S6_2253842550,9
S6_2279394151,0
S6_2279270551,2
S6_2270540051,4
S6_2268177651,5
S6_2311890352,0
S6_2318452652,5
S6_2362090153,0
S6_2373416854,1
S6_2380898954,6
S6_2462950656,2
S6_2487725457,3
S6_2537334058,4
S6_2566141158,9
S6_2584597059,4
S6_2656168660,0
S6_2660173360,5
S6_2678485064,9
S6_2701308265,4
S6_2736677966,5
S6_2758064767,0
S6_2774235867,5
S6_2784961369,1
S6_2788527369,7
S6_2849179674,1

6A

S6_4941280,0
S6_8164700,9
S6_9028931,1
S6_16637373,1
S6_22131004,5
S6_23152454,8
S6_24768615,2
S6_26648115,7
S6_33371587,5
S6_39018309,0
S6_431587910,1
S6_446067610,5
S6_455588110,7
S6_463253510,9

S6_692403717,0
S6_810956520,1
S6_822795420,4
S6_833794620,7
S6_872759221,8
S6_893226922,3
S6_999134025,1
S6_1004207425,2
S6_1007274225,3
S6_1011361625,4
S6_1121158528,3
S6_1154054429,2

S6_1502124438,4

S6_1601437541,0

S6_1840672147,4
S6_1852008347,7
S6_1866455448,0
S6_1922544049,5
S6_2111454054,5
S6_2164120655,9
S6_2213236457,2
S6_2219380857,4
S6_2253842558,3
S6_2268177658,7
S6_2279270559,0
S6_2311890359,8
S6_2362090161,1
S6_2373416861,4
S6_2380898961,6
S6_2462950663,8
S6_2487725464,5
S6_2537334065,8
S6_2656168668,9
S6_2660173369,0
S6_2678485069,5
S6_2701308270,1
S6_2736677971,0
S6_2758064771,6
S6_2774235872,0
S6_2784961372,3
S6_2849179674,0

6B

UDAp-467124,3

MA010a0,0

UDP-40511,3

UDAp-40720,2

CPPCT03329,2
EPPCU51733,0

CPPCT01747,0

PMS265,3

G7

EPPB42250,0
CPSCT0181,1

MA023a14,3
EPPCU56214,9

CPDCT03423,9

UDP-01929,1

MA017a42,5

UDP-40956,8

G8

AMPA1150,0

CPSCT00815,6

CPPCT02730,4

CPPCT05237,7

UDP-42653,2

BPPCT02263,6

G22SSR89,9

pchgms2895,1
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G1
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PaCITA1611,0
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G2
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WHaaa51,5

G3

MP6660,0
UDP0243,9
PMS408,1
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PS1250,6

G4

MA026A0,0
CPPCT0403,6

PacD3014,0

BPPCT02622,4

BPPCT01754,4

BPPCT03761,4

G5

UDP98_0210,0

BPPCT00826,2
BPPCT00927,9

UDP-40734,8

pchcms540,8

MA027a48,0

EPPCU295773,3
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Building High-Density peach linkage maps based on the ISPC 9K SNP 

chip for mapping mendelian traits and QTLs: benefits and drawbacks 
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Context  
“FruitBreedomics” European project has been designed by an international consortium including scientists, stakeholders and breeding companies. One of its aims is 
to increase the efficiency of breeding programs in apple and peach by developing Marker Assisted Breeding (MAB) using novel genomic tools. In the frame of this 
project, six peach mapping populations (two intraspecific F2, two interspecific F1 derived from P. davidiana, one self pollinated derived from Bolinha and one 
advanced pseudo-backcross) segregating for mendelian traits and/or Quantitative Trait Loci (QTLs) for pest resistance and fruit quality were genotyped using an 
Infinium II Illumina bead-chip containing 8144 SNPs derived from the sequencing of the peach genome. Mapping results were contrasted depending on the 
population considered. Relevancy of using general medium-range SNP bead-chips for breeding purposes is discussed in this study. 
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This work has been (partly) funded under the EU seventh Framework programme by the FruitBreedomics project n°265582 : Integrated Approach for increasing breeding efficiency in fruit tree crop. The views expressed in this work are the sole 
responsibility of the authors and do not necessary reflect the views of the European Commission. We thanks the “RosBreed : enabling marker-assisted breeding in Rosacae” project for sharing information in the evaluation step of the array. 

Conclusion 
For each cross, the number of mapped SNPs is clearly below the number of SNPs initially present on the chip. This loss was caused by the filtering steps necessary to the 
selection of appropriate and reliable markers for genetic mapping. Approximately 20 to 30% poor quality (non-functional or aberrant) and 56 to 70% non-appropriate 
polymorphic SNPs were removed leading to variable proportions of useful markers depending of the cross type: on the one hand the SNP linkage maps derived from F2 
populations display higher densities than the previous SSRs maps with an average distance of 1,5 and 1,3 cM respectively for PR2 and WP2 crosses. They perfectly align 
with the peach genome sequence v1.0 (IPGI). On the other hand, very few SNPs (<3%) turned out to be useful to map P. davidiana polymorphism. Linkage maps derived 
from F1 interspecific crosses display low coverage (almost identical to SSR map) and heterogeneous distributions with an average distance of 4,3 and 5,1 cM 
respectively for RD and SD crosses. This is due to the low rate of heterozygosity of P.davidiana for the SNPs included in the 9K SNP chip and demonstrates their poor 
transferability between species, even closely related. For Bolinha, low allelic variability of the SNPs coupled to low genome heterozygosity give similar results. In 
consequence, a good knowledge of the degree of heterozygosity of the selected cultivar is thus of first importance prior to using F1 crosses. 

Parents Pop. 
ID 

Pop. 
type 

Pop. 
size 

Useful 
SNPs 

Cross type 

Pamir x Rubira® PR² F2 98 AAxBB intraspecific 

Weeping Flower Peach x Pamir WP² F2 95 AAxBB intraspecific 

Rubira® x P. davidiana  RD F’1 68 AAxAB interspecific 

Summergrand x P. davidiana SD F’1 97 AAxAB interspecific 

Bolinha x Bolinha B² self 112 ABxAB - 

S8_29441670,0
S8_30632371,1

S8_39239664,3

S8_50729809,7

S8_603268712,9

S8_761456815,0

S8_1043278217,1

S8_1108130019,2

S8_1330839823,5

S8_1399325425,6

S8_1436174827,7

S8_1523654329,8

S8_1910055740,1

S8_2042173749,2

8A

S8_29441670,0
S8_3037208 S8_30632370,3
S8_31310460,5
S8_39239662,8

S8_50729806,0

S8_60326878,7
S8_62106059,2

S8_761456813,1

S8_1039507221,0
S8_10424761 S8_10432141
S8_10432782

21,1

S8_1108130022,9

S8_1330839829,2

S8_1399325431,1
S8_1436174832,1

S8_1523654334,6

S8_1910055745,5

S8_2042173749,2

8B

S7_42004050,0

S7_79981442,1

S7_99906225,3
S7_106257566,3
S7_126798287,4

S7_1420324116,4

S7_1764893933,4

S7_1873148136,6

S7_1988147042,1

7A

S7_42004050,0

S7_65096036,2

S7_799814410,2

S7_905782913,0

S7_999062215,5
S7_1006123815,7
S7_1062575617,3

S7_1267982822,8

S7_1420324126,9

S7_1764893936,1

S7_1868086538,9
S7_1873148139,0

S7_1988147042,1

7B

S5_4670670,0
S5_11470841,0
S5_17776672,1
S5_20413733,1

S5_34644856,3

S5_495591812,9

S5_991046423,2
S5_1150657924,2

S5_1225854732,1

S5_1383766737,7

5A

S5_4670670,0
S5_11470841,9
S5_17776673,7
S5_20413734,4
S5_20634024,5

S5_34644858,5

S5_492161812,6
S5_495591812,7
S5_505172912,9

S5_991046426,6
S5_1003502927,0

S5_1150657931,1

S5_1225854733,2

S5_1383766737,7

5B

S4_6319200,0
S4_8094241,0
S4_14014562,1

S4_404536916,3
S4_460246917,4

S4_564118920,5

S4_631119423,7
S4_649124924,8

S4_1000478639,0

S4_1302387750,3

S4_1393969852,6

S4_2248584858,0

S4_2050547963,5
S4_2635268464,1
S4_2621651564,5

4A

S4_6319200,0
S4_8094240,4
S4_11959731,4
S4_14014561,9

S4_40453698,3
S4_46024699,7
S4_564118912,2
S4_576483512,5
S4_614466013,5
S4_631119413,9
S4_649124914,3
S4_654137114,4

S4_10004786 S4_1002671522,9

S4_1302387730,3

S4_1393969832,5
S4_1401000032,7

S4_1496236535,0

S4_2050547948,5
S4_2071366949,0

S4_2248584853,4
S4_2262694353,7
S4_2265061053,8
S4_2288902754,3

S4_2508159659,7
S4_2537128460,4
S4_25483160 S4_2548499460,7
S4_2621651562,5
S4_2635268462,8
S4_2704876064,5

4B

S3_35866380,0

S3_54249395,4
S3_57370256,5

S3_759699311,9

S3_905157914,0

S3_1159724918,3
S3_1220302219,4
S3_1030108320,4

S3_1403649029,4
S3_1434639730,5

S3_1520363032,6
S3_1536742933,6

S3_1684342237,9

S3_1993559343,4

3A

S3_35866380,0

S3_54249394,9
S3_57370255,7
S3_59597406,3

S3_759699310,6

S3_9051579 S3_9051609
S3_9057222

14,5

S3_970580916,2

S3_1030108317,8

S3_1159724921,3
S3_1220302222,9
S3_1228613423,1

S3_1403649027,7
S3_1434639728,6
S3_1445600428,9
S3_1520363030,8
S3_1536742931,3

S3_1684342235,2
S3_1727103936,3

S3_1993559343,4

3B

S2_7487550,0
S2_13636551,0
S2_19794912,1
S2_29760643,1
S2_49555903,5
S2_50086344,2
S2_127580205,2
S4_209244015,8
S4_211711996,2
S2_127584337,3
S2_1131075310,5

S2_1477194218,3
S2_1497038419,3

S2_1565699323,6
S2_1755826824,7

S2_2540800051,2

2A

S2_7487550,0
S2_13636551,3
S2_18278312,2
S2_19794912,6
S2_21341152,9
S2_28087394,3
S2_2975848 S2_29760644,6
S2_32757945,2
S2_36297816,0
S2_4947054 S2_49555908,7
S2_5007189 S2_50086348,8
S2_5156337 S2_51564059,2
S2_558225710,0
S2_586505610,6
S2_683090212,6

S2_941527618,0

S2_1131075321,9

S2_12758020 S2_1275843324,9

S2_1477194229,1
S2_1497038429,5
S2_1553881330,7
S2_1565699331,0

S2_1755826834,9

S2_2540800051,2

2B

S1_21779960,0

S1_848557918,5

S1_1209812334,1

S1_1575038737,3

S1_2744489454,4

S1_3481200764,7
S1_3421304465,7

S1_3557780768,9

S1_3906266675,5

S1_3964703179,8

S1_4546442287,6
S1_4479288388,7
S1_4428894089,7
S1_4338171090,8

1A

S1_21779960,0

S1_848557913,2

S1_1202353920,7
S1_1209812320,8

S1_1575038728,5

S1_2744489453,0

S1_3421304467,2
S1_3481200768,5

S1_3557780770,1

S1_3906266677,4
S1_3964703178,6

S1_4338171086,4

S1_4428894088,3
S1_4479288389,4
S1_4546442290,8

1B

S6_100727420,0
S6_146625831,1

S6_2229142731,3

S6_2491421440,3
S6_2515811541,3
S6_2573516842,4
S6_2654983043,4

6A

S6_100727420,0

S6_120824255,3

S6_133298168,6
S6_135509549,2

S6_1466258312,1

S6_22291427 S6_2229313132,2
S6_2233663932,3

S6_24914214 S6_2491452239,1
S6_2515811539,7
S6_2573516841,3

S6_2654983043,4

6B

LG1 LG2 LG3 LG4 LG5 LG6 LG7 LG8 

LG1 LG2 LG3 LG4 LG5 LG6 LG7 LG8 
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95%

5%

pamir

homozyg
ous SNPs

Heterozyg
ous SNPs

95%

5%

summer.

homozyg
ous SNPs

Heterozyg
ous SNPs

83%

17%

WFP

homozyg
ous SNPs

Heterozyg
ous SNPs

91%

9%

PDav

homozyg
ous SNPs

Heterozyg
ous SNPs

91%

9%

bol

homozyg
ous SNPs

Heterozyg
ous SNPs

Sg P. dav Rubira ® Pamir WFP Bolinha 

91%

9%

PDav

homozygous SNPs Heterozygous SNPs

Percentage of homo/heterozygous SNPs of parents 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

Initial SNP set 

Mapped loci 

« good » SNPs 

Useful SNPs 
PR2 : AAx BB 
WP2 : AA x BB 
SD :  AA x AB 
RD : AA x AB 
B2 : AB x AB 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

total SNP 
(8144)

total 
"good"SNPs

useful SNPs mapped loci

B2 RD PR2 SD WP2

F2 

F1 

self 

Quality checking Polymorphic SNPs 
selection 

Genetic mapping 

SNPs losses at different stages of the mapping process 
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S3_151006770,0
S3_151360200,4

S3_153563823,3

S3_154474124,7

S3_155807765,6
S3_155957126,0

S3_161127888,8

S3_161375649,3
S3_162267559,7

S3_1618751111,1

S3_1626695412,4
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LG4

Latest map available (SSR)  

Poor and uneven map coverage due to low transferability of many SNPs 
from peach to P. davidiana compared to SSRs. Quality of the SNP map 
lower than that obtained with SSRs markers despite a high general level 
of heterozygosity. observed in P. davidiana. Need for SNPs developed  
specifically from P. davidiana  genome. 

Map derived from an F1 population (SD interspecific cross) 

Map derived from an F2 population (WP² intraspecific cross) 

Map derived from the self-pollinated population (B² cross) 

Uneven distribution of SNPs over the Bolinha genome. Most of the 
linkage groups are missing due to  low heterogenous heterozygosity 
rate in Bolinha which leads to a lack of segregating SNPs (LG2, LG4, 
LG5, LG7, LG8 not mapped). Inappropriate choice of the cross type 
(F1)  for mapping. 

Very good coverage of the SNP map compared to the previous SSR map. 
Some gaps remain due to low polymorphism in these regions. Alignment 
discrepancies correspond to known misordered or misaligned scaffolds  
in the peach genome sequence V1.0. 


