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WINTER RYE is an important cereal in Middle and Eastern Europe. Its breeding is dominated by hybrids based on cytoplasmic male sterility 
Pampa. Whereas many genetic maps of rye constructed on numerous marker platforms are available (Milczarski 2007), the one based on 
DArTseq and silicoDArT markers is still missing. This technology delivers the opportunity to generate a significant number of reproducible 
markers with minimum missing data and thus is a reasonable choice for the construction of highly saturated genetic map with limited 
gaps. Such a map could be used for the identification of markers linked to the trait of interest. 

Linkage Group 1  2  3 4 5 6 7 8 total 
Length (cM)  160 130 177 209 240 196 65 249 1406 

No. of skeleton 
markers  185 153 182 222 238 148 49 236 1413 

No. of redundant 
markers  1501 863 698 1024 1341 776 98 1262 7563 

Density  
(markers/1 cM)  1,32 1,17 1,03 1,06 0,99 0,76 0,75 0,95 1,00 

Longest gap 
(cM)  3,34 8,82 4,81 5,02 4,2 6,46 5,74 7,92 8,82 

MATERIALS AND METHODS 
The mapping population based on 190 recombinant inbred lines (F7) 
derived from a cross S305N/00 x S037R/05 was used for genotyping with 
DArTseq markers.  
The genetic map was constructed under Multi Point Ultra Dense 
software. 

RESULTS 
In total 35 991 DArTseq markers (SNP marker) and 128 016 silico DArT 
were evaluated.  
Markers with impaired segregation of Chi2 > 19.4 and missing data 
above 17 were omitted from the analysis.  
Genetic map consisted of eight linkage groups saturated with 2733 
skeletal, 14 509 redundant, mainly silico DArT markers and spanned over 
1406,31 cM. The largest group covered 249.22 cM whereas the shortest 
65.23 cM. The biggest gap was 8.82 cM long. On average there was 
one marker per 1 cM.  
All linkage groups were univocally assigned to rye chromosomes based 
on the known chromosomal location of the markers on wheat genetic 
maps using synteny.  
Genetic mapping was done twice to verify whether marker order and 
the number of linkage groups were constructed properly. 

Table 1. Arrangement of mapping data evaluated for the RIL7  
mapping population.  

Figure 1. Genetic map of the population RIL 7 (S64/04/01): S305N/00 
x S037R/05 constructed based on DArTseq and silicoDArT markers. 
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SUMMARY 
1. Derivation the RIL7 of inbred lines (S64/04/01): S305N/00 x SO37R/05 
followed by genetic mapping using DArTseq and silicoDArT markers, 
enabled the development of a highly-dense genetic map of rye (Figure 
1) with limited gaps.  
2. Identification of various redundant markers makes it possible 
choosing suitable marker (variants of the markers) linked to any 
examined feature.  
3. The constructed genetic map is dedicated to the identification of 
DNA-based markers linked to pollen fertility restoration genes suitable in 
Pampa sterilizing cytoplasm system. 
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5412335030AG123.4
3572307027AG124.0
351723507G125.0
3573120052C125.6
7011230040GA127.1
442121303CG127.4
333433507AG128.3
3521355129.0
3357537129.3
3214212033GC129.6
310211205CA129.9
3511435031C130.5
3211341017CG130.8
335523705AG131.4
3343112034A131.7
4415317011CG132.3
3523213031GA132.9
3331175035A133.2
3577354133.9
3352354134.1
3511230134.7
4012723032GA135.7
3345312136.4
3352223020GA137.3
3357415025C138.8
3355534037GC140.1
3342117022A141.0
3345170143.8
3222074020GC145.8
3350252025CG146.4
3212034146.7
4423132017C148.1
5207023148.7
4411552149.3
5035102150.0
7357300150.3
522351107CG151.2
4411120152.5
3345431156.1
3523220011CG158.0
3101211158.9
3513037160.2
3512234052AC161.7
3511033163.0
5220203164.0
5732150164.6
3517341035C167.6
5215524168.2
3333043034GC168.9
3734344169.6
5222344169.9
3210231171.2
3351117173.5
5207751053AG174.4
3332323176.8
5411241179.0
3744001022C179.3
3354434180.0
3345332181.3
5411140035AG185.0
4424547024AC185.6
3352422052GA186.6
13404353187.3
5220324187.9
3737303040CG190.2
3515327037GA190.5
4422252190.8
3517151045CG191.8
5225710015C192.0
3101070193.0
5211013194.3
5201721012AG194.6
13404331195.6
7742196.2
4412123197.5
3731177199.7
1213030C200.6
3510230202.2
3352130035GC204.5
3342221033CA205.8
0273025C207.1
3735345209.4
3527144210.5
7352141013CA211.4
5500705214.0
5504340011GA216.3
4111220.0
3733332221.7
3222103222.9
3221021224.2
3521052224.5
10240226.1
5201545229.2
504174203AG229.5
3523131054AG230.1
522732103CG232.1
3110012232.4
3212032233.1
3334243041GC233.7
3525232234.7
3212737021C237.1
3743123239.7

LG5

37372030.0
252151.2
57003.4
7433757012CA5.0
3300211042AG7.3
33005218.9
35117429.2
33474039.9
351231112.1
335143705A12.4
521510012.7
352203213.4
335553714.6
3521540031CG20.4
330032402CA21.7
5224357011G23.0
442320501GC25.0
3104704032A25.9
352312326.5
374122227.8
335341130.4
330232534.6
352335001C35.0
321034235.3
322102236.5
352242138.1
5204712011GC40.3
352031340.9
5502730025CG47.3
321010148.0
372048.9
352523549.5
3515122023GA50.1
335101251.1
520005552.6
5412453030G54.2
322231254.8
701102156.4
3522747012GA57.0
521370758.3
5040354013AG59.0
520703759.6
3730523022GA60.0
3512222013GA60.6
441441361.2
3334341030C62.4
373331064.0
321137202C64.3
3514202014AG67.5
541431368.8
5213242023G70.1
1314014C70.7
541450071.3
352111271.9
442773172.5
3222401011AG74.5
3334253010GC74.8
334323575.5
522333003AG76.5
3227025051C78.4
3515244011C79.4
3300311017G80.0
352021207C80.9
3301330027G81.5
3732214022AC82.1
374710183.7
310502284.4
5501301032CG85.0
310373303C85.7
5203433031AG86.3
3211720020AG86.6
541172487.3
520253702AC87.9
5201315012CA88.5
351232289.2
521121302AG90.2
3223735034GC92.1
373133192.4
521053792.7
521403193.0
322332293.7
522750294.6
521047294.9
3353537011G95.9
442222307CG96.6
5713547037C96.9
334753197.5
550413098.4
441704199.0
7432411023AC99.3
520537707AG99.7
5203321021CG100.0
3571743103.3
5225155104.8
3103333012G105.5
3732472106.8
5422232108.1
5201073013AC109.8
5035711111.5
5210020022AG112.1
3511530116.4
3740123118.1
5201107119.7
3227742043C121.8
3335123124.1
3573055124.4
3573441125.7
3217420030CG127.5
3513320014CG127.8
5037100128.7
3517040013G130.7
3300411136.0
7433277140.6
1042141.2
330111102C144.6
3733177017G145.2
3101112145.9
5212120014C147.5
3573331021CG148.1
4014323014C150.5
3302150042GA151.1
5214341023G153.0
3525221154.0
3741140154.6
5221122157.7
3342373023G158.7
374474105AC160.2
3352531161.5
7503313010CG161.8
3333725025GC163.3
4020164.3
5137511013GA164.9
3344227035CG168.9
3520573170.2
5037477172.7
3354004174.0
3731270022AG176.2
5310177.5
3341227180.5
3303125182.0
5421300182.7
5502451186.2
3514313187.5
3333274031AG188.5
3223723191.1
3332511055AG193.1
5225133193.8
3510741195.3

LG6

35732320.0
111335.7
3352411015GC8.9
52133309.2
351210110.2
330253312.4
7733215.8
7022315022AG19.2
352372207GC19.8
520134001AG20.5
5501052052GA22.1
351133223.7
334442424.7
374710726.4
521107326.7
334730427.3
521337328.6
352573128.9
127230.5
701335731.5
3521525034C33.2
334422336.6
5212147033C38.6
442203139.3
133440.6
550524342.1
5215420035AG42.5
521210543.1
351071544.4
441307245.1
522570046.4
352733007CG47.7
374520348.0
334111103C49.0
3523271052CG49.3
351252350.0
373313550.9
232552.8
504051207C54.9
3572447054GC56.8
441111403C57.5
322273157.8
107158.7
373722161.3
330233562.0
321731462.9
3742352034AG63.6
321135564.3
310027465.2

LG7

32214130.0
33302332.5
37331513.1
52133014.5
33517734.8
50452236.0
7011122014AG7.0
5037430031GA7.3
5202320013GA8.6
33570339.5
335173511.3
351207713.2
743321418.5
7250419.1
322325721.7
1051323.0
522533223.9
5502531011AG26.2
442327127.1
352242335.1
2123022CA36.7
374252137.4
334304040.1
5047224041CA41.7
3344204033GA45.9
351241548.5
343749.1
352321051.0
351303151.9
351141252.9
3353500037GA53.8
5213024041C55.2
357241307AC58.5
3523475014AG59.7
3300130042GA62.4
521754303C62.7
3525453020GA63.0
5203152023AG63.6
3573142015C63.9
3215532025AG64.2
352175065.2
352124366.1
333433366.5
3347210033CA67.1
3523177032GA67.4
3334734014CG67.7
743377268.3
333532369.6
541327569.9
5227573053A70.5
3511013014AC70.8
374405205CG71.4
741403572.0
522717172.6
401410372.9
520313073.5
321311473.8
442432374.8
3523513041G75.1
333502703GA75.8
3512021022AG76.7
520222505AG78.0
13512172030GA78.9
3515357011CG80.4
3520252022GA80.7
3300335054C81.4
3517527043C81.7
3510212032CG82.6
3571712021C83.6
3355732010CG85.1
7414527010C85.4
504534105CG86.0
335437286.3
351112387.3
3513440051AG87.6
5502702014A88.8
352544789.1
3342722017CG90.4
333143790.7
520241592.0
1340430493.2
3515502034AG94.2
5204370053CG95.1
330311495.4
513122296.4
352021196.7
441025197.6
3515123034C100.5
310035301AG101.1
4422152102.0
3212133102.7
3747152033CG103.0
7352013104.0
5203732106.3
7073335110.0
3521114025GA110.6
3101431021CA111.2
5412231111.6
3332530111.9
3334103024GC112.2
572170405GA113.4
441211502AC114.4
3522243042G115.9
3510412117.2
3750323117.8
5227457043G118.1
3521510118.4
5212120043AG119.4
3355721024C119.8
3521733122.0
3523577123.0
3210751123.6
3523103124.5
7103343125.7
5503521033C126.7
4412240127.0
7013712034AG129.7
5203227130.0
550372203AG130.4
7012123011GC131.0
3332723023C131.6
3347412022C132.6
321571505A133.2
3343111047G133.5
3342535045C134.4
3212700135.1
4411171136.4
3352427034GA136.7
5201122017CG137.3
3334722014CG138.9
3342151140.1
3027140.8
5202331024GA142.4
3341273042G143.4
3511123033AG143.7
5211270051GC144.0
3517425010C144.6
3334101011C145.2
3514510011C145.8
5201224146.4
3525523147.7
333343407C148.7
520117205C149.0
3332221010GA149.6
3740273030GA152.0
3573511022CG153.0
4011132013GC154.9
3354521021AC155.2
3571324010C155.5
4412111014GA156.4
3351431013C158.0
3357515158.6
3571412158.9
3743152159.5
5501313160.8
3224113162.1
5501715021GA162.4
520151201AC162.7
322323201C164.7
4421253015GC166.0
3332521023AC166.3
3513122057A166.9
3333001045C168.8
3512131041GC169.7
4412341170.0
3527533011CG170.3
5201772170.7
3350577033C171.6
520511505C174.2
3355132174.5
513772201G174.8
3512113012G176.4
3572317017C177.0
3222472177.6
5413277178.5
5412102180.3
3105131180.9
4417441181.6
521213202GC182.2
3355220023C183.4
3525340030AG184.0
735211502CA185.2
3350477031A186.9
4427315041C188.2
3343713022CG188.9
3333301031C189.8
5412071190.4
5137221191.7
5203111012GC192.3
3527513017AG193.6
3332311030G197.1
3335077011GC198.4
3352734011G199.8
3525571017AG201.3
3520321201.6
343203.9
351327305C206.2
3352121022C206.5
7433203208.4
7437155208.7
7100011209.9
3513321044GC210.2
4423370211.8
5202712022CG212.8
3571311043CG213.7
3351522033G217.5
3735311219.1
4422707221.0
3302430222.6
5413532223.0
5202512223.9
3332344032GC224.2
3513113032CG224.9
3571323225.5
7433223226.5
3517401227.1
3212314035C227.7
3522711041CG229.0
3351313051CG229.9
3522444230.8
3527111041C231.8
522105303C232.1
3514441233.4
2153234.0
3332540032GC234.3
3513122032GA235.2
3341130014GA238.6
5227054055C239.6
3222535240.3
7357437011G240.6
5031215243.1
3127246.0
3101227246.6
310013703A247.0
4417141248.6
3224521249.2

LG8

*The sequences of markers 
linked/associated to/with pollen 
fertility restoration trait are 
available from the Authors if 
requested. 
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