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“The only constant is change... and yet, in 
spite of all evidence to the contrary, we 
exhaust ourselves in an endless search for 
solidity. We hunger for something that 
lasts…we hunger for certainty. 
That is a big problem.”
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Partial genotype data from an association mapping population:



TGACTGAATCTAACTTATTTTCCAGTAAATCATGAGTTAAGTTGCTAACAGAGCTTGCCGCTATGTTGAATCTAACTTATTTT[A/G]GTGCTGTGATTACTCMGSGAGCGCAGTTCCGYCGCGCAGAACCCGATTATTTGC
CGGAGGGATTTGATCTTGCAGGCRGAGATGAAGCCTGTTGTGGGGAW

TTGGGAGGGCCTGTGCAAAYAGGGTTGCTGAGATTTCTAAGCCAGGAGAGACACAGAAACCTCTTGAAAAAGATGCGGGGAGGAAGACTATTGMTTGGTT[A/G]GAGAAGCTRAGRAATTCAAATGGATCACTGCCTA
CTTCGAAGRTCCGCCTMAACATGCAACGTATTATGCAAARTAATGCTGCWGTMTTYCGTACWCAGGA

GGAAATCATGAAACAGCAGAGCTCTTCAACTTGGCAGAAGRGTGCTTCCWAAACTAAATYTAAAGCYGTATTCTGCMAAGACRKCAKAGAGCTAGTTGTA[T/C]TCACACCTTCTCCATACTAGGAGAGTCATGTACATG
CAAGGAGCAGCTTCCTTGAGGWWTTTTGCAGATCCTATACAGAAGATATACAGAGAAGTTACGGA

CTGGTTGGTTCTTTTTGTCAGAGTGCCACCTGAGCACTTGTTAGACTACAACATTTTTGGCATAATACAGTTAATCTCAATTTTTGTCATTCATAAASTT[A/G]RTTRWTYGCAGTAGTCTRGRWSTACCTGGGGTTGCCT
ACCCCCTGCCTTTTCAACTTTTGGTCCCAGTAGTTGTAAATTAGTCAAGTTGATCCTGGGCATT

GCTGTCGCCGTGTCCTCCACTCGCCTTGTTTAGCCGATCGATCTCATCGTGCGGCGACCATCGACCCGTGTGTGCCTCTGCCTGCCCGATCTGGGCCGCC[A/T]GAAATAATAAWTAAGTCACAGCTMCTAGTTCGGT
AAMAAAAAAAAAAAAAAAAWAAAAAGTTAAATTAAACGTYRCCGGACGTAACTTACGTAAAC

CTGTGGTTGCAGCTACAAGAACAGTAGGGAGCGAACTTGTTGGCACATCAGCCGGTSYMG[T/G]GACAKYCATTGGAATGAGTTCAGGTGCRAGCACATGTAACACTTGGCGCARAAGTAGCAG
AACCCGTTCTCTTTGGTCAGGCATCGTTCGATTCTTCTTTGGACTTCTGACAAAATAACTGTGACAGCAAGTACGGAAGCATTCTGCAGATGTTCGSMAT[T/G]CSCRGGATATCCACTTCCATGGTTGGACCTGAAGCC

TCGAAGGCTGTCAGCAGGGAGATGCCTGTCGAGCTGCTCCGTGCAAGCCTTCCGCATACCAGCGA
GGATCCTTGCTGAAGACCAGCAACAACCTGCACCGGAAGMAYWMMSKRGMCAAAACCAGG[T/C]TGCAGAAACMAGTAGCTCTGCTGCGGATACTACAACGGAAGTAACTCAGGAATCCTCTGC

TGGATAGAGGAAGTCCGCACTGAGAGGGGCAGTGATGTCATCATTGTACTTGTTGGGAACAAAACTGACCTTGTCGACAAGAGGCAAGTCTCCATTGMGG[A/G]ADGGGAAGGCAAGGCAAAAGACCTAGGGTGTGA
TGTTTATTGAAACCAGCGCTAAAGCTGGTTTTAACATTAAGGCTCTGTTCCGCAAGATTGCTGCTGCA

GTGCYTATTATGGCTATGGATATGATCCATATGGGTATGCTCAGGACCCATCATATGCATATGGTGCTTATGCAGGATACAGCCAGTACCCCAATTCMSG[A/T]GGAKGCGCAACCGATATGTCAGCAGCAGCTGGCAG
CCATGTTCCAGGCATGGAACAAAACGAGGTGTATGATCCAATGAACTTACCTGACGTTGACAAGCT

TCCTTTTCTTATCGCCACAGAGTAGACRTGCATATGATTKGCCAGCCTYGGTTCACRGTG[A/C]AACTYAAAYTGCCAGTTGTTTCACCATTGTTGTGTGAAAGCCTGGTGGCCTTCACTGTTG
TCAAAGAGATCTTTTGGCTTGGAACCAGACAAATTTGAAGCTACAGCCAGGTAAGCATGTGAATCTTTTACCTGTGCACAGTAGTCACGCCAAKYGAGTT[T/C]YTTGCATTAAGTGTGCCATCAGCAACATGGTCTTCC

AACATCTTGCGGAACTCATCACGGTTTTTTCCGCTCTTGTCTCCTTGTTTGCTCCTTCTGTATTC
CATTGCTATGCGTGCAAGATCATGCGCAAGATCGTCCTGACATCCCTATGGTCATCGTCATGTTGAGCARCGACAGCTCYACCCTTCCSATGCCGAGGCC[A/G]CCAACCCTGATGCTTCGAGGCCGTTCTATCGAGT

CGAGCAAATCAAGCGAGAACGAGAARAGCCACTCCATAGGTACCGTATCGATGACACAGTTACATGG
ATGAGTCTGAAATGAGCTTCATAAACTAGCAGCCAAGTTAATTGTTGAAGACCGAGTTGCTGGATTTCATAATGTGGAGTAAGAGCTGTTAATTTTTTMG[A/T]AACGAAGTTGTKKGAAGTCTTGTTAGTGGASTAACCM

WGTTATTGTTTAAKGTAATATATTATCATGAGGAGACTAGGAAAGTTTGTCGTCTGGAAAGTTG
TTCCTTCTCCATGAGAGTGAGGGAGTGGTATGGATGGCATTTYCCTGAGCTGGTCARAAT[T/C]GTVAATGACAACTACCTTTATGCTAAGCTTGCCAAGTTTGTGGTAAACAAATCTGATTTG

CTGAGATGTGTGCTTATTTTTCATTATCACTGAATCAACTATCTCTCCATAGGTGCCAAAATGCTTCTGAAATGTGGCTAGCGTGGTGTCGCGTGAKCCC[T/G]SCGACGAAGATCTTCCCGGCGCTTCCGCTGCCGCT
GCCTCCGCCGCCGCCGTACTCCGACCTTCCCCAT

TTCCCGGGATCGCCTCGGCATCTCCATCCAGTTCCTCGACACCAGGTACGTCAGCGGCTTCTGCCAGCTCAGCAAGGMCC[T/G]KSAWCAAGATCTGCACCTTGCACGCGAACTGCTGTGTTGGGCTCGGCGCCAA
GCTCCATGATCTCAGGAACGTGTTAGATGTGTGGAGGAACTACACCGCC

CTAGTTCTAGATCGCGATTAATTAACTTTTTTTTTTGGGAAACAAACAATTAAKCGACYTA[A/G]KTATWCWTKTTKTACCACAATTCAGGAATAACTATAGATCTCAAAAATGAACTCAGCCGGTAACGGCAGTTGTGGAA
GCCGGTATACAGGGGGGAAGAATA

CATCTGGTTCCCCGGGAGCACCCCTCCCCCGTGGCTCGACGGCAGCCTTCCCGGAGACTTCGGCTTTGACCCATGGGGTCTCGGATCGGACCCGRATKCG[A/C]GDGAAGTGGAACGTGCAGGCGGAGCTGGTGC
ACTGCCGGTGGGCGATGCTGGGCGCGGCGGGCATCTTCATCCCGGAGCTCCTCACCAAGATCGGCATCCT

TTAATGTTTCATCRGAGGGGCACAGGTTTGCATACKCGGAAGGCATCCKYTTTGACAAGATAAACGAKGAGGCRGGGTATGCAWCCTTTGGAGCATATGG[C/G]CAGTCAAAGCTCGCAAACATTCTGCATGCCAATG
AACTTGCTAGGAGATTCAAGGAAGAGGGTGTCAACATCACTGCAAACTCCCTCCATCCTGGATCTAT

CCTTGTCTCTTGCTCACTAGTACTACCTAGAATGCTGAGGGTGTAATCTTCTATTGGCTTGTTTCRTCYYGGSACGRTTSSGGRGCTCTTCCTAAATGCA[A/T]GCTTTCTGCAGCGCTGGAAAATGCCATCGTACAGCA
AATCAAACTGCACTCCAGCTCTTTCCCGGTTTACGATGAAAAGGATGTGATCGCCTTCAATGATC

AATAGGCAGGACCGTCGTTGCGCTGTCGGCATCCMGSGAWYTCMAGACTTCACTGCAGGC[T/C]GACCATGGGTGGTCGAGGCGTGTGACGTTVGCGTGGAGCGCCTTCTGTACGTCCGGGCGG
GTACTCTTATGGAAAGACAAGAAAACAACTGCTATAGTGATCGGTGGCACGACTCTCATATGGATGCTGTTTGAAGTGCTTGATTACCACCTCTTAAYTC[T/C]YGRKATCCCATGTGATGATTGGAGTCCTGGCCATCTT

ATTCCTGTGGTCCAAAGCTATGACCTTCATCAAGAAGAGTCCGCCTGATATGCCTGTAGTTCAG
ATTATGAACGGCCCGTGGATAGAGAAGCCGGCCCAAGCTTGGAGCGCGGGAGATTGCTGGAGGAAGGTGATGGGCGTGGAGGCTGCAAGGARCTGAYCGA[T/C]TTGRGCTGCTGCTGCTACCTTTTGCGAGGTG

CGAGGTTAATCTAAAAAGAAGCCATGAATGTAAA
CGGCGGAAAAGGGTACCTTGCCGAGACACCAGACGAGCTGAAATCCGCCCTCTCGGAATCCTTCCGCGCCAGGAANCCAGCGGTGATTTAANGTTATCAT[T/C]GATCCTTATGCCGGTGCGGAGAGCGGCAGAATG

CAGCATAAGAACTGAGGCGATGAGCGAATAATCGATGTCACTTTTCGTTGGGCGGCGGTCGCTTCTTA
TCGATGTAAATGTTAAGTTGCAGAATGAAGTTAAGGAGCAGTCAAAGCCTCCAATGTTGAACATCAGAATGCAAATAAAAAATTCACGGCGGTCATCAAG[A/G]GCATTTTTCCYCTAAATTCCCCAAGGYGAAACAAGA

AGCGTGGTGGTTGGTCCTGGGGAATGTTACAAGCTCRGAGCTATATGGTCTGAAGAGAATAAGTT
GCTTCTCGTCGCTCCCAAAGAACTGCCTGACTCTCTGCTACATCTTCTTCGCCGCAGCTATTGTCATCAACTTGATAAGAGACTTGACACCACACAAGTA[T/C]TCGAGGTTMATYCCACKSSMWATGGCAATGGCYATA

CCTTTCTACATYGGATCATACTTCGCAATCGACATGTTCCTGGGCAGCTTGATACTCTTCGTGTG
ATCTTGCTGGGCTAACGAGCCATGGCGGAGACCCTCATTTGCTAATATCATGGAAATTTTGAGGCCTTTRATAAATAAGGTYGCSGTGCCGCAGCTGCTC[T/C]GTTCAGACTCATAGCAGTTTCATGGTGTTTAGGAAA

GAATCATTTGCTTAAAGACGTCGTGATAATATCGGCAAGG
CGCTGGGAAGGACGCCGACATCTTCGCCGTTGTCATGATTGGGTCGAGACAGTACATTGTGATGCCCGGTCGGKATATWYMCRSGAYAGAGGCTGAAAGA[T/C]GCCAATGTCAATGATCAGATCATATTAAACAAGG

TACTACTAGTGTCAACGAGAGACAAAGCTTACATTGGCATGCCAGTGGTGACCAATGCTGCTGTTCA
TTTGCAAACTGAGGTGTATTCCTCCTGGTCTTTCCTTCCATGCAAGTTCTTTGAAAATCTTAAACATACGGGGTGTCAATGGTATCCAATCTCTKGAAGG[A/C]TTTGCTTCCGTGGTKGAGCTCAAGCTGTATARCAACC

CAGTCCTGACTAGGGTGTCCAATTTCCCCAAACTGCAAAAACTTGAGATCCTATACTGCCCAA
GTCTGTTGGTTCACCTAGGATTTGTTCGAAGGTACATCGCAGGATAGCAAATTGTAGTTATACMCAACCAAGATGTCCTGCGAGTTATTATACCATCTGA[A/T]TGTGGCTATTTAAGRGGAATGCTTYRATGCTTCTCAT
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Our new database concept is 

““IMPairEDIMPairED””
PairPair--EEnhancednhancedIIntegratedntegrated MMarkerarker

DDatabaseatabase



What if we looked less at the maps and more 
at the markers themselves?

- Marker associations and map orders are 
calculated based on the number of  
recombinations between any two pairs of 
markers in a data set. 

- We can take advantage of this by extending 
the concept from looking within one 
population to looking across populations.



A B C D E

Actual 
linkages

Map 1

Map 2

Map 3

Map 4

Map 5

2 cM 86 5

5

53

8

10

0

4



Advantages of having direct access to pairwise 
distances:

- Provides a direct way to list markers linked to a 
target.

- Can represent LD distances that cannot be 
resolved in a map (LD may give stronger evidence of 
tight linkage).

- Can show critical ambiguity that is lost in a 
consensus map (could be important to know if a 
marker has two potential locations).
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cdo665b

accase1

rz69

km_lg11-41

[0]  cdo665b
[4]  acca

[10]  waaccat146

[23]  wacgcaa620

ogle_mam_3(KO11)

cdo665b [0]

cdo1464  [14]

e8m6_3  [26]
e7m2_18  [27]

e8m6_12  [31]
e7m2_11  [34]
e8m6_11  [36]
e1m3_6  [39]
e6m7_4  [44]

e1m5_11  [46]

e3m7_2  [55]
am42a  [58]

e8m1_4  [63]
e3m5_13  [64]
e6m7_13  [66]
e8m3_10  [68]

rz69



0.04

0.06

0.13

0.10

0.19
0.23

although it’s more accurate to calculate them using raw 
genotype scores:

km_lg11-41

[0]  cdo665b

[4]  acca

[10]  waaccat146

[23]  wacgcaa620

Pair-wise 
recombination 
distances can be 
derived from the 
graphical 
representation of 
a map…



(cont.)

Markers found linked to oil marker cdo665b using “IMPairED”:



- Stores pair-wise linkage distances from raw 
genotype scores and published maps to make 
marker choice easier and more precise,

- can help us make the available genetic linkage 
and phenotypic association data more accessible, 
and, therefore, more applicable.

We believe that this will add value to existing and 
future oat community databases such as TAT.

The “IMPairED” concept database:



Thank you!

谢谢

Charlene P. Wight, Biniam T. Hizbai, Kyle M. Gardner, Philippe Couroux, 
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cdo1423 (ec2276)
Contig has one cdo1423 sequence.

ko_msd_snps_4_12_13

[0]  opt-6427

[16]  bcd1443b

[32]  opt-11926_c
[33]  opt-5725
[37]  umn107b
[38]  opt-5421_c
[41]  cdo638
[47]  bcd1876
[54]  opt-17024
[60]  opt-5635

[70]  opt-2654_c

[92]  opt-13895
[94]  opt-10908

[127]  opt-16128_c

[139]  opt-15746_c
[141]  opt-1847_c
[144]  cdo718b

[156]  cdo1173a
[161]  opt-11135
[167]  re4m2_7x

ko_msd_snps_5_30

umn5047  [0]
opt-14924_c  [4]

opt-17862  [5]
opt-13894  [7]

opt-15113  [21]
cdo1396  [22]

opt-17314_c  [23]

cdo1165a  [31]

cdo393b  [42]
cdo1173b  [49]

opt-1672_c  [51]
opt-17150  [51]

opt-17970_c  [54]
opt-13760  [57]

wg282  [60]
umn28brv  [67]
opt-9975  [69]

opt-17294  [91]

opt-14917  [107]
opt-14420  [108]

opt-9486_c  [109]
umn407  [114]

cdo1423a

gmi_es15_c8238_156

cdo1423b

QTL: yld (close to rust/avns), HD

*


