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Only 50% of the maize genome is 
shared between two varieties

Fu & Dooner 2002, Morgante et al. 2005, Brunner et al 2005
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Identification of markers with/without the 
reference genome

SNP and small INDELs
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GBS Experimental Design

GBS Data Analysis Pipeline



What is appropriate library 
coverage?

• Coverage can be controlled by enzyme choices:

– ApeKI (5bp) – Maize, sorghum, grape, switchgrass, 
cacao

– PstI (6bp) – wheat, barley, maize
– PasI (7bp – using ApeKI overhangs ) – scrub jay 

(Chen)
– HindIII - cacao



What is appropriate library 
coverage?

• Coverage can be controlled by degree of 
multiplexing in sequencing:

– 48 plexing
– 96 plexing
– 384 plexing

• Desired coverage depends on how many 
markers are needed and tolerance of missing 
data.



Terms Used in the Pipeline

GBS Data Analysis Pipeline



Reads ‐> Tags ‐> Aligned Tags ‐> 
SNPs/INDELs

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCATGTAGACGGGC

………….



Reads ‐> Tags ‐> Aligned Tags ‐> 
SNPs/INDELs

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCATGTAGACGGGC

………….

Tag 1

Tag 2

Tag 3



Reads ‐> Tags ‐> Aligned Tags ‐> 
SNPs/INDELs

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCATGTAGACGGGC

………….

Tag 1

Tag 2

Tag 3

Maize NAM population (5000 lines)
2.6 billion reads
6 million tags



ApeK I site

Reads ‐> Tags ‐> Aligned Tags ‐> 
SNPs/INDELs

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

…………………………………



ApeK I site

Reads ‐> Tags ‐> Aligned Tags ‐> 
SNPs/INDELs

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGCGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCATGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCATGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTGTAGACGGGC

…………………………………

Reproducible sequencing 
errors



Reads

Tags

Aligned Tags Tags by Taxa

HapMap

Summary of the GBS pipeline

Filtering
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File Formats / Data Structure

GBS Data Analysis Pipeline



HWI-ST397       0       3       68      15896   200039  0       1       GTCGATTCTGCTGACTTCATGGCTTCTGTTGACGACGATGTGGAACGAGCTGTTGTTGAAACTGATGAGGTTGCTGAGATCGGAAGAGCGGTTCAGCAGG    ggggggggggggdeggggggggggg^dccebabcbde_Tb[\`T_baa``ddcdd^c^^b_ab[K]]SO_\_\T\VVVW\`dc\``b`
HWI-ST397       0       3       68      15960   200043  0       1       GAGAATCAGCTTTTCCAACACCTTGAGTTTGAGTATGCGATGACAGTTACTCTTACTGTCCATTGTCAGCATTGCCAGAGCTTGACCAGCTGAGATCGGA    fefefffefe_ddd]feeeceefffeeafbd`d`dfefedccffeeefccedfea^deddcZfae[[ba`bccb_da`^bQccc`c\`c`daT`W]T_
HWI-ST397       0       3       68      15831   200053  0       1       ATGTACTGCACCGTTGCAAGCGAGCACCACCAAGCGGCGGTATGCACTTTGCAATATGTAGCTAGAATAGGATTTTCAGGTGATTAGGAGCGTAAAAAAG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15867   200049  0       1       CCAGCTCAGCCTGCATTCTTTCAAAAACTTCCAATGCCTCTCTTGGCCTAGCATTTTGGGCATACCCTGTGACCATTGCTGTCCATGCCACCATATCCTT    ggcggggfgggggggggffgggggdeeggdffgfggggggggcgggggggggfgggceggeggcbgggggedebeefccfgcggegedd
HWI-ST397       0       3       68      15943   200048  0       1       GATTTTACTGCACATCGGTCTTGTCACACCAGCTATACCTGTAGAGTTGCCTTCCACAGTTGTAGAGATCGGAAGAGCGGTTCAGCGGGACTGCCGAGAA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15812   200062  0       1       TCACCCAGCATCACGCCCCTTCACATCCAGTAAAACCCCTGAATGATGTGCTGTCACTGTTTGATATACAGTTGTTAACGTGAGGACGGGCTTTGAAGGA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15888   200067  0       1       CTTGACTGCCACCATGAATATGTGTTCCAAGTGCCACAAGGACTTGGCCCTGAAGCAAGAACAAGCCAAACTTGCAGAGATCGGAAGAGCGGTTCAGCAG    fffffffdefegfdffbcfeffeffffedegdggdgefbfe^cfcf\ded\]_]_Ya`]KW`cc`cYdd`Q[XYXabWaLa]_aZ]Y]TWddd^Y
HWI-ST397       0       3       68      15969   200067  0       1       CCACAACTGCTCCATCTTTTCCATGAGACATTGCTCCCGCCATTGCACCCTTGGCATCAGCAGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    VTMKOJJMUGVZN[V_`_`YWZYPWILQSNYbb\Y_BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15786   200078  0       1       GTATTCTGCACACGAATCAGCTGAGACACCAATTGGGCATGAATCAAATGGCGCCATTGCCGGGGATCGAACCCCGAATCAAATGGTGCCATTGCCACTG    fceffcddbeabbdcaebeccaedZc`bc`^``X`\cbbc^d`b[c\[dcdbcd^`^]`bZdabZaVa\dZZ[SQccS``c^_^c^bTa^\b
HWI-ST397       0       3       68      15830   200072  0       1       AATATGCCAGCAGTTAAGAGAGTTCAAGATCCAGGGCTCATATTCAGTCACCTATATCAATTTCGAAATGGATTTCCAGGGTTTTAAGAGCCTAACAAAG    effffefffffYfeedbdddad\ddbTb^^abMb`aedeedaedacdea`cWdaadcYdXdabb`df]efd^db`dddddfefff``Z`cc^ac^
HWI-ST397       0       3       68      15863   200073  0       1       CTCCCTGCGGGTGCGCGCGACCCATCTTCAGTTGGAGCGTCTATCGGCGTTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTA    ggggggggggf`ggfggggdggggf^gfgdfffffggdgeggeggggcgbaedaebdd`debccc^aVccbabK_`_b_`d_beeT
HWI-ST397       0       3       68      15762   200088  0       1       TGGTACGTCTGCGGAATGGCGTTTTTTATGCCTTAGTGGTTCGCAGAGCATTTGGCAGCTGAGATGGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGAT    ^YTLX]X]ZX]\^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15903   200085  0       1       GGACCTACTGCCCAAGAACGGCTCACCCATCATCCGCTTTCTTCACCTTCCGTCTTCTTTGGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGAC    gggggggfgggggggggggggggggegggg`gggggegggggggdeggggggeggggegegggeead^dddaa]bXYZ^`bdb
HWI-ST397       0       3       68      15921   200082  0       1       GAGAATCAGCGTGTACGGGGCACGGGGTGACTGCTGTTGCGTGCGAGGGCTGAGATCGGAAGAGCGGTTCAGCAGGAGTGCCGAGACCGATCTCGTATGC    fdedffdc^ddbebececed[acde_^OTN__`a_ed^^dadaabK][^^X]NYMcc^[WOUSSE]`S[[U`ZU`^_I`a`Z_
HWI-ST397       0       3       68      15984   200085  0       1       TTCTCCAGCCGCATGGGCCGGAGACCAGAGAGGCCTCCCCAGGATTTGCACGATAGACCACGACTTATGGACGATTGGGAAGCCCTTGTTGGAAGGAAAT    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15788   200096  0       1       GCGTCAGCAAATGCCCCAACAGCCAAGTCAGCAATTGCCTCAGCAACTTGGGCCACAAACACCACAGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCC    eeeb`ebbeeb^]^bebeeb[`X^`^dXcabZb]bb`bbb_dd]]_]_bbd\_\_cc[___a__Vca_Sc`b]Y\c__]b`V[\^[_PS
HWI-ST397       0       3       68      15842   200099  0       1       TAGGCCATCAGCTGACTTCCCGGGTGTGGAGAAAAGAGGGCCCCTCACTTCTCTCAAGTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCGGAGACCG    dddddbffffffdfaadaeeffff[M[QUJda`[VRIQR\cX[cddc[df^cX^ISS^QZ`Y^TYEPTZS\`T\`MSTTSNVYQQ
HWI-ST397       0       3       68      15876   200105  0       1       GGACCTACTGCCGGCGGGACGAAAGCGGTTGTTGAATGATGGGGGTCACTAGGCCTTCCAGGGCCTTTAAGCGCGCGCTGAGATCGGAAGAGGGGTTCAG    XVKYYIUWWM\O__BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15937   200097  0       1       CTCCCTGTTGAAGCATGTGCAAAAGAGCTTGTTCTCGGCCTTCTTCAAGCCATTCTCTTGGCAGACGGCTTTGCCTAGAAGTTTCGCCCCATCACCCTTG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15958   200102  0       1       CGCCTTATCTGCCCTCGCCGGTCATGGGGAGTGGTGCCCCTACCTCGGACAAGACAGATGCAGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    \c\ededdceeeVeedffddaceedeeeWS[O``\cccccdadZd\daddeaacfefeee\^d_d_ccbUQVWHUIKPFGUY
HWI-ST397       0       3       68      15765   200113  0       1       CCAGCTCAGCATGGATCTCTCCTTGATGGACTGAAAGCGCGTGTGCTCCCCTGTGTGATGGAAAGTGGCAGTGATCGGAAGTTCGGTACGGAAGGAGTGC    NQHLGNUSTUIQUTX_O_X][_YX[K\\U[O^KJ\[SYW]^[[^BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15912   200114  0       1       CCAGCTCAGCTCAAGCATTGGCTTCCGCTTTGGCATCCTGGAGGGTAAGCTTCTGCTCTTCTCACTAGAGGAGGATCCTGGCTATCGAAACCTGTTGTAT    a\YaY^^[^R^a^`[c[c\`VS^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15791   200127  0       1       ACAAACAGCAGAGGTCGCATTGTAGTTAGTCCGGGACTTGCCCAGTTCATTGCTGAGATCGGAAGAGCGGTTCAGCAGGCATGCCGAGACCGATCTCGTA    QY^\^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15831   200117  0       1       GCTCTACAGCTTCTGGCCAGAATGCTTTTGGCACTTGTTTGTCACAAAGCATGCACTGAACCATATTCATGATAGTTCGATTTTTGCGTTCAGCTACCCC    b_`ba\X\ZZ__X^XUabbaKKK\V\_\XbUHMXURRNURTT`PVQQTSXSV]NIVXVSHWTTSI[VYW^Wa`_`\^BB
HWI-ST397       0       3       68      15848   200124  0       1       TTCTCCAGCTGCTACATGCACCGTGGGAAGAAGGTCTGCCCCACATACCCACCAGCCATCGCCCTTCTCACATTCGATTCAAACATCTTTGGGTTATCCC    a__^a^d_dda_edeeec]ed]c^da^`^c`ca```cac]aa`Y_acc_`c[V^bc^``b`cG\`_]^VYUabX^UIXXX[OPVUW_]``
HWI-ST397       0       3       68      15891   200120  0       1       GAGATACAGCTGCGAATTGGGGGTTCCTGTGTTGCGAAGTGGCACTCGTGTGCCAAACTTGGCTACGCAGAGATCGGTAGAGCGGTTAAGCAGGAATGCC    eadcdeddffffefbbffdffefdfcedcdfffff]abcbdYddebde_dadXc`cMccbc]^`BBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15931   200128  0       1       AAAAGTTCAGCAATACCTGTTGAAGCCAAGCCCTTGTGGTGATTGCCTCGTTCATTGCTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    ddddNcb\_bdddddeaeceab`_]VX]_\___cbZT[ZQ[[[Y]`^cZ]bcbYbcYcU^K]\S[^`Q]]VVPIUIUQQRMQ[NW
HWI-ST397       0       3       68      15991   200121  0       1       GAATCTGCTACTAGTGAGCCTTTGTATGGGGACCGAGTTCAGAAGCTCTAACCCTCGTTTTCCCATCTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATG    [\W\YN]XTX\\URV]]T[[O^_[NPLWWT]XXRRYYTXR]T]XX^a`^Y\WJX]Y[GTTUULRKIMPEMT[O[Zaa^Ra
HWI-ST397       0       3       68      15765   200133  0       1       TAGCATGCCTGCTGCAGGAGTTGGTGCCCAGCATTCTCAGGTGTAGTCCAAATTCTGTCTGATACTTATTGTTTATGCGATTTTGCCATCACATATGGAG    d]dcd]ddeeeeceZ`ddaUY]^aX_^[[^acRda`^c``c_eebbbda]X`c^`ce``debc[[_Q_][`cd_Zee`a[eeeda_^_ZX]^[^
HWI-ST397       0       3       68      15810   200133  0       1       TTCAGACAGATGATGCTTGTCAAGGGTCACCATCTTGCATTGCGCTGCGTCACATCCTTAGTGGGAATAGGGGATCAGCCTCGCTTTTTGAAGCTGAGTT    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15871   200135  0       1       CTTGCTTCAGCCATGTAGAGTGGTGTTGCTCCTTTACTACCACGAATCATTGGTAACTCCCTGTTCTTATTCACCATTACCTCAGCAATCCTTGTGATTC    gggggggggggggggggfggdff^ebbcccgeggggegggggggdggeggefgd^bbeeeggeegegfgfeaee`ccbccUedeedfdfe
HWI-ST397       0       3       68      15974   200136  0       1       TTCAGACAGCCAAACGACGTCTTAGTGGAGAAAATACCTGAGAAAAGTCAAGAAACCAAAACACTAAAAAATGACCAAGAAATAGAGCAGAGATCGGAAG    ggggggggggggggggggggeggggeggggegggdagedegggggdgbeddgeedgegdedggdedece^^baXc`f`dde[c[c
HWI-ST397       0       3       68      15909   200147  0       1       AGCCTCAGCTTGGTTGCTTGTGGTTGGGGGTGAGGGGGCGGGCGGGAACTTATGTTTGCGCCCCGAGGCGGAGCCGCTCTAGGCAGAGATCGGAAGAAGG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15946   200152  0       1       CTTGACTGGGCGTGGTGCTGAGGCTACTGCGGAATTGAGGTGTTGTCATCCACCGGATTGGGTCGTAGGGCGTGGCTTTGAGCGGAGATCGGATGAGCGG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15774   200153  0       1       TTCAGACAGCCAACTGAGATGACTCTCATTCTTGGTAGGAACCAATTTCTGAGAGCTTCGTAATGACATCAACTACAGCTGTGATCGGAAGAGCGGTTCA    U[P[VZ\NWR]M]T\[J``[_[I^RY[Q\\^Z]^KSSUMGOZIOI]WPTT_UNVVTWQMW[^O^\^]]aR][aBBBBBBBBB
HWI-ST397       0       3       68      15814   200155  0       1       GAGATACAGCAACAAATGATGTCATTCCTTGCAAAAGCTGTACAAAGCCCTGGTTTCTTAGCTCAGCTGGTACAGCAGAGATCGGACGAGCGGTTCGCCA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15850   200154  0       1       GTGTTTGGTCGTGAAAGTGGACCTCTTTCAGGTGCAGGTGCGAGTAGAAGGAGGTCCCAGAGACGTGCGGCTGGAGATCGGAAGGGTGCTGAGGCGGGAA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15870   200157  0       1       GAGAAACCGCAGAATGATAGCAAAAAGCGCGTTACAGGAGATATTAAGAAAAGGAGACTTGCAATGCAGGAGTAAGAGATCCATTCTGCTATGCATGCTC    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15984   200158  0       1       CGTCAACTGCATGAAGGAGGTTGTCTGGCCGTTGGAGGAGTGATTTTGGAAGGCTGAGATCGGAAGAAAGGTTCAGCAGGAATGCAGAGACCGATCTCGT    N[a`cY^Y\X\MXZX\WRPTc`cab[[T_[\]MZ\GPPWQ\_N]_[X\[]TcNcaa\URaBBBBBBBBBBBBBBBBBBB
HW

Illumina Raw Sequence 
V 1.7 or earlier

• QSEQ file (pre-filter)
• FASTQ file

V 1.8

• FASTQ file



HWI-ST397       0       3       68      15896   200039  0       1       GTCGATTCTGCTGACTTCATGGCTTCTGTTGACGACGATGTGGAACGAGCTGTTGTTGAAACTGATGAGGTTGCTGAGATCGGAAGAGCGGTTCAGCAGG    ggggggggggggdeggggggggggg^dccebabcbde_Tb[\`T_baa``ddcdd^c^^b_ab[K]]SO_\_\T\VVVW\`dc\``b`
HWI-ST397       0       3       68      15960   200043  0       1       GAGAATCAGCTTTTCCAACACCTTGAGTTTGAGTATGCGATGACAGTTACTCTTACTGTCCATTGTCAGCATTGCCAGAGCTTGACCAGCTGAGATCGGA    fefefffefe_ddd]feeeceefffeeafbd`d`dfefedccffeeefccedfea^deddcZfae[[ba`bccb_da`^bQccc`c\`c`daT`W]T_
HWI-ST397       0       3       68      15831   200053  0       1       ATGTACTGCACCGTTGCAAGCGAGCACCACCAAGCGGCGGTATGCACTTTGCAATATGTAGCTAGAATAGGATTTTCAGGTGATTAGGAGCGTAAAAAAG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15867   200049  0       1       CCAGCTCAGCCTGCATTCTTTCAAAAACTTCCAATGCCTCTCTTGGCCTAGCATTTTGGGCATACCCTGTGACCATTGCTGTCCATGCCACCATATCCTT    ggcggggfgggggggggffgggggdeeggdffgfggggggggcgggggggggfgggceggeggcbgggggedebeefccfgcggegedd
HWI-ST397       0       3       68      15943   200048  0       1       GATTTTACTGCACATCGGTCTTGTCACACCAGCTATACCTGTAGAGTTGCCTTCCACAGTTGTAGAGATCGGAAGAGCGGTTCAGCGGGACTGCCGAGAA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15812   200062  0       1       TCACCCAGCATCACGCCCCTTCACATCCAGTAAAACCCCTGAATGATGTGCTGTCACTGTTTGATATACAGTTGTTAACGTGAGGACGGGCTTTGAAGGA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15888   200067  0       1       CTTGACTGCCACCATGAATATGTGTTCCAAGTGCCACAAGGACTTGGCCCTGAAGCAAGAACAAGCCAAACTTGCAGAGATCGGAAGAGCGGTTCAGCAG    fffffffdefegfdffbcfeffeffffedegdggdgefbfe^cfcf\ded\]_]_Ya`]KW`cc`cYdd`Q[XYXabWaLa]_aZ]Y]TWddd^Y
HWI-ST397       0       3       68      15969   200067  0       1       CCACAACTGCTCCATCTTTTCCATGAGACATTGCTCCCGCCATTGCACCCTTGGCATCAGCAGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    VTMKOJJMUGVZN[V_`_`YWZYPWILQSNYbb\Y_BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15786   200078  0       1       GTATTCTGCACACGAATCAGCTGAGACACCAATTGGGCATGAATCAAATGGCGCCATTGCCGGGGATCGAACCCCGAATCAAATGGTGCCATTGCCACTG    fceffcddbeabbdcaebeccaedZc`bc`^``X`\cbbc^d`b[c\[dcdbcd^`^]`bZdabZaVa\dZZ[SQccS``c^_^c^bTa^\b
HWI-ST397       0       3       68      15830   200072  0       1       AATATGCCAGCAGTTAAGAGAGTTCAAGATCCAGGGCTCATATTCAGTCACCTATATCAATTTCGAAATGGATTTCCAGGGTTTTAAGAGCCTAACAAAG    effffefffffYfeedbdddad\ddbTb^^abMb`aedeedaedacdea`cWdaadcYdXdabb`df]efd^db`dddddfefff``Z`cc^ac^
HWI-ST397       0       3       68      15863   200073  0       1       CTCCCTGCGGGTGCGCGCGACCCATCTTCAGTTGGAGCGTCTATCGGCGTTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTA    ggggggggggf`ggfggggdggggf^gfgdfffffggdgeggeggggcgbaedaebdd`debccc^aVccbabK_`_b_`d_beeT
HWI-ST397       0       3       68      15762   200088  0       1       TGGTACGTCTGCGGAATGGCGTTTTTTATGCCTTAGTGGTTCGCAGAGCATTTGGCAGCTGAGATGGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGAT    ^YTLX]X]ZX]\^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15903   200085  0       1       GGACCTACTGCCCAAGAACGGCTCACCCATCATCCGCTTTCTTCACCTTCCGTCTTCTTTGGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGAC    gggggggfgggggggggggggggggegggg`gggggegggggggdeggggggeggggegegggeead^dddaa]bXYZ^`bdb
HWI-ST397       0       3       68      15921   200082  0       1       GAGAATCAGCGTGTACGGGGCACGGGGTGACTGCTGTTGCGTGCGAGGGCTGAGATCGGAAGAGCGGTTCAGCAGGAGTGCCGAGACCGATCTCGTATGC    fdedffdc^ddbebececed[acde_^OTN__`a_ed^^dadaabK][^^X]NYMcc^[WOUSSE]`S[[U`ZU`^_I`a`Z_
HWI-ST397       0       3       68      15984   200085  0       1       TTCTCCAGCCGCATGGGCCGGAGACCAGAGAGGCCTCCCCAGGATTTGCACGATAGACCACGACTTATGGACGATTGGGAAGCCCTTGTTGGAAGGAAAT    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15788   200096  0       1       GCGTCAGCAAATGCCCCAACAGCCAAGTCAGCAATTGCCTCAGCAACTTGGGCCACAAACACCACAGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCC    eeeb`ebbeeb^]^bebeeb[`X^`^dXcabZb]bb`bbb_dd]]_]_bbd\_\_cc[___a__Vca_Sc`b]Y\c__]b`V[\^[_PS
HWI-ST397       0       3       68      15842   200099  0       1       TAGGCCATCAGCTGACTTCCCGGGTGTGGAGAAAAGAGGGCCCCTCACTTCTCTCAAGTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCGGAGACCG    dddddbffffffdfaadaeeffff[M[QUJda`[VRIQR\cX[cddc[df^cX^ISS^QZ`Y^TYEPTZS\`T\`MSTTSNVYQQ
HWI-ST397       0       3       68      15876   200105  0       1       GGACCTACTGCCGGCGGGACGAAAGCGGTTGTTGAATGATGGGGGTCACTAGGCCTTCCAGGGCCTTTAAGCGCGCGCTGAGATCGGAAGAGGGGTTCAG    XVKYYIUWWM\O__BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15937   200097  0       1       CTCCCTGTTGAAGCATGTGCAAAAGAGCTTGTTCTCGGCCTTCTTCAAGCCATTCTCTTGGCAGACGGCTTTGCCTAGAAGTTTCGCCCCATCACCCTTG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15958   200102  0       1       CGCCTTATCTGCCCTCGCCGGTCATGGGGAGTGGTGCCCCTACCTCGGACAAGACAGATGCAGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    \c\ededdceeeVeedffddaceedeeeWS[O``\cccccdadZd\daddeaacfefeee\^d_d_ccbUQVWHUIKPFGUY
HWI-ST397       0       3       68      15765   200113  0       1       CCAGCTCAGCATGGATCTCTCCTTGATGGACTGAAAGCGCGTGTGCTCCCCTGTGTGATGGAAAGTGGCAGTGATCGGAAGTTCGGTACGGAAGGAGTGC    NQHLGNUSTUIQUTX_O_X][_YX[K\\U[O^KJ\[SYW]^[[^BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15912   200114  0       1       CCAGCTCAGCTCAAGCATTGGCTTCCGCTTTGGCATCCTGGAGGGTAAGCTTCTGCTCTTCTCACTAGAGGAGGATCCTGGCTATCGAAACCTGTTGTAT    a\YaY^^[^R^a^`[c[c\`VS^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15791   200127  0       1       ACAAACAGCAGAGGTCGCATTGTAGTTAGTCCGGGACTTGCCCAGTTCATTGCTGAGATCGGAAGAGCGGTTCAGCAGGCATGCCGAGACCGATCTCGTA    QY^\^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15831   200117  0       1       GCTCTACAGCTTCTGGCCAGAATGCTTTTGGCACTTGTTTGTCACAAAGCATGCACTGAACCATATTCATGATAGTTCGATTTTTGCGTTCAGCTACCCC    b_`ba\X\ZZ__X^XUabbaKKK\V\_\XbUHMXURRNURTT`PVQQTSXSV]NIVXVSHWTTSI[VYW^Wa`_`\^BB
HWI-ST397       0       3       68      15848   200124  0       1       TTCTCCAGCTGCTACATGCACCGTGGGAAGAAGGTCTGCCCCACATACCCACCAGCCATCGCCCTTCTCACATTCGATTCAAACATCTTTGGGTTATCCC    a__^a^d_dda_edeeec]ed]c^da^`^c`ca```cac]aa`Y_acc_`c[V^bc^``b`cG\`_]^VYUabX^UIXXX[OPVUW_]``
HWI-ST397       0       3       68      15891   200120  0       1       GAGATACAGCTGCGAATTGGGGGTTCCTGTGTTGCGAAGTGGCACTCGTGTGCCAAACTTGGCTACGCAGAGATCGGTAGAGCGGTTAAGCAGGAATGCC    eadcdeddffffefbbffdffefdfcedcdfffff]abcbdYddebde_dadXc`cMccbc]^`BBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15931   200128  0       1       AAAAGTTCAGCAATACCTGTTGAAGCCAAGCCCTTGTGGTGATTGCCTCGTTCATTGCTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG    ddddNcb\_bdddddeaeceab`_]VX]_\___cbZT[ZQ[[[Y]`^cZ]bcbYbcYcU^K]\S[^`Q]]VVPIUIUQQRMQ[NW
HWI-ST397       0       3       68      15991   200121  0       1       GAATCTGCTACTAGTGAGCCTTTGTATGGGGACCGAGTTCAGAAGCTCTAACCCTCGTTTTCCCATCTGCTGAGATCGGAAGAGCGGTTCAGCAGGAATG    [\W\YN]XTX\\URV]]T[[O^_[NPLWWT]XXRRYYTXR]T]XX^a`^Y\WJX]Y[GTTUULRKIMPEMT[O[Zaa^Ra
HWI-ST397       0       3       68      15765   200133  0       1       TAGCATGCCTGCTGCAGGAGTTGGTGCCCAGCATTCTCAGGTGTAGTCCAAATTCTGTCTGATACTTATTGTTTATGCGATTTTGCCATCACATATGGAG    d]dcd]ddeeeeceZ`ddaUY]^aX_^[[^acRda`^c``c_eebbbda]X`c^`ce``debc[[_Q_][`cd_Zee`a[eeeda_^_ZX]^[^
HWI-ST397       0       3       68      15810   200133  0       1       TTCAGACAGATGATGCTTGTCAAGGGTCACCATCTTGCATTGCGCTGCGTCACATCCTTAGTGGGAATAGGGGATCAGCCTCGCTTTTTGAAGCTGAGTT    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15871   200135  0       1       CTTGCTTCAGCCATGTAGAGTGGTGTTGCTCCTTTACTACCACGAATCATTGGTAACTCCCTGTTCTTATTCACCATTACCTCAGCAATCCTTGTGATTC    gggggggggggggggggfggdff^ebbcccgeggggegggggggdggeggefgd^bbeeeggeegegfgfeaee`ccbccUedeedfdfe
HWI-ST397       0       3       68      15974   200136  0       1       TTCAGACAGCCAAACGACGTCTTAGTGGAGAAAATACCTGAGAAAAGTCAAGAAACCAAAACACTAAAAAATGACCAAGAAATAGAGCAGAGATCGGAAG    ggggggggggggggggggggeggggeggggegggdagedegggggdgbeddgeedgegdedggdedece^^baXc`f`dde[c[c
HWI-ST397       0       3       68      15909   200147  0       1       AGCCTCAGCTTGGTTGCTTGTGGTTGGGGGTGAGGGGGCGGGCGGGAACTTATGTTTGCGCCCCGAGGCGGAGCCGCTCTAGGCAGAGATCGGAAGAAGG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15946   200152  0       1       CTTGACTGGGCGTGGTGCTGAGGCTACTGCGGAATTGAGGTGTTGTCATCCACCGGATTGGGTCGTAGGGCGTGGCTTTGAGCGGAGATCGGATGAGCGG    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15774   200153  0       1       TTCAGACAGCCAACTGAGATGACTCTCATTCTTGGTAGGAACCAATTTCTGAGAGCTTCGTAATGACATCAACTACAGCTGTGATCGGAAGAGCGGTTCA    U[P[VZ\NWR]M]T\[J``[_[I^RY[Q\\^Z]^KSSUMGOZIOI]WPTT_UNVVTWQMW[^O^\^]]aR][aBBBBBBBBB
HWI-ST397       0       3       68      15814   200155  0       1       GAGATACAGCAACAAATGATGTCATTCCTTGCAAAAGCTGTACAAAGCCCTGGTTTCTTAGCTCAGCTGGTACAGCAGAGATCGGACGAGCGGTTCGCCA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15850   200154  0       1       GTGTTTGGTCGTGAAAGTGGACCTCTTTCAGGTGCAGGTGCGAGTAGAAGGAGGTCCCAGAGACGTGCGGCTGGAGATCGGAAGGGTGCTGAGGCGGGAA    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15870   200157  0       1       GAGAAACCGCAGAATGATAGCAAAAAGCGCGTTACAGGAGATATTAAGAAAAGGAGACTTGCAATGCAGGAGTAAGAGATCCATTCTGCTATGCATGCTC    BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
HWI-ST397       0       3       68      15984   200158  0       1       CGTCAACTGCATGAAGGAGGTTGTCTGGCCGTTGGAGGAGTGATTTTGGAAGGCTGAGATCGGAAGAAAGGTTCAGCAGGAATGCAGAGACCGATCTCGT    N[a`cY^Y\X\MXZX\WRPTc`cab[[T_[\]MZ\GPPWQ\_N]_[X\[]TcNcaa\URaBBBBBBBBBBBBBBBBBBB
HW

Illumina Raw Sequence 
V 1.7 or earlier

• QSEQ file (pre-filter)
• FASTQ file

V 1.8

• FASTQ file

GBS pipeline works with 
compressed .gz file directly.



HWUSI‐EAS690 1 6 54 282 1708 0 1 GAATCAGCTTGCTC
CAATCATGCTTTGT
TTATTGAATGAAGA
GTTCACTCGTAGAA
ATGTCCGTTCTTTCC
TTTGAGCATATCCG

T

aaaaa`aaaa`aaa_`^
a_`a_``a``]a``a``^[a
__^_\^Y_]^_]]_X]_
Z\[^\X[W[XUTTYY
VVWXVRVUTTRVV

VWXX

1

@HWUSI‐EAS690:2:1:0:1179#0/1
GAATCAGCTTGCTCCAATCATGCTTTGTTTATTGAATGAAGAGTTCACTCGTAGAAATGTCCGTTCTTCCTTTGAG
CATATCCGT
+HWUSI‐EAS690:2:1:0:1179#0/1
aaaaa`aaaa`aaa_`^a_`a_``a``]a``a``^[a__^_\^Y_]^_]]_X]_Z\[^\X[W[XUTTYYVVWXVRVUTTRVVVWXX

QSEQ file (pre‐QC filter):

FASTQ file (post‐QC filter):

QSEQ and FASTQ file formats

* New Illumina pipeline (v1.8) produces FASTQ files only



26442466 2

CAGCAAAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGGAC 64 1

CAGCAAAAAAAAAAAAAAAAAAAACCAAGAATTTTATGTTTCCTACCTCCAACCCCAGGACTTT 64 36

CAGCAAAAAAAAAAAAAAAAAAAACCAAGTAATTTGATGTCCTATACCTCATCCCACAGGACTT 64 1

CAGCAAAAAAAAAAAAAAAAAAAACCAAGTAATTTTATTTCTCATACCTCATACCACAGGACTT 64 25

CAGCAAAAAAAAAAAAAAAAAAAACCCAAGAAATTTGATGTCTCAAACCCCAACACACAGGCTT 64 37

CAGCAAAAAAAAAAAAAAAAAAAACCCAAGAAATTTTTTGTCTCAAACCCCAACCCCCAGGCCT 64 1

CAGCAAAAAAAAAAAAAAAAAAAAGGGGTTTTGAATAAAAAAAACTGAAGGAGCAGAAAAAAAA 58 17

CAGCAAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTTTCATACCTCATACCACAGGACT 64 23

CAGCAAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGGACT 64 2

CAGCAAAAAAAAAAAAAAAAAAACCAAAAAATTTTATGTCTCAAACCCCAAACCCCAGGGCTTC 64 1

CAGCAAAAAAAAAAAAAAAAAAACCAAATAATTTGATGTCTCATACCTCATACCACAGGGCTTC 64 35

TagCounts File (.TC)



26442466 2

CAGCAAAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGGAC 64 1

CAGCAAAAAAAAAAAAAAAAAAAACCAAGAATTTTATGTTTCCTACCTCCAACCCCAGGACTTT 64 36

CAGCAAAAAAAAAAAAAAAAAAAACCAAGTAATTTGATGTCCTATACCTCATCCCACAGGACTT 64 1

CAGCAAAAAAAAAAAAAAAAAAAACCAAGTAATTTTATTTCTCATACCTCATACCACAGGACTT 64 25

CAGCAAAAAAAAAAAAAAAAAAAACCCAAGAAATTTGATGTCTCAAACCCCAACACACAGGCTT 64 37

CAGCAAAAAAAAAAAAAAAAAAAACCCAAGAAATTTTTTGTCTCAAACCCCAACCCCCAGGCCT 64 1

CAGCAAAAAAAAAAAAAAAAAAAAGGGGTTTTGAATAAAAAAAACTGAAGGAGCAGAAAAAAAA 58 17

CAGCAAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTTTCATACCTCATACCACAGGACT 64 23

CAGCAAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGGACT 64 2

CAGCAAAAAAAAAAAAAAAAAAACCAAAAAATTTTATGTCTCAAACCCCAAACCCCAGGGCTTC 64 1

CAGCAAAAAAAAAAAAAAAAAAACCAAATAATTTGATGTCTCATACCTCATACCACAGGGCTTC 64 35

TagCounts File (.TC)
Total #Tags

Tags Tag size #Reads



Tags-By-Taxa File (.TBT)

6040401 2 88

Tag
Lengt
h

08.073
1‐19

08.073
1‐29

08.073
1‐6

08.073
1‐24

08.073
1‐37

08.073
1‐15

08.073
1‐38

08.073
1‐44

08.073
1‐23

08.073
1‐46

08.073
1‐31

08.073
1‐10

08.073
1‐49

08.073
1‐47

08.073
1‐7

08.073
1‐48

08.073
1‐21

CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCAA
AGGACTT 64 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCAC
AGGACTT 64 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCCC
AGGACTT 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCAC
AGGACTT 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATTTCTCATACCTCATACCAA
AGGACTT 64 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGG
ACTTCCC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAACGGTTCTCAATTCCAAGCCCAGATGAGTGAGAACCAGGCC
AAGAAAGG 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGGGCATGGGACACAAGCGTG
TAGACGGGC 64 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAACGTG
TAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCCTG
TAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGGG
TAGACGGGC 64 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTG
GAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTG
TAGACGGGC 64 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0

………………………………



Tags-By-Taxa File (.TBT)

6040401 2 88

Tag
Lengt
h

08.073
1‐19

08.073
1‐29

08.073
1‐6

08.073
1‐24

08.073
1‐37

08.073
1‐15

08.073
1‐38

08.073
1‐44

08.073
1‐23

08.073
1‐46

08.073
1‐31

08.073
1‐10

08.073
1‐49

08.073
1‐47

08.073
1‐7

08.073
1‐48

08.073
1‐21

CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCAA
AGGACTT 64 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCAC
AGGACTT 64 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGAAATTTGATGTCTCATACCTCATACCCC
AGGACTT 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCAC
AGGACTT 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAAAAACACCAAGTAATTTGATTTCTCATACCTCATACCAA
AGGACTT 64 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAAAACACCAAGTAATTTGATGTCTCATACCTCATACCACAGG
ACTTCCC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAACGGTTCTCAATTCCAAGCCCAGATGAGTGAGAACCAGGCC
AAGAAAGG 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGGGCATGGGACACAAGCGTG
TAGACGGGC 64 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAACGTG
TAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCCTG
TAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGGG
TAGACGGGC 64 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTG
GAGACGGGC 64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAGCAAAAAAAAAAAAGAGGGATGGGGCGGCTTGCGTGCATGGGACACAAGCGTG
TAGACGGGC 64 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0

………………………………

Tags

Taxa

0. absence
1. presence



Tags-On-Physical-Map File (.TOPM) 
1020631 2 4

CAGAGATAAACGCAAGCAGAAGCAGGAGGAGGGAGGCAAAGATGACAAGGCCATGGGCA
GTGAC 64 1 11 -1 28230985 28230922 0
CAGAGATAAACTAAAGCATCGATCCATCAAAATGAATTATGTAATTGCAAAAGTCAATTATGC
C 64 1 11 -1 3832211 3832148 0
CAGAGATAAAGAGAGAGAAAAACTCAAAAAGAAAAGCATATCATGCAGGCGACGCAGAGAG
ATA 64 1 6 -1 27993074 27993011 0
CAGAGATAAATCCAAACGTTTTCTGTTCGGTAGGGTCTGTCAGCGAGGCAGAAAAAAAAAAA
AA 51 1 7 1 3250207 3250257 0
CAGAGATAAATTTGAACGGTAGTTAACTAGCAAATTCGTCTATATTAAATTCAATAGTATGAC
A 64 1 2 1 34487829 34487892 0
CAGAGATAACTAGTTAATTAGTTGCATGCAAGTGTGTGCTCTTGTGCTATTGATTAAGCTGG
TA 64 1 2 1 1249312 1249375 0
CAGAGATAACTTATATATTTGCATCCAAAGATAATCCAGCCGACAGCCCGACATATGTAAGA
CG 64 1 5 -1 24463120 24463057 0
CAGAGATAAGCTTTAGGGCACGAATCATATCTTCAACAGCATCCTCTATAGCACGCAATGGC
AG 64 1 3 -1 27908515 27908452 0
CAGAGATAAGGATACCTACTGTGGATAAATACACAGAATATACACGTCGACGTGACCGGAC
ATC 64 1 1 1 41245835 41245898 0
CAGAGATAATAGTAGGATTCTGCGCAATGCAATCGAGTTTCACGCCTCTGTTCTTCAGTTCT
TG 64 1 6 -1 28001431 28001368 0
CAGAGATAATATCATCAGTACCTTCTTTATTTCCCAGAACGCCATCACCATCAGCTGAAAAAA
A 57 1 6 -1 8065543 8065487 2
CAGAGATAATGCTCTTACACGGTACAAGGAGAAGAAGAAGAGAAGAAAGTAAGTGCATCTTA
CT 64 2* * * * 0
CAGAGATAATTAAATATGTTTAGTTTTGACAGGTGAAGGAACAATAGTTAGCTTATCTGTCAT
G 64 1 1 1 24319222 24319285 0
CAGAGATAATTGACAATGACGTAGGCATATTGACAACTTCAAAAATTATGCACAAAAATGTCC
A 64 1 5 1 8796128 8796191 0
CAGAGATACAACCATCAAGAGAATCAAAGCAACGATACTCGGCTGAGCTGAAAAAAAAAAAA
AA 50 1 8 1 23956554 23956603 0
CAGAGATACAACGACGTGGCAAGGACAAGTCAGCCACGCGAGTTCACTGGACGGCGGACA
CGGG 64 1 4 1 2274574 2274637 0
CAGAGATACAGTGTGGGTTCGATCATCCGGGATACTTCCATTTCTTATTTTCTTTACTCAGAA
A 64 1 7 1 20512714 20512777 0
CAGAGATACATAGGCTAACCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 0
CAGAGATACATAGGCTAATCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 1
CAGAGATACATCATAACTGTGATACCTCAGTAGGACCACCAGGGTTGTGACTAGCTGTTAAA
AT 64 1 3 -1 29627153 29627090 0



1020631 2 4
CAGAGATAAACGCAAGCAGAAGCAGGAGGAGGGAGGCAAAGATGACAAGGCCATGGGCA
GTGAC 64 1 11 -1 28230985 28230922 0
CAGAGATAAACTAAAGCATCGATCCATCAAAATGAATTATGTAATTGCAAAAGTCAATTATGC
C 64 1 11 -1 3832211 3832148 0
CAGAGATAAAGAGAGAGAAAAACTCAAAAAGAAAAGCATATCATGCAGGCGACGCAGAGAG
ATA 64 1 6 -1 27993074 27993011 0
CAGAGATAAATCCAAACGTTTTCTGTTCGGTAGGGTCTGTCAGCGAGGCAGAAAAAAAAAAA
AA 51 1 7 1 3250207 3250257 0
CAGAGATAAATTTGAACGGTAGTTAACTAGCAAATTCGTCTATATTAAATTCAATAGTATGAC
A 64 1 2 1 34487829 34487892 0
CAGAGATAACTAGTTAATTAGTTGCATGCAAGTGTGTGCTCTTGTGCTATTGATTAAGCTGG
TA 64 1 2 1 1249312 1249375 0
CAGAGATAACTTATATATTTGCATCCAAAGATAATCCAGCCGACAGCCCGACATATGTAAGA
CG 64 1 5 -1 24463120 24463057 0
CAGAGATAAGCTTTAGGGCACGAATCATATCTTCAACAGCATCCTCTATAGCACGCAATGGC
AG 64 1 3 -1 27908515 27908452 0
CAGAGATAAGGATACCTACTGTGGATAAATACACAGAATATACACGTCGACGTGACCGGAC
ATC 64 1 1 1 41245835 41245898 0
CAGAGATAATAGTAGGATTCTGCGCAATGCAATCGAGTTTCACGCCTCTGTTCTTCAGTTCT
TG 64 1 6 -1 28001431 28001368 0
CAGAGATAATATCATCAGTACCTTCTTTATTTCCCAGAACGCCATCACCATCAGCTGAAAAAA
A 57 1 6 -1 8065543 8065487 2
CAGAGATAATGCTCTTACACGGTACAAGGAGAAGAAGAAGAGAAGAAAGTAAGTGCATCTTA
CT 64 2* * * * 0
CAGAGATAATTAAATATGTTTAGTTTTGACAGGTGAAGGAACAATAGTTAGCTTATCTGTCAT
G 64 1 1 1 24319222 24319285 0
CAGAGATAATTGACAATGACGTAGGCATATTGACAACTTCAAAAATTATGCACAAAAATGTCC
A 64 1 5 1 8796128 8796191 0
CAGAGATACAACCATCAAGAGAATCAAAGCAACGATACTCGGCTGAGCTGAAAAAAAAAAAA
AA 50 1 8 1 23956554 23956603 0
CAGAGATACAACGACGTGGCAAGGACAAGTCAGCCACGCGAGTTCACTGGACGGCGGACA
CGGG 64 1 4 1 2274574 2274637 0
CAGAGATACAGTGTGGGTTCGATCATCCGGGATACTTCCATTTCTTATTTTCTTTACTCAGAA
A 64 1 7 1 20512714 20512777 0
CAGAGATACATAGGCTAACCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 0
CAGAGATACATAGGCTAATCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 1
CAGAGATACATCATAACTGTGATACCTCAGTAGGACCACCAGGGTTGTGACTAGCTGTTAAA
AT 64 1 3 -1 29627153 29627090 0

Tags-On-Physical-Map File (.TOPM) 

In the current pipeline, the TOPM file is derived from 
the SAM output of the BWA alignment tool. 



Tags-On-Physical-Map File (.TOPM) 
1020631 2 4

CAGAGATAAACGCAAGCAGAAGCAGGAGGAGGGAGGCAAAGATGACAAGGCCATGGGCA
GTGAC 64 1 11 -1 28230985 28230922 0
CAGAGATAAACTAAAGCATCGATCCATCAAAATGAATTATGTAATTGCAAAAGTCAATTATGC
C 64 1 11 -1 3832211 3832148 0
CAGAGATAAAGAGAGAGAAAAACTCAAAAAGAAAAGCATATCATGCAGGCGACGCAGAGAG
ATA 64 1 6 -1 27993074 27993011 0
CAGAGATAAATCCAAACGTTTTCTGTTCGGTAGGGTCTGTCAGCGAGGCAGAAAAAAAAAAA
AA 51 1 7 1 3250207 3250257 0
CAGAGATAAATTTGAACGGTAGTTAACTAGCAAATTCGTCTATATTAAATTCAATAGTATGAC
A 64 1 2 1 34487829 34487892 0
CAGAGATAACTAGTTAATTAGTTGCATGCAAGTGTGTGCTCTTGTGCTATTGATTAAGCTGG
TA 64 1 2 1 1249312 1249375 0
CAGAGATAACTTATATATTTGCATCCAAAGATAATCCAGCCGACAGCCCGACATATGTAAGA
CG 64 1 5 -1 24463120 24463057 0
CAGAGATAAGCTTTAGGGCACGAATCATATCTTCAACAGCATCCTCTATAGCACGCAATGGC
AG 64 1 3 -1 27908515 27908452 0
CAGAGATAAGGATACCTACTGTGGATAAATACACAGAATATACACGTCGACGTGACCGGAC
ATC 64 1 1 1 41245835 41245898 0
CAGAGATAATAGTAGGATTCTGCGCAATGCAATCGAGTTTCACGCCTCTGTTCTTCAGTTCT
TG 64 1 6 -1 28001431 28001368 0
CAGAGATAATATCATCAGTACCTTCTTTATTTCCCAGAACGCCATCACCATCAGCTGAAAAAA
A 57 1 6 -1 8065543 8065487 2
CAGAGATAATGCTCTTACACGGTACAAGGAGAAGAAGAAGAGAAGAAAGTAAGTGCATCTTA
CT 64 2* * * * 0
CAGAGATAATTAAATATGTTTAGTTTTGACAGGTGAAGGAACAATAGTTAGCTTATCTGTCAT
G 64 1 1 1 24319222 24319285 0
CAGAGATAATTGACAATGACGTAGGCATATTGACAACTTCAAAAATTATGCACAAAAATGTCC
A 64 1 5 1 8796128 8796191 0
CAGAGATACAACCATCAAGAGAATCAAAGCAACGATACTCGGCTGAGCTGAAAAAAAAAAAA
AA 50 1 8 1 23956554 23956603 0
CAGAGATACAACGACGTGGCAAGGACAAGTCAGCCACGCGAGTTCACTGGACGGCGGACA
CGGG 64 1 4 1 2274574 2274637 0
CAGAGATACAGTGTGGGTTCGATCATCCGGGATACTTCCATTTCTTATTTTCTTTACTCAGAA
A 64 1 7 1 20512714 20512777 0
CAGAGATACATAGGCTAACCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 0
CAGAGATACATAGGCTAATCGGCAGTTGCCAACTAAGACTAATAAAAACTTCATCAAGAAAA
AA 64 1 8 1 23636734 23636797 1
CAGAGATACATCATAACTGTGATACCTCAGTAGGACCACCAGGGTTGTGACTAGCTGTTAAA
AT 64 1 3 -1 29627153 29627090 0

Tags Tag size Chr, strand, start 
and end positions

Multi-
maps

Max
#mismatches

Divergence



HapMap Format (.hmp)

rs# alleles chrom pos strand assembly# center
prot
LSID

assay
LSID

panel
LSID

QCc
ode

Sample_100
:81PVTABX
X:3:A4

Sample
_101:8
1PVTA
BXX:3:
A5

Sample
_102:8
1PVTA
BXX:3:
A6

Sample
_103:8
1PVTA
BXX:3:
A7

Sample
_104:8
1PVTA
BXX:3:
A8

Sample
_105:8
1PVTA
BXX:3:
A9

Sample
_106:8
1PVTA
BXX:3:
A10

Sample
_107:8
1PVTA
BXX:3:
B1

Sampl
_108:8
1PVTA
BXX:3
B2

S10_99
22 G/A 10 9922+ MSU_v6.1 IGD NA NA NA NA G A N N N N N N N
S10_99
33 C/T 10 9933+ MSU_v6.1 IGD NA NA NA NA T C N N N N N N N
S10_44
338 G/A 10 44338+ MSU_v6.1 IGD NA NA NA NA N A N G N N N N A
S10_44
378 T/A 10 44378+ MSU_v6.1 IGD NA NA NA NA N A N T N N N N A
S10_44
425 A/G 10 44425+ MSU_v6.1 IGD NA NA NA NA N N N N N N N A N
S10_44
465 T/G 10 44465+ MSU_v6.1 IGD NA NA NA NA N N N N N N N T N
S10_45
726 A/C 10 45726+ MSU_v6.1 IGD NA NA NA NA N A A M A M A N A
S10_45
733 T/G 10 45733+ MSU_v6.1 IGD NA NA NA NA N T T K T T K N K
S10_45
756 T/G 10 45756+ MSU_v6.1 IGD NA NA NA NA T T T K T T T N T
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T N N N T T A N
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T T A A T T A N
S10_57
320 A/C 10 57320+ MSU_v6.1 IGD NA NA NA NA A A A M A N N N A
S10_70
209 A/T 10 70209+ MSU_v6.1 IGD NA NA NA NA N T N N N N T N T
S10_74
853 A/C 10 74853+ MSU_v6.1 IGD NA NA NA NA N N N N C N N A N
S10_74
862 T/C 10 74862+ MSU_v6.1 IGD NA NA NA NA T C N N T C N T N
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A G N A N N N A G
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A N N N A G G N G
S10_75
136 A/C 10 75136+ MSU v6 1 IGD NA NA NA NA A A N M M A A A A



HapMap Format (.hmp)

rs# alleles chrom pos strand assembly# center
prot
LSID

assay
LSID

panel
LSID

QCc
ode

Sample_100
:81PVTABX
X:3:A4

Sample
_101:8
1PVTA
BXX:3:
A5

Sample
_102:8
1PVTA
BXX:3:
A6

Sample
_103:8
1PVTA
BXX:3:
A7

Sample
_104:8
1PVTA
BXX:3:
A8

Sample
_105:8
1PVTA
BXX:3:
A9

Sample
_106:8
1PVTA
BXX:3:
A10

Sample
_107:8
1PVTA
BXX:3:
B1

Sampl
_108:8
1PVTA
BXX:3
B2

S10_99
22 G/A 10 9922+ MSU_v6.1 IGD NA NA NA NA G A N N N N N N N
S10_99
33 C/T 10 9933+ MSU_v6.1 IGD NA NA NA NA T C N N N N N N N
S10_44
338 G/A 10 44338+ MSU_v6.1 IGD NA NA NA NA N A N G N N N N A
S10_44
378 T/A 10 44378+ MSU_v6.1 IGD NA NA NA NA N A N T N N N N A
S10_44
425 A/G 10 44425+ MSU_v6.1 IGD NA NA NA NA N N N N N N N A N
S10_44
465 T/G 10 44465+ MSU_v6.1 IGD NA NA NA NA N N N N N N N T N
S10_45
726 A/C 10 45726+ MSU_v6.1 IGD NA NA NA NA N A A M A M A N A
S10_45
733 T/G 10 45733+ MSU_v6.1 IGD NA NA NA NA N T T K T T K N K
S10_45
756 T/G 10 45756+ MSU_v6.1 IGD NA NA NA NA T T T K T T T N T
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T N N N T T A N
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T T A A T T A N
S10_57
320 A/C 10 57320+ MSU_v6.1 IGD NA NA NA NA A A A M A N N N A
S10_70
209 A/T 10 70209+ MSU_v6.1 IGD NA NA NA NA N T N N N N T N T
S10_74
853 A/C 10 74853+ MSU_v6.1 IGD NA NA NA NA N N N N C N N A N
S10_74
862 T/C 10 74862+ MSU_v6.1 IGD NA NA NA NA T C N N T C N T N
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A G N A N N N A G
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A N N N A G G N G
S10_75
136 A/C 10 75136+ MSU v6 1 IGD NA NA NA NA A A N M M A A A A

The Hapmap file format is defined by the Human 
HapMap Project (www.hapmap.org).



HapMap Format (.hmp)

rs# alleles chrom pos strand assembly# center
prot
LSID

assay
LSID

panel
LSID

QCc
ode

Sample_100
:81PVTABX
X:3:A4

Sample
_101:8
1PVTA
BXX:3:
A5

Sample
_102:8
1PVTA
BXX:3:
A6

Sample
_103:8
1PVTA
BXX:3:
A7

Sample
_104:8
1PVTA
BXX:3:
A8

Sample
_105:8
1PVTA
BXX:3:
A9

Sample
_106:8
1PVTA
BXX:3:
A10

Sample
_107:8
1PVTA
BXX:3:
B1

Sampl
_108:8
1PVTA
BXX:3
B2

S10_99
22 G/A 10 9922+ MSU_v6.1 IGD NA NA NA NA G A N N N N N N N
S10_99
33 C/T 10 9933+ MSU_v6.1 IGD NA NA NA NA T C N N N N N N N
S10_44
338 G/A 10 44338+ MSU_v6.1 IGD NA NA NA NA N A N G N N N N A
S10_44
378 T/A 10 44378+ MSU_v6.1 IGD NA NA NA NA N A N T N N N N A
S10_44
425 A/G 10 44425+ MSU_v6.1 IGD NA NA NA NA N N N N N N N A N
S10_44
465 T/G 10 44465+ MSU_v6.1 IGD NA NA NA NA N N N N N N N T N
S10_45
726 A/C 10 45726+ MSU_v6.1 IGD NA NA NA NA N A A M A M A N A
S10_45
733 T/G 10 45733+ MSU_v6.1 IGD NA NA NA NA N T T K T T K N K
S10_45
756 T/G 10 45756+ MSU_v6.1 IGD NA NA NA NA T T T K T T T N T
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T N N N T T A N
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T T A A T T A N
S10_57
320 A/C 10 57320+ MSU_v6.1 IGD NA NA NA NA A A A M A N N N A
S10_70
209 A/T 10 70209+ MSU_v6.1 IGD NA NA NA NA N T N N N N T N T
S10_74
853 A/C 10 74853+ MSU_v6.1 IGD NA NA NA NA N N N N C N N A N
S10_74
862 T/C 10 74862+ MSU_v6.1 IGD NA NA NA NA T C N N T C N T N
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A G N A N N N A G
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A N N N A G G N G
S10_75
136 A/C 10 75136+ MSU v6 1 IGD NA NA NA NA A A N M M A A A A

Alleles Position
.
Chr
.

GenotypesAssembly



HapMap Format (.hmp)

rs# alleles chrom pos strand assembly# center
prot
LSID

assay
LSID

panel
LSID

QCc
ode

Sample_100
:81PVTABX
X:3:A4

Sample
_101:8
1PVTA
BXX:3:
A5

Sample
_102:8
1PVTA
BXX:3:
A6

Sample
_103:8
1PVTA
BXX:3:
A7

Sample
_104:8
1PVTA
BXX:3:
A8

Sample
_105:8
1PVTA
BXX:3:
A9

Sample
_106:8
1PVTA
BXX:3:
A10

Sample
_107:8
1PVTA
BXX:3:
B1

Sampl
_108:8
1PVTA
BXX:3
B2

S10_99
22 G/A 10 9922+ MSU_v6.1 IGD NA NA NA NA G A N N N N N N N
S10_99
33 C/T 10 9933+ MSU_v6.1 IGD NA NA NA NA T C N N N N N N N
S10_44
338 G/A 10 44338+ MSU_v6.1 IGD NA NA NA NA N A N G N N N N A
S10_44
378 T/A 10 44378+ MSU_v6.1 IGD NA NA NA NA N A N T N N N N A
S10_44
425 A/G 10 44425+ MSU_v6.1 IGD NA NA NA NA N N N N N N N A N
S10_44
465 T/G 10 44465+ MSU_v6.1 IGD NA NA NA NA N N N N N N N T N
S10_45
726 A/C 10 45726+ MSU_v6.1 IGD NA NA NA NA N A A M A M A N A
S10_45
733 T/G 10 45733+ MSU_v6.1 IGD NA NA NA NA N T T K T T K N K
S10_45
756 T/G 10 45756+ MSU_v6.1 IGD NA NA NA NA T T T K T T T N T
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T N N N T T A N
S10_48
453 A/T 10 48453+ MSU_v6.1 IGD NA NA NA NA N T T A A T T A N
S10_57
320 A/C 10 57320+ MSU_v6.1 IGD NA NA NA NA A A A M A N N N A
S10_70
209 A/T 10 70209+ MSU_v6.1 IGD NA NA NA NA N T N N N N T N T
S10_74
853 A/C 10 74853+ MSU_v6.1 IGD NA NA NA NA N N N N C N N A N
S10_74
862 T/C 10 74862+ MSU_v6.1 IGD NA NA NA NA T C N N T C N T N
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A G N A N N N A G
S10_74
954 A/G 10 74954+ MSU_v6.1 IGD NA NA NA NA A N N N A G G N G
S10_75
136 A/C 10 75136+ MSU v6 1 IGD NA NA NA NA A A N M M A A A A

IUPAC code is used to encode heterozygous sites, 
eg. R = A/G



Binary compression of the files

• Tag‐Counts (TC):  
*.cnt.txt   *.cnt

• Tag‐by‐taxa (TBT):  
*.tbt.txt *.tbt.bin

• Tags‐on‐physical‐map (TOPM): 
*.topm.txt *.topm.bin

• Hapmap
*.hmp.txt GDPDM blobs

* 64 bp tags were represented as 2 long integers (8 bytes for long in Java). 



Bioinformatics Challenges

• Massive amounts of data
• Complex genomes with many 

unstable parts of a genome
• No reference genome
• Missing data
• Phasing and imputation



Pipeline Implementation



• Documentation and software (TASSEL) can be 
downloaded at http://www.maizegenetics.net/. 

• GBS Bioinformatics home page
http://www.maizegenetics.net/gbs-bioinformatics

• Source code is available at http://sourceforge.net
(Project name: TASSEL)

• The Pipeline is installed at Cornell BioHPC lab, and 
will be available through iPLANT Discovery 
Environment;

Where to get the software



Download the zip 
file: TASSEL_x.x
_Standalone

Check List for Running the Pipeline

 A computer with at least 8GB or more RAM 
 Download TASSEL Standalone from maizegenetics.net
 BWA (for alignment to reference genome)
 Netbeans (or other IDE for developers)



GBS Pipeline on Cornell BioHPC Lab

Step 1: Reserve a machine

http://cbsu.tc.cornell.edu



GBS Pipeline on Cornell BioHPC Lab

Step 2: Upload files

Fetch (mac), FileZilla (win) or WinSCP (win)  



GBS Pipeline on Cornell BioHPC Lab

Step 3: Type the command to run pipeline

tassel/run_pipeline.pl -fork1 -QseqToTagCountPlugin -i . -k rice.key -e 
apeki -endPlugin -runfork1

Mac: terminal window;  PC: Putty



Tutorial:

1. Documentation of the plugins.

2. Step-by-step walkthrough of an 
exercise project. 

* Training project data is provided by Chih-
Wei Tung & Susan McCouch. 


