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Sequencing methods used by commercial next-generation sequencing platforms
produce exponentially more data than Sanger instruments. Yet the quality of
these base calls is inherently lower than that of Sanger sequencing. This can
make discrimination of genotypic variation difficult, particularly when dealing with
heterozygous sites in a diploid organism. The Genomic Variation Research Group
(GVRG) 2009 study investigated the current base calling accuracy of two
commercial next-generation sequencing platforms and compared these base calls
collected to other high, and low throughput genotyping platforms. A diploid strain
of Yeast (Saccharomyces cerevisiae) sequenced by the Stowers Institute (Li et.
al., Cell, 2008) was the subject of our study. GVRG collected genotyping data
using two next-generation sequencers, the ABI SOLiD and Illumina GAII. We
have also included the sequence previously obtained from an Illumina GAI. Lower
throughput platforms, ABI 3730 and 3730XL DNA Analyzers, were used to
interrogate regions in or near repetitive sequence that appear to contain a SNP.
The Sequenom MassARRAY system, a high-throughput genotyping platform, will
be used to assay 900+ previously identified SNPs discovered in the Stowers
yeast strain. We will present the comparative SNP data across all platforms and
highlight the amount of time, cost of running this sample and different analysis
techniques on the different platforms used.

Yeast DNA extraction:
A single colony of the yeast strain RLY615, a derivative of the S288c wild-type
strain, was isolated and inoculated into YPD broth then incubated at 30C for 48
hours.  Genomic DNA was prepared from this culture using a phenol-chloroform
based extraction technique adapted from Current Protocols in Molecular Biology
(2003, Unit 13.11).
Amplicons for Sanger sequencing:
Primers flanking regions of interest were designed and ordered using IDT’s online
primer design tool.  After amplification, the products were digested with
exonuclease I and shrimp alkaline phosphatase to prepare them for Sanger
sequencing.  Amplicons were aliquoted and shipped to GVRG members. Sanger
Sequencing was performed using standard ABI chemistry and ABI 3730 and
3730xl sequencers.
Next gen-sequencing:
Genomic DNA was sent to ICBR, University of Florida for mate-paired library
construction and ABI SOLiD sequencing. Illumina single-read library construction
was performed by the DNA Core Facility at the University of Missouri. Illumina
GAII sequencing was performed by the University of Delaware Sequencing &
Genotyping Center and Illumina.
Data Analysis:
SOLiD data was analyzed by the ABI SOLiD Bioinformatics specialist using
Corona software. This data was was also filtered for coverage depths between 3
and 255 bases. Maq software was used in conjunction with an in-house filter
developed by Stowers Institute Bioinformatics group. All next-gen sequencing
data was analyzed using this software.
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I 968 C Y 76 Y 81 Y 136 IV 759629 C M 180 IX 317129 T K 25 XIII 908327 C S 13  

I 1025 C Y 255 Y 70 Y 72 IV 759689 G R 46 IX 333323 T Y 13 XIII 908345 A R 34 G 34  

I 2482 G K 71 K 69 IV 847314 C M 46 IX 390832 T W 70 XIII 908447 A R 5  

I 2485 A W 70 W 60 IV 866910 T K 43 IX 391110 A W 101 XIII 908453 A R 5  

I 3835 C M 104 IV 971877 A M 33 IX 391135 A R 65 XIII 908456 T Y 5  

I 12739 T W 60 IV 986047 A W 6 IX 391144 T K 241 XIII 908526 T Y 10  

I 12765 T Y 100 IV 992702 A R 127 IX 391163 A R 78 XIII 908645 G K 36

I 13299 C Y 255 IV 1053929 A M 29 IX 392701 A R 255 XIII 910377 G R 164 R 255 R 90 R 200

I 25419 T Y 51 Y 146 IV 1101681 T Y 115 IX 435031 G K 33 K 238 XIII 914826 T K 17

I 25453 T W 62 IV 1307638 G R 175 IX 439848 A R 151 XIII 922550 A M 6

I 25486 G K 54 IV 1379534 T K 39 X 441 G S 68 XIII 923652 T Y 13  

I 25489 G R 49 R 56 R 92 IV 1456193 T K 26 X 493 C Y 105 XIII 923655 T Y 13

I 25516 A R 9 IV 1502734 A W 17 X 591 C Y 48 XIII 923750 T K 52

I 25612 G R 24 IV 1525390 G K 249 X 673 C Y 43 XIII 923946 A W 12

I 25615 T Y 27 IV 1525416 G K 82 K 155 N/A X 701 T Y 53 XIII 923976 G R 219

I 25621 G K 40 IV 1525420 T K 61 K 158 N/A X 724 G S 20 XIV 7136 A R 159

I 25624 G R 48 IV 1525432 T K 14 K 45 X 60696 G K 16 XIV 90539 T K 34

I 25711 A W 9 V 1645 T Y 16 X 79344 C Y 13 XIV 99064 G K 6  

I 25714 G R 5 V 100605 T K 27 X 97580 T Y 39 Y 118 XIV 198787 T K 21

I 25952 C Y 12 V 226377 T K 20 X 247047 C S 20 XIV 246898 A W 33

I 26087 C Y 8 V 303533 G K 28 X 278541 T K 27 XIV 332923 A M 46

I 26222 C Y 30 V 400098 A M 37 X 289600 G XIV 439406 C Y 74 Y 14

I 26242 A R 30 V 570630 C Y 34 X 361837 A M 31 XIV 486584 A R 20

I 26254 A R 11 VI 5153 C S 134 X 399954 T K 36 XIV 520143 A M 4

I 26389 A R 8 VI 12416 T W 74 X 406539 T K 36 XIV 772633 G R 25

I 26762 C Y 12 VI 97503 C M 16 X 477490 A R 24 R 47 XIV 782674 G R 18

I 26800 G R 31 VI 106271 C Y 34 X 477667 G S 64 XIV 783386 T W 44

I 27100 T Y 8 VI 181039 A M 51 C 15 X 477670 A M 73 XIV 783871 G R 218  

I 27127 T Y 18 C 60 VI 213371 A M 40 X 477700 G R 122 XIV 784236 T K 131  

I 45635 C Y 24 VI 270146 T K 167 X 478556 A M 57 XV 102 C M 68

I 98350 C S 50 VII 72709 A W 64 X 523914 G R 30 XV 104 A M 73

I 98351 G S 41 VII 72710 A W 59 X 713209 T W 187 XV 11078 A R 62

I 126881 C Y 23 VII 122568 G R 56 R 227 R 14 X 714892 G R 117 R 255 XV 11113 T Y 84

I 161380 G R 6 VII 152959 G S 26 X 714918 G R 59 XV 11126 G R 82 R 50  

I 161402 G R 15 VII 236925 T K 32 X 714921 C Y 61 XV 30986 G K 9

I 171882 A M 16 VII 286725 G K 16 X 715044 G R 56 XV 118032 A M 194 M 169 M 139 M 171

I 188875 G S 51 S 142 VII 384847 G S 53 X 715054 A R 69 XV 204570 C Y 22

I 188933 A R 255 R 52 R 169 VII 404477 A R 19 X 715089 G R 22 A XV 343143 T W 14

I 198911 G R 17 VII 413088 G S 41 X 715243 A R 5 XV 423750 T W 28 W 176

I 204896 C Y 7 VII 413116 A M 35 X 715255 G K 9 XV 443757 A W 73 Y 21

I 204974 T Y 13 VII 413783 A R 69 X 715264 A R 9 XV 492980 C Y 19 Y 18

I 204989 G R 11 VII 419056 G R 51 X 738069 G K 78 K 220 K 67 A 21 XV 492981 T Y 18

I 205141 G R 8 VII 509490 A M 24 X 742895 A W 8 XV 510470 T Y 24

I 205436 C Y 8 VII 530020 A M 97 X 745335 A R 95 XV 588344 C M 15  

I 205529 G R 12 VII 530038 A M 38 C? XI 393 C M 43 XV 588345 A M 14

I 206090 T Y 75 Y 255 VII 622748 T K 35 XI 69036 T K 33 XV 598583 G R 16

I 206147 T W 10 VII 650586 T K 29 XI 7131 C S 43 XV 609800 A M 25

I 206360 T Y 32 Y 101 Y 184 VII 678074 C Y 37 Y 64 XI 7132 G S 40 XV 670789 T W 24

I 206366 C Y 76 Y 110 VII 781704 T K 34 XI 12941 G K 63 XV 694053 G K 30

I 206612 T Y 64 Y 138 VII 817482 A R 22 XI 147890 T K 32 XV 694056 G K 27

I 206613 G R 64 R 138 VII 817495 G S 48 XI 239023 T K 37 XV 703116 A M 27

I 206624 C Y 63 VII 856215 T K 26 XI 317770 A M 43 XV 709008 A R 17  

I 210454 C M 74 M 83 VII 919964 G K 40 XI 464840 T W 6 XV 768282 T W 14

I 210471 A R 38 R 80 VII 958926 C Y 15 XI 479722 A M 18 XV 877795 A R 10

II 5490 A R 63 VII 1004345 T K 11 XI 635106 C Y 7 XV 1004740 T W 16

II 5531 G R 34 VII 1038055 T Y 48 XI 646083 G K 41 XV 1072513 T Y 39

II 5544 G R 10 VII 1038058 G K 18 XI 646935 T Y 97 XV 1075221 C Y 119 Y 62

II 6179 A M 90 M 62 VIII 683 T Y 19 XI 666408 T K 190 XV 1075579 T Y 180 Y 235 Y 78 Y 160

II 7024 G R 21 VIII 785 A M 13 XI 666452 T K 174 XV 1075591 C S 209 S 65 S 97 S 229

II 7273 A R 57 R 72 VIII 2665 C S 35 XII 641 C S 45 XV 1075608 T Y 194 Y 250 Y 113 Y 216

II 7366 T Y 158 Y 238 Y 68 Y 41 VIII 5265 C Y 24 XII 5757 A W 108 XV 1077947 A M 52

II 10691 T K 42 VIII 5515 A W 69 XII 5803 C Y 64 XV 1079193 C Y 70 Y 255 Y 73

II 28890 C M 47 VIII 12657 T K 64 K 64 XII 11250 A M 138 XV 1079853 G S 18

II 61051 T K 52 K 169 VIII 12659 G K 60 K 63 XII 11859 C M 184 XV 1080297 T Y 23

II 88490 G R 42 VIII 52599 T K 24 XII 64226 A R 103 XV 1080321 C Y 25

II 88493 G R 32 VIII 214275 A W 134 XII 64643 A R 212 XVI 11242 A R 8

II 93622 C Y 18 Y 145 VIII 223005 A M 34 XII 64832 C Y 117 XVI 14361 C Y 32  

II 237019 A R 38 VIII 287176 A M 14 XII 65099 G R 255 XVI 14366 C Y 34  

II 310458 C Y 16 VIII 287179 A M 17 XII 187137 T W 31 W 122 XVI 14379 A R 48

II 328378 A W 43 VIII 290952 G R 147 R 68 R 143 XII 336727 A M 35 XVI 14828 T W 10

II 328379 A W 44 VIII 290967 G R 67 R 149 XII 409072 T K 33 XVI 15343 T Y 73

II 371420 G R 31 R 87 VIII 369987 T K 73 K 255 K 10 XII 460104 T Y 255 XVI 15669 C M 94

II 392341 T Y 12 VIII 423724 A M 28 XII 460153 T K 255 XVI 15762 C M 94

II 461270 C S 91 S 255 S 29 S 91 VIII 441863 C S 59 XII 460409 T Y 255 XVI 15952 C Y 144

II 471957 C Y 101 Y 255 Y 31 Y 55 VIII 441870 A R 60 R 129 XII 491156 C M 36 M 99 XVI 16500 A R 164

II 623444 C M 43 VIII 526399 C Y 190 XII 878171 G K 50 XVI 16827 T W 185 W 255 W 110

II 627486 A W 48 VIII 526342 A W 107 XII 924693 T K 27 XVI 16980 T W 158 W 255 W 62

II 660451 A R 70 R 218 VIII 526402 T W 63 W 93 XII 933639 A R 63 XVI 17345 G R 228 R 255 R 73 R 108

II 698093 G R 34 VIII 526405 G R 74 R 89 XII 949232 T Y 26 Y 145 XVI 17412 A W 195 W 255 W 81 W 111

II 792277 A W 69 VIII 526420 C Y 26 XII 1014113 G S 64 S 42 XVI 17474 A R 189 R 255 R 106 R 149

II 812279 A R 8 VIII 526660 C M 18 XII 1050482 G R 52 XVI 18356 A R 52

II 812401 G R 13 VIII 526768 T K 18 XII 1064604 A R 110  XVI 18629 G R 107

II 812727 G R 8 VIII 526801 A R 61 R 255 R 96 R 133 XII 1065119 G K 170 XVI 18701 T K 49

III 233 C M 243 VIII 526820 G R 97 R 113 XII 1071499 C M 21 XVI 18942 C S 122

III 64332 T K 26 VIII 526963 T Y 18 XII 1071534 G R 30 XVI 19105 G R 74

III 92111 T K 52 VIII 531082 A R 72 XII 1072192 A R 32 XVI 19196 G R 45

III 92115 T K 32 K 111 VIII 556937 T K 106 XII 1072295 T K 5 XVI 19271 A R 147

III 110882 G R 17 R 87 VIII 556939 T K 103 XII 1072326 G R 7 XVI 19354 C Y 79 Y 255 Y 76

III 151785 A M 52 VIII 562480 G K 91 XIII 53879 A M 27 XVI 19476 G S 254 S 255 S 103 S 199

III 151807 T Y 105 VIII 562482 T K 95 XIII 166427 T W 76 W 255 W 41 W 98 XVI 19582 C Y 255 Y 102 Y 132

III 155965 A R 86 R 251 IX 420 T W 131 XIII 171703 A M 43 XVI 25268 T Y 195 Y 255 Y 89 Y 129

III 315990 G R 216 IX 458 G S 157 XIII 202197 T Y 101 C 45 XVI 25632 A R 159 R 255 R 87 R 187

IV 105 C M 183 M 158 IX 510 C Y 201 XIII 329382 T K 38 XVI 39377 T W 52

IV 34005 G K 44 IX 608 C Y 130 XIII 353692 G K 14 XVI 134033 A W 104

IV 34006 T K 43 IX 690 C Y 104 XIII 426291 A M 17 XVI 202837 T K 35

IV 302336 T W 9 IX 718 T Y 71 XIII 473201 A W 178 W 255 W 46 W 75 XVI 347529 C S 53

IV 332985 A R 16 IX 741 G S 51 XIII 761850 T K 35 XVI 520648 T Y 30

IV 332986 G R 20 IX 791 T K 65 XIII 800008 T Y 53  XVI 772941 T K 28

IV 381859 T W 44 W 48 IX 931 C M 11 XIII 822624 A R 7 XVI 850258 T Y 5

IV 382379 T K 25 K 75 IX 985 T Y 6 XIII 831471 T W 37 W 179 XVI 850641 G K 125

IV 383440 G R 95 IX 23085 G R 20 XIII 851740 G R 7 A 17 A 10 A XVI 850800 T W 4

IV 383943 A R 252 IX 23587 C Y 77 XIII 854421 C Y 30 XVI 851417 C Y 73

IV 383992 A R 255 IX 25712 T Y 65 XIII 854422 T Y 30 XVI 851516 C Y 11

IV 403518 G K 20 K 28 IX 25765 A R 76 XIII 901423 A M 31 XVI 855163 A R 8

IV 403520 T K 18 IX 46367 T K 30 XIII 903316 A W 109 W 255 W 54 W 71 XVI 855966 G K 34

IV 514822 G R 6 IX 136280 A W 36 XIII 904193 T K 67 K 255 K 12 K 38  XVI 897043 T W 22

IV 514844 G R 16 IX 246670 A M 33 XIII 908158 C Y 65  XVI 943587 A R 15

IV 607057 G R 13 IX 262444 A M 35 XIII 908177 G R 27  MT 33622 T Y 87

IV 665280 T K 90 K 255 K 24 K 64 IX 285889 T K 45 XIII 908183 G R 10  MT 43084 A W 35

IV 708178 T K 34 IX 311862 T Y 95 Y 255 Y 29 Y 68 XIII 908204 T Y 30 C 18  MT 44804 A W 14

MT 44805 T W 13
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When comparing the heterozygous calls between both systems it is striking at the
amount of calls that that one system makes that the other did not. There are
multiple factors that may be contributing to this. These factors likely include the
SOLiD mate-paired versus the Illumina single-read library. The biggest factor
appears to be differences between the two analysis programs, Corona and Maq,
and how they process input data. Running the SOLiD data through Maq brings
the total number of heterozygous calls more in-line with those from the Illumina
systems, but does not significantly increase the heterozygous calls agreed upon
by the two systems. The GVRG will attempt to verify calls made by these systems
using a combination of Sequenom assays and allelic discrimination assays for
many of the sites.
SOLiD data analyzed with Corona identified 1271 SNPs, of these 253 are
heterozygous
SOLiD data analyzed with Maq identified 906 SNPs, of these 97 are
heterozygous
Illumina GAII analyzed with Maq identified 1115 SNPs, of these 166 are
heterozygous
Illumina GAI analyzed with Maq identified 1035 SNPs, of these 73 are
heterozygous
There are 809 SNPs in agreement among the systems, of these 23 are
heterozygous (this does not include SOLiD/Maq data set.)
A total of 441 individual Heterozygous were identified when combining all four
data analysis sets (listed here).
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