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B186 Development of a Novel DNA Phenotyping System Using Genome-Wide SNP 
Data

Ellen McRae Greytak, PhD*, Parabon NanoLabs, Inc, 11260 Roger Bacon Drive, Ste 406, Reston, VA 20190

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�������OHDUQ�WKH�GLIIHUHQFHV�EHWZHHQ�WUDGLWLRQDO�'1$�DQDO\VLV�XVLQJ�6KRUW�7DQGHP�
5HSHDWV��675V��DQG�PRGHUQ�'1$�JHQRW\SLQJ�XVLQJ�6LQJOH�1XFOHRWLGH�3RO\PRUSKLVPV��613V�������XQGHUVWDQG�KRZ�WKH�JHQHWLF�FRQWHQW�
RI�'1$�HQFRGHV�WKH�REVHUYHG�YDULDWLRQV�LQ�KXPDQ�DSSHDUDQFH������JDLQ�DQ�DSSUHFLDWLRQ�IRU�KRZ�WKHVH�JHQHWLF�YDULDQWV�FDQ�EH�XVHG�WR�
SUHGLFW�WUDLWV��SKHQRW\SHV���DQG������OHDUQ�DERXW�D�QHZ�PHWKRGRORJ\�IRU�SURGXFLQJ�SUHGLFWLYH�PRGHOV�IRU�IRUHQVLF�WUDLWV�IURP�JHQRPH�
wide SNP data.

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�SUHVHQWLQJ�D�QRYHO�PHWKRGRORJ\�IRU�WKH�GLVFRYHU\�RI�VLJQL¿FDQW�
613V�IRU�IRUHQVLF�WUDLWV�DQG�WKH�GHYHORSPHQW�RI�WKRVH�613V�LQWR�SUHGLFWLYH�PRGHOV�WKDW�FDQ�EH�XVHG�IRU�'1$�SKHQRW\SLQJ�RU�NLQVKLS�
analysis.

7UDGLWLRQDO�IRUHQVLF�'1$�DQDO\VLV�XVHV�675V�WR�PDWFK�DQ�LQGLYLGXDO�WR�D�'1$�VDPSOH�E\�WHVWLQJ�FULPH�VFHQH�'1$�DJDLQVW�NQRZQ�
VXVSHFWV�RU�D�'1$�GDWDEDVH��VXFK�DV�WKH�&RPELQHG�'1$�,QGH[�6\VWHP���:KHQ�WKLV�IDLOV�WR�\LHOG�D�PDWFK��DOWHUQDWH�DSSURDFKHV�DUH�
UHTXLUHG�WR�JHQHUDWH�OHDGV�IURP�D�'1$�VDPSOH���'1$�SKHQRW\SLQJ�UHIHUV�WR�WKH�XVH�RI�613V��'1$�YDULDQWV�WKDW�FRGH�IRU�GLIIHUHQFHV�
EHWZHHQ�LQGLYLGXDOV��WR�SUHGLFW�DQ�LQGLYLGXDO¶V�DSSHDUDQFH�EDVHG�RQO\�RQ�KLV�RU�KHU�'1$���3ULRU�ZRUN�RQ�'1$�SKHQRW\SLQJ�KDV�EHHQ�
OLPLWHG�WR�XVLQJ�RQO\�D�IHZ�613V�ZKLFK�KDYH�EHHQ�LGHQWL¿HG�LQ�WKH�OLWHUDWXUH�DV�EHLQJ�LQGLYLGXDOO\�VLJQL¿FDQW�IRU�SUHGLFWLRQ�RI�H\H�DQG�
hair color and ~100 SNPs to calculate large-scale ancestry (i.e., African, European, or East Asian).  Presented here are the results of 
ZRUN�WR�EXLOG�D�QRYHO�'1$�SKHQRW\SLQJ�V\VWHP��GHYHORSHG�XQGHU�IXQGLQJ�IURP�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�'HIHQVH��WKDW�HPSOR\V�
thousands of SNPs for the prediction of complex traits, resulting in improved prediction accuracy over a broader phenotypic range.  This 
V\VWHP�FDQ�EH�DSSOLHG�WR�LQGLYLGXDOV�IURP�DQ\�HWKQLF�EDFNJURXQG��HYHQ�DGPL[HG�LQGLYLGXDOV�

The predictive models were built using genome-wide genotype data from more than 2,500 subjects for eye color and hair color 
DQG�IURP�PRUH�WKDQ�����VXEMHFWV�IRU�VNLQ�FRORU�DQG�IUHFNOLQJ���(DFK�VXEMHFW¶V�SURSRUWLRQDO�DQFHVWU\�LQ�VHYHQ�JOREDO�SRSXODWLRQV��$IULFD��
0LGGOH�(DVW��(XURSH��&HQWUDO�$VLD��(DVW�$VLD��2FHDQLD��DQG�$PHULFD��ZDV�FDOFXODWHG�E\�FRPSDULQJ�PRUH�WKDQ��������613V��FDUHIXOO\�
VHOHFWHG�IURP�DFURVV�WKH�JHQRPH��DJDLQVW�D�VHW�RI�PRUH�WKDQ�������EDFNJURXQG�VXEMHFWV�IURP�NQRZQ�SRSXODWLRQV���7KLV�DSSURDFK�FDQ�
detect even low levels of admixture.  Within-continent ancestry (e.g., Northeast vs. Northwest Europe) and the principal components 
RI�DQFHVWU\�ZHUH�DOVR�LQIHUUHG���7KHVH�YDOXHV�ZHUH�WKHQ�XVHG�DV�FRYDULDWHV�IRU�WKH�GLVFRYHU\�RI�VLJQL¿FDQW�613V�DVVRFLDWHG�ZLWK�HDFK�
forensically relevant pigmentation phenotype.  SNP discovery was performed using advanced data mining techniques that search not 
only for SNPs that individually contribute to phenotype, but also those that interact in a non-additive (epistatic) fashion.  This was 
DFKLHYHG�XVLQJ�D�FXVWRP�GLVWULEXWHG�LPSOHPHQWDWLRQ�RI�WKH�0XOWLIDFWRU�'LPHQVLRQDOLW\�5HGXFWLRQ��0'5��DOJRULWKP�

Using the SNPs discovered during data mining as well as ancestry SNPs, predictive models were constructed using advanced 
machine-learning algorithms.  These techniques allow non-linear variable combinations and are not negatively impacted by the inclusion 
RI�H[WUDQHRXV�YDULDEOHV���7KH�HQWLUH�PLQLQJ�DQG�PRGHOLQJ�SURFHVV�ZDV�SHUIRUPHG�ZLWKLQ�D�WHQ�IROG�FURVV�YDOLGDWLRQ�IUDPHZRUN�WR�DOORZ�
all of the data to be used to build a model while still allowing for accuracy evaluation using out-of-sample predictions.  A statistical 
SURFHGXUH�IRU�HYDOXDWLQJ�FRQ¿GHQFH�KDV�EHHQ�GHYHORSHG��ZKLFK�FDOFXODWHV�D�FRQVLVWHQF\�YDOXH�IRU�HDFK�QHZ�SUHGLFWLRQ�IRU�HDFK�SRVVLEOH�
FDWHJRU\��H�J���UHG��EORQG��EURZQ��DQG�EODFN�KDLU�FRORU����(DFK�SUHGLFWLRQ�LV�SUHVHQWHG�ZLWK�D�PHDVXUH�RI�FRQ¿GHQFH�DV�ZHOO�DV�D�OLVW�RI�
WUDLW�FDWHJRULHV�WKDW�FDQ�EH�H[FOXGHG�ZLWK�YHU\�KLJK�FRQ¿GHQFH���'1$�IURP�DQ�XQNQRZQ�VXEMHFW�FDQ�EH�UXQ�WKURXJK�WKHVH�SUHGLFWLYH�
PRGHOV�WR�SURGXFH�D�SK\VLFDO�SUR¿OH���%OLQG�YDOLGDWLRQ�WHVWLQJ�KDV�EHHQ�SHUIRUPHG�IRU�DQFHVWU\��H\H�FRORU��KDLU�FRORU��DQG�VNLQ�FRORU�RQ�
���VXEMHFWV��7DEOH����IURP�D�UDQJH�RI�HWKQLF�EDFNJURXQGV��(XURSHDQ��$IULFDQ�$PHULFDQ��&HQWUDO�$VLDQ��DQG�0LGGOH�(DVWHUQ����7KH�¿QDO�
V\VWHP�KDV�EHHQ�VXFFHVVIXOO\�WHVWHG�XVLQJ�DV�OLWWOH�DV�WZR�QJ�RI�H[WUDFWHG�'1$�
Table 1: Results of blind validation testing. For each trait, the average consistency for the absolute correct category and the frequency 

at which the absolute correct category was found to have the highest consistency (two very conservative estimates of accuracy) are 

reported.

Trait �ǀĞƌĂŐĞ��ŽŶƐŝƐƚĞŶĐǇ�ĨŽƌ��ďƐŽůƵƚĞ�
�ŽƌƌĞĐƚ��ĂƚĞŐŽƌǇ

&ƌĞƋƵĞŶĐǇ�ŽĨ�,ŝŐŚĞƐƚ��ŽŶƐŝƐƚĞŶĐǇ�ĨŽƌ��ďƐŽůƵƚĞ�
�ŽƌƌĞĐƚ��ĂƚĞŐŽƌǇ

Eye Color 76.1% 84.8%
+DLU�&RORU 67.7% 95.7%
6NLQ�&RORU 56.0% 82.6%
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A method to determine the degree of relatedness between two subjects using genome-wide SNP data was also developed.  This 
model uses hundreds of thousands of SNPs to ascertain the precise level of similarity between two individuals’ genomes.  This method 
has >90% accuracy up to third-degree relatives and can distinguish up to sixth-degree relatives from unrelated pairs with >95% accuracy.  
9DOLGDWLRQ�UHVXOWV�IRU�ERWK�WKH�'1$�SKHQRW\SH�DQG�NLQVKLS�LQIHUHQFH�V\VWHPV�ZLOO�EH�SUHVHQWHG��DORQJ�ZLWK�SODQV�IRU�IXWXUH�HQKDQFHPHQW�
of the underlying processes and software.

SNP, DNA Phenotyping, Kinship Inference


