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B72 Developing a Dynamic Model of the DNA Laboratory Process to Characterize the 
Sources of Uncertainty in DNA Signal:  Applications to Forensic DNA Education, 
Training, and Validation

Genevieve Wellner, MS, Boston University, School of Medicine, Program in Biomedical Forensic Sciences, 72 E Concord Street, Rm 
R806, Boston, MA 02118; Kayleigh Rowan, MS, Colorado Bureau of Investigation, 2797 Justice Drive, Grand Junction, CO 81506; 
Cheng-Tsung Hu, BS, 72 E Concord Street, Rm R806, Boston, MA 02118; and Catherine M. Grgicak, PhD*, Boston University, School 
of Medicine, Biomedical Forensic Sciences, 72 E Concord Street, Rm R806D, Boston, MA 02118

$IWHU�DWWHQGLQJ� WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�XQGHUVWDQG� WKH�ZD\V� LQ�ZKLFK� WKH�'1$�ODERUDWRU\�SURFHVV�FDQ�EH�G\QDPLFDOO\�
PRGHOHG�XVLQJ�D�V\VWHPV�WKLQNLQJ�DSSURDFK���$WWHQGHHV�ZLOO�DOVR�EH�PDGH�DZDUH�RI�KRZ�WKH�PRGHO�FDQ�EH�PRGL¿HG�E\�WKH�XVHU�LQ�RUGHU�
to test the impacts of various systems and their errors.

7KLV� SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH� FRPPXQLW\�E\�GHPRQVWUDWLQJ� WKDW� D� G\QDPLF�PRGHO� FDQ�EH�XWLOL]HG� WR� WUDLQ�
students and practitioners in the nuances associated with the forensic laboratory process.  This presentation will demonstrate that 
PRGLI\LQJ�WKH�3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5��HI¿FLHQF\�DQG�WKH�HUURU�LQ�3&5�FDQ�VXEVWDQWLDOO\�LPSDFW�WKH�SHDN�KHLJKWV�DQG�SHDN�
KHLJKW�UDWLRV���)XUWKHU��LW�ZLOO�EH�GHPRQVWUDWHG�WKDW�GLOXWLRQ�RI�D�FRQFHQWUDWHG�VWRFN�VROXWLRQ�GXULQJ�YDOLGDWLRQ�UHVXOWV�LQ�DGGLWLRQDO�SHDN�
height variability and may need to be considered a process which introduces additional stochastic effects not typically introduced during 
evidence processing.

7KH� PRGHO� PLPLFV� WKH� JHQHUDWLRQ� RI� D� UDQGRP� ���ORFXV� SUR¿OH� REWDLQHG� E\� IROORZLQJ� WKHVH� VWHSV���
H[WUDFWLRQĺTXDQWL¿FDWLRQĺGLOXWLRQĺDPSOL¿FDWLRQĺHOHFWURSKRUHVLV���7KH�LQSXW�YDOXHV�WKDW�FDQ�EH�PRGL¿HG�E\�WKH�XVHU�DUH�VKRZQ�LQ�
the Table below.

Unit Range �ĞƐĐƌŝƉƟŽŶ
Nominal Target 
based on qPCR

ng 0-10,000 7KH�WDUJHW�YDOXH�REWDLQHG�LQ�WKH�'1$�H[WUDFW�DV�SHU�T3&5�

��56'�LQ�T3&5 % 0-100 Relative standard deviation associated with qPCR results.
Buffer 1 switch µL 0-1,000 9ROXPH�RI�EXIIHU�XWLOL]HG�ZKHQ�WKH�'1$�H[WUDFW�LV�GLOXWHG�
Buffer Pipette 1 
Stdev

µL 0-10 6WDQGDUG�GHYLDWLRQ�RI�WKH�SLSHWWH�YROXPH�GXULQJ�WKH�¿UVW�GLOXWLRQ�

Buffer 2 switch µL 0-1,000 9ROXPH�RI�EXIIHU�XWLOL]HG�ZKHQ�WKH�'1$�LV�VHULDOO\�GLOXWHG�WZLFH��
Buffer Pipette 2 
Stdev

µL 0-10 6WDQGDUG�GHYLDWLRQ�RI�WKH�SLSHWWH�YROXPH�XWLOL]HG�GXULQJ�WKH�VHFRQG�VHULDO�
dilution.

Buffer 3 switch µL 0-1,000 9ROXPH�RI�EXIIHU�XWLOL]HG�ZKHQ�WKH�'1$�H[WUDFW�LV�VHULDOO\�GLOXWHG�WKUHH�WLPHV�
Buffer Pipette 3 
Stdev

µL 0-10 6WDQGDUG�GHYLDWLRQ�RI�WKH�SLSHWWH�YROXPH�XWLOL]HG�GXULQJ�WKH�WKLUG�VHULDO�GLOXWLRQ�

Number of PCR 
Cycles

28-29 The number of PCR cycles.

'HYLDWLRQ�LQ�3&5�
(I¿FLHQF\

0-0.2 7KH�3&5�HI¿FLHQF\�LV�GLIIHUHQW�DW�HDFK�F\FOH�DQG�LV�QRUPDOO\�GLVWULEXWHG�DERXW�
����,W�LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�3&5�HI¿FLHQF\���,W�LV�VHW�VXFK�WKDW�WKH�
HI¿FLHQF\�GHFUHDVHV�IURP���DV�WKH�QXPEHU�RI�DPSOLFRQV�LQFUHDVH��DV�SHU���HA��
���[�����
>'1$@F�����ZKHUH�F�LV�WKH�F\FOH�QXPEHU�

Stutter Ratio 
Information

0-1 0HDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�WKH�VWXWWHU�UDWLRV�IRU�HDFK�ORFXV�

Cumulative 
Population 
Statistics

0-1 Cumulative allele frequencies for 15 STR loci.

CE Sensitivity RFU The increase in average RFU signal with amplicon.  It can be approximated by 
determining the slope of a the linear portion of a graph which plots the average 
SHDN�VLJQDO�� ��IRU�KHWHUR]\JRXV�ORFL�YHUVXV��&WRW>'1$@���ZKHUH�&WRW�
LV�WKH�WRWDO�QXPEHU�RI�F\FOHV��L�H������RU�����DQG�>'1$@��LV�WKH�WHPSODWH�PDVV�

56'�RI�&( 0-1 Relative standard deviation of the capillary electrophoresis set-up and injection. 
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7KH� G\QDPLF�PRGHO� WUHDWV� HDFK� FRS\� RI�'1$� DV� DQ� LQGHSHQGHQW�PROHFXOH� �L�H��� QR�PROHFXODU� LQWHUDFWLRQ��ZLWKRXW� V\VWHPDWLF�
preference for one allele over another.  The number of copies varies as per the Poisson distribution for each aliquot.  For example, if 
WKHUH�LV�DQ�DYHUDJH�RI����FRSLHV�RI�'1$�LQ�DQ�DOLTXRW��WKH�DOLTXRW�WKDW�LV�DFWXDOO\�WDNHQ�PD\�FRQWDLQ����FRSLHV�RI�DOOHOH���DQG����RI�DOOHOH�
����7KH�3&5�HI¿FLHQF\�LV�GLIIHUHQW�IRU�HDFK�DOOHOH�DPSOL¿HG�DQG�YDULHV�DW�HDFK�F\FOH���7KXV��WKH�3&5�HI¿FLHQF\�RI�F\FOH����PD\�EH�������
IRU�RQH�DOOHOH�DQG�������IRU�DQRWKHU�DOOHOH���'XULQJ�F\FOH����WKH�3&5�HI¿FLHQF\�PD\�EH�������DQG�������IRU�DOOHOH���DQG����UHVSHFWLYHO\���
Stutter ratios and CE sensitivity are treated similarly.

7KH�RXWSXW�RI�WKH�G\QDPLF�PRGHOV�JLYHV�WKH�XVHU�LQIRUPDWLRQ�RQ�������WKH�DFWXDO�QXPEHU�RI�DOOHOHV�PROHFXOHV�DGGHG�WR�WKH�3&5������
WKH�NQRZQ�JHQRW\SHV��DQG������WKH�HOHFWURSKHURJUDP�

7HVWLQJ�VKRZV�WKDW�GHFUHDVLQJ�WKH�GHYLDWLRQ�LQ�3&5�HI¿FLHQF\�GHFUHDVHV�WKH�GLIIHUHQFHV�LQ�SHDN�KHLJKWV�EHWZHHQ�DOOHOHV���)XUWKHU��LW�
KDV�EHHQ�GHWHUPLQHG�WKDW�SHDN�KHLJKW�GLIIHUHQFHV�LQFUHDVH�ZKHQ�VDPSOHV�DUH�VHULDOO\�GLOXWHG�
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