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B71 High-Throughput Spermatozoa Detection Using the Proximity Ligation Real-
Time PCR (PLiRT-PCR) Method

Chin Hong Shek, BSc*, 1400 S Joyce Street, Apt 518, Arlington, VA 22202; Valerie Clermont Beaudoin, BS, 1930 37th Street, NW, 

Washington, DC 20007; Jaclyn Benjamin, BS, 1401 S Joyce Street, Apt 305, Arlington, VA 22202; and Daniele S. Podini, PhD, 

Department of Forensic Science, 2100 Foxhall Road, NW, Washington, DC 20007

After attending this presentation, attendees will be informed of how the PLiRT-PCR method has been improved for high throughput 
VSHUPDWR]RD�GHWHFWLRQ�LQ�IRUHQVLF�DSSOLFDWLRQV�

7KLV� SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH� FRPPXQLW\� E\� GHPRQVWUDWLQJ� WKDW� WKH� 3/L57�3&5�PHWKRG� FDQ� FRQ¿UP� WKH�
SUHVHQFH�RI�VSHUPDWR]RD�IURP�ODUJH�TXDQWLWLHV�RI�VDPSOHV�VLPXOWDQHRXVO\�LQ�D�VWUHDPOLQHG�SURFHVV��GHPRQVWUDWLQJ�SRWHQWLDO�WR�UHSODFH�
the time-intensive microscopic detection method currently in use.

,Q� WKH�SURFHVVLQJ�RI� VH[XDO�DVVDXOW�HYLGHQFH��PDVV�PHGLD�RIWHQ�SODFHV�HPSKDVLV�RQ�REWDLQLQJ�D�VXVSHFW�'1$�SUR¿OH��KRZHYHU��
HTXDOO\�LPSRUWDQW�EXW�UDUHO\�DFNQRZOHGJHG�LV�WKH�QHHG�IRU�FRQ¿UPDWRU\�LGHQWL¿FDWLRQ�RI�VSHUPDWR]RD��ZKLFK�LV�RIWHQ�D�FULWLFDO�VWHS�LQ�
determining whether a sexual act occurred or not.

&XUUHQWO\��WKH�RQO\�XQLYHUVDOO\�DFFHSWHG�PHWKRG�WR�FRQ¿UP�WKH�SUHVHQFH�RI�VSHUPDWR]RD�LV�WR�YLVXDOL]H�LW�PLFURVFRSLFDOO\��KRZHYHU��
WKH�PHWKRG�KDV�ORZ�HI¿FLHQF\�DV�HDFK�VDPSOH�KDV�WR�EH�H[DPLQHG�LQGLYLGXDOO\���$XWRPDWHG�ÀXRUHVFHQFH�EDVHG�PLFURVFRSLF�GHWHFWLRQ�
can decrease the time spent per sample, but still processes one sample at a time and requires expensive equipment.  Therefore, an 
alternate method that is capable of processing multiple samples at a time with high accuracy would be a strong candidate for replacing 
the microscopic method.

7KH�3/L57�3&5�DVVD\�FRPELQHV�WKH�VSHFL¿FLW\�RI�DQ�LPPXQRORJLFDO�UHDFWLRQ�ZLWK�WKH�VHQVLWLYLW\�RI�3&5�WR�GHWHFW�VSHUP�VSHFL¿F�
SURWHLQV� LQ� VDPSOHV�� � 6SHFL¿F� DQWLERG\� SUREHV� ELQG� VLPXOWDQHRXVO\� WR� WDUJHW� SURWHLQV� WR� DFKLHYH� SUR[LPLW\� OLJDWLRQ� RI� FRQMXJDWHG�
ROLJRQXFOHRWLGHV�DQG�WKH�UHVXOWLQJ�'1$�SURGXFW�LV�GHWHFWHG�YLD�UHDO�WLPH�3&5���7KH�DPRXQW�RI�VLJQDO�FRUUHVSRQGV�WR�WKH�DPRXQW�RI�
ligated product, which in turn indicates the amount of protein in the sample.  The assay only requires a real-time PCR instrument, which 
is commonly used in forensic laboratories.

7KH�DVVD\�KDV�EHHQ�WHVWHG�XVLQJ�DQWLERGLHV�WDUJHWLQJ�WZR�VSHUP�VSHFL¿F�SURWHLQV��63����DQG�&5,63�����%RWK�WDUJHWV�ZHUH�VHOHFWHG�
IRU�WKHLU�ORFDOL]DWLRQ�LQVLGH�WKH�DFURVRPH�RI�WKH�VSHUPDWR]RD��ZKLFK�SURWHFWV�WKHP�IURP�HQYLURQPHQWDO�GDPDJH�XQWLO�O\VLV��LQFUHDVLQJ�WKH�
chance of successful detection even with aged samples.

Previously, the assay reported high variability between reactions running aliquots from the same sample.  This not only affected the 
UHSURGXFLELOLW\�RI�UHVXOWV�EXW�DOVR�VLJQL¿FDQWO\�GLPLQLVKHG�WKH�VHQVLWLYLW\�RI�WKH�DVVD\��DV�WKH�WKUHVKROG�YDOXH�IRU�VSHUPDWR]RD�GHWHFWLRQ�
LV�EDVHG�RQ�WKUHH�WLPHV�WKH�VWDQGDUG�GHYLDWLRQ�RI�&\FOH�WKUHVKROG��&W��YDOXHV�IURP�D�VHW�RI�¿YH�1R�3URWHLQ�&RQWUROV��13&V����7KURXJK�
SURWRFRO�DQG�UHDJHQW�RSWLPL]DWLRQ��YDULDELOLW\�LVVXHV�KDYH�EHHQ�UHGXFHG�VLJQL¿FDQWO\��ZLWK�13&V�VWDQGDUG�GHYLDWLRQV�RIWHQ�UHDFKLQJ�DV�
ORZ�DV�����&W���7HVWLQJ�RI�ERWK�DQWLERGLHV�DIWHU�RSWLPL]DWLRQ�SODFHV�WKHLU�OLPLW�RI�GHWHFWLRQ�DW�D�������VHPHQ�GLOXWLRQ�IRU�63����DQG�D�
�������VHPHQ�GLOXWLRQ�IRU�&5,63����ZKLFK�DUH�FRQVHUYDWLYHO\�HTXLYDOHQW�WR�����DQG����VSHUPDWR]RD�LQ�WKH�DVVD\��UHVSHFWLYHO\���+LJK�
throughput experiments were also carried out with the Applied Biosystems® 7500 Real-Time PCR System using samples eluted from 
cotton swabs to simulate actual forensic evidence.  In this set-up, three semen swab sample eluates from 2012, 2013, and 2014, as well 
as a positive control of a 1:100 semen dilution, were run in duplicate along with a set of eight NPCs, in which semen swabs prepared in 
2012 and 2014 were successfully detected by the assay.

While these results show promise, several issues have been found.  For instance, the probe development process requires further 
improvement, particularly in the antibody biotinylation step.  Also, the new SP-10 antibodies exhibited much less sensitivity than before 
(reported to be at a 1:5000 semen dilution), whereas CRISP-2 antibodies were found to cross-react with CRISP-3, a protein expressed in 
VDOLYDU\�JODQGV���$V�DVVD\�GHYHORSPHQW�FRQWLQXHV��RWKHU�DQWLERGLHV�WKDW�WDUJHW�VLPLODU�VHPHQ�VSHFL¿F�SURWHLQV�ZLOO�EH�WHVWHG�LQ�VHDUFK�RI�
RQH�WKDW�SURYLGHV�JRRG�EDODQFH�EHWZHHQ�VHQVLWLYLW\�DQG�VSHFL¿FLW\���7KLV�SUHVHQWDWLRQ�ZLOO�GLVFXVV�WKH�H[SHULPHQWV�FRQGXFWHG�XVLQJ�WKH�
RSWLPL]HG�3/L57�3&5�SURWRFRO��FRYHULQJ�WKH�VHWXS��SURFHGXUH��DQG�UHVXOWV�IURP�KLJK�WKURXJKSXW�UXQV���7KH�GLI¿FXOWLHV�DQG�SRWHQWLDO�IRU�
further development will also be discussed.
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7KLV�VWXG\�KDV�EHHQ�¿QDQFLDOO\�VXSSRUWHG�E\�JUDQW�QXPEHU������'1�%;�.�����DZDUGHG�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�-XVWLFH��2I¿FH�
RI�-XVWLFH�3URJUDPV��8QLWHG�6WDWHV�'HSDUWPHQW�RI�-XVWLFH���3RLQWV�RI�YLHZ�LQ�WKLV�GRFXPHQW�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�
UHSUHVHQW�WKH�RI¿FLDO�SRVLWLRQ�RU�SROLFLHV�RI�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�-XVWLFH�
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