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A87 Mitochondrial DNA (mtDNA) Mutations as a New Approach for Age-at-Death 
Estimation

Sara C. Zapico, PhD*, Smithsonian Institution, Dept of Anthropology, NMNH, MRC 112, 10th & Constitution Avenue, NW, Washington, 
DC 20560; and Douglas H. Ubelaker, PhD, Smithsonian Institution, Dept of Anthropology, NMNH, MRC 112, Washington, DC 20560

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�FRQVLGHU�WKH�SRVVLELOLW\�RI�XVLQJ�PLWRFKRQGULDO�'1$�PXWDWLRQV�DV�DQ�DOWHUQDWLYH�WR�
classical anthropological methods for age-at-death estimation.

This presentation will impact the forensic science community by introducing a potential quantitative indicator of age, demonstrating 

its accuracy of age-at-death estimation in two Spanish populations. 

$JH�DW�GHDWK�HVWLPDWLRQ�LV�RQH�RI�WKH�IXQGDPHQWDO�SDUDPHWHUV�LQ�WKH�LGHQWL¿FDWLRQ�RI�KXPDQ�UHPDLQV��SDUWLFXODUO\�LQ�PDVV�GLVDVWHU�
VFHQDULRV�ZKHUH�VNHOHWRQV�DUH�RIWHQ�LQFRPSOHWH��FRPSOLFDWLQJ�WKH�FRUUHFW�LGHQWL¿FDWLRQ�RI�WKH�YLFWLPV���7HHWK�DUH�IUHTXHQWO\�SUHVHUYHG�
ORQJ�DIWHU�DOO�RWKHU�WLVVXHV�KDYH�GLVDSSHDUHG�DQG�DUH�RIWHQ�XVHG�WR�HVWLPDWH�FKDUDFWHULVWLFV�OLNH�DJH�DW�GHDWK��

There are several approaches to age estimation based on dental development.  In forensic anthropology, the Lamendin technique 

DQG�LWV�YDULDQWV�DUH�QRQ�LQYDVLYH�PHWKRGV�RI�DJH�DW�GHDWK�HVWLPDWLRQ��KRZHYHU��WKHVH�PHWKRGV�FDQ�RQO\�EH�DSSOLHG�WR�VLQJOH�URRWHG�WHHWK�
DQG�WKHLU�DFFXUDF\�LV�QRW�JXDUDQWHHG�GXH�WR�GLIIHUHQFHV�LQ�SRSXODWLRQ�VSHFL¿F�UHIHUHQFHV���,Q�FRQWUDVW��WKH�QHZ�PHWKRGRORJLHV�IRU�DJH�
estimation are based on the natural process of aging, which causes alterations of tissues and organs on different biochemical levels.  

2QH�RI�WKHVH�DOWHUDWLRQV�LV�WKH�LQFUHDVH�LQ�WKH�SURGXFWLRQ�RI�IUHH�UDGLFDOV�ZLWK�DJH��SOD\LQJ�D�NH\�UROH�LQ�WKH�GHJHQHUDWLYH�SURFHVVHV�RI�
VHQHVFHQFH�� �7KH� LQFUHDVH� LQ� IUHH� UDGLFDOV��R[LGDWLYH�VWUHVV�� LQGXFHV�DQ�DFFXPXODWLRQ�RI�QRQ�UHSDLUHG� OHVLRQV� LQ�PLWRFKRQGULDO�'1$�
�PW'1$����6RPH�VWXGLHV�KDYH�SRLQWHG�RXW�WKH�UHODWLRQVKLS�EHWZHHQ�PW'1$�PXWDWLRQV�DQG�DJH�LQ�GLIIHUHQW�WLVVXHV���7KHVH�VWXGLHV�DUH�
SRWHQWLDOO\�LQWHUHVWLQJ�LQ�IRUHQVLF�LGHQWL¿FDWLRQ�EHFDXVH�WKH\�FRXOG�KHOS�WR�LPSURYH�WKH�HVWLPDWLRQ�RI�DJH�DW�GHDWK�

Since teeth are the hardest tissue of the human body and one of the most abundant types of biological remains available in forensic 

FDVHV��WKH�JRDO�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�PXWDWLRQV�LQ�PW'1$�IURP�GHQWLQ�DQG�SXOS�DQG�WKHLU�UHODWLRQ�ZLWK�WKH�DJH��DQG�DVVHVVHV�WKH�
reliability of this methodology in two Spanish populations. 

Thirty healthy erupted third molars from Asturias, NW Spain, and 30 healthy erupted third molars from Cataluña, NE Spain, 

(aged 20-70 years) were collected from dental clinics.  The Smithsonian Institution’s ethical committee approved all procedures related 

to experimentation with human subjects.  The teeth were cleaned and the enamel and cementum removed.  The dentin was isolated, 

PHFKDQLFDOO\�JURXQG��DQG�GLYLGHG�LQ�DOLTXRWV�RI����PJ�HDFK��SXOS�DOVR�ZDV�LVRODWHG���7KH�GHQWLQ�DQG�SXOS�ZHUH�VXEPLWWHG�IRU�'1$�
H[WUDFWLRQ�DQG�TXDQWL¿FDWLRQ���$V�D�FRQWURO�RI�FRUUHFW�KXPDQ�'1$�H[WUDFWLRQ��WKH�$PHORJHQLQ�JHQH�ZDV�DPSOL¿HG���7R�VWXG\�WKH�PW'1$�
PXWDWLRQV��+\SHUYDULDEOH�UHJLRQ����+9���RI�WKH�PLWRFKRQGULDO�'�ORRS�ZDV�FKRVHQ���7KLV�UHJLRQ�ZDV�DQDO\]HG�E\�5HDO�7LPH�3RO\PHUDVH�
Chain Reaction (RT-PCR).  Each sample was tested in triplicate.  The analysis of relative gene expression data was calculated using the 

2ǻ&7 method. 

4XDQWLWDWLYH�3&5��T3&5��UHVXOWV�ZHUH�VLPLODU�LQ�WKH�WZR�SRSXODWLRQV���7KHUH�ZDV�DQ�DJH�GHSHQGHQW�GHFUHDVH�LQ�WKH�DPSOL¿FDWLRQ�
RI�+9��UHJLRQ�LQ�GHQWLQ�DQG�VRPH�YDULDWLRQ�LQ�SXOS���8VLQJ�D�UHJUHVVLRQ�DQDO\VLV��D�QHJDWLYH�VLJQL¿FDQW�VWURQJ�OLQHDU�FRUUHODWLRQ�ZDV�
IRXQG�EHWZHHQ�WKH�PW'1$�DPSOL¿FDWLRQ�DQG�WKH�DJH�LQ�GHQWLQ��ZLWK�DOPRVW�WKH�VDPH�YDOXH�LQ�ERWK�SRSXODWLRQV���,Q�FRQWUDVW��D�FRUUHODWLRQ�
ZDV�QRW�IRXQG�EHWZHHQ�PW'1$�DPSOL¿FDWLRQ�DQG�WKH�DJH�LQ�SXOS���7KH�UHDVRQ�IRU�WKLV�YDULDWLRQ�LV�WKH�SURMHFWLRQ�RI�WKH�RGRQWREODVWLF�
processes from pulp to dentin, which houses numerous mitochondria.  As a result, the majority of the oxidative stress is generated in the 

GHQWLQ��PDNLQJ�LW�SRVVLEOH�WR�UHODWH�ZLWK�DJH��
7KH�¿QGLQJV�IURP�WKLV�UHVHDUFK�SURYLGH�D�QHZ�TXDQWLWDWLYH�WRRO�IRU�HVWLPDWLQJ�DJH�DW�GHDWK�ZKLFK��LQ�FRPELQDWLRQ�ZLWK�WUDGLWLRQDO�

DJH�PDUNHUV��FRXOG�LPSURYH�LGHQWL¿FDWLRQ�DFFXUDF\�LQ�IRUHQVLF�FDVHV���)XWXUH�UHVHDUFK�PD\�EH�DEOH�WR�H[SDQG�RQ�WKHVH�UHVXOWV��XVLQJ�
GLIIHUHQW�W\SHV�RI�WHHWK��DQDO\]LQJ�GLIIHUHQW�SRSXODWLRQV��DQG�H[WHQGLQJ�WKH�DJH�UDQJH��
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