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6Q�CFFTGUU�VJG�EJCNNGPIGU�QH�UCORNKPI�GPFCPIGTGF�QT�GZVKPEV�URGEKGU�KP�VJG�ƂGNF��OCP[�UVWFKGU�JCXG�
VWTPGF�VQ�JKUVQTKECNN[�WPFGTWVKNK\GF�UQWTEGU�QH�IGPGVKE�OCVGTKCN��PCVWTCN�JKUVQT[�OWUGWOU��&GURKVG�VJG�
HCEV�VJCV�&0#�HTQO�URGEKOGPU�EQNNGEVGF�FGECFGU�QT�GXGP�JWPFTGFU�QH�[GCTU�CIQ�KU�QHVGP�HTCIOGPVGF�
CPF�FGITCFGF��TGUGCTEJ�JCU�UJQYP�VJCV�JKUVQTKECN�&0#�ECP�UVKNN�DG�WUGF�GHHGEVKXGN[�VQ�KPHGT�RJ[NQIGPGVKE�
TGNCVKQPUJKRU�CPF�KPVTC�URGEKƂE�RCVVGTPU�QH�RQRWNCVKQP�IGPGVKE�UVTWEVWTG��6JKU�U[PVJGUKU�CKOU�VQ�RTQXKFG�
UVWFGPVU�CPF�EQPUGTXCVKQP�RTCEVKVKQPGTU�YKVJ�C�UQNKF�WPFGTUVCPFKPI�QH�VJG�OGVJQFQNQIKECN�UVTCVGIKGU�
PGGFGF�VQ�CRRN[�IGPGVKE�VQQNU�VQ�PCVWTCN�JKUVQT[�OWUGWO�URGEKOGPU��5RGEKƂECNN[��YG�QHHGT�ENGCT�
FGƂPKVKQPU�CPF�GUUGPVKCN�EQPUKFGTCVKQPU�HQT�FGUKIPKPI�C�EQPUGTXCVKQP�IGPQOKEU�RTQLGEV�VJCV�KPENWFGU�
DQVJ�OQFGTP�CPF�JKUVQTKECN�UCORNGU��9G�TGEQOOGPF�VJCV�KPUVTWEVQTU�WUG�VJKU�U[PVJGUKU�VQ�KPVTQFWEG�
VJG�HQWPFCVKQPCN�MPQYNGFIG�TGSWKTGF�HQT�VYQ�EQORCPKQP�GZGTEKUGU��p6JG�CRRNKECVKQP�QH�EQPUGTXCVKQP�
OWUGQOKEU�CRRTQCEJGU�VQ�VJG�RTQVGEVKQP�QH�VJG�+DGTKCP�.[PZ�
Lynx pardinus�q�CPF�p&GUKIPKPI�C�
EQPUGTXCVKQP�IGPQOKEU�RTQLGEV�KPEQTRQTCVKPI�&0#�HTQO�OWUGWO�URGEKOGPU�q

0CVWTCN�JKUVQT[�OWUGWOU�CPF�JGTDCTKC�EQNNGEVKQPU�RTQXKFG�C�WPKSWG�URCVKQVGORQTCN�TGEQTF�QH�NKHG�QP�
'CTVJ��6JGUG�EQNNGEVKQPU�JQWUG�OKNNKQPU�QH�URGEKOGPU�FGTKXGF�HTQO�CPKOCNU��RNCPVU��HWPIK��CPF�QVJGT�
QTICPKUOU��QHVGP�EQPUKUVKPI�QH�GPVKTG�RTGUGTXGF�QTICPKUOU�QT�VJGKT�DQF[�RCTVU��EQOOQPN[�TGHGTTGF�
VQ�CU�pXQWEJGT�URGEKOGPU�q�5KPEG�VJG�UKZVGGPVJ�EGPVWT[��PCVWTCNKUVU�JCXG�RTGUGTXGF�VJGUG�URGEKOGPU�
HQT�NQPI�VGTO�WUG�KP�OQTRJQNQI[�DCUGF�VCZQPQOKE�YQTM�CPF�EQORCTCVKXG�CPCVQO[�CPCN[UGU��4GEGPV�
CFXCPEGOGPVU�KP�NCDQTCVQT[�VGEJPKSWGU�HQT�UVWF[KPI�&0#�FCOCIG��EQWRNGF�YKVJ�VJG�CFXGPV�QH�
JKIJ�VJTQWIJRWV�UGSWGPEKPI�VGEJPQNQIKGU��JCXG�VTCPUHQTOGF�VJGUG�EGPVWT[�QNF�OWUGWO�URGEKOGPU�
KPVQ�XCNWCDNG�UQWTEGU�QH�&0#��IKXKPI�TKUG�VQ�VJG�ƂGNF�QH�pOWUGQOKEUq�
4CZYQTVJ[���5OKVJ��������
$NCKT��������(QPI�GV�CN����������(TQO�JKUVQTKECN�ECDKPGVU�VQ�OQFGTP�OQNGEWNCT�NCDQTCVQTKGU��OWUGWO�
EQNNGEVKQPU�CTG�PQY�KPVGITCVKPI�PQXGN�VGEJPQNQIKGU�VJCV�UKIPKƂECPVN[�GPJCPEG�VJG�UEKGPVKƂE�XCNWG�QH�
VJGUG�URGEKOGPU�

6Q�QDVCKP�&0#�HQT�IGPGVKE�CPCN[UKU��TGUGCTEJGTU�UVCTV�YKVJ�C�UOCNN�HTCIOGPV�QH�DKQNQIKECN�VKUUWG�

V[RKECNN[���s����OKNNKITCOU�QH�DQPG��VGGVJ��GCT�RWPEJGU��JCKT��GVE���HTQO�CP�QTICPKUO��6JG�&0#�
KUQNCVGF�HTQO�VJGUG�UCORNGU�KU�ECVGIQTK\GF�DCUGF�QP�VJG�VKOG�UKPEG�EQNNGEVKQP�
OQFGTP��JKUVQTKECN��
QT�CPEKGPV��CPF�VJG�RTGUGTXCVKQP�RTQEGUU�QH�VJG�VKUUWG�UQWTEG�
6CDNG�����#P[�&0#�TGEQXGTGF�HTQO�
C�URGEKOGP�KPVGPVKQPCNN[�RTGUGTXGF�HQT�NQPI�VGTO�UVQTCIG�KP�C�OWUGWO�EQNNGEVKQP�KU�TGHGTTGF�VQ�CU�
pCTEJKXCN�&0#q�
4CZYQTVJ[���5OKVJ���������6JKU�CTEJKXCN�&0#�KU�QHVGP�GZRQUGF�VQ�EJGOKECNU�FWTKPI�
RTGUGTXCVKQP��NGCFKPI�VQ�XCTKQWU�V[RGU�QH�&0#�FGEC[�DG[QPF�VJG�GPXKTQPOGPVCN�HCEVQTU�VJCV�ECP�
FCOCIG�PCVWTCNN[�RTGUGTXGF�URGEKOGPU��#FFKVKQPCNN[��VJGUG�EJGOKECNU�ECP�KPJKDKV�GP\[OCVKE�TGCEVKQPU�
FWTKPI�&0#�GZVTCEVKQP�RTQVQEQNU��+P�EQPVTCUV��PCVWTCNN[�RTGUGTXGF�URGEKOGPU��UWEJ�CU�VJQUG�HQWPF�KP�
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CTEJCGQNQIKECN�QT�RCNGQPVQNQIKECN�UKVGU��CTG�PQV�V[RKECNN[�UWDLGEVGF�VQ�EJGOKECN�VTGCVOGPVU�CPF�CTG�
RTGUGTXGF�FWG�VQ�URGEKƂE�GPXKTQPOGPVCN�EQPFKVKQPU�
G�I���FT[�CPF�EQNF�GPXKTQPOGPVU���6JGUG�PCVWTCNN[�
RTGUGTXGF�UCORNGU��V[RKECNN[�FCVGF�VQ�DG�CTQWPF�����[GCTU�QNF�QT�QNFGT��CTG�NCDGNGF�CU�pCPEKGPV�&0#q�

9CPFGNGT�GV�CN���������$KNNGTOCP���9CNUJ���������6JG�ƂGNF�URGEKCNK\KPI�KP�CPEKGPV�&0#�UCORNGU�KU�
MPQYP�CU�pRCNGQIGPQOKEU�q

/QUV�URGEKOGPU�EWTTGPVN[�JQWUGF�KP�OWUGWO�EQNNGEVKQPU�CPF�JGTDCTKC�YGTG�EQNNGEVGF�NGUU�VJCP�����
[GCTU�CIQ�CPF�CTG�ENCUUKƂGF�CU�pJKUVQTKECN�&0#q�
9CPFGNGT�GV�CN���������$KNNGTOCP���9CNUJ���������
6JG�OCLQTKV[�QH�VJGUG�URGEKOGPU�YGTG�RTGUGTXGF�DGHQTG�VJG�TKUG�QH�IGPGVKE�TGUGCTEJ�KP�PQP�OQFGN�
QTICPKUOU�KP�VJG�NCVG�����U��+P�TGEGPV�VKOGU��IGPGVKE�TGUGCTEJ�JCU�DGEQOG�EGPVTCN�VQ�DKQNQIKECN�
UVWFKGU��RTQORVKPI�TGUGCTEJGTU�VQ�EQNNGEV�UOCNN�VKUUWG�UCORNGU�DGHQTG�RTGRCTKPI�XQWEJGT�URGEKOGPU�
HQT�NQPI�VGTO�RTGUGTXCVKQP�
pOQFGTP�&0#q���6JKU�RTCEVKEG�JGNRU�RTQVGEV�RQVGPVKCN�&0#�UQWTEGU�HTQO�
XCTKQWU�HCEVQTU�VJCV�ECP�ECWUG�&0#�FCOCIG�

/WUGQOKEU��VJG�UVWF[�QH�IGPGVKE�KPHQTOCVKQP�CESWKTGF�HTQO�OWUGWO�URGEKOGPU��NGXGTCIGU�
VJQWUCPFU�QH�JKUVQTKE�CPF�CPEKGPV�URGEKOGPU�EQNNGEVGF�YQTNFYKFG�VQ�RTQXKFG�C�VKOG�UGTKGU�QH�IGPGVKE�

Modern Historic Ancient
2TGUGTXCVKQP�
CIG

6[RKECNN[�[QWPIGT�VJCP����
[GCTU�QNF

$GVYGGP�����CPF�`����
[GCTU�QNF

7UWCNN[� ����[GCTU

#TEJKXCN� $KQNQIKECN�VKUUWG�RTGUGTXGF�
HQT�NQPI�VGTO�WUG�KP�
IGPGVKE�TGUGCTEJ��HQNNQYKPI�
C�OGVJQFQNQI[�VJCV�
OKPKOK\GU�VJG�EJCPEGU�QH�
&0#�FCOCIG�
G�I���HTQ\GP��
QT�RTGUGTXGF�KP�GVJCPQN�QT�
DWHHGT��

6KUUWG�EQNNGEVGF�HTQO�
C�XQWEJGT�URGEKOGP�
RTGUGTXGF�KP�PCVWTCN�JKUVQT[�
EQNNGEVKQP�HQT�NQPI�VGTO�
OQTRJQNQIKECN�TGUGCTEJ�

G�I���FT[�UVWF[�UMKP��
HQTOCNKP�ƂZGF��RKPPGF�
URGEKOGPU���2TGUGTXCVKQP�
RTQVQEQNU�FKF�PQV�CEEQWPV�
HQT�VJG�TKUM�QH�&0#�
FCOCIG��QHVGP�TGUWNVKPI�KP�
IGPGVKE�OCVGTKCN�VJCV�UJQYU�
UQOG�NGXGN�QH�FCOCIG�

$KQNQIKECN�OCVGTKCN�
EQNNGEVGF�HTQO�CTVKHCEVU�
KPVGPVKQPCNN[�VTGCVGF�VQ�
OCZKOK\G�KVU�NKHGURCP�DWV�
YKVJQWV�EQPUKFGTKPI�VJG�
TKUM�QH�&0#�FCOCIG�
G�I���
VJG�NGCVJGT�HTQO�C�DQQM�
EQXGT�HTQO�OGFKGXCN�VKOGU���
*QYGXGT��VJG�WVKNKV[�QH�
CPEKGPV�CTEJKXCN�URGEKOGPU�
KP�IGPGVKE�UVWFKGU�KU�TCTGN[�
GZRNQTGF�FWG�VQ�VJG�NQY�
RTQDCDKNKV[�QH�[KGNFKPI�
CORNKƂCDNG�&0#�

0CVWTCN�
RTGUGTXCVKQP

$KQNQIKECN�VKUUWG�HQWPF�
GZRQUGF�VQ�VJG�GNGOGPVU�

G�I���HQTGPUKEU�UCORNGU��

$KQNQIKECN�OCVGTKCN�
EQNNGEVGF�HTQO�
GVJPQITCRJKE�EQNNGEVKQPU�QT�
CTEJCGQNQIKECN�UKVGU�

$KQNQIKECN�OCVGTKCN�
EQNNGEVGF�HTQO�
CTEJCGQNQIKECN�CPF�QT�
RCNGQPVQNQIKECN�UKVGU��

�5CORNGU�[QWPIGT�VJCP�VJCV�QH����[GCTU�OC[�CNUQ�FGOQPUVTCVG�&0#�FGITCFCVKQP�RCVVGTPU�EQPUKUVGPV�YKVJ�JKUVQTKE�
VKUUWGU��6JKU�KU�V[RKECN�QH�HQTOCNKP�ƂZGF�URGEKOGPU�QT�UQHV�VKUUWGU�VJCV�JCXG�DGGP�GZRQUGF�VQ�UWPNKIJV��JGCV��ƃWEVWCVKQPU�KP�
VGORGTCVWTG��QT�JWOKFKV[�HQT�NQPI�RGTKQFU�QH�VKOG�

6CDNG����&0#�ECP�DG�QDVCKPGF�HTQO�UCORNGU�QH�XCTKQWU�CIGU�
OQFGTP��JKUVQTKECN��CPEKGPV��CPF�EQNNGEVGF�HTQO�FKHHGTGPV�
V[RGU�QH�DKQNQIKECN�OCVGTKCN�VJCV�YCU�KPVGPVKQPCNN[�RTGRCTGF�HQT�RTGUGTXCVKQP�
CTEJKXCN�&0#��QT�JCU�DGGP�RTGUGTXGF�WPFGT�
EGTVCKP�PCVWTCN�EQPFKVKQPU��



109SYNTHESIS

LESSONS IN CONSERVATION VOLUME 14 APRIL 2025

FKXGTUKV[�CPF�DKQFKXGTUKV[�OQPKVQTKPI�VJCV�YCU�WPCXCKNCDNG�LWUV����[GCTU�CIQ�
$NCKT���������6JG�TCRKF�
CFXCPEGOGPVU�KP�VJG�CDKNKV[�VQ�CEEGUU�IGPGVKE�KPHQTOCVKQP�VQ�OQPKVQT�FKXGTUKV[�VJTQWIJQWV�VKOG�HTQO�
GZVKPEV�VCZC�QH�VJG�RCUV�QT�GPFCPIGTGF�VCZC�QH�VJG�RTGUGPV�EQOGU�CV�C�ETWEKCN�VKOG�CU�VJG�YCTOKPI�
ENKOCVG�CPF�JWOCP�CEVKXKV[�EQPVKPWGU�VQ�CEEGNGTCVG�VJG�NQUU�QH�DKQFKXGTUKV[��6JG�RCUV�HGY�JWPFTGF�
[GCTU�QHHGT�C�ENGCT�RKEVWTG�QH�VJKU�NQUU��YKVJ�URGEKGU�GZVKPEVKQPU��UJKHVU�KP�URGEKGU�FKUVTKDWVKQPU��CPF�
DKQFKXGTUKV[�FGENKPGU�QEEWTTKPI�CV�TCVGU�����VQ�������VKOGU�ITGCVGT�VJCP�VJG�PCVWTCN�DCEMITQWPF�
GZVKPEVKQP�TCVG�VJTQWIJQWV�IGQNQIKECN�VKOG�
%GDCNNQU�GV�CN���������&G�8QU�GV�CN���������

6JKU�DKQFKXGTUKV[�ETKUKU�PQV�QPN[�KORCEVU�GEQU[UVGOU�CPF�URGEKGU�FKUVTKDWVKQPU�DWV�CNUQ�CHHGEVU�IGPGVKE�
XCTKCVKQP�YKVJKP�URGEKGU�CPF�RQRWNCVKQPU��#�TGEGPV�UVWF[�GUVKOCVGF�C�UKZ�RGTEGPV�NQUU�QH�IGPGVKE�
XCTKCVKQP�KP�YKNF�RQRWNCVKQPU�UKPEG�VJG�+PFWUVTKCN�4GXQNWVKQP�
.GKIJ�GV�CN����������6Q�DGVVGT�WPFGTUVCPF�
VJGUG�EJCPIGU�KP�DKQFKXGTUKV[��PCVWTCN�JKUVQT[�EQNNGEVKQPU�RTQXKFG�C�WPKSWG�TGUQWTEG�QH�&0#�FCVC�HQT�
OCP[�TCTG��GPFCPIGTGF��CPF�NQECNN[�QT�INQDCNN[�GZVKPEV�URGEKGU�CV�FKHHGTGPV�VKOG�RQKPVU��$[�KPVGITCVKPI�
IGPGVKE�FCVC�HTQO�ƂGNF�UVWFKGU�CPF�OWUGWO�EQNNGEVKQPU��OWUGQOKEU�CNNQYU�TGUGCTEJGTU�VQ�KPENWFG�
OQTG�URGEKGU�KP�EQORCTCVKXG�CPCN[UGU��GUVCDNKUJ�DCUGNKPGU�QH�IGPGVKE�FKXGTUKV[�HQT�FGENKPKPI�URGEKGU��
CPF�TGFWEG�VJG�EQUV�CPF�VKOG�CUUQEKCVGF�YKVJ�ƂGNFYQTM��/WUGWO�UCORNGU�JCXG�CNUQ�GPCDNGF�WU�VQ�
UVWF[�VJG�GOGTIGPEG�QH�\QQPQVKE�FKUGCUGU�NKMG�.[OG�&KUGCUG�
/CTUJCNN�GV�CN���������CPF�CXKCP�KPƃWGP\C�

(CPPKPI�GV�CN����������+P�WPKSWG�ECUGU��OWUGQOKEU�OC[�CNUQ�EQPVTKDWVG�VQ�QPIQKPI�EQPUGTXCVKQP�
GHHQTVU�
$NCKT��������(QPI�GV�CN���������4CZYQTVJ[���5OKVJ���������6JQWIJ�VJG�KORNGOGPVCVKQP�QH�
EQPUGTXCVKQP�GHHQTVU�KU�PQV�CNYC[U�RQUUKDNG�QT�TGNGXCPV�VQ�CNN�TGUGCTEJ�SWGUVKQPU��VJG�IGPGTCVKQP�QH�
IGPGVKE�KPHQTOCVKQP�HTQO�OQFGTP�CPF�JKUVQTKE�URGEKOGPU�RTQXKFGU�CP�GZEGNNGPV�TGUQWTEG�HQT�HWVWTG�
TGUGCTEJ�CPF�CFFU�VQ�VJG�ITQYKPI�ƂGNF�QH�EQPUGTXCVKQP�IGPQOKEU��

%QPUGTXCVKQP�IGPGVKEU�KU�C�ƂGNF�QH�DKQNQI[�VJCV�KPVGTUGEVU�YKVJ�GEQNQI[��VCZQPQO[��OQNGEWNCT�
DKQNQI[��CPF�RQRWNCVKQP�IGPGVKEU��+V�CRRNKGU�IGPGVKE�RTKPEKRNGU�CPF�VQQNU�VQ�VJG�EQPUGTXCVKQP�CPF�
OCPCIGOGPV�QH�URGEKGU��RQRWNCVKQPU��QT�GXQNWVKQPCTKN[�UKIPKƂECPV�WPKVU�
'57U���RCTVKEWNCTN[�VJQUG�VJCV�
CTG�GPFCPIGTGF�QT�CV�TKUM�QH�GZVKPEVKQP��YKVJ�VJG�IQCN�QH�UVWF[KPI�VJGKT�JGCNVJ�CPF�XKCDKNKV[�
&GUCNNG���
#OCVQ���������-G[�RCTCOGVGTU�KP�RQRWNCVKQP�IGPGVKEUtIGPGVKE�TGNCVKQPUJKRU��IGPGVKE�FKXGTUKV[��CPF�
RQRWNCVKQP�UK\GtCTG�ETWEKCN�HQT�WPFGTUVCPFKPI�VJG�GXQNWVKQPCT[�F[PCOKEU�CPF�NQPI�VGTO�UWTXKXCN�
QH�URGEKGU��)GPGVKE�TGNCVKQPUJKRU�TGXGCN�JQY�KPFKXKFWCNU�YKVJKP�C�RQRWNCVKQP�CTG�TGNCVGF��JGNRKPI�VQ�
CUUGUU�KPDTGGFKPI�NGXGNU�CPF�IGPGVKE�FTKHV��)GPGVKE�FKXGTUKV[��QT�VJG�XCTKGV[�QH�VTCKVU�YKVJKP�C�RQRWNCVKQP��
KU�GUUGPVKCN�HQT�CFCRVCDKNKV[��CU�KV�KPETGCUGU�C�RQRWNCVKQPoU�CDKNKV[�VQ�TGURQPF�VQ�GPXKTQPOGPVCN�EJCPIGU�
CPF�TGUKUV�FKUGCUGU��.QY�FKXGTUKV[�ECP�NGCF�VQ�KPDTGGFKPI�FGRTGUUKQP�CPF�C�TGFWEVKQP�KP�ƂVPGUU��
2QRWNCVKQP�UK\G�KPƃWGPEGU�IGPGVKE�XCTKCVKQP��YKVJ�UOCNN�RQRWNCVKQPU�OQTG�RTQPG�VQ�IGPGVKE�FTKHV�CPF�
NQUU�QH�FKXGTUKV[��YJKNG�NCTIGT�RQRWNCVKQPU�VGPF�VQ�OCKPVCKP�ITGCVGT�IGPGVKE�XCTKCVKQP��UWRRQTVKPI�NQPI�
VGTO�TGUKNKGPEG��%QPUGTXCVKQP�IGPGVKEU�HQEWUGU�QP�OCKPVCKPKPI�IGPGVKE�FKXGTUKV[�VQ�GPUWTG�URGEKGUo�
CFCRVCDKNKV[�CPF�UWTXKXCN��JGNRKPI�YKNFNKHG�OCPCIGTU�RTGFKEV�C�RQRWNCVKQPoU�IGPGVKE�JGCNVJ�CPF�OKVKICVG�
TKUMU�UWEJ�CU�KPDTGGFKPI��NQUU�QH�FKXGTUKV[��CPF�J[DTKFK\CVKQP�

5EKGPVKUVU�YQTMKPI�KP�EQPUGTXCVKQP�IGPGVKEU�QHVGP�UVWF[�GPFCPIGTGF�QT�VJTGCVGPGF�URGEKGU�VQ�
WPFGTUVCPF�VJG�IGPGVKE�HCEVQTU�VJCV�KPƃWGPEG�VJGKT�UWTXKXCN��-G[�SWGUVKQPU�V[RKECNN[�KPENWFG��9JCV�JCU�
ECWUGF�VJG�IGPGVKE�GTQUKQP�
K�G���NQUU�QH�IGPGVKE�FKXGTUKV[��KP�VJKU�RQRWNCVKQP!�*QY�ECP�EQPUGTXCVKQP�
OCPCIGTU�OKVKICVG�VJKU�CPF�KORTQXG�VJG�RQRWNCVKQPoU�IGPGVKE�JGCNVJ!�6JGUG�SWGUVKQPU�JGNR�KFGPVKH[�VJG�
TQQV�ECWUGU�QH�TGFWEGF�IGPGVKE�FKXGTUKV[��UWEJ�CU�JCDKVCV�NQUU��NQUU�QH�EQPPGEVKXKV[�DGVYGGP�RQRWNCVKQPU��
QXGT�GZRNQKVCVKQP��QT�ENKOCVG�EJCPIG�CPF�KPHQTO�UVTCVGIKGU�VQ�KPETGCUG�RQRWNCVKQP�TGUKNKGPEG�

2TKQT�VQ�VJG�TGXQNWVKQP�QH�IGPGVKEU�KP�VJG�GCTN[�����U�CPF�IGPQOKEU�KP�VJG�����U��VJG�KPHQTOCVKQP�

What is Conservation Genetics?
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V[RKECNN[�CXCKNCDNG�VQ�RTQVGEV�CV�TKUM�RQRWNCVKQPU�YCU�NKOKVGF�VQ�QDUGTXCVKQPU�QH�RQRWNCVKQPU�KP�VJG�ƂGNF�

$QZ�����0QY��YKVJ�KORTQXGF�IGPQOKE�VGEJPKSWGU�CPF�VJG�CDKNKV[�VQ�CEEGUU�JKUVQTKE�CPF�CPEKGPV�FCVC��
EQPUGTXCVKQP�IGPGVKEKUVU�ECP�DGVVGT�WPFGTUVCPF�IGPGVKE�TGNCVKQPUJKRU�CETQUU�VKOG�CPF�IGQITCRJKE�
TCPIGU��6JKU�GZRCPFGF�VQQNMKV�CNNQYU�VJGO�VQ�OQTG�CEEWTCVGN[�VTCEG�VJG�ECWUGU�QH�IGPGVKE�FGENKPG�CPF�
FGXKUG�OQTG�GHHGEVKXG�EQPUGTXCVKQP�UVTCVGIKGU��

9JGP�GZCOKPKPI�ƃWEVWCVKQPU�KP�IGPGVKE�FKXGTUKV[��KV�KU�GUUGPVKCN�VQ�TGXKUKV�VJG�HWPFCOGPVCN�OGEJCPKUOU�
QH�GXQNWVKQP��UWEJ�CU�OWVCVKQP��IGPG�ƃQY��IGPGVKE�FTKHV��CPF�PCVWTCN�UGNGEVKQP��+H�EQOHQTVCDNG�YKVJ�
VJGUG�EQPEGRVU��RTQEGGF�VQ�VJG�PGZV�UGEVKQP��+H�[QW�PGGF�C�OQTG�UWDUVCPVKCN�QXGTXKGY�QH�VJGUG�
EQPEGRVU�
CPF�OQTG����YG�UWIIGUV�[QW�TGCF�VJG�0%'2�OQFWNG�q%QPUGTXCVKQP�IGPGVKEUq
JVVRU���FQK�
QTI���������EDE�PEGR�������

/WVCVKQPU�UGTXG�CU�VJG�RTKOCT[�UQWTEG�QH�IGPGVKE�FKXGTUKV[��CTKUKPI�HTQO�UVQEJCUVKE�EJCPIGU�VJCV�
V[RKECNN[�QEEWT�CU�OQNGEWNCT�nGTTQTUo�FWTKPI�EGNNWNCT�TGRNKECVKQP��)GPGVKE�FKXGTUKV[�TGHGTU�VQ�VJG�TCPIG�
QH�IGPGVKE�FKHHGTGPEGU�COQPI�KPFKXKFWCNU�YKVJKP�C�RQRWNCVKQP��9JGP�VJGUG�FKHHGTGPEGU�CRRTQCEJ�
\GTQtKPFKECVKPI�VJCV�KPFKXKFWCNU�YKVJKP�C�RQRWNCVKQP��URGEKGU��QT�GXQNWVKQPCTKN[�UKIPKƂECPV�WPKVU�
RQUUGUU�PGCTN[�KFGPVKECN�IGPGVKE�KPHQTOCVKQP�CETQUU�RTQVGKP�EQFKPI�TGIKQPUtVJG�RQRWNCVKQP�DGEQOGU�
KPETGCUKPIN[�XWNPGTCDNG�VQ�IGPGVKE�FKUGCUGU�CPF�VJG�URTGCF�QH�JCTOHWN�CNNGNGU��6JKU�IGPGVKE�WPKHQTOKV[�
ECP�UGXGTGN[�KORCKT�C�RQRWNCVKQPoU�CDKNKV[�VQ�CFCRV�VQ�EJCPIKPI�GPXKTQPOGPVCN�EQPFKVKQPU��+H�C�ETWEKCN�
IGPG�CUUQEKCVGF�YKVJ�ƂVPGUU�KU�EQORTQOKUGF��VJG�QXGTCNN�JGCNVJ��UWTXKXCN��CPF�CFCRVCDKNKV[�QH�VJG�
ITQWR�ECP�TCRKFN[�FGENKPG�

.QY�IGPGVKE�FKXGTUKV[�PQV�QPN[�KPETGCUGU�VJG�TKUM�QH�FKUGCUG�DWV�CNUQ�GNGXCVGU�VJG�NKMGNKJQQF�QH�
GZVKPEVKQP��2QRWNCVKQPU�YKVJ�NKOKVGF�IGPGVKE�XCTKCVKQP�OC[�CNUQ�UVTWIING�VQ�EQRG�YKVJ�GPXKTQPOGPVCN�
EJCPIGU��QT�KPXCUKXG�URGEKGU��6JKU�NCEM�QH�CFCRVCDKNKV[�ECP�DG�RCTVKEWNCTN[�FGVTKOGPVCN�KP�VJG�HCEG�QH�
TCRKF�ENKOCVG�EJCPIG��JCDKVCV�FGUVTWEVKQP��CPF�QVJGT�CPVJTQRQIGPKE�RTGUUWTGU��YJKEJ�CTG�PQY�OQTG�
RTGXCNGPV�VJCP�GXGT��6JG�KPCDKNKV[�VQ�CFCRV�ECP�NGCF�VQ�RQRWNCVKQP�FGENKPGU�CPF�GXGPVWCN�GZVKPEVKQP��
VJGTGD[�VTKIIGTKPI�FQYPUVTGCO�GEQNQIKECN�GHHGEVU�VJCV�FKUTWRV�GPVKTG�GEQU[UVGOU��6JKU�ECP�TGUWNV�KP�
GZVKPEVKQP�ECUECFGU��YJGTG�VJG�FGENKPG�QT�GZVKPEVKQP�QH�QPG�URGEKGU�PGICVKXGN[�KORCEVU�QVJGTU�VJCV�TGN[�
QP�KV�HQT�XKVCN�GEQU[UVGO�UGTXKEGU��UWEJ�CU�RQNNKPCVKQP��PWVTKGPV�E[ENKPI��QT�JCDKVCV�RTQXKUKQPKPI�

%QPUGTXCVKQP�IGPGVKEU�CPF�EQPUGTXCVKQP�IGPQOKEU�CTG�DQVJ�MG[�VGTOU�VQ�FGUETKDG�JQY�OQNGEWNCT�
&0#�ECP�DG�CRRNKGF�VQ�SWGUVKQPU�ETKVKECN�ƂGNFU�KP�URGEKGU�EQPUGTXCVKQP��CPF�VJGUG�VYQ�VGTOU�CTG�
WUGF�VQ�UKIPCN�FKHHGTGPEGU�KP�DWV�VJG[�FKHHGT�KP�UEQRG�CPF�VGEJPQNQIKECN�CRRTQCEJ��%QPUGTXCVKQP�
IGPGVKEU�HQEWUGU�QP�UVWF[KPI�IGPGVKE�FKXGTUKV[�YKVJKP�CPF�DGVYGGP�RQRWNCVKQPU�D[�CPCN[\KPI�C�HGY�
URGEKƂE�IGPGU�QT�OCTMGTU��UWEJ�CU�OKVQEJQPFTKCN�&0#�CPF�OKETQUCVGNNKVGU��+V�JGNRU�CUUGUU�KPDTGGFKPI��
RQRWNCVKQP�UVTWEVWTG��CPF�IGPG�ƃQY�CPF�KU�WUGHWN�KP�OCPCIKPI�UOCNN�QT�GPFCPIGTGF�RQRWNCVKQPU��
*QYGXGT��KV�KU�NKOKVGF�D[�VJG�UOCNN�PWODGT�QH�OCTMGTU�UVWFKGF��RTQXKFKPI�C�NGUU�EQORTGJGPUKXG�
XKGY�QH�IGPGVKE�JGCNVJ��%QPUGTXCVKQP�IGPQOKEU��QP�VJG�QVJGT�JCPF��WVKNK\GU�CFXCPEGF�UGSWGPEKPI�
VGEJPQNQIKGU�NKMG�YJQNG�IGPQOG�UGSWGPEKPI�VQ�CPCN[\G�VJG�GPVKTG�IGPQOG��QHHGTKPI�C�OQTG�KP�
FGRVJ�WPFGTUVCPFKPI�QH�IGPGVKE�XCTKCVKQP��KPENWFKPI�DQVJ�PGWVTCN�CPF�CFCRVKXG�VTCKVU��6JKU�DTQCFGT�
CRRTQCEJ�CNNQYU�HQT�DGVVGT�KPUKIJVU�KPVQ�JQY�URGEKGU�CFCRV�VQ�GPXKTQPOGPVCN�EJCPIGU�CPF�VJTGCVU�
NKMG�JCDKVCV�NQUU�QT�ENKOCVG�EJCPIG��OCMKPI�KV�C�RQYGTHWN�VQQN�HQT�NQPI�VGTO�EQPUGTXCVKQP�UVTCVGIKGU��
9JKNG�EQPUGTXCVKQP�IGPGVKEU�NC[U�VJG�HQWPFCVKQP��EQPUGTXCVKQP�IGPQOKEU�RTQXKFGU�C�OQTG�FGVCKNGF��
IGPQOG�YKFG�RGTURGEVKXG�VJCV�ECP�GPJCPEG�URGEKGU�OCPCIGOGPV�CPF�CFCRVCVKQP�GHHQTVU�

Box 1: Conservation genetics vs. conservation genomics

https://doi.org/10.5531/cbc.ncep.0123
https://doi.org/10.5531/cbc.ncep.0123
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#FFKVKQPCNN[��IGPGVKE�FKXGTUKV[�RNC[U�C�ETWEKCN�TQNG�KP�OCKPVCKPKPI�VJG�TGUKNKGPEG�QH�GEQU[UVGOU��
2QRWNCVKQPU�YKVJ�ITGCVGT�IGPGVKE�XCTKCVKQP�CTG�OQTG�NKMGN[�VQ�EQPVCKP�KPFKXKFWCNU�YKVJ�VTCKVU�VJCV�ECP�
YKVJUVCPF�GPXKTQPOGPVCN�UVTGUUGU��GPUWTKPI�VJG�UWTXKXCN�QH�URGEKGU�FWTKPI�CFXGTUG�EQPFKVKQPU��(QT�
KPUVCPEG��C�IGPGVKECNN[�FKXGTUG�RNCPV�RQRWNCVKQP�OC[�RTQFWEG�KPFKXKFWCNU�VJCV�ECP�UWTXKXG�FTQWIJV��
YJKNG�C�WPKHQTO�RQRWNCVKQP�OC[�PQV�JCXG�CP[�KPFKXKFWCNU�YKVJ�UWEJ�CFCRVKXG�VTCKVU��6JKU�TGUKNKGPEG�
EQPVTKDWVGU�VQ�VJG�UVCDKNKV[�CPF�HWPEVKQPKPI�QH�GEQU[UVGOU��DGPGƂVKPI�PQV�LWUV�VJG�URGEKGU�KPXQNXGF�DWV�
CNUQ�VJG�JWOCP�EQOOWPKVKGU�VJCV�FGRGPF�QP�VJGUG�GEQU[UVGOU�
HQT�TGUQWTEGU�CPF�UGTXKEGU�

1PEG�IGPGVKE�FKXGTUKV[�KU�GUVCDNKUJGF��VJGUG�GXQNWVKQPCT[�OGEJCPKUOU�KPVGTCEV�YKVJ�KV�KP�YC[U�VJCV�XCT[�
DCUGF�QP�VJG�RQRWNCVKQPoU�UK\G�CPF�EQPPGEVKXKV[��+VoU�KORQTVCPV�VQ�TGEQIPK\G�VJCV�VJGUG�OGEJCPKUOU�FQ�
PQV�QRGTCVG�KP�KUQNCVKQP��VJG[�CTG�KPƃWGPEGF�D[�FGOQITCRJKE�CPF�IGQITCRJKECN�HCEVQTU��(QT�GZCORNG��
KH�VYQ�RQRWNCVKQPU�QH�VJG�UCOG�URGEKGU�DGEQOG�RJ[UKECNN[�KUQNCVGF�HTQO�QPG�CPQVJGT��VJGKT�IGPG�
ƃQYtVJG�GZEJCPIG�QH�IGPGVKE�OCVGTKCN�VJTQWIJ�OCVKPItECP�DG�UKIPKƂECPVN[�TGFWEGF��6JKU�FGETGCUG�
KP�IGPG�ƃQY�ECP�NGCF�VQ�VJG�HTCIOGPVCVKQP�QH�VJG�URGEKGU�KPVQ�UOCNNGT��OQTG�KUQNCVGF�RQRWNCVKQPU��
YJGTG�VJG�GHHGEVU�QH�IGPGVKE�FTKHV�DGEQOG�RTQPQWPEGF��1XGT�VKOG��KH�VJGUG�KUQNCVGF�RQRWNCVKQPU�
TGOCKP�UGRCTCVG��VJG�TGUWNVCPV�NQUU�QH�IGPGVKE�FKXGTUKV[�KU�PQV�UQNGN[�FWG�VQ�FKOKPKUJGF�IGPG�ƃQY��KV�
KU�CNUQ�C�EQPUGSWGPEG�QH�IGPGVKE�FTKHV�CPF�QT�KPDTGGFKPI�FGRTGUUKQP�CEVKPI�OQTG�UVTQPIN[�QP�UOCNNGT�
RQRWNCVKQPU��%QPUGSWGPVN[��WPFGTUVCPFKPI�VJG�KPVGTRNC[�DGVYGGP�VJGUG�GXQNWVKQPCT[�OGEJCPKUOU�KU�
ETWEKCN�HQT�CUUGUUKPI�CPF�OCPCIKPI�IGPGVKE�FKXGTUKV[�KP�EQPUGTXCVKQP�GHHQTVU�

%QPUGTXCVKQP�IGPGVKEKUVU�WUG�C�XCTKGV[�QH�VQQNU�VQ�CUUGUU�VJG�IGPGVKE�FKXGTUKV[�CPF�JGCNVJ�QH�
RQRWNCVKQPU�QT�URGEKGU��$GHQTG�EQNNGEVKPI�UCORNGU�HQT�IGPGVKE�QT�IGPQOKE�CPCN[UKU��TGUGCTEJGTU�ƂTUV�
FGƂPG�VJG�RQRWNCVKQP�CPF�VJG�IGQITCRJKE�CTGC�QH�KPVGTGUV��HQEWUKPI�RTKOCTKN[�QP�URGEKGU�VJCV�CTG�
VJTGCVGPGF��XWNPGTCDNG��QT�GPFCPIGTGF��6JG[�OC[�VJGP�CPCN[\G�MPQYP�RJGPQV[RGU�YKVJKP�VJG�URGEKGU�
CPF�KFGPVKH[�VJG�URGEKGUo�ENQUGUV�NKXKPI�TGNCVKXGU�

9KVJ�VJGUG�HQWPFCVKQPCN�SWGUVKQPU�CPUYGTGF��TGUGCTEJGTU�ECP�FGXGNQR�J[RQVJGUGU�VJCV�TGSWKTG�
DKQOQNGEWNCT�FCVC��UWEJ�CU�IGPGVKE��IGPQOKE��VTCPUETKRVQOKE��QT�RTQVGQOKE�KPHQTOCVKQP��6JKU�FCVC�
KU�KPVGITCVGF�KPVQ�OQFGNU�CNQPI�YKVJ�RTGXKQWUN[�ICVJGTGF�RJGPQV[RKE�CPF�GEQNQIKECN�FCVC��6JGUG�
OQFGNU�ECP�RTQXKFG�KPUKIJVU�KPVQ�JQY�CFCRVCDNG�C�URGEKGU�QT�RQRWNCVKQP�OC[�DG�VQ�EJCPIKPI�
GPXKTQPOGPVCN�EQPFKVKQPU��UWEJ�CU�ENKOCVG�CPF�JCDKVCV�CNVGTCVKQPU��CPF�JGNR�RTGFKEV�HWVWTG�KORCEVU�QP�
VJG�URGEKGUo�XKCDKNKV[�QT�QP�URGEKƂE�GXQNWVKQPCTKN[�UKIPKƂECPV�WPKVU�

#�RKQPGGTKPI�UVWF[�D[�*KIWEJK�GV�CN��
������FGOQPUVTCVGF�VJG�HGCUKDKNKV[�QH�TGEQXGTKPI�CWVJGPVKE�&0#�
HTQO�FTKGF�OWUENG�VKUUWG�QDVCKPGF�HTQO�C�����[GCT�QNF�OQWPVGF�VCZKFGTO[�URGEKOGP�QH�C�SWCIIC�

Equus quagga quagga��(KIWTG�����6JG�SWCIIC��C�UWDURGEKGU�QH�VJG�#HTKECP�RNCKPU�\GDTC��YCU�JWPVGF�
VQ�GZVKPEVKQP�KP�VJG���VJ�EGPVWT[��6JKU�ITQWPFDTGCMKPI�UVWF[�RCXGF�VJG�YC[�HQT�TGUGCTEJGTU�VQ�QDVCKP�
&0#�HTQO�GZVKPEV�CPF�TCTG�URGEKGU�JQWUGF�KP�OWUGWO�EQNNGEVKQPU��5KPEG�VJGP��PWOGTQWU�UVWFKGU�JCXG�
KPEQTRQTCVGF�JKUVQTKECN�CPF�CPEKGPV�UCORNGU�KPVQ�IGPGVKE�CPCN[UGU��GPTKEJKPI�DQVJ�VJG�VGORQTCN�CPF�
IGQITCRJKECN�FKOGPUKQPU�QH�IGPGVKE�TGUGCTEJ�
/KVEJGNN���4CYNGPEG��������4CZYQTVJ[���5OKVJ��������

1PG�EQOOQP�CRRNKECVKQP�QH�OWUGQOKEU��CU�GZGORNKƂGF�D[�VJG�SWCIIC�UVWF[��KU�UGSWGPEKPI�&0#�
HTQO�GZVKPEV�URGEKGU��UWEJ�CU�VJG�KEQPKE�FQFQ�
Raphus cucullatus��5JCRKTQ�GV�CN����������VJG�6CUOCPKCP�
VKIGT�
Thylacinus cynocephalus��(GKIKP�GV�CN���������������/½TOQN�5½PEJG\�GV�CN����������VJG�YQQN[�
OCOOQVJ�
Mammuthus primigenius��XCP�FGT�8CNM�GV�CN����������CPF�VJG�DNWG�CPVGNQRG�
Hippotragus 
leucophaeus��2NCZVQP�GV�CN���������*GORGN�GV�CN����������6JGUG�UGSWGPEGU�JGNR�EQPƂTO�VJG�

Incorporating Historical and Ancient Samples in Conservation Genetics Studies
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VCZQPQOKE�KFGPVKV[�CPF�FGVGTOKPG�VJG�RJ[NQIGPGVKE�RNCEGOGPV�QH�INQDCNN[�QT�NQECNN[�GZVKPEV�URGEKGU�
QT�RQRWNCVKQPU��$GVVGT�RJ[NQIGPKGU�NGCF�VQ�OQTG�KPHQTOGF�CPF�CEEGRVGF�VCZQPQOKGU��VCZQPQOKE�
TGUQNWVKQP�KU�ETKVKECN�VQ�CEEWTCVGN[�UGV�URGEKGU�RTKQTKVKGU�HQT�EQPUGTXCVKQP�GHHQTVU�
/CEG���������9KVJ�
VJG�TGƂPGOGPV�QH�NCDQTCVQT[�RTQVQEQNU�VQ�KUQNCVG�GPFQIGPQWU�&0#�HTQO�RTGUGTXGF�URGEKOGPU��
OWUGQOKEU�JCU�GZRCPFGF�DG[QPF�CPCN[UGU�KPXQNXKPI�QPN[�QPG�QT�C�HGY�KPFKXKFWCNU��GPCDNKPI�
RQRWNCVKQP�NGXGN�UVWFKGU�

0CVWTCN�JKUVQT[�EQNNGEVKQPU�CNUQ�QHHGT�CP�CNVGTPCVKXG�VQ�FKUVWTDKPI�UGPUKVKXG�GEQU[UVGOU�CPF�UCORNKPI�
RTQVGEVGF�NKXG�QTICPKUOU��URGEKGU�KP�TGOQVG�QT�KPCEEGUUKDNG�TGIKQPU�
G�I���CTGCU�GZRGTKGPEKPI�EQPƃKEV�
QT�YCT���QT�DTQCFN[�FKUVTKDWVGF�VCZC�HQT�YJKEJ�EQNNGEVKQP�RGTOKVU�OC[�DG�FKHƂEWNV�VQ�QDVCKP�
G�I���$NCKT�GV�
CN���������+UNCO�GV�CN���������2GPPC�GV�CN����������$[�RTQXKFKPI�TGUGCTEJGTU�CEEGUU�VQ�UCORNGU�QH�URGEKGU�
CPF�RQRWNCVKQPU�VJCV�YQWNF�QVJGTYKUG�DG�EJCNNGPIKPI�CPF�GZRGPUKXG�VQ�EQNNGEV�KP�VJG�YKNF��OWUGQOKEU�
ECP�GZRCPF�VJG�IGQITCRJKECN�CPF�VCZQPQOKE�EQXGTCIG�QH�IGPGVKE�UVWFKGU��6JGUG�JKUVQTKECN�UCORNGU�
JCXG�DGGP�CRRNKGF�VQ�UVWF[�DKQIGQITCRJ[��FGNKOKV�URGEKGU�DQWPFCTKGU��ENCTKH[�URGEKGU�FKXGTUKV[��CPF�
EJCTCEVGTK\G�J[DTKF�\QPGU�
4CZYQTVJ[���5OKVJ���������9KVJ�VJG�INQDCN�CEEGNGTCVKQP�QH�JWOCP�KORCEVU�
QP�DKQFKXGTUKV[�CPF�JCDKVCV�NQUU�KP�TGEGPV�FGECFGU��CTIWCDN[��VJG�EQNNGEVKQP�QH�XQWEJGT�URGEKOGPU�HQT�
HWVWTG�TGUGCTEJ�KU�DGEQOKPI�KPETGCUKPIN[�KORQTVCPV�
4QEJC�GV�CN����������0CVWTCN�JKUVQT[�EQNNGEVKQPU�
CPF�OWUGQOKEU�ECP�QHHGT�OCP[�DGPGƂVU�VQ�EQPUGTXCVKQP��DWV�KV�KU�KORQTVCPV�VQ�EQPUKFGT�VJG�GVJKEU�CPF�
UQEKCN�JKUVQTKECN�EQPVGZV�QH�EQNNGEVKQPU�CPF�FCVC�FGTKXGF�HTQO�EQNNGEVKQPU�
$QZ����

6JG�VGORQTCN�KPHQTOCVKQP�GPEQFGF�KP�CPEKGPV�CPF�JKUVQTKECN�URGEKOGPU�CNNQYU�TGUGCTEJGTU�VQ�CFFTGUU�
C�DTQCFGT�TCPIG�QH�SWGUVKQPU��$[�EQODKPKPI�OQFGTP�CPF�OWUGWO�UCORNGU��KV�KU�RQUUKDNG�VQ�UVWF[�
VJG�F[PCOKEU�QH�IGPGVKE�FKXGTUKV[�QXGT�VKOG��9JKNG�JKUVQTKECN�URGEKOGPU�QHHGT�C�OQTG�NKOKVGF�VGORQTCN�
TGCEJ�EQORCTGF�VQ�CPEKGPV�URGEKOGPU�
JWPFTGFU�QH�[GCTU�XGTUWU�VJQWUCPFU�VQ�QXGT�C�OKNNKQP���
VJG�GZVGPUKXG�EQNNGEVKQP�QH�URGEKOGPU�COCUUGF�QXGT�VJG�NCUV�`����[GCTU�RTQXKFGU�CP�WPRCTCNNGNGF�
TGUQWTEG�HQT�UVWF[KPI�VJG�URCVKQVGORQTCN�TGEQTFU�QH�URGEKGU�CPF�RQRWNCVKQPU�INQDCNN[��URCPPKPI�
OWNVKRNG�IGPGTCVKQPU�
4CZYQTVJ[���5OKVJ���������$GECWUG�OCP[�JKUVQTKECN�UCORNGU�YGTG�EQNNGEVGF�

(KIWTG����#�OWUGWO�URGEKOGP�
QH�VJG�SWCIIC�
Equus 
quagga quagga��RTGRCTGF�
HQT�FKURNC[�CV�VJG�0CVWTCN�
5EKGPEG�/WUGWO�QH�$CODGTI�

)GTOCP[��CPF�NCVGT�UCORNGF�
HQT�IGPGVKE�CPCN[UKU��+OCIG�
ETGFKV��4GKPJQNF�/ÒNNGT�XKC�
9KMKOGFKC�%QOOQPU�%%�$;�
5#�����
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#FXCPEGU�KP�OWUGQOKEU�JQNF�ITGCV�RTQOKUG�VQ�VTCPUHQTO�TGUGCTEJ�CPF�RTCEVKEG�KP�DKQFKXGTUKV[�
EQPUGTXCVKQP��#V�VJG�UCOG�VKOG��VJG�KPETGCUKPI�WUG�QH�VJGUG�VGEJPQNQIKGU�CPF�FCVC�RTQXQMGU�MG[�
GVJKECN�SWGUVKQPU��UQOG�QH�YJKEJ�TGNCVG�VQ�IGPGTCN�GVJKECN�SWGUVKQPU�KP�UEKGPEG�CPF�KP��QOKEU��UWEJ�
CU�ENQPKPI�CPF�CTVKƂEKCN�KPVGNNKIGPEG��YJKNG�QVJGTU�TGNCVG�VQ�VJG�GVJKEU�QH�PCVWTCN�JKUVQT[�EQNNGEVKQPU�
VJGOUGNXGU��6JGTG�CTG�UGXGTCN�OGEJCPKUOU�UWEJ�CU�HQTOCN�NCYU��KPUVKVWVKQPCN�HTCOGYQTMU�CPF�
RQNKEKGU��CPF�LQWTPCN�TGXKGY�RTQEGFWTGU�VJCV�CTG�TGNGXCPV�VQ�CPF�VJCV�KPHQTO�GVJKECN�FGEKUKQPU�
OCFG�CTQWPF�VJG�EWTCVKQP�QH�CPF�TGUGCTEJ�CNNQYGF�QP�PCVWTCN�JKUVQT[�EQNNGEVKQPU��+ORQTVCPVN[��
VJG�GVJKEU�CPF�UVTCVGIKGU�IWKFKPI�VJG�EQNNGEVKQP�QH�DKQNQIKECN�URGEKOGPU�HQT�PCVWTCN�JKUVQT[�
OWUGWOU�JCXG�DGGP�TGPGYGF�CPF�WRFCVGF�CU�VJG�RWTRQUG�QH�OWUGWOU�JCU�GXQNXGF�
#TGPIQ�GV�
CN����������;GV��ETKVKEKUO�CPF�GVJKECN�FGDCVGU�EQPVKPWG�VQ�UWTTQWPF�DKQNQIKECN�URGEKOGP�EQNNGEVKQP�
HQT�UEKGPVKƂE�UVWFKGU��YKVJ�UQOG�ENCKOKPI�VJCV�EQNNGEVKQP�RNC[U�C�TQNG�KP�URGEKGU�GZVKPEVKQP�
/KPVGGT�
GV�CN����������CPF�QVJGTU�CTIWKPI�VJCV�VJG�RTCEVKEG�KU�PQ�NQPIGT�PGEGUUCT[�IKXGP�PGY�VGEJPQNQIKGU�

$[TPG���������%QNNGEVKQP�UVTCVGIKGU�CPF�KPUVKVWVKQPCN�RQNKEKGU�HQT�EQNNGEVKPI�FQ�CFJGTG�VQ�UVTKEV�
RGTOKVVKPI�CPF�GVJKECN�DQWPFCTKGU��HQT�GZCORNG�D[�CKOKPI�VQ�EQNNGEV�YGNN�DGNQY�NGXGNU�VJCV�YQWNF�
CHHGEV�FGOQITCRJ[�
%QNNCT��������9KPMGT�GV�CN���������+%1/��������4QEJC�GV�CN����������1VJGTU�
CTIWG�VJCV�RQNKEKGU�CPF�UVTCVGIKGU�HQT�EQNNGEVKPI�ECP�CPF�UJQWNF�DG�ITQWPFGF�KP�RCTVPGTUJKRU�CPF�
CITGGOGPVU�YKVJ�+PFKIGPQWU�IWCTFKCPU�CPF�QVJGT�NQECN�TGUQWTEG�UVGYCTFU�VQYCTFU�EQ�UVGYCTFUJKR�
QH�DKQFKXGTUKV[�CPF�GPXKTQPOGPVCN�UWUVCKPCDKNKV[�
G�I���$NCKT���������

6JWU��EQPUGTXCVKQP�OWUGQOKEU��GURGEKCNN[�CU�KV�GZRCPFU�CPF�KPVGTCEVU�YKVJ�C�TCPIG�QH�FKUEKRNKPGU�
KPENWFKPI�+PFKIGPQWU�UEKGPEG��CPVJTQRQNQI[��CTEJCGQNQI[��GPXKTQPOGPVCN�JWOCPKVKGU��CPF�OWUGWO�
UVWFKGU�
$NCKT���������ECP�DGPGƂV�HTQO�DTQCFGT�FKUEWUUKQPU�CDQWV�FCVC�GVJKEU�KP�OCP[�ƂGNFU�TCPIKPI�
HTQO�TGOQVG�UGPUKPI�
G�I���;QTM�GV�CN���������VQ�+PFKIGPQWU�FCVC�UQXGTGKIPV[��(QT�GZCORNG��YJKNG�VJG�
KPEQTRQTCVKQP�QH�EWNVWTCN�VTGCUWTGU�KP�OWUGQOKEU�KU�NKMGN[�VQ�CFXCPEG�VJG�EQPUGTXCVKQP�TGNGXCPEG�QH�
VJG�ƂGNF��GURGEKCNN[�TGICTFKPI�GZRNQTCVKQPU�QH�JWOCP�TGNCVKQPUJKRU�YKVJ�PCVWTG�CPF�DKQFKXGTUKV[��UWEJ�
YQTM�OWUV�RTKXKNGIG�VJG�TKIJVU�CPF�YKUJGU�QH�+PFKIGPQWU�2GQRNGU�CPF�FGUEGPFCPV�EQOOWPKVKGU�VQ�
FGVGTOKPG�JQY�VJGKT�EWNVWTCN�OCVGTKCN�CPF�MPQYNGFIG�CTG�WUGF�
-TGRU��������5KORUQP���������(WTVJGT��
EQPUGTXCVKQP�OWUGQOKEU�UJQWNF�EQPUKFGT�YJGVJGT�FCVC�FGTKXGF�HTQO�URGEKOGPU�RTGXKQWUN[�EQNNGEVGF�
HTQO�+PFKIGPQWU�NCPFU�UJQWNF�DG�OCPCIGF�KP�EQNNCDQTCVKQP�YKVJ�FGUEGPFCPV�EQOOWPKVKGU�HQNNQYKPI�
VJG�%#4'�RTKPEKRNGU�HQT�+PFKIGPQWU�&CVC�)QXGTPCPEG�
%CTTQNN�GV�CN����������������(QNNQYKPI�VJGUG�
RTKPEKRNGU��+PFKIGPQWU�MPQYNGFIG�JQNFGTU�OWUV�DG�CEVKXGN[�KPXQNXGF�KP�CP[�CFFKVKQPCN�EQNNGEVKQP��CU�
YGNN�CU�KP�VJG�UVGYCTFUJKR�CPF�IQXGTPCPEG�QH�FCVC�VQ�GPUWTG�GVJKECN�TGWUG�QH�FCVC�KP�URGEKƂE�FGƂPGF�
YC[U��6JG�RTQEGUUGU�QWVNKPGF�KP�VJG�%#4'�RTKPEKRNGU�CKO�VQ�GPUWTG�VJCV�+PFKIGPQWU�GVJKEU�KPHQTO�
CEEGUU�VQ�FCVC�KP�C�YC[�VJCV�OKPKOK\GU�JCTO��OCZKOK\GU�DGPGƂVU��CPF�CNNQYU�HQT�HWVWTG�WUG�VJCV�
RTQOQVGU�VJG�YGNN�DGKPI�QH�VJG�FGUEGPFCPV�EQOOWPKV[�

Box 2: Museomics and ethics

YJGP�JCDKVCV�EQXGTCIG�YCU�UKIPKƂECPVN[�FKHHGTGPV��OWUGQOKEU�ECP�TGXGCN�VJG�KORCEV�QH�ENKOCVKE�GXGPVU��
GPXKTQPOGPVCN�EJCPIGU��QT�JWOCP�CEVKXKVKGU��6JKU�ETQUU�IGPGTCVKQPCN�CPCN[UKU�ECP�JGNR�FKUGPVCPING�
EQPVGORQTCT[�FGENKPGU�KP�IGPGVKE�XCTKCVKQP�HTQO�JKUVQTKECNN[�NQY�XCNWGU�FTKXGP�D[�CPEKGPV�RQRWNCVKQP�
ETCUJGU��URGEKGU�URGEKƂE�VTCKVU��CPF�FGOQITCRJKE�F[PCOKEU�
5EJOKF��������,GPUGP�GV�CN���������$TCUKN�
GV�CN����������6QIGVJGT��VJG�CFXCPVCIGU�QH�RQRWNCVKQP�NGXGN�CPF�ETQUU�IGPGTCVKQPCN�CPCN[UKU�CNNQY�HQT�C�
OQTG�CEEWTCVG�EJCTCEVGTK\CVKQP�QH�EJCPIGU�KP�JKUVQTKECN�RQRWNCVKQP�UK\G��FKUVTKDWVKQP��EQPPGEVKXKV[��CPF�
TGNCVKQPUJKRU��YJKEJ�CTG�ETWEKCN�HQT�FGXGNQRKPI�EQPUGTXCVKQP�CPF�OCPCIGOGPV�RNCPU�
.GQPCTF���������
)GPGVKE�FCVC�QDVCKPGF�HTQO�OWUGWO�URGEKOGPU�ECP�CNUQ�RQVGPVKCNN[�JGNR�UVWF[�QVJGT�DKQNQIKECN�
RJGPQOGPC��UWEJ�CU�DKQNQIKECN�KPXCUKQPU�CPF�URGEKGU�KPVGTCEVKQPU�VJCV�GZVGPF�DG[QPF�VJG�QTICPKUOUo�
&0#��HQT�KPUVCPEG��IKXKPI�KPUKIJVU�KPVQ�OKETQDKQOGU��FKGVU��FKUGCUGU��CPF�RCTCUKVGU�



114 SYNTHESIS

LESSONS IN CONSERVATION VOLUME 14 APRIL 2025

#EEQTFKPI�VQ�C������TGRQTV�D[�VJG�0CVKQPCN�#ECFGOKGU�QH�5EKGPEGU��'PIKPGGTKPI��CPF�/GFKEKPG��PCVWTCN�
JKUVQT[�OWUGWOU�KP�VJG�75�CNQPG�JQWUG�DGVYGGP�����OKNNKQP�VQ���DKNNKQP�URGEKOGPU�
0CVKQPCN�#ECFGOKGU�
QH�5EKGPEGU��'PIKPGGTKPI��CPF�/GFKEKPG���������6JGUG�URGEKOGPU�CTG�QTICPK\GF�KPVQ�FGFKECVGF�EQNNGEVKQPU�
DCUGF�QP�OCLQT�DKQNQIKECN�CPF�VCZQPQOKE�ITQWRU��(QT�GZCORNG��XGTVGDTCVG�\QQNQI[�EQNNGEVKQPU�KPENWFG�
ƂUJGU��CORJKDKCPU��TGRVKNGU��DKTFU��CPF�OCOOCNU��KPXGTVGDTCVG�\QQNQI[�EQNNGEVKQPU�GPEQORCUU�KPUGEVU�CPF�
TGNCVGF�ITQWRU�
G�I���URKFGTU�CPF�ETCDU���UQHV�DQFKGF�CPKOCNU�
G�I���UPCKNU�CPF�YQTOU���CPF�XCTKQWU�OCTKPG�
QTICPKUOU�
G�I���EQTCN�CPF�UVCTƂUJ���CPF�JGTDCTKC�EQPVCKP�EQNNGEVKQPU�QH�RNCPVU��CNICG��CPF�HWPIK��5RGEKOGPU�
CTG�EQNNGEVGF�HTQO�VJG�ƂGNF��RTGRCTGF��RTGUGTXGF��UVQTGF��CPF�UCORNGF�KP�XCTKQWU�YC[U�HQT�IGPGVKE�UVWFKGU�

+P�VJG�ƂGNF��TGUGCTEJGTU�EQNNGEV�DNQQF�CPF�QT�VKUUWG�HTQO�XCTKQWU�DQF[�RCTVU�
OWUENG��URNGGP��NKXGT��
GCT�ENKR���FGRGPFKPI�QP�VJG�UVWF[�SWGUVKQP�CPF�QTICPKUO��6Q�EQNNGEV�DNQQF�QT�VKUUWG�UCORNGU�HTQO�
YKNF�URGEKOGPU��TGUGCTEJGTU�QHVGP�WUG�KPXCUKXG�UCORNKPI�RTQEGFWTGU��UWEJ�CU�U[TKPIGU�HQT�DNQQF�QT�
UEKUUQTU�HQT�KPVGTPCN�QTICPU�
OWUENG��NKXGT��QT�URNGGP��CPF�GZVGTPCN�UVTWEVWTGU�
GCT��VQG��PCKN���6JG�KPXCUKXG�
UCORNKPI�QH�KPVGTPCN�QTICPU�KU�UVTKEVN[�TGIWNCVGF�CPF�TGSWKTGU�JWOCPG�GWVJCPCUKC��QHVGP�TGSWKTKPI�RTKQT�
CRRTQXCN�HTQO�VJG�+PUVKVWVKQPCN�#PKOCN�%CTG�CPF�7UG�%QOOKVVGG�
+#%7%���YJKNG�VJG�UCORNKPI�QH�GZVGTPCN�
UVTWEVWTGU�ECP�QHVGP�DG�FQPG�YKVJQWV�GWVJCPCUKC��#NVGTPCVKXGN[��TGUGCTEJGTU�ECP�PQPKPXCUKXGN[�UCORNG�
DKQNQIKECN�OCVGTKCN�NGHV�DGJKPF�D[�CPKOCNU�KP�VJG�YKNF��UWEJ�CU�UJGF�JCKT�QT�HGCVJGTU��GIIUJGNNU��CPF�UECV�

+PENWFKPI�PQPKPXCUKXG�UCORNKPI�HQT�HWTVJGT�IGPGVKE�CPCN[UKU�ECP�JGNR�CXQKF�WPPGEGUUCT[�FGUVTWEVKXG�
UCORNKPI�QH�VKUUWG�HTQO�NKOKVGF�URGEKOGPU�CPF�TGFWEG�VJG�DWTGCWETCVKE�DWTFGP�
G�I���CRRTQXCN�QH�
KPXCUKXG�UCORNKPI�RGTOKVU��CPF�QVJGT�QRGTCVKQPCN�EQUVU�CUUQEKCVGF�YKVJ�UCORNKPI�
G�I���UGVVKPI�WR�
OWNVKRNG�VTCRU���*QYGXGT��KUQNCVKPI�&0#�HTQO�PQPKPXCUKXG�UCORNGU�ECP�DG�EJCNNGPIKPI�FWG�VQ�JKIJ�
NGXGNU�QH�&0#�FCOCIG��NQYGT�COQWPVU�QH�&0#��VJG�RQVGPVKCN�RTGUGPEG�QH�&0#�HTQO�QVJGT�QTICPKUOU�

UWEJ�CU�GPXKTQPOGPVCN�OKETQQTICPKUOU�QT�OKETQDKQVC���QT�VJG�CDUGPEG�QH�IGPQOKE�UGSWGPEGU�
KP�TGHGTGPEG�FCVCDCUGU��UWEJ�CU�)GP$CPM�
.QECVGNNK�GV�CN����������6Q�OKPKOK\G�VJGUG�EJCNNGPIGU��
PQPKPXCUKXG�UCORNGU�UJQWNF�DG�EQNNGEVGF�CU�HTGUJ�CU�RQUUKDNG��CPF�URGEKƂE�NCDQTCVQT[�RTQEGFWTGU�HQT�
&0#�GZVTCEVKQP�UJQWNF�DG�WUGF�

1PEG�HTGUJ�VKUUWG�UCORNGU�CTG�EQNNGEVGF�KP�VJG�ƂGNF��VJG[�OWUV�DG�RTGUGTXGF�CPF�UVQTGF�KPFKXKFWCNN[��
0QPKPXCUKXG�UCORNGU��UWEJ�CU�JCKT��HGCVJGTU��QT�PCKNU��ECP�DG�MGRV�FT[�CV�TQQO�VGORGTCVWTG�QT�RTGUGTXGF�
KP�UKNKEC�FGUKEECPV�KH�VJG[�EQPVCKP�OQKUVWTG�
G�I���UECV���(TGUJ�VKUUWG��JQYGXGT��KU�WUWCNN[�RTGUGTXGF�KP�NKSWKF�
OGFKC�CPF�MGRV�EQNF��6JGUG�UCORNGU�CTG�QHVGP�UVQTGF�KP�GVJCPQN�QT�CPQVJGT�DWHHGT�
G�I���40#�NCVGT��
&0#�40#�5JKGNF��CPF�MGRV�CV���%��QT�GXGP�����%��YJGP�RQUUKDNG��+H�VJG�UVWF[�TGSWKTGU�VJG�RTGUGTXCVKQP�
QH�JKIJ�OQNGEWNCT�YGKIJV�&0#��KV�KU�IGPGTCNN[�CTIWGF�HTGUJ�UCORNGU�UJQWNF�DG�ƃCUJ�HTQ\GP�KOOGFKCVGN[�
CHVGT�EQNNGEVKQP�CPF�RTQEGUUGF�HQT�&0#�GZVTCEVKQP�CPF�UGSWGPEKPI�CU�UQQP�CU�RQUUKDNG�
9QPI�GV�CN���
������&CJP�GV�CN����������*QYGXGT��ƃCUJ�HTGG\KPI�KP�VJG�ƂGNF�ECP�RTGUGPV�NQIKUVKECN�EJCNNGPIGU��GURGEKCNN[�
KP�TGOQVG�NQECVKQPU��CPF�ECP�RQVGPVKCNN[�NGCF�VQ�&0#�FGITCFCVKQP��YJGTG�RWVVKPI�KPVQ�GVJCPQN�QT�QVJGT�
DWHHGTU�OC[�DG�DGVVGT�
5CNKU�GV�CN����������GURGEKCNN[�KH�VKUUWGU�UCORNGU�CTG�VQ�DG�WUGF�HQT�OWNVKRNG�RTQLGEVU�
CPF�UVQTGF�HQT�HWVWTG�WUG�
HQT�GZCORNG�CTEJKXGF�KPVQ�C�pET[Q�EQNNGEVKQPq��

/CP[�OWUGWOU�CNUQ�OCKPVCKP�pET[Q�EQNNGEVKQPUq�HQT�VJG�NQPI�VGTO�RTGUGTXCVKQP�QH�HTQ\GP�VKUUWG�UCORNGU�
EQNNGEVGF�FWTKPI�OQFGTP�GZRGFKVKQPU��GPCDNKPI�VJG�UWDUCORNKPI�QH�VJGUG�VKUUWG�UCORNGU�KP�UWDUGSWGPV�
IGPGVKE�TGUGCTEJ�
4CFKP���������+P�VJKU�ECUG��HTGUJ�VKUUWG�UCORNGU�CTG�VTCPUHGTTGF�VQ�����%�HTGG\GTU�QT�
NKSWKF�PKVTQIGP�XCRQT�HTGG\GTU�
(KIWTG�����5VQTKPI�&0#�CV�UWEJ�C�NQY�VGORGTCVWTG�CPF�OKPKOK\KPI�VJG�

From the Field to the “Shelf”
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PWODGT�QH�VJCYKPI�E[ENGU�JGNRU�UNQY�FQYP�QT�JCNV�PWENGKE�CEKF�FGITCFCVKQP��6JGUG�DGUV�RTCEVKEGU�
OKPKOK\G�VJG�EJCPEGU�QH�FGITCFKPI�&0#�CPF�QVJGT�DKQOQNGEWNGU�HQT�HWVWTG�WUG��#NVJQWIJ�UQOG�VKUUWG�
UCORNGU�UVQTGF�KP�ET[Q�EQNNGEVKQPU�YGTG�ƂTUV�RTGUGTXGF�KP�VJG�GCTN[�[GCTU�QH�IGPGVKE�TGUGCTEJ��VJG[�GZJKDKV�
OKPKOCN�&0#�FCOCIG�CPF�ECP�UVKNN�DG�EQPUKFGTGF�pOQFGTP�&0#q�
4CZYQTVJ[���5OKVJ��������

(KIWTG����.KSWKF�
PKVTQIGP�XCRQT�HTGG\GTU�
WUGF�HQT�NQPI�VGTO�
UVQTCIG�QH�DKQNQIKECN�
UCORNGU��
#��5JQYU�VJG�
VCPMU�HTQO�VJG�QWVUKFG��
CPF�
$��UJQYU�VJG�
KPVGTKQT�QH�C�VCPM�ƂNNGF�
YKVJ����XGTVKECN�UVCKPNGUU�
UVGGN�HTGG\GT�TCEMU�VJCV�
GCEJ�ƂV���DQZGU�QH����
UCORNGU��+OCIG�ETGFKV��
#PPC�2GPPC�

6JG�OGVJQF�QH�RTGRCTCVKQP�WUGF�HQT�NQPI�VGTO�RTGUGTXCVKQP�QH�XQWEJGT�URGEKOGPU�XCTKGU�FGRGPFKPI�
QP�VJG�QTICPKUO��VKUUWG�EQORQUKVKQP��CPF�VJG�V[RG�QH�KPHQTOCVKQP�TGUGCTEJGTU�EQOOQPN[�UGGM�HTQO�
VJGUG�URGEKOGPU�
4CZYQTVJ[���5OKVJ���������(QT�KPUVCPEG��VJG�EQNQT�CPF�OQTRJQNQI[�QH�DKTF�HGCVJGTU�
CPF�OCOOCN�JCKT�CTG�ETWEKCN�HQT�URGEKGU�KFGPVKƂECVKQP��6JGTGHQTG��DKTF�CPF�OCOOCN�URGEKOGPU�CTG�
VTCFKVKQPCNN[�RTGUGTXGF�CU�FTKGF�UMKPU�WUKPI�C�EQODKPCVKQP�QH�UCNVU�CPF�EQTPUVCTEJ��+PUGEVU��YJKEJ�JCXG�
C�JCTF�GZQUMGNGVQP�OCFG�QH�EJKVKP��WUWCNN[�OCKPVCKP�VJGKT�QTKIKPCN�UJCRG�CPF�CRRGCTCPEG�QPEG�FTKGF��
*QYGXGT��DGECWUG�VJGUG�UOCNN�ETGCVWTGU�ECP�DG�HTCIKNG�VQ�VJG�VQWEJ��VJG[�CTG�QHVGP�RTGUGTXGF�WUKPI�
RKPU�KPUKFG�ECTFDQCTF�DQZGU�

#SWCVKE�CPKOCNU��UWEJ�CU�OCTKPG�XGTVGDTCVGU�CPF�KPXGTVGDTCVGU��VGPF�VQ�DGEQOG�VQQ�FKUVQTVGF�KH�FTKGF��
UQ�VJG[�CTG�V[RKECNN[�RTGUGTXGF�KP�ƃWKF�KPUKFG�INCUU�LCTU��(NWKF�RTGUGTXGF�URGEKOGPU�CTG�CNUQ�EQOOQP�
KP�JGTRGVQNQIKECN�EQNNGEVKQPU�
CORJKDKCPU�CPF�TGRVKNGU��DGECWUG�VJGUG�CPKOCNU�JCXG�XGT[�VJKP�UMKPU�
VJCV�NQUG�VJGKT�IGPGTCN�CRRGCTCPEG�YJGP�FTKGF��*KUVQTKECNN[��ƃWKF�RTGRCTCVKQPU�KPXQNXGF�CP�KPKVKCN�UVGR�
QH�ƂZKPI�VKUUWGU�YKVJ�HQTOCNKP�VQ�UNQY�FQYP�FGEQORQUKVKQP��HQNNQYGF�D[�VTCPUHGT�VQ�GVJCPQN��/QTG�
TGEGPVN[��TGUGCTEJGTU�JCXG�UVCTVGF�RTGUGTXKPI�URGEKOGPU�KP�GVJCPQN�QPN[��TCVJGT�VJCP�HQTOCNKP��CNVJQWIJ�
VJKU�RTCEVKEG�XCTKGU�UKIPKƂECPVN[�HTQO�EQWPVT[�VQ�EQWPVT[�
*CJP�GV�CN����������(QT�OQTG�FGVCKNU�QP�VJG�
GZVGPUKXG�XCTKGV[�QH�EJGOKECN�EQORQWPFU�GORNQ[GF�D[�FKHHGTGPV�KPUVKVWVKQPU�CETQUU�XCTKQWU�VCZC�QXGT�
VJG�NCUV�EGPVWTKGU��[QW�ECP�TGHGT�VQ�5KOOQPU�
������EQORTGJGPUKXG�ECVCNQI�

6CDNG���UWOOCTK\GU�VJG�OQUV�EQOOQP�UQWTEGU�QH�&0#�HQT�OWUGWO�URGEKOGPU�QH�FKHHGTGPV�V[RGU�QH�
QTICPKUOU��CPF�(KIWTG���KNNWUVTCVGU�UQOG�QH�VJG�FKHHGTGPV�URGEKOGP�RTGUGTXCVKQP�OGVJQFU�

*ÀiÃiÀÛ>Ì�����v�6�ÕV�iÀ�-«iV��i�Ã
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Taxonomic group Preparation type used as a source of tissue 
/COOCNU��DKTFU &TKGF�UMKP��DQPG��VGGVJ��QUVGQETWUVU�
FTKGF�VKUUWG�CVVCEJGF�VQ�DQPG��

UWEJ�CU�OWUENG�QT�DTCKP���QEECUKQPCNN[�ƃWKF�RTGUGTXGF�URGEKOGPU�

WUWCNN[�UVQTGF�KP�GVJCPQN������ECP�EQPVCKP�HQTOCNKP��

(KUJGU��CORJKDKCPU��TGRVKNGU (NWKF�RTGUGTXGF�URGEKOGP�
WUWCNN[�UVQTGF�KP�GVJCPQN������ECP�EQPVCKP�
HQTOCNKP���DQPG�

5QOG�KPXGTVGDTCVGU�
G�I���
OQNNWUMU��CTCEJPKFU�

(NWKF�RTGUGTXGF�URGEKOGP�
WUWCNN[�UVQTGF�KP�GVJCPQN������ECP�EQPVCKP�
HQTOCNKP��

+PUGEVU��RNCPVU��CNICG��HWPIK &TKGF�URGEKOGP��RTGUUGF�KP�RCRGT��QT�RKPPGF�

6CDNG����5WOOCT[�QH�OCLQT�V[RGU�QH�XQWEJGT�URGEKOGP�RTGUGTXCVKQP�HQT�FKHHGTGPV�VCZQPQOKE�ITQWRU�VJCV�ECP�DG�WUGF�CU�C�
UQWTEG�QH�DKQNQIKECN�VKUUWG�HQT�IGPGVKE�CPCN[UKU�

4QWVKPGN[�QDVCKPKPI�&0#�HTQO�JKUVQTKECN�CPF�CPEKGPV�UQWTEGU�JCU�DGEQOG�RQUUKDNG�KP�VJG�NCUV�HGY�FGECFGU�
VJCPMU�VQ�TGEGPV�CFXCPEGU�KP�NCDQTCVQT[�RTQVQEQNU�HQT�&0#�GZVTCEVKQP�CPF�NKDTCT[�RTGRCTCVKQP�
FGUETKDGF�
KP�OQTG�FGVCKN�KP�VJG�UGEVKQPU�DGNQY��CPF�VJG�CFXGPV�QH�PGZV�IGPGTCVKQP�UGSWGPEKPI�
%JGP���0GFQNW\JMQ��
�������6JGUG�RTQVQEQN�OQFKƂECVKQPU�CKO�VQ�QXGTEQOG�VJG�EJCNNGPIGU�QH�FGCNKPI�YKVJ�VJG�FKHHGTGPEGU�KP�UK\G�
CPF�UVTWEVWTCN�EQORQUKVKQP�QH�VJGUG�&0#�OQNGEWNGU�FWG�VQ�VJG�CEEWOWNCVKQP�QH�FCOCIG��

&0#�TGRNKECVKQP�KU�CV�VJG�EQTG�QH�VJG�OQUV�EQOOQPN[�WUGF�UGSWGPEKPI�VGEJPQNQIKGU��&WTKPI�
TGRNKECVKQP��C�FQWDNG�UVTCPFGF�&0#�OQNGEWNG�KU�EQRKGF�VQ�RTQFWEG�VYQ�KFGPVKECN�OQNGEWNGU��&0#�
RQN[OGTCUGU�
C�ITQWR�QH�GP\[OGU�VJCV�ECVCN[\G�&0#�U[PVJGUKU�FWTKPI�TGRNKECVKQP��ECP�FWRNKECVG�VJG�
UGSWGPEG�QH�PWENGQVKFGU�HQWPF�KP�&0#�OQNGEWNGU�D[�CFFKPI�PWENGQVKFGU�CV�VJG��o�1*�ITQWR�QH�
CPQVJGT�PWENGQVKFG��VJWU�GZVGPFKPI�VJG�&0#�UVTCPF�DGKPI�EQRKGF��5Q��KH�VJG�QTKIKPCN�&0#�OQNGEWNGU�
RTGUGPV�UQOG�V[RG�QH�UVTWEVWTCN�QT�EQORQUKVKQPCN�FCOCIG��VJG�&0#�RQN[OGTCUG�YKNN�PQV�DG�CDNG�
VQ�RTQRGTN[�CVVCEJ�VQ�VJG�&0#�OQNGEWNG�QT�GZVGPF�VJG�PWENGQVKFG�UGSWGPEG��6JGTGHQTG��VQ�DGVVGT�
WPFGTUVCPF�VJG�TCVKQPCNG�DGJKPF�VJG�EJQKEG�QH�NCDQTCVQT[�RTQVQEQNU�VJCV�UJQWNF�DGUV�UWKV�VJG�V[RG�QH�
OWUGWO�URGEKOGP�CXCKNCDNG�HQT�VJG�RTQLGEV��VJG�TGUGCTEJGT�OWUV�ƂTUV�EQPUKFGT�VJG�EQPUGSWGPEGU�QH�
VJGUG�FCOCIGU�VQ�&0#�U[PVJGUKU�

6JG�&0#�OQNGEWNGU�KPUKFG�NKXKPI�QTICPKUOUo�EGNNU�UWHHGT�FCOCIG�VJCV�KU�TGRCKTGF�D[�KPVTKECVG�EGNN�
OCEJKPGT[��#HVGT�FGCVJ��VJGUG�EGNNWNCT�TGRCKT�OGEJCPKUOU�UVQR�HWPEVKQPKPI�CPF�VJG�&0#�OQNGEWNGU�
CTG�GZRQUGF�VQ�PWOGTQWU�HCEVQTU�VJCV�VJTGCVGP�KVU�UVCDKNKV[��6JGUG�KPENWFG�FKIGUVKQP�D[�KPVTCEGNNWNCT�
PWENGCUGU�CPF�OKETQQTICPKUOU��QZKFCVKXG�CPF�J[FTQN[VKE�FCOCIG�VJCV�TGUWNVU�KP�&0#�UJGCTKPI 

VJCV�ECP�TGUWNV�KP�JQY�C�PWENGQVKFG�DCUG�KU�ECNNGF�D[�C�UGSWGPEKPI�OCEJKPG���CU�YGNN�CU�CVVCEJOGPV�
VQ�RTQVGKPU�CPF�QVJGT�&0#�OQNGEWNGU�
ETQUUNKPM���%QPUGSWGPVN[��&0#�DTGCMCIGU�CPF�FCOCIGU�
CEEWOWNCVG�QXGT�VKOG��CV�TCVGU�VJCV�ECP�XCT[�FGRGPFKPI�QP�VJG�RTGUGTXCVKQP�OGVJQF��6JCV�KU�YJ[�
TGUGCTEJGTU�WUWCNN[�UGRCTCVG�PQP�OQFGTP�UCORNGU�KPVQ�VYQ�ECVGIQTKGU�
K�G���JKUVQTKECN�CPF�CPEKGPV���
CPF�FKHHGTGPVKCVG�CTEJKXCN�HTQO�PCVWTCNN[�RTGUGTXGF�&0#�

&0#�FCOCIG�ECP�DG�FKXKFGF�KPVQ�VJTGG�OCKP�ECVGIQTKGU�
(KIWTG�����
���(TCIOGPVCVKQP��NGUKQPU�VJCV�
NGCF�VQ�C�UJQTVGPKPI�QT�pHTCIOGPVCVKQPq�QH�VJG�&0#�OQNGEWNG��
���$NQEMKPI�.GUKQPU��NGUKQPU�VJCV�
RTGXGPV�VJG�TGRNKECVKQP�QH�VJG�&0#�OQNGEWNG�D[�DNQEMKPI�VJG�CEVKQP�QH�VJG�RQN[OGTCUGU��CPF�
���
/KUEQFKPI�.GUKQPU��NGUKQPU�VJCV�TGUWNV�KP�VJG�KPEQTTGEV�KPEQTRQTCVKQP�QH�PWENGQVKFGU�FWTKPI�&0#�

� æ��>�>}i
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A

D

B

E

C

F

(KIWTG����5QOG�GZCORNGU�QH�URGEKOGP�RTGRCTCVKQPU�QHVGP�HQWPF�KP�PCVWTCN�JKUVQT[�EQNNGEVKQPU��
#��$KTFU�CPF�OCOOCN�
URGEKOGPU�CTG�WUWCNN[�RTGRCTGF�CU�FT[�UVWF[�UMKPU��
$��2NCPV�CPF�CNICG�URGEKOGPU�CTG�FTKGF�CPF�RTGUUGF�QP�RCRGT��
%��
+PUGEVU�CTG�QHVGP�RTGUGTXGF�CU�RKPPGF�FTKGF�URGEKOGPU��
&��$CVU��CSWCVKE�QTICPKUOU�
G�I���ƂUJ��CORJKDKCPU��OQNNWUMU���CPF�
TGRVKNGU�
G�I���UPCMGU��NK\CTFU��CTG�EQOOQPN[�RTGUGTXGF�KP�URKTKVU�
G�I���GVJCPQN���5RGEKOGPU�YKVJ�CNN�KPVGTPCN�QTICPU�
G�I���HQT�
CPCVQOKECN�UVWFKGU��CTG�CNUQ�RTGUGTXGF�KP�URKTKVU��5OCNN�UK\GF�URGEKOGPU�CTG�OQUV�QHVGP�UVQTGF�KP�INCUU�LCTU��YJGTGCU�NCTIG�
DQFKGF�URGEKOGPU�CTG�UVQTGF�KP�NCTIG�CNWOKPWO�ECUGU��
'��$QPGU�CTG�C�EQOOQP�ƂPF�KP�CTEJCGQNQIKECN�EQNNGEVKQPU�CPF�ECP�
DG�C�ITGCV�UQWTEG�QH�&0#��
(��'VJPQITCRJKE�EQNNGEVKQPU�QHVGP�JCXG�OCVGTKCN�QDLGEVU�OCFG�QH�CPKOCN�CPF�RNCPV�RCTVU��UWEJ�
CU�VJKU�YCVGTRTQQH�RCTMC�OCFG�QH�UGC�NKQP�KPVGUVKPGU�D[�VJG�#NGWVU�HTQO�VJG�0QTVJ�2CEKƂE�KP�VJG�GCTN[�����U��+OCIG�ETGFKV��

#��p5WOOGT�6CPCIGT�
Piranga rubra rubra���+PFKCPC��75#������q�XKC�5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�
*KUVQT[�&KXKUKQP�QH�$KTFU��
$��p2QREQTP�1TEJKFq�XKC�5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�*KUVQT[��
%��p#HTKECP�
GNGRJCPV�FWPI�DGGVNG��/RCNC��-GP[C������q�XKC�5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�*KUVQT[�&GRCTVOGPV�
QH�'PVQOQNQI[��
&��p/CTKPG�URGEKOGPU�KP�C�LCTq�XKC�5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�*KUVQT[�&KXKUKQP�QH�
(KUJGU��
'��p7PKFGPVKƂGF�CUUGODNCIG�QH�DQPGU�EQNNGEVGF�KP�CP�CTEJCGQNQIKECN�UKVG�KP�VJG�&QOKPKECP�4GRWDNKE�KP�����q�XKC�
5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�*KUVQT[�&GRCTVOGPV�QH�#PVJTQRQNQI[��
(��p9CVGTRTQQH�RCTMC�OCFG�QH�
VJG�RGTKVQPGCN�EQCV�QH�VJG�KPVGUVKPGU�QH�UGC�NKQPU��#NGWVU�HTQO�VJG�2CEKƂE�0QTVJYGUVGTP�%QCUV��75#��CESWKTGF�KP�����s����q�
XKC�5OKVJUQPKCP�+PUVKVWVKQP�0CVKQPCN�/WUGWO�QH�0CVWTCN�*KUVQT[�&GRCTVOGPV�QH�#PVJTQRQNQI[�

TGRNKECVKQP��YJKEJ�CTG�ECNNGF�pOKUUGPUGq�PWENGQVKFGU��%QORCTGF�VQ�VJG�&0#�RTGUGPV�KPUKFG�VJG�
EGNNU�QH�NKXKPI�QTICPKUOU��VJG�&0#�QH�RTGUGTXGF�URGEKOGPU�KU�QHVGP�UJGCTGF�KPVQ�UOCNNGT�HTCIOGPVU��
E[VQUKPG�DCUGU�CTG�FGCOKPCVGF�VQ�WTCEKN�DCUGU�VJCV�QEEWT�HTGSWGPVN[�CV�VJG�GPF�QH�&0#�HTCIOGPVU�CPF�
FGITCFGF�&0#�OQNGEWNGU�QHVGP�ETQUUNKPM�VQ�QVJGT�&0#�OQNGEWNGU�QT�RTQVGKPU�

&0#�HTCIOGPVCVKQP�NGCFU�VQ�UJQTVGT�&0#�HTCIOGPVU�GKVJGT�YJGP�DQVJ�UVTCPFU�QH�VJG�&0#�FQWDNG�
JGNKZ�CTG�DTQMGP�QT�YJGP�QPN[�QPG�UVTCPF�KU�UJQTVGPGF��UWEJ�CU�KP�UKPING�UVTCPF�QXGTJCPIU��&COCIG�
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(KIWTG����'ZCORNGU�QH�VJG�VJTGG�OCKP�V[RGU�QH�NGUKQPU�HQWPF�KP�&0#�OQNGEWNGU��&0#�HTCIOGPVCVKQP��DNQEMKPI��CPF�
OKUEQFKPI�NGUKQPU��+OCIG�ETGFKV��#PPC�2GPPC�

VQ�C�UKPING�UVTCPF�ECP�CNUQ�NGCF�VQ�VJG�HQTOCVKQP�QH�PKEMU��YJGTG�VJG�RJQURJQFKGUVGT�DQPF�DGVYGGP�
VYQ�CFLCEGPV�PWENGQVKFGU�KU�DTQMGP��6JGUG�PKEMU�RTGXGPV�VJG�GZVGPUKQP�QH�VJG�PWENGQVKFG�EJCKP�FWTKPI�
TGRNKECVKQP��RQVGPVKCNN[�TGUWNVKPI�KP�UJQTVGT�HTCIOGPVU�KH�PQV�TGRCKTGF��'ZCORNGU�QH�DNQEMKPI�NGUKQPU�
KPENWFG�VJG�HQTOCVKQP�QH�ETQUUNKPMU�YKVJKP�VJG�&0#�OQNGEWNG�QT�DGVYGGP�VJG�&0#�OQNGEWNG�CPF�
RTQVGKPU�QT�QVJGT�&0#�HTCIOGPVU�KP�VJG�UQNWVKQP��$NQEMKPI�NGUKQPU�CTG�EQOOQP�KP�HQTOCNKP�ƂZGF�
URGEKOGPU�CPF�ECP�KPVGTHGTG�YKVJ�&0#�TGRNKECVKQP�

/KUEQFKPI�NGUKQPU�NGCF�VQ�VJG�FGNGVKQP�QT�KPEQTTGEV�KPEQTRQTCVKQP�QH�PWENGQVKFGU�FWTKPI�TGRNKECVKQP��
(QT�KPUVCPEG��QPG�QH�VJG�OQUV�EQOOQP�OKUEQFKPI�NGUKQPU�HQWPF�KP�CPEKGPV�&0#�KU�VJG�FGCOKPCVKQP�QH�
E[VQUKPG�VQ�WTCEKN��+P�VJKU�ECUG��&0#�RQN[OGTCUGU�YKNN�KPEQTRQTCVG�CP�CFGPKPG�
#��QRRQUKVG�VJG�WTCEKN�

7��CPF��UWDUGSWGPVN[��C�VJ[OKPG�
6��QRRQUKVG�VJG�CFGPKPG��ECWUKPI�CRRCTGPV�IWCPKPG�
)��VQ�CFGPKPG�

#��CPF�E[VQUKPG�
%��VQ�VJ[OKPG�
6��UWDUVKVWVKQPU��FGRGPFKPI�QP�VJG�UVTCPF�UGSWGPEGF��6[RKECNN[��VJGUG�
OKUEQFKPI�NGUKQPU�CEEWOWNCVG�CV�VJG�GPFU�QH�HTCIOGPVU�

#U�FGUETKDGF�CDQXG��VJGTG�CTG�OWNVKRNG�UQWTEGU�QH�CPEKGPV�CPF�JKUVQTKECN�VKUUWGU�HTQO�OWUGWO�
URGEKOGPU�VJCV�CTG�UWKVCDNG�HQT�IGPGVKE�CPCN[UKU��&KHHGTGPEGU�KP�VJG�V[RGU�QH�VKUUWGU�UCORNGF��VJG�CIG�
QH�VJG�UCORNG��GPXKTQPOGPVCN�EQPFKVKQPU�
JWOKFKV[��VGORGTCVWTG��UCNKPKV[��CPF�R*��CPF�RTGUGTXCVKQP�
EQPFKVKQPU�
WUG�QH�EJGOKECNU�D[�OWUGWO�UVCHH�VQ�CKF�KP�OQTRJQNQIKECN�RTGUGTXCVKQP��ECP�CNN�EQPVTKDWVG�

Fragmentation

&QWDNG�UVTCPF�DTGCMCIG

5KPING�UVTCPF�DTGCMCIG

5KPING�UVTCPF�QXGTJCPI

Undamaged Molecule
1TKIKPCN�UVTWEVWTG 1TKIKPCN�PWENGQVKFG�RCKT

C

G

Blocking lesions

1 2 3

%TQUU�NKPM�YKVJKP�VJG�&0#�OQNGEWNG�
����
YKVJ�C�RTQVGKP�
����

CPF�CPQVJGT�&0#�OQNGEWNG�
��

Miscoding Lesion

U

G

U

A

C

G

C

G

C

G
2TQFWEVU�
QH�ƂTUV�

TGRNKECVKQP

2TQFWEVU�
QH�UGEQPF�
TGRNKECVKQP

U

A

T

A
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VQ�VJG�UKIPKƂECPV�XCTKCDKNKV[�QDUGTXGF�KP�VJG�RTGUGTXCVKQP�QH�&0#�HTQO�OWUGWO�URGEKOGPU��+V�KU��VJWU��
KORQTVCPV�VQ�EQPUKFGT�VJGUG�HCEVQTU�YJGP�UGNGEVKPI�VJG�CRRTQRTKCVG�YGV�NCD�VGEJPKSWGU�VQ�GPUWTG�VJCV�
VJG�JKIJGUV�SWCNKV[�GPFQIGPQWU�&0#�ECP�DG�KUQNCVGF�HTQO�GCEJ�URGEKOGP��

6JG�PGZV�UGEVKQP�YKNN�JKIJNKIJV�VJGUG�MG[�NCD�VGEJPKSWGU�KP�CP�CPEKGPV�&0#�YQTMƃQYtHTQO�
YQTMKPI�YKVJ�OWUGWOU�VQ�FGUVTWEVKXGN[�UCORNG�VKUUWGU�VQ�GZVTCEVKQP�CPF�NKDTCT[�RTGRCTCVKQP�VQ�
UGSWGPEKPI�CPF�DKQKPHQTOCVKE�CPCN[UKU��6JGUG�YGV�NCD�CPF�DKQKPHQTOCVKE�VGEJPKSWGU�JCXG�DGGP�
QRVKOK\GF�VQ�KUQNCVG�VJG�UOCNN�CPF�FCOCIGF�&0#�HTCIOGPVU�V[RKECN�QH�JKUVQTKE�CPF�CPEKGPV�VKUUWGU�
HTQO�OWUGWOU��$GHQTG�UCORNKPI��YGV�NCD��QT�DKQKPHQTOCVKEU�YQTM�VCMGU�RNCEG��TGUGCTEJGTU�PGGF�VQ�
FGƂPG�VJGKT�TGUGCTEJ�SWGUVKQP��9JKNG�YG�FQ�PQV�FKUEWUU�VJKU�RTQEGUU�KP�FGVCKN�JGTG��YG�TGEQOOGPF�
VJKU�OQFWNGoU�EQORCPKQP�GZGTEKUG�p&GUKIPKPI�C�EQPUGTXCVKQP�IGPQOKEU�RTQLGEV�KPEQTRQTCVKPI�
&0#�HTQO�OWUGWO�URGEKOGPUq�
JVVRU���FQK��QTI���������EDE�NKPE������9���HQT�OQTG�IWKFCPEG�QP�
FGXGNQRKPI�C�TGUGCTEJ�SWGUVKQP�

9JGP�FGUKIPKPI�C�EQPUGTXCVKQP�IGPQOKEU�
QT�IGPGVKEU��UVWF[��VJG�PWODGT�QH�KPFKXKFWCNU�UCORNGF�RGT�
RQRWNCVKQP�QT�URGEKGU�ECP�XCT[�DCUGF�QP�VJG�URGEKƂE�TGUGCTEJ�SWGUVKQP��$KQNQIKECN�UCORNGU�CTG�VJG�OCKP�
UQWTEG�QH�IGPGVKE�OCVGTKCN��*QYGXGT��CESWKTKPI�VJG�PGEGUUCT[�PWODGT�CPF�FKXGTUKV[�QH�UCORNGUtYJGVJGT�
HTQO�YKNF�RQRWNCVKQPU��OWUGWO�EQNNGEVKQPU��QT�CTEJCGQNQIKECN�UKVGUtECP�DG�VKOG�EQPUWOKPI��GZRGPUKXG��
QT�NQIKUVKECNN[�EQORNGZ��6JGTGHQTG��DGHQTG�UVCTVKPI�VJG�VKUUWG�UCORNKPI�RJCUG�KP�VJG�ƂGNF�QT�HTQO�OWUGWO�
EQNNGEVKQPU��KV�KU�ETWEKCN�VQ�ECTGHWNN[�EQPUKFGT�VJG�UVWF[oU�IQCNU�CPF�EQPUVTCKPVU��4GUGCTEJGTU�UJQWNF�ƂTUV�
CUUGUU����VJG�VGORQTCN�QT�URCVKCN�FKOGPUKQPU�QH�VJG�TGUGCTEJ�SWGUVKQP�����VJG�UVCVKUVKECN�TGSWKTGOGPVU�QH�VJG�
CPCN[UKU�VJG[�RNCP�VQ�EQPFWEV��CPF����VJG�VCZQPQO[��GEQNQI[��CPF�PCVWTCN�JKUVQT[�QH�VJG�UVWF[�QTICPKUO��(QT�
GZCORNG��KH�VJG�IQCN�KU�VQ�CUUGUU�FGENKPG�KP�IGPGVKE�FKXGTUKV[�QXGT�VKOG��KV�KU�KORQTVCPV�VQ�GPUWTG�VJCV�GPQWIJ�
KPFKXKFWCNU�CTG�UCORNGF�HTQO�OWNVKRNG�JKUVQTKECN�RGTKQFU��+H�VJG�TGUGCTEJ�HQEWUGU�QP�RQRWNCVKQP�EQPPGEVKXKV[�
CETQUU�VJG�NCPFUECRG��VJG�UCORNKPI�UJQWNF�GPEQORCUU�KPFKXKFWCNU�HTQO�IGQITCRJKECNN[�FKUVKPEV�NQECVKQPU�
VJCV�TGƃGEV�VJG�URGEKGUo�TCPIG��URCPPKPI�RQVGPVKCN�DCTTKGTU�VQ�IGPG�ƃQY�

6JGUG�EQPUKFGTCVKQPU�CTG�FKTGEVN[�NKPMGF�VQ�VJG�DTQCFGT�V[RGU�QH�SWGUVKQPU�CUMGF�KP�EQPUGTXCVKQP�
IGPQOKEU��$[�NGXGTCIKPI�IGPQOG�YKFG�FCVC��TGUGCTEJGTU�ECP�GZRNQTG�RCVVGTPU�QH�IGPGVKE�FKXGTUKV[��
FGVGEV�KPDTGGFKPI�QT�NQECN�CFCRVCVKQP��CPF�OQFGN�RQRWNCVKQP�UVTWEVWTG�CPF�IGPG�ƃQYtCNN�QH�
YJKEJ�TGSWKTG�VJQWIJVHWN�UCORNKPI�UVTCVGIKGU��+P�CFFKVKQP��UCORNKPI�FGUKIP�KU�MG[�HQT�CPUYGTKPI�
RJ[NQIGPGVKE�SWGUVKQPU�EGPVTCN�VQ�EQPUGTXCVKQP��UWEJ�CU�KFGPVKH[KPI�ET[RVKE�URGEKGU��TGUQNXKPI�
GXQNWVKQPCT[�TGNCVKQPUJKRU�COQPI�VJTGCVGPGF�NKPGCIGU��QT�FGVGTOKPKPI�VJG�ENQUGUV�TGNCVKXGU�QH�TGEGPVN[�
GZVKPEV�VCZC��+PVGITCVKPI�UCORNGU�HTQO�DQVJ�OQFGTP�CPF�JKUVQTKECN�UQWTEGU��KPENWFKPI�OWUGWO�
URGEKOGPU�CPF�CPEKGPV�&0#��GPCDNGU�UEKGPVKUVU�VQ�WPEQXGT�GXQNWVKQPCT[�RCVVGTPU�VJCV�OC[�QVJGTYKUG�
TGOCKP�JKFFGP��WNVKOCVGN[�RTQXKFKPI�FGGRGT�KPUKIJVU�KPVQ�URGEKGU�DQWPFCTKGU��CFCRVKXG�RQVGPVKCN��CPF�
EQPUGTXCVKQP�RTKQTKVKGU��%CTGHWN�RNCPPKPI�CV�VJG�UCORNKPI�UVCIG�NC[U�VJG�HQWPFCVKQP�HQT�TQDWUV�IGPGVKE�
KPHGTGPEGU��IWKFKPI�GHHGEVKXG�EQPUGTXCVKQP�FGEKUKQPU�CPF�GPJCPEKPI�QWT�WPFGTUVCPFKPI�QH�DKQFKXGTUKV[�
CETQUU�URCEG�CPF�VKOG�

5Q�JQY�OCP[�UCORNGU�FQ�[QW�PGGF�VQ�CPUYGT�[QWT�SWGUVKQP!�6JG�ƂIWTGU�RTQXKFGF�JGTG�CTG�IGPGTCN�
IWKFGNKPGU�CPF�UJQWNF�DG�EQPUKFGTGF�CU�UWIIGUVKQPU�TCVJGT�VJCP�TKIKF�TWNGU��6JG�CKO�JGTG�KU�VQ�JGNR�
[QW�VJKPM�ETKVKECNN[�CDQWV�VJG�EJCNNGPIGU�KPXQNXGF�KP�UCORNKPI�CPF�FGUKIPKPI�C�UVWF[�VJCV�YKNN�RTQXKFG�
VJG�PGEGUUCT[�FCVC�VQ�CPUYGT�MG[�EQPUGTXCVKQP�SWGUVKQPU�

A PRACTICAL GUIDE FOR INCORPORATING MUSEUM SAMPLES IN GENETIC STUDIES 
Designing the Sampling of Genetic Material According to the Project Needs and Resources 
Already Available

https://doi.%20org/10.5531/cbc.linc.14.1.9
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(QT�RQRWNCVKQP�NGXGN�UVWFKGU��UWEJ�CU�GUVKOCVKPI�IGPGVKE�FKXGTUKV[��FGVGEVKPI�KPDTGGFKPI��QT�KFGPVKH[KPI�
UKIPCNU�QH�NQECN�CFCRVCVKQP��TGUGCTEJGTU�V[RKECNN[�CKO�HQT���s���KPFKXKFWCNU�RGT�RQRWNCVKQP�VQ�GPUWTG�
TQDWUV�CNNGNG�HTGSWGPE[�GUVKOCVGU�
*CNG�GV�CN���������0C\CTGPQ�GV�CN����������+PVGTGUVKPIN[��TGUGCTEJ�JCU�
DGGP�UJQYKPI�VJCV�NCTIG�UCORNG�UK\GU�CV�NQY�UGSWGPEKPI�FGRVJ�CTG�FGUKTCDNG�VQ�CEJKGXG�JKIJ�CEEWTCE[�
QH�GUVKOCVGU�QH�IGPGVKE�XCTKCVKQP�
(WOCICNNK�GV�CN���������.QW�GV�CN����������5VWFKGU�QH�RQRWNCVKQP�
EQPPGEVKXKV[�QT�NCPFUECRG�IGPQOKEU�TGSWKTG�URCVKCNN[�FKUVTKDWVGF�UCORNGU��YKVJ���s���KPFKXKFWCNU�RGT�
UKVG�CETQUU�OWNVKRNG�NQECVKQPU��KFGCNN[�ECRVWTKPI�GPXKTQPOGPVCN�QT�JCDKVCV�XCTKCVKQP�
/GKTOCPU��������
4GNNUVCD�GV�CN����������+P�EQPVTCUV��RJ[NQIGPQOKE�UVWFKGU�CPF�SWGUVKQPU�KPXQNXKPI�ET[RVKE�URGEKGU�QT�
GXQNWVKQPCT[�TGNCVKQPUJKRU�QHVGP�RTKQTKVK\G�VCZQPQOKE�DTGCFVJ�QXGT�FGPUG�RQRWNCVKQP�UCORNKPI��6JGUG�
RTQLGEVU�OC[�QPN[�TGSWKTG��s��TGRTGUGPVCVKXG�IGPQOGU�RGT�NKPGCIG��GURGEKCNN[�YJGP�JKIJ�EQXGTCIG�
IGPQOGU�CTG�CXCKNCDNG�
(WPM�GV�CN���������.QW�GV�CN����������*QYGXGT��HQT�URGEKGU�FGNKOKVCVKQP�QT�
FGƂPKPI�GXQNWVKQPCTKN[�UKIPKƂECPV�WPKVU��UCORNKPI��s���KPFKXKFWCNU�RGT�UWURGEVGF�NKPGCIG�ECP�RTQXKFG�
VJG�TGUQNWVKQP�PGGFGF�VQ�FGVGEV�UWDVNG�IGPGVKE�FKHHGTGPVKCVKQP�
%CTUVGPU�GV�CN����������(KPCNN[��UVWFKGU�
KPXQNXKPI�VGORQTCN�UCORNKPItUWEJ�CU�WUKPI�OWUGWO�URGEKOGPU�QT�CPEKGPV�&0#tOWUV�DCNCPEG�
JKUVQTKECN�EQXGTCIG�YKVJ�VJG�VGEJPKECN�NKOKVCVKQPU�QH�FGITCFGF�&0#��QHVGP�YQTMKPI�YKVJ�HGYGT�UCORNGU�
DWV�FTCYKPI�QP�C�YKFGT�VKOG�URCP�
(WOCICNNK���������#NKIPKPI�UCORNG�UK\G�CPF�UCORNKPI�FGUKIP�YKVJ�
VJG�URGEKƂE�TGUGCTEJ�QDLGEVKXGU�GPUWTGU�GHƂEKGPV�WUG�QH�TGUQWTEGU�CPF�OCZKOK\GU�VJG�CPCN[VKECN�RQYGT�
QH�EQPUGTXCVKQP�IGPQOKE�UVWFKGU�
/E/CJQP�GV�CN���������5JCHGT�GV�CN���������

$GHQTG�UCORNKPI�VKUUWG�HTQO�NKXG�URGEKOGPU�KP�VJG�ƂGNF��QPG�UJQWNF�UVCTV�D[�EJGEMKPI�YJCV�JCU�CNTGCF[�
DGGP�UCORNGF�CPF�UVQTGF�NQPI�VGTO�KP�OWUGWO�DKQDCPMU�HQT�VJG�VCTIGV�URGEKGU�QT�RQRWNCVKQPU��
6JGUG�DKQDCPMU�CTG�EQNNGEVKQPU�QH�DKQNQIKECN�UCORNGU�CPF�CUUQEKCVGF�KPHQTOCVKQP�QTICPK\GF�
U[UVGOCVKECNN[�HQT�TGUGCTEJ�RWTRQUGU��5KPEG�VJG�RTQNKHGTCVKQP�QH�OQNGEWNCT�DKQNQI[�UVWFKGU��OQFGTP�
ET[QIGPKE�EQNNGEVKQPU�JCXG�CNUQ�DGEQOG�C�EQOOQP�RTCEVKEG�COQPI�PCVWTCN�JKUVQT[�OWUGWOU��6JGUG�
EQNNGEVKQPU�JQWUG�HTQ\GP�VKUUWGU�VJCV�ECP�DG�TGSWGUVGF�CU�NQCPU�HQT�CRRNKECVKQP�KP�IGPGVKE�TGUGCTEJ�

;QW�OKIJV�CNUQ�YCPV�VQ�EJGEM�YJCV�IGPGVKE�FCVC�JCU�CNTGCF[�DGGP�IGPGTCVGF�HQT�VJG�HQECN�URGEKGU�
ITQWR�CPF�KU�RWDNKEN[�CXCKNCDNG�HQT�FQYPNQCF��6JGTG�CTG�UGXGTCN�QPNKPG�TGRQUKVQTKGU�VJCV�JQUV�VJKU�V[RG�
QH�FKIKVCN�FCVC��UWEJ�CU�VJG�0CVKQPCN�%GPVGT�QH�$KQVGEJPQNQI[�+PHQTOCVKQP�
0%$+���#OGTKECP�)GP$CPM��
'WTQRGCP�0WENGQVKFG�#TEJKXG�
'0#���)NQDCN�)GPQOG�$KQFKXGTUKV[�0GVYQTM�
))$0���&0#�&CVC�$CPM�
QH�,CRCP�
&&$,���%JKPGUG�)GPDCPM��CPF�)GPQOGU�QP�C�6TGG��VQ�PCOG�C�HGY��6JGUG�CTEJKXGU�EQPVCKP�
FKHHGTGPV�FCVC�V[RGU�
TCY�TGCFU��OCRRGF�TGCFU��CUUGODNKGU��OGVCFCVC�ƂNGU��QT�ECP�RQKPV�VQ�YJGTG�FCVC�
YGTG�FGRQUKVGF��CV�XCTKQWU�NGXGNU�QH�FCVC�RTQEGUUKPI�

.CUVN[��\QQU��DQVCPKECN�ICTFGPU��QT�ECRVKXG�DTGGFKPI�RTQITCOU�QHVGP�JCXG�KPFKXKFWCNU�QH�TCTG�QT�
GPFCPIGTGF�CPKOCNU�CPF�RNCPVU��6JGUG�KPUVKVWVKQPU�ECP�RTQXKFG�CEEGUU�HQT�UCORNKPI�VJG�HQECN�
URGEKGU�QH�KPVGTGUV��5CORNKPI�HTQO�NKXG�QT�TGEGPVN[�FGEGCUGF�HQECN�URGEKGU�KP�VJGUG�KPUVKVWVKQPU�ECP�
DG�C�EQUV�GHƂEKGPV�YC[�VQ�QDVCKP�JKIJ�SWCNKV[�VKUUWG�VJCV�ECP�RTQEGGF�FKTGEVN[�VQ�NKDTCT[�RTGRCTCVKQP�
CPF�UGSWGPEKPI��6JKU�UVTCVGI[�ECP�DG�RCTVKEWNCTN[�JGNRHWN�HQT�IGPGTCVKPI�IGPGVKE�KPHQTOCVKQP�CV�
JKIJ�TGUQNWVKQP�
G�I���CPPQVCVGF�EJTQOQUQOG�NGXGN�TGHGTGPEG�IGPQOGU��CPF�JCU�DGGP�UWEEGUUHWNN[�
KORNGOGPVGF�D[�VJG�&0#�<QQ�EQPUQTVKWO�
JVVRU���YYY�FPC\QQ�QTI�CUUGODNKGU��

6Q�RNCP�VJG�UCORNKPI�QH�JKUVQTKECN�URGEKOGPU��VJG�ƂTUV�UVGR�KU�VQ�EJGEM�OWUGWO�EQNNGEVKQPU�
ECVCNQIU��/QUV�PCVWTCN�JKUVQT[�EQNNGEVKQPU�OCMG�VJGKT�ECVCNQI�FCVCDCUGU�CXCKNCDNG�QPNKPG��CNNQYKPI�
CP[QPG�VQ�UGCTEJ�HQT�URGEKOGPU�CPF�FQYPNQCF�VJG�FCVC��&QYPNQCFKPI�KPFKXKFWCN�FCVCDCUGU�ECP�
DG�EWODGTUQOG��UQ�WUKPI�CP�CIITGICVQT�VJCV�OKTTQTU�OWNVKRNG�EQNNGEVKQPU�ECVCNQIU�KU�VJG�OQUV�
GHƂEKGPV�YC[�VQ�UVCTV�D[�UKOWNVCPGQWUN[�UGCTEJKPI�CETQUU�OWNVKRNG�EQNNGEVKQPU��'ZCORNGU�KPENWFG�VJG�
K&KI$KQ�RQTVCN�
JVVRU���RQTVCN�KFKIDKQ�QTI���CPF�)$+(�
JVVRU���YYY�IDKH�QTI����6JGTG�CTG�CNUQ�ENCFG�

https://www.dnazoo.org/assemblies
https://portal.idigbio.org/
https://www.gbif.org/
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URGEKƂE�CIITGICVQTU��UWEJ�CU�8GTV0GV�HQT�XGTVGDTCVGU�
JVVR���RQTVCN�XGTVPGV�QTI�UGCTEJ��PQ�NQPIGT�
WRFCVGF��CPF�,#3�
JVVRU���YYY�LCES�QTI���HQT�JGTDCTKWO�URGEKOGPU��+H�[QW�CTG�KPVGTGUVGF�KP�UCORNKPI�
URGEKOGPU�HTQO�C�RCTVKEWNCT�EQNNGEVKQP�VJCV�FQGU�PQV�JCXG�CP�QPNKPG�FCVCDCUG��FKTGEVN[�EQPVCEV�VJG�
EWTCVQTU�CPF�EQNNGEVKQP�OCPCIGTU�VQ�KPSWKTG�CDQWV�VJG�URGEKOGPU�TGIKUVGTGF�KP�VJGKT�ECVCNQI�CPF�VJG�
UCORNKPI�RTQEGFWTG��'UVCDNKUJKPI�C�TGNCVKQPUJKR�YKVJ�OWUGWO�URGEKCNKUVU�ECP�JGNR�[QW�FGVGTOKPG�
VJG�DGUV�URGEKOGPU�CPF�V[RG�QH�VKUUWGU�VQ�UCORNG�HTQO�VJGKT�EQNNGEVKQPU��&KUEWUUKPI�VJG�UEKGPVKƂE�
QDLGEVKXGU�QH�[QWT�UVWF[�YKVJ�VJG�EWTCVQTU�CPF�EQNNGEVKQP�OCPCIGTU�KU�CP�KORQTVCPV�UVGR�KP�CTTCPIKPI�
RGTOKVU�HQT�FGUVTWEVKXG�UCORNKPI�

1PEG�[QW�JCXG�RNCPPGF�[QWT�ƂGNF��\QQ��QT�OWUGWO�UCORNKPI�UVTCVGI[��[QW�YKNN�PGGF�VQ�CTTCPIG�CNN�
VJG�TGSWKTGF�RGTOKVU�VQ�EQNNGEV�CPF�VTCPURQTV�VKUUWGU��CPF�KH�TGNGXCPV��JCPFNG�QT�QDUGTXG�XGTVGDTCVG�
CPKOCNU��$G�CYCTG�VJCV�VKUUWG�EQNNGEVKQP�TGIWNCVKQPU�XCT[�HTQO�EQWPVT[�VQ�EQWPVT[��CPF�OWNVKRNG�
CIGPEKGU�OC[�EQPVTQN�VJGUG�TGIWNCVKQPU��#�IQQF�UVCTVKPI�RQKPV�KU�VQ�EJGEM�VJG�6JG�0CIQ[C�2TQVQEQN�
QP�#EEGUU�CPF�$GPGƂV�UJCTKPI�
JVVRU���YYY�EDF�KPV�CDU�FGHCWNV�UJVON���CU�YGNN�CU�VJG�FGITGG�QH�
RTQVGEVKQP�QH�[QWT�VCTIGV�URGEKGU�WPFGT�VJG�%QPXGPVKQP�QP�+PVGTPCVKQPCN�6TCFG�KP�'PFCPIGTGF�5RGEKGU�
QH�9KNF�(CWPC�CPF�(NQTC�
%+6'5���CP�KPVGTPCVKQPCN�CITGGOGPV�CKOGF�CV�GPUWTKPI�VJCV�KPVGTPCVKQPCN�
VTCFG�KP�URGEKOGPU�QH�YKNF�CPKOCNU�CPF�RNCPVU�FQGU�PQV�VJTGCVGP�VJGKT�UWTXKXCN��(QT�HWTVJGT�KPHQTOCVKQP�
URGEKƂE�VQ�75�NCYU��VJG�7�5��(KUJ�CPF�9KNFNKHG�5GTXKEG�ECP�RTQXKFG�OQTG�FGVCKNU��#FFKVKQPCNN[��[QW�
UJQWNF�EJGEM�YKVJ�[QWT�NQECN�+PUVKVWVKQPCN�#PKOCN�%CTG�CPF�7UG�%QOOKVVGG�
+#%7%��HQT�URGEKƂE�FGVCKNU�
CDQWV�[QWT�KPUVKVWVKQPoU�TGIWNCVKQPU�TGICTFKPI�VJG�WUCIG�CPF�JCPFNKPI�QH�XGTVGDTCVG�UCORNGU�

5QOG�SWGUVKQPU�VQ�IWKFG�VJKU�UVGR�
��� &QGU�VJG�UCORNKPI�EQXGT�VJG�VGORQTCN�IGQITCRJKE�VCZQPQOKE�TCPIG�TGSWKTGF�VQ�CPUYGT�[QWT�

SWGUVKQP!
��� *QY�OCP[�UCORNGU�FQGU�[QWT�UVWF[�TGSWKTG�VQ�JCXG�GPQWIJ�UVCVKUVKECN�RQYGT�VQ�CPUYGT�[QWT�SWGUVKQP!
��� *QY�OWEJ�QH�[QWT�DWFIGV�FQ�[QW�PGGF�VQ�CNNQECVG�HQT�UCORNKPI!
��� 9JCV�RGTOKVU�CTG�TGSWKTGF�VQ�UCORNG�KP�VJG�CTGC�CPF�VQ�VTCPURQTV�DKQNQIKECN�OCVGTKCN�CETQUU�DQTFGTU!

$GHQTG�UCORNKPI�C�OWUGWO�URGEKOGP��KV�KU�CNYC[U�TGEQOOGPFGF�VQ�KPURGEV�KV�HQT�UKIPU�QH�OQNF�
KP�
VJG�URGEKOGP��CU�YGNN�CU�KP�VJG�DQZ�YJGTG�KV�KU�UVQTGF�QT�KP�VJG�NKSWKF�OGFKC�KP�YJKEJ�KV�KU�RTGUGTXGF���
NWORU�QH�UCNV��CPF�VJG�NGXGN�QH�VKUUWG�FKUKPVGITCVKQP��CU�VJGUG�EJCTCEVGTKUVKEU�CTG�QHVGP�RTGFKEVKXG�QH�
NQY�&0#�GZVTCEVKQP�CPF�UGSWGPEKPI�UWEEGUU��6JGUG�GZVGTPCN�FGDTKU�CPF�QVJGT�OKETQQTICPKUOU�ECP�
KPVGTHGTG�YKVJ�GP\[OCVKE�TGCEVKQPU��QT�GXGP�FGETGCUG�VJG�RTQRQTVKQP�QH�GPFQIGPQWU�&0#�QDVCKPGF�KP�
VJG�ƂPCN�GZVTCEVKQP��+FGCNN[��IGPGVKE�OCVGTKCN�UJQWNF�DG�QDVCKPGF�HTQO�VKUUWG�UCORNGF�FKTGEVN[�HTQO�VJG�
RTGUGTXGF�URGEKOGP��DWV�RTCEVKEGU�ECP�XCT[�FGRGPFKPI�QP�VJG�UVWF[�QTICPKUO��(QT�KPUVCPEG��HQT�NCTIG�
DQFKGF�URGEKOGPU��KV�KU�RTGHGTCDNG�VQ�CXQKF�TGN[KPI�QP�FGDTKU�QT�HTCIOGPVGF�OCVGTKCN�FKUEQPPGEVGF�
HTQO�VJG�XQWEJGT�URGEKOGP��(QT�JGTDCTKWO�URGEKOGPU��YJKEJ�KPENWFG�GPXGNQRGU�QH�NGCH�VKUUWG�QP�
VJG�URGEKOGP�UJGGVU��VJG�DGUV�RTCEVKEG�KU�VQ�VCMG�HTQO�VJGUG�GPXGNQRGU�TCVJGT�VJCP�DTGCM�OQTG�QH�
VJG�URGEKOGP�QP�FKURNC[��+V�KU�KORQTVCPV�VQ�PQVG�CNUQ�VJCV�HQT�UQOG�V[RGU�QH�URGEKOGPU��KV�OC[�PQV�DG�
RQUUKDNG�VQ�UWDUCORNG��(QT�GZCORNG��UVWF[KPI�UOCNN�KPUGEVU�QHVGP�TGSWKTGU�VJG�GPVKTG�URGEKOGP�VQ�DG�
WUGF��2KPPGF�URGEKOGPU�CTG�QHVGP�FKHƂEWNV�VQ�UWDUCORNG�CU�VJG[�CTG�UQ�DTKVVNG�CPF�GCUKN[�FGUVTQ[GF��
$GECWUG�XQWEJGT�URGEKOGPU�CTG�KPXCNWCDNG�OCVGTKCNU�KP�OWNVKRNG�V[RGU�QH�DKQNQIKECN�TGUGCTEJ�
G�I���
EQORCTCVKXG�CPCVQO[��OQTRJQNQI[��U[UVGOCVKEU��QPVQIGP[���KV�KU�CNUQ�KORQTVCPV�VQ�CXQKF�FGUVTQ[KPI�
PQP�DKNCVGTCN�UVTWEVWTGU�VJCV�CTG�TGNGXCPV�KP�VCZQPQOKE�TGUGCTEJ�
G�I���UCORNKPI�C�NKOD�KU�RTGHGTTGF�QXGT�
UCORNKPI�VJG�VJQTCZ��

6JGUG�RTGECWVKQPU�CTG�ETWEKCN�HQT�RTGUGTXKPI�VJG�KPVGITKV[�QH�DQVJ�JKUVQTKECN�CPF�CPEKGPV�URGEKOGPU��

Collecting Tissue Samples from Voucher Specimens for Genetic Analysis

http://portal.vertnet.org/search
https://www.jacq.org/
https://www.cbd.int/abs/default.shtml
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DWV�CPEKGPV�UCORNGU�RTGUGPV�VJGKT�QYP�WPKSWG�EJCNNGPIGU��#PEKGPV�UCORNGU�CTG�OQUV�QHVGP�NKOKVGF�VQ�
VKUUWG�EQNNGEVGF�HTQO�UVWTF[�UVTWEVWTGU��UWEJ�CU�ƂDGTU��FT[�DQPG��CPF�VGGVJ�VJCV�JCXG�DGGP�RTGUGTXGF�
QXGT�NQPI�RGTKQFU�QH�VKOG��YKVJ�QEECUKQPCN�GZEGRVKQPU�QH�RTGUGTXGF�UQHV�VKUUWGU�HQWPF�KP�QRVKOCN�
EQNF��
FT[��CPF�CPQZKE��EQPFKVKQPU��%QORCTGF�VQ�JKUVQTKECN�NGXGN�UCORNGU��GZVTCEVKQPU�HTQO�CPEKGPV�UCORNGU�
V[RKECNN[�JCXG�OWEJ�NQYGT�&0#�EQPEGPVTCVKQPU�CPF�VJG�CXGTCIG�UK\G�QH�&0#�HTCIOGPVU�CESWKTGF�KU�
UJQTVGT�
��s����DR��2ÀÀDQ��������&CDPG[�GV�CN���������&CDPG[�GV�CN����������CPF�EQPVCKP�&0#�HTQO�
GPFQIGPQWU�CPF�GZQIGPQWU�UQWTEGU��1PEG�EQNNGEVGF��CPEKGPV�URGEKOGPU�CTG�CNUQ�UVQTGF�KP�OWUGWO�
EQNNGEVKQPU��5KPEG�VJGTG�KU�PQ�UVCPFCTF�QH�JQY�CPEKGPV�NGXGN�URGEKOGPU�OWUV�DG�UVQTGF�COQPI�
OWUGWOU�YQTNFYKFG��VJG[�OC[�DG�UVQTGF�CNQPIUKFG�JKUVQTKECN�URGEKOGPU�

9JGP�EQNNGEVKPI�VKUUWG�UCORNGU�HQT�IGPGVKE�UVWFKGU��KV�KU�GUUGPVKCN�VQ�OCKPVCKP�VKF[�NCDQTCVQT[�
EQPFKVKQPU�VQ�CXQKF�EQPVCOKPCVKQP�HTQO�GZVGTPCN�UQWTEGU�QT�ETQUU�EQPVCOKPCVKQP�DGVYGGP�UCORNGU��
6JGTGHQTG��UVGTKNK\KPI�CNN�UCORNKPI�VQQNU�CPF�UWTHCEG�CTGCU�KU�ETWEKCN�YJGP�UCORNKPI�URGEKOGPU�KP�
VJG�ƂGNF�CPF�OWUGWO�EQNNGEVKQPU��)KXGP�VJCV�JKUVQTKECN�CPF�CPEKGPV�UCORNGU�[KGNF�OWEJ�NQYGT�
&0#�EQPEGPVTCVKQPU�VJCP�OQFGTP�UCORNGU��EQPVCOKPCVKQP�HTQO�OQFGTP�UQWTEGU�QH�&0#�ECP�
UGXGTGN[�KORCEV�VJG�TGUWNVU�QH�C�OWUGQOKEU�UVWF[��%QPVCOKPCVKQP�HTQO�OQFGTP�JWOCP�&0#�ECP�DG�
RCTVKEWNCTN[�RTQDNGOCVKE�HQT�UVWFKGU�KPXQNXKPI�JWOCPU�CPF�QVJGT�RTKOCVGU��&WG�VQ�VJG�JKIJ�NGXGNU�QH�
IGPGVKE�UKOKNCTKV[�HTQO�ENQUG�RJ[NQIGPGVKE�TGNCVKQPUJKRU��OQFGTP�&0#�ECP�IQ�WPFGVGEVGF�CPF�DKCU�
DKQKPHQTOCVKEU�TGUWNVU��6JGTGHQTG��YQTMKPI�YKVJ�VJGUG�UCORNGU�TGSWKTGU�GZVTGOGN[�UVTKPIGPV�NCDQTCVQT[�
RTQVQEQNU�
.NCOCU�GV�CN����������#RRTQRTKCVG�RGTUQPCN�RTQVGEVKXG�GSWKROGPV�
22'��KPENWFKPI�INQXGU�CPF�
HCEG�OCUMU�OC[�CNUQ�DG�KORQTVCPV�VQ�WVKNK\G�FWTKPI�DQVJ�UCORNG�EQNNGEVKQP�CPF�RTQEGUUKPI�VQ�RTQVGEV�
RTQLGEV�UVCHH�HTQO�CP[�RQVGPVKCNN[�JC\CTFQWU�EJGOKECNU�
G�I���CTUGPKE�QT�RGUVKEKFGU��VJCV�OC[�JCXG�DGGP�
WUGF�FWTKPI�URGEKOGP�RTGRCTCVKQP�CPF�EQPUGTXCVKQP�

5YKVEJKPI�RTG�UVGTKNK\GF�FKURQUCDNG�DNCFGU�CHVGT�EQNNGEVKPI�GCEJ�VKUUWG�UCORNG�KU�KFGCN�VQ�CXQKF�ETQUU�
EQPVCOKPCVKQP�DGVYGGP�UCORNGU��#NVGTPCVKXGN[��OGVCN�HQTEGRU�ECP�DG�UVGTKNK\GF�D[�YCUJKPI�YKVJ�
40#CYC[�QT�&0#CYC[��HQNNQYGF�D[�CP�GVJCPQN�YCUJ��QT�JGCVKPI�KP�C�JKIJ�VGORGTCVWTG�ENGCP�ƃCOG��
UWEJ�CU�C�$WPUGP�DWTPGT�QT�CNEQJQN�DWTPGT��CPF�ƂPCNN[�UGVVKPI�VJG�VQQN�KP�C�78�ETQUUNKPMGT�HQT�WRYCTFU�
QH���s���OKPWVGU��6JG�GVJCPQN�YCUJ�GPUWTGU�VJCV�VJG�&0#CYC[�40#CYC[�FQGU�PQV�EQTTQFG�VJG�
OGVCN�VQQN��+H�WUKPI�C�DWPUGP�DWTPGT�QT�CNEQJQN�DWTPGT��YCKV�WPVKN�VJG�OGVCN�UWTHCEG�EQQNU�FQYP�DGHQTG�
VQWEJKPI�VJG�VKUUWG�

1PEG�[QW�JCXG�EQNNGEVGF�VJG�VKUUWG��GPUWTG�GCEJ�UCORNG�KU�KFGPVKƂGF�YKVJ�C�WPKSWG�NCDGN�CPF�UVQTGF�
KP�C�EQTTGEVN[�NCDGNGF�VWDG��6WDGU�OWUV�DG�NCDGNGF�QP�VJG�ECR�CPF�VJG�UKFG�QH�VJG�XKCN�YKVJ�C�TGUKUVCPV�
OCTMGT�
K�G���VJCV�ECP�UVCPF�GVJCPQN��YCVGT��CPF�EJCPIGU�KP�VGORGTCVWTG���6JGUG�CTG�CTEJKXCN�DGUV�
RTCEVKEGU�VJCV�ECP�JGNR�KP�VJG�NQPI�VGTO�RTGUGTXCVKQP�QH�VJG�EQNNGEVGF�VKUUWG��$GUKFGU�EQNNGEVKPI�VJG�
VKUUWG��KV�KU�CNUQ�GUUGPVKCN�VQ�TGEQTF�CNN�OGVCFCVC�CUUQEKCVGF�YKVJ�VJG�UCORNG��9KVJQWV�VJKU�CPEKNNCT[�
FCVC��VJG�CTEJKXGF�VKUUWG�NQUGU�KVU�UEKGPVKƂE�XCNWG��6JKU�CPEKNNCT[�KPHQTOCVKQP�KPENWFGU�RJ[UKECN�HGCVWTGU�
CPF�OGCUWTGOGPVU��VJG�UGZ�CPF�CIG�QH�VJG�KPFKXKFWCN��VJG�FCVG�CPF�NQECNKV[�KV�YCU�EQNNGEVGF��VJG�
V[RG�QH�GPXKTQPOGPV�KV�YCU�HQWPF�KP��YJQ�EQNNGEVGF�KV��YJGTG�KV�YCU�FGRQUKVGF��CPF�OQTG�FGVCKNGF�
KPHQTOCVKQP�UWEJ�CU�VJG�RTGUGPEG�QH�RCTCUKVGU�CPF�JCDKVCV�FGVCKNU��+P�EQPUGTXCVKQP��CEEWTCVG�URGEKOGP�
FCVC�KU�HWPFCOGPVCN�YJGP�FCVC�HTQO�JKUVQTKECN�URGEKOGPU�KPHQTO�EQPUGTXCVKQP�VTCPUNQECVKQP�FGEKUKQPU�

8GTT[�GV�CN���������

9JKNG�CNN�UCORNGU�UJQWNF�DG�MGRV�CYC[�HTQO�78�NKIJV��QVJGT�UVQTCIG�TGSWKTGOGPVU�FGRGPF�QP�VJG�V[RG�
QH�UCORNG�CPF�VJG�V[RG�QH�IGPGVKE�OCVGTKCN�TGSWKTGF�HQT�VJG�UVWF[��(QT�KPUVCPEG��HTGUJ�DNQQF��OWUENG��
QT�NKXGT�UCORNGU�OWUV�DG�UVQTGF�EQNF��YJGTGCU�UQOG�DWHHGTU�GPCDNG�UVQTCIG�CV�TQQO�VGORGTCVWTG�

G�I���&0#�40#�5JKGNF���*CKT��HGCVJGTU��CPF�DNQQF�UVQTGF�QP�URGEKCNK\GF�RCRGT�ECP�CNUQ�VQNGTCVG�TQQO�
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VGORGTCVWTG�HQT�NQPIGT��0QVG��C�TGEGPV�UVWF[�
%QNGNNC�GV�CN���������FGOQPUVTCVGF�VJCV�UVQTKPI�VKUUWG�
KP�GVJCPQN�ECP�FGETGCUG�VJG�OQNGEWNCT�YGKIJV�QH�&0#�OQNGEWNGU��YJKEJ�ECP�KORCEV�VJG�CXGTCIG�
HTCIOGPV�NGPIVJ�QH�VJG�&0#�OQNGEWNGU�CPF�TGFWEG�VJG�UCORNGoU�CFGSWCE[�HQT�URGEKƂE�CPCN[UGU�
G�I���
NQPI�TGCF�UGSWGPEKPI���'PUWTKPI�VJCV�[QWT�UCORNGU�CTG�UVQTGF�RTQRGTN[�HQT�VJG�FGUKTGF�UVWF[�YKNN�
OKPKOK\G�&0#�FGITCFCVKQP�CPF�EQPVCOKPCVKQP�

5QOG�SWGUVKQPU�VQ�IWKFG�VJKU�UVGR�
��� 9JCV�VQQNU�FQ�[QW�PGGF�VQ�OKPKOK\G�VJG�EJCPEGU�QH�GZVGTPCN�CPF�ETQUU�EQPVCOKPCVKQP�YJGP�

UCORNKPI�DKQNQIKECN�OCVGTKCN!
��� *QY�CTG�[QW�NCDGNKPI�[QWT�VWDGU!
��� 9JCV�CTG�VJG�OQUV�CRRTQRTKCVG�UVQTCIG�EQPFKVKQPU�HQT�VJG�V[RG�QH�UCORNGU�[QW�YKNN�DG�EQNNGEVKPI!
��� *QY�CTG�[QW�MGGRKPI�VTCEM�QH�CP[�CUUQEKCVGF�OGVCFCVC!

5RGEKOGP�RTGRCTCVKQP�VGEJPKSWGU��OQUV�QH�YJKEJ�YGTG�FGXGNQRGF�EGPVWTKGU�CIQ��CKO�VQ�OCZKOK\G�
VJG�RTGUGTXCVKQP�QH�URGEKOGP�DQF[�RCTVU�CPF�VJGKT�WVKNKV[�HQT�VTCFKVKQPCN�CPCVQO[�DCUGF�TGUGCTEJ��
*QYGXGT��VJGUG�VGEJPKSWGU�UKIPKƂECPVN[�FCOCIG�CPF�KORCKT�CEEGUU�VQ�EJGOKECN�EQORQPGPVU��
KPENWFKPI�&0#�OQNGEWNGU��7PVKN�TGEGPVN[��QDVCKPKPI�IGPGVKE�OCVGTKCN�HTQO�OWUGWO�URGEKOGPU�YCU�
EJCNNGPIKPI�CPF�RTQPG�VQ�HCKNWTG�DGECWUG�VJG�TGOCKPKPI�&0#�KU�KP�NQY�SWCPVKV[��JKIJN[�HTCIOGPVGF��
CPF�QHVGP�CVVCEJGF�VQ�RTQVGKPU��6JGUG�FKHƂEWNVKGU�JCXG�DGGP�QXGTEQOG�D[�TGEGPV�FGXGNQROGPVU�KP�
&0#�GZVTCEVKQP�RTQVQEQNU�CPF�VJG�GOGTIGPEG�QH�UGSWGPEKPI�VGEJPQNQIKGU�VJCV�RGTHQTO�YGNN�YKVJ�
UJQTV�&0#�HTCIOGPVU�
EQOOQPN[�ECNNGF�PGZV�IGPGTCVKQP�&0#�UGSWGPEKPI���9JKNG�VJGUG�OGVJQFU�
RTQXKFG�QRRQTVWPKVKGU�VQ�CEEGUU�PQXGN�FCVC�V[RGU�HTQO�JCTF�VQ�CEEGUU�URGEKGU��VJG[�CNUQ�TCKUG�UQOG�
EQPEGTPU��0QVCDN[��EQORCTGF�VQ�OQFGTP�VKUUWG��UCORNGU�QDVCKPGF�HTQO�RTGUGTXGF�URGEKOGPU�
VGPF�VQ�JCXG�NQYGT�&0#�[KGNFU��6JGTGHQTG��VJG[�UJQWNF�DG�JCPFNGF�YKVJ�ECTG�VQ�OKPKOK\G�GZVGTPCN�
EQPVCOKPCVKQP�HTQO�UQWTEGU�QVJGT�VJCP�VJG�VCTIGV�URGEKOGP��UWEJ�CU�DCEVGTKC��HWPIK��CPF�GXGP�
JWOCPU�
-PCRR�GV�CN����������0QP�OQFGTP�UCORNGU�UJQWNF�KFGCNN[�DG�RTQEGUUGF�KP�NCDQTCVQTKGU�
FGFKECVGF�VQ�JKUVQTKECN�QT�CPEKGPV�&0#�YQTM��YJKEJ�CTG�RJ[UKECNN[�KUQNCVGF�HTQO�OQFGTP�&0#�
HCEKNKVKGU�VJCV�HQNNQY�UVTKPIGPV�FKUKPHGEVKQP�TQWVKPGU�CPF�GPHQTEG�VJG�WUG�QH�RGTUQPCN�RTQVGEVKXG�
GSWKROGPV�
22'��UWEJ�CU�FQWDNG�NC[GTU�QH�INQXGU��HWNN�DQF[�UWKV��HCEG�OCUM��JCKT��CPF�DGCTF�PGV���
6Q�EQPVTQN�HQT�GZVGTPCN�EQPVCOKPCVKQP��GXGT[�UVGR�QH�NCDQTCVQT[�YQTM�
&0#�GZVTCEVKQP��RWTKƂECVKQP��
CPF�NKDTCT[�RTGRCTCVKQP��UJQWNF�KPENWFG�PGICVKXG�EQPVTQNU�
K�G���DNCPM�UCORNGU�YKVJ�PQ�&0#�RTGUGPV��
-PCRR�GV�CN����������#�EQOOQP�EQPEGTP��GURGEKCNN[�COQPI�OWUGWO�EQNNGEVKQP�UVCHH��KU�VJCV�UCORNKPI�
VKUUWG�HTQO�RTGUGTXGF�URGEKOGPU�CNYC[U�KPXQNXGU�UQOG�GZVGPV�QH�FGUVTWEVKXG�UCORNKPI��6Q�CFFTGUU�
VJGUG�EJCNNGPIGU��UEKGPVKUVU�JCXG�FGXGNQRGF�RTQVQEQNU�VJCV�OCZKOK\G�&0#�[KGNFU�CPF�SWCNKV[�YJKNG�
TGFWEKPI�EQPVCOKPCVKQP�CPF�FCOCIG�VQ�VJG�XQWEJGT�URGEKOGP��&KHHGTGPV�UQNWVKQPU�JCXG�DGGP�
CVVGORVGF�VQ�CEEQOOQFCVG�VJG�FKXGTUKV[�QH�URGEKOGP�RTGRCTCVKQP�V[RGU��YKVJ�XCTKCDNG�UWEEGUU�
UGG�
$QZ���HQT�OQTG�FGVCKNU��

6JG�EJQKEG�QH�NCD�YQTM�RTQVQEQN�VQ�KUQNCVG�IGPGVKE�OCVGTKCN�HTQO�DKQNQIKECN�UCORNGU�FGRGPFU�QP�VJG�
V[RG�QH�VKUUWG�CV�JCPF��6JKU�KU�PQV�WPKSWG�VQ�OWUGWO�URGEKOGPU�CPF�CRRNKGU�VQ�HTGUJ�VKUUWG�EQNNGEVGF�
KP�VJG�ƂGNF�CU�YGNN��&KHHGTGPV�VKUUWGU�CPF�QTICPKUOU�TGSWKTG�URGEKƂE�&0#�GZVTCEVKQP�RTQVQEQNU��(QT�
KPUVCPEG��RNCPVU�JCXG�C�EGNNWNCT�YCNN�CTQWPF�VJG�EGNN�OGODTCPG�CPF�VGPF�VQ�CEEWOWNCVG�UGEQPFCT[�
OGVCDQNKVGU�VJCV�ECP�KPVGTHGTG�YKVJ�FQYPUVTGCO�GP\[OCVKE�TGCEVKQPU�KP�VJG�GZVTCEVKQP�RTQEGUU��
6JGTGHQTG��EGNN�N[UKU�OWUV�DG�RTGEGFGF�D[�C�OGEJCPKECN�UVGR�
G�I���ITKPFKPI�KP�NKSWKF�PKVTQIGP�YKVJ�
C�UVGTKNG�OQTVCT�CPF�RGUVNG��VQ�DTGCM�FQYP�VJG�EGNN�YCNN��$GECWUG�RNCPVU�JCXG�FKHHGTGPV�UGEQPFCT[�
OGVCDQNKVGU�VJCV�ECP�KPJKDKV�UQOG�GP\[OCVKE�TGCEVKQPU��GZVTC�RWTKƂECVKQP�UVGRU�OC[�DG�PGEGUUCT[�VQ�
GPUWTG�VJGUG�WPYCPVGF�OQNGEWNGU�CTG�TGOQXGF�HTQO�VJG�UQNWVKQP�

Isolating DNA from Museum Specimens
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1XGT�VJG�RCUV�FGECFGU��UEKGPVKUVU�JCXG�QRVKOK\GF�&0#�GZVTCEVKQP�RTQVQEQNU�VQ�OCZKOK\G�VJG�[KGNF�
QH�IGPGVKE�FCVC�TGEQXGTGF�HTQO�RTGUGTXGF�URGEKOGPU��$GECWUG�VJG�COQWPV�QH�&0#�VJCV�ECP�DG�
TGEQXGTGF�XCTKGU�COQPI�RCTVU�QH�VJG�URGEKOGP��RTGUGTXCVKQP�VGEJPKSWGU��CPF�VJG�URGEKOGPoU�CIG��
KV�KU�GUUGPVKCN�VQ�EJQQUG�VJG�EQTTGEV�RTQVQEQN�VJCV�UWKVU�[QWT�UVWF[��$QZ���RTQXKFGU�CP�QXGTXKGY�QH�
UQOG�QH�VJG�OCKP�EJCNNGPIGU�VQ�GZVTCEVKPI�&0#�HTQO�VJG�OQUV�EQOOQPN[�CXCKNCDNG�RTGRCTCVKQP�
V[RGU�CPF�TGHGTGPEGU�VQ�JGNR�[QW�RTGRCTG�HQT�VJKU�UVGR�QH�VJG�NCDQTCVQT[�YQTM��)KXGP�VJCV�HTGUJ�VKUUWG�
UCORNGU�VGPF�VQ�DG�NGUU�FGITCFGF��PWOGTQWU�YGNN�GUVCDNKUJGF�RTQVQEQNU�CPF�EQOOGTEKCN�MKVU�JCXG�
DGGP�FGXGNQRGF�HQT�FKHHGTGPV�VKUUWG�V[RGU�CPF�QTICPKUOU��6JGTGHQTG��YG�YQPoV�EQXGT�VJG�NCDQTCVQT[�
RTQVQEQNU�HQT�HTGUJ�UCORNGU�JGTG�

�ÀÞ�ÃÌÕ`Þ�Ã���Ã
• 'ZCORNGU��/COOCNU�CPF�DKTFU� 

• #FXCPVCIGU��(CUV�CPF�UKORNG�VQ�EQNNGEV�UCORNGU��6QG�RCFU�V[RKECNN[�JCXG�JKIJ�COQWPVU�QH�
GPFQIGPQWU�&0#� 

• %JCNNGPIGU��5MKPU�CTG�QHVGP�VTGCVGF�YKVJ�EJGOKECNU�
G�I���CTUGPKE�� 

• Examples of protocols:
 o /E&QPQWIJ��/��/���2CTMGT��.��&���4QV\GN�/E+PGTPG[��0���%CORCPC��/��)�����/CNFQPCFQ��,��'��
�������
2GTHQTOCPEG�QH�EQOOQPN[�TGSWGUVGF�FGUVTWEVKXG�OWUGWO�UCORNGU�HQT�OCOOCNKCP�IGPQOKE�UVWFKGU��,QWTPCN�QH�
/COOCNQI[����
�������s�����JVVRU���FQK�QTI���������LOCOOCN�I[[��� 

 o %CORQU��2��(�����)KNDGTV��/��6��2��
�������&0#�GZVTCEVKQP�HTQO�MGTCVKP�CPF�EJKVKP��#PEKGPV�&0#��/GVJQFU�CPF�
RTQVQEQNU����s����JVVRU���FQK�QTI��������������������������A� 

 o 2GPPC��#���$NCKT��/��'���.WK��*��.���2GVGTU��'���-KUVNGT��.�����2Q\\K��.��
�������1XGTEQOKPI�EJCNNGPIGU�VQ�GZVTCEVKPI�
CPF�UGSWGPEKPI�JKUVQTKECN�&0#�VQ�UWRRQTV�RTKOCVG�GXQNWVKQPCT[�TGUGCTEJ�CPF�EQPUGTXCVKQP��YKVJ�CP�
CRRNKECVKQP�VQ�)CNCIQU��+PVGTPCVKQPCN�,QWTPCN�QH�2TKOCVQNQI[����������s������JVVRU���FQK�QTI���������U������
024-00429-3 

 o 6UCK��9��.��'���5EJGFN��/��'���/CNG[��,��/�����/E%QTOCEM��,��'��
�������/QTG�VJCP�UMKP�CPF�DQPGU��%QORCTKPI�
GZVTCEVKQP�OGVJQFU�CPF�CNVGTPCVKXG�UQWTEGU�QH�&0#�HTQO�CXKCP�OWUGWO�URGEKOGPU��/QNGEWNCT�'EQNQI[�
4GUQWTEGU����
��������s������JVVRU���FQK�QTI������������������������ 

	��i�>�`�ÌiiÌ�
• 'ZCORNGU��8GTVGDTCVGU� 

• #FXCPVCIGU��*CTF�VKUUWG�VJCV�ECP�DG�HQWPF�KP�OQUV�CPEKGPV�URGEKOGPU��CNUQ�UMGNGVQPU�CTG�QHVGP�
RTGUGTXGF�KP�JKUVQTKECN�XGTVGDTCVG�EQNNGEVKQPU� 

• %JCNNGPIGU��+V�KU�FKHƂEWNV�VQ�TGCEJ�VJG�QTICPKE�NC[GT��YJKEJ�WUWCNN[�TGSWKTGU�OQTG�FGUVTWEVKXG�
UCORNKPI�VGEJPKSWGU��UWEJ�CU�FTKNNKPI�� 

• Examples of protocols:
 o &CDPG[��,�����/G[GT��/��
�������'ZVTCEVKQP�QH�JKIJN[�FGITCFGF�&0#�HTQO�CPEKGPV�DQPGU�CPF�VGGVJ��#PEKGPV�
&0#��OGVJQFU�CPF�RTQVQEQNU����s����JVVRU���FQK�QTI��������������������������A�

 o &GJCUSWG��/���2GêPGTQX½��2���-GORG�.CIGTJQNO��8���'TUOCTM��'���&CPKNQX��)��-���/QTVGPUGP��2���8CTVCP[CP��5�����
&CNÅP��.��
�������&GXGNQROGPV�CPF�QRVKOK\CVKQP�QH�C�UKNKEC�EQNWOP�DCUGF�GZVTCEVKQP�RTQVQEQN�HQT�CPEKGPV�&0#��
)GPGU����
���������JVVRU���FQK�QTI���������IGPGU�������� 

 o 4QJNCPF��0���)NQEMG��+���#ZKOW�2GVTK��#�����/G[GT��/��
�������'ZVTCEVKQP�QH�JKIJN[�FGITCFGF�&0#�HTQO�CPEKGPV�
DQPGU��VGGVJ��CPF�UGFKOGPVU�HQT�JKIJ�VJTQWIJRWV�UGSWGPEKPI��0CVWTG�2TQVQEQNU����
���������s������JVVRU���FQK�
QTI���������U���������������� 

Box 3: Overview of advantages and challenges to isolating DNA from different specimen 
preparation types

https://doi.org/10.1093/jmammal/gyy080
https://doi.org/10.1007/978-1-4939-9176-1_7
https://doi.org/10.1007/s10764-024-00429-3
https://doi.org/10.1007/s10764-024-00429-3
https://doi.org/10.1111/1755-0998.13077
https://doi.org/10.1007/978-1-4939-9176-1_4
https://doi.org/10.3390/genes13040687
https://doi.org/10.1038/s41596-018-0050-5
https://doi.org/10.1038/s41596-018-0050-5
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��Õ�`�«ÀiÃiÀÛi`�Ã«iV��i�Ã
• 'ZCORNGU��(KUJ��CORJKDKCPU��TGRVKNGU��CSWCVKE�KPXGTVGDTCVGU��NCTXCG��URKFGTU��UEQTRKQPU��DKTFU��

CPF�DCVU� 

• #FXCPVCIGU��5RGEKOGPU�KP�JKIJ�PWODGTU�QT�YKVJ�NQVU�QH�VKUUWG��6JG�OGFKC�ECP�DG�WUGF�CU�C�
UQWTEG�QH�&0#�DWV�ECP�JCXG�JKIJ�NGXGNU�QH�FCOCIG�CPF�EQPVCOKPCVKQP� 

• %JCNNGPIGU��*KIJ�EJCPEGU�QH�VJG�URGEKOGP�DGKPI�ƂZGF�KP�HQTOCNKP��YJKEJ�ETGCVGU�ETQUUNKPMU�
YKVJKP�VJG�&0#�OQNGEWNG��QT�DGVYGGP�RTQVGKP�CPF�QVJGT�&0#�OQNGEWNGU�RTGUGPV�KP�VJG�OGFKC��
'XGP�UCORNGU�VJCV�CTG�RTGUGTXGF�QPN[�KP�GVJCPQN��YKNN�[KGNF�HTCIOGPVGF�&0#� 

• Examples of protocols:
 o 4WCPG��5�����#WUVKP��%��%��
�������2J[NQIGPQOKEU�WUKPI�HQTOCNKP�ƂZGF�CPF����
�[GCT�QNF�KPVTCEVCDNG�PCVWTCN�
JKUVQT[�URGEKOGPU��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
��������s������JVVRU���FQK�QTI������������������������ 

 o 5VTCWDG��0���.[TC��/��.���2CKLOCPU��,��.��#���2TGKEM��/���$CUNGT��0���2GPPGT��,���4ÒFGN��/���9GUVDWT[��/��8���*CFFCF��
%��(��$���$CTNQY��#�����*QHTGKVGT��/��
�������5WEEGUUHWN�CRRNKECVKQP�QH�CPEKGPV�&0#�GZVTCEVKQP�CPF�NKDTCT[�
EQPUVTWEVKQP�RTQVQEQNU�VQ�OWUGWO�YGV�EQNNGEVKQP�URGEKOGPU��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
��������s������
JVVRU���FQK�QTI������������������������ 


}}Ã�i��Ã�
• 'ZCORNGU��$KTFU�CPF�TGRVKNGU� 

• #FXCPVCIGU��'ZEGNNGPV�RTGUGTXCVKQP�QH�&0#�CPF�QVJGT�DKQOQNGEWNGU��EQOOQP�URGEKOGP�V[RG�
KP�CXKCP�CPF�UQOG�QVJGT�EQNNGEVKQPU�
G�I���KPXGTVGDTCVGU�CPF�JGTRGVQNQI[���1HVGP�HQWPF�KP�
CTEJCGQNQIKECN�CPF�RCNGQPVQNQIKECN�UKVGU��0QPKPXCUKXG�UCORNKPI�QH�YKNF�URGEKOGPU� 

• %JCNNGPIGU��1HVGP�FGNKECVG�KP�PCVWTG�CPF�RTQPG�VQ�URGEKGU�OKUCUUKIPOGPV�
URGEKGU�ECP�JCXG�
GIIU�VJCV�NQQM�GZVTGOGN[�UKOKNCT�� 

• Examples of protocols:
 o 1UMCO��%��.���*CKNG��,���/E.C[��'���4KID[��2���#NNGPVQHV��/��'���1NUGP��/��'���$GPIVUUQP��%���/KNNGT��)��*���
5EJYGPPKPIGT��,���,CEQOD��%���9CNVGT��4���$C[PGU��#���&QTVEJ��,���2CTMGT�2GCTUQP��/���)KNDGTV��/��6��2���*QNFCYC[��
4��0���9KNNGTUNGX��'�����$WPEG��/��
�������(QUUKN�CXKCP�GIIUJGNN�RTGUGTXGU�CPEKGPV�&0#��2TQEGGFKPIU�QH�VJG�4Q[CN�
5QEKGV[�$��$KQNQIKECN�5EKGPEGU�����
�����������s������JVVRU���FQK�QTI���������TURD����������  

 o )TGCN[��#���.CPIOQTG��0��'���,QUGRJ��.�����*QNNGNG[��%��'��
�������)GPGVKE�DCTEQFKPI�QH�OWUGWO�GIIUJGNNU�
KORTQXGU�FCVC�KPVGITKV[�QH�CXKCP�DKQNQIKECN�EQNNGEVKQPU��5EKGPVKƂE�4GRQTVU����
����������JVVRU���FQK�QTI���������
U����������������� 

 o XCP�FGT�/GKL��5��'��6�����0KGOCP��#��/��
�������1NF�CPF�PGY�&0#�WPYGCXG�VJG�RJ[NQIGPGVKE�RQUKVKQP�QH�VJG�
GCUVGTP�#VNCPVKE�ICNN�ETCD�&GVQECTEKPWU�DCNUUK�
/QPQF��������
&GECRQFC��%T[RVQEJKTKFCG���,QWTPCN�QH�<QQNQIKECN�
5[UVGOCVKEU�CPF�'XQNWVKQPCT[�4GUGCTEJ����
�������s�����JVVRU���FQK�QTI���������L\U������ 

*���i`�`À�i`�Ã«iV��i�Ã
• 'ZCORNGU��0QP�CSWCVKE�KPUGEVU� 

• #FXCPVCIGU��1PG�QH�VJG�OQTG�YKFGURTGCF�EQNNGEVKQP�V[RGU��VJG�PWODGT�QH�URGEKOGPU�ECP�QHVGP�
XCUVN[�QWVPWODGT�QVJGT�EQNNGEVKQPU��OCMKPI�RQRWNCVKQP�NGXGN�CPCN[UKU�RQUUKDNG� 

• %JCNNGPIGU��&GUVTWEVKXG�UCORNKPI�ECP�FGUVTQ[�KORQTVCPV�OQTRJQNQIKECN�UVTWEVWTGU��IKXGP�VJCV�
URGEKOGPU�CTG�QHVGP�XGT[�UOCNN�CPF�EQNNGEVKQPU�ECP�JCXG�HGY�EQNNGEVGF�URGEKOGPU�� 

• Examples of protocols:
 o .CNQPFG��/��/�����/CTEWU��,��/��
�������*QY�QNF�ECP�YG�IQ!�'XCNWCVKPI�VJG�CIG�NKOKV�HQT�GHHGEVKXG�&0#�TGEQXGT[�
HTQO�JKUVQTKECN�KPUGEV�URGEKOGPU��5[UVGOCVKE�'PVQOQNQI[����
�������s�����JVVRU���FQK�QTI���������U[GP������ 

 o 1TT��4��,���5CPPWO��/��/���$QGUUGPMQQN��5���&K�/CTVKPQ��'���)QTFQP��&��2���/GNNQ��*��.���1DUV��/���4COUHLGNN��/��
*���5OKVJ��#��/����.KQY��.��*��
�������#�OQNGEWNCT�RJ[NQIGP[�QH�JKUVQTKECN�CPF�EQPVGORQTCT[�URGEKOGPU�QH�CP�WPFGT�

https://doi.org/10.1111/1755-0998.12655
https://doi.org/10.1111/1755-0998.13433
https://doi.org/10.1098/rspb.2009.2019
https://doi.org/10.1038/s41598-020-79852-4
https://doi.org/10.1038/s41598-020-79852-4
https://doi.org/10.1111/jzs.12130
https://doi.org/10.1111/syen.12411
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UVWFKGF�OKETQ�KPXGTVGDTCVG�ITQWR��'EQNQI[�CPF�'XQNWVKQP����
�������s�����JVVRU���FQK�QTI���������GEG������ 
 o %CORQU��2�(���)KNDGTV��/�6�2��
�������&0#�'ZVTCEVKQP�HTQO�-GTCVKP�CPF�%JKVKP��+P��5JCRKTQ��$���$CTNQY��#���
*GKPV\OCP��2���*QHTGKVGT��/���2CKLOCPU��,���5QCTGU��#��
GFU��#PEKGPV�&0#��/GVJQFU�KP�/QNGEWNCT�$KQNQI[��XQN�
������*WOCPC�2TGUU��0GY�;QTM��0;��JVVRU���FQK�QTI��������������������������A� 

�iÀL>À�>�Ã«iV��i�Ã
• 'ZCORNGU��2NCPVU��HWPIK��CNICG��NKEJGP��OQUU� 

• #FXCPVCIGU��1PG�QH�VJG�OQTG�EQOOQP�CPF�YKFGURTGCF�EQNNGEVKQP�V[RGU��(CUV�CPF�UKORNG�VQ�
EQNNGEV�UCORNGU� 

• %JCNNGPIGU��'ZVTCEVKQP�TGSWKTGU�UQOG�V[RG�QH�OGEJCPKECN�N[UKU�UVGR��CPF�FGRGPFKPI�QP�VJG�
URGEKGU��UGEQPFCT[�OGVCDQNKVGU�ECP�KPVGTHGTG�YKVJ�GP\[OCVKE�TGCEVKQPU� 

• Examples of protocols:
 o *CTV��/��.���(QTTGUV��.��.���0KEJQNNU��,��#�����-KFPGT��%��#��
�������4GVTKGXCN�QH�JWPFTGFU�QH�PWENGCT�NQEK�HTQO�
JGTDCTKWO�URGEKOGPU��6CZQP����
��������s������JVVRU���FQK�QTI��������������� 

 o (QNM��4��#���-CVGU��*��4���.C(TCPEG��4���5QNVKU��&��'���5QNVKU��2��5�����)WTCNPKEM��4��2��
�������*KIJ�VJTQWIJRWV�
OGVJQFU�HQT�GHƂEKGPVN[�DWKNFKPI�OCUUKXG�RJ[NQIGPKGU�HTQO�PCVWTCN�JKUVQT[�EQNNGEVKQPU��#RRNKECVKQPU�KP�2NCPV�
5EKGPEGU���
����G�������JVVRU���FQK�QTI���������CRU������� 

 o )WVCMGT��4��/���'��4GKVGT��#��(WTVYÀPINGT��8��,��5EJWGPGOCPP��CPF�*��#��$WTDCPQ��
�������'ZVTCEVKQP�QH�WNVTCUJQTV�
&0#�OQNGEWNGU�HTQO�JGTDCTKWO�URGEKOGPU��$KQ6GEJPKSWGU��������s����JVVRU���FQK�QTI������������������ 

 o .ÔMGP��5��$���5MTGFG��+�����5EJWOCEJGT��6��
�������6JG�Helvella corium�URGEKGU�CIITGICVG�KP�0QTFKE�EQWPVTKGUs
RJ[NQIGP[�CPF�URGEKGU�FGNKOKVCVKQP��(WPICN�U[UVGOCVKEU�CPF�GXQNWVKQP���
�������s�����JVVRU���FQK�QTI���������
HWUG����������� 

 o %WDGTQ��1��(���%TGURQ��#��0��#���(CVGJK��,�����$TKFIG��2��&��
�������&0#�GZVTCEVKQP�CPF�2%4�CORNKƂECVKQP�
OGVJQF�UWKVCDNG�HQT�HTGUJ��JGTDCTKWO�UVQTGF��NKEJGPK\GF��CPF�QVJGT�HWPIK��2NCPV�5[UVGOCVKEU�CPF�'XQNWVKQP�������
���s�����JVVRU���FQK�QTI���������$(�������� 

5QOG�SWGUVKQPU�VQ�IWKFG�VJKU�UVGR�
��� 9JCV�RTGUGTXCVKQP�OGVJQF�KU�OQTG�EQOOQPN[�WUGF�HQT�VJG�QTICPKUO�[QW�CTG�KPVGTGUVGF�KP�UVWF[KPI!
��� *QY�YQWNF�[QW�KFGPVKH[�WPUWKVCDNG�URGEKOGPU�HQT�YJKEJ�VJGTG�OKIJV�DG�NQY�EJCPEGU�QH�QDVCKPKPI�

IGPGVKE�OCVGTKCN�
G�I���RTGUGPEG�QH�OQNF��UCNV�ET[UVCNU��NGXGN�QH�FGEQORQUKVKQP�QH�KPVGTPCN�QTICPU�!
��� 9JCV�RTQVQEQNU�DGUV�UWKV�[QWT�VCTIGV�URGEKGU�IKXGP�VJG�V[RG�QH�RTGUGTXCVKQP�OGVJQF�OQUV�

EQOOQPN[�HQWPF�KP�PCVWTCN�JKUVQT[�EQNNGEVKQPU!
��� 9JCV�UWEEGUU�TCVG�FQ�[QW�GZRGEV�HQT�VJG�&0#�GZVTCEVKQP�UVGR!
��� #TG�VJGTG�CP[�VQZKE�EJGOKECNU�[QW�YKNN�DG�GZRQUGF�VQ!�*QY�UJQWNF�[QW�RTQVGEV�[QWTUGNH�VQ�

OKPKOK\G�EQPVCEV�CPF�GZRQUWTG�VQ�VJGO!
��� *QY�OWEJ�QH�GCEJ�NCDQTCVQT[�TGCIGPV�CPF�UWRRNKGU�YKNN�[QW�PGGF�VQ�QDVCKP�IGPGVKE�OCVGTKCN�HQT�CNN�

VJG�UCORNGU�[QW�JCXG�EQNNGEVGF!

1PEG�VJG�&0#�HTQO�DKQNQIKECN�URGEKOGPU�JCU�DGGP�KUQNCVGF��KV�KU�VKOG�VQ�FGVGTOKPG�VJG�QTFGT�QH�IGPGVKE�
KPHQTOCVKQP�EQPVCKPGF�KP�VJGUG�OQNGEWNGU�VJTQWIJ�UGSWGPEKPI��5GSWGPEKPI�KPXQNXGU�FGVGTOKPKPI�VJG�
GZCEV�QTFGT�QH�PWENGQVKFG�DCUGU�
#��6��%��CPF�)��VJCV�EQORQUG�GCEJ�&0#�OQNGEWNG��$GECWUG�IGPGVKE�
UGSWGPEKPI�TGSWKTGU�JKIJN[�URGEKCNK\GF�OCEJKPGU�CPF�VTCKPGF�RGTUQPPGN��VJKU�UVGR�KU�WUWCNN[�QWVUQWTEGF�
VQ�UGSWGPEKPI�EQORCPKGU��1PEG�VJG�&0#�OQNGEWNGU�CTG�UGSWGPEGF��VJG[�CTG�UVQTGF�KP�C�FKIKVCN�ƂNG�
CPF�TGHGTTGF�VQ�CU�pTGCFU�q�+P�VJG�ƂGNF�QH�CPEKGPV�CPF�JKUVQTKECN�&0#��VJG�CDKNKV[�VQ�IQ�HWTVJGT�DCEM�KP�
VKOG�JCU�KORTQXGF�VJCPMU�VQ�VJG�FGXGNQROGPV�QH�NCDQTCVQT[�RTQVQEQNU�HQT�KUQNCVKPI�&0#�HTQO�QNF�CPF�
RTGUGTXGF�URGEKOGPU��CU�YGNN�CU�CFXCPEGOGPVU�KP�UGSWGPEKPI�VGEJPQNQIKGU�

+P�VJG�GTC�QH�OCUUKXGN[�RCTCNNGN�UGSWGPEKPI��KV�QPN[�VCMGU�C�HGY�JQWTU�VQ�UKOWNVCPGQWUN[�UGSWGPEG�

From Genetic Material to Sequences

https://doi.org/10.1002/ece3.7042
https://doi.org/10.1007/978-1-4939-9176-1_7
https://doi.org/10.12705/655.9
https://doi.org/10.1002/aps3.11410
https://doi.org/10.2144/000114517
https://doi.org/10.3114/fuse.2020.05.11
https://doi.org/10.3114/fuse.2020.05.11
https://doi.org/10.1007/BF01084401
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DKNNKQPU�QH�TGCFU�HTQO�OWNVKRNG�KPFKXKFWCNU��+P�VJG�ƂPCN�UVGR�QH�&0#�GZVTCEVKQP��&0#�OQNGEWNGU�CTG�
KP�UQNWVKQP��$GHQTG�UGSWGPEKPI��VJGUG�OQNGEWNGU�OWUV�WPFGTIQ�C�UGTKGU�QH�NCDQTCVQT[�RTQEGFWTGU�VQ�
GPUWTG�VJCV�CNN�&0#�OQNGEWNGU�
���ECP�DG�VTCEGF�DCEM�VQ�C�RCTVKEWNCT�KPFKXKFWCN�CPF�
���CTG�TGCF[�VQ�
DG�UGSWGPEGF��6JGUG�CTG�VJG�VYQ�OCLQT�IQCNU�QH�NCDQTCVQT[�YQTM��YJKEJ�VQIGVJGT�CTG�ECNNGF�pNKDTCT[�
RTGRCTCVKQP�q�6JKU�NKDTCT[�RTGRCTCVKQP�UVGR�RTGEGFGU�UGSWGPEKPI�QP�JKIJ�VJTQWIJRWV�UGSWGPEKPI�
QT�
pPGZV�IGPGTCVKQP�UGSWGPEKPIq�0)5��RNCVHQTOU�

9G�JCXG�CNTGCF[�EQXGTGF�VJG�OCKP�FKHHGTGPEGU�KP�VJG�&0#�OQNGEWNGU�QDVCKPGF�HTQO�HTGUJ�CPF�
RTGUGTXGF�VKUUWG��6Q�HWNN[�WPFGTUVCPF�VJG�TCVKQPCNG�DGJKPF�UQOG�QH�VJG�NKDTCT[�RTGRCTCVKQP�QRVKQPU�
HQT�CPEKGPV�CPF�JKUVQTKECN�UCORNGU��KV�KU�KORQTVCPV�VQ�WPFGTUVCPF�UQOG�DCUKE�RTGTGSWKUKVGU�HQT�&0#�
UGSWGPEKPI�QP�FKHHGTGPV�RNCVHQTOU��+P�VJG�HQNNQYKPI�UGEVKQPU��YG�RTQXKFG�C�DTKGH�QXGTXKGY�QH�VJG�OCKP�
UGSWGPEKPI�VGEJPQNQIKGU�EWTTGPVN[�WUGF�CPF�VJG�V[RGU�QH�IGPGVKE�FCVC�VJG[�ECP�IGPGTCVG��9G�VJGP�
FKUEWUU�VJG�OCKP�FKHHGTGPEGU�DGVYGGP�NKDTCT[�RTGRCTCVKQP�OGVJQFU�FGXGNQRGF�HQT�JKUVQTKECN�CPF�
CPEKGPV�UCORNGU��6JKU�RTCEVKECN�IWKFG�EQPENWFGU�YKVJ�CP�QXGTXKGY�QH�VJG�CRRNKECVKQPU�QH�FKHHGTGPV�
UGSWGPEKPI�UVTCVGIKGU�VQ�EQPUGTXCVKQP�IGPGVKEU�

$GHQTG�VJG�DTQCF�CXCKNCDKNKV[�QH�RCTCNNGN�UGSWGPEKPI�VGEJPQNQIKGU��5CPIGT�UGSWGPEKPI�YCU�QPG�QH�VJG�OQUV�
EQOOQPN[�WUGF�OGVJQFU��&GXGNQRGF�KP�VJG�OKF�����U��5CPIGT�UGSWGPEKPI�DGECOG�RQRWNCT�FWG�VQ�KVU�
NQY�GTTQT�TCVGU�CPF�UVTCKIJVHQTYCTF�NCDQTCVQT[�CPF�DKQKPHQTOCVKEU�RTQEGUUGU�
CPF�DGECWUG�KV�TGCNN[�YCU�VJG�
QPN[�UGSWGPEKPI�VGEJPKSWG�CXCKNCDNG�CV�VJG�VKOG���6JKU�OGVJQF�EQPVKPWGU�VQ�DG�GHHGEVKXG�HQT�EJCTCEVGTK\KPI�
URGEKƂE�CPF�KPHQTOCVKXG�IGPQOKE�TGIKQPU��UWEJ�CU�KPFKXKFWCN�IGPGU�QT�UJQTV�UGSWGPEGU��+VU�YGNN�GUVCDNKUJGF�
TGNKCDKNKV[�CPF�CHHQTFCDKNKV[�OCMG�5CPIGT�KFGCN�HQT�UOCNN�UECNG�UGSWGPEKPI�GPFGCXQTU�VJCV�FGOCPF�RTGEKUG�
CPF�CEEWTCVG�TGUWNVU�YKVJQWV�PGGFKPI�GZVGPUKXG�FCVC��(WTVJGTOQTG��5CPIGT�UGSWGPEKPI�GNKOKPCVGU�VJG�
PGGF�HQT�KPVTKECVG�NKDTCT[�RTGRCTCVKQP��RTQXKFKPI�C�UKORNG�CPF�FKTGEV�YQTMƃQY��6JG�QPN[�TGSWKTGOGPV�KU�VJG�
FGXGNQROGPV�QH�RTKOGTU�
UJQTV�PWENGQVKFG�UGSWGPEGU�VJCV�DKPF�VQ�VJG�URGEKƂE�IGPQOKE�TGIKQP�QH�KPVGTGUV���
6JGUG�RTKOGTU��EQODKPGF�YKVJ�C�UGTKGU�QH�GP\[OCVKE�TGCEVKQPU��CTG�WUGF�VQ�RTQFWEG�UGXGTCN�EQRKGU�QH�VJG�
HTCIOGPV�QH�KPVGTGUV�VJTQWIJ�C�RTQEGUU�ECNNGF�2%4�CORNKƂECVKQP��6JKU�CORNKƂECVKQP�UVGR�TGOCKPU�KP�OQTG�
TGEGPV�UGSWGPEKPI�VGEJPQNQIKGU��CNVJQWIJ�KV�FQGU�PQV�TGSWKTG�VJG�FGXGNQROGPV�QH�URGEKƂE�RTKOGTU�

%WTTGPVN[��VJG�OQUV�RQRWNCT�JKIJ�VJTQWIJRWV�UGSWGPEKPI�VGEJPQNQIKGU�CTG�+NNWOKPC��2CE$KQ��CPF�
1ZHQTF�0CPQRQTG�6GEJPQNQIKGU�
106���6JGUG�VGEJPQNQIKGU�WUG�FKHHGTGPV�OGEJCPKEU�CPF�RTKPEKRNGU��
YKVJ�GCEJ�EQORCP[�QHHGTKPI�C�XCTKGV[�QH�OCEJKPG�OQFGNU�
QT�pRNCVHQTOUq��VJCV�ECP�FGNKXGT�FKHHGTGPV�
COQWPVU�QH�FCVC�
PWODGT�QH�TGCFU�CPF�VQVCN�DCUGU�UGSWGPEGF��RGT�TWP��'CEJ�VGEJPQNQI[�JCU�C�WPKSWG�
UGV�QH�UVTGPIVJU�VCKNQTGF�HQT�URGEKƂE�CRRNKECVKQPU��CPF�VJG[�ECP�DG�EQODKPGF�VQ�OCZKOK\G�CPCN[VKECN�
RQYGT��*GTG��YG�YKNN�GZRCPF�QP�VJG�OCLQT�FKHHGTGPEGU�DGVYGGP�VJGUG�VGEJPQNQIKGU�KP�VGTOU�QH�
���
VJG�OCZKOWO�HTCIOGPV�NGPIVJ�UGSWGPEGF��
���GTTQT�TCVG��CPF�
���EQUV�
UGG�6CDNG���HQT�C�UWOOCT[���
%QPUGSWGPVN[��VJG�CRRNKECVKQP�QH�VJGUG�FKHHGTGPV�VGEJPQNQIKGU�ECP�XCT[�ITGCVN[�FGRGPFKPI�QP�VJG�
RTQLGEV�PGGFU�CPF�VJG�EJCTCEVGTKUVKEU�QH�VJG�&0#�OQNGEWNGU�QDVCKPGF�CV�VJG�GPF�QH�VJG�GZVTCEVKQP�
UVGR�
UWEJ�CU�HTCIOGPV�NGPIVJ�CPF�FGITGG�QH�FCOCIG��

+P�+NNWOKPC�UGSWGPEKPI��UKPING�GPF�UGSWGPEKPI�TGCFU�VJG�&0#�HTCIOGPV�HTQO�QPG�GPF�VQ�VJG�QVJGT��
RTQXKFKPI�C�UKPING�UGSWGPEG�QH�PWENGQVKFGU��2CKTGF�GPF�UGSWGPEKPI�TGCFU�HTQO�DQVJ�GPFU�QH�VJG�&0#�
HTCIOGPV��CNNQYKPI�UEKGPVKUVU�VQ�QDVCKP�VYQ�UGSWGPEGU�RGT�HTCIOGPV��QPG�HTQO�GCEJ�UVTCPF��2CKTGF�
GPF�TGCFU�RTQXKFG�OQTG�KPHQTOCVKQP�CDQWV�VJG�&0#�CPF�CTG�JGNRHWN�HQT�FGVGEVKPI�UVTWEVWTCN�XCTKCVKQPU�
QT�QXGTNCRRKPI�UGSWGPEGU��6JKU�GZVTC�FCVC�OCMGU�RCKTGF�GPF�UGSWGPEKPI�OQTG�CEEWTCVG�CPF�WUGHWN�

Overview of Sequencing Technologies

�À>}�i�Ì��i�}Ì�
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&GVGTOKPKPI�VJG�PWENGQVKFG�QTFGT�KP�&0#�OQNGEWNGU�KU�VJG�OCKP�IQCN�QH�UGSWGPEKPI��;GV��JQY�
ECP�YG�DG�UWTG�KH�VJG�PWENGQVKFGU�DGKPI�TGRTGUGPVGF�CTG��KP�HCEV��EQTTGEV!�6JGTG�CTG�VYQ�V[RGU�QH�
CEEWTCE[��EQPUGPUWU�CEEWTCE[�
KU�VJGTG�GPQWIJ�UWRRQTV�VQ�FGVGTOKPG�YJKEJ�PWENGQVKFG�KU�RTGUGPV�KP�
VJKU�RQUKVKQP!��CPF�TGCF�CEEWTCE[�
JCU�VJG�OCEJKPG�FGVGEVGF�VJG�EQTTGEV�PWENGQVKFG�KP�VJKU�RQUKVKQP!���
7PFGTUVCPFKPI�UQOG�CURGEVU�QH�VJG�UGSWGPEKPI�VGEJPQNQIKGU�KU�KORQTVCPV�VQ�GPUWTG�[QW�ECP�
FKUVKPIWKUJ�CEVWCN�DKQNQIKECN�KPHQTOCVKQP�HTQO�UGSWGPEKPI�GTTQTU�

6JG�JKIJGT�VJG�PWODGT�QH�WPKSWG�OQNGEWNGU�UGSWGPEGF�HQT�C�IKXGP�UCORNG��VJG�JKIJGT�VJG�EJCPEGU�QH�
CUUGODNKPI�VJG�GPVKTG�IGPGVKE�KPHQTOCVKQP�RTGUGPV�KP�VJG�QTICPKUO��YJKEJ�KU�EQOOQPN[�FGUETKDGF�CU�
JKIJ�pNKDTCT[�EQORNGZKV[�q�*GTG��VJG�VGTO�NKDTCT[�TGHGTU�VQ�VJG�GPVKTG�RQQN�QH�OQNGEWNGU�UGSWGPEGF�
VJG�
TGCFU��HQT�GCEJ�RTQEGUUGF�UCORNG�
VJG�NKDTCTKGU���6JG�PWODGT�QH�WPKSWG�TGCFU�VJCV�QXGTNCR�KP�C�IKXGP�
IGPQOKE�RQUKVKQP�FGVGTOKPGU�VJG�EQXGTCIG�QT�pUGSWGPEKPI�FGRVJq�HQT�VJCV�RQUKVKQP��%QXGTCIG�QH�C�
IGPQOKE�TGIKQP�ECP�DG�KPETGCUGF�YKVJ�JKIJ�NKDTCT[�EQORNGZKV[��C�JKIJGT�PWODGT�QH�TGCFU�UGSWGPEGF�
HQT�GCEJ�WPKSWG�UCORNG��CPF�D[�UGSWGPEKPI�DQVJ�UVTCPFU�QH�VJG�&0#�OQNGEWNG�
RCKTGF�GPF�
UGSWGPEKPI���6JG�JKIJGT�VJG�EQXGTCIG��VJG�JKIJGT�VJG�EQPƂFGPEG�KP�FGVGTOKPKPI�VJG�GZCEV�PWENGQVKFG�
RTGUGPV�KP�VJCV�URGEKƂE�IGPGVKE�RQUKVKQP��C�DKQKPHQTOCVKE�UVGR�WUWCNN[�TGHGTTGF�VQ�CU�pEQPUGPUWU�
ECNNKPI�q�%QPUGPUWU�ECNEWNCVKQP�YKNN�IGV�OQTG�EQORWVCVKQPCNN[�FGOCPFKPI�YKVJ�KPETGCUG�KP�UGSWGPEKPI�
GHHQTV��DWV�KV�ECPPQV�CEEQWPV�HQT�GTTQTU�GOGTIKPI�HTQO�VJG�UGSWGPEKPI�OCEJKPG�

6JG�UGSWGPEKPI�VGEJPQNQIKGU�CXCKNCDNG�VQFC[�JCXG�FKHHGTGPV�KPJGTGPV�GTTQT�TCVGU�HQT�KPFKXKFWCN�
OGCUWTGOGPVU��(WTVJGTOQTG��CEEWTCE[�FKHHGTU�PQV�QPN[�DGVYGGP�VGEJPQNQIKGU�DWV�CNUQ�CETQUU�IGPQOKE�
TGIKQPU��CU�UQOG�UVTGVEJGU�QH�VJG�IGPQOG�CTG�KPJGTGPVN[�OQTG�FKHƂEWNV�VQ�TGCF�
G�I���RCNKPFTQOKE�
UGSWGPEGU��#6��CPF�%)�TKEJ�TGIKQPU��QT�XGT[�TGRGVKVKXG�TGIKQPU�UWEJ�CU�VGNQOGTGU�CPF�EGPVTQOGTGU���+P�
UWEJ�ECUGU��KV�FQGUPoV�OCVVGT�JQY�OCP[�VKOGU�[QW�UGSWGPEG�C�RCTVKEWNCT�TGIKQP��KH�VJGTG�CTG�U[UVGOCVKE�
GTTQTU�CPF�VJG�UGSWGPEKPI�RNCVHQTOU�EQPUKUVGPVN[�OCMG�VJG�UCOG�OKUVCMG��KV�YKNN�PQV�DG�KORTQXGF�YKVJ�
JKIJGT�EQXGTCIG�QT�OQTG�EQORWVCVKQPCNN[�FGOCPFKPI�DKQKPHQTOCVKEU�CPCN[UKU��6JKU�KU�RCTVKEWNCTN[�VTWG�
KH�VJG�HTCIOGPVU�UGSWGPEGF�CTG�UJQTV�CPF�OCR�VQ�CODKIWQWU�RQUKVKQPU�KP�VJG�TGHGTGPEG�IGPQOG�
UGG�
VJG�INQUUCT[�CPF�p5GSWGPEKPI�UVTCVGI[q�UGEVKQP�HQT�OQTG�KPHQTOCVKQP�QP�TGHGTGPEG�IGPQOGU���UWEJ�
CU�TGRGVKVKXG�TGIKQPU��1PG�UVTCVGI[�VQ�QXGTEQOG�VJKU�RTQDNGO�KU�VQ�EQODKPG�UJQTV�TGCF�YKVJ�NQPI�TGCF�
UGSWGPEKPI��YJKEJ�EQPVKPWQWUN[�TGCF�NQPI�&0#�HTCIOGPVU�OWNVKRNG�VKOGU��


ÀÀ�À�,>ÌiÃ�>�`�æVVÕÀ>VÞ

HQT�EQORNGZ�&0#�CPCN[UKU��*QYGXGT��YJGP�CUUGODNKPI�UJQTV�TGCFU�VQ�FGVGTOKPG�VJG�GPVKTG�IGPQOG�
UGSWGPEG��KV�KU�EQOOQP�VQ�GPF�WR�YKVJ�ICRU�CPF�KPEQORNGVG�CUUGODNKGU��MPQYP�CU�FTCHV�IGPQOGU�

/QTG�TGEGPV�NQPI�TGCF�UVTCVGIKGU�RTQFWEG�TGCFU�VJCV�CTG�VGPU�QH�MKNQDCUGU�KP�NGPIVJ��ETGCVKPI�QXGTNCRU�
VJCV�CNNQY�HQT�VJG�IGPGTCVKQP�QH�EQORNGVG�IGPQOG�CUUGODNKGU��2CE$KQ�CPF�1ZHQTF�0CPQRQTG�
6GEJPQNQIKGU�
106��CTG�VJG�OQUV�EQOOQPN[�WUGF�NQPI�TGCF�UGSWGPEKPI�VGEJPQNQIKGU�VQFC[��
2CE$KQ�TGNKGU�QP�VJG�DKPFKPI�QH�C�UNQY�RQN[OGTCUG�VQ�C�UKPING�OQNGEWNG�QH�EKTEWNCTK\GF�&0#��YJKEJ�KU�
UGSWGPEGF�KP�TGCN�VKOG�OWNVKRNG�VKOGU��+P�106�RNCVHQTOU��C�JGNKECUG�QRGPU�VJG�FQWDNG�UVTCPF�QH�VJG�
&0#�OQNGEWNG��HQTEKPI�QPG�QH�VJG�UVTCPFU�VQ�RCUU�VJTQWIJ�C�XGT[�UOCNN�RQTG��UQ�VJG�EJCPIGU�KP�VJG�
KQPKE�EJCTIG�QH�VJG�FKHHGTGPV�PWENGQVKFGU�ECP�DG�FGVGEVGF��9JKNG�106�ECP�UGSWGPEG�OWEJ�NQPIGT�
HTCIOGPVU�CPF�OWEJ�HCUVGT�VJCP�2CE$KQ��KVU�CEEWTCE[�KU�NQYGT��6JG�TGSWKTGOGPV�QH�NQPI�HTCIOGPVU�
OCMGU�NQPI�TGCF�UGSWGPEKPI�WPTGCNKUVKE�HQT�OQUV�OWUGWO�URGEKOGPU��CPF�GXGP�KP�CTEJKXCN�ET[Q�
EQNNGEVKQPU�&0#�OC[�GZJKDKV�UKIPKƂECPV�FGITCFCVKQP�VJCV�OC[�JKPFGT�NQPI�TGCF�UGSWGPEKPI�UWEEGUU�

5CNKU�GV�CN����������&GURKVG�VJG�EJCNNGPIGU�CUUQEKCVGF�YKVJ�WUKPI�VJGUG�VGEJPQNQIKGU�QP�OWUGWO�
URGEKOGPU�UWEEGUUHWN�CVVGORVU�JCXG�DGGP�OCFG�KP�TCTG�ECUGU�
3WCVGNC�GV�CN���������$GKP�GV�CN���������
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+P�EQPENWUKQP��QWT�NGXGN�QH�EQPƂFGPEG�KP�FGVGTOKPKPI�VJG�PWENGQVKFG�QTFGT�HTQO�QWT�UGSWGPEKPI�FCVC�
EQOGU�HTQO�DQVJ�KUQNCVKPI�RQVGPVKCN�UGSWGPEKPI�GTTQTU�VJCV�VJG�OCEJKPG�OCMGU�CPF�GPUWTKPI�VJCV�VJG�
TGCFU�WUGF�VQ�FGVGTOKPG�VJG�UGSWGPEG�HQT�VJCV�RCTVKEWNCT�RQUKVKQP�ECP�DG�EQPƂFGPVN[�RNCEGF�CV�C�IKXGP�
IGPQOKE�TGIKQP��6JGUG�EQPƂFGPEG�UVGRU�CTG�RGTHQTOGF�FWTKPI�SWCNKV[�EQPVTQN�UVGRU�KP�VJG�DKQKPHQTOCVKEU 
RKRGNKPG��C�UGTKGU�QH�EQORWVGT�DCUGF�EQOOCPF�NKPG�UVGRU�VJCV�RTGEGFG�VJG�IGPGVKE�CPCN[UGU�

6JGTG�KU�EQPUKFGTCDNG�XCTKCVKQP�KP�UGSWGPEKPI�EQUVU�RGT�EQWPVT[��IKXGP�VJG�CXCKNCDKNKV[�QH�VTCKPGF�
RGTUQPPGN�CPF�UGSWGPEKPI�GSWKROGPV��CPF�VJG�EQUV�QH�KORQTVKPI�TGCIGPVU�ECP�EJCPIG�FTCOCVKECNN[��
6JGTGHQTG��DGHQTG�RNCPPKPI�C�EQPUGTXCVKQP�IGPGVKEU�RTQLGEV��KV�KU�XKVCN�VQ�ƂTUV�QDVCKP�SWQVGU�HTQO�
NCDQTCVQT[�CPF�UGSWGPEKPI�EQORCPKGU�CPF�GXCNWCVG�VJG�CXCKNCDNG�DWFIGV��

#�OCLQT�EQPEGTP�YJGP�FGEKFKPI�VJG�UGSWGPEKPI�GHHQTV�
JQY�OCP[�TGCFU�[QW�PGGF�VQ�TGCEJ�
VJG�FGUKTGF�EQXGTCIG��KU�YJGVJGT�VJG�NKDTCT[�EQPUVTWEVGF�HQT�VJCV�RCTVKEWNCT�UCORNG�JCU�GPQWIJ�
GPFQIGPQWU�&0#�
PWODGT�QH�TGCFU�VJCV�OCR�VQ�C�TGHGTGPEG�IGPQOG��CPF�C�UWHƂEKGPV�PWODGT�QH�
WPKSWG�&0#�OQNGEWNGU�
NKDTCT[�EQORNGZKV[���(QT�VCZC�YKVJ�NCTIG�IGPQOGU�CPF�UCORNGU�YKVJ�UWHƂEKGPV�
&0#�[KGNF��KH�C�NKDTCT[�NCEMU�EQORNGZKV[�CPF�JCU�C�JKIJ�PWODGT�QH�FWRNKECVG�&0#�OQNGEWNGU�
ENQPCNKV[���
HQEWUKPI�QP�J[DTKFK\CVKQP�ECRVWTG�RTQVQEQNU�
UGG�$QZ����ECP�DG�EQPUKFGTGF�C�UVTCVGI[�VQ�TGFWEG�VJG�
EQUV�QH�UGSWGPEKPI�PQP�FGUKTGF�QT�JKIJN[�FWRNKECVGF�OQNGEWNGU��

6JG�EQUV�QH�UGSWGPEKPI�KU�TCRKFN[�EJCPIKPI�YKVJ�CFXCPEGU�KP�UGSWGPEKPI�RNCVHQTOU��GURGEKCNN[�FWG�
VQ�VJG�KPETGCUG�KP�QWVRWV�FCVC�
PWODGT�QH�TGCFU��VJCV�ECP�DG�IGPGTCVGF�KP�C�UKPING�UGSWGPEKPI�E[ENG��
6Q�HWNN[�VCMG�CFXCPVCIG�QH�VJG�UGSWGPEKPI�QWVRWVU��C�EQOOQPN[�WUGF�UVTCVGI[�VQ�OKPKOK\G�EQUVU�KU�
VQ�EQODKPG�VJG�&0#�OQNGEWNGU�HTQO�OWNVKRNG�KPFKXKFWCNU�KPVQ�C�UKPING�UGSWGPEKPI�E[ENG��TGHGTTGF�VQ�
CU�OWNVKRNGZGF�UGSWGPEKPI��6JKU�UVTCVGI[�CFFU�OKPKOCN�NCDQT�CPF�EQUVU�FWTKPI�VJG�NCDQTCVQT[�CPF�
DKQKPHQTOCVKEU�UVGRU��$TKGƃ[��KV�TGSWKTGU�VJG�CFFKVKQP�QH�WPKSWG�KFGPVKƂGTU�KP�VJG�NKDTCT[�RTGRCTCVKQP�
UVGR�
UGG�PGZV�UGEVKQP���YJKEJ�YKNN�NCVGT�DG�WUGF�VQ�DKQKPHQTOCVKECNN[�UQTV�QWV�VJG�RTQXGPCPEG�QH�GCEJ�
OQNGEWNG�
pFG�OWNVKRNGZKPIq�UVGR�KP�VJG�DKQKPHQTOCVKEU�RKRGNKPG��

9JGP�RTGRCTKPI�C�DWFIGV��KV�KU�CNUQ�ETWEKCN�VQ�EQPUKFGT�VJG�EQORWVCVKQPCN�TGUQWTEGU�PGEGUUCT[�
HQT�FCVC�UVQTCIG�CPF�CPCN[UKU��6JKU�KPENWFGU�GXCNWCVKPI�VJG�EQUVU�CUUQEKCVGF�YKVJ�CESWKTKPI�CPF�
OCKPVCKPKPI�JCTFYCTG��UWEJ�CU�UGTXGTU�CPF�UVQTCIG�FGXKEGU��CU�YGNN�CU�VJG�GZRGPUGU�TGNCVGF�VQ�
UQHVYCTG�NKEGPUGU�CPF�ENQWF�UGTXKEGU��#U�VJG�PWODGT�QH�TCY�TGCFU�KPETGCUGU��VJG�UK\G�QH�VJG�ƂNGU�UVQTKPI�
VJGUG�TGCFU�CNUQ�ITQYU�UKIPKƂECPVN[��#FFKVKQPCNN[��VJG�UK\G�QH�KPVGTOGFKCVG�ƂNGU�IGPGTCVGF�FWTKPI�
FCVC�RTQEGUUKPI�ECP�GUECNCVG�SWKEMN[��HWTVJGT�KPETGCUKPI�UVQTCIG�TGSWKTGOGPVU��6JG�DWFIGV�UJQWNF�
CNUQ�CEEQWPV�HQT�VJG�OGOQT[�PGGFGF�VQ�UVQTG�CPF�TWP�CPCN[UGU�GHƂEKGPVN[��6JKU�KPXQNXGU�GPUWTKPI�VJCV�
VJGTG�KU�UWHƂEKGPV�4#/�CPF�RTQEGUUKPI�RQYGT�VQ�JCPFNG�NCTIG�FCVCUGVU�CPF�EQORNGZ�EQORWVCVKQPU��
(WTVJGTOQTG��URGEKCNK\GF�RGTUQPPGN�OC[�DG�TGSWKTGF�VQ�OCPCIG�CPF�CPCN[\G�VJG�FCVC��GPUWTKPI�VJCV�
VJG�KPHTCUVTWEVWTG�ECP�JCPFNG�VJG�XQNWOG�CPF�EQORNGZKV[�QH�VJG�FCVC�GHƂEKGPVN[��

5QOG�SWGUVKQPU�VQ�IWKFG�VJKU�UVGR�
��� )KXGP�VJG�SWCNKV[�QH�VJG�&0#�QDVCKPGF��YQWNF�[QW�DG�CDNG�VQ�WUG�NQPI�TGCF�UGSWGPEKPI�VGEJPQNQIKGU!
��� *QY�ECP�[QW�OKPKOK\G�VJG�UGSWGPEKPI�EQUVU�HQT�[QWT�RTQLGEV!
��� *QY�OCP[�UCORNGU�ECP�[QW�EQODKPG�KP�C�UKPING�NCPG�KH�[QW�CTG�OWNVKRNGZ�UGSWGPEKPI!�6JKPM�CDQWV�

VJG�QWVRWV�QH�FKHHGTGPV�UGSWGPEKPI�RNCVHQTOU�CPF�VJG�FGUKTGF�EQXGTCIG�RGT�UCORNG�
��� +U�VJGTG�C�TGHGTGPEG�IGPQOG�VJCV�[QW�ECP�WUG�KP�[QWT�UVWF[!
��� 9JCV�KU�VJG�IGPQOG�UK\G�QH�[QWT�HQECN�URGEKGU!


�ÃÌ
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 High Throughput Sequencing

->�}iÀ -��ÀÌ�Ài>`�ÃiµÕi�V��}
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(TCIOGPV�
NGPIVJ

���s�����DR �Z����DR�QT��Z����DR�
�� ��s���-DR�
2CE$KQ����s��
/DR�
106�

'TTQT�TCVG ����� ���s���� #U�QH�������������HQT�
2CE$KQ�*K(K�UGSWGPEKPI��
CPF�GTTQTU�CTG�C�DKV�JKIJGT�
HQT�106

#FXCPVCIGU /QTG�CHHQTFCDNG�CPF�GZVTGOGN[�
GHƂEKGPV�KH�[QW�CTG�HQEWUKPI�QP�
C�UKPING�QT�HGY�IGPGVKE�TGIKQPU�
QH�KPVGTGUV��$GECWUG�KV�JCU�VJG�
NQYGUV�GTTQT�TCVG��KV�OCPCIGU�
TGRGVKVKXG�UGSWGPEGU�YGNN��DWV�
ECP�DG�EJCNNGPIKPI�VQ�FGVGTOKPG�
VJG�PWODGT�QH�DCUGU�KP�NQPI�
VCKNU���8GT[�GCU[�VQ�CPCN[\G�
VJG�FCVC��IKXGP�VJCV�VJGTG�KU�
YGNN�GUVCDNKUJGF�UQHVYCTG�CPF�
EQOOWPKV[�UWRRQTV�

'ZVTGOGN[�EQUV�GHHGEVKXG��
GURGEKCNN[�YJGP�UGSWGPEKPI�
OWNVKRNG�KPFKXKFWCNU��5GSWGPEKPI�
CV�JKIJGT�EQXGTCIG�CNNQYU�JKIJ�
UGPUKVKXKV[�CPF�EQPƂFGPEG�KP�
FGVGTOKPKPI�VJG�RTGUGPEG�QH�
TCTG�CPF�NQY�HTGSWGPE[�NQEK��
$GECWUG�KV�JCU�DGGP�WUGF�D[�
VJG�EQOOWPKV[�HQT�UQ�NQPI��KV�
JCU�GZVTGOGN[�YGNN�GUVCDNKUJGF�
NCDQTCVQT[�CPF�DKQKPHQTOCVKEU�
RKRGNKPGU�

.QPIGT�HTCIOGPVU�JCXG�C�
ITGCVGT�EJCPEG�QH�EQPVCKPKPI�
GPQWIJ�WPKSWG�KPHQTOCVKQP�VQ�
CPEJQT�VJGO�RTQRGTN[�
RQUKVKQP�
CPF�FKTGEVKQP��KP�VJG�IGPQOG��
%CP�TGUQNXG�TGRGVKVKXG�TGIKQPU��
5QOG�106�RNCVHQTOU�CTG�
GZVTGOGN[�HCUV�CPF�RQTVCDNG��
CNNQYKPI�UGSWGPEKPI�KP�VJG�ƂGNF�

%JCNNGPIGU�
CPF�
FKUCFXCPVCIGU

4GSWKTGU�FGXGNQRKPI�OWNVKRNG�
RTKOGTU�CPF�RGTHQTOKPI�OWNVKRNG�
2%4�CORNKƂECVKQPU��.QYGUV�
UECNCDKNKV[�YJGP�EQORCTGF�VQ�
JKIJ�VJTQWIJRWV�UGSWGPEKPI�
UVTCVGIKGU��%QPUGSWGPVN[��JCU�
C�OWEJ�JKIJGT�RTKEG�RGT�DCUG�
RCKT�UGSWGPEGF�KH�[QW�PGGF�VQ�
UGSWGPEG�C�NQV�

6JG�HTCIOGPV�UK\G�KU�C�NKOKVKPI�
HCEVQT�KP�CUUGODNKPI�EQORNGVG�
TGHGTGPEG�IGPQOGU��)KXGP�
VJCV�OQUV�JKUVQTKECN�CPEKGPV�
OQNGEWNGU�JCXG�UQOG�NGXGN�QH�
DTGCMCIG��VJKU�KU�PQV�UWEJ�CP�
KUUWG��5VTWIINGU�VQ�FGVGTOKPG�
VJG�RTGEKUG�PWODGT�QH�KFGPVKECN�
EQPUGEWVKXG�PWENGQVKFGU�

+V�TGSWKTGU�GZVTGOGN[�JKIJ�
SWCNKV[�&0#�
WPHTCIOGPVGF���
CPF�VJG�EQUV�UCORNG�ECP�
DG�GZVTGOGN[�GZRGPUKXG��
2KRGNKPGU�CTG�PQV�YGNN�
GUVCDNKUJGF�[GV��$KQKPHQTOCVKEU�
KU�EQORWVCVKQPCNN[�FGOCPFKPI�
CPF�ECP�DG�NCDQTKQWU�

6CDNG����5WOOCT[�QH�VJG�OCKP�FKHHGTGPEGU��CFXCPVCIGU��CPF�EJCNNGPIGU�QH�VJG�FKHHGTGPV�UGSWGPEKPI�VGEJPQNQIKGU�OQUV�
EQOOQPN[�WUGF�KP�EQPUGTXCVKQP�IGPGVKEU�UVWFKGU��7PKVU��DR���DCUG�RCKT��-DR���MKNQ�DCUG�RCKT��/DR���OGICDCUG�RCKT��
��
p�Zq�FGPQVGU�RCKT�GPF�UGSWGPEKPI�

Choosing a Library Preparation Protocol that Suits Your Samples

%QORCTGF�VQ�OQFGTP�UCORNGU��VJG�&0#�OQNGEWNGU�TGEQXGTGF�HTQO�JKUVQTKECN�CPF�CPEKGPV�UCORNGU�
VGPF�VQ�DG�OWEJ�UJQTVGT��%QPUGSWGPVN[��UJQTV�TGCF�VGEJPQNQIKGU�
G�I���+NNWOKPC��CTG�C�OQTG�
CRRTQRTKCVG�EJQKEG�VJCP�NQPI�TGCF�UGSWGPEKPI��)KXGP�VJCV�+NNWOKPC�UGSWGPEKPI�KU�VJG�OQUV�EQOOQPN[�
WUGF�VGEJPQNQI[�HQT�UJQTV�TGCFU��VJKU�UGEVKQP�YKNN�HQEWU�QP�UQOG�FGVCKNU�QH�VJG�NKDTCT[�RTGRCTCVKQP�
RTQVQEQN�QRVKQPU�CXCKNCDNG�HQT�UGSWGPEKPI�QP�VJKU�RNCVHQTO�
UGG�6CDNG���HQT�C�UWOOCT[��

1PG�QH�VJG�OCLQT�IQCNU�QH�NKDTCT[�RTGRCTCVKQP�KU�VQ�RTGRCTG�VJG�&0#�OQNGEWNGU�VQ�DG�TGCF�D[�VJG�
UGSWGPEKPI�OCEJKPGU��+P�+NNWOKPC�RNCVHQTOU��VJKU�RTGRCTCVKQP�KPXQNXGU�CFFKPI�CFCRVQTU�VQ�GCEJ�
&0#�OQNGEWNG��CNNQYKPI�VJGO�VQ�DKPF�VQ�C�INCUU�ƃQY�EGNN�YJGTG�DTKFIKPI�CORNKƂECVKQP�QEEWTU��/QUV�
RTQLGEVU�OCZKOK\G�VJG�UGSWGPEKPI�QWVRWV�QH�+NNWOKPC�OCEJKPGU�D[�QRVKPI�HQT�OWNVKRNGZGF�UGSWGPEKPI�
QH�NKDTCTKGU�HTQO�XCTKQWU�KPFKXKFWCNU��+P�VJKU�ECUG��VJG�TGCFU�HTQO�GCEJ�KPFKXKFWCN�NKDTCT[�OWUV�CNUQ�DG�
CUUQEKCVGF�YKVJ�KVU�UCORNG�KFGPVKV[��6Q�CEJKGXG�VJKU��C�WPKSWG�EQODKPCVKQP�QH�QNKIQU�
�s��PWENGQVKFG�
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UGSWGPEGU��UQOGVKOGU�TGHGTTGF�VQ�CU�WPKSWG�pDCTEQFGUq��CTG�CFFGF�VQ�VJG�GPF�QH�GXGT[�&0#�
OQNGEWNG�QH�GCEJ�KPFKXKFWCN��6JGUG�DCTEQFGU�CTG�UGSWGPEGF�VQIGVJGT�YKVJ�VJG�&0#�OQNGEWNGU�VJG[�
CTG�DQWPF�VQ��CPF�VJCPMU�VQ�VJGKT�WPKSWG�EQODKPCVKQP�QH�PWENGQVKFGU��GXGT[�TGCF�HTQO�C�RCTVKEWNCT�
KPFKXKFWCN�ECP�DG�KUQNCVGF�DKQKPHQTOCVKECNN[�
KP�C�RTQEGUU�ECNNGF�pFGOWNVKRNGZKPIq���%QODKPKPI�
OWNVKRNG�KPFKXKFWCN�NKDTCTKGU�KP�OWNVKRNGZ�UGSWGPEKPI�KU�QH�EQWTUG�EQPUVTCKPGF�D[�VJG�FGUKTGF�EQXGTCIG��
VJG�UK\G�QH�VJG�IGPQOG��&0#�GZVTCEVKQP�[KGNF��CPF�UGSWGPEKPI�UVTCVGI[��(QT�KPUVCPEG��&0#�GZVTCEVKQP�
HTQO�C�UKPING�UOCNN�UK\GF�KPUGEV�VGPFU�VQ�[KGNF�OWEJ�NGUU�&0#�VJCP�VJCV�HTQO�VKUUWG�QH�C�NCTIG�
OCOOCN��+P�VJKU�ECUG��VJG�NKDTCT[�RTGRCTCVKQP�OWUV�CEEQWPV�HQT�VJG�NQY�&0#�[KGNF��

9JGP�YQTMKPI�YKVJ�JKUVQTKECN�CPF�CPEKGPV�UCORNGU��VJG�&0#�[KGNF��UK\G�QH�HTCIOGPVU��CPF�VJG�NGXGN�
QH�FGITCFCVKQP�RTGUGPV�KP�VJG�&0#�OQNGEWNGU�YKNN�FGVGTOKPG�VJG�DGUV�EJQKEG�HQT�NKDTCT[�RTGRCTCVKQP��
/QUV�NKDTCT[�RTGRCTCVKQP�OGVJQFU�QRVKOK\GF�HQT�JKUVQTKECN�CPF�CPEKGPV�UCORNGU�JCXG�OQFKƂECVKQPU�
VJCV�CEEQWPV�HQT�VJG�HCEV�VJCV�VJGUG�UCORNGU�WUWCNN[�TGUWNV�KP�
���OWEJ�NQYGT�KPRWV�&0#�EQPEGPVTCVKQPU��

���UJQTVGT�CPF�FCOCIGF�HTCIOGPVU��CPF�KP�OCP[�ECUGU��
���&0#�VJCV�KU�GKVJGT�UKPING�QT�FQWDNG�
UVTCPFGF��6Q�QXGTEQOG�VJG�EJCNNGPIG�QH�FGCNKPI�YKVJ�NQY�KPRWV�&0#��OQUV�OQFKƂGF�NKDTCT[�
RTGRCTCVKQP�RTQVQEQNU�KPENWFG�C�HGY�TQWPFU�QH�2%4�CORNKƂECVKQP�CHVGT�VJG�NKDTCT[�RTGRCTCVKQP�VQ�
KPETGCUG�VJG�PWODGT�QH�OQNGEWNGU�VJCV�ECP�DG�UGSWGPEGF��*QYGXGT��VJKU�UVTCVGI[�EQOGU�YKVJ�VJG�EQUV�
QH�FTCOCVKECNN[�KPETGCUKPI�VJG�FGITGG�QH�ENQPCNKV[�KP�VJG�NKDTCT[��OGCPKPI�VJCV�OQUV�&0#�OQNGEWNGU�
CTG�GZCEV�EQRKGU�QH�QVJGT�OQNGEWNGU�
QT�FWRNKECVGU���9JKNG�VJKU�UVTCVGI[�ECP�JGNR�[QW�RTQEGGF�HTQO�
NKDTCT[�RTGRCTCVKQP�VQ�UGSWGPEKPI��KV�FQGU�PQV�KPETGCUG�VJG�RQYGT�QH�EQORNGVKPI�VJG�GPVKTG�IGPQOKE�
UGSWGPEG�QH�CP�QTICPKUO��(QT�TGEQOOGPFCVKQPU�QP�VJG�PWODGT�QH�E[ENGU��UGG�/G[GT���-KTEJGT�
������

#U�HQT�HTCIOGPV�UK\G��VJG�&0#�OQNGEWNGU�HQWPF�KP�JKIJ�SWCNKV[��OQFGTP�UCORNGU�CTG�CNOQUV�KPVCEV��
+H�TGUGCTEJGTU�UGGM�VQ�UGSWGPEG�VJGO�QP�C�UJQTV�TGCF�UGSWGPEKPI�RNCVHQTO��UJGCTKPI�VQ�VJG�KFGCN�
HTCIOGPV�UK\G�
`����QT�����DR��D[�RJ[UKECN�HTCIOGPVCVKQP�
XKC�UQPKECVKQP��QT�UQWPF�YCXGU��QT�
GP\[OCVKE�HTCIOGPVCVKQP�KU�VJG�ƂTUV�UVGR�QH�VJG�NKDTCT[�RTGRCTCVKQP��$GECWUG�VJG�&0#�TGEQXGTGF�HTQO�
CPEKGPV�CPF�JKUVQTKECN�UCORNGU�KU�CNTGCF[�GZVTGOGN[�HTCIOGPVGF�
��s����DR���VJG[�FQ�PQV�TGSWKTG�
HTCIOGPVCVKQP�RTKQT�VQ�NKDTCT[�RTGRCTCVKQP��/QTGQXGT��VJG�VYQ�UVTCPFU�QH�UJQTVGT�&0#�OQNGEWNGU�
UGRCTCVG�HTQO�GCEJ�QVJGT�
C�RTQEGUU�ECNNGF�pFGPCVWTCVKQPq��CV�NQYGT�VGORGTCVWTGU�VJCP�NQPIGT�&0#�
OQNGEWNGU��6JGTGHQTG��VJG�GP\[OGU�WUGF�KP�VJGUG�RTQVQEQNU�JCXG�CEVKXCVKQP�VGORGTCVWTGU�FKHHGTGPV�
HTQO�VJQUG�QH�VTCFKVKQPCN�NKDTCT[�RTGRCTCVKQP�RTQVQEQNU��.CUVN[��OCP[�&0#�HTCIOGPVU�ECP�DG�NQUV�
FWTKPI�NCDQTCVQT[�RTGRCTCVKQP��6JKU�ECP�DG�CFFTGUUGF�YKVJ�RTQVQEQN�QRVKOK\CVKQPU�UWEJ�CU�WUKPI�NQ�
DKPF�VWDGU�
YJKEJ�OKPKOK\G�VJG�CHƂPKV[�QH�&0#�OQNGEWNGU�VQ�DKPF�VQ�VJG�KPUKFG�YCNNU�QH�VJG�VWDGU���
OKPKOK\KPI�VJG�PWODGT�QH�VWDG�EJCPIGU�
K�G���RTGRCTKPI�OWNVKRNG�TGCEVKQPU�KPUKFG�VJG�UCOG�VWDG���
CFCRVKPI�VJG�RWTKƂECVKQP�UVGR�VQ�KPETGCUG�VJG�TCVKQ�QH�DKPFKPI�DWHHGT��CPF�WUKPI�UKNKEC�EQNWOPU�VJCV�
TGVCKP�UJQTVGT�HTCIOGPVU�
G�I���3KCIGP�3KC3WKEM�CPF�3KCIGP�/KP'NWVG�EQNWOPU��

7PNKMG�&0#�TGEQXGTGF�HTQO�OQFGTP�VKUUWGU��CPEKGPV�CPF�JKUVQTKECN�&0#�EQPVCKPU�C�UGTKGU�QH�FCOCIG�
UKIPCVWTGU��UWEJ�CU�VJG�FGCOKPCVKQP�QH�E[VQUKPG�VJCV�KU�TGCF�D[�VJG�UGSWGPEKPI�OCEJKPG�CU�WTCEKN��CPF�
VJG�HQTOCVKQP�QH�UKPING�UVTCPF�QXGTJCPIU��5QOG�NKDTCT[�RTQVQEQNU�ECP�TGOQXG�VJG�OQUV�EQOOQPN[�
HQWPF�OKUEQFKPI�FCOCIG�
K�G���TGOQXKPI�VJG�FGQZ[�WTCEKNU�WUKPI�WTCEKN�&0#�IN[EQU[NCUG�
7&)��CPF�
GPFQPWENGCUG�8+++�
$TKIIU�GV�CN�����������YJKNG�QVJGTU�RTGUGTXG�VJGUG�FCOCIG�RCVVGTPU�WUKPI�HWNN�QT�
RCTVKCN�7&)�OGVJQFU�
4QJNCPF�GV�CN����������YJKEJ�ECP�DG�GZVTGOGN[�WUGHWN�VQ�CWVJGPVKECVG�&0#�
UGSWGPEGU�HTQO�JWOCP�TGOCKPU��HQT�KPUVCPEG��.CUVN[��UQOG�&0#�GZVTCEVKQP�RTQVQEQNU�KPXQNXG�C�JQV�
VTGCVOGPV�UVGR�
G�I���*QV�#NMCNK�6TGCVOGPV��URGEKƂECNN[�FGUKIPGF�VQ�TGOQXG�DNQEMKPI�NGUKQPU�HTQO�
HQTOCNKP�RTGUGTXGF�URGEKOGPU���6JKU�VTGCVOGPV�NGCFU�VQ�VJG�UGRCTCVKQP�QH�VJG�VYQ�UVTCPFU�QH�&0#�
C�
RTQEGUU�ECNNGF�pFGPCVWTCVKQPq���UQ�KP�VJKU�ECUG��C�UKPING�UVTCPF�&0#�NKDTCT[�RTGRCTCVKQP�OGVJQF�OC[�
DG�TGSWKTGF��+P�IGPGTCN��JKUVQTKECN�UCORNGU�HTQO�QVJGT�V[RGU�QH�RTGUGTXCVKQP�OGVJQFU�VGPF�VQ�TGURQPF�
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YGNN�VQ�FQWDNG�UVTCPF�&0#�NKDTCT[�RTGRCTCVKQPU��DWV�OQTG�HTCIOGPVGF�UCORNGU�RGTHQTO�DGVVGT�YKVJ�C�
UKPING�UVTCPFGF�NKDTCT[�RTGRCTCVKQP�RTQVQEQN�

*GTG�CTG�UQOG�QH�VJG�OQUV�EQOOQPN[�WUGF�NKDTCT[�RTGRCTCVKQP�RTQVQEQNU�HQT�CPEKGPV�CPF�
JKUVQTKECN�UCORNGU�

• /G[GT��/�����-KTEJGT��/��
�������+NNWOKPC�UGSWGPEKPI�NKDTCT[�RTGRCTCVKQP�HQT�JKIJN[�OWNVKRNGZGF�
VCTIGV�ECRVWTG�CPF�UGSWGPEKPI��%QNF�5RTKPI�*CTDQT�2TQVQEQNU������
����RFD�RTQV������JVVRU���FQK�
QTI���������RFD�RTQV���� 

• %CTÔG��%���)QRCNCMTKUJPCP��5���8KPPGT��.���/CM��5��5���5KPFKPI��/��*��5���5COCPKGIQ��,��#���9CNGU��0���
5KEJGTKV\�2QPVÅP��6�����)KNDGTV��/��6��2��
�������5KPING�VWDG�NKDTCT[�RTGRCTCVKQP�HQT�FGITCFGF�&0#��
/GVJQFU�KP�'EQNQI[�CPF�'XQNWVKQP���
�������s�����JVVRU���FQK�QTI�����������������:������ 

• )CPUCWIG��/��6�����/G[GT��/��
�������5KPING�UVTCPFGF�&0#�NKDTCT[�RTGRCTCVKQP�HQT�VJG�UGSWGPEKPI�
QH�CPEKGPV�QT�FCOCIGF�&0#��0CVWTG�RTQVQEQNU���
�������s�����JVVRU���FQK�QTI���������
PRTQV��������� 

• -CRR��,��&���)TGGP��4��'�����5JCRKTQ��$��
�������#�HCUV�CPF�GHƂEKGPV�UKPING�UVTCPFGF�IGPQOKE�NKDTCT[�
RTGRCTCVKQP�OGVJQF�QRVKOK\GF�HQT�CPEKGPV�&0#��,QWTPCN�QH�*GTGFKV[�����
�������s�����JVVRU���FQK�
QTI���������LJGTGF�GUCD��� 

*GTG�CTG�UQOG�QH�VJG�EQOOQP�WTCEKN�&0#�IN[EQU[NCUG�
7&)��VTGCVOGPV�OGVJQFU�

• $TKIIU��#��9���5VGP\GN��7���/G[GT��/���-TCWUG��,���-KTEJGT��/�����2ÀÀDQ��5��
�������4GOQXCN�QH�
FGCOKPCVGF�E[VQUKPGU�CPF�FGVGEVKQP�QH�KP�XKXQ�OGVJ[NCVKQP�KP�CPEKGPV�&0#��0WENGKE�#EKFU�
4GUGCTEJ����
����G����JVVRU���FQK�QTI���������PCT�IMR�����

• 4QJNCPF��0���*CTPG[��'���/CNNKEM��5���0QTFGPHGNV��5�����4GKEJ��&��
�������2CTVKCN�WTCEKNs&0#s
IN[EQU[NCUG�VTGCVOGPV�HQT�UETGGPKPI�QH�CPEKGPV�&0#��2JKNQUQRJKECN�6TCPUCEVKQPU�QH�VJG�4Q[CN�
5QEKGV[�$��$KQNQIKECN�5EKGPEGU�����
�����������������JVVRU���FQK�QTI���������TUVD���������� 

5QOG�SWGUVKQPU�VQ�IWKFG�VJKU�UVGR�
��� 9JCV�KU�VJG�CXGTCIG�UK\G�QH�HTCIOGPVU�QDVCKPGF�CHVGT�VJG�&0#�GZVTCEVKQP!�
��� #HVGT�VJG�&0#�GZVTCEVKQP��CTG�VJG�&0#�OQNGEWNGU�FGPCVWTGF!
��� 9QWNF�[QWT�RTQLGEV�DGPGƂV�HTQO�VJG�KPHQTOCVKQP�HQWPF�KP�VJG�QTKIKPCN�KPHQTOCVKQP�HTQO�VJG�

WPRCKTGF�PWENGQVKFGU�QHVGP�HQWPF�KP�FGITCFGF�OQNGEWNGU!

dsDNA libraries ssDNA libraries
(TCIOGPV�UK\G ��s����DR ��s����DR

+PKVKCN�COQWPV�QH�KPRWV�&0# 5QOG�RTQVQEQNU�ECP�YQTM�
YKVJ�NQY�KPRWV

+FGCN�HQT�XGT[�NQY�KPRWV

#NNQYU�KPRWV�QH�FGPCVWTGF�&0#! PQ [GU

-GGR�VJG�KPHQTOCVKQP�KP�QXGTJCPIU! UQOG�RTQVQEQNU [GU

%QUV�CPF�VKOG�EQPUWOKPI OQFGTCVG JKIJ

2TQVQEQN�KPVTKECE[ OQFGTCVG JKIJ

6CDNG����%QORCTKUQP�QH�FQWDNG�UVTCPFGF�
FU��CPF�UKPING�UVTCPFGF�
UU��&0#�NKDTCT[�RTQVQEQNU�EWTTGPVN[�CXCKNCDNG�HQT�+NNWOKPC�
UGSWGPEKPI�QH�JKUVQTKECN�CPF�CPEKGPV�NKDTCTKGU�

https://doi.org/10.1101/pdb.prot5448
https://doi.org/10.1101/pdb.prot5448
https://doi.org/10.1111/2041-210X.12871
https://doi.org/10.1038/nprot.2013.038
https://doi.org/10.1038/nprot.2013.038
https://doi.org/10.1093/jhered/esab012
https://doi.org/10.1093/jhered/esab012
https://doi.org/10.1093/nar/gkp1163%20
https://doi.org/10.1098/rstb.2013.0624


133SYNTHESIS

LESSONS IN CONSERVATION VOLUME 14 APRIL 2025

+P�CP[�RTQLGEV�FGUKIP��KV�KU�XKVCN�VQ�GPUWTG�VJCV�VJG�TGUGCTEJ�SWGUVKQP�ECP�DG�CPUYGTGF�YKVJ�VJG�FCVC�KP�
JCPF��9JGP�EJQQUKPI�C�UGSWGPEKPI�UVTCVGI[�HQT�C�EQPUGTXCVKQP�IGPQOKEU�RTQLGEV��TGUGCTEJGTU�OWUV�
EQPUKFGT�HQWT�OCLQT�HCEVQTU��
���IGPQOKE�TGUQNWVKQP��
���EQXGTCIG�NGXGN��
���PWODGT�QH�KPFKXKFWCNU�
UCORNGU�TGSWKTGF�VQ�CPUYGT�VJG�TGUGCTEJ�SWGUVKQP��CPF�
���EQUV�QH�UGSWGPEKPI��4GUGCTEJ�RTQLGEVU�CTG�
JGCXKN[�EQPUVTCKPGF�D[�DWFIGV�NKOKVCVKQPU��OCMKPI�VJG�EQUV�QH�UGSWGPEKPI�C�ETKVKECN�HCEVQT�VJCV�ECP�
NKOKV�VJG�RQUUKDKNKVKGU�QH�C�IGPQOKE�UVWF[��6JG�FKHHGTGPEGU�DGVYGGP�VJG�OCKP�UGSWGPEKPI�UVTCVGIKGU�KP�
VGTOU�QH�IGPQOKE�TGUQNWVKQP�CEJKGXGF��PWODGT�QH�KPFKXKFWCN�UCORNGU�WUWCNN[�GORNQ[GF��CPF�EQUV�QH�
UGSWGPEKPI�CTG�UWOOCTK\GF�KP�(KIWTG���

6JG�JKIJGUV�NGXGN�QH�IGPQOKE�TGUQNWVKQP�CXCKNCDNG�VQFC[�KU�RTQXKFGF�D[�TGHGTGPEG�IGPQOGU��6JG�
SWCNKV[�QH�C�TGHGTGPEG�IGPQOG�KPETGCUGU�YKVJ�VJG�NGXGN�QH�CUUGODN[�CPF�CPPQVCVKQP��#�TGHGTGPEG�
IGPQOG�ECP�DG�IGPGTCVGF�WUKPI�UKPING�QT�OWNVKRNG�VKUUWGU�HTQO�QPG�KPFKXKFWCN�QT�D[�EQODKPKPI�
FCVC�HTQO�OWNVKRNG�KPFKXKFWCNU��/QUV�SWGUVKQPU�CFFTGUUGF�WUKPI�TGHGTGPEG�IGPQOGU�HQEWU�QP�
WPFGTUVCPFKPI�IGPG�HWPEVKQPU�CPF�VJG�GXQNWVKQP�QH�IGPQOKE�UVTWEVWTG�CV�C�EQORCTCVKXG�NGXGN��YJKEJ�
TGNKGU�QP�YGNN�CUUGODNGF�CPF�CPPQVCVGF�TGHGTGPEGU��6Q�KPETGCUG�VJG�CEEWTCE[�QH�VJGUG�TGHGTGPEGU�

Sequencing Strategy

Reference Genome

Sequencing Strategy

Whole Genome 
Resequencing
(At Various Coverages)

Target Capture

Reduced Representation

Target SNP Genotyping

Genomic 
Resolution

Cetain genomic 
regions and their 
flanking regions

Variation at individual 
and population level

Genomic structure, 
chromosomes

Genomes

Cost Per Sample

$$$$$$$$$$

$$$$$

$$

Number of 
Samples

1000s

100s

10s

1

(KIWTG����5GSWGPEKPI�UVTCVGIKGU�ECP�JCXG�FTCUVKECNN[�FKHHGTGPV�EQUVU�RGT�UCORNG��6JKU�UKORNKƂGF�FKCITCO�KPFKECVGU�VJG�
FKHHGTGPEGU�COQPI�VJG�UGSWGPEKPI�UVTCVGIKGU�OQUV�EQOOQPN[�WUGF�KP�EQPUGTXCVKQP�IGPGVKE�UVWFKGU�YJGP�KV�EQOGU�VQ�
IGPQOKE�TGUQNWVKQP��PWODGT�QH�KPFKXKFWCN�UCORNGU��CPF�EQUV�RGT�UCORNG��+OCIG�ETGFKV��#PPC�2GPPC��(KIWTG�OQFKƂGF�HTQO�
6JTGCVGPGF�5RGEKGU�+PKVKCVKXG�6TCKPKPI�/QFWNG�����
CXCKNCDNG�CV�JVVRU���VJTGCVGPGFURGEKGUKPKVKCVKXG�EQO�VTCKPKPI�OQFWNGU���

https://threatenedspeciesinitiative.com/training-modules/
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FGVGTOKPKPI�UGSWGPEGU��RTGUGPEG�QH�XCTKCVKQP��PWODGT�QH�EQRKGU��TGNCVKXG�RQUKVKQP��CPF�FKTGEVKQPCNKV[�
QH�EJCNNGPIKPI�IGPQOKE�TGIKQPU���TGUGCTEJGTU�WUWCNN[�EQODKPG�FKHHGTGPV�UGSWGPEKPI�UVTCVGIKGU�
K�G���
UJQTV�CPF�NQPI�TGCFU���%QPUGSWGPVN[��IGPGTCVKPI�JKIJ�SWCNKV[�TGHGTGPEG�IGPQOGU�ECP�DG�GZVTGOGN[�
EQUVN[��NCDQTKQWU��CPF�EQORWVCVKQPCNN[�FGOCPFKPI��8GT[�HGY�EQPUGTXCVKQP�IGPGVKEU�RTQLGEVU�JCXG�VJG�
PGEGUUCT[�HWPFU�VQ�IGPGTCVG�C�YGNN�CPPQVCVGF�TGHGTGPEG�IGPQOG��*QYGXGT��UQOG�EQPUGTXCVKQP�CPF�
RQRWNCVKQP�IGPGVKE�CPCN[UGU�KPFKTGEVN[�TGN[�QP�VJG�CXCKNCDKNKV[�QH�C�IQQF�TGHGTGPEG�IGPQOG��IKXGP�VJCV�
QVJGT�UGSWGPEKPI�UVTCVGIKGU�TGN[�QP�VJGUG�TGHGTGPEGU�HQT�OCRRKPI��1PG�YC[�VQ�OKPKOK\G�VJG�EQUVU�
CPF�NCDQT�QH�IGPGTCVKPI�C�TGHGTGPEG�IGPQOG�KU�VQ�KPEQTRQTCVG�RWDNKEN[�CXCKNCDNG�FCVC��UWEJ�CU�VJG�
TGUQWTEGU�CXCKNCDNG�QP�0%$+�CPF�&0#<QQ��+PVGTPCVKQPCN�EQNNCDQTCVKXG�GHHQTVU��UWEJ�CU�UGSWGPEKPI�
EQPUQTVKC��CTG�CNUQ�KORTQXKPI�VJG�CRRNKECVKQPU�QH�IGPGVKE�VQQNU�DG[QPF�DCUKE�TGUGCTEJ�D[�EQODKPKPI�
GZRGTVKUG�CPF�TGUQWTEGU�VQ�IGPGTCVG�JKIJ�SWCNKV[�UGSWGPEKPI�FCVC�

#U�OGPVKQPGF�CDQXG��VJG�EJQKEG�QH�UGSWGPEKPI�UVTCVGI[�FGRGPFU�QP�VJG�SWGUVKQP�VJG�RTQLGEV�
UGGMU�VQ�CPUYGT��VJG�TGSWKTGF�PWODGT�QH�UCORNGU��CPF�DWFIGV�CXCKNCDKNKV[�
(KIWTG�����6JG�NGXGN�QH�
&0#�FGITCFCVKQP�KP�VJG�UCORNGU�CXCKNCDNG�KU�CPQVJGT�HCEVQT�VJCV�ECP�NKOKV�VJG�CRRNKECDKNKV[�QH�UQOG�
UGSWGPEKPI�UVTCVGIKGU��(QT�KPUVCPEG��KH�&0#�HTCIOGPVU�CTG�VQQ�UJQTV��TGUVTKEVKQP�GP\[OG�CRRTQCEJGU�
VQ�IGPGTCVG�TGFWEGF�TGRTGUGPVCVKQPU�QH�VJG�IGPQOG�OKIJV�TGUWNV�KP�UJQTVGT�HTCIOGPVU�VJCV�YQPoV�RCUU�
UK\G�UGNGEVKQP��'XGP�OQFGTCVGN[�HTCIOGPVGF�FCVC�ECP�LGQRCTFK\G�VJG�UWEEGUU�QH�NQPI�TGCF�UGSWGPEKPI�
CRRTQCEJGU��&0#�FGITCFCVKQP�KU�UVTQPIN[�TGNCVGF�VQ�UCORNG�CIG��DWV�CNUQ�VQ�VJG�RTGUGTXCVKQP�OGVJQF�

YJCV�V[RG�QH�EJGOKECNU�KV�YCU�GZRQUGF��CV�YJCV�DWHHGT�CPF�VGORGTCVWTG�KV�YCU�UVQTGF�KP��JQY�OCP[�
VKOGU�KV�YCU�VJCYGF��CPF�UQ�QP���

+P�EQPUGTXCVKQP�IGPGVKEU��OQUV�SWGUVKQPU�TGXQNXG�CTQWPF�VJG�NGXGNU�QH�IGPGVKE�FKXGTUKV[�CV�C�RQRWNCVKQP�
NGXGN��6JGTGHQTG��VJG�TGSWKTGF�NGXGN�QH�IGPQOKE�TGUQNWVKQP�KU�OWEJ�NQYGT��YJGTGCU�VJG�PWODGT�QH�
KPFKXKFWCNU�UGSWGPEGF�PGGFU�VQ�DG�OWEJ�ITGCVGT��+P�VJKU�ECUG��CRRTQCEJGU�UWEJ�CU�YJQNG�IGPQOG 
TGUGSWGPEKPI�
KPENWFKPI�CV�NQYGT�EQXGTCIG���TGFWEGF�TGRTGUGPVCVKQP�QT�VCTIGV�502�IGPQV[RKPI 
CTG�OQTG�CRRTQRTKCVG��/QUV�TGFWEGF�TGRTGUGPVCVKQP�CRRTQCEJGU�
G�I���TGUVTKEVKQP�UKVG�CUUQEKCVGF�
&0#�UGSWGPEKPI�CPF�VCTIGV�ECRVWTG��FQ�PQV�TGSWKTG�C�TGHGTGPEG�IGPQOG�KP�VJG�DKQKPHQTOCVKEU�
RKRGNKPG��YJGTGCU�YJQNG�IGPQOG�TGUGSWGPEKPI�CRRTQCEJGU�TGN[�QP�FG�PQXQ�CUUGODN[�QT�TGCF�
OCRRKPI�VQ�C�TGHGTGPEG��GURGEKCNN[�YJGP�PQV�UGSWGPEKPI�CV�JKIJGT�EQXGTCIG��6JGTGHQTG��KH�[QW�QRV�
HQT�YJQNG�IGPQOG�TGUGSWGPEKPI��KV�KU�KORQTVCPV�VQ�ƂTUV�EJGEM�VJG�CXCKNCDKNKV[�QH�UCOG�URGEKGU�
QT�
RJ[NQIGPGVKECNN[�ENQUG�GPQWIJ��TGHGTGPEG�IGPQOGU�KP�RWDNKE�TGRQUKVQTKGU�
G�I���0%$+��

#PQVJGT�EQUV�GHHGEVKXG�CRRTQCEJ�VJCV�TGOCKPU�WUGHWN�KP�EQPUGTXCVKQP�UVWFKGU�KU�VJG�UGSWGPEKPI�QH�
QTICPGNNCT�IGPQOGU�
OKVQEJQPFTKCN�&0#�QT�EJNQTQRNCUV�&0#��CU�YGNN�CU�IGPQV[RKPI�OKETQUCVGNNKVGU�

����DCUG�RCKT�NQPI�VCPFGON[�TGRGCVGF�&0#�UGSWGPEGU�HQWPF�CETQUU�VJG�IGPQOG���6JGUG�OCTMGTU�
ECP�DG�CORNKƂGF�WUKPI�VTCFKVKQPCN�2%4�OGVJQFU�CPF�CTG�TGNCVKXGN[�KPGZRGPUKXG�EQORCTGF�VQ�NCTIG�
UECNG�IGPQOKE�TGRTGUGPVCVKQPU��1TICPGNNG�&0#�KP�RCTVKEWNCT�KU�HQWPF�KP�CDWPFCPEG�KP�VJG�EGNNU��UQ�
VJG�RTQVQEQNU�TGSWKTG�UOCNNGT�COQWPVU�QH�&0#��OCMKPI�VJGO�UWKVCDNG�HQT�UVWFKGU�YKVJ�NKOKVGF�HWPFKPI�
QT�RQQT�SWCNKV[�UCORNGU��1TICPGNNGU�ECP�DG�WUGF�VQ�KFGPVKH[�OCVGTPCN�NKPGCIGU�CPF�KPHGT�JKUVQTKECN�
FGOQITCRJKE�GXGPVU��YJGTGCU�OKETQUCVGNNKVGU�QHHGT�JKIJ�XCTKCDKNKV[�HQT�FGVGEVKPI�ƂPG�UECNG�RQRWNCVKQP�
UVTWEVWTG��MKPUJKR��CPF�KPDTGGFKPI��*QYGXGT��DQVJ�QTICPGNNG�CPF�OKETQUCVGNNKVGU�TGRTGUGPV�QPN[�C�UOCNN�
HTCEVKQP�QH�VJG�IGPQOG�CPF�OC[�PQV�ECRVWTG�IGPQOG�YKFG�RCVVGTPU�QH�XCTKCVKQP�QT�UGNGEVKQP��YJKEJ�
ECP�NKOKV�VJGKT�TGUQNWVKQP�KP�UQOG�GXQNWVKQPCT[�QT�EQPUGTXCVKQP�SWGUVKQPU��#PQVJGT�FKUCFXCPVCIG�QH�
OKETQUCVGNNKVGU�KU�VJCV�VJG�FGXGNQROGPV�QH�PGY�OCTMGTU�HQT�PQP�OQFGN�URGEKGU�ECP�DG�EQUVN[�CPF�VKOG�
EQPUWOKPI�CPF�VJG�CORNKƂECVKQP�UWEEGUU�KU�EQPUKFGTCDN[�TGFWEGF�HQT�FGITCFGF�OCVGTKCN��

2QRWNCVKQP�NGXGN�SWGUVKQPU�
G�I���RQRWNCVKQP�UVTWEVWTG��IGPG�ƃQY��KPDTGGFKPI��RQRWNCVKQP�UK\G��GVE���QHVGP�
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TGSWKTG�IQQF�OGCUWTGU�QH�CNNGNG�HTGSWGPEKGU�KP�VJG�RQRWNCVKQPU�CPCN[\GF��(QT�UWEJ�C�FGVCKNGF�CPCN[UKU��
IGPGVKE�KPHQTOCVKQP�HTQO�FQ\GPU�VQ�JWPFTGFU�QH�KPFKXKFWCNU�KU�TGSWKTGF��6TCFKVKQPCN�UVWFKGU�JCXG�WUGF�C�
EQODKPCVKQP�QH�2%4�CORNKƂGF�OCTMGTU�
HTQO�PWENGCT�&0#�QT�QTICPGNNGU��UWEJ�CU�VJG�OKVQEJQPFTKQP�CPF�
EJNQTQRNCUV��VQ�CUUGUU�VJG�NGXGNU�QH�IGPGVKE�FKXGTUKV[�QH�VJG�RQRWNCVKQP��9KVJ�VJG�CFXGPV�QH�OGVJQFU�VJCV�
ECP�VTCEM�VJG�IGPGCNQIKECN�JKUVQT[�QH�VJQWUCPFU�QH�NQEK�
G�I���EQCNGUEGPV�DCUGF�OGVJQFU���UQOG�QH�VJG�
EJCNNGPIGU�QH�UGSWGPEKPI�PWOGTQWU�KPFKXKFWCNU�ECP�DG�QXGTEQOG�D[�WUKPI�KPHQTOCVKQP�HTQO�VJQWUCPFU�
QH�NQEK�HTQO�QPG�QT�C�HGY�KPFKXKFWCNU��4GEGPV�CPF�TCRKF�CFXCPEGOGPVU�KP�UGSWGPEKPI�UVTCVGIKGU�
JCXG�CNNQYGF�TGUGCTEJGTU�VQ�EJCTCEVGTK\G�VJG�HTGSWGPE[�CPF�JKUVQT[�QH�IGPGVKE�FKXGTUKV[�D[�QDVCKPKPI�
IGPGCNQIKECN�JKUVQTKGU�HTQO�OQTG�IGPQOKE�TGIKQPU�D[�WUKPI�TGFWEGF�TGRTGUGPVCVKQP�QT�YJQNG�IGPQOG�
TGUGSWGPEKPI�CRRTQCEJGU��%QPXGTUGN[��QVJGT�RTQLGEVU�UGGMKPI�VQ�TGUQNXG�RJ[NQIGPGVKE�TGNCVKQPUJKRU�
DGVYGGP�URGEKGU�QT�IGPGTC��HQT�GZCORNG��ECP�WUG�IGPGVKE�FCVC�HTQO�OWEJ�HGYGT�UCORNGU�
G�I���CU�
NKVVNG�CU�QPG�UCORNG�RGT�VCZQPQOKE�ITQWR���#�EQOOQP�UVTCVGI[�KP�RJ[NQIGPQOKE�RTQLGEVU�VJCV�TGN[�QP�
OWUGWO�URGEKOGPU�VQ�EJCTCEVGTK\G�VJG�IGPGVKE�KPHQTOCVKQP�QH�TCTG�QT�JCTF�VQ�UCORNG�VCZC�KU�VQ�CRRN[�
J[DTKFK\CVKQP�ECRVWTG�VQ�CORNKH[�IGPGVKE�FCVC�HTQO�EQPUGTXGF�TGIKQPU�QH�VJG�IGPQOG�CPF�VJGKT�ƃCPMKPI�
TGIKQPU�
UGG�$QZ�����6JKU�ECRVWTG�UVTCVGI[�JCU�DGGP�C�UWEEGUUHWN�CPF�EQUV�GHHGEVKXG�OGVJQF�QH�CPUYGTKPI�
DQVJ�RQRWNCVKQP�IGPGVKE�CPF�GXQNWVKQPCT[�SWGUVKQPU�

$QZ���RTQXKFGU�C�UWOOCT[�QH�YJCV�UGSWGPEKPI�UVTCVGIKGU�QH�XCTKQWU�IGPQOKE�QWVRWVU�CPF�TGUQNWVKQPU�
ECP�CFF�VQ�C�EQPUGTXCVKQP�IGPQOKE�UVWF[��KPENWFKPI�C�HGY�CFXCPVCIGU��FKUCFXCPVCIGU��CPF�VJG�
VGEJPQNQIKGU�OQUV�EQOOQPN[�WUGF��

Box 4: Sequencing strategies commonly used in conservation projects
,iviÀi�Vi�}i���i
• #�HWNN[�CUUGODNGF�IGPQOG�VJCV�ECP�DG�WUGF�CU�C�TGRTGUGPVCVKQP�QH�CP�KPFKXKFWCN��RQRWNCVKQP��

URGEKGU��QT�QVJGT�VCZQPQOKE�ITQWR��6JG�CUUGODN[�NGXGN�QH�C�TGHGTGPEG�IGPQOG�ECP�XCT[�C�NQV�
FGRGPFKPI�QP�VJG�UGSWGPEKPI�VGEJPQNQI[�WUGF�CPF�VJG�CPPQVCVKQP�SWCNKV[��6Q�KORTQXG�VJG�
SWCNKV[�QH�VJG�TGHGTGPEG�IGPQOG��TGUGCTEJGTU�EQODKPG�UJQTV�CPF�NQPI�TGCF�UGSWGPEKPI�CPF�
GORNQ[�C�UGTKGU�QH�DKQKPHQTOCVKEU�CPCN[UGU�VJCV�ECP�RTGFKEV�VJG�HWPEVKQP�QH�IGPQOKE�TGIKQPU�

K�G���HWPEVKQPCN�CPF�UVTWEVWTCN�CPPQVCVKQP�QH�CUUGODNKGU��

• 6GEJPQNQIKGU�WUGF��1HVGP�TGSWKTGU�C�EQODKPCVKQP�QH�UJQTV�TGCF�YKVJ�FGGR�UGSWGPEKPI�

EQXGTCIG� ��Z���NQPI�TGCF�
2CE$KQ��*K�%���HQNNQYGF�D[�IGPQOG�CPPQVCVKQP�

• 9JCV�ECP�DG�FQPG�YKVJ�KV!
 o +FGPVKH[�IGPGU�QT�URGEKƂE�OWVCVKQPU�CUUQEKCVGF�YKVJ�URGEKƂE�VTCKVU�QT�FKUGCUGU�
 o 9JGP�CPCN[\GF�CV�C�EQORCTCVKXG�NGXGN�
K�G���DGVYGGP�TGHGTGPEG�IGPQOGU���KV�ECP�DG�WUGHWN�VQ�
FGVGTOKPG�VJG�IGPGVKE�DCUKU�QH�EGTVCKP�VTCKVU�CFCRVCVKQPU�

 o %QORCTG�VJG�GXQNWVKQP�QH�IGPQOKE�UVTWEVWTG�
G�I���UVTWEVWTCN�XCTKCPVU��PWODGT��CPF�FKTGEVKQP�
QH�IGPG�EQRKGU��TGNCVKXG�RQUKVKQPKPI�QH�IGPGU�KP�EJTQOQUQOGU��CETQUU�VJG�VTGG�QH�NKHG�

 o #�WUGHWN�TGUQWTEG�HQT�TGHGTGPEG�DCUGF�OCRRKPI�
G�I���YJQNG�IGPQOG�TGUGSWGPEKPI�
• &KUCFXCPVCIGU��

 o 5VKNN�GZVTGOGN[�GZRGPUKXG�CPF�NCDQTKQWU�KP�VJG�NCDQTCVQT[�HWTVJGT�CPF�DKQKPHQTOCVKE�CPCN[UGU�

7���i�}i���i�ÀiÃiµÕi�V��}�­7�À-Æ�>�Ã�����Ü��>Ã�}i���i�Ã������}��À�7�-®
• +P�VJKU�CRRTQCEJ��VJG�GPVKTG�IGPQOG�QH�CP�KPFKXKFWCN�KU�UGSWGPEGF�CV�C�NQY�
 �:���OGFKWO�
�s

��:���QT�JKIJ�EQXGTCIG�
��:�QT�JKIJGT���FGRGPFKPI�QP�VJG�SWGUVKQP�CPF�DWFIGV�CXCKNCDNG��6JG�
TGCFU�CTG�VJGP�OCRRGF�CICKPUV�CPF�EQORCTGF�VQ�UGSWGPEGU�QH�C�MPQYP�TGHGTGPEG�IGPQOG�

• 6GEJPQNQIKGU�WUGF��UJQTV�TGCF�UGSWGPEKPI�
• 9JCV�ECP�DG�FQPG�YKVJ�KV!
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 o %CP�RTQXKFG�C�IQQF�TGUQNWVKQP�QH�IGPGVKE�FKXGTUKV[�COQPI�KPFKXKFWCNU�CV�XCTKQWU�IGPQOKE�
TGIKQPU�

 o %CP�DG�WUGF�VQ�QDVCKP�SNPs��KPUGTVKQPU��FGNGVKQPU��IGPG�TGCTTCPIGOGPVU��CPF�ECNEWNCVG�
KORQTVCPV�EQPUGTXCVKQP�IGPGVKEU�RCTCOGVGTU��UWEJ�CU�JGVGTQ\[IQUKV[�
IGPGVKE�FKXGTUKV[���TWPU�
QH�JQOQ\[IQUKV[�
NGXGNU�QH�KPDTGGFKPI���IGPG�ƃQY�
EQPPGEVKXKV[�DGVYGGP�RQRWNCVKQPU���CPF�
IGPGVKE�NQCF�
NGXGNU�QH�IGPGVKE�OWVCVKQPU��

• &KUCFXCPVCIGU��
 o #PCN[\KPI�YJQNG�IGPQOG�FCVC�HQT�OWNVKRNG�KPFKXKFWCNU�ECP�DG�EQORWVCVKQPCNN[�FGOCPFKPI�

VKOG�QH�CPCN[UKU�CPF�OGOQT[�TGSWKTGF�VQ�UVQTG�CPF�CPCN[\G�VJG�FCVC���+V�ECP�[KGNF�OCP[�
EQPVKPWQWU�UVTGVEJGU�QH�&0#�UGSWGPEG�VJCV�CTG�QTFGTGF�CPF�QTKGPVGF�WUKPI�RCKTGF�GPF�QT�
NQPI�TGCF�FCVC��DWV�OC[�UVKNN�EQPVCKP�ICRU��%CP�ECWUG�FKHƂEWNVKGU�CPF�PQV�DG�EQUV�GHHGEVKXG�
HQT�UCORNGU�VJCV�JCXG�NQY�GPFQIGPQWU�EQPVGPV�QH�VJG�VCTIGV�URGEKGU�
G�I���UCORNGU�VJCV�
CTG�JKIJN[�EQPVCOKPCVGF�KP�VJG�ECUG�QH�CPEKGPV�&0#�CPF�JKUVQTKECN�&0#��QT�UCORNGU�YJGTG�
OWNVKRNG�URGEKGU�OC[�DG�RTGUGPV�UWEJ�CU�HGECN�UCORNGU�CPF�QVJGT�PQP�KPXCUKXG�UCORNGU���
YJGTG�VJG�OCLQTKV[�QH�UGSWGPEGF�&0#�YKNN�DG�HTQO�QHH�VCTIGV�URGEKGU�

• 9CTPKPI��
 o #UUGODN[�ECP�DG�FQPG�de novo�KH�VJG�UGSWGPEGU�CTG�PQV�HTCIOGPVGF��JCXG�GZVTGOGN[�JKIJ�
SWCNKV[��CPF�CTG�UGSWGPEGF�CV�JKIJ�EQXGTCIG��4GCFU�ECP�CNUQ�DG�OCRRGF�VQ�C�TGHGTGPEG�
IGPQOG��+H�VJG�FKXGTIGPEG�DGVYGGP�VJG�TGHGTGPEG�CPF�VJG�TGCFU�KU�VQQ�JKIJ�
K�G���FWG�VQ�
RJ[NQIGPGVKE�FKUVCPEG��HQT�KPUVCPEG���OCRRKPI�DKCUGU�OC[�DG�RTGUGPV�KP�FQYPUVTGCO�CPCN[UGU�

,i`ÕVi`�Ài«ÀiÃi�Ì>Ì����ÃiµÕi�V��}�>««À�>V�iÃ�
• 6JG�UGSWGPEKPI�QH�C�UWDUGV�QH�VJG�IGPQOG�D[�WUKPI�C�EQODKPCVKQP�QH�TGUVTKEVKQP�GP\[OGU�VJCV�

EWV�VJG�&0#�OQNGEWNGU�CV�URGEKƂE�UGSWGPEG�EQODKPCVKQPU��HQNNQYGF�D[�C�UK\G�UGNGEVKQP�UVGR�
VQ�IGV�OQTG�WPKHQTO�HTCIOGPVU�KP�VJG�YJQNG�IGPQOG��$GECWUG�QPN[�FKIGUVGF�HTCIOGPVU�CTG�
UGSWGPEGF��VJKU�CRRTQCEJ�ITGCVN[�TGFWEGU�VJG�EQORNGZKV[�QH�VJG�IGPQOG�

• 6GEJPQNQIKGU�WUGF��XCTKQWU�EQODKPCVKQPU�QH�TGUVTKEVKQP�UKVG�GP\[OGU�HQNNQYGF�D[�UJQTV�TGCF�
UGSWGPEKPI�QH�OWNVKRNG�NKDTCTKGU�YKVJ�WPKSWG�KFGPVKƂGTU�EQODKPGF�
pOWNVKRNGZGF�UGSWGPEKPIq��
WUWCNN[�KP�+NNWOKPC�RNCVHQTOU�

• 9JCV�ECP�DG�FQPG�YKVJ�KV!
 o #�EQUV�GHHGEVKXG�YC[�VQ�IGPGTCVG�RQRWNCVKQP�UETGGPU�
502U��HQT�JWPFTGFU�QH�URGEKOGPU�
 o %CP�DG�WUGF�VQ�EJCTCEVGTK\G�IGPGVKE�UVTWEVWTG��MKPUJKR��TGNCVGFPGUU�CPF�KPDTGGFKPI�
NGXGNU��CPF�IGPG�ƃQY��CNN�WUGHWN�KP�FGNKOKVKPI�EQPUGTXCVKQP�WPKVU�CPF�CUUGUUKPI�RQRWNCVKQP�
EQPPGEVKXKV[�CETQUU�VJG�NCPFUECRG�

• &KUCFXCPVCIGU��
 o &QGU�PQV�UGSWGPEG�XCTKCPVU�CETQUU�VJG�GPVKTG�IGPQOG��CPF�EQFKPI�TGIKQPU�OKIJV�DG�
UGSWGPEGF�QPN[�RCTVKCNN[��/CRRKPI�VQ�C�TGHGTGPEG�IGPQOG�ECP�KPETGCUG�CEEWTCE[��DWV�KV�KU�
CNUQ�RQUUKDNG�VQ�WUG�FG�PQXQ�CRRTQCEJGU�

• 9CTPKPI��
 o %QODKPKPI�TGCFU�QDVCKPGF�HTQO�FKHHGTGPV�FKIGUVKQP�GZRGTKOGPVU�
K�G���VJCV�WUGF�FKHHGTGPV�
GP\[OGU�QT�HTCIOGPV�UGNGEVKQP��ECP�NGCF�VQ�GZEGUUKXG�OKUUKPI�FCVC�VJCV�OKIJV�DKCU�
RJ[NQIGPGVKE�CPF�RQRWNCVKQP�ENWUVGTKPI�TGUWNVU�

�ÞLÀ�`�â>Ì����V>«ÌÕÀi�>««À�>V�iÃ
• 6JG�UGSWGPEKPI�QH�C�UWDUGV�QH�VJG�IGPQOG�WUKPI�CTVKƂEKCNN[�FGUKIPGF�40#�DCKVU��6JGUG�DCKVU�

CTG�UOCNN�QNKIQU�VJCV�J[DTKFK\G�YKVJ�URGEKƂE�TGIKQPU�QH�VJG�IGPQOG�CPF�CTG�VJGP�ECRVWTGF�WUKPI�
OCIPGVU

• 6GEJPQNQIKGU�WUGF��S2%4��DCKV�J[DTKFK\CVKQP�HQNNQYGF�D[�ECRVWTG�
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• 9JCV�ECP�DG�FQPG�YKVJ�KV!
 o $CKVU�ECP�GKVJGT�DG�FGUKIPGF�HQT�C�URGEKƂE�RTQLGEV�
G�I���VCTIGV�502�IGPQV[RKPI��VQ�FGVGEV�
URGEKƂE�IGPGVKE�XCTKCPVU�WUGF�KP�FKUGCUG�UETGGPKPI��FGVGEVKQP�QH�RGFKITGGU�CPF�J[DTKFU��
VCTIGV�URGEKƂE�IGPGVKE�TGIKQPU�VJCV�CTG�VTCPUETKDGF�KPVQ�RTQVGKPU�CPF�UQOG�CUUQEKCVGF�
TGIWNCVQT[�TGIKQPU�
G�I���YJQNG�GZQOG�UGSWGPEKPI���QT�VCTIGV�JKIJN[�EQPUGTXGF�TGIKQPU�
QH�VJG�IGPQOG�VJCV�CNNQY�EQORCTKUQPU�CETQUU�JKIJGT�RJ[NQIGPGVKE�UECNGU�
G�I���7NVTC�
%QPUGTXGF�'NGOGPVU��7%'��

 o %CP�CNUQ�DG�CRRNKGF�KP�PQPKPXCUKXG�CPF�OWUGWO�UCORNGU�VQ�CORNKH[�URGEKƂE�IGPQOKE�
TGIKQPU�CV�C�FGUKTGF�EQXGTCIG��TGFWEKPI�VJG�EJCPEGU�QH�UGSWGPEKPI�&0#�OQNGEWNGU�HTQO�
GZQIGPQWU�UQWTEGU�

 o %CP�DG�WUGF�QP�JKIJN[�EQPVCOKPCVGF�UCORNGU�CPF�UCORNGU�YKVJ�OWNVKRNG�URGEKGU�RTGUGPV�VQ�
URGEKƂECNN[�VCTIGV�CPF�GPTKEJ�VJG�&0#�QH�VJG�VCTIGV�URGEKGU�

• &KUCFXCPVCIGU��
 o 4GSWKTGU�RTG�GZKUVKPI�MPQYNGFIG�QH�VJG�IGPQOG�VQ�DKQKPHQTOCVKECNN[�FGXGNQR�VJG�DCKVU�

• 9CTPKPI��
 o +PFKTGEVN[��C�YGNN�CPPQVCVGF�TGHGTGPEG�IGPQOG�YKNN�DG�TGSWKTGF�VQ�WUG�DKQKPHQTOCVKEU�VQ�
FGUKIP�VJG�DCKVU��&GUKIPKPI�CPF�CESWKTKPI�VJG�DCKVU�ECP�DG�GZRGPUKXG��YJKEJ�OKIJV�NKOKV�VJG�
PWODGT�QH�UCORNGU�UGSWGPEGF��

0QY�VJCV�YG�EQXGTGF�UQOG�QH�VJG�OCKP�UVGRU�DGVYGGP�VJG�RNCPPKPI�QH�VJG�VKUUWG�UCORNKPI�CPF�
VJG�IGPGTCVKQP�QH�IGPGVKE�UGSWGPEGU��(KIWTG���RTQXKFGU�C�FGEKUKQP�VTGG�VJCV�ECP�JGNR�VJG�NQIKECN�
TGCUQPKPI�RTQEGUU�TGSWKTGF�VQ�FGUKIP�C�OWUGQOKEU�UVWF[��6JKU�FGEKUKQP�VTGG�UJQWNF�OCMG�VJG�QXGTCNN�
RNCPPKPI�RTQEGUU�OQTG�QTICPK\GF�CPF�VTCPURCTGPV��HQT�KPUVCPEG��YJGP�UGNGEVKPI�RQVGPVKCN�UQWTEG�QH�
FCVC�CPF�CRRTQRTKCVG�OGVJQFU��7UG�VJKU�FGEKUKQP�VTGG�VQ�KFGPVKH[�RQVGPVKCN�EJCNNGPIGU�CPF�CNVGTPCVKXGU�
CV�GCEJ�UVGR��CPVKEKRCVG�RTQDNGOU�CPF�RNCP�UQNWVKQPU�

Decision Tree to Guide a Museomics Study Design

6JG�CPCN[UKU�QH�UGSWGPEKPI�FCVC�HTQO�CPEKGPV�CPF�JKUVQTKECN�UCORNGU�UJCTGU�OCP[�EQOOQPCNKVKGU�
YKVJ�VJG�CPCN[UKU�QH�FCVC�HTQO�OQFGTP�UCORNGU��KPENWFKPI�RTQEGUUKPI�QH�TCY�UGSWGPEKPI�FCVC�
SWCNKV[�
EQPVTQN��FGOWNVKRNGZKPI��CFCRVGT�VTKOOKPI��CPF�SWCNKV[�ƂNVGTKPI���OCRRKPI�QH�TGCFU�CICKPUV�TGHGTGPEG�
IGPQOGU�QT�FCVCDCUGU��RQUV�RTQEGUUKPI�
TGOQXCN�QH�FWRNKECVGU��SWCNKV[�ƂNVGTKPI�QH�OCR�TGCFU���
CPF�XCTKCPV�ECNNKPI��*QYGXGT��UQOG�GZVTC�UVGRU�CPF�OQFKƂECVKQPU�KP�VJG�DKQKPHQTOCVKEU�RKRGNKPGU�
OWUV�DG�KPENWFGF�FWG�VQ�EJCNNGPIGU�CTKUKPI�HTQO�VJG�NQYGT�UGSWGPEKPI�FGRVJ��CPF�JKIJGT�NGXGNU�QH�
HTCIOGPVCVKQP��FGITCFCVKQP��CPF�EQPVCOKPCVKQP�HQWPF�KP�VJG�UGSWGPEKPI�TGCFU�QDVCKPGF�HTQO�&0#�
QH�PQP�OQFGTP�UCORNGU�
1TNCPFQ�GV�CN����������

+P�VJG�DKQKPHQTOCVKE�CPCN[UKU�QH�CPEKGPV�CPF�JKUVQTKECN�&0#��FGITCFCVKQP��HTCIOGPVCVKQP��CPF�
EQPVCOKPCVKQP�CTG�ETKVKECN�HCEVQTU�VJCV�OWUV�DG�OGVKEWNQWUN[�CFFTGUUGF��&GITCFCVKQP�TGUWNVU�KP�JKIJN[�
HTCIOGPVGF�&0#��YJKEJ�ECP�KORCEV�VJG�RGTHQTOCPEG�QH�UQOG�OCRRKPI�CNIQTKVJOU��5RGEKCNK\GF�
CNKIPOGPV�VQQNU�CPF�RTQVQEQNU�ECP�OQTG�CEEWTCVGN[�OCR�VJGUG�UJQTVGT�TGCFU�VQ�VJG�TGHGTGPEG��
#NKIPKPI�TGCFU�HTQO�JKUVQTKECN�CPF�CPEKGPV�&0#�VQ�C�TGHGTGPEG�IGPQOG�ECP�KPVTQFWEG�TGHGTGPEG�
DKCU��YJGTG�TGCFU�EQPVCKPKPI�TGHGTGPEG�CNNGNGU�CTG�RTGHGTGPVKCNN[�OCRRGF�QXGT�VJQUG�YKVJ�CNVGTPCVKXG�
CNNGNGU��6JGUG�FGITCFGF�&0#�TGCFU�CNUQ�GZJKDKV�URGEKƂE�RQUV�OQTVGO�FCOCIG�RCVVGTPU��UWEJ�CU�
E[VQUKPG�FGCOKPCVKQP��YJKEJ�OWUV�DG�CEEQWPVGF�HQT�FWTKPI�CPCN[UKU��6QQNU�NKMG�/CR&COCIG�
,ÏPUUQP�

Bioinformatic Considerations
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NO

YES

Species of interest

&CVC�QP�
)GP$CPM!

'ZVKPEV!

/WUGWOU

1TICPKE�
OCVVGT�UVKNN�
RTGUGPV!

5CORNG�
 ��/[Q

(KGNF���<QQ

Zero / low 
chances of 

obtaining DNA

->�«���}�«iÀ��ÌÃ�
­��Û>Ã�Ûi]�������Û>Ã�Ûi]�

`iÃÌÀÕVÌ�Ûi®

Access to Ancient 
É���ÃÌ�À�V>��
�>L�À>Ì�ÀÞ

Sequencing 
strategy

Library 
preparation

5GSWGPEKPI�UVTCVGI[

'ZVTCEVKQP�RTQVQEQN

6KUUWG�V[RGDNA 
extraction

2%4�CORNKƂECVKQP

OV&0#�
�

�������P&0#�

Whole genome

VQVCN�P&0#��JKIJ�EQXGTCIG�

��NQY�EQXGTCIG�

Reduced representation

4#&��FF4#&��)$5�

Target sequencing

7%'��#PEJQTGF��ECRVWTG�

5CORNG�CIG

2TGUGTXCVKQP�OGVJQF

5CORNG�CIG

NO

YES

NO

YES 9JCV�
V[RG!

NO

NO

YES

YES

YES

YES

NO

(KIWTG����&GEKUKQP�VTGG�VQ�CUUKUV�KP�VJG�GZRGTKOGPVCN�FGUKIP�QH�IGPGVKE�UVWF[�VJCV�KPEQTRQTCVGU�VKUUWG�HTQO�OWUGWO�
URGEKOGPU��+OCIG�ETGFKV��#PPC�2GPPC�

GV�CN���������CPF�&COCIG2TQƂNGT�
0GWMCOO�GV�CN���������ECP�DG�WUGF�VQ�KFGPVKH[�CPF�EQTTGEV�HQT�
EJCTCEVGTKUVKE�RQUV�OQTVGO�FCOCIG�RCVVGTPU��UWEJ�CU�E[VQUKPG�FGCOKPCVKQP��YJKEJ�ECP�CNUQ�UGTXG�CU�C�
OCTMGT�VQ�CWVJGPVKECVG�CPEKGPV�&0#�D[�FKUVKPIWKUJKPI�KV�HTQO�OQFGTP�EQPVCOKPCPVU��%QPVCOKPCVKQP�
HTQO�GPXKTQPOGPVCN�UQWTEGU�CPF�OQFGTP�&0#�TGSWKTGU�UVTKPIGPV�EQPVTQN�OGCUWTGU�CPF�EQORWVCVKQPCN�
OGVJQFU�VQ�GPUWTG�VJG�CWVJGPVKEKV[�QH�VJG�CPEKGPV�&0#��6JGUG�UVGRU�CTG�GUUGPVKCN�VQ�GPUWTG�VJG�
TGNKCDKNKV[�CPF�CEEWTCE[�QH�IGPGVKE�FCVC�FGTKXGF�HTQO�CPEKGPV�CPF�JKUVQTKECN�UCORNGU��CNNQYKPI�
TGUGCTEJGTU�VQ�FTCY�XCNKF�EQPENWUKQPU�CDQWV�RCUV�RQRWNCVKQPU�CPF�URGEKGU�

6JG�OCKP�URGEKCNK\GF�DKQKPHQTOCVKEU�RKRGNKPGU�EWTTGPVN[�CXCKNCDNG�HQT�VJG�CPCN[UKU�QH�IGPGVKE�FCVC�
HTQO�FGITCFGF�&0#�KPENWFG�'#)'4�
2GNV\GT�GV�CN���������CPF�2#.'1/+:�
5EJWDGTV�GV�CN����������
YJKEJ�CTG�URGEKƂECNN[�VCKNQTGF�HQT�CPEKGPV�&0#�CPCN[UKU�CPF�QHHGT�C�UGTKGU�QH�VQQNU�VQ�RGTHQTO�VJG�
OCKP�UVGRU�QH�VJG�DKQKPHQTOCVKEU�FCVC�SWCNKV[�EQPVTQN�CPF�FQYPUVTGCO�CPCN[UKU��KPENWFKPI�OCRRKPI�
TGCFU�VQ�C�TGHGTGPEG�IGPQOG��TGOQXKPI�EQPVCOKPCPVU��FCOCIG�RCVVGTP�CPCN[UKU��CPF�XCTKQWU�QVJGT�
FQYPUVTGCO�CPCN[UGU��1HVGP��VJG�COQWPV�QH�&0#�TGEQXGTGF�HTQO�OWUGWO�CPF�CPEKGPV�UCORNGU�KU�
KPUWHƂEKGPV�VQ�IGPGTCVG�JKIJ�FGRVJ�UGSWGPEKPI��GKVJGT�FWG�VQ�VJG�NQY�KPKVKCN�XQNWOG�QH�&0#�VGORNCVG�
QT�FWG�VQ�EQPVCOKPCVKQP�HTQO�GZQIGPQWU�UQWTEGU��6JGTGHQTG��VJG�CPCN[UKU�QH�PQP�OQFGTP�UCORNGU�
ECP�CNUQ�DGPGƂV�HTQO�RKRGNKPGU�FGUKIPGF�VQ�OCZKOK\G�VJG�WVKNKV[�QH�NQY�EQXGTCIG��UWEJ�CU�#0)5&�

-QTPGNKWUUGP�GV�CN���������CPF�NQEQ�RKRG�
<JQW�GV�CN���������YJKEJ�KPEQTRQTCVG�RTQDCDKNKUVKE�HTCOGYQTMU�
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CPF�DGUV�RTCEVKEGU�HQT�JCPFNKPI�IGPQV[RG�WPEGTVCKPV[�CPF�QVJGT�EJCNNGPIGU�
.QW�GV�CN����������6JGUG�
RKRGNKPGU�CNUQ�JCXG�C�XGTUCVKNG�VQQN�UGV�HQT�RQRWNCVKQP�IGPGVKEU�CPCN[UKU�WUGF�VQ�KPXGUVKICVG�RQRWNCVKQP�
UVTWEVWTG��#PQVJGT�RKRGNKPG�WUGHWN�HQT�IGPGVKE�FKXGTUKV[�CPCN[UKU�KU�)GP'TQFG�
-WVUEJGTC�GV�CN����������
YJKEJ�KU�FGUKIPGF�VQ�KPXGUVKICVG�IGPQOG�GTQUKQP�KP�GPFCPIGTGF�CPF�GZVKPEV�URGEKGU�CPF�ECP�RTQEGUU�
TGCFU�HTQO�OQFGTP�CPF�CPEKGPV�UCORNGU��

6JG�FQYPUVTGCO�TGUWNVU�IGPGTCVGF�HTQO�VJGUG�DKQKPHQTOCVKEU�RKRGNKPGUtUWEJ�CU�GUVKOCVGU�QH�
IGPGVKE�FKXGTUKV[��IGPG�ƃQY��CPF�TGNCVGFPGUUtCTG�GUUGPVKCN�HQT�CPUYGTKPI�MG[�TGUGCTEJ�SWGUVKQPU�KP�
EQPUGTXCVKQP�IGPQOKEU��GXQNWVKQPCT[�DKQNQI[��CPF�RJ[NQIGPGVKEU��(QT�GZCORNG��OGCUWTGU�QH�IGPGVKE�
FKXGTUKV[�ECP�TGXGCN�YJGVJGT�C�RQRWNCVKQP�KU�CV�TKUM�QH�KPDTGGFKPI�QT�NQUU�QH�CFCRVKXG�RQVGPVKCN��YJKNG�
IGPG�ƃQY�CPCN[UGU�ECP�JGNR�FGVGTOKPG�YJGVJGT�KUQNCVGF�RQRWNCVKQPU�CTG�IGPGVKECNN[�EQPPGEVGF�QT�
HTCIOGPVGF��2CVVGTPU�QH�TGNCVGFPGUU�DGVYGGP�URGEKOGPUtGURGEKCNN[�YJGP�KPVGITCVGF�YKVJ�URCVKCN�
CPF�VGORQTCN�FCVCtECP�RTQXKFG�KPUKIJV�KPVQ�JKUVQTKECN�RQRWNCVKQP�UVTWEVWTG��TCPIG�UJKHVU��QT�GXGP�
WPFQEWOGPVGF�GZVKPEVKQPU��6JGUG�KPUKIJVU�CTG�ETKVKECN�HQT�WPFGTUVCPFKPI�JQY�URGEKGU�CPF�RQRWNCVKQPU�
JCXG�TGURQPFGF�VQ�RCUV�GPXKTQPOGPVCN�EJCPIGU��KPHQTOKPI�EQPUGTXCVKQP�UVTCVGIKGU�HQT�VJTGCVGPGF�
VCZC�VQFC[��/QTGQXGT��KP�RJ[NQIGPGVKEU�CPF�DKQFKXGTUKV[�UVWFKGU��JKUVQTKECN�CPF�CPEKGPV�IGPQOGU�ECP�
JGNR�TGUQNXG�VJG�GXQNWVKQPCT[�TGNCVKQPUJKRU�QH�GZVKPEV�QT�GNWUKXG�URGEKGU��TGƂPG�URGEKGU�DQWPFCTKGU��
CPF�RTQXKFG�C�FGGRGT�VGORQTCN�RGTURGEVKXG�QP�FKXGTUKƂECVKQP�RTQEGUUGU��

/WUGQOKEU�NGXGTCIGU�IGPGVKE�OCVGTKCN�HTQO�OWUGWO�URGEKOGPU��CNNQYKPI�TGUGCTEJGTU�VQ�QDVCKP�&0#�
HTQO�C�YKFG�TCPIG�QH�QTICPKUOU��KPENWFKPI�VJQUG�VJCV�CTG�TCTG��GPFCPIGTGF��QT�GZVKPEV��#FXCPEGU�KP�
&0#�GZVTCEVKQP�CPF�UGSWGPEKPI�VGEJPQNQIKGU�JCXG�GPCDNGF�VJG�TGEQXGT[�QH�IGPGVKE�KPHQTOCVKQP�HTQO�
JKUVQTKECN�CPF�CPEKGPV�UCORNGU��FGURKVG�EJCNNGPIGU�NKMG�NQY�&0#�EQPEGPVTCVKQPU�CPF�HTCIOGPVCVKQP��
$[�EQODKPKPI�FKHHGTGPV�UGSWGPEKPI�RNCVHQTOU�CPF�UCORNGU�HTQO�OQFGTP�CPF�JKUVQTKECN�UQWTEGU��
TGUGCTEJGTU�ECP�QDVCKP�XCNWCDNG�KPUKIJVU�KPVQ�VJG�IGPGVKE�FKXGTUKV[��RQRWNCVKQP�UVTWEVWTG��CPF�
GXQNWVKQPCT[�JKUVQT[�QH�XCTKQWU�URGEKGU��6JGUG�KPUKIJVU�OC[�VJGP�DG�CRRNKGF�VQ�URGEKGU�EQPUGTXCVKQP�
D[�KFGPVKH[KPI�CV�TKUM�RQRWNCVKQPU��KPHQTOKPI�GXKFGPEG�DCUGF�OCPCIGOGPV�UVTCVGIKGU��VTCEMKPI�
IGPGVKE�JGCNVJ��OKVKICVKPI�KPDTGGFKPI��CPF�GPJCPEKPI�VJG�TGUKNKGPEG�QH�URGEKGU�VQ�GPXKTQPOGPVCN�
EJCPIGU��%QPUKFGT�TGCFKPI�VJG�0%'2�/QFWNG��p%QPUGTXCVKQP�IGPGVKEUq�
JVVRU���FQK�QTI���������EDE�
PEGR��������HQT�OQTG�QP�VJG�HQWPFCVKQPCN�EQPEGRVU�CPF�CRRNKECVKQPU�QH�EQPUGTXCVKQP�IGPGVKEU�

In Summary

GLOSSARY
• č`��ÝÌÕÀi��6JG�ETQUU�DGVYGGP�VYQ�KPFKXKFWCNU�QH�C�UGRCTCVG�URGEKGU�QT�RQRWNCVKQP�YJQUG�

QHHURTKPI�EQWNF�TGUWNV�KP�C�PGY�J[DTKF�RQRWNCVKQP��6JKU�KU�PQV�VQ�DG�EQPHWUGF�YKVJ�KPVTQITGUUKQP�
J[DTKFK\CVKQP�KP�YJKEJ�DCEMETQUUGU�COQPI�KPFKXKFWCNU�QH�UGRCTCVG�RQRWNCVKQPU�CTG�EQPVKPWQWU��
#FOKZVWTG��QP�VJG�QVJGT�JCPF��QEEWTU�CU�C�QPG�VKOG�GXGPV�QT�VJTQWIJ�OWNVKRNG�IGPGTCVKQPU�CPF�
KPETGCUGU�IGPGVKE�FKXGTUKV[�VJTQWIJ�VJG�CESWKUKVKQP�QH�PGY�OWVCVKQPU�

• č��i�i­Ã®��#NVGTPCVKXG�HQTOU�QH�C�IGPG��6JGUG�V[RKECNN[�TGHGT�VQ�EJCPIGU�KP�RTQVGKP�EQFKPI�TGIKQPU�

IGPGU��QH�VJG�IGPQOG�VJCV�FKHHGT�CPF�ECP�VJWU�EJCPIG�VJG�RJGPQV[RG�QH�VJG�KPFKXKFWCN�

• 
>ÀÀÞ��}�V>«>V�ÌÞ��6JG�OCZKOWO�PWODGT�QH�KPFKXKFWCNU�YKVJKP�C�RQRWNCVKQP�VJCV�CP�GPXKTQPOGPV�
ECP�UWUVCKP�

• 	����v�À�>Ì�VÃ�«�«i���i��#�UGTKGU�QH�EQORWVGT�KPUVTWEVKQPU�
UETKRVU��VJCV�CTG�FGRNQ[GF�VQ�GZGEWVG�
UGXGTCN�VCUMU�D[�FKHHGTGPV�RTQITCOU��+P�)GPQOKEU��VJGUG�EQORWVGT�RTQITCOU�CTG�URGEKƂECNN[�
FGUKIPGF�VQ�KORNGOGPV�C�UGV�QH�EQORNGZ�CNIQTKVJOU�VQ�RTQEGUU�UGSWGPEG�FCVC�

• 
�À���Ã��i��#�UKPING�OQNGEWNG�QH�&0#�CPF�CUUQEKCVGF�RTQVGKPU�
G�I���JKUVQPGU�VJCV�EQQTFKPCVG�
VJG�EQPFGPUCVKQP�QH�VJG�EJTQOCVKP��CPF�QVJGT�RTQVGKPU�TGURQPUKDNG�HQT�VJG�DKPFKPI�QH�VTCPUETKRVKQP�

https://doi.org/10.5531/cbc.ncep.0123
https://doi.org/10.5531/cbc.ncep.0123
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HCEVQTU���%QPXGPKGPV�RCEMCIKPI�QH�IGPGVKE�KPHQTOCVKQP��6JG�&0#�OQNGEWNGU�CTG�TGCNN[�NQPI��UQ�
VJG[�OWUV�DG�EQORCEVGF�KP�C�YC[�VQ�ƂV�KPUKFG�VJG�EGNN��6JKU�NGXGN�QH�QTICPK\CVKQP�KU�ETWEKCN�FWTKPI�
EGNN�FKXKUKQP�
GPUWTGU�VJG�IGPGVKE�OCVGTKCN�YKNN�DG�FKXKFGF�KP�C�RTQRGT�YC[���CPF�VQ�OKPKOK\G�VJG�
GZRQUWTG�QH�VJG�&0#�OQNGEWNGU��WPRCEMKPI�KV�QPN[�KP�TGIKQPU�PGGFGF�HQT�EGNNWNCT�RTQEGUUGU�

• 
�ÛiÀ>}i��6JG�PWODGT�QH�WPKSWG�TGCFU�VJCV�QXGTNCR�KP�C�IKXGP�IGPQOKE�RQUKVKQP�YKNN�FGVGTOKPG�
VJG�pEQXGTCIGq�QT�pUGSWGPEKPI�FGRVJq�HQT�VJCV�RQUKVKQP��6JG�JKIJGT�VJG�EQXGTCIG��VJG�JKIJGT�
VJG�EQPƂFGPEG�VQ�FGVGTOKPG�VJG�GZCEV�PWENGQVKFG�RTGUGPV�KP�VJCV�URGEKƂE�IGPGVKE�RQUKVKQP�QT�VJG�
pKFGPVKV[q�QH�VJCV�RQUKVKQP��KP�C�UVGR�VJCV�KU�WUWCNN[�TGHGTTGF�VQ�CU�pEQPUGPUWU�ECNNKPI�q�

• �i�iÌiÀ��ÕÃ��ÕÌ>Ì���ÃÉ>��i�iÃ��#NNGNGU��QT�CNVGTPCVG�HQTOU�QH�C�IGPG��VJCV�CTG�V[RKECNN[�TGEGUUKXG��#P�
CEEWOWNCVKQP�QH�FGNGVGTKQWU�CNNGNGU�KP�VJG�IGPQOG�ECP�FGETGCUG�VJG�ƂVPGUU�QH�KPFKXKFWCNU�YKVJKP�
VJG�RQRWNCVKQP�CPF��VJWU��ECP�TGFWEG�VJG�GHHGEVKXG�RQRWNCVKQP�UK\G�YKVJKP�C�RQRWNCVKQP�QT�URGEKGU�
QXGT�VKOG�

• �i>���>Ì���É`i>���>Ìi`�ÃiµÕi�ViÃ��6JG�NQUU�QH�CP�COKPG�ITQWR�VJCV�V[RKECNN[�TGUWNVU�KP�VJG�
OKUKFGPVKƂECVKQP�QH�C�E[VQUKPG�DCUG�CU�C�WTCEKN�DCUG��6JKU�KU�C�EQOOQP�UQWTEG�QH�CPEKGPV�&0#�
FCOCIG�VJCV�ECP�CNUQ�DG�WUGF�VQ�CWVJGPVKECVG�IGPGVKE�KPHQTOCVKQP�RTQFWEGF�

• �i���Û��>««À�>V�iÃ��#�VGEJPKSWG�WUGF�VQ�UGSWGPEG�CPF�CUUGODNG�VJG�EQORNGVG�IGPQOG�QH�CP�
QTICPKUO�YKVJQWV�VJG�WUG�QH�C�TGHGTGPEG�IGPQOG��6JKU�CRRTQCEJ�KU�RCTVKEWNCTN[�WUGHWN�HQT�UVWF[KPI�
URGEKGU�YKVJ�PQ�RTKQT�IGPQOKE�KPHQTOCVKQP��CU�KV�TGEQPUVTWEVU�VJG�IGPQOG�UGSWGPEG�D[�KVGTCVKXGN[�
CNKIPKPI�VJG�TGCFU�KP�VJG�FCVCUGV�VQ�GCEJ�QVJGT��

• 
�`�}i��ÕÃ�� č�­
Ý�}i��ÕÃ�� č®��6JG�VGTO�KU�WUGF�VQ�FKHHGTGPVKCVG�VJG�IGPGVKE�OCVGTKCN�
QH�VJG�VCTIGV�URGEKGU�
GPFQIGPQWU��HTQO�VJCV�DGNQPIKPI�VQ�RCTCUKVGU��HWPIK��DCEVGTKC��QVJGT�
OKETQQTICPKUOU��CPF�EQPVCOKPCPV�&0#�HTQO�UQWTEGU�UWEJ�CU�TGUGCTEJGTU�CPF�NCDQTCVQT[�TGCIGPVU�

GZQIGPQWU���&GVGTOKPKPI�VJG�KFGPVKV[�QH�VJG�&0#�OQNGEWNGU�QDVCKPGF�CHVGT�GZVTCEVKQP�TGSWKTGU�
UGSWGPEKPI�CPF�DKQKPHQTOCVKE�CPCN[UKU�

• 
Û��ÕÌ���>À��Þ�Ã�}��wV>�Ì�Õ��ÌÃ�­
-1®��#�RQRWNCVKQP�QT�ITQWR�QH�QTICPKUOU�VJCV�KU�FGƂPGF�CU�
FKUVKPEV�HQT�VJG�RWTRQUGU�QH�EQPUGTXCVKQP��6JKU�VGTO�KU�V[RKECNN[�WUGF�VQ�OQTG�DTQCFN[�ENCUUKH[�C�
FKUVKPEV�ITQWR�VJCV�ECPPQV�DG�ENCUUKƂGF�CU�C�UWDURGEKGU�QT�RQRWNCVKQP��DWV�UVKNN�ICTPGTU�VJG�PGGF�
HQT�EQPUGTXCVKQP�RTQVGEVKQP�

• 
Ý��i��6JG�RQTVKQP�QH�VJG�IGPQOG�VJCV�EQPUKUVU�QH�VJG�EQFKPI�TGIKQPU�QH�IGPGU�TGURQPUKDNG�HQT�
RTQFWEKPI�RTQVGKPU��9JQNG�GZQOG�UGSWGPEKPI�KU�C�VGEJPKSWG�WUGF�VQ�UGSWGPEG�CNN�VJG�GZQPU�
KP�C�IGPQOG��CNNQYKPI�VJG�KFGPVKƂECVKQP�QH�IGPGVKE�XCTKCVKQPU�VJCV�OC[�DG�NKPMGF�VQ�TCTG�IGPGVKE�
FKUQTFGTU�CPF�WPFGTUVCPFKPI�VJG�IGPGVKE�DCUKU�QH�EQORNGZ�VTCKVU��+V�RTQXKFGU�CP�GHƂEKGPV�YC[�VQ�
HQEWU�QP�VJG�OQUV�HWPEVKQPCNN[�KORQTVCPV�RCTVU�QH�VJG�IGPQOG�

• ��Ì�iÃÃ�­L����}�V>�®��6JG�CDKNKV[�QH�CP�KPFKXKFWCN�
QT�UQOGVKOGU�KP�TGHGTGPEG�VQ�C�RQRWNCVKQP�QT�
URGEKGU��VQ�RTQFWEG�XKCDNG�QHHURTKPI�CPF�VJWU�RCUU�QP�KVU�IGPGVKE�OCVGTKCN��6JKU�ECP�DG�TGHGTTGF�VQ�
GKVJGT�YKVJ�TGURGEV�VQ�CP�KPFKXKFWCNoU�IGPQV[RG�QT�RJGPQV[RG�

• ��Ýi`��ÕÌ>Ì���ÃÉ>��i�iÃ��#�IGPG�XCTKCPV�VJCV�JCU�TGCEJGF�C�HTGSWGPE[�QH������KP�C�RQRWNCVKQP�JCU�
DGEQOG�nƂZGF�o�9JGVJGT�VJG�IGPG�XCTKCPV�YKNN�DG�RTGUGPV�KP�CNN�OGODGTU�QH�VJG�RQRWNCVKQP�
CICKP��
ƂZCVKQP��QT�NQUV�GPVKTGN[��OGCPKPI�PQ�OGODGTU�QH�VJG�RQRWNCVKQP�RQUUGUU�VJKU�CNNGNG��FGRGPFU�QP�
JQY�VJCV�OWVCVKQP�KU�UGNGEVGF�

• Gene��#�TGIKQP�QH�VJG�IGPQOG�VJCV�KU�VTCPUETKDGF�KPVQ�40#�RNWU�VJG�CUUQEKCVGF�TGIWNCVQT[�
GNGOGPVU�TGSWKTGF�HQT�VJCV�VTCPUETKRVKQP��5QOG�GZCORNGU�CTG�RTQVGKP�EQFKPI�IGPGU��TGIWNCVQT[�
IGPGU��V40#��O40#��QT�T40#�IGPGU�

• Genetic load��#�FGETGCUG�KP�VJG�ƂVPGUU�QH�KPFKXKFWCNU�KP�C�IGPG�RQQN�QP�CXGTCIG�FWG�VQ�VJG�
CEEWOWNCVKQP�QH�FGNGVGTKQWU�CNNGNGU�

• Genetic rescue��#�EQPUGTXCVKQP�UVTCVGI[�CKOGF�CV�KPETGCUKPI�VJG�IGPGVKE�FKXGTUKV[�YKVJKP�C�
RQRWNCVKQP�D[�KPVTQFWEKPI�PGY�IGPGVKE�XCTKCVKQP�
KPFKXKFWCNU�YKVJ�WPKSWG�IGPQOGU��

• �i�iÌ�V�`�vviÀi�Ì�>Ì���É}i�iÌ�V�`�ÃÌ>�Vi��#�OGCUWTG�QH�VJG�FKHHGTGPEG�KP�VJG�HTGSWGPE[�QH�CNNGNGU�
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DGVYGGP�FKHHGTGPV�RQRWNCVKQPU�FWG�VQ�UVTWEVWTG��1HVGP�OGCUWTGF�WUKPI�VJG�ƂZCVKQP�KPFGZ�
(UV���
YJKEJ�TCPIGU�HTQO����YJKEJ�OGCPU�EQORNGVG�UJCTKPI�QH�IGPGVKE�OCVGTKCN�DGVYGGP�RQRWNCVKQPU��
CPF����PQ�UJCTKPI�QH�IGPGVKE�OCVGTKCN�

• �i���i��1PG�EQORNGVG�UGV�QH�EJTQOQUQOGU�
UGZ�EJTQOQUQOGU�CPF�CWVQUQOGU���KPENWFKPI�
VJG�UGSWGPEGU�QH�CNN�IGPGU��KPVTQPU�
PQP�EQFKPI���GZQPU�
EQFKPI�TGIKQPU���CPF�QTICPGNNG�IGPGVKE�
OCVGTKCN�
OKVQEJQPFTKC�CPF�EJNQTQRNCUVU���+P�JWOCPU��VJG�GPVKTG�IGPQOG�JCU�CTQWPF�����DKNNKQP�
DCUG�RCKTU�
DR���CPF�VJG�OKVQEJQPFTKC�JCU�CTQWPF����VJQWUCPF�DR��

• �i���i�>ÃÃi�L�Þ��6JG�RTQEGUU�QH�RWVVKPI�VQIGVJGT�VJG�GPVKTG�QTFGT�QH�PWENGQVKFGU�VJCV�EQPUVKVWVG�
VJG�IGPQOG�QH�C�IKXGP�KPFKXKFWCN��+FGCNN[��CNN�VJG�TGCFU�VJCV�YGTG�UGSWGPEGF�DWV�FQ�PQV�DGNQPI�
VQ�VJG�QTICPKUOoU�QYP�IGPQOG�UJQWNF�DG�FKUECTFGF��6JKU�RTQEGUU�ECP�DG�FQPG�WUKPI�C�TGHGTGPEG�
IGPQOG��VJQWIJ�OCRRKPI�VJG�TGCFU�UGSWGPEGF�CICKPUV�C�TGHGTGPEG�UGSWGPEG�
UGG�DGNQY���QT�
FG�PQXQ��KP�YJKEJ�VJG�GPVKTG�IGPQOG�KU�CUUGODNGF�D[�ƂPFKPI�QXGTNCRU�DGVYGGP�VJG�OWNVKRNG�
TGCFU�UGSWGPEGF��&G�PQXQ�CRRTQCEJGU�CTG�IQQF�VQ�FGVGEV�UVTWEVWTCN�XCTKCPVU��DWV�TGSWKTG�XGT[�
JKIJ�SWCNKV[�TCY�TGCF�FCVC�CPF�ECP�DG�XGT[�EQORWVCVKQPCNN[�FGOCPFKPI��6JG�NGXGN�QH�CUUGODN[�QH�
VJG�TCY�UGSWGPEGU�XCTKGU�HTQO�EQPVKIU�
EQPVKPWQWU�QXGTNCRRKPI�TGIKQPU��VQ�EJTQOQUQOGU�
YJGP�
VJG�TGCFU�ECP�DG�URCVKCNN[�CVVTKDWVGF�VQ�FKHHGTGPV�&0#�OQNGEWNGU���CPF�ECP�KPENWFG�CPPQVCVKQP�
KPHQTOCVKQP�
UGG�DGNQY��

• �i���i�>���Ì>Ì�����1DVCKPKPI�SWCPVKVCVKXG�CPF�SWCNKVCVKXG�KPHQTOCVKQP�HTQO�VJG�YJQNG�IGPQOG�
UGSWGPEGF��5QOG�QH�VJG�SWCPVKVCVKXG�OGVTKEU�KPENWFG�VJG�RTQRQTVKQP�QH�)%�EQPVGPV��VJG�EQPVKIWKV[�
DGVYGGP�HTCIOGPVU��VJG�CXGTCIG�EQXGTCIG��PWODGT�QH�IGPGU�QT�ICRU�KFGPVKƂGF��6JG�SWCNKVCVKXG�
KPHQTOCVKQP�CTG�URGEKƂEKVKGU�CDQWV�YJCV�VJG�IGPQOKE�TGIKQPU�TGRTGUGPV�
IGPGU��TGIWNCVQT[�TGIKQPU��
VGNQOGTGU��TGRGVKVKXG�GNGOGPVU��CPF�UQ�QP���

• �i����VÉ}i�iÌ�V�iÀ�Ã�����6JG�EQNNGEVKXG�FCOCIG�VQ�C�URGEKGUo�IGPQOG�QT�IGPG�RQQN�FWG�VQ�NCEM�
QH�IGPGVKE�FKXGTUKV[�VJCV�CTG�EJCTCEVGTK\GF�D[�CP�KPETGCUG�KP�OCNCFCRVCVKQP��IGPGVKE�KPVTQITGUUKQP��
CPF�QT�KPETGCUGF�IGPGVKE�NQCF�

• �iÌiÀ�âÞ}�Ã�ÌÞ��.KMGNKJQQF�VJCV�C�RCKT�QH�TCPFQON[�UGNGEVGF�CNNGNGU�YKNN�DG�FKHHGTGPV�
K�G���VJG�
RTQRQTVKQP�QH�KPFKXKFWCNU�VJCV�CTG�JGVGTQ\[IQVGU�KP�C�RQRWNCVKQP�CV�C�RCTVKEWNCT�IGPG�QT�TGIKQP�QH�
VJG�IGPQOG��

• ��LÀii`��}�`i«ÀiÃÃ�����#�TGFWEVKQP�KP�VJG�DKQNQIKECN�ƂVPGUU�QH�CP�QTICPKUO�FWG�VQ�CP�
CEEWOWNCVKQP�QH�
OQUVN[�TGEGUUKXG��FGNGVGTKQWU�OWVCVKQPU�VJCV�TGUWNVU�HTQO�VJG�QHHURTKPI�QH�
RCTGPVU�VJCV�CTG�VQQ�ENQUGN[�TGNCVGF�VQ�QPG�CPQVJGT��6JKU�VGTO�KU�EQOOQPN[�WUGF�KP�TGHGTGPEG�VQ�C�
RQRWNCVKQP�QT�URGEKGU�KP�YJKEJ�VJGTG�CTG�UQ�HGY�VQVCN�KPFKXKFWCNU�KP�YJKEJ�KPDTGGFKPI�CPF��VJWU��NQUU�
QH�IGPGVKE�FKXGTUKV[�RTGUGPVU�KVUGNH��6JG�VGTO�ECP�DG�WUGF�KP�EQPVTCUV�YKVJ�QWVDTGGFKPI�FGRTGUUKQP��
YJKEJ�KU�C�TGFWEVKQP�KP�DKQNQIKECN�ƂVPGUU�YJGP�KPFKXKFWCNU�HTQO�UGRCTCVG�URGEKGU��UVTCKPU�QH�NQECNN[�
CFCRVGF�RQRWNCVKQPU�ETQUU�

• ��ÌÀ�}ÀiÃÃ���É��ÌÀ�}ÀiÃÃ�Ûi��ÞLÀ�`�â>Ì�����6[RKECNN[�TGHGTTGF�VQ�CU�KPVTQITGUUKQP��KPVTQITGUUKXG�
J[DTKFK\CVKQP��QT�J[DTKFK\CVKQP��6JKU�TGHGTU�VQ�DCEMETQUUGU�DGVYGGP�RQRWNCVKQPU�VJCV�CTG�FKUVKPEV�
DWV�IGPG�ƃQY�DGVYGGP�RQRWNCVKQPU�KU�RTGUGPV�

• �>««��}�­Ài>`Ã®��#�DKQKPHQTOCVKEU�UVGR�VJCV�EQPUKUVU�QH�CNKIPKPI�UJQTV�&0#�UGSWGPEGU�
ECNNGF�
pTGCFUq��QDVCKPGF�HTQO�UGSWGPEKPI�VQ�C�MPQYP�TGHGTGPEG�IGPQOG��6JKU�UVGR�JGNRU�KFGPVKH[�VJG�
RNCEGOGPV�QH�GCEJ�TGCF�KP�VJG�IGPQOG��CNNQYKPI�TGUGCTEJGTU�VQ�FGVGEV�XCTKCVKQPU�NKMG�OWVCVKQPU�QT�
UVTWEVWTCN�FKHHGTGPEGU�

• Microsatellites��4GRGVKVKXG�TGIKQPU�VJTQWIJQWV�VJG�IGPQOG�VJCV�CTG�YGNN�EJCTCEVGTK\GF�CPF�WUGF�
VQ�UVWF[�VJG�IGPGVKE�XCTKCVKQP�QH�ENQUGN[�TGNCVGF�URGEKGU�

• �Õ�Ì�«�iÝi`�ÃiµÕi�V��}��9JGP�&0#�NKDTCTKGU�HTQO�OWNVKRNG�UCORNGU�CTG�EQODKPGF�CPF�
UGSWGPEGF�VQIGVJGT�KP�C�UKPING�TWP��WUKPI�WPKSWG�OQNGEWNCT�pDCTEQFGUq�VQ�FKUVKPIWKUJ�DGVYGGP�
VJG�UCORNGU��6JKU�CRRTQCEJ�UCXGU�VKOG�CPF�EQUVU��CNNQYKPI�TGUGCTEJGTU�VQ�CPCN[\G�OCP[�UCORNGU�
UKOWNVCPGQWUN[�YKVJQWV�NQUKPI�VTCEM�QH�YJKEJ�FCVC�DGNQPIU�VQ�YJKEJ�UCORNG�
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•  ÕV�i�Ì�`i�`�ÛiÀÃ�ÌÞ��#XGTCIG�PWODGT�QH�RCKTYKUG�FKHHGTGPEGU�DGVYGGP�CNN�FKHHGTGPV�RCKTU�QH�&0#�
UGSWGPEGU�KP�VJG�RQRWNCVKQP�QT�UCORNG�

• ,iviÀi�Vi�}i���i��#P�GPVKTG�CUUGODNGF�IGPQOG�VJCV�ECP�DG�WUGF�CU�C�TGRTGUGPVCVKQP�QH�VJG�
IGPQOG�QH�CP�KPFKXKFWCN�QT�URGEKGU��6JG�TGHGTGPEGU�ECP�JCXG�FKHHGTGPV�NGXGNU�QH�CUUGODN[�CPF�
CPPQVCVKQP�SWCNKV[��7UGF�VQ�OCR�TCY�TGCFU�CICKPUV�

• -�i>À��}�­� č®��$TGCMKPI�FQYP�NQPI�UVTCPFU�QH�&0#�KPVQ�UOCNNGT�HTCIOGPVU��6JKU�UVGR�KU�
PGEGUUCT[�HQT�UJQTV�HTCIOGPV�UGSWGPEKPI�VGEJPQNQIKGU�
G�I���+NNWOKPC��QH�HTGUJ�VKUUWG�UCORNGU��
1HVGP��&0#�UJGCTKPI�KU�FQPG�D[�UQPKECVKQP��C�OGVJQF�VJCV�WUGU�JKIJ�HTGSWGPE[�UQWPF�YCXGU�VQ�
ETGCVG�XKDTCVKQPU�VJCV�FKUTWRV�VJG�&0#�OQNGEWNGU��TGUWNVKPI�KP�TCPFQO�UJGCTKPI�KPVQ�HTCIOGPVU�QH�
XCT[KPI�UK\GU��6JKU�UVGR�OWUV�DG�EQORNGVGF�DGHQTG�NKDTCT[�RTGRCTCVKQP�

• Size selection��#�NCD�OGVJQF�KP�YJKEJ�C�URGEKƂE�&0#�UK\G�HTCIOGPV�
G�I�������DR��KU�KUQNCVGF�HTQO�
IGPQOKE�&0#�CPF�QVJGT�WPYCPVGF�HTCIOGPV�UK\GU��6JKU�KU�V[RKECNN[�RGTHQTOGF�CU�C�RCTV�QH�NKDTCT[�
RTGRCTCVKQP��C�RTQEGUU�D[�YJKEJ�UCORNGU�CTG�HTCIOGPVGF�CPF�WPKSWGN[�pNCDGNGFq�KP�QTFGT�VQ�DG�
UWEEGUUHWNN[�RTQEGUUGF�D[�0)5�VGEJPQNQIKGU�CPF�JKIJ�VJTQWIJRWV�UGSWGPEKPI��5K\G�UGNGEVKQP�KU�
V[RKECNN[�CEJKGXGF�WUKPI�OCIPGVKE�DGCFU��KPUVTWOGPVU�NKMG�VJG�$NWG2KRRKP��CPF�IGN�GZVTCEVKQP��

• SNPs��502U�
QT�UKPING�PWENGQVKFG�RQN[OQTRJKUOU��CTG�XCTKCVKQPU�COQPI�KPFKXKFWCNU�KP�C�UKPING�
PWENGQVKFG�CV�C�URGEKƂE�RQUKVKQP�YKVJKP�C�IGPQOG��6JGUG�CTG�WUGF�VQ�UVWF[�RJ[NQIGPGVKE�
TGNCVKQPUJKRU�DGVYGGP�KPFKXKFWCNU�QH�FKHHGTGPV�RQRWNCVKQPU�QT�URGEKGU��

• />À}iÌ�- *�}i��ÌÞ«��}��#�VGEJPKSWG�WUGF�VQ�KFGPVKH[�CPF�CPCN[\G�URGEKƂE�UKPING�PWENGQVKFG�
RQN[OQTRJKUOU�
502U��KP�C�IGPQOG��+PUVGCF�QH�UGSWGPEKPI�VJG�GPVKTG�IGPQOG��VJKU�OGVJQF�
HQEWUGU�QP�RCTVKEWNCT�502U�QH�KPVGTGUV��YJKEJ�CTG�QHVGP�CUUQEKCVGF�YKVJ�VTCKVU��FKUGCUGU��QT�
GXQNWVKQPCT[�OCTMGTU��CNNQYKPI�HQT�C�OQTG�EQUV�GHHGEVKXG�CPF�GHƂEKGPV�IGPGVKE�CPCN[UKU�

• 1�ÌÀ>�
��ÃiÀÛi`�
�i�i�ÌÃ�­1

®��4GIKQPU�QH�VJG�IGPQOG�VJCV�UJQY�NKVVNG�VQ�PQ�XCTKCVKQP�
CETQUU�FKHHGTGPV�URGEKGU��7%'U�CTG�QHVGP�HQWPF�KP�PQPEQFKPI�TGIKQPU�QH�VJG�IGPQOG�DWV�ECP�
RNC[�KORQTVCPV�TQNGU�KP�IGPG�TGIWNCVKQP�CPF�FGXGNQROGPV��#NVJQWIJ�VJGKT�GZCEV�TQNG�KU�PQV�HWNN[�
WPFGTUVQQF��VJGUG�GNGOGPVU�CPF�VJGKT�ƃCPMKPI�TGIKQPU�
YJKEJ�CTG�OQTG�XCTKCDNG��CTG�WUGHWN�HQT�
UVWF[KPI�GXQNWVKQPCT[�TGNCVKQPUJKRU�CPF�VTCEKPI�VJG�IGPGVKE�JKUVQT[�QH�QTICPKUOU��

• 7���i�}i���i�ÃiµÕi�V��}��6JG�RTQEGUU�QH�IGPGTCVKPI�VJG�UGSWGPEGU�
QT�TCY�TGCFU��VJCV�
YKNN�DG�WUGF�VQ�CUUGODNG�C�IKXGP�IGPQOG��6JTQWIJ�VJG�EQODKPCVKQP�QH�FKHHGTGPV�UGSWGPEKPI�
VGEJPQNQIKGU�
UJQTV�CPF�NQPI�TGCFU���KV�KU�RQUUKDNG�VQ�DGVVGT�EJCTCEVGTK\G�VJG�FKHHGTGPV�RCTVU�QH�
VJG�IGPQOG��6JG�JKIJGT�VJG�WPKSWGPGUU�QH�VJG�&0#�OQNGEWNGU�CPF�VJG�PWODGT�QH�TGCFU�WUGF�
VQ�CUUGODNG�VJG�IGPQOG��VJG�JKIJGT�VJG�EQPƂFGPEG�KP�FGVGTOKPKPI�VJG�UGSWGPEG�CPF�TGNCVKXG�
RQUKVKQPKPI�QH�VJG�&0#�OQNGEWNGU�VJCV�EQORQUG�VJG�IGPQOG��

• 7���i�}i���i�ÀiÃiµÕi�V��}��9JGP�VJG�GPVKTG�IGPQOG�QH�CP�QTICPKUO�KU�UGSWGPEGF��V[RKECNN[�VQ�
KFGPVKH[�IGPGVKE�XCTKCVKQPU�UWEJ�CU�UKPING�PWENGQVKFG�RQN[OQTRJKUOU�
502U���KPUGTVKQPU��FGNGVKQPU��QT�
UVTWEVWTCN�XCTKCPVU��7PNKMG�FG�PQXQ�UGSWGPEKPI��YJGTG�VJG�IGPQOG�KU�UGSWGPEGF�HQT�VJG�ƂTUV�VKOG��
TGUGSWGPEKPI�EQORCTGU�VJG�UGSWGPEGF�IGPQOG�VQ�C�TGHGTGPEG�IGPQOG�VQ�FGVGEV�FKHHGTGPEGU�
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æ««��V>Ì���Ã��v��i�iÌ�VÃ�>�`��i����VÃ�Ì��
��ÃiÀÛ>Ì���

• %CTF��&��%���5JCRKTQ��$���)KTKDGV��)���/QTKV\��%�����'FYCTFU��5��8��
�������/WUGWO�IGPQOKEU��#PPWCN�4GXKGY�QH�)GPGVKEU��
��
�������s�����JVVRU���FQK�QTI���������CPPWTGX�IGPGV�������������� 

• 0CMCJCOC��0��
�������/WUGWO�URGEKOGPU��#P�QXGTNQQMGF�CPF�XCNWCDNG�OCVGTKCN�HQT�EQPUGTXCVKQP�IGPGVKEU��'EQNQIKECN�
4GUGCTEJ����
������s����JVVRU���FQK�QTI������������������������  

• 4CZYQTVJ[��%��,�����5OKVJ��$��6��
�������/KPKPI�OWUGWOU�HQT�JKUVQTKECN�&0#��#FXCPEGU�CPF�EJCNNGPIGU�KP�OWUGQOKEU��
6TGPFU�KP�'EQNQI[���'XQNWVKQP����
���������s������JVVRU���FQK�QTI���������L�VTGG������������ 

• *QII��%��,��
�������6TCPUNCVKPI�IGPQOKE�CFXCPEGU�KPVQ�DKQFKXGTUKV[�EQPUGTXCVKQP��0CVWTG�4GXKGYU�)GPGVKEU����
����
���s�����JVVRU���FQK�QTI���������U�����������������

• /E/CJQP��$��,���6GGNKPI��'��%�����*ÒINWPF��,��
�������*QY�CPF�YJ[�UJQWNF�YG�KORNGOGPV�IGPQOKEU�KPVQ�EQPUGTXCVKQP!�
'XQNWVKQPCT[�CRRNKECVKQPU���
�������s������JVVRU���FQK�QTI���������GXC������ 

• 5WRRNG��/��#�����5JCRKTQ��$��
�������%QPUGTXCVKQP�QH�DKQFKXGTUKV[�KP�VJG�IGPQOKEU�GTC��)GPQOG�$KQNQI[�������s����
JVVRU���FQK�QTI���������U����������������

• 6JGKUUKPIGT��-���(GTPCPFGU��%���(QTOGPVK��)���$KUVC��+���$GTI��2��4���$NGKFQTP��%���$QODCTGN[��#���%TQVVKPK��#���)CNNQ��)��
4���)QFQ[��,��#���,GPVQHV��5���/CNWMGKYKEM\��,���/QWVQP��#���1QOGP��4��#���2CG\��5���2CNUDÔNN��2��,���2CORQWNKG��%���4WK\�
.ÏRG\��/��,���5GEQOCPFK��5���e���<COOKV��)��
�������*QY�IGPQOKEU�ECP�JGNR�DKQFKXGTUKV[�EQPUGTXCVKQP��6TGPFU�KP�
)GPGVKEU����
�������s�����JVVRU���FQK�QTI���������L�VKI������������ 

• 9KNNK��;���-TKUVGPUGP��6��0���5ITÎ��%��/���9GGMU��#��4���´TUVGF��/�����*QHHOCPP��#��#��
�������%QPUGTXCVKQP�IGPGVKEU�CU�C�
OCPCIGOGPV�VQQN��6JG�ƂXG�DGUV�UWRRQTVGF�RCTCFKIOU�VQ�CUUKUV�VJG�OCPCIGOGPV�QH�VJTGCVGPGF�URGEKGU��2TQEGGFKPIU�
QH�VJG�0CVKQPCN�#ECFGO[�QH�5EKGPEGU�����
����G������������JVVRU���FQK�QTI���������RPCU�����������


�>ÃÃ�V�
Ý>�«�iÃ�-ÌÕ`�iÃ�1Ã��}�>��ÕÃi���VÃ�æ««À�>V�

• *KIWEJK��4���$QYOCP��$���(TGKDGTIGT��/���4[FGT��1��#�����9KNUQP��#��%��
�������&0#�UGSWGPEGU�HTQO�VJG�SWCIIC��CP�
GZVKPEV�OGODGT�QH�VJG�JQTUG�HCOKN[��0CVWTG�����
����������s�����JVVRU���FQK�QTI���������������C� 

• -LCGT��-��*���2GFGTUGP��/��9���&G�5CPEVKU��$���&G�%CJUCP��$���-QTPGNKWUUGP��6��5���/KEJGNUGP��%��5���5CPF��-��-���,GNCXKE��
5���4WVGT��#��*���5EJOKFV��#��/��#���-LGNFUGP��-��-���6GUCMQX��#��5���5PQYDCNN��+���)QUUG��,��%���#NUQU��+��)���9CPI��;���
&QEMVGT��%���4CUOWUUGP��/���,QTIGPUGP��/��'���e�9KNNGTUNGX��'��
�������#���OKNNKQP�[GCT�QNF�GEQU[UVGO�KP�)TGGPNCPF�
WPEQXGTGF�D[�GPXKTQPOGPVCN�&0#��0CVWTG�
.QPFQP������
����������s�����JVVRU���FQK�QTI���������U����������������[   

• /½TOQN�5½PEJG\��'���(TQOO��$���1UMQNMQX��0���2QEJQP��<���-CNQIGTQRQWNQU��2���'TKMUUQP��'���$KT[WMQXC��+���5GMCT��8���
'TUOCTM��'���#PFGTUUQP��$���&CNÅP��.�����(TKGFNÀPFGT��/��4��
�������*KUVQTKECN�40#�GZRTGUUKQP�RTQƂNGU�HTQO�VJG�GZVKPEV�
6CUOCPKCP�VKIGT��)GPQOG�4GUGCTEJ����
��������s�������JVVRU���FQK�QTI���������IT����������� 

• 1TNCPFQ��.���)KPQNJCE��#���<JCPI��)���(TQGUG��&���#NDTGEJVUGP��#���5VKNNGT��/���5EJWDGTV��/���%CRRGNNKPK��'���2GVGTUGP��$���
/QNVMG��+���,QJPUQP��2��.��(���(WOCICNNK��/���8KNUVTWR��,��6���4CIJCXCP��/���-QTPGNKWUUGP��6���/CNCURKPCU��#��5���8QIV��,���
5\MNCTE\[M��&���-GNUVTWR��%��&���e�9KNNGTUNGX��'��
�������4GECNKDTCVKPI�'SWWU�GXQNWVKQP�WUKPI�VJG�IGPQOG�UGSWGPEG�QH�CP�
GCTN[�/KFFNG�2NGKUVQEGPG�JQTUG��0CVWTG�����
���������s����JVVRU���FQK�QTI���������PCVWTG�����   

• XCP�FGT�8CNM��6���2GêPGTQX½��2���&ÉG\�FGN�/QNKPQ��&���$GTIUVTÒO��#���1RRGPJGKOGT��,���*CTVOCPP��5���:GPKMQWFCMKU��)���
6JQOCU��,��#���&GJCUSWG��/���5CüNČECP��'���(KFCP��(��4���$CTPGU��+���.KW��5���5QOGN��/���*GKPV\OCP��2��&���0KMQNUMK[��2���
5JCRKTQ��$���5MQINWPF��2���*QHTGKVGT��/���e�&CNÅP��.��
�������/KNNKQP�[GCT�QNF�&0#�UJGFU�NKIJV�QP�VJG�IGPQOKE�JKUVQT[�QH�
OCOOQVJU��0CVWTG�����
����������s�����JVVRU���FQK�QTI���������U������������������
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#OCVQ��)���&G5CNNG��4���4[FGT��1��#�����4QUGPDCWO��*��%��
'FU����
�������%QPUGTXCVKQP�IGPGVKEU�KP�VJG�CIG�QH�IGPQOKEU��
%QNWODKC�7PKXGTUKV[�2TGUU��JVVRU���FQK�QTI���������COCV�����

#TGPIQ��(���2QT\GECPUMK��#��.���$NCKT��/��'���#OCVQ��)���(KNCTFK��%�����5VGTNKPI��'��,��
�������6JG�HWVWTG�QH�PCVWTCN�JKUVQT[�
OWUGWOU��+P�'��&QTHOCP�
'F����6JG�HWVWTG�QH�PCVWTCN�JKUVQT[�OWUGWOU�
�UV�GF���RR����s������4QWVNGFIG��JVVRU���
YYY�VC[NQTHTCPEKU�EQO�EJCRVGTU�GFKV�������������������������GUUGPVKCN�TQNG�OWUGWOU�DKQFKXGTUKV[�EQPUGTXCVKQP�
HGNKEKV[�CTGPIQ�CPC�RQT\GECPUMK�OCT[�DNCKT�IGQTIG�COCVQ�EJTKUVQRJGT�ƂNCTFK�GNGCPQT�UVGTNKPI

$GKP��$���%JT[UQUVQOCMKU��+���#TCPVGU��.��5���$TQYP��6���)GTJGKO��%���5EJGNN��6���5EJPGKFGT��%���.GWUJMKP��'���%JGP��<���5KIYCTV��
,���)QP\CNG\��8���9QPI��0��.��9��5���5CPVQU��(��4���$NQO��/��2��-���/C[GT��(���/C\\QPK��%��,���$ÒJPG��#���9KPMNGT��5���
)TGXG��%�����*KNNGT��/��
�������.QPI�TGCF�UGSWGPEKPI�CPF�IGPQOG�CUUGODN[�QH�PCVWTCN�JKUVQT[�EQNNGEVKQP�UCORNGU�
CPF�EJCNNGPIKPI�URGEKOGPU��)GPQOG�$KQNQI[����
��������JVVRU���FQK�QTI���������U�����������������

$KNNGTOCP��5��/�����9CNUJ��,��
�������*KUVQTKECN�&0#�CU�C�VQQN�VQ�CFFTGUU�MG[�SWGUVKQPU�KP�CXKCP�DKQNQI[�CPF�GXQNWVKQP��#�
TGXKGY�QH�OGVJQFU��EJCNNGPIGU��CRRNKECVKQPU��CPF�HWVWTG�FKTGEVKQPU��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
��������s
������JVVRU���FQK�QTI������������������������

$NCKT��/���%CQ��)���.ÏRG\�0CPFCO��'���8GTQPGUG�2CPKCIWC��&���$KTEJGVVG��/���-GP[QP��/���/F�<CKP��$���/WPFU��4���0GMCTKU��
-���0KLOCP��8���4QQU��%���6JCEJ��*���5VGTNKPI��'�����.G��/��
�������/QNGEWNCT�RJ[NQIGPGVKE�TGNCVKQPUJKRU�CPF�WPXGKNKPI�
PQXGN�IGPGVKE�FKXGTUKV[�COQPI�UNQY�CPF�R[IO[�NQTKUGU��KPENWFKPI�TGUWTTGEVKQP�QH�Xanthonycticebus intermedius��
)GPGU����
���������JVVRU���FQK�QTI���������IGPGU��������

$NCKT��/��'��
�������%QPUGTXCVKQP�OWUGQOKEU��%QPUGTXCVKQP�$KQNQI[����
���G�������JVVRU���FQK�QTI���������EQDK������
$TCUKN��5��0��4���-GNGOGP��'��2�����4GJCP��5��/��
�������*KUVQTKE�&0#�WPEQXGTU�IGPGVKE�GHHGEVU�QH�ENKOCVG�EJCPIG�CPF�

NCPFUECRG�CNVGTCVKQP�KP�VYQ�YKNF�DGG�URGEKGU��%QPUGTXCVKQP�)GPGVKEU����
������s����JVVRU���FQK�QTI���������U������
����������Y

$TKIIU��#��9���5VGP\GN��7���/G[GT��/���-TCWUG��,���-KTEJGT��/�����2ÀÀDQ��5��
�������4GOQXCN�QH�FGCOKPCVGF�E[VQUKPGU�CPF�
FGVGEVKQP�QH�KP�XKXQ�OGVJ[NCVKQP�KP�CPEKGPV�&0#��0WENGKE�#EKFU�4GUGCTEJ����
����G����JVVRU���FQK�QTI���������PCT�
IMR����

$[TPG��#��3��
�������4GKOCIKPKPI�VJG�HWVWTG�QH�PCVWTCN�JKUVQT[�OWUGWOU�YKVJ�EQORCUUKQPCVG�EQNNGEVKQP��2.15�$KQNQI[��
��
����G���������JVVRU���FQK�QTI���������LQWTPCN�RDKQ��������

%CTTQNN��5��4���)CTDC��+���(KIWGTQC�4QFTÉIWG\��1��.���*QNDTQQM��,���.QXGVV��4���/CVGTGEJGTC��5���2CTUQPU��/���4CUGTQMC��-���
4QFTKIWG\�.QPGDGCT��&���4QYG��4���5CTC��4���9CNMGT��,��&���#PFGTUQP��,�����*WFUQP��/��
�������6JG�%#4'�2TKPEKRNGU�
HQT�KPFKIGPQWU�FCVC�IQXGTPCPEG��&CVC�5EKGPEG�,QWTPCN����������JVVRU���FQK�QTI���������FUL���������

%CTTQNN��5��4���*GTE\QI��'���*WFUQP��/���4WUUGNN��-�����5VCNN��5��
�������1RGTCVKQPCNK\KPI�VJG�%#4'�CPF�(#+4�2TKPEKRNGU�HQT�
+PFKIGPQWU�FCVC�HWVWTGU��5EKGPVKƂE�&CVC���
���������JVVRU���FQK�QTI���������U�����������������

%CTUVGPU��$��%���2GNNGVKGT��6��#���4GKF��0��/�����5CVNGT��,��&��
�������*QY�VQ�HCKN�CV�URGEKGU�FGNKOKVCVKQP��/QNGEWNCT�'EQNQI[��
��
���������s������JVVRU���FQK�QTI���������OGE������

%GDCNNQU��)���'JTNKEJ��2��4���$CTPQUM[��#��&���)CTEÉC��#���2TKPING��4��/�����2CNOGT��6��/��
�������#EEGNGTCVGF�OQFGTP�JWOCPs
KPFWEGF�URGEKGU�NQUUGU��'PVGTKPI�VJG�UKZVJ�OCUU�GZVKPEVKQP��5EKGPEG�#FXCPEGU���
����G���������JVVRU���FQK�
QTI���������UEKCFX��������

%JGP��0�����0GFQNW\JMQ��#��
�������#PEKGPV�&0#��6JG�RCUV�HQT�VJG�HWVWTG��$/%�)GPQOKEU����
���������JVVRU���FQK�
QTI���������U�����������������

%QNGNNC��,��2���6KICPQ��#�����/CE/CPGU��/��&��
�������#�NKPMGF�TGCF�CRRTQCEJ�VQ�OWUGQOKEU��*KIJGT�SWCNKV[�FG�PQXQ�
IGPQOG�CUUGODNKGU�HTQO�FGITCFGF�VKUUWGU��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
�������s�����JVVRU���FQK�
QTI������������������������

%QNNCT��0��,��
�������%QNNGEVKPI�CPF�EQPUGTXCVKQP��%CWUG�CPF�GHHGEV��$KTF�%QPUGTXCVKQP�+PVGTPCVKQPCN����
�����s����JVVRU���FQK�
QTI���������5����������������

&CDPG[��,���/G[GT��/�����2CCDQ��5��
�������#PEKGPV�&0#�FCOCIG��%QNF�5RTKPI�*CTDQT�2GTURGEVKXGU�KP�$KQNQI[���
����
C��������JVVRU���FQK�QTI���������EUJRGTURGEV�C������

&CDPG[��,�����/G[GT��/��
�������'ZVTCEVKQP�QH�JKIJN[�FGITCFGF�&0#�HTQO�CPEKGPV�DQPGU�CPF�VGGVJ��#PEKGPV�&0#��/GVJQFU�
CPF�2TQVQEQNU����s����JVVRU���FQK�QTI��������������������������A� 

&CJP��*��#���/QWPVECUVNG��,���$CNCEEQ��,���9KPMNGT��5���$KUVC��+���5EJOKVV��#��&���2GVVGTUUQP��1��8���(QTOGPVK��)���1NKXGT��-���
5OKVJ��/���6CP��9���-TCWU��#���/CE��5���-QOQTQUMG��.��/���.COC��6���%TCYHQTF��#��,���/WTRJ[��4��9���$TQYP��5���5EQVV��
#��(���e�(GFTKIQ��1��
�������$GPEJOCTMKPI�WNVTC�JKIJ�OQNGEWNCT�YGKIJV�&0#�RTGUGTXCVKQP�OGVJQFU�HQT�NQPI�TGCF�
CPF�NQPI�TCPIG�UGSWGPEKPI��)KIC5EKGPEG������JVVRU���FQK�QTI���������IKICUEKGPEG�IKCE���

&G�8QU��,��/���,QRRC��.��0���)KVVNGOCP��,��.���5VGRJGPU��2��4�����2KOO��5��.��
�������'UVKOCVKPI�VJG�PQTOCN�DCEMITQWPF�TCVG�
QH�URGEKGU�GZVKPEVKQP��%QPUGTXCVKQP�$KQNQI[����
�������s�����JVVRU���FQK�QTI���������EQDK������

(CPPKPI��6��)���5NGOQPU��4��&���4GKF��#��*���,CPE\GYUMK��6��#���&GCP��,�����6CWDGPDGTIGT��,��-��
������������CXKCP�KPƃWGP\C�
XKTWU�UGSWGPEGU�UWIIGUV�VJCV�VJG������RCPFGOKE�XKTWU�FKF�PQV�CESWKTG�+VU�JGOCIINWVKPKP�FKTGEVN[�HTQO�DKTFU��
,QWTPCN�QH�8KTQNQI[����
���������s������JVVRU���FQK�QTI���������,8+���������������������
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(GKIKP��%��;���0GYVQP��#��*���&QTQPKPC��.���5EJOKV\��,���*KRUNG[��%��#���/KVEJGNN��-��,���)QYGT��)���.NCOCU��$���5QWDTKGT��,���
*GKFGT��6��0���/GP\KGU��$��4���%QQRGT��#���1o0GKNN��4��,�����2CUM��#��,��
�������)GPQOG�QH�VJG�6CUOCPKCP�VKIGT�
RTQXKFGU�KPUKIJVU�KPVQ�VJG�GXQNWVKQP�CPF�FGOQITCRJ[�QH�CP�GZVKPEV�OCTUWRKCN�ECTPKXQTG��0CVWTG�'EQNQI[���
'XQNWVKQP���
�������s�����JVVRU���FQK�QTI���������U���������������[

(GKIKP��%���(TCPMGPDGTI��5�����2CUM��#��
�������#�EJTQOQUQOG�UECNG�J[DTKF�IGPQOG�CUUGODN[�QH�VJG�GZVKPEV�6CUOCPKCP�
VKIGT�
Thylacinus cynocephalus���)GPQOG�$KQNQI[�CPF�'XQNWVKQP����
����GXCE�����JVVRU���FQK�QTI���������IDG�
GXCE���

(QPI��,��,���$NQO��/��2��-���#QYRJQN��#���/E)WKTG��,��#���5WVEJCTKV��%�����5QNVKU��2��5��
�������'FKVQTKCN��4GEGPV�CFXCPEGU�KP�
OWUGQOKEU��TGXQNWVKQPK\KPI�DKQFKXGTUKV[�TGUGCTEJ��(TQPVKGTU�KP�'EQNQI[�CPF�'XQNWVKQP������JVVRU���FQK�QTI���������
HGXQ�������������

(WOCICNNK��/��
�������#UUGUUKPI�VJG�GHHGEV�QH�UGSWGPEKPI�FGRVJ�CPF�UCORNG�UK\G�KP�RQRWNCVKQP�IGPGVKEU�KPHGTGPEGU��2.15�
10'���
�����G�������JVVRU���FQK�QTI���������LQWTPCN�RQPG��������

(WPM��9��%���/E-C[��,��-���*QJGPNQJG��2��#�����#NNGPFQTH��(��9��
�������*CTPGUUKPI�IGPQOKEU�HQT�FGNKPGCVKPI�EQPUGTXCVKQP�
WPKVU��6TGPFU�KP�'EQNQI[���'XQNWVKQP����
�������s�����JVVRU���FQK�QTI���������L�VTGG������������

*CJP��'��'���#NGZCPFGT��/��4���)TGCN[��#���5VKNNGT��,���)CTFKPGT��&��/�����*QNNGNG[��%��'��
�������7PNQEMKPI�KPCEEGUUKDNG�JKUVQTKECN�
IGPQOGU�RTGUGTXGF�KP�HQTOCNKP��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
��������s������JVVRU���FQK�QTI��������������
����������

*CNG��/��.���$WTI��6��/�����5VGGXGU��6��'��
�������5CORNKPI�HQT�OKETQUCVGNNKVG�DCUGF�RQRWNCVKQP�IGPGVKE�UVWFKGU�����VQ����
KPFKXKFWCNU�RGT�RQRWNCVKQP�KU�GPQWIJ�VQ�CEEWTCVGN[�GUVKOCVG�CNNGNG�HTGSWGPEKGU��2.15�10'���
����G�������JVVRU���
FQK�QTI���������LQWTPCN�RQPG��������

*GORGN��'���$KDK��(���(CKVJ��,��6���$TKPM��,��5���-CNVJQHH��&��%���-COOKPIC��2���2CKLOCPU��,��.��#���9GUVDWT[��/��8���*QHTGKVGT��
/�����<CEJQU��(��'��
�������+FGPVKH[KPI�VJG�VTWG�PWODGT�QH�URGEKOGPU�QH�VJG�GZVKPEV�DNWG�CPVGNQRG�
Hippotragus 
leucophaeus���5EKGPVKƂE�4GRQTVU����
����������JVVRU���FQK�QTI���������U�����������������

*KIWEJK��4���$QYOCP��$���(TGKDGTIGT��/���4[FGT��1��#�����9KNUQP��#��%��
�������&0#�UGSWGPEGU�HTQO�VJG�SWCIIC��CP�GZVKPEV�
OGODGT�QH�VJG�JQTUG�HCOKN[��0CVWTG�����
����������s�����JVVRU���FQK�QTI���������������C�

+PVGTPCVKQPCN�%QWPEKN�QH�/WUGWOU��
�������+%1/�EQFG�QH�GVJKEU�HQT�PCVWTCN�JKUVQT[�OWUGWOU��+%1/��JVVRU���KEQO�OWUGWO�
YR�EQPVGPV�WRNQCFU���������PCVJEQFGAGVJKEUAGP�RFH

+UNCO��5���2GCTV��%���-GJNOCKGT��%���5WP��;��*���.GK��(���&CJN��#���-NGOTQVJ��5���#NGZQRQWNQW��&���&GN�/CT�&GNICFQ��/���.CKQNQ��
2���%CTNQU�+NNGTC��,���&KTTGP��5���*KNNG��5���.MJCIXCUWTGP��&���6ÒRHGT��6���-CKUGT��/���)GDCWGT��#���/CTVGPU��,���2CGV\QNF��
%�����2ÀEMGTV��/��
�������/WUGQOKEU�JGNR�TGUQNXKPI�VJG�RJ[NQIGP[�QH�UPQYƂPEJGU�
#XGU��2CUUGTKFCG��Montifringilla 
CPF�CNNKGU���/QNGEWNCT�2J[NQIGPGVKEU�CPF�'XQNWVKQP���������������JVVRU���FQK�QTI���������L�[ORGX������������

,GPUGP��'��.���&ÉG\�FGN�/QNKPQ��&���)KNDGTV��/��6��2���$GTVQNC��.��&���$QTIGU��(���%WDTKE�%WTKM��8���&G�0CXCUEWÅU��/���(TCPFUGP��
2���*GWGTV\��/���*XKNUQO��%���,KOÅPG\�/GPC��$���/KGVVKPGP��#���/QGUV��/���2GêPGTQX½��2���$CTPGU��+�����8GTPGUK��%��

�������#PEKGPV�CPF�JKUVQTKECN�&0#�KP�EQPUGTXCVKQP�RQNKE[��6TGPFU�KP�'EQNQI[���'XQNWVKQP����
�������s�����JVVRU���
FQK�QTI���������L�VTGG������������

,ÏPUUQP��*���)KPQNJCE��#���5EJWDGTV��/���,QJPUQP��2��.��(�����1TNCPFQ��.��
�������OCR&COCIG�����(CUV�CRRTQZKOCVG�$C[GUKCP�
GUVKOCVGU�QH�CPEKGPV�&0#�FCOCIG�RCTCOGVGTU��$KQKPHQTOCVKEU����
���������s������JVVRU���FQK�QTI���������
DKQKPHQTOCVKEU�DVV���

-PCRR��/���%NCTMG��#��%���*QTUDWTIJ��-��#�����/CVKUQQ�5OKVJ��'��#��
�������5GVVKPI�VJG�UVCIG�s�$WKNFKPI�CPF�YQTMKPI�KP�
CP�CPEKGPV�&0#�NCDQTCVQT[��#PPCNU�QH�#PCVQO[���#PCVQOKUEJGT�#P\GKIGT�����
�����s���JVVRU���FQK�QTI���������L�
CCPCV������������

-QTPGNKWUUGP��6��5���#NDTGEJVUGP��#�����0KGNUGP��4��
�������#0)5&��#PCN[UKU�QH�PGZV�IGPGTCVKQP�UGSWGPEKPI�FCVC��$/%�
$KQKPHQTOCVKEU����
���������JVVRU���FQK�QTI���������U����������������

-TGRU��%��
�������+PFKIGPQWU�EWTCVKQP��OWUGWOU��CPF�KPVCPIKDNG�EWNVWTCN�JGTKVCIG��+P�.��5OKVJ���0��#MCICYC�

'FU����+PVCPIKDNG�JGTKVCIG�
�UV�GF���R�������4QWVNGFIG��JVVRU���YYY�VC[NQTHTCPEKU�EQO�EJCRVGTU�
GFKV��������������������������KPFKIGPQWU�EWTCVKQP�OWUGWOU�KPVCPIKDNG�EWNVWTCN�JGTKVCIG�EJTKUVKPC�MTGRU

-WVUEJGTC��8��'���-KGTE\CM��/���8CP�&GT�8CNM��6���8QP�5GVJ��,���&WUUGZ��0���.QTF��'���&GJCUSWG��/���5VCPVQP��&��9��)���
-JQQPUCTK��2��'���0[UVGFV��$���&CNÅP��.�����&ÉG\�FGN�/QNKPQ��&��
�������)GP'TQFG��#�DKQKPHQTOCVKEU�RKRGNKPG�VQ�
KPXGUVKICVG�IGPQOG�GTQUKQP�KP�GPFCPIGTGF�CPF�GZVKPEV�URGEKGU��$/%�$KQKPHQTOCVKEU����
���������JVVRU���FQK�
QTI���������U�����������������

.GKIJ��&��/���*GPFT[��#��2���8½\SWG\�&QOÉPIWG\��'�����(TKGUGP��8��.��
�������'UVKOCVGF�UKZ�RGT�EGPV�NQUU�QH�IGPGVKE�XCTKCVKQP�
KP�YKNF�RQRWNCVKQPU�UKPEG�VJG�KPFWUVTKCN�TGXQNWVKQP��'XQNWVKQPCT[�#RRNKECVKQPU����
��������s������JVVRU���FQK�
QTI���������GXC������

.GQPCTF��,��#��
�������#PEKGPV�&0#�CRRNKECVKQPU�HQT�YKNFNKHG�EQPUGTXCVKQP��/QNGEWNCT�'EQNQI[����
���������s������JVVRU���
FQK�QTI���������L���������:������������Z

.NCOCU��$���8CNXGTFG��)���(GJTGP�5EJOKV\��.���9G[TKEJ��.��5���%QQRGT��#�����*CCM��9��
�������(TQO�VJG�ƂGNF�VQ�VJG�NCDQTCVQT[��
%QPVTQNNKPI�&0#�EQPVCOKPCVKQP�KP�JWOCP�CPEKGPV�&0#�TGUGCTEJ�KP�VJG�JKIJ�VJTQWIJRWV�UGSWGPEKPI�GTC��56#4��
5EKGPEG���6GEJPQNQI[�QH�#TEJCGQNQIKECN�4GUGCTEJ���
�����s����JVVRU���FQK�QTI������������������������������

https://doi.org/10.1038/s41559-017-0417-y
https://doi.org/10.1093/gbe/evac048
https://doi.org/10.1093/gbe/evac048
https://doi.org/10.3389/fevo.2023.1188172
https://doi.org/10.3389/fevo.2023.1188172
https://doi.org/10.1371/journal.pone.0079667
https://doi.org/10.1016/j.tree.2012.05.012
https://doi.org/10.1111/1755-0998.13505
https://doi.org/10.1111/1755-0998.13505
https://doi.org/10.1371/journal.pone.0045170
https://doi.org/10.1371/journal.pone.0045170
https://doi.org/10.1038/s41598-020-80142-2
https://doi.org/10.1038/312282a0
https://icom.museum/wp-content/uploads/2018/07/nathcode_ethics_en.pdf
https://icom.museum/wp-content/uploads/2018/07/nathcode_ethics_en.pdf
https://doi.org/10.1016/j.ympev.2024.108135
https://doi.org/10.1016/j.tree.2021.12.010
https://doi.org/10.1016/j.tree.2021.12.010
https://doi.org/10.1093/bioinformatics/btt193
https://doi.org/10.1093/bioinformatics/btt193
https://doi.org/10.1016/j.aanat.2011.03.008
https://doi.org/10.1016/j.aanat.2011.03.008
https://doi.org/10.1186/s12859-014-0356-4
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203884973-16/indigenous-curation-museums-intangible-cultural-heritage-christina-kreps
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203884973-16/indigenous-curation-museums-intangible-cultural-heritage-christina-kreps
https://doi.org/10.1186/s12859-022-04757-0
https://doi.org/10.1186/s12859-022-04757-0
https://doi.org/10.1111/eva.12810
https://doi.org/10.1111/eva.12810
https://doi.org/10.1111/j.1365-294X.2008.03891.x
https://doi.org/10.1111/j.1365-294X.2008.03891.x
https://doi.org/10.1080/20548923.2016.1258824
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.QECVGNNK��0��5���/E+PV[TG��2��$���6JGTMKNFUGP��0��1�����$CGVUEJGT��&��5��
�������)GP$CPMoU�TGNKCDKNKV[�KU�WPEGTVCKP�HQT�
DKQFKXGTUKV[�TGUGCTEJGTU�UGGMKPI�URGEKGU�NGXGN�CUUKIPOGPV�HQT�G&0#��2TQEGGFKPIU�QH�VJG�0CVKQPCN�#ECFGO[�QH�
5EKGPEGU�����
����������s�������JVVRU���FQK�QTI���������RPCU�����������

.QW��4��0���,CEQDU��#���9KNFGT��#��2�����6JGTMKNFUGP��0��1��
�������#�DGIKPPGToU�IWKFG�VQ�NQY�EQXGTCIG�YJQNG�IGPQOG�
UGSWGPEKPI�HQT�RQRWNCVKQP�IGPQOKEU��/QNGEWNCT�'EQNQI[����
���������s������JVVRU���FQK�QTI���������OGE������

/CEG��)��/��
�������6JG�TQNG�QH�VCZQPQO[�KP�URGEKGU�EQPUGTXCVKQP��2JKNQUQRJKECN�6TCPUCEVKQPU�QH�VJG�4Q[CN�5QEKGV[�QH�
.QPFQP��5GTKGU�$��$KQNQIKECN�5EKGPEGU�����
����������s�����JVVRU���FQK�QTI���������TUVD����������

/½TOQN�5½PEJG\��'���(TQOO��$���1UMQNMQX��0���2QEJQP��<���-CNQIGTQRQWNQU��2���'TKMUUQP��'���$KT[WMQXC��+���5GMCT��8���'TUOCTM��
'���#PFGTUUQP��$���&CNÅP��.�����(TKGFNÀPFGT��/��4��
�������*KUVQTKECN�40#�GZRTGUUKQP�RTQƂNGU�HTQO�VJG�GZVKPEV�
6CUOCPKCP�VKIGT��)GPQOG�4GUGCTEJ����
��������s������JVVRU���FQK�QTI���������IT�����������

/CTUJCNN��9��(���6GNHQTF��5��4���4[U��2��0���4WVNGFIG��$��,���/CVJKGUGP��&���/CNCYKUVC��5��'���5RKGNOCP��#�����2GTUKPI��&��
*��
�������&GVGEVKQP�QH�Borrelia burgdorferi�&0#�KP�OWUGWO�URGEKOGPU�QH�Peromyscus leucopus��,QWTPCN�QH�
+PHGEVKQWU�&KUGCUGU�����
��������s������JVVRU���FQK�QTI���������KPHFKU�����������

/E/CJQP��$��,���6GGNKPI��'��%�����*ÒINWPF��,��
�������*QY�CPF�YJ[�UJQWNF�YG�KORNGOGPV�IGPQOKEU�KPVQ�EQPUGTXCVKQP!�
'XQNWVKQPCT[�CRRNKECVKQPU���
�������s������JVVRU���FQK�QTI���������GXC������

/GKTOCPU��2��)��
�������5GXGP�EQOOQP�OKUVCMGU�KP�RQRWNCVKQP�IGPGVKEU�CPF�JQY�VQ�CXQKF�VJGO��/QNGEWNCT�'EQNQI[����
�����
����s������JVVRU���FQK�QTI���������OGE������

/G[GT��/�����-KTEJGT��/��
�������+NNWOKPC�UGSWGPEKPI�NKDTCT[�RTGRCTCVKQP�HQT�JKIJN[�OWNVKRNGZGF�VCTIGV�ECRVWTG�CPF�
UGSWGPEKPI��%QNF�5RTKPI�*CTDQT�2TQVQEQNU������
����RFD�RTQV������JVVRU���FQK�QTI���������RFD�RTQV����

/KPVGGT��$��#���%QNNKPU��,��2���.QXG��-��'�����2WUEJGPFQTH��4��
�������#XQKFKPI�
TG�GZVKPEVKQP��5EKGPEG�����
����������s�����
JVVRU���FQK�QTI���������UEKGPEG��������

/KVEJGNN��-��,�����4CYNGPEG��0��,��
�������'ZCOKPKPI�PCVWTCN�JKUVQT[�VJTQWIJ�VJG�NGPU�QH�RCNCGQIGPQOKEU��6TGPFU�KP�'EQNQI[�
��'XQNWVKQP����
�������s�����JVVRU���FQK�QTI���������L�VTGG������������

0CVKQPCN�#ECFGOKGU�QH�5EKGPEGU��'PIKPGGTKPI��CPF�/GFKEKPG��
�������$KQNQIKECN�EQNNGEVKQPU��'PUWTKPI�ETKVKECN�TGUGCTEJ�CPF�
GFWECVKQP�HQT�VJG���UV�EGPVWT[�
R����������0CVKQPCN�#ECFGOKGU�2TGUU��JVVRU���FQK�QTI���������������

0C\CTGPQ��#��)���$GOOGNU��,��$���&KEM��%��9�����.QJOCPP��.��)��
�������/KPKOWO�UCORNG�UK\GU�HQT�RQRWNCVKQP�IGPQOKEU��
#P�GORKTKECN�UVWF[�HTQO�CP�#OC\QPKCP�RNCPV�URGEKGU��/QNGEWNCT�'EQNQI[�4GUQWTEGU����
��������s������JVVRU���FQK�
QTI������������������������

0GWMCOO��,���2GNV\GT��#�����0KGUGNV��-��
�������&COCIG2TQƂNGT��(CUV�FCOCIG�RCVVGTP�ECNEWNCVKQP�HQT�CPEKGPV�&0#��
$KQKPHQTOCVKEU����
���������s������JVVRU���FQK�QTI���������DKQKPHQTOCVKEU�DVCD���

1EJQC��#���1PQTCVQ��&��2���4QGNMG�2CTMGT��/��'���%WNXGT��/�����(KVCM��4��4��
�������)KXG�CPF�VCMG��'HHGEVU�QH�IGPGVKE�
CFOKZVWTG�QP�OWVCVKQP�NQCF�KP�GPFCPIGTGF�(NQTKFC�RCPVJGTU��,QWTPCN�QH�*GTGFKV[�����
�������s�����JVVRU���FQK�
QTI���������LJGTGF�GUCE���

1TNCPFQ��.���#NNCD[��4���5MQINWPF��2���&GT�5CTMKUUKCP��%���5VQEMJCOOGT��2��9����XKNC�#TEQU��/��%���(W��3���-TCWUG��,���
9KNNGTUNGX��'���5VQPG��#��%�����9CTKPPGT��%��
�������#PEKGPV�&0#�CPCN[UKU��0CVWTG�4GXKGYU�/GVJQFU�2TKOGTU���
��������
JVVRU���FQK�QTI���������U�����������������

2ÀÀDQ��5��
�������#PEKGPV�&0#��'ZVTCEVKQP��EJCTCEVGTK\CVKQP��OQNGEWNCT�ENQPKPI��CPF�GP\[OCVKE�CORNKƂECVKQP��2TQEGGFKPIU�
QH�VJG�0CVKQPCN�#ECFGO[�QH�5EKGPEGU����
��������s������JVVRU���FQK�QTI���������RPCU����������

2GNV\GT��#���,ÀIGT��)���*GTDKI��#���5GKV\��#���-PKGR��%���-TCWUG��,�����0KGUGNV��-��
�������'#)'4��'HƂEKGPV�CPEKGPV�IGPQOG�
TGEQPUVTWEVKQP��)GPQOG�$KQNQI[����
��������JVVRU���FQK�QTI���������U���������������\

2GPPC��#���$NCKT��/��'���.WK��*��.���2GVGTU��'���-KUVNGT��.�����2Q\\K��.��
�������1XGTEQOKPI�EJCNNGPIGU�VQ�GZVTCEVKPI�CPF�
UGSWGPEKPI�JKUVQTKECN�&0#�VQ�UWRRQTV�RTKOCVG�GXQNWVKQPCT[�TGUGCTEJ�CPF�EQPUGTXCVKQP��YKVJ�CP�CRRNKECVKQP�VQ�
ICNCIQU��+PVGTPCVKQPCN�,QWTPCN�QH�2TKOCVQNQI[����
��������s������JVVRU���FQK�QTI���������U�����������������

2NCZVQP��.���*GORGN��'���/CTUJ��9��#���2QTVGNC�/KIWG\��4���9CWTKEM��+���-KVEJGPGT��#��%���*QHTGKVGT��/���.KUVGT��#��/���<CEJQU��
(��'�����$TCEG��5��
�������#UUGUUKPI�VJG�KFGPVKV[�QH�TCTG�JKUVQTKECN�OWUGWO�URGEKOGPU�QH�VJG�GZVKPEV�DNWG�CPVGNQRG�

Hippotragus leucophaeus��WUKPI�CP�CPEKGPV�&0#�CRRTQCEJ��/COOCNKCP�$KQNQI[�����
�������s�����JVVRU���FQK�
QTI���������U�����������������

3WCVGNC��#��5���%CPITGP��2���,CHCTK��(���/KEJGN��6���&G�$QGT��*��,�����1ZGNOCP��$��
�������4GVTKGXCN�QH�NQPI�&0#�TGCFU�HTQO�
JGTDCTKWO�URGEKOGPU��#Q$�2.#065����
����RNCF�����JVVRU���FQK�QTI���������CQDRNC�RNCF���

4CFKP��,��
�������2NCPPGF�*KPFUKIJV��6JG�XKVCN�XCNWCVKQPU�QH�HTQ\GP�VKUUWG�CV�VJG�\QQ�CPF�VJG�PCVWTCN�JKUVQT[�OWUGWO��,QWTPCN�
QH�%WNVWTCN�'EQPQO[���
�������s�����JVVRU���FQK�QTI������������������������������

4CZYQTVJ[��%��,�����5OKVJ��$��6��
�������/KPKPI�OWUGWOU�HQT�JKUVQTKECN�&0#��CFXCPEGU�CPF�EJCNNGPIGU�KP�OWUGQOKEU��6TGPFU�
KP�'EQNQI[���'XQNWVKQP����
���������s������JVVRU���FQK�QTI���������L�VTGG������������

4GNNUVCD��%���)WIGTNK��(���'EMGTV��#��,���*CPEQEM��#��/�����*QNFGTGIIGT��4��
�������#�RTCEVKECN�IWKFG�VQ�GPXKTQPOGPVCN�
CUUQEKCVKQP�CPCN[UKU�KP�NCPFUECRG�IGPQOKEU��/QNGEWNCT�'EQNQI[����
���������s������JVVRU���FQK�QTI���������
OGE������

4QEJC��.��#���#NGKZQ��#���#NNGP��)���#NOGFC��(���$CNFYKP��%��%���$CTENC[��/��8��.���$CVGU��,��/���$CWGT��#��/���$GP\QPK��(���$GTPU��
%��/���$GTWOGP��/��.���$NCEMDWTP��&��%���$NWO��5���$QNCÍQU��(���$QYKG��4��%��-���$TKV\��4���$TQYP��4��/���%CFGPC��

https://doi.org/10.1073/pnas.2007421117
https://doi.org/10.1111/mec.16077
https://doi.org/10.1098/rstb.2003.1454
https://doi.org/10.1101/gr.277663.123
https://doi.org/10.1093/infdis/170.4.1027
https://doi.org/10.1111/eva.12193
https://doi.org/10.1111/mec.13243
https://doi.org/10.1101/pdb.prot5448
https://doi.org/10.1126/science.1250953
https://doi.org/10.1016/j.tree.2020.10.005
https://doi.org/10.17226/25592
https://doi.org/10.1111/1755-0998.12654
https://doi.org/10.1111/1755-0998.12654
https://doi.org/10.1093/bioinformatics/btab190
https://doi.org/10.1093/jhered/esac037
https://doi.org/10.1093/jhered/esac037
https://doi.org/10.1038/s43586-020-00011-0
https://doi.org/10.1073/pnas.86.6.1939
https://doi.org/10.1186/s13059-016-0918-z
https://doi.org/10.1007/s10764-024-00429-3
https://doi.org/10.1007/s42991-023-00373-4
https://doi.org/10.1007/s42991-023-00373-4
https://doi.org/10.1093/aobpla/plad074
https://doi.org/10.1080/17530350.2015.1039458
https://doi.org/10.1016/j.tree.2021.07.009
https://doi.org/10.1111/mec.13322
https://doi.org/10.1111/mec.13322
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%��&���%CTRGPVGT��-���e�9KVV��%��%��
�������5RGEKOGP�EQNNGEVKQP��#P�GUUGPVKCN�VQQN��5EKGPEG�����
����������s�����
JVVRU���FQK�QTI���������UEKGPEG�������������

4QJNCPF��0���)NQEMG��+���#ZKOW�2GVTK��#�����/G[GT��/��
�������'ZVTCEVKQP�QH�JKIJN[�FGITCFGF�&0#�HTQO�CPEKGPV�DQPGU��VGGVJ��
CPF�UGFKOGPVU�HQT�JKIJ�VJTQWIJRWV�UGSWGPEKPI��0CVWTG�RTQVQEQNU����
���������s������JVVRU���FQK�QTI���������
U����������������

5CNKU��#�6���9CVUQP��<���(QTEGNNCVK��/���#NK��0���-CTOCMCT��5���-CWT��,���4CDKDKUQC��0���4CZYQTVJ[��%�,��CPF�5OKVJ��$�6��
�������
7PTGEQIPKUGF�&0#�&GITCFCVKQP�KP�(NCUJ�(TQ\GP�)GPGVKE�5CORNGU�KP�0CVWTCN�*KUVQT[�%QNNGEVKQPU��/QNGEWNCT�
'EQNQI[�4GUQWTEGU�G�������JVVRU���FQK�QTI������������������������

5EJOKF��5���0GWGPUEJYCPFGT��5���2KVVGNQWF��%���*GEMGN��)���2CLMQXKE��/���#TNGVVC\��4�����#NXCTG\��0��
�������5RCVKCN�CPF�
VGORQTCN�IGPGVKE�F[PCOKEU�QH�VJG�ITCUUJQRRGT�Oedaleus decorus�TGXGCNGF�D[�OWUGWO�IGPQOKEU��'EQNQI[�CPF�
'XQNWVKQP���
��������s������JVVRU���FQK�QTI���������GEG������
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