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Need for Species ldentification

»Non-human biological evidence encountered:
» Abuse (both against people and animals)
» Poaching
» Components in food
» Linking suspects to crimes
» As components in TCM
» Other applications
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Current Methods

»Gross
»Microscopy
» Osteology

» Trace
»Antigen-antibody

»DNA analysis
»Sequencing
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Problems With Sequencing

» Costly and labour intensive

»Mixtures cannot be separated reliably

»Degraded samples may not yield enough sequence
data for identification
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Requirements For ldentification

»Any test must work
»0n poor or powdered remains

»on samples that have been subjected to
environmental insult

»on mixtures

» The test must also be cost and labour effective
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Nuclear vs. Mitochondrial DNA

| 1.70E-17, 0%

m 500, 100%
Nuclear versus mitochondrial DNA
by weight per genome by copy number per cell

= Muclear (g) ®Mitochondrial (g) O Muclear mMitochandrial
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Other Advantages of mtDNA

»Most of the mtDNA is encoding
» 13 genes for proteins
»24 RNA molecules encoded

» The order of genes on the mitochondrial DNA is very
similar for most species

» Order and structure of the vertebrate mtDNA used in
taxonomic studies
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Locus Qualities Required For
Species Identification

»Locus must show inter species variation

»Locus must also show little intra species variation
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Choosing a Locus

»Several genes show inter species variation but little
Intra species variation

»Cytochrome b is one such gene
»commonly used for taxonomy

>t Is situated near to the D-loop and encodes a 380
amino acid protein and is ~1,140 bp in size



Cytochrome b

» The DNA sequence for many animal and plant
species is known for the cytochrome b gene

» DNA Databases exist
» EMBL DNA Database (www.ebi.ac.uk)
» GenBank® (www.ncbi.nih.gov)

» Currently there are over 32 million sequence
records on these databases
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http://www.ebi.ac.uk/
http://www.ncbi.nih.gov/
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Taxonomy of Mammals

Chordata
Mammalia
Carnivora Primate
Canidae Felidae @ Hominid
Canis Vulpes Felis Homo

lupus familiaris =~ vulpes catus sapiens
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Base Pair Differences At The
Cytochrome b Gene

Wolf

Wolf
Dog
Fox
Cat

Human
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Dog

99.6%
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240
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Fox

84.0%

83.7%
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Cat

79.0%

78.9%

78.6%

267
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74.5%

74.3%

73.8%

76.6%
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Primer Design

TCACRGGTAL TGO A G AT T TATA AT CCGTCCTACCATCGAGEARC AN AT AT CAT TCT
TCACCATCATAGCCADGECAT TCATGGEC TACGTCCTACCATGAGGACAANTATCATTTT
TTACCGTTATAGC AL AGCCT TCATAGGCO TACGTOCTGOOCTGAGEARC AL AT A TCAT TOCT
T TRl T oD TR N A TT T T8 T TN T O CT A AT A G AN AT T CCT TOET
TT AL TATAGCALR A CT TCA TR/ GO TA TG T CCT OO mmmmmrrc:ﬂ
Universal 2
GoAGCGAGCADLCAGTCATCACCALCCTC T TATCAGCALRTCCOCATACATOGGCACOA AL TT TR
D D D R T O T Tl I T T T T D s AT T T T O DA DO N T T
GAGGAGC TACGGTCATCACAA N TC TAC TATCAGC TATCCCTTATATCGEALAGACC TCE
GO D O GTAL T C A TA N C T T GTCAGCA AT T O CAT A C A TCOGEGEoAC T A N T O
R D N T AT T O s I T o 8 T T O A T B O O T T D Al O TN

TCGAATGALATC TEGAGGCGEAT TC TCAG TAGACAMNAGCANCCC TTACCCGATTC T TCGCTT
TACAATGALTC TGACGGAGGAT TTTCAG TAGACALAGCALCCT TAACAGCGATTC TTCSCCT
TAGAATGALATC TEGAGGEEEGCT TTTOCG TCEACAM GO ANC O TCACACGATTCTTCECCT
TAGAATGALATC TEGAGGGEEET TC TCAG TAGACALNAGCCACCC TAACACGATTCTT TEGECT
TTCAATGALTC TGAGGAGGCTAC TCAG TAGACAGTCCCACCC TCACACGATTCTT TACCT
H. grypus 1 187bp
TCCATTTTATCC T TCCAT T TATCATCATACGCAAT TGO CATAGTCCACC TACTATTCCTOC
TCCACTTCATCC TACCAT TCETAGTAT TAGCACTAGCAGCAGTOOACC TACTATTCC TAC
TCCACTTTATCC TGCCATTCATCATTACCGCCC TGO AGCOGTACATC TCCTATTCO TG
TCCACTTCATTC T TCCATTCATTATC TCAGCC T TAGCAGEGASTACACC TC TTATTCC TTC
TTCACTTCATC TTACCC TTCAT TATTGCAGCCCTAGCAGCAC TCCADC TOCCTATTCT TG
H. sapien 3 2Z46bp
ACGAALCAGGC TCCALCALACCCARACAGGAAT TTCCTCAGACC TAGACALA AT CCCATTCD
ACGAANCAGEA TCAMCAACCCC TOCGEAATCATACCCGACTCAGACANMATCOCATTOD
BEEGAnnCCOEATCCALCALCCC TACCGEAATC TCATCAGACA TAGACALA AT TCCATTTC
ATGAALCAGEGATCEAACALCCCCTOAGEGALRT TACATCC GATTCAGACALALATCCCATTCC
ACGAANCGEEATCAMMCAACCCOOTAGEARTCACCTCCCATTOCGAT AN AT CACCTTOD

ACCCCTACTATACCAT TAAMGGACATCTTA GG CCTOT T AT TA N TTC TG T O TAD T
Ao TACTATACAAT TAA M A A TCOC TAGEAGCCCTGC T TO TCATTC TAGT OO TGl Cl

ACCCATACTACAC TAT TAAMAMACA T T TAGEAGCC TIAT T TATANTACTART CCT.AC TN
ACCCATACTATACAATC AN ACATOC TAGETCT TOTAGT A TAGTT T T A D N T O T A
ACCCTTACTACACAATCAMAM A GCCC TCOGEC TTACTTC TC T TCC TIC TC TOCCT TALT GR




Species-Specific and
Universal Primers
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-59' tRNA-Glu I Cytochrome b I 341 Cytochrome b I 742

™ H. sapien 1

lee

V. vulpes 1

J6a

R. norvegicus 1

l 71

C. porcellus 1

0. cuniculus 1

0. aries 1

E. europaeus 2

I521

] 528

C. elaphius 1

0. cuniculus 2

S. scrofa 2

C. porcellus 2

F. catus 1

S. scrofa 1

H. sapien 3

E. europaeus 1

Deer sp. 2
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E. caballuslasinus 1

B. taurus 1

C. hircus 1

N=00=0<=3C

C. lupus familiaris 1

H. sapien 2

C. hircus 2

Deer sp. 1

C. capreolus 1

M. minutus 1

E. caballus 2

C. lupus familiaris 2

H. sapien 4

M. musculus 1
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Species-Specific and
Universal Primers

743 I Cytochrome b I 143

M. musculus 1
773

B. taurus 2

O. aries 2

M. minutus 2

M. musculus 2

R. norvegicus 2
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V. vulpes 2

F. catus 2
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Single Animal Reactions

Size: 108
Height: 7580
Area: 104050

T3] [Ga) eas)

Size: 93
Height: offscale
Area: offscale
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From top left: Human, Horse, Cow and Goat
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Multiplex Species Test
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Multiplex Species Test
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Multiplex Species Test

we] Cat/Dog Mix

‘Dog/F ox Mix
«| Cow/Sheep/Pig/Horse Mix l l
Jl N T N 1 J l

0 Foxx’ ‘Horse/Cow/ ( Harvest MousefHedgehog Mix
II'II'I:- ﬂ R
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Cow/Sheep/Pig/Horse Mixture
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Quantification

Two methods of quantification were attempted:

» Based on peak height ratio

» Based on real time PCR
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Nuclear vs. Mitochondrial DNA

| 1.70E-17, 0%

m 500, 100%
Nuclear versus mitochondrial DNA
by weight per genome by copy number per cell

= Muclear (g) ®Mitochondrial (g) O Muclear mMitochandrial
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Quantification by Peak Height
Ratio
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Quantification by Peak Height
Ratio

»10 human samples analysed

»Human/Universal ratio calculated
»Peak Height Human/Universal
»Average 2.044 + 1.13

»Peak Area Human/Universal
»Average 1.9 £ 0.56
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RT-PCR Quantification of
MtDNA

» Two methods investigated: SYBR Green and TagMan

»SYBR Green Cheaper
»Not as specific

» This can be addressed by having highly
efficient primer sets
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Specificity of Primers

= = == !




Universi tyufl“‘@'

Strathclyde

SYBR Green

»Human and Universal primer sets developed and
tested

»Fragments extracted and quantified using UV Vis

» Dilution series created and amplified with SYBR
Green
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Standard Curve for Universal
Fragment

Log Copy Numb
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Log Copy Number
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Standard Curve for Human
Fragment

y = -0.2483x + 13.352
R? = 0.8441
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Human DNA Test

o4 6 8 M0 12 14 16 18 0 oM N WM o0 N oM ¥ ON 40 &£ H P N T N | A € S L0 N A | B L T )
Cyiles Cycles

Human DNA with Human Human DNA with Universal
Primers Primers




Universityof <>

Strathclyde

Quantification by RT-PCR

» 7 Human samples tested with human specific and
universal primers

»Human/Universal Ratio
» Average 0.787 £ 0.016
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Additional Work

» Traditional Chinese Medicine (TCM)
»Bears
> Tigers
»Leopards
»Musk Deer

»Casework
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Additional Work: TCM

»Bear, tiger, leopard and musk deer parts used Iin
many products and TCM

»Bears farmed for their bile and other parts

> Inhumane treatment

»CITES listed species
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Canadian Black Bear
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Asiatic Black Bear
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AS|at|C Black Bear

10 OOO copies
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Big Cats
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TCM Samples




TCM: Sample

Strathclyde




TCM: Sample
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Human with Big Cat
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Case Example

»Man found in army fatigues with blood spatter.

»Suspected of poaching red deer.

»Police were interested if the blood was that of red
deer.
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Red Deer Control

Size: 188bp
Height: 1935
Area: 19213
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Unknown Sample With Red
Deer Primers

Height: offscale
Area: offscale
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Unknown Sample With Human
Primers

Size: 108bp Size: 246bp
Height: 5763 :mg?t: 7368
Area: 47754 rea: 53970




Case Conclusions

»Expect a human result due to epithelial cells on
trousers.

»Red deer result only obtained if blood was that of
deer.

» Obtained a mixture of human and red deer DNA.

»Blood on the trousers was from a red deer.
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THANK YOU
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