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Identification of leather by DNA Analysis

Yasunori TANAKA*, Tsuyoshi MATSUMOTO¥*, Kiyotaka NAKAYAMA*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Identification of animal species in natural leather using optical and scanning electron microscopes sometimes face

difficulties because of the morphological similarities among some kinds of animals and loss of morphological characteristics

through manufacturing processes. In this study, we tried to identify vegetable tanned cow leather and chromium-tanned cow

leather through DNA analysis. It was found that DNA extracted from the two kinds of leather samples was degraded to less

than 200 bp. As a result of examining enzymatic treatments, DNA extraction, PCR conditions, etc., we successfully

identified the leather samples by PCR-based detection and could also determine species in the vegetable tanned-leather

sample by DNA sequencing analysis.
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R, A/Hind N digest (% 5 /34 A HHHD) Mexime & '"OOFEFEFR T T A ~—%f# L7={l, DDBJ (DNA
+ Lysis Buffer Data Bank of Japan; http://www.ddbj.nig.ac.jp/) Z%&k S 7= BEEE
FEIREE DS 50mM Tris-HCI (pHS.0), 50mM EDTA (pHS8.0), 1% @ mtDNA Cytochrome b DOFFEELHIAN &, R1F S 47 fHIK
RS L URREE T R U w7 & (SDS), 50mM NaCl (2725 X 5 (25 (Appendix 1) (ZHHFICHEAT T A ~— %% Liz. ABFFECHE
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Table 1 Nucleotide sequences of primers used in this study 7

Name Sequence 5°- 3’ Anneal Temp. | Product Size | Target spices Remarks
PIGS85L530 ACATACAAATATGTGACCCCA 55C 87bp Pig Mexime et
PIG85ANCRI1 TTAATGCACGACGTACATAGG al'”
BOV8516335F ACCCCCAAAGCTGAAGTTCT 59°C 84bp Cow Mexime et
BOVS5SREVIR TTTAATACTGATAAGGCTC al.'
ovisCR1F CATAATGGTAAGCATGGGCAT 55C 61bp Sheep Mexime et
ovisCRIR CACGATACAGCAGATATGTC al.'
CAP732F ACTRTATATCTACCCTACAC 46°C 72bp Goat Mexime et
CAP732R CATAAAATGTAATGTACATACA al'
ARcytb-F1 GAGGACAAATATCATTCTGAGGAGC 60°C 220bp Artiodactyl designed in
ARcytb-R1 GGGTTGTTGGAKCCKGTTTCGTG this study
ARcytb-F2 CACGAAACMGGMTCCAACAACC 60°C 171bp Artiodactyl designed in
ARcytb-R2 GGTGTAGTTRTCTGGGTCTCC this study
24 ¥ B 25 £ B
H—= X % ¥ — : Eppendorf ThermoMixer comfort 251 FAHOEBMRUKE
PCR HANEHEE : Veriti 96well Thermal cycler (Applied Biosystems) o= U U ROV v AELEEIZOWTE, S0k
ERIKENERE  MUPID X =4 /Lili (ADVANTEC) EY 2B, FTREROCEROT—T 1 > VB 2BE LI
G © BIO-PROFILE System2 (VILBER LOURMAT) TOETHRELLE, W@ L2y 2 —STHE Lz, Z oM
DNA ¥ — 7 = % — : 3500 xL Genetic Analyzer (Applied F25mg & 1.5mL F=— 7 ZEREL L, Lysis Buffer % 1 mL F2EN
Biosystem) Z, 55°C ORI EIZE W=, WAE DL T-ONSED, T T—Y

3 ET, WY BES 2D E TR LR L. ERROfEE
TFEZ Fig. 1 1Tm 7

Leather sample Remove the coating After subdivide

Before wash After wash Before wash After wash

Fig.1 Flow of sample washing
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AEBRY R 20mg, 7RTAF—¥K%ES5uL Mz, 55°C D5
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RFRALEEZIZ FE A (9500 ul) Z#H LW LS mL F = — 7128
BL, CTAB{ETCHHZIT-7.
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Pt L= & v =8 LA#EICH L C Lysis Buffer & 600 pL, 7R
JE=Atrl Rr20mg 7urAF—F¥K&E5uL, 2545 F
—E% 10mg Mz, 55°C OFTC 8 K, 16 R U8 24 K¢
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1T, BERAHERF 0@ TE O D DNA BICHEN S 5 )
L.
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WENZ LV B L7t =F Vv ATa~a RCHEL, MRl
7.
2532 Zx/—lL/syBAKRIVARK (VTR —)LIKER)
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T 30 HEERIE S B 7%, =008 (iR, 13,000 rpm, 10 43)
L7z, KEZzH LW~/ 7/ aFa2—7IBL, RIEDZ ookl

DAINZ T 30 4y ESEREE Uis. R U4 T LB L7-14.
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Wik&ET 17— a CkRE, WS-, TE buffer % 100
uL A% DNA HhiHig & L7=. DNA fiH#OfEERIc >V TiEF v
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(443) &1T-o721%, 95°C (30#%)), 46~59°C (147 ; Table 1 IZF
DK T T A ~—0D Annealing Temp.Z 5 ), 72°C 30 F) O

A V% 40 B VIR L7124, 15°C TfRFFL7-.
(2) MightyAmp™ DNA Polymerase Ver.3 D34
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2 T VIZHEVY, DNA SR 1 uL, 7 A ~— (5uM) %5 1.8 uL
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X, BAZEME 98°C (2 43) EAT-7-1%, 98°C (10 B), 46~59°C (40
b ; Table 1 I[ZEEHDE 7T A =—D Annealing Temp. 2 Z ),
68°C (15%0) DY A 7 V% 40 [E#VIKL, 15°C THREFLT.

255 U—HURRIG

HEIE ANHERR £ 4172 PCR FEMICHOWC, U FOEFETA Y S a X
J—IVEBEAT, BRIF T 74 ~—%RE LK.

25 uL @ PCR EMIZ%F LT 3 ul @ 5M-NaCl, 22 uL OJEK,
50 uL ® 2-7'a X — )V EMZ R L=1%, @m0 (S8,
14,000 rpm, 104Y) %#1F-o7=. ¥4 7 BF 2 —TnOIREETY
B2, 90 uL D 70% T & /—/L (-20°C) ZHIx CiRfnfg, =
D43 (4°C, 14,000 rpm, 1053) L. WRZERY BRUN-t%, Mg
SH72. ZHUZ PCR FEMOEIIS U T TE buffer 2 5~20 pl %
7.

LFEOEER PCR EEWIZOWT, PCR R ERIL T T A ~—

(Table 1 Z2H8) % T, Big Dye®Terminator v1.1 {ZX Y, &Rft
D~=a T M- 7TS RO O H NS A 7 —
Ty AR EIT T

YA TN —2r v ARG, CENTRI-SEP %7 7 2 (PRINCETON
SEPARATIONS #:f) % HWVCRKIGOHNEFEEZFREL, DNA
A =2 L Y % PCR EEM O EELS & R E L.

31 BRUEEORKRFRER
2521 DMBETUZ LY, Z =8 L S48 il

L7z DNA OESKENEE Fig. 2(A)NZ, 2.5.2.2 (k- CEEROE
Wi 2 8 IRF[H], 16 IRF[AI R ON 24 IEfH] & L, il &5 DNA &2
B LToRER A Fig 2B

aZ P —BOREHER L THKSEETI> LD S, TaTA
F—EK LT F—EEIH LD, BRUIKENIRIT 53
RO S5 DNA HIHEN SN L i3bhoTe.

BESRAUERIRE [ IO T, 8 FRFIH], 16 FREfH] ] O 24 B & B R
LT, iS5 DNABIZENRBERD R ONRN-T0729,
DIt% O FEBROEESZ PRI S BEf] & L=, 72k, BEEAWInE
PN 24 BERFE L7202 51, DNA i+ 25 2 LN TE R
Mmooz,



8 DNA Z3#T1C & B R DB 2T

Fig. 2 Electrophoresis of vegetable-tanned cow leather’s DNA extracted
through: (A) different enzymatic digestion processes, and (B) different
digestion times.

Lane A, Use collagenase only; Lane B, Use collagenase and proteinase K;
Lane 1, 8-hour treatment; Lane 2, 16-hour treatment; Lane 3, 24-hour
treatment; Lane 4, 24-hour treatment without enzyme, Lane M, DNA
size marker (MHind 111 digest).

3.2 DNA A ZEOEHER

B E 2522 OFETENLN 8 REIEER LR A 1T - 7214,
2531 DFy MERN2532D7 = ) —MEOFK % THERIL, &
RIKENE THEE L7 4 B % Fig3 \ R,

Fig. 3  Electrophoresis of vegetable-tanned cow leather’s DNA extracted: (A) by
kit method and (B) by phenol method

Lane 1, vegetable-tanned cow leather; Lane 2, chromium-tanned cow leather;
Lane 3, rice bran-tanned cow leather; Lane 4, beef meat (reference); Lane M,
DNA size marker (WHind 111 digest).
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Fig. 4 PCR amplifications of vegetable-tanned cow leather using Artiodactyl
common primer set (ARcytb-F2 and ARcytb-R2) with: (A) TuKaRa Ex
Tag™ and (B) MightyAmp™ DNA Polymerase Ver.3

Lane 1, Diluted DNA (x5); Lane 2, Diluted DNA (x10); Lane 3, Diluted
DNA (x30); Lane 4, Diluted DNA (x50); Lane 5, Diluted DNA (x100); Lane
6, Refined DNA; Lane M, 100 bp DNA Ladder marker

TaKaRa Ex Tag™ (5 L7356, B L4842 & OmRE
75 PCR FEMNE e h o723, PCR FAEWEIZRT 5 HHL
TEDE VY Mighty Amp™ DNA Polymerase Ver.3 Z i L 7285413,
ETOREN S PCRIGIGEN 2 MR T D 2 LA TEIZ. 2oL
15, LT OER (PCR KOG I, i) L7z DNA % 50 @A L,
MightyAmp™ DNA Polymerase Ver.3 % N TIT~7=.
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BT T A =—L OMBEDLET, KE, EFEROLEEZON
THRGTE D AREMS RIR S 7.
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Fig. 5 Result of PCR detections using species-specific primer sets for (A) cow; (B) pig; (C) sheep; (D) goat, all of which are listed in

Table 1.

Lane 1, vegetable-tanned cow leather; Lane 2, chromium-tanned cow leather; Lane 3, rice bran-tanned cow leather; Lane 4, beef; Lane
5, pork; Lane 6, mutton (sheep); Lane 7, chevon (goat); Lane 8, Water (negative control); Lane M, 100 bp DNA Ladder marker

3.5 BEFEHILLEIC & B REDRHIES A

34ITBNT, LS, o=V LA, 7a B LE
OB, KA, EA, ILWEASHH L7 DNA 2201,
ARcytb-F1 T ARcytb-R1 Zf\ > PCR G #1T - 7o iR % Fig6
R,
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200bp EE)
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Fig. 6 Result of PCR amplification for leather samples and animal meats using
the artioductyl common primer set (ARcytb-F1 and ARcytb-R1) with
MightyAmp™ DNA Polymerase Ver.3

Lane 1, vegetable-tanned cow leather; Lane 2, chromium-tanned cow leather;
Lane 3, rice bran-tanned cow leather; Lane 4, beef; Lane 5, pork; Lane 6,
mutton (sheep); Lane 7, chevon (goat); Lane 8, Water(negative control) ;
Lane M, 100 bp DNA Ladder marker
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EIZ, EFEO DNA fHSICOWCIE, BBz L (B EE A
DILFET T A < —ARcytb-F1 X F ARcytb-R1 % VY, MightyAmp™
DNA Polymerase Ver.3 'C PCR #lg338 0 H 4L, 7 v LB L4EE
BR<, TRTOREIOEEEF|OPE & DDBI ZFIH L 7= 8RN
BRI L 2FHBI S FRETH o 7.

S1%1T, 78 LB LUEEICOWTER S LMME 2 S 1th,
BHIIEOBBMEOMREITI & &b, K, FERRUEDOR
L7 HITOWCTHEAFREN L 9 D iR 2D 2 LEER H 5 .
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A. Vuissoz, M. Worobey, N. Odegaard, M. Bunce, C.A. Machado, N. Lynnerup, E.E. Peacock : J. Archaeol. Res. 34, 823 (2007).
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10) M. Maxime, V. Stéphane, M. Thierry, H. Catherine : Res. J. Biotech. 10, 65 (2015)

Bos taunas AF492351
Bos taunas GQ129207
Sus scrofa D0518915
Sus scrofa AF034253
Ovis aries AF010406
Ovis aries AY858379

Bos taunas AF492351
Bos taunas GQ129207
Sus scrofa DQ518915
Sus scrofa AF034253
Ovis aries AF010406
Ovis aries AY858379

Bos taunas AF492351
Bos taunas GQ129207
Sus scrofa DQ518915
Sus scrofa AF034253
Ovis aries AF010406
Ovis aries AY858379

H49% H35 (ERISE10A))

Appendix I Multiple alignment of Artiodactyls’ mt cytochrome b partial sequence.
ARcytb-F1
>
401:CATGAGGACAAATATCATTCTGAGGAGCAACAGTCATCACCAACCTCTTATCAGCAATCCCATACATCGGCACAAATTTAGTCGAATGAATCTGAGGCGG 500
L 500
401:.C ..o T..G....... AT..AC....... T..... T..T..... A.GCC.C.A............. G.. 500
401:.C ... T..G....... A.T..AC....... T..... T..T..... A ..GCC.C.A............. G.. 500
401 T | CT........ T..... T..T........ CC....o o G..A.. 500
401 T T CT........ T..... T.T....... GO R..A.. 500
501:ATTCTCAGTAGACAAAGCAACCCTTACCCGATTCTTCGCTTTCCATTTTATCCTTCCATTTATCATCATAGCAATTGCCATAGTCCACCTACTATTCCTC 600
5T P 600
501:C..T..C..C.............. C..A.......... C..T..C........ G..... C..... T.CC..CC.C..AGCC. .A..T..C........ G 600
501:C..T..C..C.............. C..A.......... C..... Co....... G..... C..... T.CC..CC.C..AGCC. .A..T..C........ G 600
501 ... T Gt T..... C..T..C..... TT.C..... C..... GC...CC.C........ To.......C.. .. 600
501 ... T Co.o.oet T..... C..T..C..... TT.C..... C..... GC...CC.C........ To.......C.. .. 600
ARcytb-R1
<
601 : CACGAAACAGGCTCCAACAACCCAACAGGAATTTCCTCAGACGTAGACAAAATCCCATTCCACCCCTACTATACCATTAAGGACATCTTAGGGGCCCTCT 700
00T 700
601:........ C..A.... T..... T..C..... C..A..... Ao T.... T.... Ao C.T..... A ... TC....A...T.A. 700
601:........ C..A.......... T..C.... C..A..... Ao T..... T.... A C..T..... Ao TC....A...T.A. 700
601:........... Ao Co.ooe C.A..G...AC...T..... T..C....... T.T..C........ Ao C....T..TA..C 700
601:........... Ao Co.ooe i C.A.G..AC...T..... T..C....... T..T..C........ A.....C... T..TA..C 700

Note: alphabets and numbers after species names mean accession nos of Genbank.
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Appendix 2 Results of homology search

- vegetable-tanned cow leather

>V00654|V00654.1 Bos taurus complete mitochondrial genome.

Length = 16338

Score = 327 bits (165), Expect = 4e-86

Identities = 172/173 (99%), Gaps = 1/173 (0%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60
CCECEECEEEEC PP EL e

Sbjct: 14942 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15001

Query: 61 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttecattt 120
CCECEECEEEEE PP EL e

Sbjct: 15002 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttegetttecattt 15061

Query: 121 tatccttccatttatcatcagtagcaattgccatagtccacctactattectc 173

CCEEEEEEEEEEEE T TECEEEE R E PR T
Sbjct: 15062 tatccttccatttatcatca-tagcaattgccatagtccacctactattectc 15113

>KU891849|KU891849.1 Bos taurus isolate MACT mitochondrion, complete genome.

Length = 16339

Score = 327 bits (165), Expect = 4e-86

Identities = 172/173 (99%), Gaps = 1/173 (0%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60
CCECEECEEEECEEEECEE PP PP EL e

Sbjct: 14943 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15002

Query: 61 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttecattt 120
LEECECEEEECEEEEEEEEECE PP

Sbjct: 15003 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttegetttecattt 15062

Query: 121 tatccttccatttatcatcagtagcaattgccatagtccacctactattectc 173

LECEEEEEEEEEE R TECEEEE R
Sbjct: 15063 tatccttccatttatcatca-tagcaattgccatagtccacctactattectc 15114
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- rice bran-tanned cow leather

>V00654|V00654.1 Bos taurus complete mitochondrial genome.

Length = 16338

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60
LEECEEEEEECE PP PR

Sbjct: 14942 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15001

Query: 61 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttecattt 120
LEECEEEEEECEEC P EE PR T

Sbjct: 15002 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttccattt 15061

Query: 121 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 172

LEECEEEECECE PP
Sbjct: 15062 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 15113

>KU891849|KU891849.1 Bos taurus isolate MACT mitochondrion, complete genome.
Length = 16339

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60

LEECEEEEEECE PP
Sbjct: 14943 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15002

Query: 61 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttccattt 120

LEECECEEEECEEEEEEEEECE PP
Sbjct: 15003 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttegctttecattt 15062

Query: 121 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 172
LECEEEEEE R E TR



BB RATITR 557 B 13

- beef (reference sample)

>V00654|V00654.1 Bos taurus complete mitochondrial genome.

Length = 16338

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60
CCECEEEEEEEC R EL e

Sbjct: 14942 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15001

Query: 61 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttecattt 120
LEECEEEEEECEEC P EE PR T

Sbjct: 15002 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgcetttccattt 15061

Query: 121 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 172

LEECEEEECECE PP
Sbjct: 15062 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 15113

>KU891849|KU891849.1 Bos taurus isolate MACT mitochondrion, completegenome.

Length = 16339

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 60
LEECEEEEEECE PP

Sbjct: 14943 aacagtcatcaccaacctcttatcagcaatcccatacatcggcacaaatttagtcgaatg 15002

Query: 61  aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgctttccattt 120
LEECEEEEEECEEC P EE PR T

Sbjct: 15003 aatctgaggcggattctcagtagacaaagcaacccttacccgattcttcgctttccattt 15062

Query: 121 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 172

LECEEEEEECE PP E PP
Sbjct: 15063 tatccttccatttatcatcatagcaattgccatagtccacctactattectc 15114



14 DNA 73 #T1C & B R DB 2T

- pork (reference sample)

>KT626638|KT626638.1 Sus scrofa isolate SP89 cytochrome b (cytb)

gene, complete cds; mitochondrial.

Length = 1140

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 tacggtcatcacaaatctactatcagctatcccttatatcggaacagacctcgtagaatg 60
CECEECECEEE PR R E T

Sbjct: 429 tacggtcatcacaaatctactatcagctatcecttatatcggaacagacctcgtagaatg 488

Query: 61 aatctgagggggcttttccgtcgacaaagcaaccctcacacgattcttcgecttccactt 120
CECEECEEEEE R

Sbjct: 489 aatctgagggggcttttccgtcgacaaagcaaccctcacacgattcttcgecttccactt 548

Query: 121 tatcctaccattcatcattaccgccctcgcagecgtacatctectattectg 172

LEECEEEECECEECEEE PP E PR
Sbjct: 549 tatcctaccattcatcattaccgccctcgcagecgtacatctectattcctg 600

>K1476223|KJ476223.1 Sus scrofa isolate RCSP766-AQ cytochrome b

(cytb) gene, complete cds; mitochondrial.

Length = 1140

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 tacggtcatcacaaatctactatcagctatcccttatatcggaacagacctcgtagaatg 60
CECEECECEEE PR R E T

Sbjct: 429 tacggtcatcacaaatctactatcagctatcccttatatcggaacagacctcgtagaatg 488

Query: 61 aatctgagggggcttttccgtcgacaaagcaaccctcacacgattcttcgecttccactt 120
CECEECECEEE PP PP T

Sbjct: 489 aatctgagggggcttttccgtcgacaaagcaaccctcacacgattcttegecttccactt 548

Query: 121 tatcctaccattcatcattaccgccctcgcagecgtacatctectattectg 172

LECEEEEEEEEEEEEE R P E PR T
Sbjct: 549 tatcctaccattcatcattaccgccctcgcagcecgtacatctectattectg 600
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- mutton (sheep) (reference sample)

>KY662385|KY662385.1 Ovis aries breed Afshari sheep cytochrome b

(cytb) gene, complete cds; mitochondrial.

Length = 1140

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagttattaccaacctcctttcagcaattccatatattggcacaaacctagtcgaatg 60
CECEEECEEE R E PR T

Sbjct: 429 aacagttattaccaacctcctttcagcaattccatatattggcacaaacctagtcgaatg 488

Query: 61 aatctgaggaggattctcagtagacaaagctaccctcacccgatttttcgectttcactt 120
CECEECEEEEE R

Sbjct: 489 aatctgaggaggattctcagtagacaaagctaccctcaccecgatttttcgectttcactt 548

Query: 121 tattttcccattcatcatcgcagccctcgecatagttcacctactcettecte 172

LEECEEEECECE PP E PP T
Sbjct: 549 tattttcccattcatcatcgcagccctcgecatagttcacctactcttecte 600

>KY366508|KY366508.1 Ovis aries isolate 10300 cytochrome b gene,

partial cds; mitochondrial.

Length = 1059

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagttattaccaacctcctttcagcaattccatatattggcacaaacctagtcgaatg 60
CECEEECEEE R E PR T

Sbjct: 405 aacagttattaccaacctcctttcagcaattccatatattggcacaaacctagtcgaatg 464

Query: 61 aatctgaggaggattctcagtagacaaagctaccctcacccgatttttcgectttcactt 120
CECEECECEEE PP PP T

Sbjct: 465 aatctgaggaggattctcagtagacaaagctaccctcaccecgatttttcgectttcactt 524

Query: 121 tattttcccattcatcatcgcagccctcgecatagttcacctactcettecte 172

LEECEEEEEECE P EE PR T
Sbjct: 525 tattttcccattcatcatcgcagcecctcgecatagttcacctactcttecte 576



16 DNA 73 #T1C & B R DB 2T

- chevon (goat) (reference sample)

>KY564269|KY564269.1 Capra hircus breed Early British Improved

haplogroup A2 mitochondrion, partial genome.

Length = 16594

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcactaatcttctttcagcaatcccatatattggcacaaacctagtcgaatg 60
LEEECECEEEEE PR

Sbjct: 14532 aacagtcatcactaatcttctttcagcaatcccatatattggcacaaacctagtcgaatg 14591

Query: 61  aatctgagggggattctcagtagacaaagccactctcacccgattcttcgecttccactt 120
LECEEEEEEEEEECE LR e

Sbjct: 14592 aatctgagggggattctcagtagacaaagccactctcacccgattcttcgecttecactt 14651

Query: 121 tatcctcccattcatcatcacagecctcgccatagtccacctgctcttecte 172

LEECEEEECECEECEEEEE PR E PR T
Sbjct: 14652 tatcctcccattcatcatcacagccctcgecatagtccacctgctcttecte 14703

>KY564268|KY564268.1 Capra hircus breed Old Scottish haplogroup A2

mitochondrion, partial genome.

Length = 16633

Score = 341 bits (172), Expect = 2e-90

Identities = 172/172 (100%)

Strand = Plus / Plus

Query: 1 aacagtcatcactaatcttctttcagcaatcccatatattggcacaaacctagtcgaatg 60
LEECEEEECECEECEEE PR PP EE T

Sbjct: 14571 aacagtcatcactaatcttctttcagcaatcccatatattggcacaaacctagtcgaatg 14630

Query: 61 aatctgagggggattctcagtagacaaagccactctcacccgattcttcgcecttccactt 120
LEECEEEECECE PP PR T

Sbjct: 14631 aatctgagggggattctcagtagacaaagccactctcacccgattcttcgecttecactt 14690

Query: 121 tatcctcccattcatcatcacagccctcgccatagtccacctgctcttecte 172

LECEECEEEEEEEECE R E PR
Sbjct: 14691 tatcctcccattcatcatcacagecctcgecatagtccacctgctcettecte 14742



