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Identification between wool and fine animal hair by DNA analysis method

TOKUSHIMA Masamitsu*, IGARASHI Tomohiro” and MATSUMOTO Yoshitsugu®
*Central Customs Laboratory, Ministry of Finance, 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In the Customs Tariff Schedules, yarns of animal hair classified in Chapter 51 have different tax rates depending on the animal

species of raw materials. The identification method between wool and fine animal hair is not described in the Customs Analysis

Method, therefore we decided to analyze them by microscope observation according to Japanese Industrial Standard L 1030-1.

ISO 18074, identification of some animal fibres by DNA analysis method, was established in 2015, and it enabled identification

of animal species by chemical analysis. In this report, we examined ISO 18074 and clarified that this method was available in

customs analysis and allowed the identification of alpaca and angora rabbit in addition to sheep, cashmere goat and yak.

1. & =

FATBABIRRE 51 BICITFEE, SRS, MEER OB EORIE
N ZNSDINDEEIND. 209 B/AFHAIC L TWVRNE
ERORITE 51.06 TESULH 51.07 HIZHES L, W bE
FRIL 2.7%, FFEBRIX2.16%THD. —JF, /NGEHIC LTV
UERBRTE D R IEEE 51.08 I E S 4L, WHERLRIL 2.5%, il
BISRITERLCH Y, FriChe B A E O FE M 3B TR 2
MRE.

L72A o T, WIENDSAFEREABOBIN D= IZIE, FE Lk
EREZ BT 2 MENH D, Z OB IEIBBE S HTEICITH
EIN TRV, BAREERMKIZIZL 1030-1 & LTHERH D,
FBEMEE T TBAMERIC L D BB L VB 24T 5 2 & &
STWDA, FEFR L —HOBEEOFINIIAM AT D V.

ZD &9 IRRBITISNT 2015 FIZ[EREHEE 1SO 18074 & LT
DNA Z3HTIZ & 2R ORRRNESBUE S 4, 3, Iy I e&
KR D 3 OB ORHEC SN T, BB ATRE & 725 7= 29,
AWFZETIE, B EHREE O DNA 0TS X B akn B2 By
WriE L UChENLT 5728, ISO 18074 DOFBITIRE /2 BHREDJEK
ERBDE LB, A RTIROERICONTHOH LizE 25,
WS ONDHR PG HNIZDTHRET 5.

2. £ B

2.1 & OB

TR D%
WARIZ Table 3 2B MO = L.
T, BYVIVRPEATIZONTIL, TOFEEE 2281

: 35 iR

* B BB R

EZENEFNA T IVPREROT I TRETHY, mEITEY
FHNIF—FETH HRE (4 : Caprahircus) (238D
728, ARBFFECIEXBI L T au.,

22 # E
221 BRIMRARE
1 M Tris-HCI (pH 8.0), 500 mM EDTA (pH 8.0) (LI L, = v &K
U= AR
WALF MY DA, 27—, RFIUERET Y 7L (LA
T, SDS LWEFLT 5.) (BAL, FootAdise L3e+kiy)
D,L-F# M A b= (LLF, DIT &M&E T 5.), 23231
v Bk, v - TURY TR
Zu7 7 —% K@B50U/mL) (¥ 7T /31 A1)
2.2.2 DNA #ERIRRE
raarivh, 3AFN-A-TH =), =X )=, LT
o LT va—)L (DL, IPA EMEET5.), Bk Fr bty
AFNAT =L (LLF, CTAB EWET 5.), @R
NU D A—KFY (BLE, Fooeflide T2etka)
F% A VY v (Difco tH4)
TV a—=ry (FATAT AT HHE)
Amicon Ultra- 0.5 mL &0 7 4 L& — (A0 I U RT )
2.2.3 PCR BiEZE
TG — (V= - TV RY o T4
KOD FX (HyE#G+EH)

23 # E
PCR HligE & : Verti 96 wellThermal Cycler
(Life technologies 1#4)
B (4R fA AT 2 1 : BIO-PROFILE Systems2
(VILBER LOURMAT #-d)

T277-0882 FIERAATHIOKE 6-3-5



76

DNA 53 H71C & % 38 LERE ORI SV T

24 £ B
241 HEORH

FEsR oy iR HREENR (LLT, Buffer A EBSFET5.)

IM Tris-HCl % 5.0 mL, 500 mM EDTA % 2.0 mL, SDS %
02g AZ/BR—R% 12g KO N U A% 170 mg &
%2 B0 B> TIREA L, DTT % 920 mg & #S/ L CHfiR S8,
PEAKTI0mL IZER LIz 0.

- R RAEREER (LT, Buffer B &5 5.)
500 mM EDTA % 757K C 500 (5 AR L7 b .
RATAR NS =31l
2 EBEAKTRRIE L, 0.5 U/ uL OEEIZLEZH 0.
’E%’%@?ﬁ b U T SRR
WHRBT N v A—KFmE 7.1 g &
10mL IZER LIz D,
- HERIRTR

TV a—FrERFETFA MY % 200 mg BV ERY, 7R
BATIOMLIZERLIZHO.

s 7 uBRIVA/3-AFIN-TH ) —IVIRE
W9 5.)

7 aaR A 9.6mLIilxt L T3-AFIN-1-TH ) — /L% 0.4

mL Az 728D,
< SMEELT N U U AKIRTR

WAL hY U A% 292 g BV HLY
KELEEbHO.
10%CTAB ¥ifbF kU v A/KIEHR

CTAB % 1 g, #iftF MU 7 2% 410 mg YD,
THER L ERICHE S, KB

2.4.2 DNA DR
2.4.2.(1) HHEOBERNE
#5273 13 Scheme 1

BEYEY, AKRAT

® (LAF, CIAA &

FREL/K T 100 mL (2

1R
BIAKT 10 mL IZER LT HD.

IZHE-» TiTo7~.

50 mg of chipped sample yarn in 2.mL micro tube

— Add 600 puL of buffer A

— Heat for 20 min at 60°C (shake for 10 sec at 500 rpm every 3
minutes)

— Cool down to room temperature

— Add 10 U enzyme solution

— Heat for 1 h at 50°C and 500 rpm

— Add another 10 U enzyme solution

— Heat over night at 50°C at 500 rpm

Enzymatic reaction solution

Scheme 1

2.4.2.(2) DNAHiHE#DFEH
DNA O K ORI scheme 2, 3 (2fE> TiTo 72,

Enzymatic degradation of yarn

Enzymatic reaction solution

— Cool down to room temperature

— Add 300 pL of sodium perchlorate solution

— Shake for 20 min at 500 rpm

— Add 300 pL of CIAA

— Centrifuge (3,300 g, room temperature, 1 min)

— Take 500 pL of supernatant and put in new 1.5 mL micro tube
— Add 500 pL of CIAA

— Shake for 10 min using rotator

— Centrifuge (5,500 g, room temperature, 1 min)

— Take 420 pL of supernatant and put in new 1.5 mL micro tube
— Add 840 pL of IPA and 3 pL of polysaccharide solution
— Mix completely

— Leave to stand for 30 min- over night

— Centrifuge (18,000 g, room temperature, 15 min)

— Remove supernatant

— Add 840 pL of 70% ethanol

— Mix completely

— Centrifuge (18,000 g, room temperature, 5 min)

— Remove supernatant

— Add 330 pL of buffer B

Partially purified DNA extract

Scheme 2 Extraction and partially purification of sample DNA

Partially purified DNA extract

— Add 50 pL of sodium chloride solution and 40 uL of 10%
CTAB solution with sodium chloride

— Mix completely

— Heat for 10 min at 68°C at 500 rpm

— Cool down to room temperature

— Add 300 pL of CIAA

— Shake for 10 min using rotator

— Centrifuge (3,300 g, room temperature, 2 min)

[~ Take 250 pL of supernatant and put in Amicon Ultra filter
attached to the micro tube

| Centrifuge (14,000 g, 4°C, 15 min)

| Discharge the filtrated solution

| Re-attach Amicon Ultra filter to the micro tube

| Add 300 uL of buffer B to Amicon Ultra filter

| Centrifuge (14,000 g, 4°C, 7 min)

| Discharge the filtrated solution

|~ Repeat (A) once more

| Add 30 uL of buffer B to Amicon Ultra filter

| Attach Amicon Ultra filter upside down to a new micro tub;| B)

| Centrifuge (1,000 g, 4°C, 2 min)

| Repeat (B) once more

Purified DNA extract

Scheme 3 Purification of DNA extract
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Fig. 1 Results of enzymatic d
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Table 1 List of primers for PCR reaction.

Target o Annealing .
] Direction Sequence (5’ to 3°) Product size Remarks
species temperature
Forward | CCCACTGATAGAAAACAACAAGACC
Alpaca 179 bp Designed in this study
Reverse | GTGAGGCTGGTTAATGCCAATC
Forward | GTGGTAGCTATTTTTATCTGGGCTT .
Goat 239 bp Obtained from AIST?
Reverse | GCTTTATTTTAGCACTAGAAACCGC
) Forward | AAGACTATACCCTTCACAGCCTC ) o
Rabbit 163 bp Designed in this study
Reverse | GGGATGTGGGCAATAAGAGTGATG 62°C
Forward | GGAGTGCACCCAGGAAAGATTC
Sheep 385 bp Obtained from AIST?
Reverse | CCAACCGAAACTGTTAACTCATAAGGAG
Forward | GATACCGCGGCCGTTAAACAG
Yak 333 bp Obtained from AIST?
Reverse | ACTCCTAGCCCCAATACTGGACTAA
Forward | GAAGCTGCTGCCTGATACTGAC
Common 480 bp Obtained from AIST?
Reverse | GTCCTTTTTGAGTTCATTCGTAGGACTAA
Table 2 Standard samples of each animal species.
Animal species Sample name Composition
Alpaca Sample A-1 Alpaca 100%
Goat Sample G-1 Cashmere 100%
Rabbit Sample R-1 Angora 80%, Nylon 20%
Sheep Sample S-1 Wool 100%
Yak Sample Y-1 Yak 100%
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Fig. 2 Electrophoresis images of PCR products of alpaca primer with 1.5%
agarose TAE gel.
Lane L: 100 bp DNA ladder, Lane 1: sample A-1, Lane 2: sample G-
1, Lane 3: sample R-1, Lane 4: sample S-1, Lane 5: sample Y-1

Llrigmecee

200 bp —»

Fig. 3 Electrophoresis images of PCR products of rabbit primer with 1.5%
agarose TAE gel.
Lane L: 100 bp DNA ladder, Lane 1: sample A-1, Lane 2: sample G-

1, Lane 3: sample R-1, Lane 4: sample S-1, Lane 5: sample Y-1

HHOETISO 18074 ITFEH D H B, RERORL DT T A
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Primer Goat Sheep Yak

Fig. 4 Electrophoresis images of PCR products of 3 primers with 1.5%
agarose TAE gel.
Lane L: 100 bp DNA ladder, Lane 1: sample G-1, Lane 2, 5, 8:
sample A-1, Lane 3, 6, 9: sample R-1, Lane 4: sample S-1, Lane 7:
sample Y-1
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Table 3 Result of identification test.(O: detected band, A\: detected weak band)

Detection of PCR products
No sample No. | Ingredient cashmere
alpaca or rabbit wool yak
mobhair
1 wool 100% A
2 | sample S-1 | wool 100% A
3 cashmere 100% n.d.
4 | sample A-1 | alpaca 100% O
5 | sample R-2 | angorad7%, wool 30%, nylon 13%, cashmere 10% O O O
6 | sample G-2 | cashmere 50%, yak 50% O
7 | sample G-1 | cashmere 100% O
8 | sample R-3 | angora 80%, acrylic20% O @)
9 alpaca 70%, wool 30% n.d.
10 alpaca 100% O
11 wool (supertwash) 75%, nylon25% O
12 silk 45%, mohair 45%, wool 10% O @]
13 cashmere 100% O
14 cashmere 100% O
15 | sample S-2 | wool (preshrunked) 100% n.d.
16 wool (superwash) 100% @]
17 wool (preshrunked) 100% n.d.
18 wool 100% O
19 wool 100% @]
20 wool 100% A
21 wool 100% @]
22 wool 80%, alpaca 20% O O
23 wool 65%, cotton 35% @]
24 | sample SY | wool 53%, alpaca 40%, camel + yak 7% O @] O
25 wool 45%, cashmere 35%, silk 20% O A
26 wool 75%, hemp25% ©)
27 wool 65%, silk 35% O
28 wool 50%, alpaca 20%, acrylic30% A (@)
29 wool 58%, mohair 25%, silk 17% O (@)
30 wool 75%, cashmere 23 %, nylon 2% A
31 mohair 35%, acrylic 209, alpaca 10%, wool 10% O O A
32 mohair 76%, nylon 24% O
33 mohair 65%, wool 25%, bamboo 10% O @]
34 | sample R-1 | angora 80%, nylon 20% O
35 | sample Y-1 | yak 100% O
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Table 4 Samples of each animal species in 3. 2. 2.

Sample name

Composition

(A) | Sample R-2

Angora 47%, Wool 30%, Nylon 13%, Cashmere 10%

(B) | Sample SY

Wool 53%, Alpaca 40%, Camel + Yak 7%

(C) | Sample R-3

Angora 80%, Acrylic 20%

(D) | Sample S-2

Preshrunk wool 100%

(E) | Sample G-2

Cashmere 50%, Yak 50%

(A) (B)
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Fig. 5 Electrophoresis images of PCR
products derived from various samples with
1.5% agarose TAE gel.

(A: sample R-2, B: sample SY, C: sample R-3,
D: sample S-2, E: sample G-2).

Lane L: 100 bp DNA ladder, Lane 1: alpaca
primer, Lane 2: goat primer, Lane 3: rabbit
primer, Lane 4: sheep primer, Lane 5: Yak

primer

TRITIERVEBRFTENTND LW L7z, L72hd > TR
BTl sample R-3 Z1E L <FBI LT 5 &HE LT

F72, 35D 9 B S BRI ERISEER S TV 28
RO NCERIKBIRIZ AN FE L TRIBEN 2V DR H -
7o, BARfE LT sampleS-2  (Fig.5(D)) TIXETE 100% Th
HIZHEDPPOOTEDONY FAKREEIN o7, Sample S-2
DEFITIIR T RICEN T oRERH Y, BX 5  X5HHE
N2 fE 9 B ilEh o DNA 231 Fr{k L C L ¥ 27272 PCR
IZE D DNA ZIEIET 2 Z ENTET, FRE L TERKEIX
WCBW TNy RERIT D Z N TERNSTZDO TRV E
ExbiLd. [AERIC sample G2 (Fig. 5 (B) Iy Iv e
SEFEE LTHDR, REDOARY FoABMKEI, <KD
ANV RIEBRH SN h o7 REFRRICEHEIN TOFEHEIX R0
27278, sample S-2 & [RARIZRUE DB ST 7oA & A DAL D
ENC LD, DNA WAL L TLE oD Tiddenm AR L
2. 2D OREENSEENC Ko CldEpfia 1IE L <395
TENTERWEERH D Z LRI,



81

BB R MR 5 60

Fig. 6 Micrograms of sample R-3 at 400-fold magnification
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