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Development of Detection method for adulteration of Livestock Products
by Targeted Next Generation Sequencing Technique.
Pichet Koompa Supaporn Wongsrichai Jaroonluk Mareiad Kloyjai Ponsena

Tarin Srewiroj Kitilak Mailieng Sarunya Kotakharn

Abstract

Livestock products share more than fifteen percent of total agri-foods traded
worldwide. But some producers seek to reduce production costs by mixing and adulterating
certain similar raw materials to falsify products, disregarding safety and product standards. For
this reason, Department of Livestock Development has recognized the importance of
analyzing adulterants in livestock products. The method for analyzing adulterants at the
genomic level in livestock products using the lon Torrent as a Next-Generation Sequencing
(NGS) platform. That uses the principle of detecting ions (protons) instead of light detection,
which has high accuracy. Targeted next-generation sequencing technique, which is a DNA
sequencing method that focuses specifically on the desired parts of the genetic. This study
used 50 samples of meat and meat products, and found that sample type of bovine 13
samples were identified as Bos taurus, sample type of porcine 16 samples were identified as
Sus scrofa, sample type of chicken 16 samples were identified as Gallus gallus, mixed samples
of bovine porcine and chicken were identified as Bos taurus, Sus scrofa, Gallus gallus for all
4 samples and a sample of the Ovine type was identified as Ovis aries. Therefore, from the
analysis of all 50 samples using targeted next-generation sequencing, The species analysis
results are accurate, at 100% of all samples.

Keywords: Targeted next-generation sequencing, NGS, Adulteration
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JagUuiinisldyadinszidslasundasluemisseauiluaiidanusinsa wazwiugi (Ju
w3nsdofldinadaisenin Next Generation Sequencing (NGS) Fadumnaluladnismarduiuanil
Anuannsalumsisesaruiandlolnalasiuiunin wasdumaiadeuldnisedraunsuanslusu
AUN1TATIVATIET AN LTlpaanlinan1segeuiudelisuazladuiuyatayadiuiIuiin
dmiunisasiaaeuluusazass wenandumaiaidgniunlddmiuanuide wWu nmsldmeila
Whole genome sequencing lun1s@inwmanduilnalelndvesansiugnssunivunuedddidia &
I3 I3 Ao o a = Y a5y a ¢ . < v
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3. YBUUY
AsdeTzvimdsaouudadludtegulledninasndndaeiilodnidnuau 50 dreee Ingliye

Uedmsunenyin @EUTE) veailodnd (SGS All Species ID Meat DNA Analyzer kit)

4. Uszlevinmndnazlasu
1. 1a38n153LA3199 wagkan1sneidsaeuuwladussauiludluduaegdnd feweia

Targeted next-generation sequencing

5. \n3asilauas aginerAans

5.1 13osilowazgunsal
5.1.1 1A3esdd
5.1.2 nsshnsuagdindu
5.1.3 #a0nd MSuUAAIDEN
5.1.4 va9n Microcentrifuge tube YuU1A 0.2 ag 1.5 Uadans
5.1.5 Lﬂéa\‘i‘um Homogenizer
5.1.6 w3nsdunies (Centrifuge)
5.1.7 1309 Heating block
5.1.8 Vortex Mixer
5.1.9 Micropipette ¥u1@ 0.5-10, 10-100, 20-200 wag 100-1,000 lilasans
5.1.10 Pipette tip w19 10, 100, 200 wag 1,000 lulasans
5.1.11 w3esiauSunaiiSue (Qubit Assay)
5.1.12 PCR racks
5.1.13 gailoens (wuulaiduds)
5.1.14 \n3eafisTinum siusnsaluanimaie
5.1.15 aendmsunsosiausinaibule (Qubit Assay Tubes)

5.2 @5iAd
5.2.1 ¥AtE1 GMO Extraction Kit
5.2.2 Nuclease Free Water
5.2.3 9inen Qubit dsDNA BR Assay Kit
524 e SGS All Species ID Meat DNA Analyzer kit
5.2.5 PCR water

6. A5AdUNT

6.1 N13UAAI8E1Y (Sample homogenization)
Fashagna 10 n¥u ldlunaendmsuuasiedn antuuasiegdensesunlneseri
A2157 6,000-9,000 rpm UL 90 Fui esogneiiuawdl 200 fadnsu Tdlumaen

Microcentrifuge tube vwia 1.5 lulasans wedildadnaisiugnasy
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6.2 MIFNAA1TRUINTINALIWE (DNA extraction)
6.2.1 TURBUNBUANAFTNUTNTTU

I
(Y a

Un Heat box uazsagaumgil 56 ssrwaldea 1haisazans Proteinase K Awn3enly
241 Ice block mﬂﬁ?uﬁﬂ Nuclease Free Water mﬂsquﬂm GMO Extraction Kit 1d
Microcentrifuge tube w11a 1.5 fadans ihluvufigamndl 70 ssmiealdea
6.2.2 MIANAANTHUTNTTY
6.2.2.1 Wiani1en Lysis Buffer 1 U303 550 lailasans asluvaeniiussydioshade 6.1
6.2.2.2 \inasavans Proteinase K Usinas 10 lulasams anniunanliidni
(Spin down) wazthwaonlUtuil heat block gl 56 e waldea Wura
1 3l
6.2.2.3 ilutlusiesfinnus 11,000 xg W@unan 1 wii
6.2.2.4 aadlald Microcentrifuge tube vun 1.5 fadans ndudntnen Lysis
Buffer 2 Usums 400 ulasdns waulmaniu
6.2.2.5 1nluunly heat block gaunnfl 70 esrwaidea Juvian 10 wid
6.2.2.6 /sl Absolute Ethanol U311ms 420 lulasans naalwidniu a1ndui fitter
tube 319UU Collection tube
6.2.2.7 geandla 600 lulasans aslu filter tube f111auu Collection tube tuiissd
AM57 11,000 xg tuan 1 w1l
6.2.2.8 wasfiaglu Collection tube fis 1MnuL1 Collection tube TUauu Filter
tube iy Dmshegnefimaerimueldly Fitter tube shludhumissd
AM57 11,000 xg tuaan 1 it
6.2.2.9 £ Filter tube 7119UU Collection tube duluy Lamfﬂm Wash Buffer 1
V31195 500 lilasdns Jumiesfinnnns 11,000 xg Wuan 1w
6.2.2.10 wansazanelu Collection tube #is thwasaluaniu Filter tube tUnrinen
Wash Buffer 2 U31105 600 Talasans Juwieafiannuds 11,000 xg tJuwaan
1 W
6.2.2.11 wiansazanelu Collection tube 719 udahvaonluamiu Filter tube 1ld
Jumieefianuids 11,000 xg W@unan 1w
6.2.2.12 618 Filter tube lUldlu Microcentrifuge tube vun 1.5 fadans
6.2.2.13 i Nuclease Free Water fiwienild USunns 100 daiialiflgamniivios 3 und
6.2.2.14 Yrluumissfiauiss 11,000 xe WWunan 1 wii
6.2.2.15 €9 Filter tube LAvALuLeiildazeglunasnnnass Microcentrifuge tube
YUIA 1.5 UadanT
6.3 M3InUTNaLeIa9E1TRUGNTINALBU (DNA quantification and dilution)
6.3.1 \5auu181 dsDNA BR working solution 1a& 11 Qubit dsDNa BR reagent, Qubit
dsDNa BR Buffer, standard 1 k@ standard 21‘1462;611}’18’1 Qubit dsDNa BR Assay kit
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ponnnaenslifigamaiiviesedaes 5 uniidewdaldamn anduwien Qubit
working solution 18138319 Qubit dsDNA BR reagent : Qubit dsDNA BR Buffer Tu
dndau (1 reaction 14 1 lulasans Qubit dsDNA BR reagent + 199 lulasans Qubit
dsDNA BR Buffer) waslvilniulagliliiAnneseinie

6.3.2 N15iAA1 Standard (Assay calibration) Iaely Qubit working solution U311015 190
lulAsans 71U 2 waen 91N WLAY standard 1 wag standard 2 YSu1m5 10
lulasans ogsaznasauuguvniiviesuarluiia 1Wuan 2 wiit leasu 2 wit Tivh
15 Read standard 1 wag 2 MUSIFU MT0LATRILARINANTTEIUAT standard LT
AN

6.3.3 TnUSuraumouefiegs Iagld Qubit working solution Usuas 198 lulasans wa
fusegamidueiildainnisatnusues 2 lulasdns adunasn udwadliidifude
1304 vortex tuaan 2-3 Junit winildeamainnlesena vuiigamniviosaslud
fin 1unan 2 ud Wensunaniadimnuitud Tneidenuny Read sample wagziden
wiheanudndudu ulunsu/lalasdng

6.3.4 MNTUNSFoasied i ueusarfeghdliilumnududu 2 ne/lilasans lu
Usuas 50 lulpsdns devhnisideansudaziegdlildmdimnunuds Tivinisway
Fewedos vortex iuian 10 3wl mnduiiluiuliigaungd 4 esmuwaiBea dwsy
Hludunousieoly

6.4 nsw3aufduelausnd (Library preparation)

6.0.1 11111871 SGS All Species ID Meat DNA Analyzer kit aanuna7slifigumginosasis
oe 30 Wivineunsldeu

6.4.2 1383 PCR mix

A1519% 1 PCR Mix composition

Component Volume (lulasans/reaction)
Master Mix 10
PCR water 8.75
Total 18.75

6.4.3 Wonauufnzeuad itiuawus PCR mix dmsu 1 U§Asen 18.75 lulasdng amaen
nnaey PCR
6.4.4 \fu Barcoded primer 1.25 lulasans anduidusduefviinisideansld Ysuas 5

lulasansg
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6.4.5 w38 Positive Control (PC) ey Negative Control (NC)

a519dt 2 PCR Positive/Negative Control composition

Component Volume (lulpsans/reaction)
Master Mix 10
NC / PC 14
Total 24

ntunadlidtusasduisadndey
6.4.6 Wow3suufnserasuuds idmvaen PCR 1 wAT8 Thermal Cycler Litayiin1suiiy

USunauansiugnssy anulusunsusnuans lneusunnssau fe 25 lulasans

as14fl 3 PCR Cycles

Holding Amplification Stage Final Extension
1X 35X 1X

95 °C 95 °C 52 °C 72 °C 72 °C

2 min 30 sec 30 sec 30 sec 5 min

aaa

6.4.7 \laUARTeN PCR 1adadiu i Library 98310813 PC uaz NC lfuaaoznlsadidn
TnsTis3a ievwanisenuaa lWldlunnssaudiduelausd lnefvunenuduves
wauABuleutadu 3 seu Ao udign (1 lulasdns) Wuviunans 2 lalasang) uas
Wutewan (3 lulasdng)

6.5 nssaumsuelauna (Library pool preparation)

Tudumeut] \Hunsthusazfiduelausamnsuiu (Pool) wielwlé Library pool TneUsuns
Aldvoudarisuelausa daldannsueasznisasidninslvhsda 91nduth Library pool
W liuIanseiy Agencourt AMPure PCR Purification Kit TS Library pool a2
A58 Qubit waziie913 Library pool iielldaududuil 60 pM (Final dilution) dwsunis
ilUAmsgrannuiug (Sequencing)

6.6 N15LAS HURUBUUKATHIBIA ULUAR2181AS 898 nlud @ (Chip preparation and DNA

Sequencing)

6.6.1 M3 uUBLOULLAULUUDALUITR (Automated template preparation) waglvandLouLe
suwuuasly Chip (Chip loading) 8rlusiAsieiA3ad lon Chef™ Food protection il
a3 paviauafad ulwih Chip penaniad o il ot lumianduanswug nasu

(Sequencing)
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6.6.2 11 Chip 9904 6.6.1 TUynadfuansugnssu (Sequencing) MeLA3ad lon Genestudio

S5 systern Lae@$ 19 Planned run 1w Torrent Suite™ Software 15 16 W13

Sequencing

6.7 N157LAT1ZYNA (Data analysis)

6.7.1 naINAITIATIENaLasadulidaLAulig FASTQ Ui Server Mua8AIUIINEUDN

(External memory) 38 Cloud

6.7.2 Tiamulnanlid fastq fiasslndlneszuures lon Genestudio S5 Food protection

1aeila Torrent Suite WU Internet Browser Laon plugins wagpdniianlluanlnad

fastqg

6.7.3 Walinilnanld fastq tadaauysaluds nsussulavsisudutumenisyinly

wauAWIS SGS All Species ID Tnaidonuislan uag Target Database dmsuUszaana

Tinsaiufog197ilalunsIimsIe (MEAT, FISH, PLANT)

6.7.4 \loaiun15i@Sad uazuanautn199am N “Process completed” Tldan “OK”

WaneANTEUIUNT

6.7.5 Msnenunadulig Excel azgninaualuiionsineidmans (Scientific name) 52y

a187ug (Species) ward1uIuved Read vosd081vufazyln uiidunaidenanin

Wity alainasiinisseydiua Read la unldlunisusedudiunadiunanly

Mae19eImMNs Aegun i 1

Run: R 2023 05 24 23 37 45 user GS555-0718-1-Food FSGS Molecular Portugal

Analysis Date: 25-05-2314:27
Aplication Version v3.0.8

Pipeline Version: Pipeline 5.1
Database Version: FISH : Version & MEAT : Version 6. PLANT - Version 7

Target Barcode Species Number Of Reads
001 Bos_taurus 56613
o2 Bos_taurus 107721

sUMMNA 1 U NLEReRIBE1anTTIgUNE
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7. NAN1TNNADY

NAN15ATIEN 50 Faogn inansnadeualidgndes 100 wWesidud dauandlunnsnad 4
M1319% 4 asunanIeaeumMEYaInTIeviasUasukUasseruIlualudunuadnd

NaN1INAEU v
o . o : AUYNADY
Usznnaiedne | 91uUf29819 . S UTUVDINARASITU Sonas
gy i S98aY)
Usstnnneegng
ans 16 Sus scrofa 16 100
1A 13 Bos taurus 13 100
1A 16 Gallus gallus 16 100
LNy 1 Ovis aries 1 100
Bos taurus
AIDYINAY
, 4 Sus scrofa a4 100
(Iﬂ+fjﬂ§+1ﬂ)
Gallus gallus
s 50 50 100

8. NnANssUUIZNA
YOURUANKOWIINTAENATIARUAMAMENAUAdRINTa s liALTuNTT wastdmtng
Vo UANSUgUAEnsKALIaTTINe NAURTIIARUANAINHERR LAt NANENINGRT NITede

TunsujiRaulidnisegaalulames

9. 1ONEITNNDY

@jﬁamﬂ%&m Thermo Science™ NGS Food Authenticity (Multi-species Screening and
Identification)

Patel, AS., Brahmbhatt, M.N., Bariya, AR, NayakV, J.B. and Singh, K. 2023. Blockchain

technology in food safety and traceability concern to livestock products. Heliyon. 9(6):
el6526.

Primrose, S., Woolfe, M. and Rollinson, S. 2010. Food forensics: methods for determining the

authenticity of foodstuffs. Trends Food Sci &Technology. 21(12): 582-590.
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