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Development of DNA Marker of Growth Hormone Intron for the Detection of
Contaminated Porcine DNA in Halal Food and Food Products by PCR Method

Y9 Yeund', 2910500 VIoseon’, YYITUNS unaInan’, aueNdng uydnd’

Chuta Boonphakdeel*, Waraporn Thongyodz, Nutcharin Kleawkla', Thanomsak Boonphakdee3

UNANELD
maﬂmﬁaummLﬁaugiuaﬁwWiLLazmﬁmﬁmsﬁ
awnsludymvdniidmwansenudennudoiures
fuilanomsenana uidediitnguszasdiiie
Waunasemuefiiuedmiuldnsnasufibuie
Guawaﬁﬂw,ﬁa‘lﬂ,ummimmaLLagwémﬁmsﬁmms
P89N T815 (Polymerase chain reaction; PCR) R
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ABSTRACT

Pork contamination in food and food
products is a major concern affecting consumer
confidence in halal foods. This work aims to
develop a DNA marker for detecting contaminated
porcine DNA in halal food and food products
(PCR)

method to amplify growth hormone (GH) intron,

using the Polymerase Chain Reaction

105 base pairs, in which other standardized
methods are limited in their sensitivities and long

testing process. When validating the developed
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DNA marker, 4 meat sources: beef (Bos taurus),
pork (Sus scrofa domesticus), wild boar (Sus
scrofa), and chicken (Gallus gallus), 1 plant starch:
maize (Zea mays), and 5 pork-based products:
fragrance pork floss, Vietnamese sausage, ham,
pork sausage, and Chinese sausage were
examined. The PCR results showed positive given
a 105-bp DNA band on pork, wild boar, and all
pork-based products, but no amplified products
in other tested samples except for beef and
mixed beef samples, where two off-target DNA
bands were present at approximately 270 and
1,100 bp. The PCR sensitivity was additionally
conducted using beef-pork binary admixtures in
different pork percentages (w/w) at 50, 25, 5, 1,
and 0.1 (25, 125, 25, 0.5, and 0.05 ng,
respectively). The results showed high sensitivity,
detecting as low as 0.1% (0.05 ng). The PCR
sensitivity was also performed using a mixture of
bovine and porcine DNAs in various percentages
(v/v) of porcine DNA: 50, 25, 5, 1, 0.1, and 0.01 (25,
12.5,2.5,0.5, 0.05, and 0.005 ng, respectively). The
results enabled the detection of as little as 0.01%
(0.005 ng) of porcine DNA. The pork derivatives in
5 halal foods were also investigated. The PCR gave
positive results in 2 halal foods. Thus, the DNA
marker and PCR method developed in this study
are highly sensitive, easy to use, and can apply to
detecting porcine DNA presence in halal foods

and food products.

Keywords: contamination, DNA marker, pork, PCR,
halal food
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aunsonTIadeueImsAuAdaliiiunisUsaan
1oun A8 ELISA (Enzyme-Linked Immunosorbent
Assay) uiiadaulazanasdiothurldiuonmsd
wUsgUnazndnsueionmsiiIuaIuFounsedl
nsTUIMSTanetuney osanlusiusssud
gnhanglfideanin uasditesiaiidunaunisr
T¥szeginatuin [5, 6] wayianTensuuusLiuIe
Fi3antwiiluin %015 (conventional polymerase
chain reaction; PCR) \usn3snilsiilesunudey 3
FonnIanshaseilusiufiaunsaldifiusuy
Aduelunasannassliegresiinig Tdnsivaeu
ﬁ"uaLSuLaé’haEiwqgaﬁuﬁﬁagﬂ%mmﬁaa WaraIn
dofefiduannlalnefinsszansnmasaniny
waludn flaaule wavduldesdnldsnetesnin
windasealvligens (real-time PCR %30 quantitative
real time PCR) Mtlagtiueiosilotinsievidansiisnan
unsudldndnmsvhauiiugiuduigenslunisdia
f\ﬁmuaL§uL@éﬁ%ﬁuﬁ'ﬁagiiuﬂ‘%mmﬁaaiuwaam
neaaslawuiy [7, 8]

TuanAded mmwﬁ{fﬂﬁwmiﬁwmLﬂ%mma

a

Atdule (DNA marken) Mudduiuagiamdsuuane
FiBue ansavdmmduendnuaiveany (Sus
scrofa domesticus) WNAYULANA1E8NINAETIn
wiladu ilelinmaaouiiuevemyiidsnseglumad
viaidoifefidsanmuazduiiouniouasuduly
gIsEIAIaLaEkEATno NS Inefnuluusingy
59U (intron) vasdulnsngssluu (growth hormone
gene) FeBulnsnoosTuunulaludaifinszgnduvds
il uldnuludnilifinszgndunds vimthi
muRuMsaiseesluuiiieitostumaasyivln
finvuanazsiuiuvenyad aibe wazeteas
#1499 Tglanizeg198491m1uANNITIATYVEN
nszgnildunnundnvesinanie [9] el Bulnsw
gasluuludnilinszgndundudazyfindauin
wansneriu woldaust 1512 Alawua [10] mnmsdudy
Tugnudeya GenBank (https:/Awww.ncbintm.nih.gov/)
N8 ulnsnaesluuvaslakeausu (Salmo salar,

*Corresponding author e-mail: chuta@buu.ac.th

el ATinen augInermans aninerdeysn Jmdnvays 20131

GenBank accession no. M21573) Uanila (Oreochromis
niloticus; M84774) 1a (Gallus gallus; D10484) ung
(Capra hircus; GU355689) whg (Ovis aries; DQA450146)
N219KAY (Cervus elaphus; AM049993) a3 (Bos
taurus; M57764) Sau1aLvinA U 4,397, 2,361, 3,901,
1,772, 4,796, 2,100 Wag 2,856 ALUA ALE10U d 115U
Wosuy (Sus scrofa domesticus; M17704) uaguoeviyU
(S. scrofa: CPO71563) Hyuaviniu e 2231 fLud
1A598519U098UUTENBUAIY 5 LONYU Way 4 DU
nsou Insdunsouduusnafiunsnssninuensou
fliiauisanensia (non-coding sequence) vJu
messenger RNA (mRNA) Wioadradulusaule
Wi oUAUUSIIYBILDNTOY TIHNATINNT
AzEITEYIINNSANYINTeLiguABSE IR ULUAY DY
gulnineesluuvemyiuvesdniinszandunds
gindusinand1edy nuiusudunseudl 3 &
Sdutuaianetu vsnadunseud suvunzauitay
T dueomneiduedmiunmsnsadeuiidule
NIRRT
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NAnA9IDINS

Tiethaduiioanesdns 4 vin Ao e
11 (Bos tuarus) Lﬁfamu (Sus scrofa domesticus)
Lﬁf’e}‘lﬁiﬁﬂﬂ (Sus scrofa) wasiilold (Gallus eallus)
Im%@mmnﬁwaiiwﬁuﬁwLmeﬁﬂu%’wi’maU‘%
IGUG]’JE]EJNLLEJWUUW] ar 4 n%u (¥ 3 97) uazLASey
\onausy mmumaﬂmuawLwammaaummh
LAZANLLUENYIONTDS nﬂmammumuﬂ
and 4 n¥u laefdnsdiunanvonienyfonas
(w/w) 50, 25. 5, 1 uag 0.1 Inedaiiolsiduiu
Lane %ﬂﬁﬂ%ﬁmﬁlwgmﬁu 2,1,0.2,0.04 Lay
0.004 n¥a Y srmULeTr thndn 2,3, 3.8,
3.96 way 3.996 n3u My MntuTonauws
avfeg1s ldadlunasnnnansauin 2 Taaans LA
d15avany phosphate-buffered saline (PBS, pH
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7.4 sterilize-filtered) (Thermo Fisher Scientific,
USA) Usu1as 50 lulasans warduldduiile
WABANUAIBLATEY OmniTH Tissue Homogenizer
(Omni International, USA) Taglalnsunaiadnuuu
1duaq99 (Omni Tip™ Disposable generator
probes) ANILSITEAU 1 (5,000 5U/UN) WU 30
a =1 v o w 1 d' v a & 1
U9 wartdled e llanafduesald
TUTUMBUNISNAZBUBINITINAIALAY
NANAUNDIYNT VLALaNTOAI08198111T U
PNETTNAUABALAEINUAUAIDE N TBERIU9AU
lngduiiagnemsanata 31 5 faees fie U
Tanauinloy wnedasulnnsedes YannseUas vy
anunszUa9 kazlantles arNARN NI
seynildiuusenauveaileny 3w 5 feeng
Ao vyMees Myee Loy Ld@NTeNNY WasnTes u
azmegraimndndududng daiwin 4 nfu (¢
3 91) ldadlurasnnnasavuin 2 Jadans walu
Trduilowderfualedsuinedrfuduidednin
nanudesiu wagldfegsuennguiluudednse
° a a a v a
M1y 1 via Ae wds1lne (Zea mays) 9
a 24 I~ I3
Joultusenaua1viswaslusarUsenauusd
NARANDIMIT 1NUY U819 InUa bUann
a & & !
waNALOUB L UTUNDURB

2. NMsENALENALEULE

thiegaiiedns enmsenana uavHAnS o]
91msTieseulitedu wataiiduelngiiny
Fumpuiitinissenuliuds (111 fel Faimdnus
azM10819 50 Jaansu wunldaslunanannass
YUIR 2 Haddns Whuaisazane cell lysis buffer
(100 mM NaCl, 100 mM Tris-HCL; pH 8.0, 25 mM
EDTA; pH 8.0, 0.5% SDS) U311 300 lulasdns
way Proteinase K (20 mg/ml) Usuns 2 lulasdng
nanliduRua I luvLT 55 osrwaldea 1y
e 5 219 iy Ribonuclease A (4 mg/ml) U31nng
2 lulasans wdauudl 37 esrnwaidoa Wunan 1
Halug ﬁ]’mﬁ?uLama’ﬁaxma Protein precipitation
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solution (4 M Guanidine Thiocyanate, 0.1 M Tris-
HCL pH 7.5) Y3195 100 lulasdns wdahluiu
wiBafinnda 13,000 sou/unit Wunan 5 undl
anansazatgdiuladiuuuysuing 300 lulasdns
Taaslunasavaaedlul wazlAu isopropanol AM
Wutu Sesag 100 Usunes 300 lulasdns wauls
iy antludundssit 13,000 seu/anit W
181 5 w1l iwdrulaseniailiy ethanol Aau
WNTU Sezay 70 Usums 300 lulasans wauliian
Fundrinludumisafinaunda 13,000 sou/ud
Wuaan 5 uil indulaseninionsnauddue
nTuslinnouLduLeutifa833 vacuum
drying U1 1 Y19 WAAYAIEAYNOUALOULEAIEY
nuclease free water Usu1as 30 lulasans d7u
nrsafanduteannuiadialne Tddandn 50
fiadnu vinnsadafdueivyaaindisa Sp
Plant DNA Kit #1333 71518971ulaa U3 ¥ Omega
Bio-Tek (USA) mﬂﬁumwaaw%mmuaz@mmw
vosfLdueiiatalimniogaseiaies NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific,
UsA) enldiamedidueditiidnnadunmsganay
Wae 260/280 11NAINTBLYINAY 1.8 warlsuming
WUt uY09RLBULeA1Y nuclease free water T4
windu 25 wlunsu/lulasans

3. NSLASEURLDULENEN
dWeneasuanuliwazaudusivesds
NT015 Fnmswseumduenadlneifduevesia
wazvpayniiwieslilute 2 Wenmduduievas
100 wnUsuaududulug windu 5 urlunsy/
lulasdns wdinauiy USunaansivindu 50 uily
N3y wihiunndiege tneusudnsidiuresmibuie
windufovay (% vA) windu 50, 25, 5 uay 1
Bn1swwseufeldfiduieveny : ALdWeDIT
WU 5:5, 2.5:7.5, 0.5:9.5 way 0.1:9.9 laulasans
AINEIRU drunIseseuR s weNanfidASweves
vySeray 0.1 waz 0.01 w3sulagldRiduievaany
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WaEUDIIT 198919078 nuclease free water AU
PunUSunnuntulvswingy 0.5 wag 5 wilunsy/
lulasans sua1au waumaniulusnsnaiu
0.1:9.99 uag 0.01:9.99 lulAsans auany

4. N15nLUUlNSLIUILAZNNSINTDS
ideyadsuluavesgulnmassluuvamy
nin15ufnlilugiudeya GenBank (accession

no. M17704) wneenuuulnsiuesiiieldluufasen
fiForsiisumzreusnadunsoud 3 fundsdisu
wail 1,017-1,121 vurawirfy 105 giua (Figure
1) lagldlusunsyu Primer3 (https://primer3.org)
lalnsiues GH105L (5-GGGCCTCCCTCTTCCTAAG-
3) ez GH105R (5-ACCACCCCGCCCTCT-3) ‘\]Wﬂﬁjjuﬁ’]
msdsduivavesiwswesfieenuuulsluduasisi
fUUTEW First BASE Laboratories Sdn Bhd (Malaysia)
200 bp

A) : -
" E3
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s
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Figure 1 Schematic diagram of complete growth hormone (GH) gene structure and the target

amplified region in Sus scrofa domesticus. The gene diagram is drawn to scale, with a total

length of 2,231 bp retrieved from GenBank (accession no. M17704). (A) The domestic pig

complete GH gene structure comprises 5 exons and 4 introns. Black boxes represent exons.

(B) Partial GH gene structure of the domestic pig corresponding to the 105-bp intron

(positions 1017-1121; red line) examined in this study.

UfAsenfidensvitlulzinesyiu 20 lulaséns
Usgnaumeddutofuuwuu 50 uilunsy lnsiwes
GH105L waglnsiues GH105R ANNdNduat9as
0.5 lulasluans a1swan 2X GoTag® Green Master
Mix (PCR reaction buffer (pH 8.5), 400 uM dNTPs,
3 mM MgCl,, Tag DNA polymerase) (Promega,
USA) Lagifyd nuclease free water TAsuUsuIng
fgonsUsznousssuneu Pre-denaturation 71 94
99 LYaLTuad 3 u1fl Denaturation #i 94 ea
walded 30 Ul Annealing 71 48 aerwaITya
20 3unf Extension i 72 ssmwaLea 20 3unil
¥gnsuaustanun 35 58U uag Final Extension #
72 panwalded 5 und antulnandniigens
Usu1as 5 lulasans lumsaaaeulu agarose gel
electrophoresis AMULUNTUTDYAE 1 1WUTBULTBU
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fluRLdULENINTFIU VC 100 bp Plus DNA Ladder
(250 unlunsy, 5 lulasans) (Vivantis Technologies
Sdn Bhd, Malaysia) laelda15avaie 1X TBE
buffer (89 mM Tris base, 89 mM boric acid, and
2 mM EDTA; pH 8.3) aelanius1sdng 75 1ad
Wuian 45wl wdinsavguaufiduiouay
Jufinarmarelduasdansililoandeinios
InGenius gel documentation (Syngene International
Ltd., USA)

NAN1SNAABY Waziansal
dlevinnsadafidueaindetnilodn’
9171587818 WATNANSUI 01T NUIIFLEULET
afnldarnnnognetuiinrmuigninagamning
annsolfdufiBuedifuvesfisefidensiiie
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ApszrmeIsaalasiilawmes dnAonsndiuns
annduuas 260/280 Iy 1.8-1.9 Gamnenitlsl
M 1.8 UetldansavaneSueiTusiuusuu
wrgnslsiiniy msdnwadeil il TnArsnsndau
A3gANAULAY 260/230 Bevnndidifesndn 1.8 az
Uedldinimsuudouvesansuszneudunidly
asavanefidueienadwansynuieuiizeiidens
ilvtiUseavsnnanasle

Tunsdnwinded angdiduldeanuuy
Inswestunlmidevanldluuiaseidens tne
Titemmuitugnsniluvinabunsouil 3 vesdulnm
aa’ﬁmu“uaﬁ‘w% (S. scrofa domesticus) Afinag
Guiinlilugudeya GenBank laglnsiues GH105L
ag GH105R (forward primer kag reverse primer
auadv) Tneidlensinaauanusmnzvedlnsiues
Aiianads lngtharduiuavesinamesuasuiim
Sunseuiidnu lWiflsussiugudeyadelusunsa
Nucleotide BLAST (Basic Local
Tool) (https://blast.ncbi.nlm.nih.gov/) WUI1 817U
wamileuufuuiudunseud 3 vesdulnm

Alisnment Search

4 1 .«.:4' 4
gasluuvasnyuazvemvyviniufesnwuuly
(Figure 2) fIA1 % Identity t¥1AuU 100 (E-value =
le-a5) viail (llandeyadrduiuavesdulnsm
gosluuUsnaLfIiureIngudniinTegndundan
vslnalalaglidasevyaAvesmaurdaainnasi

= v v vV =
awu1saduaulaaingiudeya GenBank (lAou
guigy w.A. 2565) 1w Uanila Yauvauey In
W WNE T3 uaNeUAY SINAUveIMY wyUn uay
A1AULUAVDILNTLUDSVIADIU19 U1 ALT 89

a P 2 .
LWUSEULNEUAINNLRIBY (multiple sequence
alignment) Wua1 Iwsiues GH105L H&1AULUALTS
AUSNENNTBUAUTDIUNE LN KATNIUAT TAT
% Identity LYINAU 89.47 UAlWSLNOS GH105R i
aduuandnmzsevyuazyU (species-specific
reverse primer) A1 % Identity 1¥1AU 100 @21
Twsiues GHI05R wudaauLuaulI9diIua
WgULAI LA NUYDILNE WY UI9NIILAY taadian
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% Identity gegawiiu 60 Wealfieuiuresninaung
wazanas (% Identity = 26.67) Waifiuiuresta
el wumnwansandudussuidiedieuiies
AuvesUanila Yauwaneu wazln (Figure 2)
devhnsnswasumudimgvesnsiues
Iuﬂﬁﬁ%mwzjmiﬂumammLauLawaﬂmmmﬂ

¥
[

Hedniuarainiie wuaunsafiudsunafidue
ﬁaﬁ’mmmﬂmaamiunamawuimamqmmeu
Usnguaufiduievuin 105 guua iinfuiui
panuuulusiuesly (Figure 3) Buduruinvos
HaKAANTR15A1875N1T0UuR I ULUE walaild
mmmmaiumau) Ugﬂimw%mﬂmamﬂhm oo
flafaunandegailevemyuaz oyt Wil
mgmgmmi’;Lﬂumumawuﬁqmamiwquawg
Fefutermuiugnssluuinadunseuvesdulny
gosluulngmzuinadinsuesidrduldunnsing
Aundiinazidudninsiingoaiu (subspecies) 34
TinauanvesauRduevuIn 105 guua Wiy we
Tudnisnewin druvausiaiiinuunnsiiaiy
[10, 12-13) FaBudunanisnaaeuldainiiliny
nandnfidensiufegefiduleuonnguiinn
nadou Av A wazvesudsdnalne uredrelsinu
Inswwesioonuwuulunded aru1saiiin cross-
amplification W1dulafuutsUSIaIULaB#LBULD
99377 Us1nguavInveskaudoueusnilving
widvunalivindu 105 dwua Aedseana 270 duua
(aU319) Uag 1,100 dwua auwdy) (Figure 3) ‘?J!\‘i?j
Inswesioonuuuionslivselenildiupud iy
MInTIvEeUANs iU wevest wiadle
Tgdduovesinlungualuaunauan (positive
DNA control) fsfluaufiBuiauanithmansiusing
Foduuntuiuienauiifldrunanvoniietn
11nN11508ag 50 (Figure 4) 30Y11N1SNAADU
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Figure 2 Primer sequences and their target regions on growth hormone (GH) intron. Open boxes
indicate the positions of forward primer (GH105L) and species-specific reverse primer
(GH105R; reverse-complement sequence) with 100%-identical sequences to Sus scrofa
domesticus (M17704) and Sus scrofa (CP071563). Other sequences retrieved from GenBank
are aligned, and the alisnment shows a variety of different sequences; Ovis aries
(DQ450146), Capra hircus (GU355689), Cervus elaphus (AM049993), Bos taurus (M57764),
Oreochromis niloticus (M84774), Salmo salar (M21573), and Gallus ¢allus (D10484).
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Figure 3 Detection of a species-specific 105-bp porcine DNA (pork and wild boar) stained with
ethidium bromide in 1 % agarose gel. The amplification of non-target DNA, approximately
270 and 1,100 bp, was detected in raw beef. However, no amplicons were produced from
chicken, maize, and negative control (no DNA template). Electrophoresis was performed
for 45 min at 75 V in a 1XTBE buffer. VC 100 bp Plus DNA (250 ng) was used as a DNA

marker.
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Figure 4 Detection of a species-specific 105-bp porcine DNA of pork in beef meat stained with

ethidium bromide in 1 % agarose gel. Beef-pork binary admixtures in different pork
percentages (w/w) at 50, 25, 5, 1, and 0.1 (25, 12.5, 2.5, 0.5, and 0.05 ng, respectively) were

examined, where decreasing intensity represents the decreasing pork concentration. Off-

target DNA bands, approximately 270 and 1,100 bp, were present in mixed beef-pork

samples, where increasing intensity represents the increasing beef concentration.
Electrophoresis was performed for 45 min at 75 V in a 1XTBE buffer. VC 100 bp Plus DNA

(250 ng) was used as a DNA marker.
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Figure 5 Detection of a species-specific 105-bp porcine DNA at different concentrations stained
with ethidium bromide in 1 % agarose gel. Bovine-porcine DNA binary admixtures in
different porcine DNA percentages (v/v) at 50, 25, 5, 1, 0.1, and 0.01 (25, 12.5, 2.5, 0.5, 0.05,
and 0.005 ng, respectively) were examined. Decreasing DNA band intensity represents
reducing porcine DNA in a bovine-porcine mixture. Off-target DNA bands, approximately
270 and 1,100 bp, were present in mixed bovine-porcine DNAs, where increasing intensity
represents the increasing bovine DNA concentration. Electrophoresis was performed for 45
min at 75 V in a 1XTBE buffer. VC 100 bp Plus DNA (250 ng) was used as a DNA marker.

N
\& Q& e e >0 <°
> o & & N
QO$ &° &e"e & "e@o &<
SO ' (\’b e 60
(bp) & & & G
-
1500 —— S
1000 — v
500 ————
—
| o—
- s—
100 LI i ——105 bp

Figure 6 Detection of a specific 105-bp porcine DNA stained with ethidium bromide in 1 % agarose
gel. The amplicons were present on all pork-based products (fragrance pork floss,
Vietnamese sausage, ham, pork sausage, and Chinese sausage), but no amplified products
in the negative control (no DNA template). Electrophoresis was performed for 45 min at
75V in a 1XTBE buffer. VC 100 bp Plus DNA (250 ng) was used as a DNA marker.
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Figure 7 Detection of a specific 105-bp porcine DNA taken from halal foods and food products.

The amplicons were present in 2 halal foods; canned chicken massaman curry and canned

fish. Each sample was processed in duplicate. Electrophoresis was performed for 45 min
at 75V in a 1XTBE buffer. VC 100 bp Plus DNA (250 ng) was used as a DNA marker.
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