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ABSTRACT

Sequence	analysis	and	polymerase	chain	reaction	–	restriction	fragment	length	polymorphism	(PcR-RFLP)	technique	were	used	
to	 identify	 the	species	of	Thunnus thynnus,	T. alalunga,	T. obesus	and	T. albacares.	 	Genetic	variation	of	376	bp	fragments	 in	mito-
chondrial	cytochrome	b	gene	of	4	Thunnus	species	captured	from	northern	Pacific	Ocean,	northern	Atlantic	Ocean	and	Indian	Ocean	
was	analyzed.		The	restriction	enzymes	and	restriction	fragment	length	pattern	in	each	Thunnus	species	were	obtained.		It	was	found	
that	the	376	bp	fragment	of	cytochrome	b	gene	in	T. obesus	showed	the	obvious	divergence	of	4.235%	different	from	other	3	species.	
The	 highest	 interspecific	 similarity	 ranged	 98.687～99.674%	 between	 T. thynnus	 and	 T. alalunga.	 PcR-RFLP	 by	 using	 3	 specific	
restriction	enzymes	Bsp1286,	Hinc	 II	and	Rsa	 I	could	precisely	and	quickly	 identify	 the	species	of	 the	4	common	Thunnus	 species.	
Furthermore,	this	technique	successfully	detected	the	species	of	12	samples	of	commercial	tuna	fillets	(sashimi).

Key	words:	polymerase	chain	 reaction	–	 restriction	 fragment	 length	polymorphism,	PcR-RFLP,	 tuna,	Thunnus,	 species	 identification,	
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INTRODUCTION

Tuna is a high-priced pelagic fish in the world, and the 
prices	differ	 from	each	other	depending	on	species.	 	The	
Thunnus fish in the world so far involve 7 species and 1 sub-
species	of	Thunnus	are	found	around	the	world(1).	 	 In	 the	
Far	East,	there	are	4	Thunnus species, including bluefin tuna 
(Thunnus thynnus),	albacore	(T. alalunga),	yellowfin	 tuna	
(T. albacares)	and	bigeye	tuna	(T. obesus).	 	However,	most	
customers	cannot	 identify	the	species	of	sliced	tuna	meats	
in	 the	market.	 	Therefore,	 it	was	necessary	 to	develop	a	
scientific technology to identify Thunnus	species.

Many methods for fish species identification have been 
reported	 in	 the	 literature,	 including	 isoelectric	 focusing,	
high	performance	liquid	chromatography,	sodium	dodecyl	
sulphate	–	polyacrylamide	gel	 electrophoresis,	 enzyme-
linked	immunosorbent	assay,	2-dimentional	electrophoresis,	
and	molecular	biology	 techniques(2-5).	 	Among	 them,	 the	
most	promising	 and	 reliable	method	 is	DNA	 technique	
because	of	 its	 robustness	and	easy	application	 in	 routine	
surveys(6).

Analysis	of	mitochondrial	DNA	(mtDNA)	sequences	
is	 useful	 for	 phylogenetic	 studies.	 	The	 mtDNA	 is	 a	
circular	 nucleotide	 of	 inheritance,	 independent	 from	
genomic	DNA(7,8).	 	The	composition	of	mtDNA	is	simpler	
than	genomic	DNA,	which	has	 no	 complicated	 intron,	
pseudogene	 or	 repetitive	 sequence(9).	 	The	 mtDNA	 is	
of	 maternal	 inheritance	 and	 has	 no	 recombination	 in	
all	vertebrates,	 so	 that	 the	 sequence	of	mtDNA	 is	more	

conservative(10,11).		The	mtDNA	lies	in	the	inner	membrane	
of	 mitochondria	 and	 is	 easily	 affected	 by	 oxidative	
phosphorylation.		The	rate	of	base	substitution	on	mtDNA	is	
higher	than	that	on	genomic	DNA,	causing	faster	evolutional	
speed(12,13).	 	 cytochrome	 b	 gene	 is	 a	 functional	 gene	
between	tRNAGlu	and	tRNAThr	in	mitochondrial	genome(14).		
The	combination	of	cytochrome	b	gene	and	other	genes	in	
genomic	DNA	encode	 the	cytochrome	c	oxidoreductase,	
which	is	a	complex	enzyme	in	oxidative	phosphorylation(15).		
Many	studies	of	vertebrate	cytochrome	b	gene	have	focused	
on	inheritance	and	evolution(16-18).	

Many	techniques	related	to	polymerase	chain	reaction	
(PcR)	were	developed	to	analyze	DNA	sequences,	including	
random amplified polymorphic DNA (RAPD), PCR-single 
stranded	conformational	polymorphism	(PcR-SScP),	and	
PcR-restriction	 fragment	 length	 polymorphism	 (PcR-
RFLP)(19,20).		Among	them,	PcR-RFLP	technique	was	often	
applied	in	biology,	medicine	and	food	science(21-26).		In	this	
study,	we	analyzed	the	stable	mitochondrial	cytochrome	b	
gene	and	developed	a	rapid	PcR-RFLP	model	 to	 identify	
the	species	of	4	Thunnus	tuna.

MATERIALS AND METHODS

I. Sampling

Domestic	specimens	of	Thunnus thynnus,	T. alalunga,	
T. albacares	and	T. obesus	were	collected	from	Kaohsiung	
and	Tungkang,	whereas	foreign	specimens	were	collected	
from	Singapore,	Bangkok	(Thailand),	Mauritius	and	cape	
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Town	(South	Africa).		Total	of	42	specimens	were	gathered	
and	 frozen	 in	 -20°c.	 	Samples	of	T. thynnus	were	only	
gained from northern Pacific Ocean and northern Atlantic 
Ocean,	while	 samples	of	other	3	 species	were	obtained	
from northern Pacific Ocean, northern Atlantic Ocean and 
Indian	Ocean	(Table	1).	 	Furthermore,	12	samples	of	 raw	
fillet (sashimi) were purchased from 6 markets in Taiwan to 
examine	the	species	by	using	the	PcR-RFLP	technique.

II. DNA Extraction

The	DNA	extraction	method	was	a	modification	of	
the	protocol	described	by	Desalle	and	Birstein(27).	 	First,	
about	0.1	g	of	sample	was	homogenized	with	0.5	mL	of	
digestion	buffer	 (50	mM	Tris-Hcl,	pH	8.0;	1%	SDS;	0.2	
M NaCl; 0.1 M EDTA) and 50 μL of 5 mg/mL proteinase 
K	(Amresco,	Solon,	Ohio,	uSA)	was	added.	 	The	mixture	
was	 incubated	 at	 55°c	 overnight	 with	 shaking.	 	After	
digestion,	 each	 sample	 was	 centrifuged	 at	 15,000	 ×g,		
4°c	 for	10	min.	 	Afterwards,	 supernatant	was	extracted	
once	with	phenol,	 twice	with	phenol/chloroform/isoamyl	
alcohol	in	a	25/24/1	ratio,	and	once	with	chloroform.		The	
extract	was	precipitated	 twice	with	ethanol	at	 -20°c	for	
20	min	and	centrifuged	at	15,000	×g,	4°c	for	10	min.		The	
dried pellets were resuspended in 100 μL of sterile distilled 
water,	 and	 the	concentration	of	DNA	was	estimated	by	
absorbance	at	260	nm.

III. PCR Amplification

Each	PcR	reaction	was	performed	 in	a	 total	volume	
of 100 μL, containing 10 μL of template DNA, 2 μM of 
each primer, 200 μM of each dNTP, and 2.5 U of Pro Taq 
DNA	polymerase	(Amresco)	in	a	PcR	buffer	that	included	
20	mM	of	Tris-Hcl	(pH	8.0),	15	mM	of	Mgcl2,	1%	Triton	
X-100,	500	mM	of	Kcl	and	0.1%	(w/v)	gelatin.		The	PcR	
amplifications were carried out in a GeneAmp PCR System 
2400	(Perkin	Elmer,	Foster	city,	cA,	uSA)	programmed	to	

perform	a	denaturation	step	at	95°c	for	10	min,	followed	
by	30	cycles	consisting	of	1	min	at	95°c,	1	min	at	50°c	
and	1	min	at	72°c.  The final extension step was 10 min or 
longer.  The set of primers used for PCR amplification were 
coded	L14841	(5’-AAA	AAG	cTT	ccA	Tcc	AAc	ATc	
TcA	GcA	TGA	TGA	AA-3’)	and	H15149	(5’-AAA	cTG	
cAG	ccc	cTc	AGA	ATG	ATA	TTT	GTc	cTc	A-3’),	
respectively.	 	Primer	pair	was	designed	to	amplify	part	of	
cytochrome	b	gene	in	teleostes(28).

IV. DNA Electrophoresis and Sequence Analysis

Three microliter of PCR product and 1 μL of 
loading	dye	were	mixed	and	 loaded	onto	a	2%	agarose	
gel containing 1 μg/mL ethidium bromide, and then the 
electrophoresis	was	 running	 in	TBE	buffer	at	100	V	for	
40	min.	 	The	DNA	bands	were	observed	under	ultraviolet	
light	and	photographed	by	Image	Master	VDS	(Pharmacia	
Biotech,	Piscataway,	NJ,	uSA).

Purified	PcR	products	were	 sequenced	at	Mission	
Biotech	(Taipei,	Taiwan)	using	 the	above	primers	and	the	
ABI	Prism	BigDye	Terminator	cycle	Sequencing	Ready	
Reaction	 Kit	 (Perkin-Elmer/Applied	 Biosystems	 Div.,	
Foster	city,	cA,	uSA)	 in	an	ABI	PRISM	377-96	DNA	
Sequencer	(Perkin	Elmer/Applied	Biosystems	Div.).	 	Two	
complementary	DNA	sequences	obtained	from	each	sample	
were	compared	with	 the	database	 in	Genetics	computer	
Group	Wisconsin	Package,	Version	10.3	 (GcG	system;	
Genetics	computer	Group,	2002).

V. RFLP Analysis

After 	 ana lyz ing	 the 	 consensus 	 sequences 	 of	
mitochondrial	cytochrome	b	gene	of	the	4	species,	restriction	
maps	were	constructed	 in	GcG	system,	and	3	 restriction	
endonuclease	including	Bsp1286	I,	Hinc	II	and	Rsa	I	were	
determined.  Each digestion was performed in 10 μL of 
mixture	that	contains	100	ng	PcR	product,	5	u	restriction	

Table 1. Source	and	fragment	length	of	digested	376	bp	cytochrome	b	gene	of	4	Thunnus	species

	Species	 Number	of		 Location	of	collection	 Location	of	capture	 	 PcR-RFLPa

		 specimen	 	 	 Bsp1286	I	 Hinc	II	 Rsa	I
	T. thynnus	 3	 Kaohsiung,	Taiwan	 Northern	Pacific	Ocean	
		 3	 Tungkang,	Taiwan	 Northern	Pacific	Ocean	 292	+	84	bp	 207	+	150	+	19	bp	 265	+	111	bp	
		 3	 Tungkang,	Taiwan	 Northern	Atlantic	Ocean
	T. alalunga	 3	 Tungkang,	Taiwan	 Northern	Pacific	Ocean	
		 3	 cape	Town,	South	Africa	 Northern	Atlantic	Ocean	 376	bp	 207	+	150	+	19	bp	 265	+	74	+	37	bp	
		 3	 Singapore	 Northern	Indian	Ocean	
		 3	 Mauritius	 Western	Indian	Ocean
	T. albacares	 3	 Tungkang,	Taiwan	 Northern	Pacific	Ocean	
		 3	 Bangkok,	Thailand	 Northern	Pacific	Ocean	 376	bp	 376	bp	 293	+	83	bp	
		 3	 Tungkang,	Taiwan	 Northern	Atlantic	Ocean
		 3	 Mauritius	 Western	Indian	Ocean	
	T. obesus	 3	 Tungkang,	Taiwan	 Northern	Pacific	Ocean	
		 3	 Tungkang,	Taiwan	 Northern	Atlantic	Ocean	 376	bp	 207	+	150	+	19	bp	 293	+	83	bp	
		 3	 Singapore	 Northern	Indian	Ocean
aPolymerase	chain	reaction	–	restriction	fragment	length	polymorphism.
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endonuclease	(Promega,	Madison,	WI,	uSA),	1:10	dilution	
of	bovine	serum	albumin	and	10×	digestion	buffer.		Digestive	

reactions	were	incubated	at	37°c	for	2	hr.	The	results	were	
read	by	DNA	electrophoresis	as	described	above.

Figure 1. The	376	bp	consensus	fragment	of	the	cytochrome	b	gene	of	Thunnus thynnus	(T. thy.),	T. alalunga	(T. ala.),	T. albacares	(T. alb.)	and	
T. obesus	(T. obe.)	amplified	with	primers	L14841	and	H15149.		Restriction	sites	of	Bsp1286	I,	Rsa	I	and	Hinc	II	are	underlined	and	positions	
of	mixed	intraspecic	bases	are	labeled	with	N	in	sequences	(N	=	G/c/A/T).

1-501
T. thy.  AAACTGCAGC CCCTCAGAAT GATATTTGTC CTCAGGGAAG GACGTAGCCA 2
T. ala.  AAACTGCAGC CCCTCAGAAT GATATTTGTC CTCAGGGAAG GACGTAGCCA 3
T. obe. AAACTGCAGC CCCTCAGAAT GATATTTGTC CTCAGGGAAG GACGTAGCCG 4
T. alb. AAACTGCAGC CCCTCAGAAT GATATTTGTC CTCAGGGAAG NACGTAGCCA 5
51-100                                      Bsp1286 I 6
T. thy.  ACGAAGGCGG TCATCATAAC TAGAAGTAGG AGCACTACTC CGATGTTTCA 7
T. ala.  ACGAAGGCGG TCATCATAAC TAGAAGTAGG AGTACTACTC CNATGTTTCA 8
T. obe.  ACGAAGGCGG TCATCATAAC TAGGAGTAGN AGTACTACTC CGATNTTTCA 9
T. alb.  ACGAAGGCGG TCATCATAAC TAGGAGTAGG AGTACTACTC CGATGTTTCA10
101-150            Rsa I Rsa I 11
T. thy.  TGTTTCTTTG TACAGGTAAG AGCCGTAGTA AAGGCCTCGG CCGATGTGGA 12
T. ala.  TGTTTCTTTG TACAGGTAAG AGCCGTAGTA AAGNCCTCGG CCGATGTGGA 13
T. obe.  TGTTTCTTTG TATAGGTAAG AGCCGTAGTA AAGTCCTCGG CCGATGTGGA 14
T. alb. TGTTTCCTTG TATAGGTAAG AGCCGTAGTA AAGNCCTCGG CCGATGTGGA 15
151-20016
T. thy.  AGTAGATGCA GATAAAGAAG AAAGAGGCCC CGTTTGCGTG GAGGTTCCGG 17
T. ala.  AGTAGATGCA GATAAAGAAG AAAGAGGCCC CGTTTGCGTG GAGGTTCCGG 18
T. obe.  AGTAGATACA GATAAAGAAG AAAGAGGCCC CGTTTGCGTG GAGGTTNCGG 19
T. alb. AGTAGATGCA GATAAAGAAG AANGAGGCCC CGTTTGCGTG GAGGTTCCGG 20
201-250      Hinc II Hinc II 21
T. thy.  ATGAGTCAAC CGAAGTTGAC ATCTCGGCAA ATGTGGGCTA CTGAGGCGAA 22
T. ala.  ATGAGTCAAC CGAAGTTGAC ATCTCGGCAA ATGTGGGCTA CTGAGGCGAA 23
T. obe.  ATGAGTCACC CGAAATTNAC ATCTCGGCAA ATGTGGGCTA CTGAGGCGAA 24
T. alb. ATGAGTCAAC CGAAGTTGAC ATCTCGGCAA ATGTGGGCTA CTGAGGCGAA 25
251-30026
T. thy.  GGCTGATTCG ACATCAGGGG TATAGTGTAT TGCGAGGAAT AGTCCTGTAA 27
T. ala.  GGCTGATTCG ACATCAGGGG TNTAGTGTAT TGCGAGGAAT AGTCCTGTAA 28
T. obe.  GGCTGATTCG ACATCAGGGG TGTAGTGTAT TGCGAGGAAT AGTCCTGTAA 29
T. alb. GGCTGATTCG ACATCAGGGG TGTAGTGTAT TGCGAGGAAT AGTCCTGTAA 30
301-35031
T. thy.  GGATTTGAGA AATAAGGCAA AGGCCAAGTA GTGAGCCAAA GTTTCATCAT 32
T. ala.  GGATTTGAGA AATAAGGCAA AGGCCAAGTA GTGAGCCAAA GTTTCATCAT 33
T. obe.  GGATTTGAGA AATAAGGCAA AGGCCAAGTA GTGAGCCAAA GTTTCATCAT 34
T. alb.  GGATTTGAGA AATAAGGCAA AGGCCAAGTA GTGAGCCAAA GTTTCATCAT 35
351-37636
T. thy.  GCTGAGATGT TGGATGGAAG CTTTTT 37
T. ala.  GCTGAGATGT TGGATGGAAG CTTTTT 38
T. obe.  GCTGAGATGT TGGATGGAAG CTTTTT 39
T. alb.  GCTGAGATGT TGGATGGAAG CTTTTT40
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RESULTS AND DISSCUSION

I. Comparison of 376 bp Mitochondrial Cytochrome b Gene 
Fragments

The	PcR	products	were	 individually	 amplified	by	
primers	L14841	and	H15149.	 	 Including	2	primers,	 the	
length	 of	 each	 consensus	 mitochondrial	 cytochrome	 b	
gene	 fragment	 was	 376	 bp,	 as	 shown	 in	 Figure	 1.	 	To	
understand whether there has any intraspecific divergence 
in	each	species,	3	samples	were	collected	from	each	place	
and	sequenced.	 	After	analyzing	a	 total	of	42	specimens,	
we	 found	 that	 all	 species	had	 intraspecific	divergences	
except	 for	T. thynnus.	 	There	were	4	bases	of	difference	
in	T. obesus	and	2	bases	of	difference	in	both	T. alalunga	
and	T. albacares	were	observed.		In	Figure	1,	the	positions	
of	mixed	 intraspecies	bases	were	 labeled	with	N	 in	 the	
sequences.

Compared with interspecific sequences, the divergence 
was	between	0.325%	and	4.235%.	 	The	 low	interspecific	
divergence	 indicated	 that	 the	mitochondrial	 cytochrome	
b	 gene	was	of	maternal	 inheritance	 and	had	no	 recom-
bination(10,11,29).	 	 In	mitogenome,	 the	 low	diversity	 of	
cytochrome	b	gene	 is	useful	 to	 identify	different	species,	
and	high	diversity	of	control	region	could	separate	different	
population	of	the	same	species(30,31).

II. Analysis of Restriction Enzyme

By	analysis	of	 the	consensus	fragment	 in	4	Thunnus	
species, we excluded the intraspecific divergent bases and 
then	searched	the	restriction	maps	on	GcG	system.		Three	
restriction enzymes with specific cutting sites were chosen, 
including	Bsp1286	I,	Hinc	II	and	Rsa	I.		Restriction	enzyme	
Bsp1286	I	could	cleave	 the	376	bp	fragment	 into	292	bp	
and	84	bp	 in	T. thynnus,	and	 there	was	no	cutting	site	 in	
other	3	species.	Hinc	II	could	cleave	the	376	bp	fragments	
of	T. thynnus,	T. alalunga	 and	T. albacares	 to	 separate	
into	207	bp,	150	bp	and	19	bp	 fragments,	but	 there	was	
no	cutting	site	 in	T. obesus.	 	Furthermore,	Rsa	 I	cleaved	
both	T. thynnus	and	T. alalunga	 into	fragments	of	265	bp	
and	111	bp,	different	 from	 the	 fragments	of	293	bp	and	
83	bp	 in	both	T. albacares	and	T. obesus.	 	Table	1	shows	
the	 fragment	 length	of	 restriction	products	 in	 this	 study.		
Polymorphic	patterns	of	DNA	electrophoretic	gel	obtained	

Figure 2. Electrophoretic	analysis	of	376	bp	cytochrome	b	gene	PcR	
products	of	4	Thunnus	species	digested	with	(A)	Bsp1286	I,	(B)	Hinc	
II,	and	(c)	Rsa	I.	Samples	in	lane	are	as	follows:	1.	Thunnus thynnus,	
2.	T. alalunga,	3.	T. obesus,	4.	T. albacares,	and	M＝100	bp	ladder.

Figure 3. Restriction	profiles	of	 the	376	bp	cytochrome	b	gene	PcR	
products	 digested	 with	 (A)	 Bsp1286	 I,	 (B)	 Hinc	 II,	 and	 (c)	 Rsa	 I.	
Samples	 in	 lane	 are	 12	 fresh	 commercial	 samples	 obtained	 from	
different	markets	in	Taiwan,	M＝100	bp	ladder.
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from	the	4	Thunnus	species	are	shown	in	Figure	2.

III. Species Identification of Commercial Raw Meats

Lastly, we analyzed 12 samples of commercial raw fish 
fillets (sashimi products) including 6 pieces of bluefin tuna 
and	cheaper	tuna	species	that	were	sold	in	different	markets	
in	Taiwan.	 	After	 testing	all	samples,	2	out	of	6	pieces	of	
the	cheaper	 tuna	species	were	 identified	as	T. obesus	and	
the	 remaining	4	samples	were	 identified	as	T. albacares.	
In	addition,	6	pieces	of	bluefin	 tuna	were	all	 correcting	
identified as T. thynnus	 (Figure	3).	 	The	result	showed	the	
established	PcR-RFLP	method	could	 identify	 fresh	 raw	
meats	of	4	Thunnus	species.

In	 this	study,	 the	direct	DNA	sequencing	 to	analyze	
cytochrome	b	 gene	of	 the	4	 tuna	 species	was	accurate;	
however,	the	technique	was	time-consuming	and	expensive.	
In	 addition,	 direct	 sequencing	 could	not	 detect	 a	 large	
number	of	samples	in	a	short	time.		High	conservation	and	
inheritable	variation	of	mitochondrial	cytochrome	b	gene	
were	recognized	 to	be	useful	 in	species	classification(17).	
Many	authors	have	established	reliable	PcR-RFLP	models	
to identify different marine fish(22,26,32).		Therefore,	we	also	
adopted	the	PcR-RFLP	method	and	proved	it	to	be	a	quick,	
cheap and convenient technique in the identification of tuna 
species.

CONCLUSIONS

The	 genetic	 variation	 of	 partial	 mitochondrial	
cytochrome	b	gene	in	4	Thunnus	species	was	employed	to	
develop	a	PcR-RFLP	technique.	 	The	result	of	PcR-RFLP	
test	 in	this	study	indicated	that	 the	primer	set	was	suitable	
for	PcR	amplification	 and	3	 restriction	 enzymes	were	
suitable	 for	RFLP	pattern	analysis.	 	This	method	quickly	
and easily identifies the species of commercial raw products 
in	market	and	provides	a	useful	and	academic	technique	to	
identify	four	species	of	Thunnus.
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