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PCR-RFLP Analysis of Nuclear Nontranscribed Spacer for
Mackerel Species ldentification
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Scomber mackerel have been marketed in fresh and frozen forms and as processed seafood
worldwide, and three species of Japanese mackerel S. japonicus, Pacific mackerel S. australasicus,
and Atlantic mackerel S. scombrus have constituted a significant part of absolute Scombrid
consumption in Japan. The present study was undertaken to develop a rapid and reliable method
not only for differentiation of Scomber mackerel from related Scombrid fish by PCR amplification
using Scomber genus-specific primers but also for identification of three Scomber mackerel species
by PCR-RFLP analysis. Alignment of nucleotide sequences of the nuclear 5S ribosomal RNA gene
(5S rDNA) among Scombrid fish allowed the selection of oligonucleotide primers specific for the
Scomber genus. These primers enabled amplification of the nontranscribed spacer (NTS) of the 5S
rDNA from S. japonicus, S. australasicus, and S. scombrus, whereas no amplification was
demonstrated from other Scombrid fish. RFLP analysis of the PCR products with Scal endonuclease
generated unique restriction patterns for each Scomber species. This simple, robust, and reproducible
PCR-RFLP technique using Scomber genus-specific primers can serve as a routine food inspection
program to enforce labeling regulations of marketed Scombrid fish.

KEYWORDS: Genus-specific primers;  Scomber ; PCR; RFLP; species identification; 5S ribosomal DNA
(5S rDNA); nontranscribed spacer (NTS)

INTRODUCTION but also among these three species, which allows us to discover
The family Scombridae comprises 15 genera and 54 speciesfraudulent or unintentional mislabeling of commercially un-
(1). Scombrid fish are generally migratory pelagic fish forming processecscombemackerel following the Japanese Labeling
large schools near the marine surfa®. Because they are  Regulation (Japanese Agricultural Standard). However, once the
globally distributed from tropical to subtropical oceans, Scom- skin is removed, processed products containBigomber
brid fish have so far been one of the most economically mackerel are generally unidentifiable, and even a trace of

important fishery resources worldwid8)( Scombemackerel Sc_ombermackerel sometimes causes serious food allergenic
is the representative genus of the Scombridae and is currentlyepisodes (7). The present study was undertaken to develop a
classified into three species. Japanese macBemhber japoni- rapid and reliable method not only for the differentiation of

cusis distributed over the Pacific and Indian Oceans but is Scombemackerel from related Scombrid fish by PCR ampli-
apparently absent from Indonesia and Australia. Pacific mackerelfication usingScombeigenus-specific primers but also for the
Scomber australasictishabits the West Pacific Ocean including  identification of threeScombemackerel species by PCR-RFLP
Indonesia and Australia. Atlantic macke@tomber scombrus ~ analysis.
dominantly migrates in the East Atlantic Ocean. In addit®n,
japonicusappears along the east coast of the North and South MATERIALS AND METHODS
Americas in the West Atlantic Ocean, and some fish taxonomists  Fish SamplesSpecimens of five closely related Scombrid mackerel,
claim that the Atlantic population might be recognized as a Japanese macker8l japonicus, Pacific macker8l australasicus, and
separate species withcomber coliag4). Atlantic mackereB. scombrubelo_nging to the genLScombe,rfriggte

Scomber mackerel have been extensively traded in both freshMackerelAuxis thazardand Spanish mackergcomberomorus nipho-
and frozen forms and as processed seafood such as smoked arquuss' were purchased from local fish suppliers in Yokohama, Japan.
canned productss]. In Japan, becauss. japonicusand S. Ispe(_:lmens were morphologlcally_|dent|f|ed by fish taxonomists at

. . - the National Institute of Fisheries Science, Yokohama, Japan, and then

australasicusare domestically caught by fishery aidscombrus .. \were cutinto fillets and immediately stored in a laboratory freezer
is imported mainly from northern Europe, all three species have 4t —20 °C until DNA preparation.
constituted a significant part of absolute Scombrid consumption  pna preparation. Total genomic DNA was prepared from small
(6). Due to unique morphological features in the sopmber  scraps (20 mg) of frozen fillets according to the modified urea
mackerel can be discriminated not only from other marine fish SDS—Proteinase K method. Samples were immersed in TESU6 buffer
(10 mM Tris-HCI, pH 8.0, 20 mM EDTA, pH 8.0, 2% SDS, 6 M urea)

T E-mail aranishi@cc.miyazaki-u.ac.jp; telephoh®1-985-587224; fax containing 25ug of Proteinase K (Sigma), mixed by vortex, and
+81-985-587224. incubated at 55C with shaking for 15 min. A 0.1 volume of 5 M
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Figure 1. Aligned nucleotide sequences of the 5S rDNA comprising 5S rRNA (lower case letters) and NTS (capital letters) from Scomber japonicus,
Scomber australasicus, Scomber scombrus, Auxis thazard, and Scomberomorus niphoniuss. Underlined bold type nucleotides in 5S rRNA and NTS of
S. japonicus sequence indicate the positions of fish 5S rDNA universal primers and Scomber genus-specific primers, respectively. The Scal restriction
site for S. japonicus is shaded.

NaCl was added and mixed by inversion. An equal volume of phenol/ in flatfish (8). Shuttle PCR was carried out in a Techgene thermal cycler
chloroform/isoamyl alcohol was added and mixed by inversion. (Techne) programmed as 2 min at 96, 30 cycles of 10 s at 96C
Following centrifugation at 100@Xor 5 min, the upper aqueous phase and 20 s at 68C, and finally 5 min at 68C. A 5 uL portion of
was collected, and a 0.6 volume of isopropyl alcohol was added, mixed amplicon was migrated at 15 V/cm for 40 min on a 2.0% agarose gel
by vortex, and spun down. The DNA pellet was washed with ethanol, and visualized under UV illumination in an EDAS290 Gel Documenta-
dried in a Speed-vac, and resuspended in 10TO.1E (10 mM Tris-HCI, tion System (Invitrogen).
pH 8.0, 0.1 mM EDTA, pH 8.0). DNA Sequencing. PCR products were purified by chloroform
PCR Amplification. PCR amplification of the 5S rDNA was extraction and poly(ethylene glycol) (PEG) precipitation. The DNA
performed in 1QL of PCR buffer (10 mM Tris-HCI, pH 8.3, 50 mM pellet was washed with ethanol, dried in a Speed-vac, and resuspended
KCIl, 2 mM MgCl,, 0.01% gelatin, 0.005% Brij35, 10 mM DTT) in 5 uL of ligation mixture containing 1 unit T4 DNA ligase
containing 200uM each dNTP, 0.25 unit oTaq DNA polymerase (Invitrogen), ligation buffer (Promega), 5% PEG8000 (Sigma), and 25
(Sigma), 0.5«M each primer, and 10 ng of template DNA. The primers ng of Xcml-digested plasmid T-vecto®); After TA-cloning at room
used were 5S21F (5'-TACGC CCGAT CTCGT CCGAT C-3') and temperature for 30 min, transformation was performed using @H5
5S21R (5'-CAGGC TGGTA TGGCC GTAAG C-3'), corresponding Ca-competent cells followed by blue-white selectidf)(Colony direct
to 5S1 and 5S2, respectively, for PCR amplification of the 5S rDNA PCR was performed on randomly chosen white colonies using M13-
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M4 (5'-GTTTT CCCAG TCACG AC-3 and M13-RV (5-CAGGA
AACAG CTATG AC-3'). PCR products comprising the expected size
of insert were cleaned with an Exo/SAP kit (Amersham Pharmacia),

and DNA sequencing of both strands was accomplished by a CEQ 3000 bp —
DTCS kit (Beckman Coulter) and M13@0) (5'-GTTGT AAAAC 1000 bp —
GACGG CCAGT-3') or T7 (5TAATA CGACT CACTA TAGGG- 500 bp —

3') in a CEQ2000XL DNA Analysis System (Beckman Coulter). 300 bo —
PCR-RFLP Analysis.On the basis of the alignment of forward and

reverse nucleotide sequences of the 5S rDNA obtained from five

Scombrid mackereScombegenus-specific primers were designed as

Saba-18F (5'-GGGCG CTGTT GCTCC ATCr&nd Saba-20R (5

ATGCT GTGAC ACCAC TGACA-3). The respective primers cor-

responded to nucleotides 285 and 241260 of the NTS region aod. Figure 2. PCR amplification of the 5S rDNA NTS using Saba-18F and

mackerel. Scombegenus-specific PCR amplification of the 5S IDNA  saha-21R primers from Scomber japonicus (SJ), Scomber australasicus

NTS region was performed as above, except that Saba-18F and Sabasa) Scomber scombrus (SS), Auxis thazard (AT), and Scomberomorus
20R were substituted for 5S21F and 5S21R. Without further purifica- niphoniuss (SN): lane M, 100 bp molecular size marker.

tion, a 5uL portion of amplicon was incubated with 10 units $al
restriction enzyme at 37C for 2 h, and then electrophoretic analysis PCR RFLP
was performed as above. M SI SA SS SJ SA S§S M

RESULTS AND DISCUSSION

In higher eukaryotes, tandem arrays of rRNA genes are e

organized in two distinct multigene familie$X). One class is 1,000 bp — S8
represented by the 45S rDNA that codes for the 18S, 5.8S, and 599 pp — |
28S rDNA and internal transcribed spacers (ITS) and a second
class by the 5S rDNA that codes for the 5S rDNE). 5S
rDNA repeats consist of 120 bp long coding sequences separated
from each other by the NTS. These noncoding rDNA spacer
segments including NTS and ITS evolve much more rapidly
than the coding rDNA, which is highly conserved even among Figure 3. PCR-RFLP analysis of the 5S rDNA NTS amplified using Saba-
nonrelated taxa (13). 18F and Saba-21R primers from Scomber japonicus (SJ), Scomber
Among nuclear markers available for species identification australasicus (SA), and Scomber scombrus (SS). PCR and RFLP indicate
of commercial fish and seafood products, noncoding rDNA the PCR products and those after Scal digestion, respectively: lane M,
spacer segments can be good candidates. The NTS region wa400 bp molecular size marker.
reported to be useful for the discrimination of related fish
species, which belong to different genera but are morphologi- accurate discrimination ddcombemackerel from other Scom-
cally indistinguishable when being processgdid). It remains  brid species. In addition, the PCR products apparently varied
uncertain whether the NTS region allows us to discriminate betweenS. scombrusind two otherScombermackerel. The
related fish species belonging to even the same genus. In theexact lengths of the PCR products were determined from
present study, a simple and reliable PCR-RFLP analysis usinghucleotide sequence analysis to be 416 bfSigaponicus416
the NTS region was developed for accurate discrimination of bp forS. australasicus, and 366 bp f8r scombrugFigure 1).
closely related mackerel species belonging ta3bembegenus. It is noteworthy that the lengths of a single repeat of the 5S
By means of fish universal primers, 5521F and 5521R based/DNA are the same betweé japonicusandS. australasicus.
on conserved sequences of the 5S rDNA, apparently single PCR In searching for appropriate restriction enzyme identifying
products at a size from 490 to 560 bp were successfully PCR products amplified usingcombegenus-specific primers
amplified from five Scombrid mackeredFigure 1), all of which from S. japonicusand S. australasicus, computer sequence
are popularly marketed in both fresh and frozen forms and as analysis was carried out using the program NEBcutie). (
processed seafood in Japd). (Nucleotide sequences of these Although the sequence homology between them was extremely
PCR products showed that each of them corresponded to a singldiigh at 94.7%, a unique recognition site 8€al restriction
repeat of the 5S rDNA. The size of PCR products amplified enzyme was found only i8. japonicugFigure 1). As expected,
using 5S21F and 5S21R varied among fish species, but thoseScal restriction enzyme digestion yielded two fragments at sizes
ranging~500—650 bp were frequently observed, for example, of 89 and 327 bp from the PCR product®fjaponicuswhereas
Greenland halibuReinhardtius hippoglossoidé8), Nile perch a single PCR product at a size of 426 bp remained undigested
Lates niloticus grouperEpinephelus guazaand wreck fish in S. australasicugFigure 3). For 5—10 individual specimens
Polyprion americanug§14), Brycon insignig15), rainbow trout per eachScombermackerel, nucleotide sequencing was per-
Salmo gairdneribrown troutSalmo truttaand Atlantic saimon  formed in both strands, and no intraspecies polymorphism was
Salmo salai(16), tilapia Oreochromis niloticug17), and several verified at theScal recognition site. Hence, species-specific
marine fish species (F. Aranishi, unpublished data). PCR-RFLP electrophoretic profiles made it possible to identify
To differentiate Scombermackerel from other Scombrid S. scombrusS. japonicus, an®. australasicus, indicating that
species by a simple PCR technique, new primers were designedhe NTS region is a useful nuclear marker in the discrimination
as Saba-18F and Saba-20R based on conserved sequences ©f related fish species belonging even to the same genus.
the NTS region among thr&&combemackerel Figure 1). PCR This simple, robust, reliable, and inexpensive protocol involv-
amplification using theseScomber genus-specific primers  ing PCR amplification of a selected NTS region usSempmber
enabled us to obtain single PCR products from tf8eember genus-specific primers followed by RFLP analysis wabal
mackerel, whereas no amplification was verified Auxis restriction enzyme can be routinely performed not only in
thazardand Scomberomorus niphoniugBigure 2), showing differentiating Scombemackerel from related Scombrid fish

300 bp — |
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but also in identifying three economically importe®tomber

mackerel in food inspection laboratories. We also report the
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(10) Pope, B.; Kent, H. M. High efficiency 5 min transformation of
Escherichia coli.Nucleic Acids Resl996,24, 536—537.

modified method for megabase DNA preparation using TESU6 (11) Vogt, P. Code domains in tandem repetitive DNA sequence

buffer containing 6 M urea. A high concentration ®# M of

structuresChromosomal 992,101, 585—589.

urea has the potential ability to degenerate proteins constituting (12) Larson, D. E.; Zahradka, P.; Sells, B. H. Control points in eucar-

soft and hard tissues, but no effect on nucleotide structd@®s (
TESUG6 buffer is available both for preservation of samples at

ambient temperature with no DNA degradation by latent DNase

and for genomic DNA extraction from tissues with no require-
ment of mechanical homogenization.
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