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Discrimination method of rice in prepared foodstuffs by DNA analysis

Risa NAKANISHI*, Tomohiro IGARASHI* and Takayuki KATAYAMA*
* Central Customs Laboratory, Ministry of Finance, 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Some prepared foodstuffs of meat or fish are classified differently in the Customs Tariff Schedule depending on whether they

include rice or not. But it is difficult to judge that from their appearance. Currently, the presence or absence of rice content is

determined by DNA analysis using PCR but this method requires improvement in its accuracy.

Consequently, in this study, we designed primers for four specific regions of rice chloroplast DNA at the matK, rbcL, trnL.

and psbA regions. Using these primers, we investigated mixtures which contained rice contents and verified whether or not the

presence of rice was able to be detected. As a result, we were able to selectively detect the presence of rice by using any of

the newly designed primers.
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DOREZETI. TEA XBA RBOED ORI TH Y, HIETHE
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Table 1 Biological classification of samples we used.

Order Family  Subfamily Genus Species
Poales Poaceae  Ehrhartoideae(Oryzoideae) Oryza O. sativa
Zizania Z. aquatica
Pooideae Hordeum H. vulgare
Triticum T. aestivum
Panicoideae Panicum P. miliaceum
Echinochloa  E. esculenta
Setaria S. italica
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Table2 List of primers used for universal PCR.

region primer Sequence
bel. forward rbcLa_FD 5’- ATGTCACCACAAACAGAGACTAAAGC -3’
rbe.
reverse rbcLa RV 5’- GTAAAATCAAGTCCACCRCG -3’
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Fig.1 Electrophoresis image of PCR products of the rbcL gene region with 2%
agarose-TAE gel. rbcLa F and rbcLa R are used as primers.
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Fig.2 Phylogenetic tree of all samples.
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Table3 List of primers used for specific PCR.

region primer Sequence Tm(°C)
forward matK_F 5’- AAAGAATATTGCCACAAACG -3’

matk reverse matK R 5’-TTAGACTCCTTTTCTTCCCC -3’ 62
forward rbcL_F 5’- GAGTATACAATAAAGATGG -3’

rbek reverse rbcL_ R 5’- CATAAGCGATATATTGATTA -3’ 20
forward trnl,_F 5’- ATACTCTAAAAAAGGAACGC -3’

rnk reverse trnL._ R 5’- GTATTCCATTGAATCTTAAACC -3’ o0

.y forward psbA_F 5’- ATTGGTTGAAATTGAATCCG -3’ 54
reverse psbA_R 5’- TGTATGGATATACAACTGTC -3’
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AR IR 2 Kk DNA DR HHE

[ R
matn_r

: CCAAAAAGAGAAAGAATATTGCCACAAACGGACAAGGTAACATTTCCATTTCTTCTTCAAAAGAAGAGTTCCTTTTGATGCAAGAATTGCCTTTCCTTGA
: TATCGAACATAATGCATAAGGGGATCCATAACGAACCATATGGTTTTCCGAAAAAAAGCAGGGTACATTAACCCAAAATGTTCCATCTTCCTAGAAAAGA
e Ao Aol Gt G.... Covvvvnennn. T T

:TGATTCGTTCCAGAAAGGTTCCGGAAGAAGTTAATCGCAAGCAAGAAGATTGTTTACGAAGAAACAACAAGAAAAATTCATATTCTGATACATAAGAGTT
G Ao Ao TG GT A

"ATATAGGAACCGAAATAGTCTTTTATTTTCTTTTTTCAAAATAAAAATGGATTTCATTGAAGTAATAAAACTATTCCAATTCGAGTAGTAGTTGAGAAAG
e P G Ao GA

:AATCGCAATAAATGCAAGGATGGAACATCTTGGATCCGGTATTGAAGGAGTTGAAGCAAGATATCCAAATGGATAGGATAGGGTATTTCTATATGTGCTA
e A Co G T A.

:CTGTTCTCGTAGCGAGAATGGGATTTCTACAACGATCGCAAACCCCTCAGATAGAATCTGAGAATAAAACTCAGAATAAAAAAAATTGTTGTAATCCAAT
TAA .G Covore T Tl

“AATCGATCTTGGTTAGGATGATTAACCAAATTAATCCAAAAATTCTGCTGATACATTCGAATCATTAACCGTTTCACAAGTAGTGAACTAAATTTCTTGT
e G.G..TCA ... Ao A

- TATTAGAACCAATAATTTCGACAAGTTCGGAACCATTTAATCCATAATCATGGGCAAACACATAAATGTACTCCTGAAAGAGTAGTGGGTAGACGAAATA
e C...... CT..... Co..G .. A . ... G....... TG....... AT oo Ao G..

:TTGTCTAGGAAATTTAAGTTTTTCTGAATAACCCTCGAATTTTTCCATTTGTATTTCTACTTGAATCAGAGAGAGAGAAATATTTCTCGGTTTATCAAAT
©...TG.C..G..... T G T GC........oiit G...

matK_R

- GGTGATACATAGTACAATATGGTCAGAACAGGGTGTTGCATTTTTTAATACAAACCCCTGGGGAAGAAAAGGAGT CTAATCCACGGATCTTTTTCCGCTC
LA L

Fig.3 Partial DNA sequence of the matK gene region (mitochondrial DNA) from Oryza sativa and Triticum aestivum. Arrows indicate the position of primers.
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rbel,_F

n

- AAGAGTATACAATAAAGATGGATTTGGTGAATCAAATCCATGGTTTAATAACGAAGCATGTTAACTTACCATAACAACAACTCAATTCTTATCG—————
— AATTCCTATAGCATAGAATGTACACAGGGTGTACCCATTATATATGAATGAAACATATTATATGAATGAAACATATTCATTAACTTAAGCA
I —.G....TCCT.T.. . A AG.A.A—. .C.C.G.GTGT.CG.. . TA.......................... C......

:TGCCCCCCATTTTCTTTAATGAGTTGATATTA-——- ATTGAATATCTTTTTTTTA——— AGATTTTTGCAAAGGTTTCATTTACGCCTAATCCATATC
L T A TATTA. ... .. C..... G.TTTACG. ......... ToA TA.C...

:GAGTAGACCCTGTCGTTGTGAGAATTCTTAATTCATGAGTTGTAGGGAGGGACGTATGTCACCACAAACAGAAACTAAAGCAAGTGTTGGATTTAAAGCT
:GGTGTTAAGGATTATAAATTGACTTACTACACCCCGGAGTACGAAACCAAGGACAGTGATATCTTGGCAGCATTCCGAGTAACTCCTCAGCCGGGGGTTC
e A A ... T..... T..... T G......... To......

:CGCCCGAAGAAGCAGGGGCTGCAGTAGCTGCCGAATCTTCTACTGGTACATGGACAACTGTTTGGACTGATGGACTTACCAGTCTTGATCGTTACAAAGG

<

:CCGATGCTATCACATCGAGCCCGTTGTTGGGGAGGATAATCAATATATCGCTTATGTAGCTTATCCATTAGACCTATTTGAAGAGGGTTCTGTTACTAAG
A T....C..... ALCGC... . GG .. TG ... Covvvnt

Fig4 Partial DNA sequence of the rbcL gene region (mitochondrial DNA) from O.sativa and T.aestivum. Arrows indicate the position of primers.
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trnL_F

:TGATTTTGAATACTCTAAAAAAGGAACGCGGTAGGTGGGGGAGAGAAAAACCTTGGGATATATTGATTCGCATTGAATTGCAAATACATCAACGATAGAA
LALLG Ao = T..GA .. G........... T..... T.To L G.......

:TCAATTCAATGCTGAATTGCAATAAGC————GGAGTCTCTCAACTAGAGACGAACCG————- CTAGACTACATAGAGTAATGAATTCAACGATTCAAAAA
[ T AAGC.AG......... A ... T..... T.AACTG. ........ G.T....G.... C....T..........

:AAACTAACAGATGGAGGAAATTGCACAAGGAATCCTGGTCTCAAAGAAAAAGAAAATGGGGATATGGCGAAATCGGTAGACGCTACGGACTTGATTGTAT
e G....... T..... A G.G. G

:TGAGCCTTGGTATGGAAACCTGCTAAGTGGCAACTTCCAAATTCAGAGAAACCCTGGAATTAAAAAAGGGGCAATCCTGAGCCAAATCCATGTTTTGAGA
:AAACAAGCGGTTCTCGAACTAGAACCCAAAGGAAAAGGATAGGTGCAGAGACTCAATGGAAGCTGTTCTAACGAATCGAGTTAATTACGTTGTGTTGCTA
e G T T..

:GCGGAACTCCCT——-—- TCTAAATTAGGGAAAGAAGGGCTTTCGAA-————- ATCTAATACACACGTATAGATACTGGCATAGCAAACGATTAATCACA
ST T T.CTAAT .ol Ao G...T...AT.CCTTATAC..T..... Ao A

:GAACTCATATCATA-—————— ATATAGGTTCTTTAATTCTTTTTTAAAATGAAAATAGGAATGAT——— TATGAAATAGAAAATTCATAAT—
e T.. . TTATAATTATA. ............. -.CT..... Ao T..A..... AATGAT. ........ A...C..... AAAC

ey ATTTCTTTTTTATT—————- ATAGTATCGGCAAGGAATGTCGATTATTAACTC—GATATTTAAATATTATTAAATAGG
ATAG—————————— G A..CT.G.... C....—T..T..... G.T..... -—. . A

Fig.5 Partial DNA sequence of the trnL gene region (mitochondrial DNA) from O.sativa and T.aestivum. Arrows indicate the position of primers.
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AR IR 2 Kk DNA DR HHE

psbA_F

- ATCAACTACAGATTGGTTGAAATTGAATCCGTTTAGATTGAAAGCCATAGTACTAATACCTAAAGCAGTGAACCAAATCCCTACTACAGGCCAAGCAGCC
P AA L. G G..T.....o

:AAGAAGAAGTGTAAAGAACGAGAGTTGTTAAAACTAGCATATTGGAAGATTAATCGGCCAAAATAACCATGAGCGGCCACAATATTATAAGTTTCTTCCT
P L A

:CTTGACCAAATCTGTAACCCTCATTAGCAGATTCGTTTTCAGTGGTTTCCCTGATCAAACTAGAGGTTACCAAGGAACCATGCATAGCACTGAATAGGGA
e L Ao A

:ACCGCCGAATACACCAGCTACACCTAACATGTGAAATGGATGCATAAGGATGTTATGCTCTGCCTGGAATACAATCATAAAGTTGAAAGTACCAGATATT
e G G...

:CCTAAAGGCATACCATCAGAGAAACTTCCTTGACCAATAGGGTAAATCAAGAAAACAGCAGTAGCAGCTGCAACAGGAGCTGAATATGCAACAGCAATCC
e A G G

: AAGGACGCATACCCAGACGGAAACTCAGTTCCCACTCACGACCCATATAACAAGCTACACCAAGTAAGAAGTGTAGAACAATTAGCTCATAAGGACCACC
e A

"ATTGTATAACCACTCATCAACAGATGCAGCTTCCCAAATTGGGTAAAAGTGCAATCCGATCGCCGCAGAAGTAGGAATAATGGCACCAGAGATAATATTG
e G..... Ao

:TTTCCGTAAAGTAAAGAACCAGAAACAGGCTCACGAATACCATCAATATCTACTGGAGGGGCAGCGATGAAGGCGATAATAAATACAGAAGTTGCGGTCA
L A

:ATAAGGTAGGGATCATCAAAACACCGAACCATCCGATGTAAAGACGGTTTTCGGTGCTAGTTATCCAGTTGCAGAAGCGACCCCACAGGCTTGTACTTTC

Triticum aestivum e A ... A

Oryza sativa *GCGTCTCTCTAAAATTGCAGTCATGGTAAGATCTTGGTTTATTCAAATTGCAAGGACTCCCAAGCACACGTATTAACTAGAA—————— AGATAATAGAA

Triticum aestivum e A C........ FPTITR T—AT......... G.
pPsoA_i

Oryza sativa
Triticum aestivum
Zea mays

<

-GGCTTGTTATTTAACAGTATAATATAGACTATATACCAATGTCAACCAAGCCAGCCCCGACAGT TGTATATCCATACAACAGATTGCTCCTTTCTAGTTT
N G T...GG.T...... -—
e G T AGA .G .TT.G.T............ T...... T...

Fig.6 Partial DNA sequence of the psbA gene region (mitochondrial DNA) from O.sativa and T.aestivum. Arrows indicate the position of primers.

1050bp—
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Fig.7 Electrophoresis image of PCR products of the matK gene region with 2%
agarose-TAE gel. matK_F and matK_R are used as primers. Other samples
we used show the same amplification pattern.

Fig.8 Electrophoresis image of PCR products of the rbcL gene region with 2%
agarose-TAE gel. rbcL_F and rbcL._R are used as primers. Other samples we
used show the same amplification pattern.
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Fig.9 Electrophoresis image of PCR products of the trnL gene region with 2%
agarose-TAE gel. trnL_F and trnL_R are used as primers. Other samples we
used show the same amplification pattern.
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Fig.11 Electrophoresis image of PCR products of the matK gene region with 2%
agarose-TAE gel. matK_F and matK_R are used as primers.

700bp—

Fig.12  Electrophoresis image of PCR products of the rbcL gene region with 2%
agarose-TAE gel. rbcL_F and rbcL._R are used as primers.

1000bp—

Fig.10  Electrophoresis image of PCR products of the psbA gene region with 2%
agarose-TAE gel. psbA_F and psbA_R are used as primers. Other samples
we used show the same amplification pattern.
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BHCH KON FIRETH H Z L R T 7=,
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Fig.13  Electrophoresis image of PCR products of the trnL gene region with 2%
agarose-TAE gel. trnl._F and trnL,_R are used as primers.

1000bp—

Fig.14  Electrophoresis image of PCR products of the psbA gene region with 2%
agarose-TAE gel. psbA_F and psbA_R are used as primers.
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