BB SR BT T

DNA

nes 97

MU A, FROBERRR, LR e, EEF R, RRE e, il A

Study of methods to discriminate rice contained in prepared foodstuffs by DNA analysis
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For classification in the Japanese Customs Tariff Schedule, it is necessary to determine whether or not prepared foodstuffs

contain rice. However, it is difficult to conduct such discrimination on the basis of morphological observation. Accordingly,

in this study we used a DNA analytical method to determine whether prepared foodstuffs contain rice. In this study, we tried

to design a new primer specific for genus Oryza (family Gramineae) in the chloroplast trnL region and then to determine

whether the crop of genus Oryza was present in a mixture of crops by a PCR method with the designed primer. Furthermore,

we determine partial nucleotide sequences of three different regions (rbcL, ITS1 and trnL) for rice samples and to identify

them at the species level by searching DDBJ (DNA Data Bank of Japan) data. As a result, we found that by using the newly

designed primer, though it was not possible for all the rice samples to identify them at the species level, it was possible to

determine as to whether the mixtures of crops contained rice crops (genus Oryza).
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Table1 The content of rice in simulated samples

Content of rice (%) Weight of rice Weight of wheat flour Weight of cornmeal

30% 50 mg 50 mg 50 mg

10% 15mg 67.5mg 67.5mg
5% 7.5mg 71.25 mg 71.25 mg
5% 7.5mg 141.5mg
5% 7.5mg 141.5 mg
3% 4.5 mg 72.75 mg 72.75 mg
1% 1.5mg 74.25 mg 74.25 mg
0% 75 mg 75 mg
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Fig.1 DNA extracted from rice.

Lane 1: 100 bp DNA ladder, Lane 2: Japanese polished rice, Lane 3: Japanese powder rice, Lane 4: Japanese whole rice, Lane 5: Unpolished rice with paddy, Lane 6:
Japanese brewers 70% polished rice, Lane 7: Japanese glutinous polished rice, Lane 8: Japanese glutinous unpolished rice, Lane 9: Japanese unpolished rice
“Koshihikari”, Lane 10: Japanese unpolished rice “Hinohikari”, Lane 11: Japanese unpolished rice “Akitakomachi”, Lane 12: Japanese unpolished rice “Hitomebore”,
Lane 13: Japanese unpolished rice “Tsuyahime”, Lane 14: Japanese glutinous rice “Midori”, Lane 15: Ancient black rice, Lane 16: Ancient red rice, Lane 17: 100 bp
DNA ladder, Lane 18: 100 bp DNA ladder, Lane 19: Australian short grain rice, Lane 20: Uruguayan short grain rice, Lane 21: Italian karuta lorry, Lane 22: American
short grain rice, Lane 23: Chinese short grain rice, Lane 24: Korean short grain rice, Lane 25: Canadian wild rice, Lane 26: Pakistani basmati rice, Lane 27: Thai rice,
Lane 28: Thai jasmine rice, Lane 29: Wheat flour, Lane 30: Cornmeal, Lane 31: 100 bp DNA ladder

Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.
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Fig.2 DNA extracted from a mixture of rice, wheat flour and cornmeal.
A: Australian short grain rice, B: Uruguayan short grain rice, C: Italian karuta lorry, D: Thai rice, E: Thai jasmine rice, F: American short grain rice, G: Chinese short
grain rice, H: Korean short grain rice, I: Pakistani basmati rice, J: Japanese polished rice
Lane 1: 5% rice with wheat flour, Lane 2: 5% rice with cornmeal, Lane 3: 1% rice with wheat flour and cornmeal, Lane 4: 3% rice with wheat flour and cornmeal, Lane
5: 5% rice with wheat flour and cornmeal, Lane 6: 10% rice with wheat flour and cornmeal, Lane 7: 30% rice with wheat flour and cornmeal (Except J, Lane 8: wheat
flour and cornmeal)
The lanes located at both sides of numbered lanes are 100 bp DNA ladder.
Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.
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Fig.3 PCR amplification of DNA extracted from the rice for 3 regions, left to right: rbcL region, ITS1 region and trnL region.

Lane 1: 100 bp DNA ladder, Lane 2 to 4: Japanese polished rice, Lane 5 to 7: Japanese powder rice, Lane 8 to 10: Japanese whole rice, Lane 11 to 13: Unpolished rice
with paddy, Lane 14 to 16: Japanese brewers 70% polished rice, Lane 17 and 18: 100 bp DNA ladder, Lane 19 to 21: Japanese glutinous polished rice, Lane 22 to 24:
Japanese glutinous unpolished rice, Lane 25 to 27: Japanese unpolished rice “Koshihikari”, Lane 28 to 30: Japanese unpolished rice “Hinohikari”, Lane 31 to 33:
Japanese unpolished rice “Akitakomachi”, Lane 34 and 35: 100 bp DNA ladder, Lane 36 to 38: Japanese unpolished rice “Hitomebore”, Lane 39 to 41: Japanese
unpolished rice “Tsuyahime”, Lane 42 to 44: Japanese glutinous rice “Midori”, Lane 45 to 47: Ancient black rice, Lane 48 to 50: Ancient red rice, Lane 51 and 52: 100
bp DNA ladder, Lane 53 to 55: Australian short grain rice, Lane 56 to 58: Uruguayan short grain rice, Lane 59 to 61: Italian karuta lorry, Lane 62 to 64: American short
grain rice, Lane 65 to 67: Chinese short grain rice, Lane 68 and 69: 100 bp DNA ladder, Lane 70 to 72: Korean short grain rice, Lane 73 to 75: Canadian wild rice, Lane
76 to 78: Pakistani basmati rice, Lane 79 to 81: Thai rice, Lane 82 to 84: Thai jasmine rice, Lane 85: 100 bp DNA ladder

Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.
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Fig.4 PCR amplification of DNA extracted from the mixture of rice, wheat flour and cornmeal for 3 regions, left to right: rbcL region, ITS1 region and trnL region.
A: Australian short grain rice, B: Uruguayan short grain rice, C: Italian karuta lorry, D: Thai rice, E: Thai jasmine rice
Lane 1: 100 bp DNA ladder, Lane 2 to 4: 5% rice with wheat flour, Lane 5 to 7: 5% rice with cornmeal, Lane 8 to 10: 5% rice with wheat flour and cornmeal, Lane 11 to
13: 3% rice with wheat flour and cornmeal, Lane 14 to 16: 1% rice with wheat flour cornmeal, Lane 17 and 18: 100 bp DNA ladder, Lane 19 to 21: 10% rice with wheat
flour and cornmeal, Lane 22 to 24: 30% rice with wheat flour and cornmeal, Lane 25: 100 bp DNA ladder
Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.
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Fig.5 PCR amplification of DNA extracted from the mixture of rice, wheat flour and cornmeal for 3 regions (cont.), left to right: rbcL region, ITS1 region and trnL region.
F: American short grain rice, G: Chinese short grain rice, H: Korean short grain rice, I: Pakistani basmati rice, J: Japanese polished rice
Lane 1: 100 bp DNA ladder, Lane 2 to 4: 5% rice with wheat flour, Lane 5 to 7: 5% rice with cornmeal, Lane 8 to 10: 5% rice with wheat flour and cornmeal, Lane 11 to
13: 3% rice with wheat flour and cornmeal, Lane 14 to 16: 1% rice with wheat flour cornmeal, Lane 17 and 18: 100 bp DNA ladder, Lane 19 to 21: 10% rice with wheat
flour and cornmeal, Lane 22 to 24: 30% rice with wheat flour and cornmeal, Lane 25: 100 bp DNA ladder
Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.



BB M TR 555 % 105

BRETREENON JORIK!

©)

600 bp _,
300 bp —

Fig.6 PCR amplification of DNA extracted from wheat flour and cornmeal for 3 regions, left to right: rbcL region, ITS1 region and trnL region.
Lane 1: 100 bp DNA ladder, Lane 2 to 4: wheat flour, Lane 5 to 7: cornmeal, Lane 8 to 10: mixture of wheat flour and cornmeal, Lane 11: 100 bp DNA ladder
Each electrophoresis was performed on 1% agarose gel in TAE buffer. After the electrophoresis, the gels were dyed by ethidium bromide.

Table2 The homologies of Blast search in DDBJ for PCR products amplified at the rbcL region.
* indicates accession number in DDBJ.

O. sativa O. glaberrima O. rufipogon O. nivara

(L20473)* (KJ513090)* (KF562709)* (AP006728)*
Japanese polished rice 99% 99% 99% 99%
Japanese powder rice 99% 99% 99% 99%
Japanese whole rice 99% 99% 99% 99%
Unpolished rice with paddy 99% 99% 99% 99%
Japanese brewers 70% polished rice 99% 99% 99% 99%
Japanese glutinous polished rice 99% 99% 99% 99%
Japanese glutinous unpolished rice 99% 99% 99% 99%
Japanese unpolished rice "Koshihikari" 99% 99% 99% 99%
Japanese unpolished rice "Hinohikari" 99% 99% 99% 99%
Japanese unpolished rice "Akitakomachi" 99% 99% 99% 99%
Japanese unpolished rice "Hitomebore" 99% 99% 99% 99%
Japanese unpolished rice "Tsuyahime" 99% 99% 99% 99%
Japanese glutinous rice "Midori" 99% 99% 99% 99%
Ancient blck rice 99% 99% 99% 99%
Ancient red rice 99% 99% 99% 99%
Awustralian short grain rice 99% 99% 99% 99%
Uruguayan short grain rice 99% 99% 99% 99%
Italian karuta lorry 99% 99% 99% 99%
American short grain rice 99% 99% 99% 99%
Chinese short grain rice 99% 99% 99% 99%
Korean short grain rice 99% 99% 99% 99%
Pakistani basmati rice 99% 99% 99% 99%
Thai rice 99% 99% 99% 99%
Thai jasmine rice 99% 99% 99% 99%
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Table 3 The homologies of Blast search in DDBJ for PCR products amplified at the ITS1 region.
* indicates accession number in DDBJ.

O. sativa O. glaberrima O. rufipogon O. nivara

(AP009051)* (AY749364)* (JN402202)* (AY749362)*
Japanese polished rice 100% 99% 100% 100%
Japanese powder rice 100% 99% 100% 100%
Japanese whole rice 100% 99% 100% 100%
Unpolished rice with paddy 100% 99% 100% 100%
Japanese brewers 70% polished rice 100% 99% 100% 100%
Japanese glutinous polished rice 100% 99% 100% 100%
Japanese glutinous unpolished rice 100% 99% 100% 100%
Japanese unpolished rice "Koshihikari" 100% 99% 100% 100%
Japanese unpolished rice "Hinohikari" 100% 99% 100% 100%
Japanese unpolished rice "Akitakomachi" 100% 99% 100% 100%
Japanese unpolished rice "Hitomebore" 100% 99% 100% 100%
Japanese unpolished rice "Tsuyahime" 100% 99% 100% 100%
Japanese glutinous rice "Midori" 100% 99% 100% 100%
Ancient blck rice 100% 99% 100% 100%
Ancient red rice 100% 99% 100% 100%
Awustralian short grain rice 100% 99% 100% 100%
Uruguayan short grain rice 100% 99% 100% 100%
Italian karuta lorry 100% 99% 100% 100%
American short grain rice 100% 99% 100% 100%
Chinese short grain rice 100% 99% 100% 100%
Korean short grain rice 100% 99% 100% 100%
Pakistani basmati rice 100% 99% 100% 100%
Thai rice 100% 99% 100% 100%
Thai jasmine rice 100% 99% 100% 100%
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Table 4 The homologies of Blast search in DDBJ for PCR products amplified at the trnL region.

* indicates accession number in DDBJ.

O. sativa O. glaberrima O. rufipogon O. nivara

(GU595138)* (AY792516)* (GU595130)* (AP006728)*
Japanese polished rice 100% 100% 100% 100%
Japanese powder rice 100% 100% 100% 100%
Japanese whole rice 100% 100% 100% 100%
Unpolished rice with paddy 100% 100% 100% 100%
Japanese brewers 70% polished rice 100% 100% 100% 100%
Japanese glutinous polished rice 100% 100% 100% 100%
Japanese glutinous unpolished rice 100% 100% 100% 100%
Japanese unpolished rice "Koshihikari" 100% 100% 100% 100%
Japanese unpolished rice "Hinohikari" 100% 100% 100% 100%
Japanese unpolished rice "Akitakomachi" 100% 100% 100% 100%
Japanese unpolished rice "Hitomebore" 100% 100% 100% 100%
Japanese unpolished rice "Tsuyahime" 100% 100% 100% 100%
Japanese glutinous rice "Midori" 100% 100% 100% 100%
Ancient blck rice 100% 100% 100% 100%
Ancient red rice 100% 100% 100% 100%
Awustralian short grain rice 100% 100% 100% 100%
Uruguayan short grain rice 100% 100% 100% 100%
Italian karuta lorry 100% 100% 100% 100%
American short grain rice 100% 100% 100% 100%
Chinese short grain rice 100% 100% 100% 100%
Korean short grain rice 100% 100% 100% 100%
Pakistani basmati rice 100% 100% 100% 100%
Thai rice 100% 100% 100% 100%
Thai jasmine rice 100% 100% 100% 100%
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