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Identification of the species of mushrooms from processed mushroom products by DNA analysis

Ayako MATSUSIMA*, Tomoki OTA* and Tetsuya AKASAKI*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In order to enforce accurate tariffs, we have developed a DNA-based method for identifying the species of processed
mushrooms of the genus Agaricus, and have confirmed its applicability for several processed mushroom products (one
imported product, twelve commercial products). To extract DNA from processed mushroom products, it was effective to use
the CTAB method after freezing the lamella part of the mushrooms of processed mushroom products. Because of processing
treatment, the DNA extracted from processed mushrooms was fragmented into lengths ranging from 100 bp to 200 bp.
Therefore, by dividing the ITS2 region into three parts and amplifying and assembling them, whole regions of the nuclear
ribosomal DNA transcribed spacer 2 (nrITS2) were obtained. Our molecular phylogeny analysis using the base sequence
data of the nrITS2 region suggested that all of the raw materials of processed mushroom products analyzed in this study

would be identified as Agaricus bisporus.
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Table 1 Mushroom samples used in this study and their identification results

Label description

Sample fdeclared species Origin Packaging Shape  Abbrev.  ITS2-ldentification

Boiled mushroom, imported Agaricus comtulus China canned sliced A A. bisporus

Boiled mushroom mushrooms China canned sliced B A. bisporus

Boiled mushroom mushrooms China canned sliced C A. bisporus

Boiled mushroom mushrooms China canned sliced D A. bisporus

Boiled mushroom mushrooms China canned sliced E A. bisporus

Boiled mushroom mushrooms China sealed pouch  sliced F A. bisporus

Boiled mushroom mushrooms no info. canned sliced G A. bisporus

Boiled mushroom mushrooms no info. canned sliced H A. bisporus

Griled and pickled mushroom in olive oil mushrooms Italy bottled whole | A. bisporus

Boiled mushroom champignons Spanish canned whole J A. bisporus

Boiled mushroom mushrooms France canned sliced K A. bisporus

Boiled mushroom mushrooms Japan canned sliced L A. bisporus

Boiled mushroom mushrooms Japan canned sliced M A. bisporus

Brown mushroom, fresh mushrooms Belgium wrapped whole N A. bisporus

White mushroom, fresh mushrooms Belgium wrapped whole 0O A. bisporus
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Fig.1 Schematic presentation of the structure of the nuclear ribosomal RNA
internal spacer regions and the locations of the designed primers
The arrows indicate the locations and directions of the designed primers and
universal primers ITS3” and 1TS4",
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Table 2 The yields of DNA from a processed mushroom, obtained by five
different methods

DNA Extraction Methods yield [ug/mg] (wet base)

(n=6)
(1) Freeze dry - CTAB method 1.38
(2) Freeze dry - Extraction kit 0.34
(3) Freeze in liquid nitrogen - CTAB method 1.24
(4) Freeze in liquid nitrogen - Extraction kit 0.23
(5) wet material - Extraction kit 0.13

“Extraction kit” means “DNeasy® Plant Mini kit” (QIAGEN, USA)

Yield (ng/mg) = ODygox50xextract volume (ml)/amount of sample (mg)

For the freeze dried sample, the amount of sample was calculated by:

Amount of sample (mg, wet-base) = Weight of dried sample (mg) / [(100 —
moisture (%))/100]

Moisture of sample was determined gravimetrically by drying in an oven at
105 °C for 4 hours.
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Fig.2 Qualities of the DNA extracted from 15 mushroom samples
Lane 1: A/Hind 111 digested, Lane 2: 100 bp DNA ladder, Lanes 3 and 4: fresh
mushroom samples N and O, respectively, Lanes 5 to 17: processed
mushroom samples A to M, respectively.

The electrophoresis was performed on 1% agarose gel in TAE buffer
including ethidium bromide.
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Fig.3 Result of the PCR amplifications for the nrITS2 region of 15 mushroom
samples with the primers set ITS3” and 1TS4”
Lane 1: 100 bp DNA ladder, Lanes 2 to 14: processed mushroom samples A to
M, Lanes 15 and 16: fresh mushroom samples N and O, respectively.
The electrophoresis was performed on 2% agarose gel in TAE buffer
including ethidium bromide.
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Fig.4 PCR amplifications for the three-divided nrITS2 regions of 15 mushroom
samples with the primer combinations of A: ITS3” and ITSA, B: ITSB and
ITSC, and C: ITSD and ITS4”

Lane 1: 100 bp DNA ladder, Lanes 2 to 14: processed mushroom samples A to
M, Lanes 15 and 16: fresh mushroom samples N and O, respectively

Each electrophoresis was performed on 2% agarose gel in TAE buffer
including ethidium bromide.
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Fig.5 Neighbor-joining phylogenetic tree among 15 mushroom samples together with reference data from Genbank based on the nucleotide

sequence of the nrITS2 and its adjacent region (400 bp)
Bootstrap values>70% are reported on the nodes of the tree (bootstrap replications=1,000).
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