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Abstract

In this study, a detection method was developed and optimized using a molecular biological technique to distinguish
21 vegetable food raw materials. The genes for the distinction of species in the raw materials were targeted at Inter-
nal Transcribed Spacer (I7S) in nucleus and the Maturase K (matK) gene in chloroplasts. The species-specific prim-
ers were designed for PCR products around 200 bp for their application to processed products. The amplicon size
for the following: Winter mushrooms, Shiitakes, Button mushrooms, Lacquer tops, King oyster mushrooms, Oyster
mushrooms, Chestnuts, Pine nuts, Walnuts, Aloe, Water dropwort, Scallions, Chinese chives, Cucumbers, Horserad-
ish, Mustard, Mung beans, Red beans, Guarana, Korean dandelions, and Dandelions were confirmed at 166 bp ~
245 bp, respectively. Non-specific PCR products were not detected in similar species by the species-specific primers.
The detection method of raw materials developed in this study would be applied to food safety management for
the eradication of adulterated food distribution and protection of consumers’ rights.
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Fig. 1. Genes from three genomes in plants that are candidate
barcodes. (Blue markers are potential barcodes, green markers
are poor candidates and red markers are pending to be
investigated.)
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Table 1. Information and PCR conditions of species-specific primer:
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s used in this study.

PCR condition
Species Primer Primer Sequnce (5‘—>3”) Length - Target
(bp) Step Temp. Time Cycle region
1st denaturation 94°C  5m 1
SFI13-Enokitake-F ~ ATGTAACGAATGTCATTGATTA - -
Flammulina Denaturation 94°C  30s
. 210  Annealing 55°C 30s 35 TS
velutipes Extention 72°C  1m
SFI113-Mushroom-R  TGACACTCAAACAGGCATGC
Elongation 72°C 7Tm 1
Ist denaturation 94°C  5Sm 1
SFI113-Shiitake-F ATAGAATGWTCTKGITATTGGG : 5
Lentinula Denatu'ratlon 94°C  30s
210  Annealing 55°C  30s 35 ITS
edodes Extention 72°C 1m
SFI13-Mushroom-R  TGACACTCAAACAGGCATGC
Elongation 72°C 7m 1
Ist denaturation 94°C 5 m 1
toarions SFI13-Agaricus-F CATGGGCTATGCCTATGAAA Denaturation 94°C 30 s
bfs o 190 Annealing 55°C 30s 35 TS
P Extention 72°C  1Im
SFI13-Mushroom-R  TGACACTCAAACAGGCATGC -
Elongation 72°C  7m 1
Ist denaturation 94°C  5m 1
Ganoderma SFI13-Ganoderma-F  TTGCGATGTAACACATCTATAT Denaturation 9°C  30s
lucidum 188  Annealing 55°C 30s 35 TS
Extention 72°C  1m

SFI13-Mushroom-R  TGACACTCAAACAGGCATGC

Elongation 72°C 7Tm 1
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Table 1. Information and PCR conditions of species-specific primers used in this study (continued).

AR - A8 - et -

o5 - 44

7 - oAl - Al -

BgE - Y - A

SFLA.Ki . Ist denaturation 94°C  Sm 1
- ter-
Plowrors Ing oyster CTCAAACTCACTCTGGITTTTCC Denaturation 94°C 20 s
eryngii 197  Annealing 65°C  10s 35 ITS
SFI13-King oyster-R GGTTAGAGAGCCAGACTCTATTC Extention 72°C_ 30s
Elongation 72°C 7m 1
Ist denaturation 94°C  5m 1
SFI13-oyster-F CTCAAACTCACTTTGGITTCTTT Denaturation 94°C 305
103 5;‘;;’;‘; 206  Annealing 62°C  30s 35 TS
Extention 72°C  Im
SFI13-oyster-R TTGCGGACGATTRGAGAGCTG -
Elongation 72°C 7m 1
Ist denaturation 94°C  Sm 1
SFI113-Chestnut-F TAGAACATTTTGCCGAAGTC Denaturation 94°C 20s
Ccﬁ’:‘a’fla 181  Annealing 65°C 10s 35  maiK
Extention 72°C  30s
SFI13-Chestnut-R CATTSCCATAAATTGACAAGG -
Elongation 72°C  72°C 1
Ist denaturation 94°C  5m 1
) SFI13-Pine nut-F TTCTCGTCGAAATTCACTGA Denaturation 94°C 305
kof ;’f”‘s . 211 Annealing 60°C  30s 35  mak
rensts Extention 72°C 1Im
SFI13-Pine nut-R GGATAATTGATGAGAACAGAC -
Elongation 72°C 7m 1
Ist denaturation 94°C  5m 1
SFI13-Juglans-F CTTTTTGAGCGAATTTA Denaturation 9%°C_ 30s
uglans regi 245  Annealing 55°C  30s 35 matK
Extention 72°C Im
SFI13-Juglans-R TATATCTAAGAAGGGTT -
Elongation 72°C 7m 1
Ist denaturation 94°C  Sm 1
SFI113-Aloe-F AAGGACGACCGCGAACCATT Denaturation 94°C 30 s
Aloe vera 175  Annealing 62°C  10s 35 TS
Extention 72°C 45
SFI13-Aloe-R CCTCCGACCGWTGTGTTCCTT -
Elongation 72°C 7m 1
1st denaturation 94°C Sm 1
SFI13-Water parsley-F  ACGACCCGCTAACGTGTAAAC Denaturation 9F°C 305
%V”;fo 193 Annealing 6°C  30s 35  ITS
SFI13-Water parsley-R  TACAYGAAGCGCGCGYGCATT Extention 72°C 1m
Elongation 72°C Tm 1
1st denaturation 94°C 5m 1
SFI13-Chives-F TATTGTTTAGAAGGGTTTCC Denaturation 94°C 30s
o liam 235 Annealing 58C  30s 35 TS
SFI13-Chives-R AAGTGTCGCATTTCGCTA Extention 72°C_ 1m
Elongation 72°C T7m 1
1st denaturation 94°C 5m 1
SFI13-Cucumber-F  TCGTACCGGCCTCGGTGGIGC Denaturation 9F°C 155
C;Z?ZZ;S 178  Annealing 60°C 5s 35 ITS
SFI13-Cucumber-R ~ TTCAAAGACTCGGTGGTTCAC Extention 72°C_ 30s
Elongation 72°C 7m 1
Ist denaturation 94°C 5m 1
SFI13-Wasabi-F GTYTYGGTYGGATCGTRCGCA Denaturation 94°C 155
Futrema 166 Annealing 67°C  10s 35 IS
SFI13-Wasabi-R TTGCCGAGAGTCGTTTTAGACT Extention 72°C_ 30s
Elongation 72°C 7m 1
Ist denaturation 94°C 5m 1
' SFI13-Mustard-F TATCTCGGCTGGGTCATGCGTG Denaturation 94°C 30 s
Z;Z assica 167 Annealing 65°C 155 35 IS
SFII3-Mustard-R ~ TTGCCGAGAGTCGTTTTAGACT Extention 72°C_ 455
Elongation 72°C 7m 1
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Table 1. Information and PCR conditions of species-specific primers used in this study (continued).

Speci . Primer Sequnce Length PCR condition Target
pecies Primer . R - b
(5°>3’) (bp) Step Temp. Time Cycle T€gion
Ist denaturation 94°C S5m 1
SFI13-Mung bean-F  KSGCAACAACTTGTGIGA Denaturation 94°C 20s
Vigna radiatu 201  Annealing 65°C  10s 35 TS
SFI13-Mung bean-R  GATGCAAGAGCCGAGATA Extention 72°C_ 30s
Elongation 72°C 7m 1
Ist denaturation 94°C 5m 1
SFI13-Red bean-F TCACCTCTCCAGGCAAAAC Denaturation 94°C  30s
Vigna. 202 Annealing 6°C  15s 35  ITS
angularis . .
SFII13-Red bean-R  ACACCAAGTATCGCATTT Extention 72C 43
Elongation 72°C Tm 1
Ist denaturation 94°C  5Sm 1
SFI13-date-F AAACCGCGCCAAGGAACACCT Denahiration ——9F°C— 305
Z]?Z’;ZZS 196  Annealing 62°C  30s 35  ITS
SFI13-date-R GATGGTTCACGGGATTCTGC Extention 72°C_ 1m
Elongation 72°C 7m 1
Ist denaturation 94°C  5m 1
~ SFI13-Guarana-F CATCGTTGCCCCCAAACCT Denaturation 94°C  30s
Paullinia 219 Annealing 65°C  15s 40 ITS
cupana B .
SFI13-Guarana-R ~ CTCCCAGCCCTCGGACCCTCT Extention 72°C_ 455
Elongation 72°C Tm 1
Ist denaturation 95°C  Sm 1
. SFI13-coreanum-F  TCACGCATCGCGTCGCTCCTG Demammmation —— 95°C— 305
araxacum 196  Annealing 60°C 5s 35 ITS
coreanum . o
SFI13-coreanum-R  TCTTTTTTGAGGGCTTCCCTGG Extention 72°C_ 30s
Elongation 72°C Sm 1
Ist denaturation 95°C 5Sm 1
SFI13-Platycarpum-F  CTGTGTGTCGTGAGCTGCA Denaturation 95°C  30s
Taraxacum : 0
195  Annealing 60°C 5s 35 TS
platycarpum Extenti 72°C 30
SFI13-Platycarpum-R  GATTTTCAAGCTGGGCTAG xtention s
Elongation 72°C Sm 1

Korea)& AH&-stalod, A719E &5 & UV F9718 2 =ED, 22 3%, 2=, 39, sjuler]A 8 43,
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Zn g nE 5 Zeto|w 2 AAste] Aol o]ttt A Fol
Fohe tFe &7, L8 VAFOR st ITS &
= Al e BARE £ 21 9] HPAE W AR FHolM ZeholrE AASIAL AnF T LR
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AR S s ol & flste] FAAEA SEH  F, HAh AIEA, 2R { AR, e 0o &
Ve W AR E HaL A8 TS BE mak AR F 9}, eole @=d, g9, wF, vhs, 39, ek gl e,
9] 714 dolHE FHEIAL Hlal B4ste] F 5o AFYole FF, A R ¥, Axe 5, AFHe] ¥
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SlollA 6 Fo] AT ZetolmE AASIAL, AWF = Fe B, S5, AL &F, AR 2 9, 22 5, S
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Fig. 2. PCR results from various mushrooms by PCR using optimised species-specific primer. (A) Lane 1; Flammulina velutipes,
Lane 2; Pleurotus ostreatus, Lane 3; Auricularia auricula-judae, Lane 4; Lentinula edodes, Lane 5; Ganoderma lucidum, Lane 6;
Agaricus bisporus, Lane 7; Pleurotus eryngii. (B) Lane 1; Lentinula edodes, Lane 2; Pleurotus ostreatus, Lane 3; Auricularia auricula-
judae, Lane 4; Flammulina velutipes, Lane 5; Ganoderma lucidum, Lane 6; Agaricus bisporus, Lane 7; Pleurotus eryngii. (C) Lane
1; Agaricus bisporus, Lane 2; Pleurotus ostreatus, Lane 3; Auricularia auricula-judae, Lane 4; Flammulina velutipes, Lane 5;
Lentinula edodes, Lane 6; Ganoderma lucidum, Lane 7; Pleurotus eryngii. (D) Lane 1; Pleurotus eryngii, Lane 2; Pleurotus ostreatus,
Lane 3; Auricularia auricula-judae, Lane 4; Flammulina velutipes, Lane S5; Lentinula edodes, Lane 6; Ganoderma lucidum, Lane 7;
Agaricus bisporus. (E) Lane 1; Pleurotus ostreatus, Lane 2; Auricularia auricula-judae, Lane 3; Flammulina velutipes, Lane 4;
Lentinula edodes, Lane 5; Ganoderma lucidum, Lane 6; Agaricus bisporus, Lane 7; Pleurotus eryngii. (F) Lane 1; Ganoderma lucidum,
Lane 2; Pleurotus ostreatus, Lane 3; Auricularia auricula-judae, Lane 4; Flammulina velutipes, Lane S; Lentinula edodes, Lane 6;
Agaricus bisporus, Lane 7; Pleurotus eryngii.

181053 2 450p—>

Fig. 3. PCR results from various nut seeds by PCR using optimised species-specific primer. (A) Lane 1; Castanea crenata Sieb, Lane
2; Ipomoea batatas, Lane 3; Curcuma longa, Lane 4; Juglans regia, Lane S; Pinus koraiensis, Lane 6; Quercus acutissima Carr. (B)
Lane 1; Pinus koraiensis, Lane 2; Juglans regia, Lane 3; Vitis vinifera L., Lane 4; Cucurbita moschata, Lane S; Helianthus annus,
Lane 6; Arachis hypogaea. (C) Lane 1; Juglans regia, Lane 2; Pinus koraiensis, Lane 3; Prunus dulcis, Lane 4; Arachis hypogaea,
Lane 5; Castanea crenata Sieb.

B2 0oh IS RIA PN AR TAo0IS 4§ WHYOR LAHT JAIA N2AR LA AvS
Astrt. 21 B9 HEAT Zefoloie AFHF U5 AT + YOH, Ayt Teolrirt AT Y HF 4
of Hgo] Feeg om skl 7kF4 200bp HSl7h & BAE FRY 5 AL Rolekw BEsAT. AW

S5 AAHYT, o1F olgdtel AYE HEURS W) hgFOl e MawFe] Aelo] ol M, 47 S /1F
3 PCR 212 53} S19{TK(Table 1) 2 AT vFTe] F4H ABAE FHH0E g

Zzte] & Kol Zejolm @ ALgale] HAs © 2A0 A Bast Ak BA LR BEWE BE3te] 2
2 PCRE FA% 23k, AR Wolulsl, Eawal, & AT HFAZYAS RIT FAY BANG F5E 5

0, W Z¥A RES BINE 2 4T 88Y 5 A

SolMAL, FAHA, AfFoIHAl B el WAl ZH7t 21
210, 190, 188, 197 2 206 bp(Fig. 2), A7l W, At
IFE ZH2F 181, 211 2 245 bp(Fig. 3), A F<l i3
196 bp(Fig. 4), AR/ =, vjvtg], F3, Qo] 15
Yol & Az= 7Hz}E 175, 193, 235, 178, 166 2 167

a
P
[o
it
>
Ll
i
v

e

bp(Fig. 5), FHF =5 B2 201 bp} 202 bp(Fig. 6), (A)
o83 g, s 2 ¥ EEM tisted 7H7} 219,
196 % 195 bp(Fig. 7)2] 4= =719 & AHES 39l P

& 4 AN, ARE WFE )99 HluFdME v &
o]x%o] = xgx—]g] ] )\-\:].
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Fig. 5. PCR results from various vegetables by PCR using optimised species-specific primer. (A) Lane 1; Aloe vera, Lane 2; Cucumis
sativus, Lane 3; Allium cepa, Lane 4; Brassica campestris, Lane 5; Allium scorodorpasum, Lane 6; Cucurbita moschata, Lane 7;
Citrullus lanatus, Lane 8; Cucumis melo var. makuwa. (B) Lane 1; Oenanthe javanica, Lane 2; Brassica campestris, Lane 3; Camellia
cinensis, Lane 4; Spinacia oleracea, Lane 5; Chlorella, Lane 6; Spirulina platensis. (C) Lane 1; Allium tuberosum, Lane 2; Allium
fistulosum L., Lane 3; Allium ascalonicum. (D) Lane 1; Cucumis sativus, Lane 2; Aloe vera, Lane 3; Allium cepa, Lane 4; Brassica
campestris, Lane S; Allium scorodorpasum, Lane 6; Cucurbita moschata, Lane 7; Citrullus lanatus, Lane 8; Cucumis melo var.
makuwa. (E) Lane 1; Eutrema wasabi, Lane 2; Piper longum, Lane 3; Brassica juncea, Lane 4; Raphanus sativus. (F) Lane 1;
Brassica juncea, Lane 2; Piper longum, Lane 3; Eufrema wasabi, Lane 4; Raphanus sativus.
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Fig. 6. PCR results from various pulse crops by PCR using
optimised species-specific primer. (A) Lane 1; Vigna radiatus L.,
Lane 2; Vigna angularis, Lane 3; Zea may, Lane 4; Ipomea
batatas, Lane 5; Pisum sativum, Lane 6; Solanum tuberosum,
Lane 7; Triticum aestivum. (B) Lane 1; Vigna angularis, Lane 2;
Vigna radiatus L., Lane 3; Zea may, Lane 4; Ipomea batatas,
Lane 5; Pisum sativum, Lane 6; Solanum tuberosum, Lane 7;
Triticum aestivum.
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Fig. 7. PCR results from guarana and dandelion by PCR using
optimised species-specific primer. (A) Lane 1; Paullinia
pachycarpa, Lane 2; Acer palmatum, Lane 3; Coffea arabica,
Lane 4; Theobroma cacao. (B) Lane 1; Taraxacum coreanum,
Lane 2; Taraxacum platycarpum, Lane 3; Taraxacum officinale.
(C) Lane 1; Taraxacum platycarpum, Lane 2; Taraxacum
coreanum, Lane 3; Taraxacum officinale.
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