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Discriminability of Molecular Markers Based on Muclear Ribosomal
ITS Sequences of Fagopyrum esculentum and F. tataricum

Oh, Dae-Ju + Hyun, Ho-Bong - Lim, Tae-Joon - Yoon, Seon-A - Ham, Young-Min -
Yoon, Weon-Jong - Yang, Woo—-Sam - Jung, Yong-Hwan

We analyzed the nuclear ribosomal internal transcribed spacer (ITS) sequence of
common buckwheat, Fagopyrum esculentum and tartary buckwheat, F. tataricum.
The diversity of the nucleotides and haplotypes, Tajima’s D, and Fu’s Fs was
analyzed and compared among the varieties of common buckwheat and tartary
buckwheat. The diversity of nucleotides and haplotypes indicated that the buck-
wheat populations had undergone rapid population expansion but D and Fs did not
support their expansion statistically. The phylogenetic analysis of ITS sequences
did not clearly establish the phylogenetic relationships between the varieties of
common buckwheat. The In/Del sequence of ITS-1 region could, therefore, be used
as a DNA marker to distinguish raw or manufactured products derived from com-
mon buckwheat and tartary buckwheat.

Key words : common buckwheat, In/Del marker, Internal Transcribed Spacer
(ITS), tartary buckwheat
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it &l &ote wES A AAZCE AjE T e AEE eyt s 4KEA
HolA FE AujE L 9)\2‘31 AR M2d AFEes Eve M Hd YA =
dHA JTEEFEALEA, 2015). Byl A= Dl Y (Fagopyrum esculentum Moench)
I} U (F. tataricum (L.) Gaertn.) T F°] AujE 1 o}, G|l FFo 2= oA, oA,
oAk, TR, 2uE EEo s gPkaE, BEs6E Sol ggur, QurA o2 Th o] A
+ FEWE Y oA e 3357 7 Bol AuiE o, FAmE-E ket
=240 &85 g WEAE FE o] &5 Ut

W dERE 473 Eo Foha ¢HA oY 49 AERE FEE o 3
els #As5td AFE T3l 9, vdl €, BlET So] $Heta st A8 5%
o] 9Jo] BarE o] Yh(Park et al., 2005; Jeong et al., 2011; Yoon et al., 2012). 53] HH
of ®ol grEol Aes FHLE ks a7 Hoju, 4, (RS 83 § Utk &
o] 9] ¢HA UtH(Afanas' ev et al., 1989; Guardia et al.,, 2001; Park et al., 2005).

DNA |7IA Y &4 7lso] WEatiA e nx3 gt &= FA54 7&?1'17} L
2A FHH Yot 53], A 1F e AT F ASEH FABARE S B 2AHAE
A A= PAEANATE QT o] 27|71A] Rt ERTolA o] Fol A gttt o] gt
AAE A AT AR B AERTO] 7HA I A= 5AHE DNA 714 E9 54
o] &ste Aol FHE AFAEY g3t AEF Tl g 75 F3h
54 @71AE F90] nARA ] ZHA7F ol dFEH Ao de] &8Ho 2
A TH(Powers et al., 1997; Chu et al., 2001; Vifias and Tudela, 2009).
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Internal transcribed spacer (ITS)& nuclear ribosomal RNA (nrRNA) small-subunit®} large
subunit AFololl Xk L, ITS-13 ITS22 FEE =), 2] &A= ITS-1°] 18S rRNA
2} 5.8S rRNA Alo]o] 91x]3}H, ITS-2+= 5.8S rRNAS} 26S rRNA Abo]ofl $] %] Skti(Lafontaine
and Tollervey, 2001). ITS+= AlHE JIAWE7HA] FFHOE 71A|3 9lom, Zdol7} &l
A7IAEe] ®olrt TR FHES T3 o] golate] AERFol flol ulg F&F
mpAR QIR ok o]H 3 FEAHLSE Qs vl thFd EFRTolA ATFARA &
Ao o] &HAA, EFH EFToAE DNA HIEZE JHo 2 A AHH 7| % 59 thSchoch et
al., 2012).

Fagopyrum 5°149] ITS |71 E& o] &3 A7+ o MIFTE 19 ASHATA &4
(Yasui and Ohnishi, 1998), A= ok wW™ F<| 2 (Zhou et al, 2014), 25 W wg &
f oAx AZE WH sl (Hirao et al., 2005), 18] 54 Fol i3 7]¥ A7X(Tian et al.,
2011) & ThFsHA o] FolH o, ITS €714 LES o83 mide Je-frHdstz A+ v

S nEH Aot 53] ITs A/INAL A2 BAAELA A 9 AeHT e

A
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1S o8 FAOE @ wH U 2ve] AUFALE 54 BA AMES] Bt
A% Ry Aol widel tid fAH ols)F Eoliw =gl B Ao AR

L d7Ads

B AT e AFEUANE $U71EUe Bl AFolA AEL g v 3F
Fh 20Y 155 27 1004 Sustel st wL 3FSS 7 wel A
CEOERE 3 % '

= G4, tiat B ol F5e Agsiila, S 9 FFOE 3358 9
A

Hato] Ao A8 TH(Table 1).

Table 1. Plant samples used in this study and the accession numbers of the ITS sequences
deposited in GenBank

Number Species Name Code Name Locality ITS
1 F. tataricum DG-1 Jeju Island KY945287
2 F. tataricum DG-2 Jeju Island KY945288
3 F. tataricum DG-3 Jeju Island KY945289
4 F. tataricum DG-4 Jeju Island KY945290
5 F. tataricum DG-5 Jeju Island KY945291
6 F. tataricum DG-6 Jeju Island KY945292
7 F. tataricum DG-7 Jeju Island KY945293
8 F. tataricum DG-8 Jeju Island KY945294
9 F. tataricum DG-9 Jeju Island KY945295
10 F. tataricum DG-10 Jeju Island KY945296
11 F. esculentum DW-1 Jeju Island KY945277
12 F. esculentum DW-2 Jeju Island KY945278
13 F. esculentum DW-3 Jeju Island KY945279
14 F. esculentum Dw-4 Jeju Island KY945280
15 F. esculentum DW-5 Jeju Island KY945281
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Number Species Name Code Name Locality ITS
16 F. esculentum DW-6 Jeju Island KY945282
17 F. esculentum DW-7 Jeju Island KY945283
18 F. esculentum DW-8 Jeju Island KY945284
19 F. esculentum DW-9 Jeju Island KY945285
20 F. esculentum DW-10 Jeju Island KY945286
21 F. esculentum DS-1 Jeju Island KY945297
22 F. esculentum DS-2 Jeju Island KY945298
23 F. esculentum DS-3 Jeju Island KY945299
24 F. esculentum DS-4 Jeju Island KY945300
25 F. esculentum DS-5 Jeju Island KY945301
26 F. esculentum DS-6 Jeju Island KY945302
27 F. esculentum DS-7 Jeju Island KY945303
28 F. esculentum DS-8 Jeju Island KY945304
29 F. esculentum DS-9 Jeju Island KY945305
30 F. esculentum DS-10 Jeju Island KY945306
31 F. esculentum YJ-1 Jeju Island KY945307
32 F. esculentum YJ-2 Jeju Island KY945308
33 F. esculentum YJ-3 Jeju Island KY945309
34 F. esculentum YJ-4 Jeju Island KY945310
35 F. esculentum YJ-5 Jeju Island KY945311
36 F. esculentum YJ-6 Jeju Island KY945312
37 F. esculentum YJ-7 Jeju Island KY945313
38 F. esculentum YJ-8 Jeju Island KY945314
39 F. esculentum YJ-9 Jeju Island KY945315
40 F. esculentum YJ-10 Jeju Island KY945316
2. DNA &% 9 €714¢ &1

Total DNAY FAAI R F-2Ho]l Exgene™ Plant SV (GeneAll, Korea)2 AH8-3Fa] A ALl
Al AFste vl wel 239t 9 total DNAE {32 S-S 913l Internal
transcribed spacer (ITS) 7141 E FZoll A&%+ universal primer (White et al., 1990)E At
&3} a1, ITS1 primer®} ITS4 primerE 2t 10 pmol AF8-3}993, AccuPower® PCR PreMix
(Bioneer, Korea)E ©]-&3lo] & W& 20 pl & 3] PCRE F3Y3FA T PCR WHgA| &
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=)

A e GVIAYE 27FE BAS] A8l 2 M Eviet F 33 §EESte] PCRE F3) 5t
Ao, Z247re] FEAFEL 2% agarose gel H719 S B3 &S T EHE(F) (Solgent

Co., Ltd. Korea)oll 2]#35}91 17, BigDye" Terminator v3.1 cycle sequencing kit (Applied Bio-
systems, USA)E AF83}a] ABI 3730XL DNA analyzer (Applied Biosystems, USA)E 3l &
7IMEE AA3AT

3. 271IAg BA

SR E Y974 E-2 ClustalX 1.83 (Thompson et al., 1997)2 A &3t & DNAsp 6 (Rozas et
al., 2017)2 AH8-3}4] nucleotide diversity, haplotype, Tajima’s D, Fu’s Fs %412 33} 3T}
ZF A2 0TS AA ALDlA ITS-13} ITS-2 7-4& F#A°] Z43H T 1TS-13% ITS-2 7

o] FEL GenBankol] HuH wWHol ITS 97 IMEES Faste 4343513}

N

4. fdBA 24 9 In/Del 7

Ho

g Zude] 7 FF30 FAdA 46 ol ITS @748 84S ERlst]
23l MEGA7 ZZ 13 (Kumar et al., 2016)& ©]-&3}] Neighbor-Joining (NJ) 2 Maximum
Likelihood (ML) W& &3l AeTE AAstAT AT 230 ol &8 gz
Maximum Composite Likelihood (MCL) =@ 3} Tamura 3-parameter (T92) + G E@o] Z}7};
A ATk A5 2 o] outgroup O 2= Persicaria hydropiper (DQ346665)% 41743}
% 3(Ohsako et al,, 2001), A&l gt AAEE B713t7] Yl bootstrap= ©]-83+5
1,0008] ®H5-2 T3 Fristinh

ITS €71A o] duda} e 78 4 U= SCAR P EA &§o] 7he3tx
FE glstr] fal 2 FFE ITS A €S H 23t consensus sequenced Aol §F 3
FE7IAE AEE AT 18] 3 In/Del sequence 792 EE3= primerE A2 \’4
ZR18FR AL, I primer F R = T3 2T} Fago-ITS-F, 5-GGATCATTGTCGAAACCTGC-3';
Fago-ITS-R, 5-CGAGAGCCGAGATATCCGT-3". A|E TARJIE primer= AccuPower® PCR
PreMix (Bioneer, Korea)S ©]-&3t] & Hk-g-H& 20 ul 2 3l PCRES 4334 Th PCR 4k
E2 2% agarose gel A7195S B3 &ASIAT In/Del "FA PCRE {3 A& T
3FETS TASE AdstE BRE F30] H4 MAE TFHEE AAEsia, 2rde
@ FFol7] wEel Hxe AEHAA glo] RE DNAE ItE Z83tth

Rl
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1. ITS 97144 &4

1 e 2o ITS |74 <L
accession number+= Table 19 7] Xﬂﬁ}ﬁﬂr.

g o] ITS L& 733 bp ~ 744 bp= FAF S 2 gt 7

i+ BT 687 bpE FYIATH EUIAE AES Fa dvE &
&g dolof zto|7t v AoE FIstRa, AEH = 2
deletion®] 21= ME]-.

e} Zud o ITS @71AES ITS-13 ITS-2 798 FEA 2 798 = nucleo-
tide diversity, haplotype, Tajima’s D, Fu’s Fs& 413} % TH(Table 2). T2 2] ITS-1 749
nucleotide diversity:= TF ] 0.018, th4ko] 0.024, A o] 0.0192 YEESH, ITS-2 72
739 kel 0.029, ti4ke] 0.023, o] 0.0282 1= TwUel Fwel nucleotide
diversity7} o9~ @5 Q1 & = Ak 2w AF 9= ITS-1 74| 0.005, ITS-2
2] 7% 0.007% wdo] THldo) nls] AAS] W& TS UERH 2w AAE
71 g 9] Zol7F Aol gl RAFAh T2 ITS-13 ITS-2 749 variable site”}
FES 55 72 28709 2570 site?] WEH v o] 79 747 3709} 4719 variable site

HA(682 bp) =S A<
wb7Ee] ITS 4714
Lol 4 58 bpo

of

Table 2. Population analysis of common buckwheat and tartary buckwheat

Name Region Race N /4 S Nh h D Fs
DW 10 0.018 14 7 0911 0.130 -0.695
DS 10 0.024 18 10 1 -0.174 | -4.909
ITS-1
YJ 10 0.024 17 10 1 0.354 -4.909
Common total 30 0.021 26 21 0.959 | -0.505 | -9.712
Buckwheat DW 10 0.029 17 8 0956 | -0.181 | -1.346
DS 10 0.023 16 8 0.933 -0.221 | -2.037
ITS-2
YJ 10 0.020 14 9 0978 | -0.446 | -3.978
total 30 0.024 22 19 0.938 -0.537 -7.875
Tatary ITS-1 DG 10 0.005 3 4 0.644 | -0.130 | -0.831
Buckwheat ITS-2 DG 10 0.007 4 3 0.644 0.204 1.293

N, Sample size;

7, Nucleotide Diversity; S, variable sites; Nh, Number of haplotype; /4, Haplotype diversity; D.

Tajima’s D; Fs, Fu’s Fs

s
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tho] Hey EAeteE ACEE THE Lo ITS 971482 MAEE & BEF
Aol gl=E At

Haplotype 7+ Tl e] 79 ITS-161A4 ok 770, ti4k 1070, 44 10712 YER,
ITS-20014+= ohd 87H, thal 870, oFd 970 = Uelsith(Table 2). WHA 2wde] 739+
ITS-101 41 470, 1TS-2914 37§12 E<1= ATt Haplotype diversitys T ol A= 1TS-13%
ITS-2 7oA 0911~12 "¢ =A Yebtal, &HdodA s ITS-13 ITS-2 5 0.644=
Ao g g £X5 BT o] X% Haplotype diversity7} =& WHHO| W& nycleotide
diversity S Hol= AL 11 Hoo] ¥ Faxt A7|E 7= AZIE AV w24 8%
F 22 93K (Grant and Bowen, 1998). “L&]4}, Tajima’s D} Fu’s Fs #2432 A3} thw
Wit g 25 e Z7]o] FAo] et AH FoA8S FlHA FUutt ol
Az 2 Aol 24" dE AEe]l Aol WMol Y= ISR, Ohnishi
(1998)°]l w2 A v o] Aujrt AZHE A7 7193 oF 60000 E FEHE AEL] 75t AL
E T2 & W wfg 2o BT dolr] wiiol o} Hhe| sy FAHCE o
J

e 7)o AZHE R REsrin ARdr

no

il

2

EFE7 AR RA

w R 3EET v FERS FABARA TS Ade] f842 sty 98
ML 2 NI HEE ol g3t AFFE A3 ArkFie D).

NJ treeSh ML treeol 4 25 Gl s} 2uj @ e gakat Wole] Aoz e g
W 3EFS AR WA AWS FHSA BGL Aol A Hof st Fuom
AT o= Bulhe] FEF 971D Wel7t mAH] A L AA FEelA

[e=]

o] Wolnto] EAst= AYS HAFrh FII A7IAEY Holrl 14w o] A 2 ]
o

fre FSEE ANE stHgR A2 & FFH AR Fio] o]Fofx7] wiolH, F
TN TR 18-S BRI AA = s T AR2E T ARl ol Fol Aok st |
L2 AE A E & AAA gdgdol gl7] Wil doerx wd AujA A ] FF FA
= g ez Hth

ITS G71X 85 o] &3 vde AFsd A2 Yasui®t Ohnishi(1998), Zhou “5(2014),
12]3L Hu 5(2016)° 28] = ST Yasui®} Ohnishi(1998)= Fagopyrum <52] 128 20%

=
Fol tial] A3, FeNdrd A+, allozyme variability, 12|32 FZA 2] rbeL-aceD A
d & ERAASL} AL A TS SdstA E OE T2 Zhou $(2014)2
9] ORI SF(F crispatifolium, F. pugense, F. giangcai, 18] 1L F. wenchuanense)<
o2 AFFATA, ITS 79 2 mak T84 Q7149 OFE S A A5 23

8 Aol M AufE wds} opy wiHe] 13} A} FasHE Bl thsl Adukrh 3

2
gk
rO
B
N
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ok T Hu 5(2016)2 234 A9e A2 10F 7170A9 WE H82-E o] 83t ITS
o} ndhF-rpl32 @71 ES &A38t] AlEsHd FABAE AR vt i’l‘jr. o] &} o] ITS
A7 L %7} FrABAEA A T fFE&Ae] Gl T FABRA, 53] FF
FEAAM FABAE BA4317]ol= Fig. 10149} o] AR vt AL FAsAT
kA olF e FF ool FABA 42 AFLP 4 & microsatellite 47
o] &3t Zlo] Bt t] AT ZloE Almd

(Tswji and Ohnishi, 2001; Konishi et al.,
2006; Li et al., 2007).

(A) oo

Ds-1
W-3
W-2

Y17
1 [¥3-¢

DW-5
DW-8
DWA4
LUDs-10
DW-2
74fD5-2
DW-6
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iiw_s
“Dss
TIR-10
TIR-2
TIR-3
TIR-2
TIR-1
TIR-8
I TTR4
FTENTTR-T
TTIR3
"TTR-6
Persicaria lydropiper FPersicaria Iydropiper

=)

Fig. 1. Phylogenetic analysis among cultivars of F. esculentum and F. tataricum using ITS
sequences. (A) the NJ tree and (B) The ML tree (InL =-2493.40) was reconstructed using MCL

model and T92+G model, respectively. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1,000 replicates) are shown next to the branches (<50% is not

shown). The tree is drawn to scale, with branch lengths measured in the number of substitutions per
site.
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ITS G7IMES o] 83 v AT ATFZIA= Yasui®t Ohnishi (1998), Zhou 5
(2014), 23 Hu 5(2016)° ©8] REQIT}. Yasui®t Ohnishi (1998)% Fagopyrum 452)
12 208EFol thall A3ta, FeNsrd A, allozyme variability, 18131 59
rbcL-aceD A Gl 7128 EFAALE Ao XS FRIstATt E ThE AFE Zhou 5
(2014)2 2ol BR1E 45 oFYF(F crispatifolium, F. pugense, F. giangcai, 18|31l F.
wenchuanense)< /302 ASFARA, ITS 9 L mark F3A A7 1A4E FAdES =
Abate] A5 223Ad Aol A A el w3 opY wid o] X8} Y [ A o o
3 A7l Atk A Hu 5(2016)2 234 A S FAHOE 105 7170419 WY F&
S o] 83td ITS9F ndhF-rpi32 A71X 4 At AlFeHA FABAE 2ARE B 9

o
Mr

th olsh Zo] ITS 71N L E7F FATARA NN 1 f-8A40] Yot T &
AL, B3 FF FEolAe] FAWAE Bl Fig 19149} Lol A ke
e FASTh Wepa ofF EE EF FEolMe FABA BHL AFLP B4

microsatellite 438 ©] &3l Zo] Hrt; ¢ AT HAOE ASHTKTsuji and Ohnishi,
2001; Konishi et al., 2006; Li et al., 2007).

3. Insertion-deletion (In/Del) ®}A

r I3 vhel o] dud ) 2ude F ko] WEs] FiEEH F
Z7re] 97149 A AF npA A 754 0] B Insertion-deletion (In/Del) sequence”}
S S, + PCR primerE UXARISHATHFig. 2. A). AZ YxQI=
primer= T B o] 7 309 bp, MIE | 74 254 bpo] AVIE FFo] HOoEHA HVFF
S& I zolE FEY F JEF At

A2 YARIE primerE ©]-83te] PCRE St A o 4dl2 Teld-2 100 bp DNA
ladder®] 300 bp M= 9XJol] M=7} A=A, M D-2 200 bpel 300 bp ME2S] FTkell
SEZMer) YRS AT 4 AATHFig. 2. B).

HES ez g F344 vlAE= sh FHAE ©]83 SCAR 7} microsatellite W7,
RFLP ©}#, In/Del u}A o] 7)dtE o] Q)T Adachi, 1999; Funk et al., 2004; Konishi et al.,
2006; Li et al., 2007; Cho et al., 2015). ©]5 ol 7= v}#(Cho et al., 2015)= &MY
9] 4EA genomes THU L] PEA| genomed} Bl IGS 74, yefl F-AA 97144

ol A 770¢] In/Del A &< 91‘_]??} % region specific primerg TARQIS 7L o= 2
ATolA R miAet FAIE 2o mprio|t)

2 A7l A AEE /Del H}ﬂ—t« | DNA© EA3tH =9 2AAESH vz 2
2] &85 e ITS LS &83 2oz J=4 DNAE T3 /MLE Inv/Del vA 9} &
A F8&3HA &80l B & Y& ZAoE B

feowy o2
o}
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N
e
o
off
s
u)
N

(A)
I
o TCCGTAGRTGAACCTGOGEAARGA TCATTGTCGAAACCTGCRARAGCAGAGAGACTYRCS 60
bs TCCGTAGGTGAACCTGOGGEARGATCATTATOGAAS COTGORARAGCRGAGA GACCOGRG 6D
\a TCCGTAGETGAACCTGOGGEARGATCAT THTCGAAA COTGORARAGCAGRGA GACCY GOG 60
TTR TCCGTAGGTGAACCTGOGGEARGATCAT TETCGALA COTGCRCGAGCAGRCAGACCCGRG 60
HRrrbbbbiibiibiiibririiobiiibnibiibbrbiokd bk bk kkky ky
o CACCCGTTCTCAARCACCCCCHCGGAAGGRCCTCCCCORATCOT AT COTAG----- GAGA 115
I} CACCCGTTCTCAARCACCCCCHCGGAAGGECCTCOCCOGATCOTATCHTAG—-—- GAGA 115
Y CACCCGTTCTCAAACACCCCS S SGRAAGGECCTCCCCOGA TCOTAT COTAGGGRAGRAGS 120
TTR CACCCGTTCTCRAACACTCE a0
FEERRRRRRRE R dRRRER
ow GEAGESKETCCOY CRUGEMGLUGGAAGGEREUGAGCT COCOOGAAA CACCRAGT ACGRY GGG 175
DS GEAGEAKGTCCCY CRUGEHGECOGEAAGGEEDGAGCT COCCOGARA CACCRAGT ACGRY GGG 175
Y GRAGGAKGTCCCY CRUGGHGCUGGAAGGRY GRGCTCCCCUGALACA CCRAGTRCGGYGEG 180
TR = TGCCGRCGGGGCGR GCTCTCCOGARACA CORAGT ACGGAGHG 122
EE ST IS A PR RS TSEE RS AR E RN 24
o CGEACCCOGAA-GHCOHTAACGAA CCCCGECTYGEACT GUGCCAAGGA CCACGRACAGAS 234
D§ CRGACCCMGAA-GHCOHTAACGAA CCCCGECGUGER Y GUGCCAAGGA YCACGRACAGAS 234
Y CGEACCCOGAA-GHCCHTAACGAA CCCCGECGOGERY TGUGCCAAGGA YCACGRACAGAS 239
TTR CHGACCCTTCCCAGCOCOAL CGA ACCOCRGCACHTEA COGOACUA AGGACCACGAL CAGRL 182
¥ okkddd B kbbb ek bbb ookl
o GCGCKTCOCGHGCCTCCCRGET CY COGHGS GRUACGGCHGUETCGCHTCATTTCTACGAAL 294
I GCGCKTCOCGHGCCTCCCRGET LY COGHGS GRUACGGCHGURTCGCETCATTTCTACGARS 294
Y GOGCGTCOCGHGCCTOCYGGET CY COGGGS GRUACHGCHGURTCGCETURTTTCTACGAM 293
TTR GCGCGTCOCGCCCOTCCCGGT COCCGGGAGGRGCHGCHGUGCCGCHTURTTTCT AR GAAL 42
kR bkdkk kdbkk o kkkd kkkkE R kkRkhbkk kkkkkdhkkkkky kkkk
o CAGAACGACTCTCGGCRACGGA TATCTCGECTCTCAUATY GATRAAGAACGTAGCGARAT 354
bs CAGRACGACTCTCGRUARCGEATATCT CRGCTCTOACATOGAT GAAGARCAT AGCGA AT 354
\a CAGAACGACT CTCGRCARCGE TATCT CRGCTCTORCATCGA T GAAGARCAT AGCGAAAT 359
TTR CAGRACGACTCY CGRCARCGEATATCT CRECTCTCRCATOGA TGAAGAR CGT AGCGRART 302
ES SRS SRS S SIS SN S S5 S
(——
®) \
309 bp 4m 254bp

F. esculentum F. tataricum

Fig. 2. Alignment of ITS seudgences and profiles of PCR products from the ITS-1 region.

(A). ITS-1 sequence of each cultivar containing consensus regions shared among cultivars. (B). PCR
products amplified with the primer pairs indicated in A. Forward and reverse primers are indicated as

blue arrows.

In/Del Pt = SF4HE2] A7 2 947 o] Zhssith= 3
Ag=Foln F2tzol thet |¥E 2 FASH AFE AT viA=RA A5 ATHLiu et
al. 2012; Yamaki et al. 2013; Moghaddam et al. 2014; Wu et al. 2014). ©]2]$} In/Del "}FA=
ced ) 2w T2 EFE EE £ EE 5 7 Y EF AHFE HE & o
(Yamaki et al., 2013), WetA A2 Ao 2 e SudoA A H 7HaEHA 3 wE
AFE FEshe &3 vlol A ZA &8o] 7sd Zlo|th

R0l L,
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