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Development and Utilization of KASP Markers for the Identification
of Three Types of Ephedra Herbs

Boreum Park”, Sun Hee Lee*, Kyung-Moon Han, Jin Woo Hwang, Hyung il Kim, and Sun Young Baek*

Advanced Analysis center, National Institute of Food and Drug Safety Evaluation,
Ministry of Food and Drug Safety, Cheongju-si 28159, Korea

Abstract — Ephedra herbs are defined as stem of Ephedra sinica , Ephedra intermedia and Ephedra equisetina in the Korean
Pharmacopoeia. It is important to use pure herbs to derive the safety and efficacy of herbal medicine. However, the identifi-
cation of these herbs by conventional taxonomic methods is difficult. Recently, many studies have applied these DNA bar-
coding for the identification of herbal medicinal species using standard DNA markers. In this study, we report a case study in
which the identification of Ephedra species was done by DNA barcoding. For identification of Ephedra species, 17 samples
were collected, and a reference DNA barcode library was developed using 6 markers (rbcL, matK, ITS2, ycfl, ycf3, and rpoC2).
To develop KASP-SNP markers, we selected 4 markers (vcf1, ycf3, rpl2, and rbcL), which were able to distinguish three Ephe-
dra species. In the result, the specific markers for each of the three Ephedra were clustered into FAM-positive section, whereas
non-targeted plants were clustered either HEX-positive or negative section. Therefore, we have developed KASP assay that
allow rapid and easy Ephedra species identification using three KASP markers.

Keywords — Ephedra herb, DNA barcode, Herbal medicinal materials, Molecular identification, KASP assay
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oL RIS T B Aol A= Kompetitive Allele Specific
PCR(KASP) "7 5 o83l viad<s A=ollM 2vihd, Fvt
g, ZA S 8 skaAt gtk KASPE LGC Biosearch
Technologies(Teddington, UK)A}2] 7]&2 A2 th2 330]
-2 Forward primerE ©]-&al T H7]ItHE A (single
nucleotide polymorphism, SNP) 1 4}+9] -2 4 (insert-indel)]
33 4 (genotyping) WHOE A} viEE W o] F
o W& 9 H718] Tl oA F A WReR &
T ATE? 7HEE ek Sk, A1F0] A9 ofE U=
7} E31E]o] S 4 Atk KASPE tidd B A1l
el &3-S =7 wiol o] e frxbrt £k AA
AN E A o] 7hsshe dxlo] At mEkA & Aol =
uhgHE A Foll A Zuts), Frksh, EAwtgke] So] Al
SNPE 3t o] 5 F 25k KASP v E 7l atarst gt

M

MENE - v 352 A FFEAH 7 S n
oA esy el 9 ot ARSIt 1 9] o whekE: 2
EolAY du=dd #HE HES S HAS(HF),
American Herbal Pharma(Soquel, CA, USA), 3= &8}t
A7 sy = A ol A Tl ste] ARSI A&
A &= 5.8S ribosomal RNA - internal transcribed spacer 2,
maturase K(matK), ribulose 1,5 bisphosphate carboxylase/

it

oxygenase large subunit(rbcL), RNA polymerase beta subunit
(rpoC2), YCFI, YCF3 G324k 2418 &8l & 4 o5 A
85I tH(Table I).

DNAFEZE - ZE A]E+ tube mill control(IKA, staufen,
Germany)E ©]-8-3t] ¥4 3} 3 5, DNA %2 DNeasy
Power Plant pro Kit(Qiagen, Hilden, Germany)2] 7] Z &
EFof upghA] 2185kt YEC] 739 25 me, AEe] 45
50 mgS F g F 450 uLe] solution CD1 2 50 uL4] Solution
PSS 713t} Tissuelyser(Qiagen, Hilden, Germany)E A&
3ted 30HzolA] 287 &<t &3} T 2327F 14,000 rpmell 4]
A4 B H FS59S 338 Al 2 mL microcentrifuge
tube(eppendorf, Hanburg, German)?ll 71T}, o710l 200 pLe]
Solution CD2 7}¢F 5 vortex mixerE AHg-3te] 23} &
237F 14,000 rpmel|A] YA 2] 3te] 4SS 3l A 2 mL
microcentrifuge tube®l] & 71T} o] 7]ol 65°C2] 500 uL<]
buffer APP 73 & vortex mixerE A}&-38te] 23}l
650 uL= % 3to] MB spin columnol] 23 13%7F 14,000
rpmol| A 4] Eejgtt. Sk 92 $2]al vhEgith MB
spin column®l] 650 uL2| Buffer AWI1E 7}3F & 18&7F
14,000 rpmellA] 4] Z2] § F345F 45 WAtk MB spin
column®]l 650 uL2| buffer AW2E 718+ 3 137} 14,000 rppm
A H4 e F THE A WHo FHE 237
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16,000 pmol| A €41 ¥-2] ¥ MB spin columng A 2-8- 2 mL
microcentrifuge tube®l 7 =T} MB spin column®l] 50 pL
buffer EBS 7Fek & A200A4 132 th7] & 1:22F 14,000
pmoll A ¥4 #2313 538 DNAE -4°Col| X3t
AR,

7MY BN - A7IMEEA O Z R3S primer Al
913l Genbank W 21E2] 137} Hlo|E1E FHaralaich. Aol
AH2-H primer sequence= Table 119} 72T} PCR HH-g-o &
AccPower® PCR master mix(BIONEER, Daejeon, Korea)
10 uL, 53 DNA 8 pL, 10 pmol Forward primer 1 L,
10 pmol Reverse primer 1 \LE &% 3+4] 0.2 mL PCR
Tubes(Eppendorf, German)oll #5381t} PCR =712
95°Co A 5EF]t 7] WS FHT F, 95°CA 20
ZE WA 62°Cell A 2027 At 72°C A 302E <7t Al
ke S 308] WHESIITh mEA| RO 2 72°Col| A 5iETE
217 W3- A]7] 3 QIAxcel Advaned(QIAGEN, Hilden,
Germany), QIAxcel DNA High Resolution Kit, QX Alignment
marker 15bp-3Kb, QX DNA Sixe Marker Fx 174/Haelll&
ARg-8te] PCR ZA#=S gRlstsinh. @Y Wert kld
PCR Z #&-& Macrogen(Seoul, Korea)ol] 714 gEA S
st o A3 A= NCBIo| 55344 accession
numberE -] LT Table ).

KASP 241 — vt} 350l tisll 5o]2 <l SNPol| tsf
LGC genomics(Teddington, UK) Atell 23] KASP by Design
(KBD)Z KASP assay mixZ #2319t} KASP #4129
Sl uh-g-ole =& DNA 5 pL, KASP V4.0 2X Master Mix/
High ROX(LGC genomics, Teddington, UK) 5 pL, KASP Assay
mix 0.14 pL £ 43 ¢} MicroAmp™ Optical 96 Well Reaction
Plate®]] #3191t} KASP Pl Rt DNAE tiAls] 55/
TE ¥o] AR OE ARG e 7} KASP #HA vt
o g A& A E dFE dA5te] FAM A =83
TEU QB =R ARSI OH, ZAF A ES AE dFE
dsted HEX 44 &8]aL wEalQElo| =2 3 A g st
Atk 22 FEY Qe = 7FeH 2] F7IA o]
23 Y] ok 5 50bpe AES A2t o Azkek
=23 7 E Y QB =] A2 Table M9k 2}, |2k
=23 FEEH QEe|Ee 33 S/RTE o838t 1 fmol®
FTER 3M5t] 328 DNAXME 5 uLA ARS8kl 3
2} 5 9 $242 7900 HT real-time PCR system(Applied
Biosystems, Waltham, MA, USA)ol|A] Z &35} o A3z
Ego]= SDS software(Applied Biosystems, Waltham, MA,
USA)E A3 T A4S LGC genomics(Teddington, UK)
of| 4] A]-g3l= “Guide to running KASP genotyping on the
ABI 7900 instrument”2} FU A Pt o™ 3 2102
61°C-55°C touchdown protocol %183} t}. A& 2 3ol u}
2hAM recycling step= 57 +2 218354}
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Table 1. Voucher specimens of plant raw materials and accession number
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Voucher Sample number Species gene Accession number

vef3 MW821979
plantl Ephedra sinica yefl MW821972
rpoC2 MW821952
vef3 MWS821980
plant2 Ephedra equisetina yefl MW821973
rpoC2 MWS821952
yef3 MW821981
Ministry of Food plant3 Ephedra sinica yefl MW821974
and Drug Safety rpoC2 MW821953
vef3 MW821982
plant4 Ephedra sinica vefl MWS821975
rpoC2 MW821954

plant5 Ephedra sinica + Ephedra equisetina Mixed sample Mixed sample
rbcL MZ773172
plant6 Pinellia ternata matK MZ773153
ITS2 MZ773160
vef3 MW821983
plant7 Ephedra intermedia vefl MWS821976
rpoC2 MW821955
Herb Research yef3 MWS821984
Bank of Traditional plant8 Ephedra sinica yefl MW821977
Korean Medicine rpoC2 MWS821956
vef3 MWS821985
plant9 Ephedra intermedia yefl MW821978
rpoC2 MW821957
rbcL MZ773174
plant10 Taraxacum officinale matK MZ773154
1782 MZ773162
rbcL MZ773175
plantl11 Prunus Armeniaca matK MZ773155
Herb maul ITS2 MZ773163
plant12 Taxus Cuspidata rbel MZ773176
ITS2 MZ773164
. . rbcL MZ773177
plant13 Ginkgo Biloba 172 MZ773165
plant14 feniculum Vulgare ;];,gg ﬁ;;;gi;g
vef3 MZ773150
vefl MZ773147
online market plantl5 Ephedra viridis rpoC2 MZ773157
rbcL MZ773179
ITS2 MZ773167
vef3 MZ773151
vefl MZ773148
plant16 Ephedra viridis rpoC2 MZ773158
rbcL MZ773181
American Herbal 1782 MZ773169
Pharma yef3 MZ773152
vefl MZ773149
plant17 Ephedra torreyana rpoC2 MZ773159
rbcL OL512810
ITS2 MZ773170
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Table II. PCR primer used for sequencing
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Table I'V. SNP location and genotype

Gene Primer sequence(5°-3’) Gene/location of nucleotide
1752 F: ATGCGATACTTGGTGTGAAT Sample Species yef3 yefl  rpoC2  rbcL
R:GACGCTTCTCCAGACTACAAT number /324 /2586 /2074 /103

sk FCGTACAGTACTTTTGTGTTTACGAG Plantl E. sinica C T C A
R:ACCCAGTCCATCTGGAAATCTTGGTTC Plant3  E. sinica C T C A

KB AGGOGAAAAAGCACCATAAAGA Planth  Esinica €T €A
F :.CCATAGCTGATGGATTCAATCTTTG Plant§ — £. sinica ¢ T ¢ A

Yl R .CAAAGAGATGAACTTGTCTACCCC Plantl6 . sinica c T ¢ A
F :CGTCTAACAAATTTTTCTTGCTTGA Plant7 — E. intermedia A C C A

PoC2 R . ACATGTATAAGCCCTAGGTTCCC Plant9  E. intermedia A C C A
pep, | ATGTCACCACAAACAGAGACTAAAGC Plant2  E. equisetina A T T A
R :GTAAAATCAAGTCCACCRCG Plantl5 E. viridis A T C A
Plantl7 E. viridis A T C A

Plant18 E. torreyana A T C A

HBO et BME ME - AFo f5H% IE AF
gy A2 #57] 9sM vl Sojgle
AR agss toloE AFS Hsh Byl 478

=

:} S ol A} AlES I F
< HE FHEa He AFS HeE e HEET FHaho
AEE a3tk KASP w404 = #43t € A5 50 mg
S #3}l>] DNeasy Power Plant pro Kit(Qiagen, Hilden,
Germany)Z AHE-3le] DNAS &3t 553 DNAE
—20°C ol &} Ws o] Bk 5, KASP £4 2 33t
AT

Table III. Oligonucleotide sequence

At o nE

OFgt S0| SNPEA U KASP OFH K& — njglo)] So)
2l SNPE 27| fl8) 2wl 41, Sl 20, B4 nigt |
7N, mF8}o] ol Ephedra 370(E. viridis 27, E. torreyana 1
Myell sl 11709 F2E 77ke] A714 8 #41S Fest
ATk G719 24 A 79} GenBanKoll 5=2¥ 97144
ARE v OZ yef39] 3247 7 Qe =0 X}
3 o] SNPE, ycf19] 2586HA 723 LEfo| =0l Fu}
3 E0|SNPZE, rpoC22] 2074AA) 728 LEFO| =0l A &

KASP Positive sequence
marker fluorescence q
FAM TGCCGTCTTTAGGACCTAATACTACACCACTGCGCAATACTTATGAAAGACAAAG
NEFM21ES AATAAACTTTATTACATAAGTAAATCCCTTTATGAGCAGATCTAAT
HEX TGCCGTCTTTAGGACCTAATACTACACCACTGCGCAATACTTATGAAAGAAAAAG
AATAAACTTTATTACATAAGTAAATCCCTTTATGAGCAGATCTAAT
FAM TTAAACATGTATAAACGATTATTACACGAAGCATGTTTAGCTCTGACAAACAATTC
NEEM21EI TGTATCATCGCCATATTCGTCTTCATAATATCCTACGTTTTTTAA
HEX TTAAACATGTATAAACGATTATTACACGAAGCATGTTTAGCTCTGACAAATAATTC
TGTATCATCGCCATATTCGTCTTCATAATATCCTACGTTTTTTAA
FAM CTTTACACATATTTAGACGCAAACAAAAAAATATTTTTAAAGAATTGCAATTAGAA
NEFM21EE AGGAACTATTTTCAAAAAAAAAGGGCTTACAAGAAAAAATCATTT
HEX CTTTACACATATTTAGACGCAAACAAAAAAATATTTTTAAAGAATTGCAACTAGA
AAGGAACTATTTTCAAAAAAAAAGGGCTTACAAGAAAAAATCATTT
FAM GATATCGAACCTGTTCCGGGAGAAGACAATCAATTTATTGCTTATGTAGCATATCC
TTTGGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTC
NEFM21EPHEDRA
HEX GATATCGAACCTGTTCCGGGAGAAGACAATCAATTTATTGCTTATGTAGCTTATCC

TTTGGACCTTTTTGAAGAAGGTTCTGTTACTAACATGTTTACTTC
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Table V. Ephedra-specific KASP marker sequence
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Marker name Target plant Forward primer-FAM Forward primer-HEX Common Reverse primer
NEFMDIES  E sinica CCACTGCGCAATACTTATG ACCACTGCGCAATACTTAT GATCTGCTCATAAAGGGAT
: AAAGAC GAAAGAA TTACTTATGTA
NEFMOIEL  Einermedia  CGAAGCATGTTTAGCTCTG ACGAAGCATGTTTAGCTCT GAAGACGAATATGGCGAT
: ACAAAC GACAAAT GATACAGAATT
NEFMALEE  E couiseting OCCCTTTTTTTTTGAAAATA CCCTTTTTTTTTGAAAATA CTTTACACATATTTAGACG
- equiseting GTTCCTTTCTAA GTTCCTTTCTAG CAAACAAAAAA
GAAGACAATCAATTTATTG GAAGACAATCAATTTATTG GAACCTTCTTCAAAAAGG
NEFM2IEPHEDRA Ephedra spp. CTTATGTAGCA CTTATGTAGCT TCCAAAGGATA
Zn}s} Eo] SNPE, rbeLe] 10304 28 L Elo] &0 A o] HEX 35 w32 Y= ]3I thFig. 1). webA A
nstE 5ol Al SNPE 2L THTable 1V). 12| 3L 47) 9 Z+5k KASP 77+ SNP 9] x]o)|A] A& t}E §Fo] Eof

5 o
SNPE %4 S=E 3= LGC genomics (Teddington, UK)ll
KASP v} A 245 o] =] s}sint. BE KASP vl E4she
ntg3t AgsS o FAM &3 ¢S Bol=F A A=A
o ztzke] Zetolm X E2 Table VI 7},

KASP Ot7{2| SNP EHE2 5ol — A|2+5k KASP #}#7t
SNPAFE] O] 170 0] A71A Fe] zpolel whe} thE B ahs
el &4 #<2135}7] 91814 Macrogen(Seoul, Korea)oll A1
@ 7o) SEa wEE Qe | =S AlAbe vk A A,
FAM g &2]3 728 QEFO| =(red triangle)} KASP v}
77t At FAM A4S Wi XSof 9183l em,
HEX 94 223 74 LEFO] = (blue triangle)$} 4 &5}

Table VI. KASP analysis results of raw materials

N

Aol

¢

71 270 ¢] Forward primer7} A4 W28 3l #-32
2} FAM =+ HEX 3-8 WEst= 3 113t
olofme}l A &et &2]3 wEH LElO| == Uit A Ee
DNAE t2lsl|A] &dgkel st FANRLOZ AN 7hs
S BRI
AlE ME0IM Opg ZHE - SNPel| o

KASP vlAE o]&3l vl3} 352 233t 117]9] nidks: 2
Eof thaA] KASP #2492 2183131 tH(Table VI). Fig. 191
Me Zvi Sl B2 ngte) tlgh KASP 3333 2345
Uebdch vk ¥ vl7] NEFM21ESE 47112 Zvshsd
ZuERS o 2 sle] 43 FAMYA] 28] 3 (red triangle)

Sample number Species NEFM21ES NEFM21EI NEFM21EE NEFM21EPHEDRA
Plant1 E. sinica FAM HEX HEX FAM
Plant3 E. sinica FAM HEX HEX FAM
Plant4 E. sinica FAM HEX HEX FAM
Plant8 E. sinica FAM HEX HEX FAM
Plant16 E. sinica FAM HEX HEX FAM
Plant5 E. sinica + E. equisetina FAM HEX FAM FAM
Plant7 E. intermedia HEX FAM HEX FAM
Plant9 E. intermedia HEX FAM HEX FAM
Plant2 E. equisetina HEX HEX FAM FAM
Plant15 Ep. viridis HEX HEX N.D. FAM
Plant17 E. viridis HEX HEX N.D. FAM
Plant18 E. torreyana HEX HEX HEX FAM
Plant6 P, ternata N.D. HEX N.D. N.D.
Plant10 T officinale N.D. HEX N.D. N.D.
Plant11 P. armeniaca N.D. N.D. N.D. N.D.
Plant12 T. cuspidata N.D. HEX N.D. N.D.
Plant13 G biloba N.D. N.D. N.D. N.D.
Plant14 F vulgare N.D. N.D. N.D. N.D.
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Table VII. KASP analysis results of diet herbal medicines and food
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Voucher NEFM21ES NEFM21EI NEFM21EE NEFM21EPHEDRA Judgment
DHM 1 H Clinic FAM HEX HEX FAM E.sinica include
DHM 2 J Clinic HEX FAM HEX FAM E. intermedia include
DHM 3 S Clini FAM FAM HEX FAM E.sinica + E. intermedia include
mic
DHM 4 FAM HEX HEX FAM E.sinica include
DHM 5 L Clinic FAM HEX HEX FAM E.sinica include
tea 1 internet FAM HEX HEX FAM E.sinica include
2.0 2.0
(a) (b)
G @ A
1.5 .r 1.5@"
3 A 3
E5) )
= o
S 1.0 S 10
. .
4 2
0.5 \ 0.5
> °
' J
A ON R
= A
-6 | -6
-2.0 0.0 2.0 4.0 6.0 -2.0 0.0 2.0 4.0 6.0
FAM fluorescence FAM fluorescence
15 2.0
(©) (d)
A
PN
(5} ,.) (5 b3 A
a2 1.0@ 2
E5) ’ E5)
3] 3]
5 5 1o
= =
. ‘ .5 AL
° 'y
A A 1
0.0 0.0 A L))
-2.0 0.0 2.0 4.0 -2.0 0.0 2.0 4.0
FAM fluorescence FAM fluorescence

Fig. 1. KASP assay result on plant raw materials. Four KASP markers analysis 11 Ephera plants. E. sinica (orange cycle, @) emit
FAM on NEFM21ES(a) and NEFM21Ephedra(d). E.intermedia (purple cycle, @) emit FAM on NEFM21EI(b) and NEFM21Ephe-
dra(d). E. equisetina (green cycle, @) emit FAM on NEFM21EE(c) and NEFM21Ephedra(d). DW(black triangle, A), FAM posi-
tive oligo (red triangle, A) and HEX positive oligo(blue triangle, A) are used as negative and positive controls for fluorescence
values and which do not have a direct meaning.
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AN RF FAM 43S Holw 1 9o Fnis, 54uls) E
viridis, E. torreyana®|A] HEX &3 Y42 UES T} (Fig.
1(a)). 713 FEv}7] NEFM21ERE 2702 Fol8ta} S
& g o zate] A8 FAMYA &2 Al(red triangle)
AN RE FAM 445 Holw 1 9o Zwis), HAuls) E
viridis, E. torreyana®| <] HEX 442 eI tHFig. 1(b)).
EAu}gk 3hd w7 NEFM2IEEES 1719 B2 n gk 53
ulgHS gl o 23t 49 S FAMY &2 3 (red triangle)
AT FAM A4S Holw 2 oo Zvis), Srg E
viridis, E. torreyana®| 4l = HEX ¥ &2 YEFSTH(Fig.
1(c)). m}3+<: i nk7) NEFM21EPHEDRAE %3, 5
vlgk, 52 vl E viridis, E. torreyana®}; P U1
23t A3 FAMYA 28] Z(red triangle) F5ol A
FAM %4S UEF THFig. 1(d)). KASP v} 9] #2342}
W 71N E EAAATE YA EA wigs: vk vt
FAM 448 Jepi™ Z2ns), Suis), 52 vt s ul
% Sl ol’de] FAM gl ERl=™ nisolebar At &
T At ek A Eo| X utk updlo| ol E viridis, E.
torreyana= NEFM21EPHEDRAY| A = FAM ¥4/3S L1E}
WA Z2ets), Subsd, 540k npollA = HEXY 2495
HATE wEbA] vieks 22 wpAcA FAM 0] Ugkovt
ulgl 3% ¥ 3 wulA A FAM 24 ] U4t Ephedra
& A E 5 rigo] ofd AEE e ¢ Qth e R
oFl=do] shfEo] vt ByH A Ews}, F5, A%
=9, A, 3] 3)el s KASP 2418 31S o
E5 FAM 745 YERT) olol me} o] A-tollA] Azt
gk 47112] KASP W E o] &3] SolH o= wis; F Znf
&, Fuks, 52 uis) oo v migE s o] 7hsate]
ulSg SR 2 & uf Wi Fo] 7hEo| o] &o] 715 F
Ao g2 A7 "t} Cui JF 5106 =W Zu}sl Fohal
EA e o#| el A Ro| =9 F FhFo] Fof| webA
FHof 2uf €] zpo] & Hol7] Wit wie FolAE o g
nhshS 2] wekA] o =d R | =0 ¢fo] xpo]
e o]of] whbA] oFE)8HA &5 xfol7F UElE Ao E W
o|™, Lee 5 oAM= Qb st npate] ARg-x} oFg o] A A
< 93l v 719 Fo o] 848 olop]skl o
370 €] whstoll i & F e 7 7S A A sk T
Plant 5+ Zv}g3 H24uie] e v v
of HAnle} ypiulA Y B FAM 9g0] vl ot
N7F Eo] HReS AT = AT o] H§- dukAd
s AAEE £ AFE Rl o

o] AT Ba} EFEIAE nha Fo] o] 7}
S% BAYREE /&S Austar ek 4l
KASP PHAS 28310] n}3o] Joe $2 3012 go=
A QPSP Bhae AHgE 5 9 Ao AR Hrk,

Kor. J. Pharmacogn.

KASP O17{2] MIE MEM HE - #l&olr KASP v}7<]
28-S S8 tholoE oF 553} 2} 152 sl thol
oJE oF2 B Ao ske] Y 43tellA] sl A=
QTEIYl oA w}R}(Ephedra tea)® 734 8ke] QlEYl 2]+
2 73kt DHM1, 4,58 Znkst 2179} nishss 7
AupAd X FAM 948 UEo] AlE W Zvislo] AR
H Atk #AE tH(Table VII). DHM2E Fwr}3t 2 n}
719} nlekE FA w4 FAM 98 Hol AlE W Fvt
o] AME-FH AT AT DHM3S 2018 vlA o} &
uls} w7, wiEEs oA FAM S48 Hof vl &
npso] 491 A2 wslitt. DHM 33 DHM 4% &Y
gk gref ol Fa BRI A Ao ks vl FRE
T E2A] At A% gl th vk 1990 -5
A7 A7 5EskE SISt 17154 <ok
o 2ol AREH At 2 o] Aol Fuldt s e] AF 7
2 27 9] tlolojE dlof wiroq Zuldlal Fugto] gk
H Ro g lEo] ATl X o= FUdlA] Zntet
3} Zrpgto] Akg-o] B 5 FRISIAAT

Al HTE Ea) A Fuld tea 15 2013 v 9}
uhEE: A ulA A FAM 9792 Ul o] A W Zut
o] FERIFGIL tieel= A F9A4Y A vieke 47715
2F Azl AR S gle 982 XA H AR D 59
A1E B3 nlge AZ oz FA {3 F UeS 3l
Atk FAH A w2 2021 # 9] A Y 3
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