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Specific Detection of Erwinia carotovora subsp. carotovora
by DNA Probe Selected from PCR Polymorphic Bands

Hee Wan Kang*, Seung Joo Go and Soon Wo Kwon
National Institute of Agricultural Science & Technology, RDA, Suwon 447-707, Korea

ABSTRACT : This study was carried out to develop DNA probe for specific detection of Erwinia caro-
tovora subsp. carotovora. Universal rice primer (URP, 20 mer) developed from repetitive sequence of
rice was applied for producing PCR DNA fingerprints of Erwinia spp. In E. carotovora subsp. caroto-
vora strains, primer URP2F amplyfied polymorphic bands which are distingnisable from other Erwinia
spp- A PCR band of 0.6 kb selected from PCR polymorphic bands of E. carotovora subsp. carotovora
strains was cloned and evaluated as a diagnostic DNA probe. Among 28 bacterial strains including 22
Erwinia spp, the probe (pECC2F) only hybridized to total DNAs from E. carotovora subsp. carotovora
strains and E. carotovora subsp. wasabiae, but sizes of hybridized bands were different between these
subspecies, 10.0 kb and 3.5 kb respectively. In dot blot assays using probe pECC2F, as few as 10° colo-
ny forming units (CFU) of E. carotovora subsp. carotovora could be detected in a suspension containing

about 1x10° CFU of soil bacteria.

Key words : Erwinia carotovora subsp. carotovora, PCR DNA fragment, DNA probe, specific detection.

Erwinia carotovora= t}F3t 7152 A< a7 7t
Fab ohe}l AR} 2ol 24 (soft rot) &
dovle HEdd HYAFoZ dA vk Erwinia
carotovora= RYEIHEA 2 7|FFo| Al ule} 459
subspecies® #53}2 ol&v(14, 23), AFEHE-9-o)) 7Hd
3= E. carotovora subsp. betavascularum(25), 313§ 0]
of| 48l E. carotovora subsp. wasabiae(7), A|-&-o)| 4
72 A A oll Zred3te] Blacklegetx 3k 52 <l #uk
< 8A3l= E. carotovora subsp. atroseptica(19)7} 211
5 slen kel o 5AS Hole AL E caroto-
vora subsp. carotovora® E-F3}31 Qlth. E. carotovora
subsp. carotovorax= TFE subspeciesel B]3ted F gt
Z1FHYE 22 9ler strainZtel] FRA W7} v
okt o2 delx] Uek(23). E. carotovora®) el soft
rotell AFAH HJA T2 E. chrysanthemi®t Pseu-
domonas spp.7} B35 QltH(15, 24, 25).

SHelAe o2l ge] AAFo FHztE Foen
¥l E. carotovora®=], ¥ 18u} 9121 (2, 10,13, 16, 18)
3-8 E. carotovora subsp. carotovora® A =G0}

*Corresponding author.

£ subspecies®] E. carotovoracl tdF B.7} #9] ¢}
o, E. carotovora subsp. carotovorar= WA 71 =
S HUER Ex3he FEHAATEESY e F5 Hn
At

AEAdEe 284 wAHeR o HER
o] o] gxof gtown o]F st WAFY HAa
UEol|Ae] Zr)5A 2 Awto] w9 s} B3] W
HHER] ol oh 8 F-A3) wdde] £ A% A o
YIS SolA o AEse o] S 7HT(17). E
carotovora® SRS 2 Bergy's Manual(14) & fat-
ty acid®4 (5,28) 5 o]k ulwjo] A 4-x|o] gko
v EA A o) BAbslw AZE, ko] wo] 8 FE 1 9)
o} =gk §¥A BAo] /L= subspecies?t H-F-ol
A-g-Eo] gko1}(6,11), A serologroupse] £ 9}
H]Eol el o} AT FE S22 subspecies ZollA]
5ol AEE Aol EAH o= 2453 g)c},

FAA=EA 7]He] k2 DNA hybridizationg o]
43 RFLP(Restriction Fragment Length Polymor-
phism)<} dot-blot™ ol 2J8}ed E. carotovora® S-o]7
Zo] A== e(3,21,27) subspecies $FNA E. caro-
tovora subsp. atroseptica®] E-o0]7 DNATHEA 7HZE
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-85t glvh(4,27). 28y, 7122 probe: E. caro-
tovora subsp. carotovoras B]E3 thE subspecies®] #
<2 Ql3le] B} A8 subspecies So] &L 93
A Z-2- DNA marker?] 7§ite] & -5lc},

DNA hybridization® ¢]ell 22}l PCR &A4FA]54
o] /=] de] A4 H3 9ot 2 R shlz
10~12 mer®] 22 PY4ake @ #A¥ random arbitrary
primer ©]-8-% RAPD(Random Amplified Polymor-
phism DNA)W(29)e] H4=w glert, 7 whge
PCR 27| w}2} 1] Fo]z<l DNAMES] A &5} e
AN@Ado] FAHLE AA S g}, ol e &
A& 7R418 URP(Universal Rice Primer) primer7}
AlZHE FE fA= repetitive sequenceZ5E 7t
H3ATHS8,9). o] primere X APE 2 AANEL 3
Sl ohekgk AAEE2] PCR AR Bol] 25 o] & 7)1
g universal primer?] AL 7}A3 9t} B3], o)
primer+= 20 merZ4] 55°C °]4}9] annealing£-%. of|A]
PCRHM-S 38 £ gl =& Aoz iAsl

PCR t}3A] Wit E 7153 4~ 9] 3, Eo] PCR QA &9

£ dFe F F8 FEHOATEY shia E
carotovora subsp. carotovora®l 5°] 7% DNA probe
2 AlEg ek spddel] 548 1 $edslgic}t. URP
(universal rice primer) primerE FErwinia spp.9]
PCR A E Bl 243}, E. carotovora subsp.
carotovora®| F-EFEH2 2 &A= Eo] PCRAMES B
2], E. carotovora subsp. carotovora®) o013 &L ¢
gt DNA probe2419] &84S 213 v}, 2 A52 B
328}= ulolr},

M2 W

SAIEE R WS & A7l o|$% Erwinia spp.o}
2 bacteria F5-& Table 13+ 2t} E carotovora
subsp. carotovorad~= ATCC(American Type Cul-

ture Collection) ¥ Ztddistme}l ddistus B 2

Table 1. Bacterial strains used in this study

Origin
Species or subspecies Hosts
Location Source

Erwinia carotovora subsp carotovora (E. c. ¢) Denmark *ATCC 15173 Potato

% Korea **KACC 104144 Horseradish

” Korea KACC 102142 Chicory

% Korea KACC 105145 Chinese cabbage

4 Korea KACC 106296 Potato

" US.A. KACC 111141 ***NI

’” Japan KACC 112141 Tomato
E. carotovora subsp. wasabiae (E. c. w.) Japan ATCC 43316 Horseradish
E. carotovora subsp. atroseptica (E. c. a.) UK. ATCC 33260 Potato
E. carotovora subsp. betavasculorum (E. c. b.) US.A. ATCC 43762 Sugarbeet
E. chrysanthemi (E. chry.) US.A. ATCC 11663 Chrysanthemum
E. cypripedii (E. cyp.) US.A ATCC 29267 Lady-slipper
E. herbicola (E. her.) Canada ATCC 33243 NI
E. mallotivira (E. mal.) Japan ATCC 29573 Jjaponicus Mallotus -
E. milletiae (E. mil.) U.S.A. ATCC 33261 Witeria floribunda
E. nigrifluens (E. nig.) US.A. ATCC 13028 Walnut
E. persicinus (E. per.) Japan ATCC 35998 Tomato
E. psidii (E. psi.) Brazil ATCC 49406 Psidium guajaya
E. quercina (E. que.) U.S.A. ATCC 29281 Oak acorn
E. rhapontici (E. rha.) England ATCC 29281 Rheum rhaponticum
E. rubrifaciens (E. rub.) U.S.A. ATCC 29291 Walnut
E. stewartii (E. ste.) US.A. ATCC 8199 Sweet corn
E. tracheiphila (E. tra.) U.S.A. ATCC 33245 Melon
E. uredovora (E. ure.) US.A ATCC 19321 Cereal rusts
Bacillus sp. (B. sp.) Korea KACC 128253 pepper
Enterobacter sp. (Ent. sp.) Korea KACC 105263 Soil
Pseudomonas fluorescens (P. flu) Korea KACC 105263 Soil
Xhanthomonas campestris pv. campestri (X. c. c.) Korea KACC 158053 Chinese cabbage
Agrobacterium tumefaciens (A. tum.) Japan Nagoya Uni. NI

Escherichia coli DH5a. (E. coli)

Commercial source

*ATCC, American Type Culture Collection; **KACC, Korean Agricultural Culture Collection; ***NI,No Informatiom
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oputol ETAF}Q o, t}d Erwinia spp.ot AlTES
ATCC ¥ KACC(Korean Agricultural Culture Col-
lection, 78t 71€Q)E FE Fopitol AMESIT
T uleke )8l Escherichia colie LB ¥lA|olA 37°C
Aol A wheksll om | Erwinia spp. & E33h= Bacil-
lus substilis, Enterobacter sp., Pseudomonas fluorescens,
Xanthomonas campestris pv. campestri = Agrobacter-
ium tumefaciens 52 ATFEL 2L wiAl4 25°C
i oFslodch.

Genomic DNA 22|. Erwinia spp.2 ¥]58 13+
AAFL 2 BE genomic DNAE #e]5}7] $j5te] 7=t
o] LB wmAiAoA AR colonyES 10ml®| LB
brothell 271% 200 rpm®] %% shaking incubatorel
shekgt & A1 Ee]ske] bacterial celld IAA7|IL F
%4 9439(200 mM Tris-HCl, pH 8.0; 200 mM NaCl;
25 mM EDTA; 0.5% SDS) 400 W& FAE 2 =3t
& Proteinase K(20 mg/ml) 10 p1& A7}sted 37°C
oo 147 T B2aigin) o] Ejhfel 2X
CTAB &8¢ S=3 volume 22 91 & £33l 65
°CollA] 15%-7F ukx|g-§, 700 pl®l phenol:chloroform
(1:1)E A=l 12,000 rpmell A 108-7F A=) 8)
art ASde A2 YAFE| &7]3L 0.54 volume
] isopropanol& &3§tstel $2 47! genomic DNAE
A BB &4 70%2) ethanolol| A& F Zx3t 200
pie) TE bufferol] o] A3 oll A3k} Bacillus sp.
9} 7o ke NTFLOEHE]L] genomic DNAEZ =
Raymond(21) 5-¢] #bH el 3oy A akodct.

PCR X#. PCRIAAE #41& 913t 20 mer®]
URPZF primer7} A4=5%12™, 3 DNAE Erwinia
spp. 248l £2]% 50 ng2] genomicDNAE AH&-3H3lth.

PCRuFE £8& 10 mM Tris-HCi(pH 8.0), 50 mM
KCl, 1.5 mM MgCl,, 0.01% gelatin, 200 uM2] dNTP,
200 ng primer % 2.5 unit of Taq polymerase(Prome-
ga, USA)E P A A 4H--8-9-2 50 pit S AR
PCR ZZ 7718 PTC-100™(M] Research)E o], A
£ DNAS) dwAdL ¢138ke] 94°CollA 3¥7F 1eycle, 2L
2]32 94°C 1%, 58°CollA] 18, 72°CellA 287F0 2 &
35 cycle AAston, 3% DNAZA S 7822 8
oir}. 25 PCRAMES TBE 2%4(45 mM Tris-bo-
rate pH 8.0, 1 mM EDTA)<llA] 1.8%%] agarose gel=
A7]°3%3F & ethidium bromide-g-<fel AAste] UV
lamp3ltell 4] DNA t}3-& A&kt

PCR Z=ZAM=0| 22|92} cloning.  URP2F primer (8,
9)ol| 2ls) ==% E. carotovora subsp. carotovora®] 0.6
kbe] PCR ZZALES agarose gelEHE #2314
PCR purification kit(Quiagen)& ¢4 DNAE 3|53}
sit}. o] PCR A2 cloningst”] $13ted Klenow frag-

ment(Promega)® blunt-endinggt ¥ polynucleotide
kinase® # s}l DNAEH S 7t dehs JAkskAIA
t}. o] DNA AHE pUC1192] Smal F9oll A1k F
Sambrook(22) -] W2 E. coli(DH5o)l #AA
#3}3dt}. Insert DNAE Plasmid mini prep kit(Quia-
gen, USA)E o]¢ plasmidE ¥2|3t3L EcoRl¥} Hin-
A& Aet F =alstsiot.

Southern blot hybridization1} probe ZEH|. Erwinia
spp.= Bl &3 23 AlFo2 ¥E 22]F genomic DNA
(5 ng)S EcoRlo-Z A3l 0.9%2 agarose gelell A
7193 %(5 v/cm)3}e] nylon membrane(Hybond +, Am-
ersham)ell DNAS &%A7ic}. Hybridizationel] ©]-8&3
DNA probe= URP2F¢l 98] 552 E. carolovora
subsp. carotovora®l E°) PCR $EAHE(0.6 kb)e] clon-
ing® pECC2F2] 4Fq]%-$1& Ladderman™ labeling kit
(Takara)2 o-?P-dCTPZ 3%A3lod probeE ©]-8-3}31
t}. Hybridization#8-& AmershamAtellA F53F pro-
tocolol] F=3te] AlA] stelem, X-ray filmell 24417t &=
Z2A7) ¥ dArste] o AE B3k

Dot blot 2A1, AlFA|EE ©]4-3 dot blot hybridiz-
ations $18ted LB AlufA] ol A 22t vl <Fq E. caro-
tovora subsp. carotovora(ATCC15173)% ko] &k
ZZoe] 2x10°/mie} colony forming units(CFU)E
ALeEEg AT 20 Tt FEE 3Met] £
] shict. EoF 2ENe Ward(26) 52 whelute=t ot
o3 7o) ATk &, 25g9 Eokl 0.01 M9
phospate buffer saline(PBS) 10 mi& A7}, A2l
A 1A7F ok AEFE F 303 T BEAE AAA
Arzole Hsle] Eok & o2 AME3lglch E. caro-
tovora subsp. carotovora ATALE Tshe BFFF
o 5 ul& nylon membraneel dot blot3}%ct. ©] mem-
braned 10%<] SDS7} F5% 3 MM A4 10% &
o} uk=] 3k, 0.4M NaOH7t F<% 3 MM A=Al &7
103 <} ukx]g ]2 2xSSCE membranes A&
* hybridizationell ©]-438l%5ith. DNAE °]-§% dot
blot genomic DNAE 100 ng/ple® =& AT
T gARe R o) g 34ste], 95°CellA 387
DNAZ 9w¥Ag % nylon membrane(HybondN™,
Amersham)®l dot blotdlsith. ©] membranes 0.4 M
°] NaOHEo] F55 3 MM x| ellA 10% &<t A 2]
331 2xSSC £-alo] 137 AH& F hybridizationl
o]8-3}xich

Zont o nE

URP primerZ 0|88t Erwinia spp.2| PCREHAIR]

244, URP2F(8,9)% o]&3}od, o32] #jg2] 715 4

te HO
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A2 ¥e =¥ 7 strain®] E. carotovora subsp. caro-
tovoras EF3= 18%F9 FErwinia spp.& WASE
PCR A E84-& AAIskdrh Fig. 1914 vehd A
3} o] URP2FA 93k Erwinia spp.oll w2k 0.3 kbell
A1 3.0kb AlelellA 1070 olAte] tlaA =g ZEs)

E. c. c. strains

5
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Fig. 1. PCR amplification of total DNAs extracted from Erw-
inia spp. by primer URP2F. Aliquots of 15 pl from amplifi-
ed PCR solution (50 pl) were loaded on agarose gel (1.8%),
electrophoresed and visulized by ethidium bromide. Arrow-
head indicates conserved PCR products (0.6 kb) which are
commonly appeared on Erwinia carotovora subsp carotovora.
Lane M contains 1 kb DNA ladder (Gibco, BRL). Abbrevi-
ative names of Erwinis spp. in respective lanes are described
in Table 1.
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slow, &3], E. carotovora subsp. carotovora 5=l
Al ©+& Erwinia spp.2} B3 =& EA1A<] PCR pat-
terne] & =}, E. carotovora subsp. carotovora T
52 PCREF AHE<l4] 0.6 kb®] Sol= el PCRM=
b FEALR EASE gl Aol Fal=Eglen, 1.6
kbell4] 3.0 kb Afeloll = F5ol uwle} DNACHEAS
veb el 2 A2 28 URP2F= Erwinia spp.7; &=
= @57k 530 DNAtHA & #8314 &
L& Zl o2 A7bE g},

E. carotovora subsp. carotovora E0Q| HE2
DNA probe. URP2Fel 9J3] %= PCR t}3A
%, E. carotovora subsp. carotovora|?t ZTEHo R =
A= Bol PCRM =S 22, E. carotovora subsp. car-
otovora’7dE-4 DNA probe24] o] & o & za}s}eic),
Fig. 14 Jvebd =E E. carotovora subsp. caroto-
vora®ll Eo)H 22 Z31= 0.6 kb9 PCRAMES clon-
ingdted AYAH clone pECC2FY] insert DNAE probe
2 3}, E. carotovora subsp. carotovora 7855 X378}
= 152 Erwinia spp.2} E. coli 5 652 t}2 A|Fo
ZHE #2¥ genomic DNAE EcoRIS & Atk o}
+» Southern blot hybridizations 4 A8}it}. Fig. 29
A vepd Aijel zte], pECC2F probe: 10.0 kbe] &
& $1A <l A] single copyE E. carotovora subsp. caro-
tovora TFAT BolA o AHgA W=g AEsiyle
v, E. carotovora subsp. wasabiaedl A= 3.5 kbhe] ok
719 Mg A&l o, 2 vkl Erwinia spp.9F of
£ %9 Al genomic DNAGIA & ojd3l Wies A&

rZ 10
fri ok

E. mil.
E. nig.
E. per.
E. psi.

E. que.
E. rha.
E. rub.
E. ste.

E. ure.

Fig. 2. Southern blot hybridization of Erwinia spp. and other bacterial genus using pECC2F as probe. Total DNAs isolated
from bacterial strains were digested with EcoR 1, electrophoresed on agarose gel (1%) and blotted onto a nylon membrane. The
membrane was hybridized with *P-labeled pECC2F and then exposed on X-ray film. Lane M contains A Hind Il DNA marker.
The abbreviative names of bacterial strains used in respective lanes are described in Table 1.



168 F= e, A 143, A 23, 1998

¥|x] 9o}, pECC2F<= E. carotovora subsp. carotovora.
2 EBold o2 %% 4 gl DNA probeZ ©l84 75
3 Ao g Alg=glc}. 3, E. carotovora subsp. caro-
tovora T30l A& thE PCRAMES & BAoz 4
e Ax g o} o2 Erwinia spp. WelA = W=7}
7% gol wet Bo] 754 probeZA] o]&ll= A3}
Al ZHHALEA ).

E. carotovora subsp. carotovora®t E. carotovora subsp.
wasabiae= MR/ HANA o)z} glew, genomedl A
Ze GCEHE 21 3 AR HyHAHL 7). F
2, rDNA 9718 B A% E. carotovora®] T+ sub-
speciesell ¥18led . E. carotovora subsp. carotovora< E.
carotovora subsp. wasabiaest 98.3%= 714 F& 454
< Jehdcky sgri(12). $) B35S E. carotovora
subsp. carotovora= E. carotovora subsp. wasabiae?t )
© g 1A ABWAT) AL AL e,
2 Al o)A pECC2F probedll 2J&t E. arotovora subsp.
wasabiae?) 715 9 E39 dA#E Aoz AlEE .
genomic library®3} genomic substraction®g el 2|
stod Adubel DNAZH 2 pel 427} E. carotovora®
Eo]x 7154 probeZ o4, E. carotovora subsp.
atroseptica®) o143 DNATHEA & A& 5 Axrh4,
26,27). 18}, $19] probeE E. carotovora subsp.
carotovora T3 w2t =& thE subspeciesH oA &
oA glo] BAlslA dd DNAtHEA band® A==
Q13}ted, E. carotovora subsp. atroseptica®]®l & sub-
speciest} E. carotovora subsp. carotovora o173 Zl&
A4 4 ook 2, £ A7l B probe
(pECC2F)%= ot #2lA|9 2 7|54 9 BAe] v
& E. carotovora subsp. carotovora TF LT AE
A g AEse T2 5ol S it

Dot blotQl] O|&t E. carotovora subsp. carotovoradd
&. pECC2F%: E. carotovora subsp. carotovora®] 5]
A &L $13 probeEAl °)4 7Fs 3l Southern
hybridization®*-& A A4} A7k, = o] Hol &7
g}, oje}a] DNAREF glo) AlgAZEE AAelE
sle] AEe A=yt WA, 29 vAEe] EA3=
zA A E. carotovora subsp. carotovora®] E°1A AZE
o] 73R JH-B Aty flste] EokelA 2R
gokzZdldl| E carotovora subsp. carotovora®] A E ¥
et g thopgt 52 AT F pECC2FE probe® 3
o] dot blot hybridizationa A A5t} Fig. 39 allx|
Jehdzis 7o) o] probex 10° CFUS AlE25744] 7
22 71534 skelon, Fig. 39 bellA DNAFEAS]
A&7 vl2d d 3ngs AL89S det AR 23
& polzgir}, ubdAel, E. carotovora subsp. carotovora
AE Aerofo] EASHA] @& ArFSe}l BFFEdlA

10 11 12 13 14 15 16 17

2 3

1 YN

4 5 6 7

1

® 2

7 8 9 10 11 12 13
Fig. 3. Dot blot hybridization of DNA probe (pECC2F) to
bacterial cells and purified DNA of E. carotovora subsp.
carotovora. Soil extracts containing 2% 10’ bacterial CFU/ml
were loaded with serial two-fold dilutions of E. carotovora
subsp. carotovora (panel a-4-17). A pure culture of E. caro-
tovora subsp. carotovora at 2% 10° CFU/ml was loaded in
position a-1 as positive control. As negative controls, PBS
buffer and soil extract without E. carotovora subsp. caroto-
vora were loaded in positions a-2 and a-3, respectively. In
panel b, totatl DNA (500 ng) purified form E. carotovora
subsp carotovora was loaded with serial twofold dilutions.
As negative control, water without DNA of E. carotovora
subsp. carotovora was loaded in position Panel b-2.

b

£ 3R] sl

Ward(26) -2 library screening®2 ¥ Al#s
E. carotovora °) probeS ©]£3}d dot blotH o2
thekst E carotovoradd 73ES AXZE A7 1014
10°CFU W9 AFAZE A% &5 vk 3ok
B AlF o) o] 4% BEkEEd Yol o 10° CFUS wef
3 2opAlFe] A ALoE sl Hgled, 1 84
sloll4] E. carotovora subsp. carotovora®] 50178 0|
Vst vl Bokdlel ok AlFe] EA)slel R Fol
A Lo] Psslchs AL Akl Fich wiA|¢ FA
= A7 single colony(F7 1x1 mm)el= W 10°
CFUS AxZ7} &) st A2z #alxo], single
colony S 0] 4% EolHql ZAFo] 23] rFsIAE
et

o] A} 2, pECC2F prober ©h& AldFel E. car-
otovora subsp. carotovora®) E013 7% o] E4¥ ¢
o], AHzre] 2/, o|H 2R w EGFel A
= wx=A} 5 E carotovora subsp. carotovora®)
monitoring system& F&3ed AgAo2 S48
g Zew 7=
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0|88t Erwinia carotovora
subsp. carotovora®] Eo13 7AEFL wsl=d 2L
3 AAEgct. URP2F primer7} Erwinia spp.)
PCRIAIAEA] ol o] &=}, o) primer= E. caroto-
vora subsp. carotovorad@TANA 2 Erwinia spp.2t T+
== 5449 PCR patterng Vel 2w, E caro-
tovora subsp. carotovora°l|it SolH o2 ZEA = 0.6
kb2l PCRZSZAHE(pECC2F)E #2 E.  carotovora
subsp. carotovora® o] 71&& 213 DNA probe 24}
248199t} pECC2F probe: #2] 7|54 9 x|94] &
A o] FA& E. carotovora subsp. carotovorarEol| oF
10.0 kbe] A4 W=E AE3lde) 34, E caroto-
vora subsp. wasabiae®] 3.5 kb bandZ A2 14 Erwi-
nia spp. 2 659 ok Al e A5 B=S AE
=R e}, E. carotovora subsp. carotovora Eo| 7%
DNA probeZ o]4& 4= glgic}. 58 o] probe: dot
blot hybridization®.2 <F 1x10° CFUS] Eefu]| A Eo]
EAets EFFEAUA 10°CFU/mlY E. caroto-
vora subsp. carotovora AEE &3 & 9T
SolAdS Byt

£ 7= DNA probeE

WIS

2 A5 $83k=dl E carotovora subsp. caroto-
vorad & HoFste] T4 g HAS wped
ZHA g Q1 AP S =7Y
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