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ABSTRACT

Black mold was frequently observed on tomatoes grown in a greenhouse in Suwon, Korea in
July 2018. The incidence of the disease was 5.0-25.0% (average 12.3%) and 2.0-7.0% (average
3.7%) in the context of tomato and cherry tomato fruits, respectively. Sixteen single-spore
isolates of Alternaria sp. were obtained from the diseased fruits and investigated for their

‘ morphological characteristics. Among the isolates, eight were used for sequencing analysis.

'.) All of the isolates were identified as Alternaria alternata based on their morphological and
Cuf;)%c;égr molecular characteristics. The pathogenicity of four isolates of A. alternata was investigated
using three varieties each of tomato and cherry tomato via artificial inoculation. All of

a OPEN ACCESS the isolates induced black mold symptoms on the inoculated tomato fruits. Notably, the
DISSN : 0253651 symptoms were similar to those observed in the greenhouse. However, the pathogenicity
eISSN : 2383-5249 tests revealed that different tomato varieties presented distinct patterns of susceptibility to the

i isolates. This is the first report of A. alternata causing black mold on tomato fruits in Korea.
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Table 1. Strains and Genbank accession number used in the phylogenetic analysis of Alternaria species in this study

. . A . Genbank accession number”

Species/strain number Locality, host TS GAPDH RPB2 Altal endoPG
A. alternata

CBS 916.96" India, Arachis hypogaea AF347031 AY278808 KC584375 AY563301 JQ811978

CBS 966.95(A. tenuissima) India, Solanum lycopersicum KP124324 KP124179 KP124792 KP123873 KP124024

CBS 918 96(A. tenuissima®) UK, Dianthus chinensis AF347032 AY278809 KC584435 AY563302 KP124026

CBS 113013(A. tenuissima) South Africa, Malus domestica KP124341 KP124195 KP124809 KP123889 KP124042

CBS 117143 Italy, Capsicum annuum KP124355 KP124209 KP124823 KP123903 KP124056

CBS 118814(A. tomaticola") USA, Solanum Iycopersicum KP124357 KP124211 KP124825 KP123906 KP124059
A. arborescens species complex

CBS 102605" USA, Solanum lycopersicum AF347033 AY278810 KC584377 AY563303 AY295028
A. bumnsii

CBS 107.38" India, Cuminum cyminum KP124420 JQ646305 KP124889 KP123967 KP124124

CBS 879.95(A. tenuissima) UK, Sorghum sp. KP124422 KP124272 KP124891 KP123969 KP124126
A. gaisen

CBS 632.93" Japan, Pyrus pyrifolia KC584197 KC584116 KC584399 KP123974 AY295033

CBS 118488" Japan, Pyrus pyrifolia KP124427 KP124278 KP124897 KP123975 KP124132
A. longipes

CBS 121332* USA, Nicotiana tabacum KP124443 KP124292 KP124913 KP123989 KP124149

CBS 121333% USA, Nicotiana tabacum KP124444 KP124293 KP124914 KP123990 KP124150
A. tomato

CBS 103.30 Unknown, Solanum Iycopersicum ~ KP124445 KP124294 KP124915 KP123991 KP124151

CBS 114.35 Unknown, Solanum Iycopersicum ~ KP124446 KP124295 KP124916 KP123992 KP124152
A. solani(Porri section)

CBS 109157 USA, Solanum tuberosum KJ718238 KC584139 KJ718413 KJ718746 KY561992°

“T: ex-type isolate; R: representative isolate; species names in parentheses refer to the former species name. ITS: internal transcribed spacers and intervening 5.8S
rDNA; GAPDH: glycerldehyde-3-phosphate dehydrogenase; RPB2: RNA polymerase second largest subunit; Alt a 1: Alternaria major allergen gene; endoPG:

endopolygalacturonase.

° KY561992 indicated Genbank accession number of the relevant gene of another A. solans strain.
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Fig. 1. Symptoms of black mold on fiuits of tomatoes observed in the greenhouse. A and B, symptoms
produced on tomato fruits; C and D, symptoms produced on cherry tomato fruits.

ool SET 2 Y S4

EntE 3hAo] wutol| A B2)3t Altemariat2] FAYEAHE W UIA] BRI B 2801,
%L-%P?a“ﬂi% ]I'D:L %21111} 2—97H, %“7—:‘1‘1!- 1-47H—§— 7]»2]_'_1_!__ %%E}(P‘ig' 2A). T"?_“a A== WAOHA‘] HH
Ffol Bt A, ¥

A7 2] oA A 0= 3 d = U ThFig. 2B). PDACIIA]
, BEolAE AR A A 2 EA T ol B4

20 pm c

Fig. 2. Morphology and cultural appearance of Alternaria sp. isolated from tomato fruits. A, conidia
isolated from a lesion of black mold; B, a conidial chain produced on a conidiophore in WA culture; C,
a colony of an isolate grown on PDA at 26°C for 15 days in alternating cycles of 12 hr fluorescent light
and 12 hr darkness.
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Table 2. Morphological characteristics of Alternaria alternata isolates from diseased tomato fruits and the fungal morphology described
by previous researchers

Structure Present isolates Ellis [3] Simmons [4]
Conidiophores Simple or branched, straight or flexuous, Simple or branched, straight or flexuous, Simple or 1-3 branched, geniculate,
sometimes geniculate, 8.4-107.5%3.5-5.5m  sometimes geniculate, up to 50 (im long, comparatively short, 40-70x3-4 um
(average 33.6x4.5 ym) 3-6 um thick
Conidia Formed in long chains, obclavate, ovoid Formed in long chains, obclavate, Formed in chains, ovoid, ellipsoid or

or ellipsoidal, pale to dark brown, with 1-7  obpyriform, ovoid or ellipsoidal, pale to mid ~ subsphaeroid, olivaceous, dull grey-green-
transverse septa, 14 or no longitudinal septa, ~ golden brown, with up to 8 transverse septa, brown, with 1-7 transverse septa and 1-2 or
13.0-57.5%7.3-17.5 ym (average 31.0x11.6 ym) ~ several longitudinal septa, 20-63x9-18 ym  no longitudinal septa, 13-43x8-14 im on V8

on potato dextrose agar (average 37x13 ym) Jjuice agar
Beak of conidia  Short conical or cylindrical, pale brown, 2.0-  Short conical or cylindrical, pale, not more No description
12.2x3.2-5.6 ym (average 5.1x4.3 ym) than one third the length of the conidium,
2-5 ym thick
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alternata reference 5119 FAMS B4 A3t 2719] §AH group 2 2 LHrojRiTt. o] Axh=
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A. arborescens CBS 102605 (USA Solanum lyeopersicum)
s Group 1
A. alternata CBS 918.96 (UK Dianthus chinensis)
ALS-7
A. alternata CBS 966.95 (India Solanum lycopersiciin)
35| 4 alternata CBS 113013 (South Africa Malus domestica)
42 5ol [ 4. alternata CBS 117143 (Italy Capsicum annuim)
94" 4. alternara CBS 916.96 (India Arachis hypogaea)
ALS-14
ALS-15
I ALS-1
78| r4. alternataCBS 118814 (USA Solanum lycopersicum)
ALS-5
77, ALS-11
88 ALS-12
_|AA longipes CBS 121332 (USA Nicotiana tabacim)

Group 2

o

99" 4. longipes CBS 121333 (USA Nicotiana tabacum)
A. gaisenCBS 632.93 (Japan Pyrus pyrifolia)
100 4. gaisen CBS 118488 (Japan Pyrus pyrifolia)
84| 4. burnsii CBS 107.38 (India Cuminum cyminum)
A. burnsii CBS 879.95 (UK Sorghum sp.)
100 | 4. romaro CBS 103.30 (Unknown Solanum lvcopersicum)
99" 4. romato CBS 114.35 (Unknown Solamim Ivcopersicin)

—_
0.01

A. solani CBS 109157 (USA Solanum tuberosum)

Fig. 3. Phylogenetic tree based on the internal transcribed spacers and intervening 5.8S (ITS), glycerldehyde-3-phosphate dehydrogenase (gapdh),
Alfernaria major allergen gene (Alt a 1), RNA polymerase second largest subunit (1pb2), and endopolygalacturonase (endoPG) genes sequence
data for Alternaria alternata isolates from diseased tomato fiuits and reference species. Sequence data were obtained from the NCBI GenBank
database. The tree was generated using Maximum Likelihood method based on the Kimura 2-parameter model. The bar represents the number

of nucleotide substitutions per site.

Altenaria section®)] 5= SE5-2 ITS 2] A71A LD FA0l| oA = the St 7420l HA|
=702 dHA 1 OH[16], Woudenberg 517101 2J5HA b2, OPA10-2(anonymous gene region),
Alta 1, endoPG, KOG1058(eukaryotic orthologous group protein loci) 5 57 -1 Atol| 2]8f| Fo] F-2H
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She T2 99.2-1000%2] FALEES LR o] E1F 20| E7F55I3IT gapdh, endoPG F-4A}
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2] Z39oll= TAIFF7T A. alternata reference T#5-2} 98.2-100.0%2] -FAFES HITE SHH FA]
TF 5 ALS-3TF ALS-72 Alta 1 -7302F2] 749 A. alterata reference 571 w522} 100.0%2] -FAHEE
Ul o™, U 2] 671 BAlES= A. alternata CBS 1188142} 99.5-99.8%2] S-AHE S LHERT} o]
9} 7o A. alternata” + 43F Alternaria section -2 0 2 0l =2 ThF/d-& Hol 1, 1-2712] nfA
of| 23t AlSHA A 0 2= 1 o] BElekA] 97| wiizol| o] kol &5k Foll tishA]
= Ao|= 37l o)l fAAL FY A7 E 240 B A0 & AYZHETE 2 AtollA A
Z} 7+522] A714 B2 NCBI Genbank®]] 5-5-5F%1 1, accession number+= Table 3°]] 7]&5HATE,
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Table 3. List of Alfernaria alternata isolates from diseased tomato fruits and GenBank accession numbers in this study

. GenBank accession number”

Isolate Location Source ITS Altal endoPG gapdh b2

ALS-1 Suwon Solanum lycopersicum MT322777 ~ MT333535  MT333543  MT333551 MT333558
ALS-3 Suwon Solanum lycopersicum MT322778  MT333536  MT333544 - MT333559
ALS-5 Suwon Solanum lycopersicum MT322779  MT333537  MT333545  MT333552  MT333560
ALS-7 Suwon Solanum lycopersicum MT322780  MT333538  MT333546  MT333553  MT333561
ALS-11 Suwon Solanum lycopersicum var. cerasiforme ~ MT322781 MT333539 MT333547 MT333554 MT333562
ALS-12 Suwon Solanum lycopersicum var. cerasiforme  MT322782 ~ MT333540  MT333548  MT333555  MT333563
ALS-14 Suwon Solanum lycopersicum var. cerasiforme ~ MT322783 MT333541 MT333549 MT333556 MT333564
ALS-15 Suwon Solanum lycopersicum var. cerasiforme ~ MT322784 MT333542 MT333550 MT333557 MT333565

“[TS: internal transcribed spacers and intervening 5.8S ntDNA; Alt 1 a: Alternaria major allergen gene; endoPG: endopolygalacturonase gene;
gapdh: glyceraldehyde 3-phosphate dehydrogenase; rpb2: RNA polymerase II subunit gene.

JHY

EntE S 0] Y 2ol Sz e B2t 40 A alemata’s S-A5Ho] RHED}
Eot 2 EntE I tiRh B HA S Rt 23 4 T Hede UrE¥ o, &
ntEo] F-Fof| whet jiRt /g2 A mol] Afo]7t = A S = LrERTH(Table 4). HE-42 3ol| 2ls]
/3 S 2AF 2o - Rk fARSIR QM (Fig. 4), TR EUPE TAofAt=
o] /] Rtk A HRtol M= HE T AT LR A altemata”} 221 H AT

el
N

Fig. 4. Symptoms of black mold on fruits of tomatoes induced by artificial inoculation with isolates of
Altemnaria alternata. A and B, symptoms of black mold produced on a non-wounded fiuit (left) and a
wounded fruit (right) of tomato inoculated, respectively; C and D, symptoms of black mold produced on
non-wounded fruits (left) and wounded fiuits (right) of cherry tomato inoculated, respectively.
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Table 4. Result of pathogenicity tests of Alternaria alternata isolates on fruits of tomato and cherry tomato

Virulence of isolates on fiuits of tomato varieties Virulence of isolates on fiuits of cherry tomato varieties
Is;l?e BNL-1802 BNL-1807 BNL-1822 BNS-1802 BNS-1810 BNS-1812
Non-wounded Wounded Non-wounded Wounded Non-wounded Wounded Non-wounded Wounded Non-wounded Wounded Non-wounded Wounded

ALS-1 +H - -+ -+ - + - +H + 4t _ Tt
ALS-5 + +H+ ++ ++ - + + ++ ++ ++ + +
ALS-11 + + + ++ - ++ + ++ ++ ++ + ++
ALS-12 - + + ++ + ++ + ++ ++ -+ - ++
Control - - - - - - - - - - -

*Pathogenicity was rated based on the lesion formation seven days after inoculation. +++, above 10 mm of lesion diameter; ++, 6~9 mm of lesion diameter; +, 3~5 mm of lesion
diameter; -, no symptom.

HYA 0 Ak, FAEF F ALS- 1S EVFE E3 BNL-18022F BNL-18070] tHafi A= A3
2]
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7;23 zjiwwzz wxm% u}% AR Z ol 46H o] 2715} 202 Uehgtch &3t o]
il U/ 77 AfollA] Lrehd uie} o] o]
Héoﬂ ot Eu}i Al o] 74 *3—8— E5710l 2o)7} Qe Ao 2 B g girhs]

A. altematae -2 7] Al20l HE Yo7, A7 AlEolle e Yo7IA] £oh= ojxkt
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