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Abstract Alternaria Nees is a widely distributed fungal genus in the natural environment. Some Alternaria species
are plant pathogens, causing a range of diseases on a large variety of important crops, and often leading to serious
damage to the agricultural production. These plant pathogenic Alternaria species often produce Alternaria toxins,
which may accumulate in agricultural products, and endanger the safety of edible agricultural products. There-
fore, it is necessary to strengthen the studies on the occurrence and management of Alternaria diseases. Here,
progresses in Alternaria species classification, the main crops damaged by Alternaria diseases, and the worldwide

issues of food and agricultural product safety caused by Alternaria toxins are introduced in this paper. Further-
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more, strategies and technologies for management of Alternaria diseases are also reviewed.
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Table 1 Gene sequences mainly used in classification of Alternaria

FF S Gene sequence

45’5 Abbreviation

1Z A DNA(rDNA) (9% 55 [A] B X, Internal transcribed region of ribosomal DNA (rDNA) ITS

HilEE-3-#82  Glyceraldehyde-3-phosphate

HihE-3-w R i &l Glyceraldehyde-3-phosphate dehydrogenase

Alt a 1 3K  Major Alternaria allergen gene, Alt a 1

1ZBER DNA K/NlE3E  The large and small subunits of ribosomal DNA

MR FLPHERES  Endopolygalacturonase
ZH#  Histone
BHIFIEH A T 1-«  Translation elongation factor 1-alpha

RNA B4HFSE —KlEH  RNA polymerase second largest subunit

WAEHEH Btubulin

JRIENRF =#ERRfF Plasma membrane adenosine triphosphatase
WZhZEH  Actin

JUT BiA i Chitin synthase

5 Calmodulin

gpd
GAPDH
Altal
18S rDNA ,28S rDNA,SSU ,LSU
endoPG
H3 .H4
TEF1 = EFl-«
RPB2
BT1 .BT2
ATPase
Actin
CHS
CAM
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1933 4F, Tanaka 1§ WTE H A ZL M BE b & B
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PR TEHBOR I 20 FFJ5 A TR A BF R . [ * Nijis-
seiki” Xf 35 W A& Y A. kikuchiana $ FLGURE, BB HE
Yo — EL™ B WU ¢ Nijisseiki” B a9 45 77, Tanaka
R B ISR S A G  Nijisseiki” B R,
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FRUSTR A T IR UE S T AR R 0 7, bl 5 2 R
o B IR %E e AK-toxin
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*2 CHRHEEASENTETHESE(HSTS)
Table 2 Host-selective toxins (HSTs) produced by Alternaria alternata

WiE  Disease

FAl  Pathotype

#2% Toxin

SERPEAIEMN  Alternaria blotch of apple
A B  Black spot of strawberry

HZASFZL B0 Black spot of Japanese pear
HE#3ER  Brown spot of tangerine
HAFFEEMBEE  Leaf spot of rough lemon
FMi L BENG  Alternaria stem canker of tomato
WHE SR ER  Brown spot of tobacco

SERFRR  Apple pathotype
FREEURM  Strawberry pathotype

AM-toxin [ [, [l
AF-toxin [ I, I

HZA<Z48E %! Japanese pear pathotype AK-toxin [, II
&Rl Tangerine pathotype ACT-toxin [, [l
HAEEURS  Rough lemon pathotype ACR-toxin 1
FHaiEoER  Tomato pathotype AAL-toxin Ta, Th
HEEF R Tobacco pathotype AT-toxin

HSTs fEN Lk tE#E 2, RfaFE e Fmy
T %At b 2 A 4, HSTs WA Sk 38500 3 &
KB SR B 77 A . HST's B 257596 J5L 1 0 A= 1
TR A I ER RSB R EER. B
FITEAE Y 40 i P WA T HSTs #2510 4 AME IR

i T e S LA R 1 R 2
fiff (ceramide synthase), H:H AM-toxin {f ] F i
Sk JF R ; AK-toxin, AF-toxin, ACT-toxin {E ] F
it s ACR-toxin, AT-toxin 1E F T £k ki {4 ; AAL-
toxin T RO B 2 A
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M DX /N 27 B A 0L RE RN AL AT T RN, kB
68. 50 AEAS 2 40 28 B 161 TR W IR ( TeAD , 12 %6 I
A HBEAS F T (AOH) , 6. 5% I REAS K 32 5 1
iy B H ik CAMIED 192

i AR A 2 U 9 i 7 SR AN T A 55 K
FUE, BT AE HB A 25 28 LK RRN g S rh 2446 ) i
M A RE 2 RN Hofth — 28k A AR = 4. Andersen 4§
Xof BT AR AE b X e 301 /N2 | W FIAZ Bk Hp i A 1 1
BERESIIEAT TR . 45 5 A B0, 76 HL BT 4G 11 T 2%
T TS N R PR RE

Scott I T HEAK 17 R AR KA w0 A
HEM, Hrp AOH,AME il TeA —Fli# 2250 % 1]
DATESPIRE PR A SR AR RO BB 2
PR A0 A At o ] H SRR s 3 /N2 BTAR A R
e RN FH Tl CRORSS ol SROFF3HT L 22 RR S L ZE ATl H
KimEl, AOH A1 AME 7E PG A5 20 RS 52 K
& M H AR MG E b rh Rz, AME
M TeA TEAPE R BRINE], AOH R4 FAE . &
FRARYT AT AT A R LT — et mT
DI E), ATX- T F ATX- I 78 5% 05 7612 e 1y 3¢

SRR/ T )
5 TR E RIBI R R

HEMS 015 | A AE M 3 Y 28 R AT 5l A R
fo il I PHER S Z R A K. L4k
I Y 1 AR W) O AR F RN R B AR 2 f HOBUR
JUE L N AR A0 AR BB R I S R A A
sl B S 4, O I B 42 4 A A998 35 19 R A RN 3
PRI e A A 77 1 A R IR — . Xt
TAERISEA A 2 BF B AE D), AT AR BOAS ] 11

FEACIRR B 45 28 B9 g 5t L8 AR 3 K Y 3
Runno-Paurson Z£%} 2010 4EF0 2011 4F 24 3t B AH (19
CHES AT T A, R BRI R R R ol
2010 AR THER A T 1 KRR IR E] T 70%, 1M 2011
AR LS S 4 L 1 R B O T, R AR
2NBIME 910, WA Z N S B 2T,
FACETT & PO i A B A A K B i 5% . |t
AL K5 RO 14 15 8 5 A 2 e B A 1Y
RS, AR, 43 B0 R R B RUE PR T ik
il i T 2 R AR AR A T . K S5 557 FH 3k R 38 PH
A9 L (B 25 B8 it R R R 55 D7 1 T B 6 R 2 P
T — S 2% T 70 W 1 1) & . A REAE IV
PR 280 2 DR AR 045 2% T 8 2 3 B0 24 1Y 46
2 s Yan SERFFE R BT K RAR 5 10 AR I — 2 B 1Y
& T R (f-aminobutyric acid, BABA) ., 1] LIAG %%
b2 1) 2 AR 2 1 R AR OF HLRE 4R I A
LT . de Lima 55 & 3R SR IUCY) AR 74 Tl
XTEHEE DA A, dauci FIEERSHE A alternata 15
— IR

HEMS SRR B2, A AVE Iz 5 R AR 35 A
K2 faFH O ON A B e F  JF H R e
A7 i E PR S o R E T E . H BEAK A | B R
FHRRITEAE BT R . W TR F A
PR PFRABRZ 13 KRR P T H KR
ANASRE W95 B o 0 d5fe = A R0 B P 4 e » 5 B0
T AR BURIBE B O R EAO AR 7 o
B RS0 [l — . T AT DU AR A% 16 7 3R G A
A7 B T A s AT A S5 e 3 — (] R 3 5 | Ak
SRR A

S 3Tk

[1] Woudenberg ] H, Groenewald J Z, Binder M, et al. Alternaria



14 -

5 4Ly

2017

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

redefined [J]. Studies in Mycology, 2013, 75(1): 171 -212.
INEE. HEAR )R LR B K B LD]. % IR
K2, 2006.

Thomma B P H J. Alternaria spp. : from general saprophyte to
specific parasite [ J]. Molecular Plant Pathology, 2003, 4(4):
225 - 236.

Ostry V. Alternaria mycotoxins: an overview of chemical char-
acterization, producers, toxicity, analysis and occurrence in
foodstuffs [ J]. World Mycotoxin Journal,2008,1(2):175 - 188.
Miiller M E H, Korn U. Alternaria mycotoxins in wheat—A
10 years survey in the Northeast of Germany [J]. Food Con-
trol, 2013, 34(1). 191-197.

Mitakakis T Z. Barnes C, Tovey E R. Spore germination in-
creases allergen release from Alternaria [J]. The Journal of
Allergy and Clinical Immunology, 2001, 107(2): 388 - 390.
Bush R K, Prochnau J J. Alternaria-induced asthma [ ]J]. The
Journal of Allergy and Clinical Immunology, 2004, 113(2):
227 —234.

Nees von Esenbeck C G D. Das system der Pilze und Schwimme:
ein versuch [ M]. Wurzburg, Germany, 1817.

Fries E M. Systema mycologicum [ ++- ] Volumen [[[[M]. Ger-
many: Gryphiswaldae [ sic ]: Sumtibus Ernesti Maurittii,
1829 419 - 425.

Keissler K. Zur kenntnis der pilzflora krains [ J]. Beihefte zum
Botanischen Zentralblatt, 1912, 29. 395 - 440.

Elliott J] A. Taxonomic characters of the genera Alternaria and
Macrosporium [J]. American Journal of Botany, 1917, 4(8);
439 —476.

Wiltshire S P. The foundation species of Alternaria and Mac-
rosporium [ J]. Transactions British Mycological Society,
1933, 18: 135-160.

Simmons E G. Alternaria; an identification manual [ M]. The Neth-
erlands Utrecht: CBS Fungal Biodiversity Centre, Utrecht, 2007.
KRF. PEEREE, 516 & fixfaElM] Joa. Bl
fiit, 2003.

Roberts R G, Reymond S T, Andersen B. RAPD fragment pat-
tern analysis and morphological segregation of small-spored Al-
ternaria species and species groups [ J]. Mycological Research,
2000, 104(2): 151 -160.

Tymon L S, Peever T L, Johnson D A. Identification and enu-
meration of small-spored Alternaria species associated with po-
tato in the U. S. Northwest [J]. Plant Disease, 2016, 100
(2): 465-472.

Lawrence D P, Gannibal P B, Peever T L, et al. The sections
of Alternaria; formalizing species-group concepts [ J]. Mycolo-
gia, 2013, 105(3): 530 — 546.

Hou Yujie, Ma Xiao, Wan Wenting, et al. Comparative ge-
nomics of pathogens causing brown spot disease of tobacco:
Alternaria longipes and Alternaria alternata [J]. PLoS ONE,
2016, 11(5): e0155258.

Andersen B. Krgger E, Roberts R G. Chemical and morpho-

logical segregation of Alternaria arborescens, A. infectoria and

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

A. tenuissima species-groups [ J ]. Mycological Research,
2002, 106(2): 170 - 182.

Bk, ska %, Axtd, . FRE/NZE B O B0k .
FREYFR, 1999(2): 58 - 60.

B TII0, IR, 55, IR /N2 BB 1 1Y 5 8 4
FEMEORTENELT ] MR, 2011, 41(3). 225 - 231
Webley D J, Jackson K L, Mullins J D, et al. Alternaria tox-
ins in weather-damaged wheat and sorghum in the 1995 - 1996
Australian harvest [J]. Australian Journal of Agricultural Re-
search, 1997, 48(8). 1249 - 1255.

TG, FEAE, JLOCWE, S5, — R PG 0 SR B BORF il S R B
RIS a2 re e L ] b BB E W24 4, 2015, 37
(3): 377 -382.

rhE Al A S G B 2 4

b R, 2006 462 - 464
ZEAR. WG, EOCH, 5. H 3 REER TR LA
BivaL)]. HPIERY, 2009, 35(5): 24 - 29.

Udayashankar A C, Nayaka S C, Archana B, et al. Specific

PCR-based detection of Alternaria helianthi :

ERAESEIM] de5t. R ERK

the cause of
blight and leaf spot in sunflower [J]. Archives of Microbiolo-
gy, 2012, 194(11). 923 -932.

Suwannarach N, Kumla J, Lumyong S. First report of Alter-
naria leaf blight disease on oil palm caused by Alternaria longi-
pes in Thailand [J]. Phytoparasitica, 2014, 43(1); 57 - 59.
Patel SJ, Subramanian R B, Jha Y S. Biochemical and molecu-
lar studies of early blight disease in tomato [J]. Phytoparasiti-
ca, 2011, 39(3): 269 - 283.

Soylu S, Kurt S, Soylu E M, et al. First report of Alternaria
leaf blight caused by Alternaria dauci on carrot in turkey [J].
Plant Pathology, 2005, 54. 252.

Farrar J J, Pryor B A, Davis R M. Alternaria diseases of car-
rot [J]. Plant Disease, 2004, 88(8); 776 — 784.

Bihon W, Cloete M, Gerrano A S, et al. Draft genome se-
quence of Alternaria alternata isolated from onion leaves in
South Africa [ J]. 2016, 4 (5):
e01022 - 16.

Chen L Y, Price T V, Silvapulle M J. Dark leaf spot (Alterna-

Genome Announcements,

ria brassicicola) on Chinese cabbage: spatial patterns []]. Aus-
tralian Journal of Agricultural Research, 2005, 56(7): 699 — 714,
FE, M. SERPE AT R R SRR L] JE TR
2015(2); 43.

Rotondo F, Collina M, Brunelli A, et al. Comparison of Al-
ternaria spp. collected in Italy from apple with A. mali and
other AM-toxin producing strains [ ] |. Phytopathology, 2012,
102(12). 1130 - 1142.

Zhao Juan, Bao Shuwen, Ma Guoping. et al. Characterization
of Alternaria species associated with muskmelon foliar diseases
in Beijing municipality of China[ J]. Journal of General Plant
Pathology, 2015, 82(1): 29 - 32.

RN, RGEEE, RIS, 45 R BL A BB )5 45
B ITS.GPD 1 EF-1o JFAIAM LT B 5% 4], 2016, 43
(2): 329 - 336.



43 5 4 1)

E AT BRSO R A T B AR A A 7 I A AR e « 15 -

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

FEHE, WA AR, A IARNL ARG BRI b AR 1R R A
FELT] PRI 2R, 2009, 36(1): 37 -43.

XA Bt A B A AR R B A B S 4 KA
W], B EL R ,2013,46(23) 4916 — 4925,
RREAE, XIARIE, ZEAT3, 4. ROMEME BB J5 2 e e 3L
FEFSEL)]. B2, 2013, 40(8): 1560 — 1566.
Akimitsu K, Peever T L, Timmer . W. Molecular, ecological
and evolutionary approaches to understanding Alternaria diseases
of citrus [ J]. Molecular Plant Pathology, 2003, 4(6): 435 — 446.
Ma Zhonghua, Felts D, Michailides T J. Resistance to azoxys-
trobin in Alternaria isolates from pistachio in California[ ] ].
Pesticide Biochemistry and Physiology. 2003, 77(2): 66 — 74.
Greco M, Patriarca A, Terminiello L. et al. Toxigenic Alter-
naria species from Argentinean blueberries[ ]J]. International
Journal of Food Microbiology, 2012, 154(3): 187 —191.

Kaur M, Aggarwal N K. First report of Alternaria sp. cau-
sing leaf blight disease on parthenium weed in India [J]. New
Disease Reports, 2015, 31; 25.

GG, BRAos, . 5. T AHREORP I RD ] b
J 2, 2015(20): 181 - 185.

LiY, Shen J, Pan B H, et al. First report of leaf spot caused
by Alternaria alternata on marigold (Tagetes erecta) in Bei-
jing, China [J]. Plant Disease, 2014, 98(8); 1153 —1154.
Barsp, I, AR, S B R B IR R Y
BoELT]. AedbaR2#4R. 2007, 22(1): 156 - 160.

G, ARR, BRIy, S TR 1R A 5 R A
(I, AR, 2009, 35(3): 111-114

Yu X, Zhang W M, Zhao B T, et al. First report of Alternar-
ia alternata causing a blight disease of Euphorbia lathyris in
China [J]. Journal of Plant Pathology, 2011, 93(4); 85.

Kim Y C, Lee ] H, Bae Y S, et al. Development of effective
environmentally-friendly approaches to control Alternaria
blight and anthracnose diseases of Korean ginseng [J]. Euro-

pean Journal of Plant Pathology, 2010, 127(4): 443 - 450.

Zhao Jingqing. Li Sha, Jiang Tengfei, et al. Chilling stress
The key predisposing factor for causing Alternaria alternata
infection and leading to cotton (Gossypium hirsutum L. ) leaf
senescence [ J]. PLoS ONE, 2012, 7(4). ¢36126.

FEORAE, fAER . M. ML LD 2R S A 4L
PR SCRFEHTLI ], MAE2=Hz, 2013, 25(1): 81 -85,
Bhuiyan S A, Boyd M C, Martin C, et al. Development of Al-
ternaria leaf blight on north Australian cotton (Gossypium hir-
sutum) ., species prevalence. and its control using mancozeb
[J]. Australian Plant Pathology, 2007, 36(5): 488 - 497.
Bhuiyan S A, Boyd M C, Dougall A J, et al. Effects of foliar
application of potassium nitrate on suppression of Alternaria
leaf blight of cotton (Gossypium hirsutum) in northern Aus-
tralia []]. Australian Plant Pathology,2007,36(5):462 — 465.
Sun Huanhuan, Wang Lei, Zhang Baoqgin, et al. Scopoletin is
a phytoalexin against Alternaria alternata in wild tobacco de-
pendent on jasmonate signalling [J]. Journal of Experimental

Botany, 2014, 65(15): 4305 - 4315.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Sun H, Hu X, Ma J, et al. Requirement of ABA signalling-
mediated stomatal closure for resistance of wild tobacco to Alter-
naria alternata [J]. Plant Pathology,2014,63(5):1070 - 1077.
Bensassi F, Gallerne C. El Dein O S, et al. Cell death induced
by the Alternaria mycotoxin Alternariol [J]. Toxicology in
Vitro, 2012, 26(6): 915-923.

Akimitsu K, Tsuge T, Kodama M, et al. Alternaria host-se-
lective toxins: determinant factors of plant disease [ J]. Journal
of General Plant Pathology, 2014, 80(2): 109 - 122.

Tsuge T, Harimoto Y, Akimitsu K, et al. Host-selective tox-
ins produced by the plant pathogenic fungus Alternaria alter-
nata [J]. Federation of European Microbiological Societies Mi-
crobiology Reviews, 2013, 37(1); 44 - 66.

Tanaka A, Shiotani H, Yamamoto M. et al. Insertional muta-
genesis and cloning of the genes required for biosynthesis of the
host-specific AK-toxin in the japanese pear pathotype of Alter-
naria alternata [ J]. Molecular Plant-Microbe Interactions.,
1999, 12(8): 691 - 702.

Walton J D. Host-selective toxins: Agents of compatibility
[J]. Plant Cell, 1996, 8(10); 1723 -1733.

Lopez P, Venema D, Mol H, et al. Alternaria toxins and con-
jugates in selected foods in the Netherlands [J]. Food Control,
2016, 69: 153-159.

Hajnal E J, Orgi¢ D, Torbica A, et al. Alternaria toxins in
wheat from the Autonomous Province of Vojvodina, Serbia: a
preliminary survey [J]. Food Additives &. Contaminants: Part
A, 2015, 32(3): 361-370.

Andersen B, Nielsen K F. Fernandez Pinto V, et al. Charac-
terization of Alternaria strains from Argentinean blueberry,
tomato, walnut and wheat[ ] ]. International Journal of Food
Microbiology, 2015, 196. 1 - 10.

Scott P M., Analysis of agricultural commodities and foods for
Alternaria mycotoxins [ J]. Journal of AOAC International,
2001, 84(6): 1809 —1817.

Scott P M, Lawrence G A, Lau B P Y. Analysis of wines,
grape juices and cranberry juices for Alternaria toxins [ ] ].
Mycotoxin Research, 2006, 22(2). 142 - 147.

Runno-Paurson E, Loit K, Hansen M, et al. Early blight de-
stroys potato foliage in the northern Baltic region [J]. Acta
Agriculturae Scandinavica, Section B: Soil and Plant Science,
2015, 65(5); 422 - 432.

Yan Jiaqi, Yuan Shuzhi, Wang Chunyue, et al. Enhanced re-
sistance of jujube (Zizyphus jujuba Mill. cv. Dongzao) fruit
against postharvest Alternaria rot by p-aminobutyric acid dip-
ping [J]. Scientia Horticulturae, 2015, 186; 108 —114.

de Lima C B, Rentschler L . A, Bueno J T, et al. Plant ex-
tracts and essential oils on the control of Alternaria alternata,
Alternaria dauci and on the germination and emergence of car-
rot seeds (Daucus carota 1..) [J]. Ciéncia Rural, 2016, 46
(5): 764 -1770.

(FTHERE. HAmW)





