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Effects of temperature on the biological characteristics and metabolic
phenotype of Alternaria alternata
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Abstract In order to investigate the effect of temperature on the pathogenicity of Alternaria alternata and its
metabolic phenotypes under different carbon sources, and osmotic and pH conditions, the mycelial growth and
detached leaf method were utilized to detect its mycelial growth rate and pathogenicity, respectively. The
metabolic phenotypes under different carbon sources, osmotic pressures and pH values were analyzed by using
Biolog Phenotype MicroArray at 22, 25, 30C and 35C. The results showed that A. alternata grew well at all
temperatures ranging from 15C to 35C and showed the highest growth rate, pathogenicity and optimum
sporulation at 30°C, and a highest spore germination rate at 35C . At 22, 25, 30C and 35C, A. alternata can
metabolize 95 kinds of carbon sources in Biolog FF metabolic plates, and its metabolic ability to carbon sources
gradually increases with the increase of temperature. A. alternata presented the widest osmotic adaptation ability
at 22C and 25C, followed by 30C , while narrowest at 35C. At 22, 25, 30C and 35C, A. alternata exhibited
metabolism at pH values ranging from 3.5 to 10. A strong decarboxylase activity and a weak deaminase activity
were detected at 22, 25C and 30C. At 35C, the decarboxylase and deaminase activities were much weaker.
These results revealed the adaptability of A. alternata under different temperatures. This study can provide a
reference for the study on the interaction between A. alternata and environmental factors.
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Table 1 Effects of different temperatures on the biological characteristics of Alternaria alternata

g/ C A KA /mm » d ! JR AR/ X106 « (em?) ! TR/ "% Y E EL A%/ mm
Temperature Growth rate Sporulation quantity Spore germination rate Lesion diameter
15 (5.19£0. 31)d (1.20=£0. 51)cd (15.6242. 35)¢ (0. 00£0.00)e

20 (8.2540.57)¢ (1. 6540. 14)be (65.49+4.08)b (14.7540. 2D)c

25 (9. 7540.53)b (2.0640. 19)ab (71.93%2.63)b (17.1840.67)b

30 (10. 94=£0.41)a (2.73%£0. 23)a (73.61%6.71)b (21.00=£0. 53)a

35 (4.56£0.27)d (0. 752£0. 08)de (87.67=%1.92)a (8.63+0.23)d

40 (0. 00=£0. 00)e (0. 00=£0. 00)e (0. 00£0. 00)d (0. 00£0.00)e

1) F o [RF0 8 5 M R 2 25 R 48 LSD ke B S0 fi 7] 22 B AN 5.3 (P>>0. 05) ,

Data followed by the same letter in the same column are insignificantly different based on the least significant difference test (LSD) (P>

0.05).
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7K Water

H:3-80 Tween-80

N-ZBk-D- - FU Bk N-acetyl-D-galactosamine
N-ZBtIE-B-D- i &5 Bk N-acetyl-B-D-glucosamine
N-Z1k-B-D-H @Bl N-acetyl-f-D-mannosamine
HHERE Adonitol

WA~ Amygdalin

D-Filkiff D-arabinose

L-PihifA# L-arabinose

D-Pil hifFBERE D-arabitol

fESEF Arbutin

D-4F-4E—Hf D-cellobiose

a-FRMIKE a-cyclodextrin

B-FRaMIRE B-cyclodextrin

ki Dextrin

ARERHERE [-erythritol

D-3pk D-fructose

L5368k L-fucose

D-FLH D-galactose

D--FUBEMERR  D-galacturonic acid
JeH B Gentiobiose

D-fi#jliEg D-gluconic acid

D-Aii&jHliMk D-glucosamine

a-D-filj & a-D-glucose
a-D-HERE-1-B A £ a-D-glucose-1-phosphate
M A EEBERE Glucuronamide

D-fij#j%#8 D-glucuronic acid

P =W Glycerol

JiFRE Glycogen

M-2F4ERE M-inositol

2-Bil-D-7j &R 2-keto-D-gluconic acid
a-D-3LB% a-D-lactose

LAY Lactulose

HFHERY Maltitol

FAPE Maltose

FIE =P Maltotriose

D-H#®¢ D-mannitol

D-H ¥ D-mannose

D-FA=HE D-melezitose

D-% %k D-melibiose
a-HE-D-2LFBHF a-methyl-D-galactoside
S-H3E-D-FLREH S-methyl-D-galactoside
a-BIE-D-4j % B a-methyl-D-glucoside
S-HE-D-A A HEEF S-methyl-D-glucoside
S22 RABE Palatinose

D-Fify% ik D-psicose

D-% =¥k D-raffinose

L-F 258k L-rhamnose

D-#8% D-ribose

KA Salicin

R PERESME Sedoheptulosan

D- 11134 D-sorbitol

L-11AL8% L-sorbose

JK 3B Stachyose

HERE Sucrose

D-$K5H D-tagatose

D-¥§3EkE D-trehalose

FAZBE Turanose

AHBERE Xylitol

D-AK¥ D-xylose

7~ THE y-aminobutyric acid
TARBEFARE Bromosuccinic acid

R T 8 Fumaric acid

B-FRIE TR B-hydroxybutyric acid
V-FIETER y-hydroxybutyric acid
P-FJIER ZHR P-hydroxy-phenylacetic acid
a-BilJ% R a-ketoglutaric acid

D-FLFRH HERE D-lacticacidmethy! ester
L-$L# L-lactic acid

D-3EHRWR D-malic acid

L3RR L-malic acid

25 Jg#% Quinic acid

D-Hii %% & D-saccharic acid

2%~k Sebacic acid

BEFAMERERR Succinamic acid

BEHIER Succinic acid

HEHIER I AERE Succinic acid mono-methyl ester
N-H13Efk-L- 5 4{FR N-acetyl-L-glutamic acid
L-PMiREERE L-alaninamide

L-Pilg L-alanine

L-PiNER L /8 L-alanyl-glycine
L-RAWBEME L-asparagine

L- K45k L-aspartic acid

L-7 448 L-glutamic acid

H&BE-L-A %8R Gycyl-L-glutamic acid
L-%%{#R L-ornithine

L-¥FEHN B L-phenylalanine

L-fifi48& L-proline

L3418 L-pyroglutamic acid

L-22%5{8 L-serine

L-JpliBR L-threonine

2-% 3k Z W 2-aminoethanol

JBHF Putrescine

Jig4¥ Adenosine

JR#F Uridine

JEAF-5-BERREL  Adenosine-5-monophosphate

A01
A02
A03
A04
A05
A06
A07
A08
A09
Al0
All
Al2
BO1
B02
B03
B04
BO0S
B06
B07
B08
B09
B10
BIl
BI12
Co1
C02
C03
Co4
C05
C06
Co7
Co8
C09
C10
Cll1
Cl12
DO1
D02
D03
Do4
D05
D06
D07
DO8
D09
D10
D11
D12
EO1
E02
E03
E04
EO05
E06
E07
E08
E09
E10
Ell
E12
Fol
F02
FO3
Fo4
FO5
Fo6
Fo7
FO8
F09
F10
Fl11
F12
GO1
G02
G03
Go4
GOs
G06
GO7
GOo8
G09
G10
Gl11
GI12
HO1
HO02
HO3
Ho4
HOS
Ho6
HO7
HO8
HO09
H10
HI11
HI12

25C 30C 35C
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' 306

153
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AO01~H1243 HIAREARBIAR AL -
6B 43 T AR 3 A A g AR Bk U
HFE B, 0y 1~1004 101~200+
>20073 531 33 MR H A5 B 14 1244
ALPRAREFIH, RIS —B
o FIH
AO01-H12 represent the microwell of
the metabolic plate, respectively. The
color values represent the utilization
degrees of carbon sources by Alternaria
alternata. The values 0, 1-100, 101-200
and >200 indicate no, low, moderate,

and high utilization, respectively. The
same applies below
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Fig. 1 Metabolic features of the pathogen Alternaria alternata in Biolog Phenotype MicroArray FF plates
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17 AR BB 8 R B 400 76.71.56 FliFl 2
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11,14 B A0 18 Ffro 4 AN BETT 08 55 2l B2 5 1 75
20~ 200 mmol/L ZK H /& 44 (pH 5.2) F1 40 ~
100 mmol/L WA EREAE 3 I I 5 T A 55 50
REACH . 7E 35 C I, M AR B K6 I AE 100 mmol/L
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AR (E 2.,
2.3.2 TREEET pH ¥ EF 2mER# LA

%

A AR BE T 0 R R AT AT AR
pH G 3. 5~10 . (BAEA AR A pH FEE T
PR AAEE 25 5. 76 pH 4. 5, M 5 7% B i TR 7
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MR s AR 35 CTF o MEE IR AR T A ] s 80 R 2 iR
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FOFN2 . AN HE 22.25°C K 30 CTR o MR B AR AR 1T
I AR P A% It 0 A T A 55 1% I B s T
35 CTF , H AR B A 2 B PEAR X 455 . 78 HOL~
HI12 L H0 B o B 1 7 25 CFl 30 C X Ay
MRAAC G AT s it s 22°C i Al S R Ak &
YRR AR i 35 C AT gt A R 5L
(caprylate) . X-8 D- 1t 1 R (X-3-D-glucuronide) , X~
B D-Z AT (X-8 D-glucosaminide) } X-3D-4%
Fp 2T (X3 D-galactosaminide) ([ 3) ,

3 &S

HR AR R MR A 7 BRI R E 2 — . B
AR X M AT M R R R B AR X
T I PR AR ) S R AT S R R AR T 2 R
N M R BT 15~35 C & F Al R K, 25~
30 Cidi 43774 . 3% 55 Dickinson 21 Y B 57 45 SR Jk

A—F, ACLBIHE IR BAE 30 C P24 K
SpebRe VBU ) fi S5 RS AR HGE ) 28°C ol
B Id T 2 A KR R O HE R s TR o I 25 R S
FL R G ) R R AR R R 1138 R R B Y
23, 7~28.5 CAAL, H 22 7 e K AT fig Ry il 5
AR AR SCR 2 B R 3 i S 25 H )
Wi g R

TR RAR 6 i R AR A I A E R L, &
F 5T R L R 2 5 e it G Atk 05 1 e 28 A i
BE UL IR B P. nicotianae™™ M & i R.
solanacearum™ , ZE7NHCAEY B SE 2 B MR R
B w 28°C WAL g fX i Biolog PM1-2 #i
24. 21 0 IR IR s 1 A TH 260 (R F 9T 2 B i A% A0
26 CHf AT i Biolog FF Al 77 Ffe 49 i1 s £
JEEN IR R B R R R B 25 C AT it
iff Biolog PM1-2 Q3§ #x o (¥ 34 Bl I, AH Lb i
T » AR A Biolog FF il YA AR 2547003 , HoAk
JEFI L Biolog PM1-2 AR /b, {H CHB 43 B Y5 Ay
UL LT AT AR, BB S B B AL T 6 R R
SRR T 3K o AR SCR B R % AL TR TE 22,25,
30°C Je 35 C R ¥yl AU i A ik IR o 78 4 AN IRE
T YIRE AT N-& 1 3E-5-D- % W% e 75 75—
A 23 FIRUE  HEI I L fi 5 349 hy e A B TR 1Y)
TEEURUR o A R T A R ) IR T
e T 22 o M0 O B2 25 52 M i D 7 26 A fb i A2 1Y
A, o TS e Bl P AR R 2 A A2 4k, 4 il BT 4
R R R R FH 80 R A B R 5 55 0 A R 1Y)
RAEGEEBREA XA —PHRAMR.

bR 7B SR AN, i B B3 A pH 55 30 5
PRt 5 T g D BT 17 A 4 24 R S B0
o Do TR TE AN [R] B 5 2% 1 T AR e 0 B9 22 46 AT DL
B HL X R 14 it 52 BE S0 L XS TR BB R
F pH T 5 A TR R SRR T A R B E A A B, 30
~ 35 CHF5 Al B X2 % = A pH 38 N RE 7 058
27~30 C I 50 2812 5 T X 98 45 He Fl pHL 3 ) RE
JIHE5 IR EE T 5 A 7 L e T SRR A R fE
FREMA . MORFEEE B A pH 3
58 25T R AR L T P A e A Y R B IR
S M) M SR R R X2 R N pHL BR B Y T
25 CA 30 C psf i by i L) H: 55 0 5 7 A R R
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1% ALA 1% NaCl

2% A 2% NaCl

3% AN 3% NaCl

4%5ALH 4% NaCl

5%F AL 5% NaCl

5.5%5HALH 5.5% NaCl

6%5ALH 6% NaCl

6.5%5 A4 6.5% NaCl

T%ZEAEN 7% NaCl

8% ALl 8% NaCl

9%5HALH 9% NaCl

10%Z4LH] 10% NaCl

6% LS 6% NaCl

6% AL+FHSER 6% NaCl+betaine

6% FALN+N-N-—F B H 4B 6% NaCl+N-N-dimethy Iglycine
6% ALA+HILEER 6% NaCl+sarcosine

6% A AL+ — BRI RR L 6% NaCl+dimethyl sulphonyl propionate
6% AL+ PR 6% NaClHMOPS

6% FALA+PU S MERE 6% NaCl+ectoine
6%EALH+ERE 6% NaCl+choline

6% AL+ BERRIATE 6% NaCl+phosphoryl choline

6% ALG+LEE 6% NaCl+creatine

6% FAL A+ LEF 6% NaCl+creatinine

6%F AL+ ZETEPIIE 6% NaCl+L-carnitine
6%EALE+AL B 6% NaCl+KCl

6% FE AL +L-ifi %#8 6% NaCl+L-proline

6% AL +N- 2Bk 3E-L-5 5Bk 6% NaCl+N-acethyl-L-glutamine
6% FALH+B- A= ER 6% NaCl+p-glutamicacid

6% F AN+ HE-N- T B2 6% NaC1+y-amino-N-butyric acid
6%FAL+B N H Ik 6% NaCl+glutathione

6% kGl 6% NaCl+glycerol

6% EAL B+ HENBE 6% NaCl+trehalose

6% AL A+ = H Jiie-N-H A& IF 6% NaCl+trimethylamine-N-oxide
6%FEALM+=H % 6% NaCl+trimethylamine

6% F AL+ B 6% NaCl+octopine
6%5ALHN+#i LB 6% NaCl+trigonelline

3%EALE 3% KC1

4% ALE 4% KCI

S%EALER 5% KC1

6%FEALH 6% KCI

2% ER4N 2% Na,SO,

3% 3% Na,SO,

A%FREREN 4% Na,SO,

SYMERHN 5% Na,SO,

5%Z. . FE 5% ethylene glycol

10%Z - 10% ethylene glycol

15%Z % 15% ethylene glycol

20%Z &% 20% ethylene glycol

1% B 1% sodium formate

2% 4N 2% sodium formate

3%HIER4N 3% sodium formate

4% ERH 4% sodium formate

5%H RSN 5% sodium formate

6%HER4 6% sodium formate

2%R% 2% urea

3%pR % 3% urea

4%R# 4% urea

5%JKZ 5% urea

6%R % 6% urea

T%R% 7% urea

1%FLERHN 1% sodium lactate

2%FLERSN 2% sodium lactate

3%FLEESN 3% sodium lactate

4%FLEE5 4% sodium lactate

5%FLERSN 5% sodium lactate

6%FLERSN 6% sodium lactate

7%FLBRMN 7% sodium lactate

8%FLERMN 8% sodium lactate

9%FLERSN 9% sodium lactate

10%FLARH 10% sodium lactate

11%FLER4N 11% sodium lactate

12%FLEREN 12% sodium lactate

20 mmol/L@§ER#ipH 7.0 20 mmol/L Na;PO, pH 7.0

50 mmol/LEE&lipH 7.0 50 mmol/L Na;PO, pH 7.0

100 mmol/LER&#pH 7.0 100 mmol/L Na,PO, pH 7.0
200 mmol/LE§ER#lpH 7.0 200 mmol/L Na;PO, pH 7.0
20 mmol/L < B & 4lipH 5.2 20 mmol/L sodium benzoate pH 5.2
50 mmol/L4 H FRflipH 5.2 50 mmol/L sodium benzoate pH 5.2
100 mmol/LZ# H ER#lpH 5.2 100 mmol/L sodium benzoate pH 5.2
200 mmol/LZ Hi Eg#ipH 5.2 200 mmol/L sodium benzoate pH 5.2
10 mmol/L#ER%#¢pH 8.0 10 mmol/L (NH4),SO, pH 8.0
20 mmol/LiEg%pH 8.0 20 mmol/L (NH4),SO, pH 8.0
50 mmol/LiEg%4pH 8.0 50 mmol/L (NH4),SO, pH 8.0
100 mmol/LA#iE&4%pH 8.0 100mmol/L (NH4),SO, pH 8.0
10 mmol/LAlEEHH 10 mmol/L NaNO,

20 mmol/LANEZH 20 mmol/L NaNO;

40 mmol/LAif{ER% 40 mmol/L NaNO;

60 mmol/Lil§E&4l 60 mmol/L NaNO,

80 mmol/L7f§4H 80 mmol/L NaNO;

100 mmol/LA%EREH 100 mmol/L NaNO;

10 mmol/LAFAl§ER%H 10 mmol/L NaNO,

20 mmol/LIEANERHH 20 mmol/L NaNO,

40 mmol/LIERHERH 40 mmol/L NaNO,

60 mmol/LIEAi§ER%H 60 mmol/L NaNO,

80 mmol/LIEAER4H 80 mmol/L NaNO,

100 mmol/LIFAFRHY 100 mmol/L NaNO,
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B10
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C10
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DO1
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D06
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D09
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EO1
E02
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E04
EO05
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E09
E10
Ell
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FO8
F09
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GOl
G02
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HI11
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Fig. 2 Metabolic features of Alternaria alternata at different temperatures and osmotic pressure
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22°C 25C 30C 35C

pH35 A0l
PH40  A02
pH45  A03
PHS50  A04
PHS.5 A0S
PH60  A06
PH7.0  A07
PHB8.O A0S
pHS8S  A09
PHO.0  Al0
pHOS  All

PH10.0  Al2
pH45  BOI
pH 4.5+L-Pi%Mk pH 4.5+L-alanine  B02
pH 4.5+L K5 FR pH 4.5+L-arginine  BO3
pH 4.5+L- KAkl pH 4.5+L-asparagine  B04
pH 4.5+L-K 4458 pH 4.5+L-aspartic acid ~ B05
pH 4.5+L- %53 pH 4.5+L-glutamic acid  B06
pH 4.5+L- B4 Btk pH 4.5+L-glutamine ~ BO7
pH 4.5+H &R pH 4.5+glycine  BOS
pH 4.5+L-414{8§ pH 4.5+L-histidine ~ B09
pH 4.5+L-5 55 %8 pH 4.5+L-isoleucine B10
pH 4.54L-354F pH 4.5+L-leucine  BI1
pH 4.5+L- % FR pH 4.5+L-lysine  BI12
pH 4.5+L- %% pH 4.5+L-methionine  CO1
pH 4.5+L- 4% pH 4.5+L-phenylalanine ~ C02
H 4.5+L-i4F pH 4.5+L-proline  C03
pH 4.5+L-%4 %K% pH 4.5+L-serine  C04
pH 4.5+L- 355 pH 4.5+L-threonine €05
pH 4.5+L-{6 5§ pH 4.5+L-tryptophan  C06
pH 4.5+L-F & pH 4.5+L-tyrosine Co7
pH 4.5+L-%%Fk pH 4.5+L-valine  C08
pH 4.5+¥8 3/l %(BR pH 4.5+hydroxy-L-proline  C09
pH 4.5+L-%54{% pH 4.5+L-ornithine ~ C10
pH 4.5+L-FR§ &R pH 4.5+L-homoarginine  CI1
pH 4.5+L-F %5488 pH 4.5+L-homoserine  C12
pH 4.5+4B & FEA I BR pH 4.5+anthranilic acid DO1
pH 4.5+L-1E 55588 pH 4.5+L-norleucine D02
pH 4.5+L-IE4ii% 8 pH 4.5+L-norvaline ~ D03
pH 4.5+0-%JE-N-TH pH 4.5+a-amino-N-butyric acid D04
pH 4.5+P-5{ 33K R pH 4.5+P-aminobenzoate D05
pH 4.5+L-fi B %8R pH 4.5+L-cysteicacid D06
pH 4.5+D-#§i%&#8 pH 4.5+D-lysine D07
pH 4.5+5-¥2#5i54FR pH 4.5+5-hydroxy lysine D08
pH 4.5+5-¥ 44l pH 4.5+5-hydroxy tryptophan D09
pH 4.5+D,L-— 5 Fk-Bi %8 pH 4.5+D,L-diamino pimelic acid D10
pH 4.5+ =Hl ig-N-H4{%&JF pH 4.5+trimethyl amine-N-oxide ~ D11
pH 4.5+)K# pH4.5+urea  DI2
pHO9.5  EOI
pH 9.5+L-P§4{8 pH 9.5+L-alanine  E02
pH O.5+L K55 Fk pH 9.5+L-arginine  E03
pH 9.5+L-RK A& Bl pH 9.5+L-asparagine  E04
pH 9.5+L- K48 pH 9.5+L-aspartic acid E05
pH 9.5+L-%& 48 pH 9.5+L-glutamic acid  E06
pH 9.5+L-A & B pH 9.5+L-glutamine E07
pH 9.5+H&# pH 9.5+glycine E08
pH 9.5+L-414{k pH 9.5+L-histidine  E09
pH 9.5+L-F 55 %8 pH 9.5+L-isoleucine E10
pH 9.5+L-354{B pH 9.5+L-leucine  El1
pH 9.5+L-§i% R pH 9.5+L-Lysine  EI2
pH 9.5+L-ZB 4k pH 9.5+L-methionine  FOI
pH 9.5+L-Z A& E,R pH 9.5+L-phenylalanine F02
pH 9.5+L-ifi%® pH 9.5+L-proline  F03
pH 9.5+L-%2%{8k pH 9.5+L-serine  F04
pH 9.5+L-353 %8R pH 9.5+L-threonine FO5
pH 9.5+L-f6 548 pH 9.5+L-tryptophan  F06
pH 9.5+LE &R pH 9.5+[-tyrosine  FO7
pH 9.5+L-%ji%{#% pH 9.5+L-valine  FO8
pH 9.5+¥8 il (MR pH 9.5+hydroxy-L-proline F09
pH 9.5+L-B4{& pH 9.5+L-ornithine F10
pH 9.5+L-FkE &R pH 9.5+L-homoarginine F11
pH 9.5+L-F 248 pH 9.5+L-homoserine  F12
pH 9.5+4B & IEA I FR pH 9.5+anthranilic acid  GO1
pH 9.5+L-IE55%8R pH 9.5+L-norleucine  G02
pH 9.5+L-j% 588 pH 9.5+L-norvaline  G03
pH 9.5+ T iz pH 9.5+agmatine  G04
pH 9.5+ Jt¥ pH 9.5+cadaverine  GO5
pH 9.5+ % pH 9.5+putrescine  G06
pH 9.5+41 ]t pH 9.5+histamine  G07
H 9.5+7K ZJi¢ pH 9.5+phenylethylamine GO08

P pH 9.[5’+E§& ppl-{ 9y.5+t)¥ramine G09 ||

pH 9.5+}JLEZ pH 9.5+creatine  G10
pH 9.5+=H Jit 4 & JF pH 9.5+trimethyl amine-N-oxide — G11

pH 9.5+)K# pH 9.5+urea GI2 I 306

SERRER X-caprylate  HO1

X-a-D-HiZjHEH X-a-D-glucoside  H02
X-p-D-Tij & Wi X-p-D-glucoside ~ HO3
X-a-D-PFHiHF X-a-D-galactoside ~ HO4
X-B-D-JUBHF X-B-D-galactoside  HOS
X-0-D-ii§ii1¥#8 X-a-D-glucuronide ~ HO6
X-B-D-Hij§i 158 X-B-D-glucuronide  HO7
X-B-D-IEAGEHEEF X-p-D-glucosaminide ~ HO8
X-B-D-5HEFUEH X-p-D-galactosaminide ~ H09
X-0-D-H Wi X-a-D-mannoside ~ HI10
HILBERREG Phosphaminase  HI1

PRI ERAREE Aryl sulfatase  HI2
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Fig. 3 Metabolic features of Alternaria alternata under different temperatures and different pH values
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