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Abstract: [ Purpose] The strain resources of high-yield siderophore were screened from different
host plant pathogenic fungi, and using high-sorghum siderophore and pathogens to compete with Fe*
can provide a new target for the control of plant diseases. [ Methods ] We qualitatively and quantitat-
ively screen the pathogenic strains of different host plants and the preliminary identification of
siderophore types by CAS method and light absorption method, and biological identification of the
dominant strains was according to 18S rDNA. [ Results] There were 5 strains were identified as
high-yield siderophore dominant strains from the test bacterial by the qualitative and quantitative

screening, and the type of secretory siderophore are Hydroxamates, Carboxylates and Catecholates.
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According to the molecular biology identification, strain TZT-024 has similarity with Aspergillus fu-

migatus, strain TZT-033 is very similar to Botrytis cinerea, strain TZT-037 is analogous to Lecanicil-

lium psalliotae, strain TZT-047 and TZT-069 respectively resemble Pythium pyrilobum and

Pestalotiopsis vismiae. [ Conclusion] There are no relevant researches of siderophore production

about L. psalliotae, P. pyrilobum and P. vismiae, currently. Therefore, it can be used as a preferred

material for the disease prevention by siderophore.
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droxamates) FIRIREL A (Carboxylates) = KIS,
FHAS T HAWGE DR G A =1, G T 5
W WK BUR IR ™ BT, AR ER
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1.1 AXE

82 PRHULIAAE Y I RIS A = B A ARl B2
BeA M A BHIRIE S T AR R (3R 1)
1.2 CAS Rl Je s 77 5

CAS K I % . FRHEL 0.0605 g% K& S
(chromeazurol S, CAS) % T 50 mL 2= & F /K,
JFMA 10 mL FeCl; % (1 mmol/L FeCls-6H,0 +
10 mmol/L HCl) #iE #E1R 2, #rich AW ; FREX
0.0729 g T 753k = H IR 87 (hexadecyl tri-
methyl ammonium bromide, HDTMA) T 40 mL
LB FK, tnidh B &5 ARZEEEIA
B, R A me I A

Y A A MR 55 97 5L (PDA): Ti4dE
200.0 /L. #iZIHE 15.0 /L. g 16.0 g/L FIzZEE
K 1.0L, pH A%, TCERAQIRIRIG IR 5L oMk
30.0 g/L. fHFRHEN 2.0 g/L. FALEN 0.5 /L. WiFREE
0.5g/L. WERE M 1.0 g/L. 8-FKLmsnk 0.5 g/L
MEBETK1.0L, pH A,
1.3 Fr il B BR B A = AR R ) i
1.3.1 E A

4 PDA #HAH: 73 16 AL i B R 2 0
BRA QARG SR L, BRI 3 M ERE, i
F 28 C AV R (5 . 1GS100) N K 3%
5~7 do MIEFRHERTA KE w2z By, Rl
I 50 pL $535T 96 LAk, FRHIMASERF CAS
Kl , seiRA), WA & 2 LR
(ethylene diamine tetraacetic acid, EDTA) &R AE N
PHPEXS B, RIEFPIER RIS CAS I 45 14
FURAVE R BAERT IR, ST s (A 4L (5
FRELL ARSI, TR RARAE R 52 TR A
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Tab. 1 The summary of test strains

PPk strains 2 F host RIRFBAL disease position || #k strains 25 E host RIFHBAL disease position
TZT-001 7% Musa nana I leaf TZT-044 = Panax notoginseng HH leaf
TZT-002 7 Musa nana ZEHT stalk TZT-045  Z It Gentiana macrophylla HH leaf
TZT-003 3% Brassica pekinensis A leaf TZT-046  HH Amomum tsaoko WS fruit
TZT-004  MHEE Nicotiana tabacum A leaf TZT-047 A2 Panax ginseng R root
TZT-005 %% Solanum tuberosum A leaf TZT-048 R Amomum tsaoko JSE fruit
TZT-006 M Capsicum annuum A leaf TZT-049  HH Rhizoma paridis A leaf
TZT-007 B Capsicum annuum I F leaf TZT-050 %R Amomum tsaoko HLSE fruit
TZT-008  # 5. Vicia faba B leaf TZT-051  Z L Gentiana macrophylla HH leaf
TZT-009 # % Vicia faba A leaf TZT-052 1% Rhizoma paridis A leaf
TZT-010 & Vicia faba i F leaf TZT-053 %L Gentiana macrophylla i leaf
TZT-011  =-& Panax notoginseng I A leaf TZT-054 53R Amomum tsaoko HLSE fruit
TZT-012 =t Panax notoginseng A leaf TZT-067 &% Musa nana ZEFT stalk
TZT-013 =& Panax notoginseng HRHE root TZT-068  F# Musa nana A leaf
TZT-014 KK Zea mays I F leaf TZT-069 & Musa nana I F leaf
TZT-015 JKF& Oryza sativa MRS root TZT-070 £1K% Punica granatum WS fruit
TZT-016  FK Zea mays A leaf TZT-071  HEHE Rhizoma paridis i leaf
TZT-017  EK Zea mays ZXFF stalk TZT-072 &% Musa nana I F leaf
TZT-018 %X Vicia faba A leaf TZT-074  HEi% Rhizoma paridis ZEFT stalk
TZT-019  —-& Panax notoginseng HRHE root TZT-075  EX Bletilla striata A leaf
TZT-020  —-& Panax notoginseng HE3E root TZT-076  EFkE Polygonatum kingianum A leaf
TZT-023 &% Musa nana - F leaf TZT-077 & Musa nana M F leaf
TZT-024 %M Camellia sinensis H-F leaf TZT-078  EK Zea mays - F leaf
TZT-025  #&H% Mikania micrantha i leaf TZT-079 ¥ Nicotiana tabacum A leaf
TZT-026  F745 Citrus limon WS fruit TZT-080 A Rhizoma paridis A leaf
TZT-027  EK Zea mays I A leaf TZT-081 ¥ Nicotiana tabacum ZXFF stalk
TZT-028 £ Punica granatum WS fruit TZT-082 I Rosa rugosa A leaf
TZT-029  FEHM Rhizoma paridis ZEFF stalk TZT-083 Ak Rhizoma paridis A leaf
TZT-030 %I Gentiana macrophylla I A leaf TZT-084  HEt% Rhizoma paridis A leaf
TZT-031 % Rhizoma paridis B leaf TZT-085  FK Zea mays A leaf
TZT-032  HR Amomum tsaoko A leaf TZT-086  HA Rhizoma paridis A leaf
TZT-033  EA#% Rhizoma paridis ZEFF stalk TZT-087  HEHE Rhizoma paridis i leaf
TZT-034  EFKE Polygonatum kingianum I A leaf TZT-088 4% Rhizoma paridis ZEFT stalk
TZT-035 K Polygonatum kingianum ZEFF stalk TZT-089 K Polygonatum kingianum HF leaf
TZT-036  HEHE Rhizoma paridis B root TZT-090 43 Angelica sinensis HeZX tuber
TZT-037 11115 Panax japonicus I F leaf TZT-091 %% Bletilla striata I F leaf
TZT-038 =t Panax notoginseng I F leaf TZT-101 EK Zea mays ZEFT stalk
TZT-039  E#% Rhizoma paridis HRHE root TZT-102  #& X Vicia faba i leaf
TZT-040  FEH Rhizoma paridis A leaf TZT-123 % Nicotiana tabacum ZEFT stalk
TZT-041  HEE Nicotiana tabacum - F leaf TZT-124  ¥7%& Citrus limon M F leaf
TZT-042 £ Punica granatum WS fruit TZT-125 413 Angelica sinensis ZEFT stalk
TZT-043  Z I Gentiana macrophylla A leaf TZT-126 413 Angelica sinensis A leaf

1.3.2 s E 0 L HEFR 48 ho BEFRLEHUS, W 2~5 mL B FRIK

W AT B A R P Ok R AR R 1 0.22 um TCR JE R I8 5 A SR TR CAS
F 28 C 150 r/min AERFEIR (145 . HS-200B) M, ¥ E 1 h)e A KERN S,
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Multiska GO) MlliEH: ODgy fH, 1C1E As; Iy
1100 5 R 22 TR A B FR R WO EAE 2 1
B, CF Are BREAR M Ve B 2R BRI M s
(siderophore unit, SU) % 7/~ , SU=[(Ar-As)/Ar]x
100%, MEEE 3 0, BOFRIEIAT VBT .
1.4 S B PREREAR AL 2 S50 55 8

JUZS B RIS 0 i T Uk A AR T Sl A A
3 I 105 R T A R Ak 3 AR SR A3 6 Ol B v

gt
1.5 BHRTESRFEM )2 18S rDNA H 3 /7 J¢
2k

Tow 5T, WER 7 mm difb B PR 2
PDA Vs #2325 C WG T fE R K
FEWBEIC, WEREEFRIER; FrRvk=
J&i , 1F Nikon Eclipse E200 #¢ Y& 4= ¥y W i3 55 T W
LI P 25 R RN oy AE TS Kb . R
PG WA TR IR ) R AR A
RN o M o o WA TRVER AR 7 AR TR Y 18S
rDNA 43 Kl 7 2 B s i S50 s . IS
2 25 BLAST (https:/blast.ncbi.nlm.nih.gov/Blast.
cgi) K55 GenBank B & H A S & 17 B B
PEAT ELE A, 308 P TR) U1 0 v ) B PR TR B 51
YE RS %, H ClustalX 1.8 k4T 2 751
HexT, THRHEATR R 5 2 LR R Z 0] 5 7 51 AR A
TEo RGR B AT HEBRIRER R AL, SR HISE
$27J: (neighbor-joining analysis) i MEGA 7.0 f4%E

M E R S S LR R Z R RERER . Hr,
Bootstrap {HE N 1000, HAY ABRIAME.

2 RS0

2.1 oy U T RA A A TR I D 9 R A O

HR4E CAS KRR A B s v, A 82 #k
P32 1 TR A A 0 3k Y 24 Bk G B AR 1R Y B
FR, HAH 17 OB LL BB LE, TR A,
PRI T AT 3 24 Bk LR AE R 0 AR AR .
F 20 M. HBE TZT-024. TZT-033. TZT-037.
TZT-047 il TZT-069 5 CAS 5 I ¥ . {6 5 7 33
(SIS TLGT N A VA = e S 4 W 31 B /7 = A N
TR, PRERRIZ 5 R I AR M I St
FERTE

B2 3 AT . S0 AR 5 bR P TR iR H:
As/Ar BI/NTF 0.5, HEREARWEPEHA (SU) K
T 50.0%, XFRBAFTEER 5 Wk BHYE R R A &=
BRI
2.2 SIMERREIA R S

B 47 5. T8 MR TZT-024, TZT-037 Al
TZT-069 REA B Wb 5 F2 15 R B AR A AR R £8:
RURERAK , TE Bk TZT-033 BB & M40 W 5 32 5 R
RIBRIRAR, Tk TZT-047 B84 oMW ) L2581 10 4%
2L
23 5 BRI RIS FFE 52

5 MR R BRI EIE S FE RS an 5] 1

R2 96 FLIRETHLER
Tab. 2 The re-screening result of siderophore by using 96-well plat

96 FLAK [k CAS & Rigita 96 FLIR [ CAS it
96-well plate strains the color of CAS reaction 96-well plate strains the color of CAS reaction

A3 TZT-001 A0 purple C3 TZT-045 &4 {4 orange red
A4 TZT-004 A, purple Cc4 TZT-047 21 ¢4 red

A5 TZT-005 &4 orange red C5 TZT-048 &A% orange red
A6 TZT-006 G415 orange red Cc6 TZT-069 218 red

A7 TZT-014 A purple C7 TZT-070 4145 orange red
A8 TZT-024 215 red Cs8 TZT-071 WG4 {4 orange red
B3 TZT-025 &4 orange red D3 TZT-073 2 purple

B4 TZT-028 2 purple D4 TZT-074 2 purple

B5 TZT-031 &4 orange red D5 TZT-075 &A% orange red
B6 TZT-033 215 red D6 TZT-080 2 purple

B7 TZT-037 2144 red D7 TZT-083 W41 {4 orange red
BS TZT-041 @41 orange red D8 TZT-087 &4 {1 orange red

e 96 MLBF, Al Bl. C1 #1 D1 %) EDTA+ CAS ¥ (CAS B NN ); A2, B2, C2 F1 D2 i CAS =5 FIVE -
Note: Among the 96 well plates, the corresponding samples as A1, B1, C1 and D1 were composed with solution of EDTA+ CAS (the chromogenic reaction

of CAS is red); A2, B2, C2 and D2 were CAS blank solution.
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Tab. 3 The quantitative test of siderophore produced
by positive fungal strains

R4 SBANUFENEE
Tab.4 The chemical structure identification of siderophore

Btk ODgy As/Ar i BREARTE LS AL/%
strains ODg;30 the value of As/Ar siderophore units
CK(Ar) 1.425 — —

TZT-024(As) 0.597+0.030 b
TZT-033(As)  0.705£0.035 a
TZT-037(As) 0.578+0.029 b
TZT-047(As)  0.682+0.034 a
TZT-069(As)  0.596+0.030 b

0.410+0.021 a 58.81042.906 a

0.490+0.025 b 50.53042.527 b
0.410+0.021 b 59.440+2.972 a
52.140+2.607 b

58.180+2.909 a

0.480+0.024 a
0.420+0.021 b

M [F—F R E/NG 7 RER RS Duncan OB R ZE VARG 7 7
¥ (P<0.05).

Note: The different small letters in the same column indicate significant
differences by Duncan's new multiple range test (P<0.05).

).

B,
[

AR PLHIEE
FeCl, test spectrophotometric
Gk test
strains RN ETE  JLAMBIEEA  FRIR AN ETE
420~450 nm 2 [7] F 495 nm 190~280 nm Z [f]
peak at 420-450 nm  peak at 495 nm  peak at 190-280 nm
Hydrox: type Catecholates type Carboxylates type
TZT-024 + - +
TZT-033 + - -
TZT-037 + - +
TZT-047 - + -
TZT-069 + - +
Ve R - R A
Note: “+” indicates absorption peak; “ - ” indicates no absorption peak.

#/Note: a) TZT-024; b) TZT-033; ¢) TZT-037; d) TZT-047; e) TZT-069.

1 5 HRESHREF NSRRI SIHER R

Fig. 1 Morphological observation of five high-yield siderophore dominant strains

Jfi7zn . Nikon Eclipse E200 %64 M) B iEs F, @
Pk TZT-024 70 A TAE TG R L B, s
A TSR IO /NEE A3 A il R RDE HIR 6,
FERAAE S A A T AN DU S, ARG AR
MEWLER 25 R T ) 20 1 o SR i 55 (dspergillus fu-
migatus). PAPE TZT-033 434 45 2 75 %5 K 45
HEERME, s ERFEMREE, 54 T04
i F AT, AR S RRE SR 25 v 4 20 1
N K #6 % 48 (Botrytis cinerea), & ¥k TZT-037 43
AR AR, FETR R AN 2 T A R K
Baa o 0w =] N 171 0 7 o TR R O e
JELFRL, AR TR SRR SR 25 SR T w125 1t e R T 98
W40 & (Lecanicillium psalliotae), T# ¥ TZT-047

o R AR A e [ U NP2 R Tl |
221, EBTRINEIE, AR AR SR L
JE R 25 0 7 A O W RS BF (Pythium pyrilobum).
PR TZT-069 AU 43 A= £ 52 FL Bl W 25 1) 25 e
AR, H3~4 ANBEAE, e 3 A e, B2 A
AR SR TR A €, A M A PR AL B g s oA A
T A 2~3 AR EIM IR 22, Aok, 1)
PRI ER ZE R AT w1200 5 Mgl 2 2
B (Pestalotiopsis vismiae) .
2.4 R ERK 18S IDNA [FHI M4 5B L R G K
BB R

kR TZT-024 (&3¢ : MH919847) 1 A. fu-
migatus (&3¢S : JQ776545) MM K 99.0%,
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PR AL A = R R PE, 48 PCR T B RRI B TZT-
024 1y 18S rDNA FEH 741, K45 B A3 7 B
601 bp, Bk TZT-033 (55 MH922820) Fil B.
cinerea (&35 : KR080290) A AL X 99.0%,
PR ELA M m R R, 248 PCR ¥ S R #k TZT-
033 11y 18S rDNA H:PH 741, 3845 H 5K 7 B
546 bp. Ak TZT-037 (& %5 : MH922821) fil
L. psalliotae (& 3% . MH859532) i #H ol M 15
99.0%, Bk ) EA R s R, P20 5 2
B ) oA B IR AR 58 T & T 55
(L. psalliotae); % PCR ¥ M4 ¥k TZT-037 ) 18S
rDNA JEH P51, R4 H LM A B 589 bp.
Bk TZT-047 (& 555 . MH922823) F1 P. pyrilobum
(GBS AY598636) IAHIMETR 99.0%, BRI
B R REME, W10 a B w5 B

935 25 B S 25 &8 L IR i 5 (P. pyrilobum); % PCR
PR E bR TZT-047 # 18S tDNA JEH 4], 45
H 3L R B 842 bp. BRI AR TZT-069 (8 5% %5
MH930399) Fl P. vismiae (&5 : KM015217) fy
AEHAMETR 99.0%, TRAK A EA W e R IR, w128
YT R B ] s 60 4 P 490 H DR AR R
ZEfjE T w2 B (P. vismiae); &
PCR " 34 1 ¥k TZT-069 1Y 18S rDNA 3L [H J3 51,
3t H I Bt 566 bp.

g 2 s . RAEE AR TZT-037. TZT-047
F1TZT-069 1 H 1958 P - B A< B K il 2 HE 471 it
J¥, KM BLAST % 5 GenBank 4 % il 5%
BIFES EE X, BEBEAT RS B ARG 21 ARBRVE AR
YERZ MR, T Clust W ZE X, kgt
ARG R AR,

97 | Lecanicillium dimorphum CBS 363.86(MH873656)

37[‘ Lecanicillium aphanocladii CBS 581.66(MH858887)

O\ Lecanicillium saksenae IMI 179841(NR111102)
38\Lrecanicillium longisporum CBS 384.35(MH855713)

100
100

60 _lLecanicillium psalliotae CBS 154.70(MH859532)
¢ TZT-037(MH922821)
— Lecanicillium fusisporum CBS 164.70(MH859538)
L ecanicillium araneicola NBRC 105407(NR121208)
52 Pestalotiopsis humus CBS 336.97(KM199317)
Pestalotiopsis papuana CBS 331.96(NR147553)
97| | Pestalotiopsis vismiae RCEF 6350(KM015217)
100 (' & TZT-069(MH930399)
71U | Pestalotiopsis brassicae CBS 170.26(MH854880)
6l Pestalotiopsis hollandica CBS 265.33(MH855436)
9% Pestalotiopsis chamaeropis CBS 186.71(MH860058)
Pestalotiopsis scoparia CBS 176.25(MH854838)
98  Pythium aphanidermatum CBS 118.80(AY598622)
551 L Pythium deliense CBS 314.33(AY598674)
Pythium chondricola CBS 203.85(AY598620)

100 Pythium vanterpoolii CBS 295.37(AY598685)
4 Pythium graminicola CBS 327.62(AY598625)
39 Pythium plurisporium CBS 100530(HQ643749)
24 Pythium pyrilobum CBS 158.64(AY598636)
oS 99! ® TZT-047(MH922823)

T RERF MR, BB 1000, BERET AL MEUEFR B IRBII T E . BN ER ARG 165 P IECT g GenBank 1

1Y 1TS HEFFIE RS,

Note: The tree rooted was constructed by neighbor-joining method with bootstrap values calculated from 1 000 resampling. The numbers at each node that
indicated the percentage of bootstrap supporting. The numbers in the brackets after each strain name are ITS gene sequence accession numbers in GenBank.

B2 E#k TZT-037. TZT-047 F TZT-069 £F ITS EEFIIZM ARG L BHHLR
Fig. 2 Phylogenetic tree of strain TZT-037, TZT-047 and TZT-069 based on ITS gene sequences

3 iTig

BT B R LR R B R R e bR, R
HI CAS Ry A e Xt 82 #RAS R4 FEAEY)
9o JE L A IR A T P R A ARG A s M R T e, A5

B 5 MRm R A LA TR . kB IR S5
MIPILSEE , IR AR sl i . L
AR RIFRIRER A . LA F 25 iR AR TR AR
FRIRERAVER AR, AFRMES RS GRESH 55,
FORESTER % "“f1 SCHRETTL % "4 6 W) &
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A0 S5 TR 3 I R AR I TG PSR 55 T 5, LA
BRI A G R B A R IR, X5
LOPER SE"RYRISE 45 Rl —2, AR gkaiisk
(R BT P R B B AR KO R] Aty 322
SRS AR I E BRI R LA AL gk E AR, H
JLZE M3 AR — o J5R) ,  AE SE A R 5 9 i
R PRE T, WA, AU RIRERA
BRI BRES & ) 0k T S B i TR Bk A
ARG R BE TZT-033 53 5 52 115 R AU ek fk
H SUMER 50.53%, HAT 3 s L1 AR RE 43 I
FRIRERAUERE A, X ] BB TR IR L TE TS £
AR P AR G e ol A A 3 ATV M Y
Joip 3B PRI TR AR A4 2R

LSRG B MELRIIHATHA . 5 BBk
R ERE TSR, R, R, 8
REIRAMEZ BMR, Hob, Mhm h m gk
TR O34 FP )& o B bk TZT-024 Ry M 25 (4. fu-
migatus), 57 QAW IR BRI R R4S, HE
PRARIEIR S E I T S 4 R — B B
A YA DL QLS T TR AN B AR Y BB
TZT-033 9 K%t (B. cinerea), 538 HIHE
JREGRTH R BELHL, AR AR 5 DR A5
R 45 BAH—2L; B. cinerea RES AT FF 5
MRV AA, HHETCA KT IERBUEY) 73 Bk
AR A, TI IS IN B (L. psalliotae) J&—
FHEE MR, 8 HIER TS8R RR
PR, JRIFEHIE S 2 HOE S P AT T 4 SR AR
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