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Abstract: Species of Diaporthe have broad host ranges and are widely distributed in ecosystems, occurring as plant
pathogens, endophytes or saprobes. In this study, the ingredients and contents of phytohormones, organic acids, and
fatty acids in 16 strains of Diporthe fungi, collected and identified from Xisha islands, were detected by LC-MS and
GC-MS methods. Cluster analysis by Ward method of Euclid Distance was used to classify the quality types of different
strains. The results showed that four phytohormones, three organic acids, and five fatty acids could be detected. The
phytohormones included abscisic acid (ABA, average yield 125.36 pg/kg), indole-3-acetic acid (IAA, average yield
40.28 pg/kg), salicylic acid (SA, average yield 6.63 pg/kg) and jasmonic acid (JA, average yield 4.95 pg/kg). the yield
of ABA was significantly higher than other plant hormones, and the four phytohormones contents of different strains
varied greatly. Organic acids were succinic acid (average yield 336.04 nug/g), succinic acid (Vc, average yield 10.03 pg/g),
shikimic acid (average yield 0.58 pg/g). The succinic acid production of Diporthe fungus was significantly higher than
those of other organic acids. The yield of organic acids varied greatly among the 16 strains. The fatty acids were trans
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linoleic acid (average yield 58.99 pg/g), linolenic acid (average yield 28.15 ng/g), stearic acid (average yield 21.35 pg/g),
palmitic acid (average yield 17.07 pg/g) and oleic acid (average yield 15.22 ng/g). The production of trans linoleic acid
were the highest, while the production of oleic acid the lowest, and the five organic acids contents of different strains
varied remarkably. Cluster analysis using plant hormones, organic acids, and fatty acids of the 16 strains revealed D.
biconispora D43 was independent group. The strain showed the highest production of ABA (average yield 443.86
pg/kg), succinic acid (average yield 1115.98 pg/g), shikimic acid (average yield 1.21 pg/g), and oleic acid (average
yield 60.75 pg/g), while the lowest production of linoleic acid (average yield 7.08 ng/g). Comprehensive analysis sug-
gests that D. biconispora D43 had certain potential for the development and utilization of microbial derived succinic
acid. This study would provide information for the research and appication of Diaporthe resources in the field of food,

chemical industry, and other related fields.
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1.1 ##

111 BRXE AR 16 PRUSKTE R B B 3o 4
A B2 BB SAEY R R T R L R
f£, WHRBEMREEWE 1,

1.1.2 KA DRFWEMIIEE R, =R
WM . BER . SALE . HER. A, &
MR TR . AR B (fagkal ) R AL EE
FFR AR AE

1.1.3  £&MERE GRARHELIL (B,
Eppendorf 58 10R, SATERAG AW ) o maAH
RIS YA B35 {05 . ACQUITY UPLC
I-Class, = 8 PUMAT BT A5 . Waters Xevo
TQ-S micro, FEIRFFHARAFR ) o SR
B (IS, Waters e2695+PDA 2998, £k
FREAEBRA R ) o AAHEIE- TSR (FS
7890A-5975C, EELHERFHEIAFA)

12 Ak

1.2.1 BskAFmay A KR 16 BREHRZF
T OB AR (PDA) & E, T 25 C
Kig® 4 d, TG FTFLAR A6 TR VE U 21T 1 4 TR DF
(d=5 mm) , FFHEAES 100 mL D5 EH %
B (PDB ) WA FR LAY 250 mL #EE P, BT
28 °C, 180 r/min fHIRFRIK T ABEREFE 7d. WZE
LA g, R ZIR, AT, A
WA AEZ AR, HaoksEgoEt, &
TF-80 C, &H.

122 #EMNEALSSTHN  FRE 0.5 g B 2K
i 2 10 mL B0, A 3 mL B2 1Y 80% H i
TRAT, SR WAE IR 2500 r/min #3JE 1 min, 4 °C
FEL 24 0 )5, B OHLIA E 4 °CL, L 8000 r/min
> 10 min, FAHFEF B FVE®R 1 mL, H
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Tab. 1 Information of test strains

bk 2 g % g SEREHb GenBank % 3%¢*5 GenBank accession No.

Strain No. Species name Host Sample site ITS TUB2 HIS3 TEF-1 CAL
D08 D. pseudophoenicicola K 4E %74 pi & 00469331  0Q554503  0Q554524  0Q554461  0Q554482
D14 Diaporthe sp. IR E2 30 S S 0Q469337 - - - -
D15 Diaporthe sp. X0 3, 51 Al K% 0Q469338 - - - -

D21 D. biconispora [ B A K% 0Q469344  0Q554508 0Q554529  0Q554466  0Q554487
D26 D. pseudomangiferae AZ KNI 0Q469349  0Q554510  0Q554531  0Q554468  0Q554489
D27 D. eugeniae K i g i e 00469350 0Q554511  0Q554532  0Q554469  0Q554490
D29 D. arengae TR b 00469352  0Q554512 0Q554533 0Q554470  0Q554491
D30 Diaporthe sp. FEE K% 0Q469353 - - - -
D36 Diaporthe sp. 2 HRE 0Q469359 - - - -
D37 Diaporthe sp. i 2 I 0Q469360 - - - -
D40 Diaporthe sp. pNUR T B 0Q469363 - - - -
D42 Diaporthe sp. FhA I 0Q469365 - - - -
D43 D. biconispora 165 5 Al B[ 00469366  0Q554514  0Q554535  0Q554472  0Q554493
D44 D. melitensis KA A 0Q469367 0Q554515  0Q554536  0Q554473  0Q554494
D45 D. melitensis AN ARG 0Q469368  0Q554516  0Q554537  0Q554474  0Q554495
D46 Diaporthe sp. A== T i 0Q469369 - - - -

W —FRARBUISE TS 1TS Mk a7 XT3 K 5.8S BBHA RNA HEPF; TUB2 4 B-IE B AL ; HIS3 W E M H3 B

TEF-1 J ZE{fi KT 1-alpha &K ; CAL 85I HILH

Note: — represents GenBank accession No. had not been obtained. I TS represents the internal transcribed spacer region and intervening
5.8S rRNA gene; TUB2 represents beta-tubulin gene; HIS-3 represents histone H3 gene; TEF-1 represents elongation factor 1-alpha gene;

CAL represents calmodulin gene.

0.22 pm JEMTIE R 1.5 mL gEREH . %E 3 4
Hi%, L) PDB KR IEAEXT R

WA A3 25 1F . R ACQUITY UPLC BEH
Shield RP18 {@i% 4 (2.1 mmx50 mm, 1.7 um) ,
VEEER 2 pL, WshA A N 0.1%H Rk, B MH
FiE, i 0.2 mL/min PEATUEME, HEIE 37 C,
IEATHFA] 8 min BTG A5 14 - B IR 120 C,
BRI FVSIREE N 380 C, BAEHIERN 2.0kV,
HEFLA WA 60 L/h, A FIS M 600 L/h, Al
AR 0.18 mL/min, >R FH 22 2 b Wi Il ( multiple
reaction monitoring, MRM ) il 7532 .

FERHT: DSRATIR IR (MeJA) | KA
(JA) . REZER (GA;) . BRLIR (T1AA) |
g (ABA) . FKE (ZT) FKHER (SA)
SibrdfEdh (BRI RA R ), it
R ) U B o] R0 T AREA T LA, E Y
BrFE S R A i
123 AMEBRAF LT FREC1 g 2R
i A 10 mL 204, A 3 mL 0.05%HE iR 4 it
30 min, & T .0, L 10000 r/min, .0 5 min
Je UGB A O B3 1 mL, 383 0.22 um

TCH JEBT I S 1.5 mL JEEE R X B 34 ER,
L) PDB 3557 B xR

WO 250 . {635+ Agilent C18( 4.6 mmx
250 mmx5 pum ) AR Z I, K K 210 nm,
PERER R 10 L. WAhHA 5% iR — S0, FwkE
RV pH A 2.1,

ERAT: UAPERR . SRR . BRI . 1N

AR BT ZE9ER . Ve MhriES ( B
AR BRAE ) o I SR o S ) S I ]
FNGE TR ARIEA T LOAE, 8 i A TR R A DR B 2
&,
1.2.4 MW EArEfb2/n  FREL 05 g B
FEmBA 2 mL E.0EF, A 1 mL f1ilt-2
BERAW, A 0.5 mL SE - Bt T
REMT R Rk s WAlEdR s, # kN 1 h; PR
YR, A 1 mL 28K #E 30 min 772,
L 4500 r/min .0 2 min, FiHFKZ 0.22 pm AL
DRI VR 1 3 A, L) PDB i FR EAEXT

SHEE A R EMEH DB-225MS

(30 mx0.25 mmx0.25 pm ), {HE##E 1 mL/min,
HERE R R 280 °C, #EFERR 1 uL, SriR Ll
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2 1. FHERBT : PRI 50 C, f/%F | min;
PL5 ‘C/min FHEZE 200 C, Pl 2 C/min FTHEE
230 C, PRFF 10 min, fEHIZIRE R 280 C, &
FURREE R 230 °C, PURAFIREE R 150 °C, HE
Jr=h BT, LS RE N 70 eV, I ZER 2 min,

FEEAT: DAFHERR H S . FRAE AR B g . A
BEBR IR . BRI g . SO MR TR . I R Y e
4 35 b &9 bR e (NU-CHEK, EEZER
ARRAF] ) o 385 555 Y H 04 s () o g e AR A
TP, s Hree b IR IR A A&
1.3 HiEAIE

FIH Excel 2007 B4 XA 50 E0 0 HE 173 H
%iit, fdi ] IBM SPSS 25.0 &/ E47 £ 5 Al
RESHT.

2 HRE5HW

21 HEEEEESEYHESH
AT, 16 > T bR I R 22 1A 34 R A T
#| ABA., TAA. JA il SA 4 PRI E . AR
PIBE AR LR R (% 2) , 31 164
WHEYIME SR (R 3) . SHYERTEE
HEF A ABA( 125.36 pg/kg )>TAA(40.28 pg/kg)
>SA (6.63 pg/kg ) >JA (4.95 ng/kg ) o AIFEIEEE
221K ABA FiERER, HASREE
0.72, Hr, D43 Ttk & e im, M 443.86 pg/kg,
WEE T HAME N, HRE D44 Wk, Mk
153.28 pg/kg, HAax 14 DERF 221AK) ABA & &
KB, 16 57.66~143.82 pg/kg 2], A[E K
2RI TAA 22 7 K, HAR S RBGAF] 1.26,
Hop DA4 bk & e, M 185.72 pg/kg, WE
T HAR R R ; HKE D4S Bk, TAA &l
143.54 pg/kg; ARG TAA & EEAR, 7E 1.43~
55.31 pglkg Z I, RNIEIFERERE 221 JA F
R, HASSEZRECH 0.33, D40 1 JA & B,
Tl 8.70 pg/kg, WE R T HAMGEMK; D42 Hk

R2 HEYHEREREZEDEARE
Tab. 2 Linear regression equations of phytohormones
standard substances

S ] 15 5 N i
BT ' .E]J*I' HIE B e ]L.|EJ
Standard Linear regression R Retention
substance equation time/min
WIEZIR (TAA)  y=120 166x+365 569  0.9976 4.78
BivERR (ABA)  y=21 155x+26 324 0.9966 4.97
K% (SA) y=85 097x+213 875  0.9990 5.13
HKHER (JA) y=161 838x+230 394  0.9999 5.27

x3 TREHREVHESE

Tab. 3 Plant hormones content of different strains pg/kg
gﬁ:ﬁ ABA IAA JA SA
D08 143.82+1.97° 55.31£1.54° 6.12+0.86™  5.80+0.41¢
D14 70.89+2.15" 23.11£0.97° 5.19+0.24°"  1.0440.19"
D15 116.01£3.74° 25.50£1.32° 3.43+0.362"  3.11%£0.50°
D21 129.04+4.02¢  3.12£0.17" 5.8440.43* 5.41+0.58°
D26 65.42+1.587  10.03£0.28% 5.27+0.35%  5.27+0.40°

D27 104.74+1.74" 22.80+1.17° 5.71+0.25%% 5.78+0.23¢
D29 128.76+2.13¢  45.32+1.96Y 3.74+0.29"" 12.72+0.53"

D30 91.93£1.298 21.01+1.49°7 5.42+0.10°" 4.71%0.32¢
D36 79.52+3.19" 15.97£1.30" 2.90+0.28"  2.53+0.23°
D37 59.70£1.28'  20.44+1.15°7 4.74+0.34%" 10.39+0.70
D40 143.33£2.86°  1.43£0.25" 8.70£0.29"  12.95+0.52°
D42 57.66£4.010  22.57+1.54° 2.15+0.20'  5.2440.35°
D43 443.86+0.99° 26.18+£1.96° 4.57+0.23°®  8.77+0.22°
D44 153.28+2.57° 185.7243.94" 6.86+0.57° 10.58+0.73"
D45 94.88+3.618 143.54+3.08" 3.42+0.268"  2.90+0.29°
D46 122.85+2.80% 22.45+1.24° 5.07£0.27°*  8.93+0.36°
W /ME 57.66 1.43 2.15 1.04
W RAE 443.86 185.72 8.70 12.95
bR 22 90.57 50.91 1.62 3.67
IE 125.36 40.28 4.95 6.63
5 5 R 0.72 1.26 0.33 0.55

o FAIARNG FRFRR 25 B (P<0.05)
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

) JA S HEERAR, (08 2.15 ngkgo AR R 22
TR SA SR, HAR S R4k 0.55, Hr D40
F1 D29 (14 SA F= 85 25, 43 R 12.95.12.72 pg/kg,
2 E T HALE R ; D14 & (i, 4 1.04 ng/ke.
22 HEZREEESAUBRSH

30 3 0 () e R A LR 1, S SRR
16 B B 0 B 22 0 b S5 B BEFAR . Ve FIZEFEIR
3FAHLIR . MG ERIT R (£ 4)
16 MRS AR SR (£ 5) o T
SR R BEIARR (336.04 png/g )>Ve( 10.03 pg/g)
STERR (0.58 pg/g) - BHIRM S EHE ST
Ve FIZERR o AN [R] Bk D 22 1 ] ) SR AR 7 1t 22
SRR, HASREAE 073, Hi, D43 1935
R & i, P& RN 111598 pg/e, W&
T HALE AR ; HWGE D37, D46 #il D15, HEHE
5398 565.80. 459.52., 435.89 ng/g. AN[FFKE
HZZIREN Ve SrazEFaik, HAAR REGK
#0.71. A4, D46 1y Ve S E R, N 26.42 ng/g,
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3 T HAD R ; O D37 Wbk, Ve Sl

24.21 uglg, HATHIEN Ve & 8BH8AE, 1£ 3.97~

17.00 pg/g Z 8] AN [ G RR T 224K 2R BE IR 5 1

AFE, HABSZEE N 0.46, Hi, D43 HFEHMR

S, N 1.21 ng/g, BEETHAME .
x4 BUBRERKERNAFE

Tab. 4 Linear regression equations of organic acids stan-
dard substances

TUE J 3 . W EH B
Standard Linear regression R Retention
substance equation time/min

@ #E C y=5760.6x+3221.4 0.9999 5.21
FERIR y=22 494.0x+1617.4  0.9999 5.63
BEHIR y=339.3x-1847.7 0.9999 13.02

x5 AREEKREINERISE
Tab. 5 Organic acids content of different strains pg/g

LS BRHIR #ih% C FERLR

Strain Succinic acid Ve Shikimic acid
D08 133.88+4.23 4.18+0.09¢ 0.50+£0.01°%
D14 138.36+2.94" 6.76+0.11° 0.60+0.01°¢
D15 435.89+28.84°  15.82+2.76" 0.79+0.10°
D21 359.55+2.60¢ 6.85+0.43% 0.46+0.02°%
D26 194.57+24.10"  3.97+0.94¢ 0.52+0.05%
D27 337.61+5.50¢ 8.72+0.33° 0.66+0.21%
D29 138.37+2.72M 8.57+0.35° 0.47+0.01°%
D30 222.54+6.32" 8.70+3.87° 1.08+0.17°
D36 210.70+3.05% 4.30+0.14¢ 0.53+0.07°%
D37 565.80£11.15°  24.21+0.46" 0.57+0.03"¢
D40 282.66+4.57° 5.26+0.22% 0.36+0.03%"
D42 276.67+0.52° 8.69+0.11° 0.19+0.02°
D43 1115.98+8.45" 4.35+0.91¢ 1.21+0.02°
D44 344.59+4.67¢ 17.00+0.54° 0.49+0.02¢%
D45 159.90+56.968"  6.61£0.16% 0.29+0°"
D46 459.52424.14°  26.4240.25° 0.49+0.04°
W/ IMEL 133.88 3.97 0.19
W RAE 1115.98 26.42 1.21
brifE2E 243.85 7.07 0.26
¥t 336.04 10.03 0.58
5 R 0.73 0.71 0.46

¥ FPIAFE/NG FhFRRZ S B (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

23 HEEREEESREREBRS T
I F W, HRA 16 BREE 22 KRG
MBI RAAR R . RERRR . TR . B0 I R Y R R
SFPREMIRR . MRYEAR LRI FRE (£6) ,
TR 16 MR IR & i (R 7). #7 i
EREHET R SR (58.99 pglg) > FRER
(28.15 pg/g) >WEgHR (21.35 pg/g) >kEfHR

(17.07 pg/g ) >MmR (1522 pg/g) - 16 BRI
FW TR B 22 S R, HAR S RAGAH) 0.52, Hir,
D15 &, H 146.13 pglg, BEE THMEE
PR Witk D43 ik, S 7.08 pglg, BEMKT
Hofth 15 B R o AN [R] BB 0 IV JRR IR 5 25 57 I I,
HAR 3 ZBGAF 0.58, Ho, D37 MYMEIRRER & i fix
B, M 7091 pglg, WE R THABREM; HkHA
D14 1 D40, & 543514 51.63 pg/g 1 51.51 pg/g.
AN TRAR R R R & i AR, AR S R ECk 0.67,
D30 1 D29 & w#m, 435k 52.87 pg/g A
52.70 pg/g, 4 E T AR K. 16 BRI ERAH
MRSk, HARZHELE 0.93, DIS Y
RS ERE, N 61.60 pg/g, HKJE D27

(48.18 ng/g) , HAREMEMIAFRIR & 2308, 7£
4.95~35.85 pg/g Z[0] o AW TR PR B9 I R 2 i AT,
HARS 20K 1.02, Hp, D43 MR & m e i,
9 60.75 pg/g, W THAME; HIkCh D29,
TR F= ok 42.71 pg/g.

24 ETHEYHE. BUER. BREBRFENE
Ko

FIAT 16 A 1] J3E 52 & PR MR AR A

BILIR FNG 05 R 7= i, 4% IR R 40 SR S Y R EG IR
Ward 53T RGE RS, ST HYHE =21
RARLERRI, MEfEIERE N 2.3 4b, 0K 16 4
MRS R 3 AN, Hi, BEkk D43 Ry —
3, Wtk D44 F1 D45 T —32, HAh 13 DR E
H— (1) o FT AP 2R ISLE L,
LR BN 1.5 &b, " 16 ATk 3 28
., Witk D43 o —32, bk D15, D37 F1 D46
Rh—3, HAh 12 MERE R —3 (K 2) . 5
TG ER = (W L R, FEt e B R 8.5
Ab, FIHE 16 ANBEREST A 4 IHE, PR D43
Bl —, Witk D27 R h—%, D14
1 D37 BA—3, Hofth 12 MR I —(E 3 ).

*k6 MEHBIRERLERRASRE
Tab. 6 Linear regression equations of fatty acids
standard substance

‘\‘ 1 1 I =} N . | B Ay ‘Ll
FRUE . @Jﬂﬁ*i P EX ﬁmﬂilj
Standard Linear regression Retention
! R . .
substance Equation time/min
FERETR B E  y=344 664.5x+1 173 089.4 0.9991 25.84
BEASARFFE  y=363 288.6x-1281324.8 0.9985 29.26
JHITR H lis y=647 192.1x+1 608 527.7  0.9993 29.42

SR H R y=426 793.6x-3 289 974.4  0.9966 29.94
WRRRR S y=294 126.7x+210277.2  0.9994 30.64
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Tab. 7 Fatty acids content of different strains ug/'g

k73 FERE TR T TR TR R AT P JFR R

Strain Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
D08 7.35%1.13¢ 13.75£0.898 4.70£0.61¢ 53.27+1.25%f 10.05+0.30
D14 10.08+1.27° 17.32£1.50" 17.59£0.94¢ 44.18+0.40° 51.63+1.31°
D15 61.60+8.32° 25.98+2.36% 14.90+2.35° 146.13+12.80° 31.19+1.98%
D21 11.09+0.51° 26.95+0.93% 13.67+0.65 69.70+1.31° 23.46%1.14°4"
D26 4.95+0.43° 5.78+0.741 1.09+0.15" 92.00+0.96" 34.20+0.70°
D27 48.18+1.23° 0.93+0.06’ 24.55+0.61° 46.65+0.89° 8.46+0.848
D29 11.15£1.01° 52.70£1.08" 42.71+1.29° 55.68+2,19%" 17.60+0.28%"
D30 21.50£0.44° 52.87+0.89" 19.65+0.38¢ 43.17+1.11° 32.32+0.84%
D36 7.22+0.53¢ 23.21=0.78° 12.13+0.48° 47.34£2.07° 22.20+1.34%%
D37 8.01+1.27° 10.36+0.27" 0.23+0.05' 23.75+0.51¢ 70.91+3.99*
D40 12.13+1.23° 31.39+1.01° 13.34+0.57° 98.52+0.89° 51.51£0.90°
D42 9.96+0.39° 12.27+1.39 0.92+0.26" 42.18+10.75° 28.31£19.87°%
D43 35.85+0.47° 29.40+0.73" 60.75+0.84" 7.08+0.32" 25.97+1.05%"
D44 9.26+3.02° 11.97+0.62¢" 3.14£0.838" 60.33+5.00° 16.49+0.94
D45 9.36+1.59° 12.46£0.718" 1.40+0.47" 64.02+1.39 10.14+0.75"
D46 5.51+0.54° 14.24+1.15¢ 12.76+0.74° 49.92+0.62° 15.93+0.57°
/M 4.95 0.93 0.23 7.08 8.46
N 61.60 52.87 60.75 146.13 70.91
BN 17.07 21.35 15.22 58.99 28.15
brifE 2= 16.72 14.95 16.41 32.13 17.29
5 5 R AL 0.93 0.67 1.02 0.52 0.58

FRECHEES Euclidean distance

I FPIARR/NG FEERR 2252 3% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 1 Cluster analysis of different fungus based
on phytohormone (Ward)
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