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The effects of the endophytic fungus Ceratobasidum stevensii B6 on Fusarium
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Abstract; Serious obstacles exist for the continuous cropping of watermelon ( Citrullus lanatus). Tt has previously been
shown that following application of living Ceratobasidum stevensii B6 mycelia, the quantity of Fusarium oxysporum (FO) in
continuously cropped soil at the harvest stage decreased by 29.9% , while the total yield and soluble sugar content of the
fruit increased by 103.8% and 35.1% compared with the control. Here we further discuss the mechanisms by which B6
may alleviate watermelon cropping problems. We developed a real-time polymerase chain reaction ( PCR) assay to detect
and quantify B6 in soil, and monitored the dynamics of the FO population in the soil. We also evaluated the effects of
different fermentation components on the soil microflora, using Denatured Gradient Gel Electrophoresis ( DGGE). B6-

specific DNA primers were designed based on the internal transcribed spacer (ITS) sequence. Amplification of B6 DNA
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using Cf1/Crl primers yielded a single 371 bp-long product; no product was obtained in the other ten fungal species tested.
The detection limit of the system was 100 fg/pL of B6 genomic DNA. To replicate the watermelon cropping system as
closely as possible, a surface layer (5—20 cm depth) of an Ultisol was sampled from a 3-year old continuously cropped
upland watermelon site, at the Red Soil Experimental Station, Chinese Academy of Agricultural Sciences, Yongzhou,
Hunan Province (N26°45', E111°53"). Pot experiments were conducted in the botanical garden of Nanjing Normal
University ; these were a control (A), an inactivated B6 liquid broth (B), an activated B6 liquid broth (C), an
inactivated B6 solid fermentation (D) , and an activated B6 solid fermentation (E). When the solid fermentation of B6 was
inoculated into soil, the level of genomic DNA reached its highest at 7.4 log (pg/g dry soil) after one week, but decreased
below the detection limit after 5 weeks. When liquid broth of B6 was inoculated into soil, the level of genomic DNA
decreased immediately, and was below the detection limit after 4 weeks. B6 was not detected in other treatments, meaning
that B6 was low in the natural environment. The population of FO was effectively controlled by treatments C and E during
the first 4 weeks ( FO was about 5x10° CFU/gDM ), and then from the fifth week FO increased rapidly. DGGE
fingerprinting of bacterial cluster analysis showed that treatments A and B clustered in one class (with 57.5% similarity) ,
and treatments C, D, and E clustered in another class (with 55.2% similarity). DGGE fingerprinting of fungal cluster
analysis showed that treatments A, B, and C clustered in one class (with 66. 0% similarity ). Treatments D and E
exhibited significant differences. Except for treatments C and E, there was little difference between the bacterial or fungal
Shannon diversity indices, or evenness between the treatments. Our results suggest that B6 survived in the soil for about one
month under these experimental conditions, and that the strain tested was environmentally friendly and interfered little with

the soil microenvironment.

Key Words; watermelon; Ceratobasidium stevensii; Fusarium oxysporum; real time PCR; DGGE

P9I ( Citrullus lanatus ( Thunb) Matsum & Nakai ) j&—FPEZ L VEY , U EAE G 5 77 W As 250 &
THE S50 Bl N PG D8 A T PR R P TR, 22 9 i D T A R 6 ik 0 71 P I % A6 B8 ( Fusarium oxysporum f. sp.
niveum) ' U RESE SEBA Y ARG ALY P TER BN ZE 7 AR IRAEBE, S R PR T, v B
IR JURINBET: . EEAE T3 IR B R B G H AT A Bn i Mk & RVEEMESE . L epiih mAR
ROR S E EARII T PG4 25 5 5 S B - A W D RSB AL BB R 20 v R o B R B 3 - S 2
LRI VAT BRI , (EZ 1 3 S A T MEXE LR AT 5 TRIE AR SR A 4K ST P L R A -~ 15
AR B A 5 17 2B B R R Ry — B 22 4 B (0 I B TR R 8 32 BT T EE A

SR AR R B T, A% 5 A ZF AT Bs- 6 XFARAUGR TR AT W WA RS TUVE T, IR SE 303k B X2 5
F1% A= 0 1 70 B S 5 SN S A PG TR 2R AR 2, 22 0 7 it AR W™ B A3 S T 50. 9% (66. 7% | X AT R 14
DAl ik 75% o AR, T ERTAR T BN I R 2 3R 22 s S, R A2 5 R TR EE R RIOK £
AL A AR 2 0, R B IR AR ARRRE S o TR 2R B A6 A M WF 5% R W, 78 - A% 085 52 56 v
PR A 20 TR 110 K TR VRN WG T 2205 16 7 R AT — 7 kA T L7 W R A 7. 86% 170 (EL LI 4 TR
FH S 3% H 25 SR AT AL

Ceratobasidum stevensii B6 Ay FHH—F 1 Jo EL TR , HLAT B35 B B IR S5 0B, w4k A 1 v Aot
o BSCHTE M, AR DY R AN BO w15, DU JTURS 20 19 35 2200 w1 S A 7T 18 1980 982 29. 9% |, 9k
TETEECT I 38. 3% , PG ISR FRILEL = 43 S 34 I 44. 8% il 103. 8% , W] F MMl & S 36 0 35, 19% , 76 I A
Bl 2] 7 — e BGRR[0 B6 7E I PRI )Xo b S 0 1 e S HL M P T A e g AL 2
A 1 E— 2D AT

SEINE B PCR FOARE S A -3 P S AhRE G 1O S0 W 0 4 S v A R R R AR vy, L T 2 2294 g — Fib
BB T B T RUEY Ao b g B 6 H 2 e PR 538 7 51K s PCR AGHI
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(AR SR R L AERE | M ARIE BE S PR s b 0 i AR R S i A ' AR SCRR B B6 vDNA-TTS [X P51
W T XRS5 |9, gy P e s A 138 v f $H 714 B6 E’J;kﬁf i PCR i (F9E U i B6 Xf 3 rh
SR, U R AT T P AR 5 s 3R A3 11 e TR 4L Rt i =X, O 8 A % E P TR 28 $2 A R
X,
1 #R5H%
1.1 SEERAR

T HHORE TR A AN T b E AL Rl B B 2T S 0wl W A LR R R S U e L B E R A
FILTHHE(5—20 em) , FELEFAEVE I 3 a( 58 1 AR 2P0 JRSCA 1, 50 2—3 A2 P9 NI ) . AP & 11. 60
o/kg,pH {8 4.82(1:2.5H,0) , 2% 0.89 g/kg, Wit & 77.32 mg/kg, &M 0.50 g/kg, HALHE 25. 17 mg/kg, 4=
B 13.88 g/kg, AL 588.31 mg/ke,

AR RN R SR A VIR 8 T 1 5 D B 3 R A 2 T o5 S0 % (K P 1 , 4 %5 B6, S FPH T
B J8 BB Ceratobasidum stevensii™®' | 4385 | KB FHA ( Bischofia polycarpa) 25157, PIAEELIH B6 A4 b
HE B (R IR 5L (PDA ) RbifT 5545 200 fif PDA 353756 28 CHEFR 7 d, BIA 5 mL JCR /K , B R 1 24
R , e R A K G T RO AR S R A AR RS 7R 4k (PD) ,250 mL = A H 3 A 50 mL PD 15374 ,28 C,
180 r/min 3535 6 d, %5,

AR BRI R4 7E 500 mL AYHEFEU AN 50 g B AR 3738 (Bk A B R5E =6:3:1) ARG FEINA
60 mL 7K, A 0.5 g BUBLERER , BiEFE44] 121 °C K 20 min, EHEANA 15 mL (1) B6 RT3, BEFE5T  #
B 14 d (28 C)
1.2 SEETt

TR M S FE R RIS R R R IR 5 AN EE, 4 6 IREE, 43 s X RE(A) i
KIEI B6 LA 300 ¢(B) i/l 300 g it B6 KA (C) (Y& THL2 1.5 ¢) Jtifin 100 g KK B6 [EiAk
FRFRHE(D) Jitifin 100 g TG B6 [BAREFREL(E) (rE THZZ 1.5 g), 2010 4E4 H 15 HE M HFRE 12(H
) em x10( ) em; B 57 4 R TAT HLAR B 580 (BT 24 A WLABAT BR S 7] ) |, o 48 5 0 1 1975 F2 5k 60 4>,
RNV PR 25 SR, Rk — R R SR O AL R BE N (BRIE TR Z A FARAR) ., 4 A21 H
BRI, S AR AR 28 em, 5 28 em, BRI £ 15 kg, IR 2 4 o, BiR 2480 4 o, BlRD 0. 55
g, it 60 ¢, AHUIE 500 g, FPRMA LI, & IR 2 om, FEALIXALHES . 4 A 27 B, 7EMEMNAALBRET 1 h
Bt i0h-1 h B4 SRS ZE AR PO AR AR & B sl B AR & YD 5 0—10 em TR H4EFES) 1 h J5 BRI
+ 380 1 h A BERVE AR E SR T I VE R B D A 1 R AR B, 2R R 7 d BT IREAE,
LSRR EA 6 ] (FFAEMD) o BUERTRA 2 em WARRY L4, BLO0—15 em BOIRA FE, FES NP
T2 3R A Bl ) B BRI RE S 4 °C AR BT PCR E 820 M7 fil DGGE 43 #7038 RE 5 T )5 -20 C
PRI
1.3 Ak
1.3.1 DNA 421

AR 6 P BT FH 0 BT 8 H 4% S A R AR S 97 3,28 °C 180 rpm K537 6 d, JE4RT BB S5 IR 1S W 22, i
TR B K UE 3 WA A T KB FHEC W SE F S T, TR SR ZH DNA IR0 o A 22 A 2|
PEEZE WP (0. 5 mol/L NaCl, 10mmol/L Tris-HC1(pH {67.5) , 10 mmol/L EDTA, 1% SDS) H+  fifi FHER B A%
{¥ ( Bio-Spec Products, Bartlesville, OK,USA ) #2H , #2H 512 I8 Shishido AT R EURAS A DNA {8 R 5
& aiifl, AiAL 5 i DNA e BE (i FHA% R K61 ( SmartSpec™ 3000 ; BioRad , Oakland, CA, USA ) 7E 260 nm | 453l
DNA WJE, BRI DNA FE R 10 £5 LU PCR 973440614

i Ff] UltraClean™ Soil DNA Isolation Kit (Mo BIO Laboratories, Inc. , Carlsbad, CA, USA) )\ 0.5 g +-3Erp
PR A S 2H DNA | $R UL IR ™ 4 4 BRI & rh iUl 1647, 55 19 DNA ] 50 wL B9 K I HY ddH, 0
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WA T G220 PCR UV
1.3.2  B6 FeRPERI Wit

i FHE1 4 TTS1 FITS4 §73 B6 B (19— B ITS FF# 41, M ¥ J5 , &3] NCBI 84 14 , i 48 122 () Primer
designing tool #JA %11 B6 AU FPES 4 (hitp : //www. ncbi. nlm. nih. gov/tools/primer-blast/) , f# F Primer 5.0
BRI |00 — SRAR RN A R 548, 3 AME L 10 Tl BB LRI 2H DNA SREIED | W0 Re 1 1 Pleurotus
eryngii (¥ #%% ) , 2 Flammulina velutipes ( 43145 ) ,3 Lentinus edodes ( T4 ) ,4 Pleurotus ostreatus ( F1EE4%) , 5
Auricularia auricula( B2 AKH.) | 6 Tremella fuciformis (¥R 8-) ,7 Hypsizygus marmoreus ( [ E%4% ) ,8 Absidia sp. (52
3LFF) ,9 Aspergillus niger( BAHEE) , 10 Trichoderm aviride( 2RO KREE) , HFEHIGIH) M Cf1 (5'-GCCGGCACGAC-
CTCCAAGTC-3")/Crl (5'-GGGCATGTGCACGCCTGTCT-3") ,

1.3.3 SCHbER PCR

SCHTE i PCR §744 18 F Rotor-Gene Q( Qiagen, Valencia, CA, USA)E & PCR X, &G mbpife il £ fili
FHERBERG B B6 ZEHZ] DNA (107 pg—10* pg) MAMR, PCR ¥ 1 i A 20 pL &K% 1.0 pL DNA Bifi,
TS I#4% 1 pl,10 wL SYBR Premix Ex Taq (Bio-Rad) ,H,0 7 wL, § 8 B FE5F: 94 CHAEPE 5 min;94
°C 30 5,60 °C 50 s,40 MEH, i B9 E & PCR OV A AIA R 22 —3,

1.3.4  RASRIITHITEL

FHRR BTk 7 B e b AR ABIR T TR, SRS T, B 3R L2 PDA+RRIREER K 0.3 o/ |
1.3.5 PCR-DGGE 43#r

8 1514 357-GC( CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GCC TAC GGG
AGG CAG CAG) 1 517r( ATT ACC GCG GCT GCT GG) ¥ HA4ME 16S rDNA V3 X' i FH5 |4 FF390 ( CGA
TAA CGA ACG AGA CCT) il FR1-GC( CCC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GCC GAI
CCA TTC AAT CGG TAI T) ¥ H4EH# 18S rDNA V7 Hl V8 X | 4 16S rDNA FIELTH 18S rDNA PCR JZ i
#8450 pL A& Z ; 10xPCR buffer 5 wL,MgCl, 3.5 wL(20mmol/L) ,dNTP 1.5 wL(10 mmol/L) , I Fii#5 914 1
wL(10 nM) ,Taq DNA 2 -& i} ( Takara Biotechnology Co. , Ltd, Dalian, CHN)0.3 wL(1.5U) ,DNA #ifg 2 plL
(15 ng) , CHHBALIK 35.7 pl, 16S rDNA ¥4 52 W {#i F touch-down PCR F2/F: 94 °C FiZEM: 4 min ;94 °CA-HE:
40 5,58 CIEK 1.5 min, FMEFR TREL C (6 NMEFR) ;72 CHEM 2 min;94 CAM:40 5,52 CIEK 1.5 min,
72 °CHEAH 2 min(28 PMEFR) ;72 CHEAH 10 min, 18S rDNA § 144594 CHUAEYE 3 min ;40 MEHR,94 C 7%
P 1 min,50 CiB K 50 5,72 CHEAH 1.5 min;72 CHEF 10 min, PCR =¥ EER L UKEZI .5 wL PCR =¥,
1. 5% BE)IEHE 120 V, FA#E(UVP Biolmaging Systems; UVP, Inc. , Upland, CA, USA),

M7 DGGE fi 1] 8% NMGTHIE (37.5:1) BEE , VA FE N 35% 3] 65% (100% HYASPEFIEE ML 7 mol/L Y
PRZEFN40% W ERE ) ; 5T DGGE fii FH 7% D T e € 2, A8 P 6 B2 M 25% 21 60% ., #i ] CBS-DGGE & 4t
(CBS Scientific Co. , Inc. , Del Mar, CA, USA) ,HIKZZ MM 0. 5XTAE (40 mmol/L Tris base, 40 mmol/L 7K
BERR | 1mmol/L EDTA) , PCR 7##) I k£ 4+ 7 500 ng, 60 °C,100 V, HJk 16 h, EB Z% (%, 20 min, 314 (UVP
Biolmaging Systems; UVP, Inc. , Upland, CA, USA),

1.4 ik

SRS 25 R A AR R bR AR F R | NV SPSS 13, 0 B A4 #4797 227341 (One-Way ANOVA) A5 56: kb 2
8] 22 5 5 2 HH Duncan i 7 2 8 AL, 24 P<0.05 B, 2 A PR A A AE W 22 5% 0 8 Excel 2003 i
THEE,

DGGE +820 &3 7M1 {# F Gelcompar Il ( Applied Maths, Sint-Martens-Latem, Belgium ) #{f, H 524
i 1 UPGMA (unweighted pair-group method with arithmetic averages) Tk, ARG A ZREPE R bR
A :( 1 )Shannon F8E(H)H= ~X (ni/N)In(ni/N) , 2N ni B — %A ROUETRI AR, N A BT A WA 1 R TET AR ()
BISI AR () e=H/InS,xH S R TFEUKIE 1Y 45415 B8H |
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2.1 B6 FetEg 1Yt ki
X B6 A4 SRR LA S B LR T — X EE 514 Cf1 (5'-GCCGGCACGACCTCCAAGTC-3") /
Crl (5'-GGGCATGTGCACGCCTGTCT-3") , W 1 AT LAy, [ 5[4 Cfl/Crl #4755 M PCR [ i, HAT B6 15
SR SPE 371 bp AT AR F R ANA M5 A5 ak B dh s BARE RE PRk Ak Rl
S0 R SRR TC ] B S
2.2 B6 BHtE mARE I L] & M1 23456789101l
PENRE f PCR 473 [ g A 1A B2 B 119 Bo 5k 1A
ZH DNA et , 51900 Cfl/Crl, K2 N B6 28t E#
PREIN SR B ARAT (a0 ) AR T A, AR R () Rk 358
GBI BRI ECE (y=-3.7237x+22.338) . brifEZk
FIFHIC R EL(R>0.99) , XKW B6 JEH 4 DNA Fiit7e
10°—10*pg (A RERE A TAR AP MR PR s 3, [RIISE 0 37bp ——
B6 J: K41 DNA 48Z2#5 B2 107 pg .10 pg 107 pg 107
pg 107 pg 107 pg 107" pg, A 1 pL B4R EXS fE 1T
Y8 IEATIZ R R BRIE 10 fe/pl B6 KP4 1RSI Cil/Crl iR R R
DNA ﬁ*ﬁ*ﬁ& 1 va ﬁ’ﬁ?@ﬂ(fﬁﬁﬂ‘ﬁ*ﬁ DNA ’ﬁij»j Bﬂrixd_ Fig.1 PCR products using primer Cf1/Crl

VKIE .1 fA+HF # B6Ceratobasidum stevensii B6 ;2 A fIE Pleurotus
r % N > S N .
'Eﬁ i//j ﬂi Hb@ ZZIII atf‘ iH ’ %:é ED% 12 12'& /% EI/J m Uﬂu F IKE j‘j 1001%/ eryngii ;3 413 Flammulina velutipes ;4 1 Lentinus edodes ;5 HBE

}.LL B6 %gﬂ DNA Ei% , ﬁléﬁ]z%/!ﬂ—ﬁﬁ*ﬁiﬂ!“%?g o % Pleurotus ostreatus ;6 MK E- Auricularia auricula ;7 HH Tremella
2.3 ii;% ':F‘ B6 ﬁ% E@%%Eﬁﬁ;j—:*ﬁmu Suciformis;8 [1 5% Hypsizygus marmoreus;9 %43k % Absidia sp. ;10

M A B.C.D.E S5 MB35 45 5 4 3% 45 DN A, PeHh 5 Aspergillus niger;11 Gt ERK%EE Trichoderm aviride

AT qPCR, TEFTAT BRAERS ] 55, A (B | D Ab P A %

ARGNE] Bo WAFEAE, U WIFE 2 F 0 BEORGE X Bt b ) 388 b AR AR 9 F 40 718 Bo 8RBT HURL, 7R 4G
DR BRELR XA S IAT R, TAERE NS 1 B6 AR AN A W) B A v | 3 302 0 /1 4H 1141 B6
FATE  S5TH T B6 AMARALTE(C) ML, 1 T Bo [EIR KB AL (E) 4 h Bo B 2 78 1 J4)5 55
7.4 log(pg DNA/g T+ | i bAd C AbEE + 3 b B6 Bt L2 T4 & (4. 4 log pg DNA/g T 4) ;76 1 B6 &
BERALPE(C) B9 L3R i Be TE5 4 Jol C 2 BEAC I 2% T ISR 2 e Ab B (B ) 1Y - 38 vh /Y Bo 7E2H 4 B A
2.7 log(pg DNA/g ) [ 7E55 5 A TR TACIER (1 3) o XU WIS A RO LE | A & ey SE A 4 T
B6 7E LI R E S,

=ie | SR s
By = By
25 y=-3.723Tx +22.338 aEw 8t d
2 20 R*= 0.997 s S ol
> Az«
@ 1 255 4
=) = [
52 1(; Eg B}
E ms e 20
O 1 1 1 1 1 J e S 2 - - - -
-1 0 1 2 3 4 5 &@ 0flh‘lh‘1131‘2%‘3;2]‘4;2]‘5;5]‘6;2]'
HHADNA R & . AT A
log,, genomic DNA quantity/pg Tiﬁhgﬁﬁnﬂfcﬁﬂon
B2 XEEZ PCR ¥ EIREMLE E3 -+ B & DNA SEEH

Fig. 2 Standard curve from real-time PCR by plotting the Fig.3 Population dynamics of Ceratobasidum stevensii B6 in soil
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Table 1 Structure diversity index of soil bacteria and fungi in flowering stage

- YT Bacteria H# Fungi
Treatment AL R 5501 TR RT
Shannon diversity index Evenness Shannon diversity index Evenness
A 3.15+0.13b 0.90+0.01b 3.36+0.20a 0.84+0.02ab
B 3.35+0.09b 0.91+0.01b 3.52+0.17ab 0.88+0.02b
C 2.25+0.21a 0.77+0.01a 3.63+0.26ab 0.87+0.02ab
D 3.36+0.08b 0.90+0.01b 3.34+0. 16a 0.83+0.01a
E 3.20+0. 10b 0.90+0.01b 3.73+0. 14b 0.88+0.03b
3 g

AL T —FP Ml SYBR Green 1 9 YGYLRMIGEAG I 4 5 B6 A% A 5%k, SYBR Green I 4RSI+
FARSER T PCR 519 R9 RS0, AR B6 19 1TS 8kt 17—t tE5 49 Cft/Crl, 3 LA A A 10 Fil
BT AR SRR TIAIE . RIS B B AR BRI N B 3 1 S, B MR — 8 A, SR IR Rl A
B4R | B i /D AR5 S5 TR B 50 T A U ACE AR 5 10 & B A 3 N —FF I it in 1) - 58 b 5, Be 1Y
K T 3 B s | 65 4 R B TR ACE AR . X B2 i T WA & B e s A — A HLE
P12 ok B6 fE IR AR AR VS SRR . AE 2 BB 5E  RAE , Phomopsis liquidambari B3 7F 13 HP S
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