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NEE =4 55 SF-08 X itk 4h e E FE e RS2
£ B, RARE MRS, AT W RIS, FAA RN
(B BRR A B, Wras Bl /R 843300)

W E (BRI P EE P 4% 5 SF-08 (Penicillium rubens SF-08) TEAZ Bk 48 b (1) N 2E € FE AR AIE X Ho B 48
L7535 1R PEG A5 10 J52E 7 A4 3% Ak 15 40 8 GEP AR 0 SF-08 54k 7 5 Il I IO 4 58 A B 1 W g LR A Wk 41
R 25 I HR 43 A1 AT AR B SF-08 A7 B Pk 4 1, SR 9% e B PCR AR I L 75 A [R] 20 24 o 1) s T 25 P2 7
1 LEE R YL IRAT 1 pR R BRI I8 A% PR TR E 1) GFP AR ic #4446  SFO8gfpF-2, U (5 5 e , B ¥ JE A A P 1
5 R 28 S A T R R AR R T AR B 3 AR SRR . R TR AR IR R G E TR TR
25 EAREE B B A TR R R YR A, A A T AN T R ST A qPCR ARSI T VAT I AR e (>
98%) Z& 1 J% R KLU (1.5x10°~1.5x10° copies- g' DNA,R*>0.99), FAE 4k TR W], SF-08 SE AR # K 5 E hH , Jig )
2 HEAERERD 14~21 d J5 B AR BRI N, BE JS s TR e B8 T B (4518 ISF-08 FLA 7ERZ Bk 4 i & A Y
AR R G B I RE D, MR R B A

SRR Ak s BB T s PR AL B IO T PO B PCR

FE 5SS :5664.1 XHFRERS A X E S :1009-9980(2026)05-1247-15

Colonization ability of Penicillium strain SF-08 on walnut seedlings

LIANG Qi, YU Yawen, HAO Shengzhe, Rezwangul - Tursun, LI Miaomiao, CHEN Xiaofei’
(College of Agriculture, Tarim University, Alar 843300, Xinjiang, China)

Abstract: [Objective] The antagonistic fungus Penicillium rubens SF-08 has demonstrated potential in
disease resistance promotion and broad-spectrum antimicrobial activity. However, a comprehensive un-
derstanding of its colonization mechanisms within host plant tissues, particularly its spatial distribution
and colonization dynamics, remains largely undefined. This study aimed to investigate these aspects in
Juglans regia L. seedlings in order to provide a scientific foundation for the rational application of SF-
08 as a biological control agent. [Methods] The protoplasts of P. rubens SF-08 were prepared and sub-
jected to polyethylene glycol (PEG)-mediated transformation using a plasmid containing a gene encod-
ing green fluorescent protein (GFP) driven by a constitutive promoter. This genetic modification en-
abled stable expression of GFP within fungal cells for visualization. The transformants were rigorously
screened based on stable GFP expression, consistent phenotypic characteristics (colony morphology,
growth rate, and sporulation patterns) compared with the wild-type SF-08, and retained antagonistic ac-
tivity against target pathogens through dual culture assays. A stable transformant, designated SFO8gfpF-
2, exhibiting robust fluorescence and antagonistic activity comparable to the wild-type, was selected for
subsequent microscopic studies. To visualize SF-08 colonization, the walnut seedlings were inoculated
with spore suspensions of the GFP-labeled SFO8gfpF-2 strain. At various time points post-inoculation,
root, stem, and leaf tissues were harvested, sectioned, and prepared for microscopic examination. Laser

confocal microscopy was employed to observe the spatial distribution of the SFO8gfpF-2 within the

rhs HH#A:2025-10-23 #5 HHA:2025-11-13
EETE : 1K B 2B 55 6 Hh X B2 58 6 0 H (31560007) 5 37 a8 A= 7= @ i S A1 = X7 N A SRk RIBHEL A G 0k &1 T H
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plant tissues. GFP’s inherent fluorescence facilitated direct, high-resolution visualization of fungal pres-
ence and localization. For quantitative assessment of the SF-08 colonization dynamics, the walnut seed-
lings were inoculated with spore suspensions of the wild-type SF-08 strain. At predetermined time
points (0, 7, 14, 21, 28 days post-inoculation), the samples of the roots, stems, and leaves were collect-
ed. The total genomic DNA was extracted from these collected plant tissues using a standardized proto-
col optimized for plant-fungal composites. A quantitative polymerase chain reaction (qQPCR) assay was
developed and optimized for the SF-08 detection. The specificity of the primers was validated against a
panel of common plant pathogens and host plant DNA. The assay exhibited high specificity and an am-
plification efficiency exceeding 98%. A strong linear relationship (R*>0.99) was established across a
detection range from 1.5x10° to 1.5x10’ copies per gram DNA, indicating high sensitivity and reliabili-
ty. The DNA copy number of the SF-08 in each plant tissue sample was determined by comparing the
cycle threshold (Ct) values to a standard curve generated from known concentrations of the SF-08
DNA. [Results] A stable transformant, SFO8gfpF-2, with strong fluorescence and antagonistic activity
comparable to the wild-type strain, was successfully obtained. The laser confocal microscopy revealed
that the SFO8gfpF-2 could invade and colonize the root epidermis, intercellular spaces of the root cor-
tex, and vascular tissues of the walnut seedlings. Furthermore, the fungus extended its presence to the
intercellular spaces of the stems and leaves, confirming its endophytic and cross-tissue colonization ca-
pability. The established qPCR assay demonstrated high specificity and amplification efficiency (>
98%), with a strong linear relationship (R*>>0.99) across the range of 1.5x10° to 1.5x% 10’ copies per
gram DNA, thus confirming its high sensitivity and suitability for quantitative analysis. The dynamic
quantification results indicated that post-inoculation, the SF-08 initially established extensive coloniza-
tion in the roots. Subsequently, the SF-08 DNA was detected with increasing abundance in the stems
and leaves. A significant increase in the fungal load across all colonized tissues was particularly evident
between 14 and 21 days post-inoculation, after which colonization levels either stabilized or exhibited a
gradual decline. This dynamic pattern would elucidate the processes of establishment, systemic prolifer-
ation, and persistence of the SF-08 within the walnut seedlings. [Conclusion] This study successfully
leveraged genetic labeling, advanced microscopy, and molecular quantification to investigate the coloni-
zation patterns of the antagonistic fungus P. rubens SF-08 in the J. regia L. seedlings. The GFP-labeled
SF08gfpF-2 transformant proved effective for visualizing fungal distribution. Through laser confocal
microscopy and qPCR quantification, the SF-08 was confirmed to possess robust endophytic and sys-
temic colonization capabilities within the roots, stems, and leaves of the walnut plants. The colonization
process exhibited distinct spatiotemporal dynamics, characterized by initial extensive root colonization
followed by systemic spread, with a peak in fungal biomass observed within 14 to 21 days post-inocula-
tion. These findings would provide direct and substantial evidence for understanding the fundamental in-
teraction mechanisms between the SF-08 and its host plant. The ability of the SF-08 to establish a sys-
temic presence within walnut seedlings is important, as it supports its potential to exert systemic biocon-
trol effects against both foliar and root-associated pathogens. The elucidation of its colonization dynam-
ics would offer a guidance for optimizing the timing and method of the SF-08 application as a biologi-
cal control resource, aiming to maximize its efficacy in agricultural settings. This research would con-
tribute to the knowledge of P. rubens SF-08 and its potential as a sustainable biopesticide for walnut cul-
tivation and other plant systems.

Key words: Walnut; Fungal colonization; Penicillium rubens; Green fluorescent protein; Quantitative
real-time PCR
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FELE W17 I6 AU, A A P AR TR T TR T PR A L
TEHERAEEZ Y. NAERFERREEEYA
2PN 58 G 4 B A AR SR, HoAs EE AR
I B S5k BEREIR () LR SRR N AR B ) E B e
J1 e FIN I TE N IR 8 R 3R, BB s e FLAE
BB IAETEBNAS , 25 U4 0] BE AR Ji
PIEPIVE o A AR LI ik T8 e ) 1 L R g A2
B AR o B 2 SR A A A S A e i A
HH O RO ST AR OL A, T E I e o AR A AN T
GEIRA AN A R R G S e i . ARG =
TERT BAB 5T H 43 B9 3RAF VR S BB v PR ) P AR 4
JUE B SF-08, 2873 45 58 i I\ He 70 e i g 41
5 (Penicillium rubens) , £ J& T H&FEY. K57
SF-08 1) 5E FE AE 77, " AR KA H A HER
Xo EFERE T MR AR B (PGPRO A Y A2 BB K
W6 A A AE 0 SCHE , B2 e FLAE RO
MAEB RGN . SAEYIERY A AN A E T
RS2 MG T PR B AR F 5 I A Y
M J g SR DR A 45 22 | IR s, R S R
WA R BRI PIMES R RY NIRRT
FE AN Bh A&, gr 6 B (GFP) AR i B R 1
JTR R . i, T SR AR AT B A S R R
Frid 1AL A B R Colletotrichum sp. DZJ07-6, K
I GFP b7 i 1 bk DZJ07-6 £ T V& T A A R 1 %
X /INSE GO BB R E 5 B AR RG22 S, HLRE
FE/INFE AR 2520 23 (1) 48 i 1) B R0 4 B PN A6 R00E B
25 4y ST ST M AT N 2B LB Fusarium sp. NQ8GII4
(15 & BEA T GFP # AR &, A A0 S A= Jo3 Ak i) 4%
E RS A, T s e e HAE ) R TE R
AR [ Ak 7 NQ-D-47. NQ-D-47 RELEMIAC AR B =
350E 58 H. e BE %K 93.95% , w5 R B R AR K, dn
PRGN T 79.68% , 38 i $2 v 1 = 5 1 B 1 2
Wy AL (PPOD K A 2 B2 il 2 Bl (PAL) i 64
fitg (POD) 1 4 A4 B Ak 1 (SOD) A} K 38 558 X6t )
A I AL L BT 2001 93.33% . LA _E X SE R 57
MR T EFERE S N AR B AR R AR R R
DiRemEEVE . Kk, @ AL bR AL B FE BE I VR
RZ AR AR E L —

BAEFRICEAR 45 ]2 ) i 15 255 (8 0 GFP, 72
WEFAE Y S ForE 2 BAREALS] B OB T B, BRig s
IR A AR TR AR N E TE B AT A I SR AL AT
MACIBER™ . 1E 22 4R FUR AL 4F T, PEG /M 21

JER 2B SR AAR A 8 R 32 5 T 9 TR R B A 2 2
JE AR AR, FEAE B PEG (11 SEBLAMNJE DNA [7) 52 4
ERAMFNEEED, A E LIt 1L SF-
08 {1 PEG M T LA R, i 5\ & GFP 2[4
(1) J5L KL pCT74, i 1%t H VAN IRAF (1 A5 10 % fb (R 38t
FEARE VE R BVRHIE 5 Boad V55 7 T 5 B A 20 T Ak
M —8UE, N e st R 518 £ AN Taa S
A A AT N Bl

5 G W5 B R A I 5 v, W TR A 2R A A
Br AR BRI B HE DL RS v A
[ 7 3RO, S 9% 6 8 B PCR SR 35 s ks Sk
R EE R RS, O N T EY
PRI PR PR e SR o SR, oA AR 5 0 B bk A AR A% B
LA RIS AN [ AR K 8] i (9 A= P 5 119 72 2 qP-
CRATIMFA B 7 i A AR IE o AHE 5030 7 I B
T4 S 51 4 (F/P-Pr) [ 52 56 )t 5 & PCR G
A 2, X AN R A2 K R B0 R Bk 4 B A R 4L 2 rp 1)
SF-08 117 DNA #& DUHUE & 70 A, LAPRGHE L AEf Pk
Rk T A [F) 2H 23 R RS o vl 11 58 BE B O, R AN
Fi SFO8 5 &7 & I AE MM FT N Hemih . AHF 7R H 3%
B £ A WL 8L SF-08 7E A% Bk 4l i 4 41 T i 28
[ o3 A AR o 33— 20 SR FH S 2 8 B PCR LR,
X6 AN ) B 8] f5 4% 4 23 f SF-08 ) DNA $% D1 3047
SE BT, RSN A I e i K. AT B AR
ik A VAl SF-08 [ B AE /1, NIR AW 5T SF-08 5
A FE W EAENLS DL B ek T AR iE )
N FH ¥ 7152 PEERB AR .

1 FRAITA

1.1 ##

L1l Bk R B B4R Bk SF-08 (& F
5 : CN117946872A) 75 5% & SF-01. Bk & 72 B4 SF-
05 ¥ S8 00 75 25 11 1) MBI SRR 7 7K 717 H SR BB Gk
1011 m) g BEAZ MR AR 2 B 3845 o« A% B 2005 1
Cytospora chrysosperma & #1784 48 FH o BT & & #p
BIRAF T8 AR R 2 R B AR
TCPH S50 % . pCT74 Uk F Agilent 24 7] ,
F-80 °CHE Y- 47« pUCM-T %44 &2 DH50 & 52 245
W AR T A A ], T-20 CCREGIRAT .

112 BHREZRF kAT RAR 1855 . LB
R 7Rt .5 g AR K 10 g & AR5 ¢ NaCl. 1000 mL
LETK. BREREIER 7R (PSA):200 g 5



1250 3 L)

S 4

43 %

P8 20 g BEHE L 0.2 g NaCl. 20 g B fig . 2 3 17K
1000 mL; B 4% 2 JE 55 95 5 (PSB) : 200 g B4 % |
20 g AEHE 0.2 g NaCl.1000 mL 25 517K ; MEB % 5%
F:20 g Z2ZF R .20 g 4 HE L1000 mL 2 3 1
Ko AR FEIE 200 g B4 2 (182 g Ll ZLEE AN
20 g Bl s P AR ARG 7R 55200 g B2 H 182 ¢
I ALEEAN 10 g BifiR , #9428 120 °C2K# 20 min.
FEG . J R EER (Amp) 5 2% B(HmB) .
STC ¥ (1.2 mol - L™ 1L A4 EE . 10 mmol - L' Tris-HCl
pH 7.5.50 mmol - L' CaCl,) \2xSTC ¥ #{ (2 mol - L'
14/ . 100 mmol - L' Tris-HCI pH 8.0, 100 mmol - L'
CaCl,).0.5 mol-L" NaCl }2 60% PEG4000.
1.1.3 B34 Bk A& KA G driselase (so-
larbio) 1 ¥ BE [iff lysing enzyme ( | i Y& - 2E 4 &)

Ho 2FEFEI LA 15 mg-mL IR IE (p, J5 RV E T
T2 170.5 mol - L NaClE R ', 7£ 28 °C+ 120 r- min”
A TR 30 min il % 2, HF A 0.22 pm FAL
JEAS L UEFR B . GFP %F = 1% 519 (Prl: 5-TCCC-
GCTGATGGACCCGTAATG-3' . Pr2: 5'- AGCATGT-
GCTTCCAGCTTGACTG-3") i kg4 TAEY TR
B AT PR A 7 Bt . SF-08 FL I 1 22 /R FE [H 41
DNA $2 BUR F BB 2 [K 20 DNA B 38 b $2 38 771 &
(CRIAENEHE, 650

114 FAA AR FMI] 0 AR A A 6%t
FELL T F R R R P A1 R T 35 B ARG B
H0 (NCBD 04 2« FH T SE B 2% 78 & PCR (gP-
CRO 514 R et Bl A TAY TR MDA R A
WA G BT AR 1, HT-20 CCREGIRTE

*F 1 F4OEFE SF-08 Bk qPCR 3|49F1IRET 51

Table 1 The sequences of PCR primers and probes for Penicillium rubens SF08 strain

PPk Strain 51 90/#R %t Primer/Probe J¥%1(5'-3") Sequence (5'-3') Y154 Amplification length/bp
Penicillium rubens SF-08 F.Pr GTTCAGAGACCGAGCAATGA 103

R.Pr GAGTCGAGGAGGTTGCATAAA

P.Pr CGAGCAAGAGTGTCGTTTGACAGCTTC

1.2 7%

1.2.1 ##k SF-08 *F HmB &8 &M 2 SF-08
PR 22 AR B2 F0 T4 0.100.200.300 pg - mL"' HmB [{]
PSA [l /15755, T 23 °ClHE R 7E 5 d. MESd)E
[ B8 74 B4R, LAY HB 4061 F 4 i SF-08
] AR PR S ATV R AR o

122 pCT74 B4 b9 R B A I GE K5 1 mL pCT74
JFURL B W AT 50 mL 75 80 pg - mL!' AMP ) LB £%
773,35 °C 150 r-min i R EFFE . K FURLPLE R
ORI &3 IU5 K DNA . AR 5 b AR,
GFP 7 5 £ 51 ) Prl F1 Pr2 #47 PCR ¥ %4 . PCR 2
¥ : 98 °CTiAE M 1 min; 35 MEH (98 °CAEE 10 s,
55 °CIE K 55,72 °CHEAH 6 min) ; 72 °C & & ZE fif
1 min. PCR“¥I4 2% EF IEFE I Ik 52 . e
AR FUR—20 °CLR-AF o

123 4% % SF-08 B+ R & k69 %] %  SF-
08 B # 7£ PSB £ 7% 3L /1 25 °C . 120 r - min' % 77
120 ho U3 mL #3578 B R % 42 22 50 mL ¥ PSB
FroRdE, 484225 °C 135 r-min ' B 95 48 he H LKL
=R w4 PR, -l 0.5 mol - L NaCli%
BRI . FRENZ) 1 g B0 5 5 B 22445, N 10 mL
ZUMR, 28 °C 120 r-min” B 2 h. BEMR=ME P

A 1L PEUSCEE JE VR, FE 22 4000 - min™ B0 5 min i 2
JR AR TR AR DUUE o« DUUE A 10 mL STC &P &5 )
4000 r-min" 20 10 min. 54 5 A& H STC ¥ ¥ &
BRI A 1.5%10"~2.5%107 cells-mL", i T )5
SREEAL AR .

124 RBRAFRAKRELEK B mL JEAFE, K
PN 20 pg pCT74 i Fi .20 pL 2xSTC 22 v i %
20 uL 60% PEG4000 ¥ ¥4 » & i 0% & 20 min. £
1.5 mL 60% PEG4000, 4% = i /E F 5 min. W 2%
1EJ&, TIN5 mL STC ¥ ¥, 3000 r- min' &> 10 min
WCEEVTIE » WTE ) 1 mL 2xSTC 22 il B8 5 , 32 Fh
T i 2 50 °C. 80 ug - mL' Amp 1200 pg - mL"!
HmB [ B A AR IR 5. IRA A, Rl F B T B
A — 2R AR R R 1 PR b Rras R AL B
CERREIE T 25 °CRE R, R T VA TR I
125 HUFRAMARGEREEMNE NIRRT
55 4 A2 BB SF-08 X A% Bk JE3 42499 993 )5 14 (C. chryso-
sperma) T HUIE L ) — B, AHH 50K F W M Fl 2%
PR SE o 55— Mg [R5 M £ PSA B3 770k b [F] I
FEM LA S50 R B I E v A 2R 5 M
TR SB35 9% 4 d e i SR 1, WL %2
ok E A 2.
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12,6 #WFARGELEMNEALAZHEIHF N
o — A L G PRI 22, T R R O B
BAT YD M S . i I S R BHPE 1R 75, B B TE
200 pg-mL"'HmB 180 ug-mL"' Amp [ PSA “F4% I
EAE = WG KRG BN TREEER
AEPUEZRINPSA AR b, FF R ESAL =R, %
MERIEFEF, BB T 5 RIA I8 d 7k iB
B AT AL
127 #WF s yegiz k5 emmn (D
R R 0T B ) % . SE-08 B4k T Mk 7 PSA °F
BB BE IR, PRBOE & B I 5 T MEB Wi A 1 77 2k
i, F28°C. 180 r-min #R 3% H5 % 72 ho Ki &5 W
Ji » FHZD A 8 VR R o 46 T B, P I BR T i o
BT, A B 2 13107 cells-mL",

OB B SHM . Phde s 8 5 i
Ede A1, 45 KR 24 h L 78 0 oK o Kb
TRRE K E I, KF N1 7
W SR 75 5~7 do BT AR T B AR AL B 4y 1 Sy it R
W, REEFH BRI 7S R R

(3) 3% Ak, T B R (1) 5 B Ar I 55 GFP & ERT /) PCR
R SRR A )R 1R S ik S 2R R
L) |, 96 U T W% i ke R A
T 2 R 2 P s 4 BT A, SR T A= B SF-08 1t
75356 5 B9 %40 7 SFO8gfpF-2 14 R 3 K 41 DNA. M
B B A B bR K % 4k 7 (SF- 08, SFO8gfpF- 2.
SFO8gfpF-46) 1% YLk B T AR I 2L 43, 4 4
WS 51 K 5, A% TR — 350 & $2 B4 Ak DNA. B
J& » K F GFP 5 5 14 51 %) Pr1 F1 Pr2 X} i 5 DNA £
a7 PCRY 1Y o 4738 2511 : 98 °CTHALYE 1 min;35
AMEIF (98 °CAE 1 10 s, 55 °CIB K 55,72 °CHEfH 6
min) ; 72 °CA R ZEfH 1 min. 31774 4 °CHR-AF .
BTG PRI G 3% 3 R W B I P iR N, DA AR
T B PR FE R 4L DNA xR
1.2.8 RREAKZBERE FHHEML  LLSF-08 H K4
DNA AR, 5T CtfE ¥ & Hiifi k5] #) 5 TagMan
PRAEH I B PR 243k B2, A3 [l 0.2~0.5 pmol - L'
225 pL R NAKR RECE :12.5 L 2x gPCR Master
Mix 55 A0 BE 161 51 0 R HR £ . 2.0 uL 52 4% DNA, Jf
FH KB 2 BT KE S -
129 3l RIRAH G4 IE LR 7S (Dac-
tylonectria torresensis) « ¥k & 52 1 (Chaetomium glo-

bosum) } 35 AN 5 W (Purpureocillium lilacinum)

=BT B 1 LR ZH DNA E 9 B M B, B8 40F i
BT £ HL 9 RE B PCRAK R HI 4 1
1.3 FRAERRIDNA B2

DL SF-08 & [ 2H DNA AR , 5K F e 5 14 51 4
AT PCRY 3G . 50 uL R AR &AL 7 25 pl 2xqP-
CR Master Mix, 1 pL &4, % 2 uL 10 umol - L' 5
Y, ddH.0 jE 2 . [ MNFRFTF : 95 °CTAEVE 3 min;
B 5 35 MIEIR , B MG PR 95 °CAZ 1 30 5,55 °CiE kK
30 s J¢ 72 °CHEAH 30 so I 7 I\ 1) PCR 7™ ) vt
% pUC]-T #44& , AL DHSa § 14 . $& (1) 55 40 i
Fi 28 ODaeo M 7E 5 11574 U1 2 (copies - mL™) , 24 U1
‘F:

Uk #E ULE/ (copies - pL )=

BRI T (g-ul) % 6.02 x 1023
H TR bp * 660

131 2 FTERALEPCR T EE L H M
WA RS SF-08 H Ax 2k A BB b v 5T RE DNA
e 2 1.5%10° copies - uL", AT 10 £ 46 5 7 B
#1145 1.5x10°~1.5x10° copies - pL 1 7 MK EERA T , &5
A B X R (ddHLO) #4 2 qPCR A i 26 . %K &
HEAT 3 IR H 5 qPCREGI , 3T CeE v 54 Py L 41 1)
A5 RE(CVI%) » VPG 7k B M
132 4% % SF-08 B A R R 40 42 R B i I] 5 74
wEE AN ERHAEK-SHEHEF 24054
WAk 4 B AT R . 4 E R T N R TE g A
(60 mm x 60 mmx 70 mm) ', %% B T INZ R
(120 mm x 100 mm x 100 mm) P , 3% J R b +
. BT T4 R i b S A R X AR R —
o P40 % SF-08 il 1 i B E i)k 2 9 1% 10°
CFU-mL"'. HAb# 2 (SF-08 kb FEZH L %o} 18 2 25 ) %
B 27 AN

FEFRG , LA 7 d N ECRE 18] B, 7256 74142128,
35 Je 42 K, WEEAN A AH P BEHLIE R S BRZ T 1E N
FEA . BBRILYifn A )a , SRR & AR B 3
I PBS VAT rh e AR B . MR 2 HH AL AT
e R JE T —60 °CHE . $RE & H 4R
DNA , i 8 K FF 25 20 ng - pL"', il T SF-08 (1) SZ i} 3¢
J6iE B PCRAGIN . @it CtIE4h &bk th 4L, & B it
5 SF-08 [) DNA #£ 1%
14 ZShEE

Hd AP B bR 22 o , SR SR R 5 255
H1 Cone-way ANOVA) X A~ [\] B #k 1] (1) 22 57 3k 47 i
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MG 5%, 5% FH Duncan £ 5 B v 4T M 1A B
B P<0.05FNEFRE.

2 AR50

2.1 HE#k SFO8 %t HmB B BU M E
Ul 1 7R, SF-08 BRI AE 0.100.200.300 pg mL"

HmB [¥] PSA #5958 5k B idb47 35 9%, 5 d e MRS A .
S5 R #5200 pg-mL"! HmB 214~ , SF-08 i #k
A K22 B B ] AR P M E9 4K 1 24 HmB
WPEIE 25 300 pg - mL I, T AR AR 4K U 58 A A
DAL, D9 DR AT R0 18 I SRV IR AR 1 e
200 pg-mL" HmB Jy 5 82 5 A5 Joi 4 A2 S Ak 1 i

0 pg-mL' HmB 100 pg-mL' HmB

200 pg-mL' HmB 300 ug-mL"' HmB

El 1 SF-08 E#kH) HmB HUE M E
Fig.1 SF-08 strain HmB sensitivity measurement

I P g R I R R IR
2.2 SFO8 EKRELE FRIAHIFI & 55

Hop 223 2 h i A A HE ) SF-08 T P B 22 AR HE AT
WAOREE, BN 3RAS T R AR, B2 BoR, 1K
S5 A AR (AB) 2ICAEAEA —HIERIE L, B
HIE RO R (C D) E B R A AR 22 T« BEAh, b

50 pm

BT T 5 B A R R B TS T A R, — 3
TREERED.
23 HUFRIFIE

SRy i 35 32 B4 5 B A Y B R — B FAL T 5
AT A KO R Rk T T 5. 4
o BT 4 R B, 18 B #e 4k 7 ob 5 1 RRTE AR

AB. B AR TR C D, B LRSS AL AR . B BB IATE 200088 TR F5 R=50 pm.

A, B. Free protoplasts; C, D. Protoplast release from hyphae. All images were captured under a 20x objective. Scale bars = 50 pm.

2 SF-08 EHRREEFRIFEHIE
Fig. 2 Protoplasts of strain SF-08
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3 L FHEHKTE 200 pg-mL" HmB A ERE R

BRI

Fig. 3 Colony morphology of transformant strains on

regeneration medium containing 200 pg-mL"' HmB

KEEM=HE T NS TAMMELERARE
(P>0.05). ZEEMIRMIEIR, B 00k H 11 Pk
A K TR RN A R Y S AR T I 3 R R AL
¥, % BN F-2.F-5.F-9.F-13.F-15.F-16.F-21.F-
37.F-46.F-48 fIF-50( £ 2) ., XAl F{EEY) %
e BB AR S R — 2, nTH T R 2 A
2.4 FEALFEERURMSERT

RV AT 5 N A LR SF-08 15 4L AE JI i —
M, M E T 1L AR A 0 A B I 420 993 )5 B (C
chrysosperma) AN R o £ [R]85 Bl 56444 R, i
RN RIMNE — e RER(E3) . ZRE
EE T K, AL F-5.F-48 AT F-50 401
FR KT B A Y B Pk (P<<0.05) 5 1 F-2.F-9.F-
13.F-15.F-16F-21.F-37 Fl F-46 {40 | % R 5 B 2F
U k2 R R B2 (P>0.05) . W86 40 L R 7T fig
XA Ak S PUE A S AR A Bl R R

T2 FFLUEFE (Penicillium rubens) SF08 Bk R EE N TS KIEREMTHE

Table 2 Growth rate and sporulation of Penicillium rubens SF08 and its transformants

B KR agioh=s LS AR PR
Strain Growth rate/(mm-d")  Sporulation/(x10*-mL™") Strain Growth rate/(mm-d™") Sporulation/(x10*-mL")
Wy A Y 2.38+0.19b 17.68+5.19 b F-25 2.58+0.13 a 22.83+5.07 a
Wild type F-26 2.2040.09 ¢ 12.6043.54 ¢
F-1 201£0.15¢ 13.46+6.25 ¢ F-27 2.69+0.12 a 2133:5.65a
F-2 2430.17b 18.63+6.21 b F-28 2.6140.15 a 21.95:4.92a
F-3 2.180.12 ¢ 11.34£4.72 ¢ F-29 2.72+0.18 a 25.78+6.14 a
F4 21540.14 ¢ 14.01+5.18 ¢ F-30 2.1940.08 ¢ 11.9043.88 ¢
F-5 239+0.02b 20.61+7.36 b F-31 2.13£0.14 ¢ 13.5245.11 ¢
F-6 2.0420.11 ¢ 12.5046.11 ¢ . 5 1850.16 ¢ 11704526 ¢
E-7 2.1840.13 ¢ 12.80+4.63 ¢ F-33 2.2240.10 ¢ 12.7044.03 ¢
F-8 2.1840.16 ¢ 12.45£5.28 ¢ _ 5 5040.12 8 51 6645.17 8
F-9 239+0.01b 19.2748.26 b F-35 2.64+0.11 a 2298482 a
F-10 el 11.78+5.94 ¢ F-36 2704013 a 249145742
F-11 2.16+0.09 ¢ 13414376 ¢ 37 5 3840.07 b 17604478 b
F-12 2.06+0.14 ¢ 12.40+5.32 ¢ F-38 2.6240.14 a 23.0545.36 a
F-13 2.4140.06 b 19.23+4.15 b .30 5 182009 c 12.5044.02 ¢
F-14 2.67+0.11 2 23.87+5.81a F-40 2.67+0.16 a 24.74+5.48 a
F-15 2.4240.08 b 17.2546.78 b Fal 2214011 PP
F-16 2.37+0.08 b 19.49+£5.91 b F-42 2.60+0.13 a 22.64+4.93 a
F-17 22140.13 ¢ 12.20:£6.64 ¢ Fa3 5734015 a 25.6145.8 a
F-18 2.010.11 ¢ 12.1044.29 ¢ Fad 5 1720.10 ¢ 11.8043.74 ¢
F-19 2.63+0.12 2 22.14+5.33 a F-45 2.64+0.12 23.1745.16 a
F-20 2.60+0.14 a 21574481 a FL46 5404001 b 20.5748.15 b
F-21 2.32+0.05 b 18.36+7.82 b F-47 2.59+0.13 a 22714529 a
F-22 2.1540.17 ¢ 26.92+6.41 a FLas 2384012 b 15.22:9.83 b
F-23 2.170.10 ¢ 12.3043.97 ¢ 49 5204011 ¢ 19204411
F-24 2.66+0.11a 23.71+4.86 a F-50 2.39+0.03 b 19.5243.14 b

W [FA ARG T RER R 22 5 8 3% (P<<0.05) . I,

Note: Within the same column, different small letters indicate significant differences (P<<0.05). The same below.
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£3 1 HEEAEEER SF-08 EikiE L FX %S IEFE AR

KRR E RS UER
Table 3 Antagonistic effects of 11 transformants of
Endophytic antagonistic fungus strain SF-08 on walnut

blight pathogen

54 & Inhibition rate/%
M AE R BT 4d)5

ks Il 43 PB4 93595 L

Strain Simulaneous Inoculate endophyte transfor-
inoculation mants for 4 days, then inocu-

late walnut blight pathogen

e cpit 65.56+5.19 a 69.49+1.89 b

Wild type

F-2 67.1549.16 a 79.13£2.17 a

F-5 58.11+£0.19 b 60.12+0.05 ¢

F-9 57.96+5.14 b 61.08+1.02 ¢

F-13 56.63+4.19 b 62.69+0.15 ¢

F-15 57.13£8.39 b 63.23+0.36 ¢

F-16 60.23+0.55 ab 65.9347.85 be

F-21 63.46+1.58 ab 73.18+1.48 ab

F-37 62.72+1.18 ab 72.124+0.13 ab

F-46 65.51+7.16 a 76.14+0.06 a

F-48 56.01+0.18 b 68.02+1.92 b

F-50 51.92+1.41b 57.06+0.17 ¢

1000 pm

1000 pm

SRR N A B AL T 4 d S B RO TR E I
AR AR A RN A PR (R 3) . ERE
EE e R, AL T F-2.F-37 fll F-46 [0 4
R EE T HAE K P<0.05), K F-2 58
A TR T 13.87% 5 #E 4k T F-9 . F-48 Al F-50 I3 1 %
0 EAR T B AR B B R (P<<0.05) s F-5.F-13.F-15.F-
16 F F-21 400 B 280 2R 5 107 20 R ) Ak 22 3 AN I 3%
(P>0.05).

FRYEFE AL T 15 PUE VE VAL &5 5, VP i 43 F-2.
F-46. .F-21 fIF-37 S 4 R4%E4 1. Ho fE /5 M &%
P£7F , F-2.F-37 Fl F-46 [ 2 45 55 2 v T By AR 7Y
TR s 5 A P f B FE PUTE PR SRR AR W) 2 D e S R
b, e 2 £ F-2 AF AR AR AR i B, FH T
JE SERE AT
2.5 FHUFHRREMES

X FEAL T REAT S A K i (B 4D, i 22
REME 7E 470~520 nm WG KUK T K H sm 4k 1052
Jo NIRE IR bR C B A AR E 1, 2 AR I

1000 pm

<

&

A, F-2 AL TR 2455056 R HITEZS (400 s B. F-2 5546 F I B 2206 0] I B I35 (40%) 5 C. SF-08 1 2275 %856 N I 25 (40> 5 D. SF-08

B 225 AT WO R TS (400 .

A. Morphology of F-2 transformant hyphae under fluorescence (40x); B. Morphology of F-2 transformant hyphae under visible light (40x); C. Mor-

phology of SF-08 hyphae under fluorescence (40%); D. Morphology of SF-08 hyphae under visible light (40x%).
El 4 HUFEROTETES

Fig. 4 Morphology of the transformant strain under fluorescence
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BB, A . WAL B SF-08 XA Bk &) e FE e T (K1 1255

P (& HmB A1 Amp) FIAEE £ PSA B IR 3 b AT
TIESAEN. FRER, 20 3 kLA R
AT IRARIE B TR G, B T I 6
RERFERIE Hom AR E .«
2.6 HEUFIRRHLENRERS EBEEN
RO RER MG AR T F2 T8
T IR BB A B AR <25 REAT RN, 45 2R B (&
50, kG v IR 25 5% L2 rp 2 ] I AT St
B AL T R, PR 2 A T 4L TR B

S5Qpm

50, um

Xof BECZH BT A 2 T Ak AR T R R A B A R R i A Ak B 2H
4 YIRS E N sl B SE05  2 S TR e SR )
g Rt — DR (B 6, T A FET AR 7Y B bk Ak 2
A% Bk S B K 33 B2 T2 A IR AH, — & XX
Beg i B AR AR AR KAE R . DL ESE SUESE Tk
I 3RA3bRI0 H Bk SFO8gfpF-2, H.i% 1 Fk BE % 75 % bk
L AN ROETE .
2.7 ELFRZk R S GFP £[E PCR G
PCR A &5 5L 55y GFP 2 [A] 1) B I % 1b J A Y

S50.pm

A RZRGTERAETOE T RIS s B AR ARAE 7T WOG R fIIEAS s C RS BT RAE 28 OGRS s D. sk 4 i 2545 98 T RIS S E. #4
RS ZEAE T IO B AS s ARl i 22425 SOE T IITERS s G R4l B P AR 56 TR BT AS s HL A% RSl e 5 46 7] IO R BOTEAS s L bk

A RSSO T TS .

A. Morphology of walnut seedling root under fluorescence; B. Morphology of walnut seedling root under visible light; C. Morphology of walnut

seedling root under crossed light; D. Morphology of walnut seedling stem under fluorescence; E. Morphology of walnut seedling stem under visible

light; F. Morphology of walnut seedling stem under crossed light; G. Morphology of walnut seedling leaf under fluorescence; H. Morphology of wal-

nut seedling leaf under visible light; I. Morphology of walnut seedling leaf under crossed light.
5 ZHkghEiR. £ HHERIRES (40%)

Fig. 5 Microscopic morphology of walnut seedling root, stem, and leaf (40x)
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NI ZAT  AMAL B A Bk 4 P 2 0 D B9 A B B AR AR e (KA Bk 2 AL TR G B Pk 4
From left to right: Untreated walnut seedling, walnut seedling infected by the wild-type strain, walnut seedling infected by the transformant.

Elo HFEMRTZMAERIREKIER

Fig. 6 Growth-promoting effect of the transformant strain on walnut seedlings

SEFEIRAE T o FUEdE o JE I b B AR B B Ak (SF-
08) 54k 1 (SFO8gfpF-2) f) PCR ¥ , 7£ J& & i
I F 29 425 bp (KT GFP 2k . 33— 0 Bk 4h
AT R, R BN TR & B AL F (SFO8gfpF- 2.
SFO8gfpF-46) 1= 4L (M 4 Hi i « i 2H 23 b e 47 3 Hh A
5 RN B 2% T AE AR AR G5 8 (SF-CKO K B
Az ) B PR (SF-08) 12 4% (1) &)y i +h U G i 2% s (I
7)o PLE&GERFZR, GFP 3 KRR Ih A 21 # Bk
SR, I B 1Z AR R T RS U= e
I8 Bl T AZ R4 T AR A

2.8 qPCREIYRIREHFFF MR

7% 7% ¥ (Dactylonectria torresensis) ~ Bk & 7%

2000 bp

1500 bp
1000 bp

750 bp

500 bp
250 bp

1. DNA Marker;2. SF08 ;3. SFO8gfpF-2:4. SF-CK ;5. SF08 12 %:4%
BE#)) 1 : 6. SFO8gIpF-2 12 Y iz Mk 411 : 7. SFO8gfpF-46 1= YiZ k%))
Hio

1. DNA Marker; 2. SF08; 3. SFO8gfpF-2; 4. SF-CK; 5. SF08 infect-
ed walnut seedling; 6. SFO8gfpF-2 infected walnut seedling; 7. SFO8gf-
pF-46 infected walnut seedling.

7 FELTERA PCR A2
Fig. 7 PCR detection of the transformant strain

(Chaetomium globosum) J iR 5075 % & (Purpureo-
cillium lilacinum) B 14 X7 B8 JE DK 2 DNA Al 25 S 5
N, BRI TRIE T IR (E 8.

314 1 285> H1 Basic analysis of amplification data

= N N
n =) W
T : T

GRS Fluorescence value
.O —
W ()
/ ‘

o
=)

5 10 15 20 25 30 35 40
P EL Cycle number
21 (0l 2% R OR 7 4L T B (Penicillium rubens) SF-08 B #& DNA ]
I 2L R i ZONBITEXT TR B AR DNA, R I S (5 5.
The red curve represents the amplification curve of DNA from Peni-
cillium rubens strain SF-08; the remaining curves correspond to DNA
from negative control strains, which showed no obvious amplification
signal.
E 8 HEILMRLER PCREFRMETMN
Fig. 8 Specificity evaluation of multiplex real-time

fluorescent quantitative PCR

HeAS S AXAE H br o W 77 40 75 55 (Penicillium rubens

SF-08)DNA #F ity F ks 5 10F Sz il 77 v B A v

Rt

2.9 FLUEFESF08 ZELRTROLEE PCRAVEL
10 o 22 1) CAE R B 44 50K 5 D100 B0 AR K
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BB, A WAL B SF-08 XL Bk &) 58 B g 1 K R

1257

RAGY MR (). 1Z2 EAM TIELE 1.5%10°~
1.5%10° copies - uL' YU Bl PN 2R 1 R 4T, R U AR T3
FPCR, H&5 R 5 HE R RGN — 3 (B 10). FrifE

A P4 il 28 4> M7 Basic analysis of amplification data

M 2 28 o A o6 PE B AR (RP>0.99) , 3 38 2 % ik
98%. FAYEXTHRY M. W Ct<<35 N BHYE A Wbz
T, 5 9L 8 7R A 5] $% U104 B2 1Y SF-08 DNA 7E FL R

FrifE £k Standard curve

PG E Fluorescence value

40

v.=.23.370.6.x.1.45.261
R =0.9999
B

35 X

2
S,
., _0R0,

30

.
l."

25

20

W Cq

1
&

15 S

10

0 2 4 6 8 10

5 10 15 20 25 30
ME3F%L Cycle number
A AR PR 2 RAR 1 SR 58 % 2 B PCR 4739 I 28 s B. SERT % 652 & PCR brifE 2k
A. Amplification curves of serially diluted template DNA; B. Standard curve of the quatitative real-time PCR assay.
B9 F=LUBE (Penicillium rubens) SF-08 HHIEHER PCR &5 AR BETM

Fig. 9 Sensitivity evaluation of the real-time fluorescent quantitative PCR detection method

35 40

WIUEAEAR B H Log starting quantity

for the Penicillium rubens SF-08 strain

et
p—
200 bp
100 bp i A

PR BRI E PCR WA, M. DNA Marker; 1~7 £ 1.5%
10°~1.5x10 copies - pL" (B AL DNA Fr b9 PCR 724758, B X

o

Conventional PCR test for Penicillium rubens strains; M. DNA
Marker; 1-7 represent PCR products of plasmid DNA standards at
1.5%10” to 1.5%10°copies- pL'; 8. Negative control.

10 Ei# PCR MR FEITFM
Fig. 10 Evaluation of conventional PCR detection

sensitivity

H5Z B8RP CHET R EZER,

2.10 SESLFRCEE PCRENG EREEMIFMN
IS 4 BRI 1.5%10°%~1.5%107 copies - uL™!

(1) SF-08 Ao Ak Jii Fi gk 47 B VAR S0, H N CV N

0.23%~0.3%, 418 CV 4 0.94%~1.05% (¥ 4) . XLELE
FAESE 1z TR e g TEA R iF H B A
T4 FLUES SF-08 BRI EE PCR EMTFE
REMITM
Table 4 Stability evaluation of fluorescent quantitative PCR

detection method for Penicillium rubens SF08 strain

JFRLIR i - HNAR AR
ik Plasmid PR oy R
X . Ct mean
Strain concentration/ value Intraassay Interassay
(copies-uL™) CVI% CVi%
REAR 1.5x107 15.88 0.24 1.02
(Penicillivm 5,10 20.24 027 1.05
rubens)
1.5x10* 25.22 0.30 0.99

2.11 SF-08 EHk¥ = AIBNSHN

PAAZ Bk &)y Wi AN [R) A GO AR AT ¢ 16 5E & PCR,
77417 B SF-08 B bk 7E AR 41 41 rh /) DNA #5 DUE 5 42
M EE 7 K 4.65x10° copies- g HRIE F T E 5 14 K
446.33x10° copies - g, H T 58 21 K ik FI 1§ {H 495.7 %
10° copies - g, B J5 BB FFEH, 42 KER
32.47x10° copies- g, HAT T 56 7 RII7K-F o R
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PRAEAR 22 b B B0 M )Y 58 BEL e ) B — 58 I 4P ¢
TEAEME . ZEH 2P B ik DNA #% DGR R I 24l
B, BT RN 1.96%10° copies- g, 55 14 RIFE
278.7x10° copies - g ', & 55 21 K A % 2 210.02x 10°
copies - g, 7F 28 & 35 K [l PrAFAH NS A2 0E , 255 42
K P& 2 20.5%10° copies- g' (R 5) . %45 R IR
B8 AR 08 1r) 25304 1 (B 10 B2 M e T /KPR
THRLAL, ELBE R [ AE K R 5E% . m 5 d
Pk DNA # DUEUBE AR BR Z2H ZUIC, BUEE 28 RIS H
PP 2.42%10° copies - g A R EBIEAR , B f5 B 5 R F%
5542 K% % 0.047x10° copies - g, MK T 55 7 KK
-, 3X % B R PR AE i R 1) BB B B HL KRR S ) ]
L, A RESZ B P SR A B AR H SRR 2

#5 LARHAEE PCRENZLIEFE SF-08
ERBELL
Table 5 qPCR detection of population changes
in P. rubens SF-08

72175 % SF-08 1

TR KB L0 A SF-08 B bk DNA P H#5 TT#L
Time of root Detection of the average DNA copy number of
irrigation with spore Penicillium rubens strain SF-08/(x10°copies-g")

suspension of

Penicillium rubens = I
strain SF-08/d Root Stem Leaf

7 4.65+1.62 1.96+0.20  0.080 3+0.001 3
14 446.33+£25.06 278.70+11.20 0.109 0+0.004 0
21 495.70+10.10  210.02+25.50 0.391 0+0.012 0
28 297.30+£20.20  93.57+4.52  2.420 0+1.8200
35 156.00+0.58 93.30+15.30  0.210 0+0.078 0
42 32.47+9.59 20.50+1.07  0.047 0+0.000 4
39

3.1 =45 E SF-08 GFPHRiE 57RER

GFP 1E 7% 20 ff b B FE 1 R OB R, {8 T 5K
B %% , HL G 75 AR e A R ] S B 42 e A, ©
Iz R T R E S AR E S e B Y. BT,
GFP J: K 5 3 B R 20 1R 86 02 AR 2,
WARK R G RIETED PEG A SIEM R E N T
AR BHAE i 5 FOB IR UEN IS . AT FUR
TIRAE A RAGIE IS, B R, AAFAE
B b, B fE T 2 Fi DNATE SN, IX BRI R RS
T3 R $E 7 T AT AW TR P B . R AR IR
FHTE TR 52 /K G L S MAC AR RN AE B AN RE X
5 MB B MR A B (arbuscular mycorrhizal fungi,
AMP) YRt [ P A2 B 16 (dark septate endophytes,
DSE), H 5 52 T, R A AR FAE

FH GFP % e H R W BERIB 0 B A, Re g
SN R R R R RS O P AR R L AT RO
B BT T TSR SR . R
PRI PR 4 L BE S — /NS A B2 IR 450, R L
T RS A SRR AL 1, RN R T R A T R RN
AR . A F B YR 2 18], L [F]
— PR R [ A K B, L0 i B L B RN 5 A 24 A7 A
B ZE 5, FL RO TR 22 (10 4 0 e R R B
Gy VefR. BT AR S 2RO R E R R S
Yy, B — Bl I X R S B 170 i — o B B
JURPZH 53 o a2 R s — P, BN IR BE AR =
AT B8 T0VE 58 4 40 A BT 6 40 i BE i 4 5 5 B80S AR TR
R BOAR T BRI o R AL BT ). TR A
AN R AR AR P A T LBEEL ) 200 B (1 22 et A [
Sy, M B8 AT e b o R A B . ARHF 5L 2%
Souza S5 5 1%, SR FH AN [k P28 AR b 288 Bl VS 45 1)
B T AP0 Kb T I T 22, i S 3 R R TR AR TR A R
IR, 52T 1B R

JE A B AR 53 B 07 SR AR R 4K J5 25 23 1A
S AR TR R BEAT AR . AR B 7R R 4
R A 0 s 2 AT o, VAR BE 5 ' P I T8 75 445 5
00 [RIIN , P 2 LR g S i 175 A B A J o 4
Rl A TR LR AR e 70 55 G5 10 50 BE 1 P 6 55 R BE il 2%
fEen, AHFRHE T 200 pg- mL" HmB Jy i A4 5 7
P AR B3 A TR R I PR BT AR SR IR B ), TR AR AE
IR BE 1 PSA AR EEEAANEK . FAER IR
7580 pg-mL" Amp FH T pCT74 J5URLfT 14 He 07 i
A E R LRI R . fE AL TR R b R
I, PRI S TRV R 25 53 T SRR BB A, R i sk
BRERAE B AR S 1 P b e AR IR SRR E (e
T AT E . LI GRS R S5 ARG KRG A AR
W IP4-1 25 ] —5. “PARIA LGS F5 15 70 A6 Al g
EPRAPOIAFEEER . TR PG & st i,
B, TR R 2R SPARGA 2 1 TR AR R
b IX AT RESE M T A AR IR 8 1R 57 43 K SRR I
R IEREL . U, AR G K 53 75 3 2R A X A
P, FBUR I BRI T4, AF T4 i #2  DNA
(R R RN B, AT S0 T JORELE 3 A0 v 1R R )
SRE. BhAh, T A R o, PR 2 Y 40 i T
52 B AIHUAHSE g AR R R, 3 A 7T A0 20 F) 50
A A R0 7 A T S T A4 DR X DA il B 3
NETHIMRAN . pCT74 00 EHET — ARt 7
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BB, A . WAL B SF-08 XA Bk &) e FE e T (K1 1259

P. rubens SF-08 %F Amp 7= AE HU otk (R L K], AN [F] s
WEEN M AE K B B, (R ERE &M T
PIMRAE R Z BB B0, L2 LT ALK, R
B R CRUE A R D48 B pCT74 B R 1 B8 AR D H T AN
T Amp PrlE R, B AHI A K. BT
PR T3R15 T Amp PUitE R A, Bei8 2 I8 FH BN P i
T WNIMTRELE A Amp [P35 TR R ARG AR

AL 1A A5 PUIE M AT BRI T SF-08 #4541
P g T B 42 Y SF-08 B Ak A S5 i, 4 T AHAN
(R A AL A, AT Sl 3 AL i T A2 G W 238 5 3 00 e
7l BE s S B AR Y SF-08 P2 AR Bt i Pt AN A
TR RZGE AT, R I
A1 g 95 A AR K SR BRAE S5 3G X o C. chrysosper-
ma 2 NJG , e A+ 5= R {5 B A2 8 SF-08 & 1 4
VBT, 5 AN BB A L RE 45 8, G R EE C. chryso-
sperma NAZ , S 5 B 45, K FE TR 3808 o [ I
FE Tl SF-08 Ak, 579 J5 B 78 . — 5 B 2, B
BICHCE TR0 5, 2B 5w RS 7 A &M AE TS 5 5L
Bk U B A2 Y SF-08 B AR I 4%, X 4h ke
B e AP St FH SF-08 #% 46 -1 F 4 Fh s I 1
i, ¥4 73 C. chrysosperma {32 L — E H5 bt »
JiR DR AT i A S5 8 BERE TBCES A P B0 TR 1, {HL
HAR G I TRIEUR 2 R & 22 IR s P AR
R B RO OB R R . S SF-08 # b ¥ 5k
JeHe i C. chrysosperma BT 4k PR (1) B 45 R R 35
T AR 2 . SF-08 AL+ C. chrysosperma i)
Bl 42 75 R e 4 d 305 B S, (EL I B (1) 22 K e 4
55, 7 B HPrm PR B 250k, nT e i B e A Ik B
K FAL T8 T 8 O AR S AR R

AR LB AT e BE AR A A N A 5 R B R
FE AR B R P LT & (Penicillium rubens) SF-08
RGRIEAEKNAERRE . TS YIRS
N B SRR e At e, ARG i A AR 1 4R, B
A KRR AR . 25 RSP A I 2 S OGAAA B
()2 PRI A E R IE , 45 & BURME S A2 E Mo, Bk
MBS A A R e m AR e T N B bs2E R 2 5
T . ASHHF TR 68 Fk SF-08 o iE AL AL T I A K
AR EIEAT TV Ho, 35 BRFN 31 ARER AL
TAEAEKHE BN 87 T S B AR AR TG B3 %
e T LT AR I S 25 A o DN i PR ] R
HMJE DNA #li N 2 5 B R A AR B AH SR IR R R A7 A
TR 7 AH I R ) TR0 3Rk AR, 7E 2 S0

e N B SRS E R Y Al I P SRS EPS
PERT, F Al TR Gz Ak B TG 45 R B OR , R e AR
OB R T S B TR S ZE A A I B R I A e K X3
FKHILE K ITFERE T, AT AR E ) 2R AL 3%
FEAL T A0 R AZ A &) v R A KRR 5 B A R B R A
TR 22 5, e FE A PT R SR A KL AR OC
32 FFLAEESF-O8KHAEERRMNE

Boyle &5 H 52 I %2 ' i€ # PCR (QPCROFL A,
i IR S Y 8 B ITS T A A )R
DNA, LLEFEAS 1) CHAH , 45 G b it il 2 2 6y 24 %F
¥ LD P R B it . T AR R AE Y
R Z , B — RS A R BR 1, At 5
F a7 H R 5 ) [ TaqMan BREF R 8 2 F K
I 5E FE PCR IR 2R, A6 AN [ ) ) i b < i v
() SF-08 47 & EAG I » Ak JG i 7 iR e
REAEE H B] 25 8 T A I 1.5%10° copies - pL™" H [ 5
DAL R i R B8O AL T B PCR, I 3 B 22 (R 4
DNA #& J R #8505 1 &, B 24 SCHR™HRIE 1) gPCR
RAMEREEAR  E R M E I,

TR 2R HURE J7 222 R MA A A B 1R 3 FE TR A
Mg HO . AT LAkt i k), SR POt e &
PCR F A MM 7= 41 75 % SF-08 il T &7 i A [F]
HAP R ERISNEL . 2RRH WAL T
SF-08 1% #% DNA #5 VL% 5 450 J5 57 7 Rk aiv 3
S 14 KB BT, 5 21 Rk BE(E , R HAEAR A
A R ) SRS 7 s 2R P AR LA SR
SURAAL , (B S P AR 2 B /KSR AR 358 s L 4
(1) TR AR AR ARG T AR L 25, L RR RIS TR 50

AT R85 AN [F) 2 0 25 W R AAE 2 3 T B8 R O
BE 7 S A R8RSR NI iR R AL, A BRI
FEA T AR A R T PR R B RS Rk, B
AR T R e A RF A7 B 2 R BRI IE
AVERAER , nUON AR A - B ftim i , E 3 e i
T EPEAR TR o U R R B M B A VB IR AR
PRI PR , I 7T B8 32 B 4L 2S5 180 S5 N7 (R 520, AT
AR T B Rk Fa e 2. R, SF-08 ZEAZ Bk
AR A e K RO W R 2 S, R R
R R4 R ZE IR Z SR A ) 20 AT RFAIE

4 4w

AR 53R AR 5 B A2 B0 B 35 22 1Y) GFP AR id
F= 411 B SFO8gfpF-2, I 45 A i 4 R A& B s Ml
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qPCRIE 52 SF-08 T 26 k4 T A 25 1 P 26 7 B 1 3R 1 ST R SR 0SB D). 81 LR,
AR S LG o 5 S SE-08 1 42l Sz o | | |

o YAN Siyuan. Establishment of genetic transformation system of
TE{’ Ly ﬁQﬁ ° Lycium barbarum L. Endophytic fungus NQ8GII4 and coloniza-
PN . tion in host plant[D]. Yinchuan:Ningxia University , 2020.
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