TRAE SRR Feb. 20, 2018, 45(2): 376-385

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.170275

MERTEEERRAEETROLE SR K
B =S B S o A
BERMOREY BB BE RAR EFR AR
FIEY BREAT £ FRC

(1. 830091)
@. 830091)
3. 830052)

M OE: [(FRIREEZRTERAT BRI R GFRT, AEBERLEZREDG S
PHAER. MILEERRESNAHA BMK R, AR ETERRAL LGS ZOMRE LR
H. 086 THRBEEERRNEAAR BN ZDAENARLEZEZRBEHEN XL, [F
1A TagMan R4t 52 B 32 02 2 PCR 7 ix s AR L8 kN A A B S UAT R SF3h &M, 547
MANELAKEESXERRAKEN R EA. [£ER] FRAF AR AL ATRER
Pk RE) BAAS S, e RINARIEE S IARER R AL A 1.46x10° copies/g FRW, T35 RABIEARIR A A
AR TERINAFTIEE LA, HAIMLF| R KRME, A 8.30x107 copies/g FRW. i RN A AH
HEARBAGR E RO ETRS, L E P HL 1.46x10° copies/g FRW; ok A FT42R, P
#)i% 8.30x10" copies/g FRW; #i5& v, H41-F34% 1.85x10" copieslg FRW. A#7EAR30 A A A H 4
FNEREMNARR IR, K8, LBIRAER: HRERYFFTERNELAKERS, ERY
sk B ML B KME 1.46x10° copies/g FRW, k44 /R 8.30x10" copieslg FRW, #%3T & 1%
1.85x10* copies/g FRW. # ARt A A AN H T L ZE R A REAKERE EAE, LA Rk
AHEHL 0639, & TALEMEALAB L ZAAREAE 48X, 48X R 40 % 4-0.180
F-0.275. N AABR S EEZRBRALNAELEMK, RAXEREE. [Zr] HLax
RN LA S TR S, NAELHKT YA L T W2 F KA 5 RE M ZILE )
MR, NAAHKERKAEIEERHEAL.

XiEiE: 458, AAAH, TagMan 384, k<2 & PCR

Foundation items: Xinjiang Uygur Autonomous Region Outstanding Young Talent Training Program (qn2005yx023);
National Natural Science Foundation of China (41471220); China Postdoctoral Science
Foundation (2016M602953XB)
*Corresponding authors: E-mail: LOU Kai: loukai02@mail.tsinghua.edu.cn; LUO Ming: luomingxjau@sina.com
Received: April 05, 2017; Accepted: June 28, 2017; Published online (www.cnki.net): August 08, 2017
=P (qn2005yx023) (41471220)

(2016M602953XB)
*BIE{EE: E-mail loukai0O2@mail.tsinghua.edu.cn luomingxjau@sina.com
UgFs HEA: 2017-04-05 = HHEA: 2017-06-28 M4& & % H HA(www.cnki.net): 2017-08-08



377

Quantitative detection and spatiotemporal dynamic analysis of
endophytic fungi in cotton infected by Verticillium
Wilt using Real-time PCR

SHI Ying-Wu'*® CHU Min'? YANG Hong-Mei** GAO Yan'? ZHANG Tao"?
ZENG Jun*®* LIN Qing*? LI Yu-Guo** MAHEMUTI Outikuer*?
LOU Kai*** LUO Ming*

. Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang , China
(1. Insti f Microbiol Xinjiang Acad f Agricultural Sci U i, Xinjiang 830091, China)
(2. Xinjiang Laboratory of Special Environmental Microbiology, Urumgi, Xinjiang 830091, China)

(3. College of Agronomy, Xinjiang Agricultural University, Urumgi, Xinjiang 830052, China)

Abstract: [Background] Verticillium Wilt has seriously restricted the sustainable yield of cotton in
Xinjiang, China. Endophyte in cotton (Gossypium hirsutum L.) have great potential for biological
control of cotton Verticillium Wilt. There are the close relation to cotton Verticillium Wilt and
endophytic microorganisms, but no study has investigated the content of fungal endophyte in different
branches and leaves as well as roots of Verticillium Wilt affected cotton. [Objective] To study the
spatiotemporal dynamic of endophytic fungi number and the relationship between the number of
endophytic fungi and the pathogen of Verticillium Wilt in cotton infected by Verticillium Wilt.
[Methods] Primers and probes specific to Internal Transcribed Spacer (ITS) of fungi were designed. A
TagMan probe-based, Real-time fluorescence quantitative PCR was established. TagMan probe
real-time fluorescence quantitative PCR method was used to determine the total amount of endophytic
fungi in cotton Verticillium Wilt, and to analyze the relationship between the number of endophytic
fungi and the pathogen of Verticillium dahlia. [Results] The number of total endophytic fungi in cotton
roots infected by Verticillium Wilt showed different trends in different growth period of cotton in
Korla, Xinjiang. The maximum number of total endophytic fungi in cotton roots at boll opening stage
infected by Verticillium Wilt was 1.46x10° copies/g in Korla cotton root fresh fungi (FRW). The
number of total endophytic fungi showed increased slowly in bud stage, and reached the maximum
value, 8.30x10’ copies/g FRW of cotton roots in boll opening stage. The number of endophytic
fungi was the highest in South Xinjiang Korla, and was average up to 1.46x10° copies/g FRW in boll
opening period; followed by an average of 8.30x10" copies/lg FRW in flower stage; at least by an
average of 1.85x10* copies/g FRW in seedling stage, Jinghe. The spatial variation trend of number of
endophytic fungi is decreasing in the Southern, Eastern, Northern Xinjiang; the number of endophytic
fungi was higher in Korla and Alar, the number of endophytic fungi was the highest in South Xinjiang
Korla, and was average up to 1.46x10° copies/g FRW in boll opening period; followed by an average of
8.30x10" copies/g FRW in flower stage; at least by an average of 1.85x10* copies/g FRW in seedling
stage, Jinghe. The correlation between number of endophytic fungi and of Verticillium dahliae was
significantly positive in cotton infected by Verticillium Wilt in Jinhe, Xinjiang. The correlation index
PCC value is as high as 0.639. The correlation between number of endophytic fungi and of V. dahliae
was negative correlation in cotton infected by Verticillium Wilt in Shihezi and Hami, Xinjiang. The
correlation index PCC value was —0.180 and —0.275, respectively. The correlation between number of the
other endophytic fungi and of V. dahliae was positive, but the correlation is not significant.
[Conclusion] There were numerous endophytic fungi in cotton infected by Verticillium Wilt in
Xinjiang. The higher concentration of endophytic fungi was in roots. The number of total endophytic
fungi in cotton roots infected by Verticillium Wilt showed different trends in different growth period
and sampling sites of cotton in Xinjiang. The maximum value number of total endophytic fungi in
cotton roots infected by Verticillium Wilt appeared during the blooming period in Korla, Xinjiang.

Keywords: Cotton, Endophytic fungi, TagMan probe, Fluorescence quantitative PCR
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4°C RT-qPCP
1.1.2 tRAERE

PCR PCR
( DNA/
)5ul/opL  ITS86(F) I1TS4(R) (10 umol/L)
0.8 uL FS Essential DNA Probes Master 10.0 uL
Probe 0.4 uL  ddH,O 20 puL
95°C10min 95°C25s 50°C120s 72°C90s
45

Alternaria sp. S1 C
PDA [ RT-qPCR C.  15-35
100%
12 EZRFIFOMEE 1.3.2 fRAERNZHIME
Ezup DNA OMEGA DNA
PCR (
17 ) RT-gPCR
3
Roche LightCycle 480
1.3 RT-gPCRZEERHENEER C
131 RMKRZRBEIRMKL y Ct X DNA
Alternaria sp. S1 PCR Log10
puCm-T 1.33 4ALAEF4E DNA ZE
2 uL 10
1-8 10 30 mg 1.5 mL
ITS86(F) EP Ezup DNA
ITS4(R)E 5.8S rDNA-ITS DNA
Probe 5'-ACGCTCGYACAGGCATGCCC-3' 1.34 RT-gPCR EZE#N
FAM  BHQ1
[ITS rDNA copies g/root fresh weight (FRW)]
*1 EYHEREERER
Table 1 The basic information of plant
S:lTn?:):]rg Sampling sites Longitude Latitude See((jlijnagt:)tage Bt(Jg;ts)ge FIoZVDe;t:;age BO”O?S:‘E)Q stage
HBZ  HM (Hongxing farm, Hami) ~ 93°16'15"E 42°54'52"N 5.20 6.26 8.20 9.20
KBZ  KEL (33 Tuan Farm, Kuerle) ~ 87°7'53"E  40°27'56"N 5.22 6.28 7.30 8.31
ABZ  ALE (Alaer, Akesu) 81°10'57"E  40°20'8"N 5.26 6.29 7.31 9.60
TBZ TMS (44 Tuan, Tumushuke) 79°7'43"E  39°55'12"N 5.27 6.30 8.10 9.70
JBZ  JH (Daheyan town, Jinghe) ~ 82°24'38"E 44°34'55"N 6.20 7.30 8.30 9.80
WBZ WS (Huanggong town, Wusu) 84°46'46"E  44°32'43"N 6.30 7.40 8.40 9.90
SBZ  SHZ (Nongkesuo, Shihezi) 86°2'52"E  44°20'6"N 6.30 7.40 8.40 9.90
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DNA
DNA
RT-gPCR
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PCR
PCR
[31] DNA
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(Pearson
correlation coefficient PCC)
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SPSS 19.0
Origin 8.5
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PCR LightCycler®480
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Figure 1 RT-qgPCR amplifacation curve of serial 10-fold
dilutions of positive recombinant plasmids

Note: RFU: Relative fluorescence units.

_ Equation v=a+bx
40 Weight No weight
Residual 255785
- sum n[sqmlrcs
35t ™~ Pearson’s » ~0.99% 33
) Adj. R-Squa 0.996 46
=] [ Value | Standard Er
k= N B Intercept | 470793 030997
2 30r ~plB Slope 38166 0.055 18
o .
2
g 25r ]
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.
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Figure 2 RT-qPCR standard curve of serial 10-fold
dilutions of positive recombinant plasmids

Note: Error: 0.017 8; Efficiency: 1.751; Slope: —3.817; Yinercept:
47.08; Link: 80, 330.
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47.08 DNA
Ci y=—3.817x+47.08

22 FRE4EEMBBEEKRDNEEELNE
pald=rs

1.46x10° copies/g FRW

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



381
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T

e e
Seeé\\(\‘é se® pud sk

Growth stages
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Figure 3 Variation of numbers of endophytic fungi in cotton
infected by Verticillium Wilt at different growth stages

SBZ WBZ JBZ KBZ ABZ TBZ HBZ

Note: SBZ, WBZ, JBZ, KBZ, ABZ, TBZ, HBZ show fungal
endophyte in cotton affected Verticillium Wilt in Shihezi, Jinghe,
Korla, Wusu, Alar, Tumu Shuker and Hami respectively.

Z 1.80E+009 | g Seedling stage
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Figure 4 Variation of numbers of endophytic fungi in cotton
infected by Verticillium Wilt at different sampling sites

SHZ WS JH KEL ALE TMS HM

Note: SHZ, WS, JH, KEL, ALE, TMS, HM show sampling
locations in Shihezi, Wusu, Jinghe, Korla, Alar, Tumu Shuker and
Hami respectively.
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K2 WMERBAMTEEFRFRENERNEEESE

Table 2 Numbers of endophytic fungi and of Verticillium dahliaein in cotton infected by Verticillium Wilt (copies/g FRW)

Seeding stage Bud stage Flower stage Boll opening stage
Sampling

sites Verticillium  Endophytic ~ Verticillium  Endophytic ~ Verticillium  Endophytic  Verticillium  Endophytic

dahliaein fungi dahliaein fungi dahliaein fungi dahliaein fungi
SHz 118 17 326 616 177.0 627 542 131 006 4540 521 21710 614 781
WS 4 2935604  249451.0 1443879 131 200 16 698 488 58 088 3447192
JH 4 18 500 14 302.0 4348 181 23376 30 139 710 28 527 10 287 043
KEL 9 18 796 212 515.2 918 211 2402 57 691 687 1114 1459 998 886
ALE 473 20 131 747 38 758.0 15012 374 33 127 83006573 5767615 72 612 236
TMS 87 26 775 231 806.9 2948 364 83470 13912 315 853 060 16 474 234
HM 232 186 999 767 699.6 2 817 276 41 827 475 681 483 462 21 328 622

* 3 WMUARBIERESALERLNESHRELEER
=2 PCC

Table 3 The correlation index between numbers of
endophytic fungi and of Verticillium dahliaein in cotton
infected by Verticillium Wilt in sampling sites

x4 IBIERBAELEERNPNEERNESREES
fR¥E 8 PCC

Table 4 The correlation index between numbers of
endophytic fungi and of Verticillium dahliaein in cotton
infected by Verticillium Wilt in different growth stages

Sampling sites PCC Growth stages PCC
SHZ —0.180 Seedling stage —0.850
WS 0.270 Bud stage —-0.780
JH 0.639* Flower stage -0.591
KEL 0.096 Boll opening stage -0.172
ALE 0.475
TMS 0.093 3 iﬂ%—%%i&

HM —0.275

SHZ WS JH KEL ALE TMS HM

L* P<0.05

Note: SHZ, WS, JH, KEL, ALE, TMS, HM show sampling
locations in Shihezi, Wusu, Jinghe, Korla, Alar, Tumu Shuker and
Hami respectively. *: Significant differences at P<0.05.

PCC 0.093

PCC 4

-0.85 -0.78

PCC —0.172

RT-qPCR
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