AT R AR K F F 3R, 2023, 40(6): 1158-1166
Journal of Zhejiang A&F University
doi: 10.11833/j.issn.2095-0756.20230179

ZHEFE=RELEEESREANEERZHFIE

frkE", = #, FHE, B &
(1. PR RIS BRI WAL BFGORT . 3T B 311400; 2. RESORL K% BRBE. 1135 Bt 210037)

THE: [ B4 ] SRHERIEIFHA 2 Calanthe tsoongiana R FH . . R, RTHPRGFLEARFRRIANELS
SHMEF, GEAVHTRRARKLE AT SAAMSIE, HAIBIFA AT EREERE, [FE] RAAREX
A% X (internal transcribed spacer, ITS) M AFH K, S HFARLEIFAZ AN IRFIEAA SR AANELRAFELZGOY
AR AARSTF A EA, R &R A AT, [BR] 4 AeIIRIT 307 288 KARALAF], FH I KEA 643 bp,
F % 1611 68 40 176 B 413 &, # F HARIR LIE A F Aodk 2 M AR B A H A 5 Ak T0E B Mortierella #2413 & Russula,
AR A 53 A FH B % Penicillium AAAEIUHE B Trechispora, R H1% %1% Paraboeremia Fo%% 7 B & Sebacina, F 1=
55 A Paraboeremia #=4k50./% Fusarium., Alpha % BRI H E 7. WA AL LH SR asTF E AN F 52 R AR
Rib¥g, ERPABINTS, RTHXEATE, RELELATRAHSHEERS, A4 340 Tt -F44,
(£ ] RIENAZRFLEARARANELRN SHEPRFEEEENERATHNAERKX 274, RMPRALE
SHESTRTHPH TN, A5 K245 34

KR RFESFAZ; MAALW; SAE; REEH

FEDHES: S718.81 XHAFRRERD: A NEHS: 2095-0756(2023)06-1158-09

Diversity of rhizosphere soil fungi and root endophytic
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Abstract: [Objective] This study, with an investigation into the diversity differences of rhizosphere soil fungi
and root endophytic fungi in the wild population of Calanthe tsoongiana, is aimed to clarify the diversity
characteristics of fungi in different growth and development stages so as to provide theoretical basis for
population propagation. [Method] Internal transcribed spacer (ITS) sequencing technology was used to analyze
the species composition and abundance changes of endophytic fungi communities in the rhizosphere soil and
roots at the four stages of C. tsoongiana with the dominant fungi at each stage investigated. [Result] A total of
307 288 optimized sequences were obtained from the four periods, with an average length of 643 bp, belonging
to 16 phyla, 68 classes, 176 orders, and 413 genera. At the germination stage, the dominant fungi in rhizosphere
soil and root were Mortierella and Russula, respectively; Penicillium and Trechispora were the dominant fungi
at the flowering stage; at the fruiting stage, the dominant fungi were Paraboeremia and Sebacina while

Paraboeremia and Fusarium were the dominant fungi at the decay stage. The results of Alpha diversity index
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showed that the diversity and relative abundance of endophytic fungi increased from the germination stage to
the fruiting stage, reaching the peak at the fruiting stage, and decreasing sharply at the declining stage. The
diversity of rhizosphere soil fungi was the highest at the flowering stage, and the changes in the other three
stages were relatively stable. [Conclusion] The diversity and richness of rhizosphere soil fungi and root
endophytic fungi were significantly different during the whole growth and development period whereas
flowering and fruiting fungal diversity was higher than in budding and dying. This study has provided an
important reference for artificial breeding and conservation of wild resources in C. tsoongiana. [Ch, 5 fig. 2 tab.
34 ref]
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1.1 HARMEAEHERESE

BRI AR R B @I K B E S A SR R4 X N JE B AR A =2 B 2R R A (4K 550 m, 30°21'47'N,
119°25'30"E), W58 X @ WA =X, Tk 3R, AEFE/K IR 1 870 mm, AHXHBEER K, AARSK
P

TCHEARE 22 A K AEWGIR 450~1 450 m YRR AT, AR FIIWT 3 A 20 00] . 4EM0] . SRR T
BN, SRR BN . A B RSB —S0aRERE, 5T 2. 50 7 11 ASFTARBCRE . Bk
B9 BRAEME, BEARIL 3~4 N2 4~5 om AREL, FIARFE e ACRAELS, U ARic It A 4 °C vKAH
TRAE S
1.2 BARFE
12,1 Hsmar  BUBR R HRKE%, TRk, FIERFBONECH 70% 1 B4 2 min, B
BN 2.5% WK ERRANIZ I S min, RFUMECH 70% () LB 30 s, FATCRK g 2~3 ), HE
U 2 200K e i NIRRT B2k . WP BESE R, B T80 C AR IKAR IRAE
122 RFREFR EREGES FRHORE L, REMEEERR 1 mm 224 WRPR . FHICHEEFRRR
e BALH B IRZ th R VAW (PBS) M LA, &TERBEIK T &Y 20 min, BRHAR R, HREIA BT
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6 000 r-min "' =3 #0020 min, 3 FIERAFEIRPR . OFPRS I, B EDEAREA, FFHARA
WATRIE, TA—80 C MK KA RAT o
1.2.3 DNA #2B % PCR 43¢ i H] DNA $#EHUAH G2 OCHE IR A 2 A R 5 PR 11 DNA, 425U F)
FHJB 350K 1% B BEREMEEE RS FEL VKA TN DNA MR B, 51906 Ay i il 2835 A Wy R 25 R A BR A
AT

PCR {SCR F] ABI Gene Ampé&reg; 9700 Y, HAMFEA 3 H A, 20.0 pL PCR WK R K 10.0 pL 2x
ChamQ SYBR Color qPCR Master Mix, 0.8 uL FiE514), 0.8 uL TiE514), 0.4 uL 50 x ROX Reference
Dye 1, 2.0 uL DNA #i#z, ddH,0 %M 20.0 uL. PCR S 25144 95 °C FHiZE M 5 min, 95 °C 2814 30 s,
58 C Bk 30s, 35 MEH; 72 °C #Ef 1 min, 4 °C {47, [Rl—FEA R PCR =WRA )5 FH 23 B0k
2% [ B G A BE I FEL UK RN, 8 AxyPrepDNA &E % P11 & (AXYGEN 22wl U1 14 PCR 729,
afifl )5 19 PCR P44 ] Tllumina MiSeq & HEATI
124 B3 o542 1R YE overlap ¢ R FH FLASH (v1.2.11) Z 4% Tlumina 1 7753 21 A4 B 45 £k
PEiATPHE, JFiT FASTP (v.0.19.6) 30 e s A7 i ds . b Aiifb . X HEA IS, 78 97%
1Bl B2 7K -~ fd F| UPARSE (v11.0) #4XF DL A6 )7 51 647 20 844 50T (OTU) R . i T84
OTU X W ¥ AP o205 5, JEF 97% ALK F T 2k H RDP classifier U1 it #r 5.3: X) OTU (L £ 751 5
UNITE (v.8.0) $#& #1750 282% X o

BT OTU A4 R, dat Mothur (v1.30.2) AT ZHEVEFR BB, IS B T A FEAS R I
Y Eh e A B S MRS D . RIS g R, it Qiime (v1.9.1) BRAFAE LAS A2
K FRER, H1T Beta 2RI, S HEARTER — 0285 LR . HEA &AL
ST AR T2 BE DL KA [RIAEAS v g ) 41 AR AP, IR R R 15 (version 3.3.1) T H G FIPER],
W 22 57 MR B3 A A AR AR SR B R, DB I A A AR 2 ] ) 2 S RN 2 R AR 22 ) A A S R
/N 3T Kruskal-Wallis #& 1 K % (Kruskal-Wallis H test), i i R (version 3.3.1) f¥ stats £ 1 python
{1 scipy fiz 1] DP 15 A RN (effect size), MR H 2 REA W Rp AT 25 55 W EMEHT .
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2.1 EHENEZRENEERSHFEST

TG R 2% B 2R AR R L 348 31 987 ik A . FRE LRI FETTKSFE B FE
Basidiomycota 194 ffi5 "] Mortierellomycota (5 LK, J& THZFWIM RN A HERHET]; EEAKE L,
Wil )8 Mortierella M4 4%)8 Russula BLREFA 5 FUAHZE AR K, JLRIVE XA IR 38 N A OB . AE3DIAR
R P ILARAG 51913 & fb e sl . Hp, WP REITARKREEETT; 7EEAKF L, HELFHE
Trechispora J Z B WM BN EHE . M T, M EEEHEPHTE TN FZEET]
Ascomycota FHXFF AT BB ZEWIG 1.33 1 1.97 15, W%l ], Wi m)m ML gsm i xd g R R
Wit s T 67.82%. 67.39% 1 75.70%.

JEIIAR R 7 L3R4S 43 793 Ak F . Hp P T EESOR B AXHER; FEIRAKE L,
e H @ Sebacina JZ AR AE B . METACH], T, FRETT. P8 T @A+
FEARAC AR K, H Saitozyma. BiH W& Clavulinag A0 A BT 0, /R &5 R 2 3.00% 36 K #|
13.09% #110.29%, HE5cHJBIEM T 67.30%. =TI R M FILFAT 30 000 504075 B, 75
R TR, HefE S B R, AT HAL 3 AN, =T IHR RN B SRR
BIRFEIL S
22 EEEZRELIEEHSEEST

TEBT 2RI, TCRE MR 22 AR R e F 23545 31 673 450405 . Fa I 2 AT . WA 2R BR 1 S5 AR
RIETVRF F BR80T EERA AL EEACE L, gm@ix EEHE TR, &iCh
3.55%, HAXERMIXT RN, PRE R iz i R bR - B3 B

TEACH, MRBR 3T 3RS 41 062 25 LT 4. SRR R N4 B RA E, $HF R 1 TR 2
W, TR T RN, FEJE K b, RRBR SRR R AR A I B R, HhEER
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Figure | Community composition of root endophytic fungi in different periods of C. tsoongiana at phylum (A) and genus (B) level
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Figure 2 Community composition of rhizosphere soil fungi in different periods of C. tsoongiana at phylum (A) and genus (B) level
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Jo AR RORRE AL R RS R ER T e B
Paraboeremia FEE5CH & , T IEH A E 300 j{%ﬁ el
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EIDKFE b, FREITHBEENES . B i o s 35 s 1 e

R ARPr H SRR A 5 22 55 s

I3 O 1 2 ) 5 T AR P R SRR R A A R 22 57 (181 3A, P<<0.05). fEJE/KF L, Pl

J& . uslE . HRERE IR KR

H R IR A AR PR SRR R L2 RO K 4 a]

. A HEEE Cordyceps 55 321 AN @ 4 ASBH A H s #3545 8 Psilocybe 25 29 ™ J& yf 2R 81 Fi
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Figure 3 The endophytic fungi in rhizosphere soil and root were different at phylum (A) and genus (B) level
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Figure 4 Venn diagram of endophytic fungi distribution in rhizosphere

soil and root at genus level at different periods
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Table 2 Alpha diversity indexes

AlphaZFEPEFEEL
FEAR
ACEFR%L Chaof& %X Shannon5 %41 SobsHE %L Coverageff %
MG 1983+26 ¢ 1 379+81 ab 3.734+0.522 b 680+104 cd 0.964+0.004 a
HG 407843 043 be 2 337+50 ab 3.724+1.606 b 9874423 bed 0.968+0.009 a
GG 8 681+439 ab 4 499+351 ab 4.221+£0.501 b 1342+161 abc 0.926+0.006 b
SG 8174292 ¢ 630+308 b 3.298+0.788 b 210+31d 0.990+0.005 a
MT 4 64243 043 be 3057+1539a 5.0424+0.191 a 1243+322 abc 0.926+0.017 b
HT 12 860+9 858 a 7178+4 937 a 5.423+0.221b 1926+847 a 0.891+0.027 ¢
GT 6 559+1 695 abc 4 109+826 ab 4.713£1.078 b 1 580+398 ab 0.931+0.017 b
ST 5 1824642 abc 3 3234465 ab 4.713+£0.684 b 1 1984229 abc 0.908+0.014 bc
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Figure 5 Principal component analysis of rhizosphere soil fungi and root endophytic fungi
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