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Distribution of endophyte fungi associated with common plants and preliminary

assessment of impact factors in Pangquangou Nature Reserve

JIA Tong™ , CAO Miaowen, ZHOU Yongna, QIQO Shasha, CHAI baofeng
Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: Fungal endophytes are fungi that live for a significant part of their life cycle internally and asymptomatically
(‘without causing any apparent tissue damage ) in plants. For grasses, these endophytes are often specialized, systemic, and
vertically transmitted. Pangquangou Nature Reserve is located in the middle of the of Luliang Mountain range. It was
established for the conservation of the first-grade State protection animal, Crossoptilon mantchuricum, and the cold-
temperate coniferous forest. It plays a significant role in water conservation, eco-tourism, biodiversity maintenance, and
other functions in Pangquangou Nature Reserve. Many studies have been conducted ; however few of them have examined the
distribution and mechanism of fungal endophytes associated with common plants in Pangquangou Nature Reserve. In the
present study, we assessed the endophyte infection rate of dominant plants in four different forest communities. Our objective
was to investigate the effects of endophyte fungi association on soil properties, soil enzyme activity, and soil microbial
communities in native habitats. We surveyed endophyte infection rates of four common plants ( Festuca rubra, Avena fatua,
Carex alexeenkoana, and Poa annua). We also analyzed the soil total carbon (C), total nitrogen (N), and total sulfur

(S) with an Elemental Analyzer, and soil microbial community composition were assayed by using the high-throughput
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sequencing technique. Our results showed that soil water content and ratio of carbon and nitrogen were the main factors
affecting the endophyte infection rates of Festuca rubra and Carex alexeenkoana, and the soil C, N, S and soil water content
were positively correlated with the endophyte infection rate of Festuca rubra. There were strong positive correlations between
soil invertase and endophyte infection rates of Festuca rubra, as well as urease and acid phosphatase. However, Carex
alexeenkoana exhibited opposite results to those of Festuca rubra. Inocybaceae is the dominant fungi of soil microbial
community in Larix principis-rupprechtii community, but had different bacterial compositions in soil microbial community
under four forest communities. Overall, there were different correlations between fungal endophyte infection rate and soil
properties under different communities, and the effects of ecological factors were also different. Endophyte fungal contributed
to change soil microbial community structure, and led to varying soil fungi and bacteria compositions in different forest
communities. Our findings can help with further understanding the distribution of fungal endophytes associated with common
plants in native habitats and the influence of endophyte infected plants on soil microbial community structure and ecological

functions in ecosystems.
Key Words: fungal endophyte, endophyte infection rate, enzymatic activity, soil microbial community
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FH L, MW FTEERE , Hil e & BA WA B 2D T4 80 N8 290 Z R RARHEY) 1> RN
A ELTH T 22 R 2B AE TAE ) I TR 25 o AR AR 40 W A fEAE g iy it e 8 b~ R b ) P 2R LY
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KEWFFE R, A B RS AN TARRER SRR BRI LR S KRR 14 6 R e MR P E)
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Table 1 Locations of different plots and soil types in Pangquangou National Nature Reserve

H £33 Hi3EALFR Location coordinates . N
ppn DEREIRE ey o & itk 4K
Soil microbial ; X 7pE E4 )iy 5 . :
Plot number . Community types Location . . Elevation/m Soil type
community Longitude Latitude

FEHL 1 Plot 1 CiMC REHXGILEN BT 110°32'39.80"'E  37°53'09.88"N 2651.3 AR +
FEHL 2 Plot 2 PdMC L 777N BE Y 111°30700.82"E  37°52/36.62"N 2007.8 Ly i g 1
FEHb 3 Plot 3 LpMC BRI AR BHUHRHYE 111°30'33.77"E 37°53'06.30"N 2101.0 1A -
FEHL 4 Plot 4 PtMC THTFAMR J\GA T 111°27'39.16"E  37°50'54.30"N 1894.0 1L -

CjMC. VTR L TE NG AR Y R VR Caragana jubata soil microbial community; PAMC; 111 o MR A W e 9% Populus davidiana soil microbial
community ; LpMC : 22t 7% I A MR A= W) BE Y5 Larin principis-rupprechtii soil microbial community; PtMC ; A& KRG AE DI BETE Pinus tabuliformis soil

microbial community

1.2.2  HHEHEPE R B

g LR A E R A L, RIS KL (SWC) R E SR R PR TD 3k, A R Bt R N A R il
Mastersizer 3000 JHOGHTHARLEE 7371 (Malvern Co.Ltd, Malvern, UK) #ATII5E . HHELRR(C) A (N) &
i (S) & FHITER 43 M1 (vario EL/MACRO cube, Elementar, Hanau, Germany) #E47%E . >R FH 2R B 44—
YR SRR AN L A0 10 06T - SR TR 8 7% P R4 00 ok 4 St P 0 e SR PR o 2 1%, T Bl 0 2 R 3, 5-
AR R L €3 TR R R 1 DO SR FH R R A Lk
1.2.3  TIERA R S5 A i D

FH OMEGA +3E4R BUR ) & /E 47 5L ZH 32 B, FI ) Qubit2.0 DNA K623 £ 6 B R 41 DNA A58 1, LA
i PCR KW AR DNA &, PCR BTG IIC 40l E T Miseq WFF-6 19 V3-V4 @519, 5194
R 341F 5] #: CCCTACACGACGCTCTTCCGATCTG ( barcode ) CCTACGGGNGGCWGCAG , 805R 5| #
GACTGGAGTTCCTTGGCACCCGAGAATTCCAGACTACHVGGGTATCTAATCC , BT 4 X Iy ITS1, 5144 i
R . ITS1F 54 : CCCTACACGACGCTCTTCCGATCTN ( barcode) CTTGGTCATTTAGAGGAAGTAA ,ITS2-Rev 3|
¥ GTGACTGGAGTTCCTTGGCACCCGAGAATTCCAGCTGCGTTCTTCATCGATGC,, +3EkE 5k 3 4= T A9 T. 7%
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D 1 AT, VAT Y JLTE AEE b (M 1) 5282528 FITMAS MR b (BE I 4 ) (0B HE 52 P A BT e B R i
155 (100% ) , 15 HL 5 2 25 T A MR b i) v 7 22 2 N A2 BLRR L B3 (30.9% ) o X U W FE T AA MR dtb A [R] A
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Fig.1 Endophyte infection rate of different grasses in each plot
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Table 2 Correlation matrix of endophyte infection frequency and its influencing factors

¥ XS Wy Hrilp A2 5 AR
Factor Festuca rubra Avena fatua Carex alexeenkoana Poa annua
T IEFLBREE Soil porosity 0.208 -0.231 -0.303 -0.002
T HERIAZ Particle size 0.328 -0.423 -0.098 0.291
24 Total nitrogen 0.747 ** -0.287 -0.621* -0.501
4k Total carbon 0.715** -0.097 -0.641* -0.682 "
WAL Carbon nitrogen ratio -0.415 0.685 " 0.237 -0.273
25 Total sulfur 0.902 ** -0.680 -0.631" -0.135
pH -0.153 0.065 0.207 0.122
+ e KA Soil water content 0.794** -0.57 -0.506 -0.115
J AL Catalase -0.454 0.689 * 0.105 -0.306
IR Urease 0.922** -0.32 -0.675" -0.487
TEMERG Sucrase 0.987** -0.441 -0.726*" -0.442
FRVEBS B Acid phosphatase 0.978** -0.393 -0.719** -0.495

F55 * FRIRTE 0.05 K- FAHCHE B35 455 + + FIRTE 0.01 /KT FAHCHEA 1p 25

2.3 ANIR] YL G 3R R RN T SR RV AR S R
PIEEHUPHELERT 21 ARG PEE R A R R
WY, FEA RO |, AR db 3% v R bk 1 S 40 R % &2 .
%LJZ Chitinophagaceae , L AHXF = B2 43 51| 7 %% 1K 241 7 3k
AW RE 5. T9%, FoWk 2 IR B M R
( Sphingomonadaceae ) . F OB O W R P
( Gemmatimonadaceae ) F1#FT Bl ( Enterobacteriaceae ) ,
HAHXTEBEAN 5 5.15% 3.68% 1 3.39% (& 3) . i o
WE ARG -
/A N = S G I e s S S R O S
( Planctomycetaceae , FiXF £ & 9.27%) , HiR I 2F MR
Bl LR Rhodocyclaceae ) FIEH G PRI AR, 4391
THAABR -+ LA B R E I RETE 1Y) 4.32% (4.12% 71 3.59% . -1.0

Tkt

X 1t BF AN [ G TR FEL 8 FE 5 2 TR0 A0 40 R R W R A -1.0 1.0
S o RE TS EL - 4
FRANTE] HARR 2 B2 A S PEBER B2 REREAE E AR EES + R R 5 A RDA

P Ny S O R /A o N e = N K 1 - e
22 35 A F} (Inocybaceae ) , FAXT FFEIR 37.67% , FiYRJEHL  Fig.2  Redundancy analysis ( RDA ) bi-plot of endophyte
R} ( Thelephoraceae) 3%} ( Hygrophoraceae ) FlIZZ i infection rate, soil properties and enzyme activity
i# Bk ( Cortinariaceae ) , A 42 B2 735124 19.87% ,18.59%
F110.52% (&l 4) , AR{RUHD , 22 55 <R 2 ARl 7 A MR 1 338 BT REVR IO A 380 0, AR = B2 40 1) o A A
FLRAEIRER Y 51.25% , HUOE F PP 0 85 B ( Mortierellaceae ) , FAHXT B 7351124 9.84% F1 4.01%
X RIS FEE BT A DL S5 P A AR [R) (R AR B A 25 57

3 itig
3.1 AR B PLRAAR N A B G T R A 2

Mo R X R ZESE (F. rubra) NAE B Epichloé festuca 1) 6 B L R AE 449%—92% Z |a]'* | AHF
5% VAT ER NS LT VRE b 0 28 2650 9 AE BT UL TR R ik 100% , BT B 55 K BN [a) B 3P0 56 AP RE A TN 4 L
PR YR 25 BB, AR U R B v B PG % L B R 2 A M R R AT Sl 90% , 2 157 Sl Fl A oA 80% , 17 2 AR 35 8y o

http ; //www.ecologica.cn



6 S % 378

— OPptMC
BLpMC

P FER KPR R 2 B
Relative abundance of bacteria at family level/%

S E mE E®E EE E E®E S B EE BE 3 EEE
5 2 24 2R R B Y kL EE K2 LE L RX=
fE TS E % 58 Gy K EDY 8 OF £ X £ o8
Em= o W SE EBEEH 8 ®BKFDERE
£ E = = " S E @
g = £

1M E Y% Soil bacteria community

B3 #ZFERKELAEFH T EARAENEE
Fig.3 Relative abundance of bacteria at family level in different plots
LpMC : FedbTE AR -3 AE W BETE Larix principis-rupprechtii soil microbial community ; POIMC ; JlAM AR T3 G4 W BEVE Pinus tabuliformis soil

microbial community
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o
PEERE 3 AR Z BN SRR B s s
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JRCH SR DR T S LT S]35I A8 5 1 S TR I | R Pl R 7 Pl N il 0 28 A ARG E P I 2
5GBS A SRR S T G T R OR3P ORI M 1Y OC R AN O, LI DR ] BB A T N A= LA AT LA
RSB ) I S b2 2, AR T 00 P A 7 00 1) 4 gt 3R R ) 0 S Tk - SR R 14 45 4
TEPER G R —E 225 . T A FL TR B Al e 15 = RSB YRV 4540 10 It DY) H e A B A
AT BB N AR LT R T AR e R RO R I Y & i Rk IR AR, T O A R
VRS

22 3R ( References)

[ 1] Arold A E, Maynard Z, Gilbert G S, Coley P D, Kursar T A. Are tropical fungal endophytes hyperdiverse? Ecology letters, 2000, 3(4):
267-274.

[ 2] Clay K. Fungal endophytes of grasses. Annual Review of Ecology and Systematics, 1990, 21(1) : 275-297.

[ 3] Schardl C L. Epichloé festucae and related mutualistic symbionts of grasses. Fungal Genetics and Biology, 2001, 33(2) ; 69-82.

[ 4] BonyS, Pichon N, Ravel C, Durix A, Balfourier F, Guillaumin J. The relationship between mycotoxin synthesis and isolate morphology in fungal
endophytes of Lolium perenne. New Phytologist, 2001, 152(1): 125-137.

[ 5] Saikkonen K, Ton D, Gyllenberg M. The persistence of vertically transmitted fungi in grass metapopulations. Proceedings of the Royal Society B:
Biological Sciences, 2002, 269(1498) : 1397-1403.

[ 6] Jensen AM D, Roulund N. Occurrence of Neotyphodium endophytes in permanent grassland with perennial ryegrass ( Lolium perenne) in Denmark.
Agriculture, Ecosystems and Environment, 2004, 104(3) . 419-427.

[ 7] Clement S L, Elberson L R, Youssef N N, Davitt C M, Doss R P. Incidence and diversity of Neotyphodium fungal endophytes in tall fescue from
Morocco, Tunisia, and Sardinia. Crop Science, 2001, 41(2) : 570-576.

[ 8] Vinton M A, Kathol E S, Vogel K P, Hopkins A A. Endophytic fungi in Canada wild rye in natural grasslands. Journal of Range Management,
2001, 54(4): 390-395.

[ 9] Zhang Y P, Nan Z B. Distribution of epichlo& endophytes in Chinese populations of Elymus dahuricus and variation in peramine levels. Symbiosis,
2007, 43(1): 13-19.

[10]  BRTFE. P EHALTr B ER B P A A IR A S R AR ) A LR s e ZREPERFSEL D] R mIJTREE, 2006.

[11] Ahlholm J U, Helander M, Lehtimiki S, Wili P, Saikkonen K. Vertically transmitted fungal endophytes: different responses of host-parasite
systems to environmental conditions. Oikos, 2002, 99(1) ; 173-183.

[12] Rasmussen S, Liu Q H, Parsons A J, Xue H, Sinclair B, Newman J A. Grass-endophyte interactions: a note on the role of monosaccharide
transport in the Neotyphodium lolii-Lolium perenne symbiosis. New Phytologist, 2012, 196(1): 7-12.

[13] Ren A Z, Gao Y B, Zhou F. Response of Neotyphodium lolii-infected perennial ryegrass to phosphorus deficiency. Plant Soil and Environment,
2007, 53(3): 113-119.

[14] Jia T, Shymanovich T, Gao Y B, Faeth S H. Plant population and genotype effects override the effects of Epichlo¢ endophyte species on growth and
drought stress response of Achnatherum robustum plants in two natural grass populations. Journal of Plant Ecology, 2015, 8(6) : 633-641.

[15] Jia T, Oberhofer M, Shymanovich T, Faeth S H. Effects of hybrid and non-hybrid Epichlo¢ endophytes and their associated host genotypes on the
response of a native grass to varying environments. Microbial Ecology, 2016, 72(1) : 185-196.

[16] ZFHE:, ik, 2FA, Mkks. RENELREERAEY R ATTIERE. R84k, 2015, 35(6) : 1660-1671.

[17] BuyerJ S, Zuberer D A, Nichols K A, Franzluebbers A J. Soil microbial community function, structure, and glomalin in response to tall fescue

http ; //www.ecologica.cn



8 ZSO O ¢ 37 &

endophyte infection. Plant and Soil, 2011, 339(1-2) . 401-412.

(18] JHIB, XRHEMT, REN, 2H, EL2, MEM. WAERREBRYRERE AR R MR YRR . A2, 2014, 38
(1): 54-61.

[19] Casas C, Omacini M, Montecchia M S, Correa O S. Soil microbial community responses to the fungal endophyte Neotyphodium in Italian ryegrass.
Plant and Soil, 2011, 340(1-2) : 347-355.

[20] Zabalgogeazcoa I, de Aldana B R V, Criado B G, Ciudad A G. The infection of Fesiuca rubra by the fungal endophyte Epichloé¢ festucae in
Mediterranean permanent grasslands. Grass and Forage Science, 1999, 54(1): 91-95.

[21] Brem D, Leuchtmann A. Epichloé grass endophytes increase herbivore resistance in the woodland grass Brachypodium sylvaticum. Oecologia, 2001,
126(4) : 522-530.

[22] Cheplick G P, Perera A, Koulouris K. Effect of drought on the growth of Lolium perenne genotypes with and without fungal endophytes. Functional
Ecology, 2000, 14(6) : 657-667.

[23] Morse L J, Day T A, Faeth S H. Effect of Neotyphodium endophyte infection on growth and leaf gas exchange of Arizona fescue under contrasting
water availability regimes. Environmental and Experimental Botany, 2002, 48(3) : 257-268.

[24] Clay K, Schardl C. Evolutionary origins and ecological consequences of endophyte symbiosis with grasses. The American Naturalist, 2002, 160
(S4): S99-S127.

[25] Petrini O. Fungal endophytes of tree leaves//Andrews J H, Hirano S S, eds. Microbial Ecology of Leaves. New York, NY: Springer, 1991
179-197.

[26] Lewis G C, Ravel C, Naffaa W, Astier C, Charmet G. Occurrence of Acremonium endophytes in wild populations of Lolium spp. in European
countries and a relationship between level of infection and climate in France. Annals of Applied Biology, 1997, 130(2) . 227-238.

[27] Igbal J, Siegrist ] A, Nelson J A, McCulley R L. Fungal endophyte infection increases carbon sequestration potential of southeastern USA tall
fescue stands. Soil Biology and Biochemistry, 2012, 44(1) . 81-92.

[28] Rudgers J A, Clay K. Endophyte symbiosis with tall fescue: how strong are the impacts on communities and ecosystems? Fungal Biology Reviews,
2007, 21(2-3); 107-124.

[29] Rudgers J A, Orr S. Non-native grass alters growth of native tree species via leaf and soil microbes. Journal of Ecology, 2009, 97(2) . 247-255.

[30] Jenkins M B, Franzluebbers A J, Humayoun S B. Assessing short-term responses of prokaryotic communities in bulk and rhizosphere soils to tall
fescue endophyte infection. Plant and Soil, 2006, 289(1-2) : 309-320.

[31] Lemons A, Clay K, Rudgers ] A. Connecting plant-microbial interactions above and belowground: a fungal endophyte affects decomposition.
Oecologia, 2005, 145(4) : 595-604.

[32] Siegrist J A, McCulley R L, Bush L P, Phillips T D. Alkaloids may not be responsible for endophyte-associated reductions in tall fescue
decomposition rates. Functional Ecology, 2010, 24(2) . 460-468.

[33] Van Hecke M M, Treonis A M, Kaufman J R. How does the fungal endophyte Neotyphodium coenophialum affect tall fescue ( Festuca arundinacea )

rhizodeposition and soil microorganisms? Plant and Soil, 2005, 275(1-2) ; 101-109.

http ; //www.ecologica.cn



