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Distribution and rDNA-ITS sequence analysis of Epichloé endophyte symbiosis

with Achnatherum sibiricum in mid-and eastern Inner Mongolia Steppe
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Abstract The complex functions of fungal endophytes have received intensive study during the past three decades because
of their roles in production loss of livestock and enhancement of biotic and abiotic stress resistances in hosts. Most of these
studies focused on cultivated grasses but little is known about the distribution and mechanisms of endophytes in native grass
populations.

Surveys of grass species associated with Neotyphodium and Epichloé fungal endophytes made in native grasslands of
northern China suggested that endophytes are widely distributed in natural grass populations. Among them Achnatherum
sibiricum was found to associate with fungal endophytes in all sites investigated. Ach. sibiricum is a perennial sparse bunch
grass that inhabits temperate steppe in China. This grass can be found in different habitats such as meadows typical

steppes and forests. Its distribution may be largely determined by precipitation while it is usually a companion species in
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communities and it sometimes can become the dominant species. Untill now no toxicosis problems in grazing animals have
been reported in pastures containing Ach. sibiricum.

Six natural populations IMGERS-CAS Leymus chinensis plot of the IMGERS-CAS Xi Ujimqin Qi Hulingol
Arshan Hailar of Ach. sibiricum in mid- and eastern Inner Mongolia Steppe of varying distances from each other were
chosen. Locations and descriptions of sampling sites were recorded. Infection frequency of fungal endophytes was detected
and seeds from 30 Ach. sibiricum individuals were collected. Fungal endophytes of different morphologies were isolated from
seeds and at each site strains of different morphologies were used as internal transcribed spacers of the nuclear ribosomal
DNA  rDNA-ITS sequence analysis. Regions of rDNA-ITS were amplified cloned sequenced and submitted to
GenBank. Furthermore phylogenetic analysis was conducted with additional sequences conserved in GenBank.

Fungal endophytes were found at high frequencies in all investigated local populations regardless of their location
elevation annual precipitation mean temperature and vegetation types implying a systemic association between native
grasses and fungal endophytes. In plants which have seed-transmitted endophytes high infection frequency suggests a
selective advantage compared with uninfected plants. This may be due to increased resistance to pathogens or herbivores.
Another possible factor is that endophyte infection enhanced plant’s resistance to an abiotic stress such as drought or fire.

Nineteen strains from six populations were used in rDNA-ITS sequence analysis. They were IB from IMGERS-CAS
LB LC LL from Leymus chinensis plot of the IMGERS-CAS XA XB XD XE XF XG from Xi Ujimqin Qi HA HE
from Hulingol AA AB AC AD from Arshan and EA EB EC from Hailar. Besides LC LL and XE which were
pathogens belonged to Ascomycota but not Epichloé there were only five informative sites in the alignment of 16 rDNA-ITS
sequences and there were no correlation between differences of sequences and geographical distances. Among them IB LB
AC and EB have the same sequences which is consistent with the results of morphological observation. Results of Maximum
parsimony tree and N-J tree based on ITS&S5. 88 sequences of 16 fungal strains showed that all Epichloé symboints with Ach.
sibiricum were clustered into one taxonomic group with 97% bootstrap support compared to other reference endophyte
isolates used in this analysis. Therefore we propose that all Epichloé symboints share the same evolutionary origin. Their
diverse morphologies and high genetic variations among different populations are attributed to broad distribution of Ach.

sibiricum and differences in climate and plant community.
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Table 1 Location and description of sampling sites

Location coordinates

3 . . Elevation Annual precipitation Mean temperature Vegetation type
Sampling sites )
°F °N m mm C
IMGERS-CAS 116.701 43.517 1190 350 1.60
Leymus chinensts plot 116.533 43.500 1254 350 1.60
of the IMGERS-CAS
Xi Ujimqin Qi 117.667 44.533 1128 340 1.50
Hulingol 119.183 45.617 991 340 1.47
Arshan 119.967 47.183 1134 460 -3.10
Hailar 119.700 49.200 619 350 -2.00
2005 8 27 ~9 10 2 rDNA-ITS
GenBank
50m x 50m 30
3 Table 2  Endophyte isolates which were applied to rDNA-ITS
m
sequence analysis their sampling sites and GenBank accession
numbers
GenBank
. . . GenBank
Latch 12 Fndophyle Sampling sites accession
isolates
numbers
1B IMGERS-CAS DQ675574
1.2 LB Leymus chinensis DQ855269
’ plot of the IMGERS-CAS
13 LC Leymus chinensis
plot of the IMGERS-CAS
rDNA-ITS IL Leymus chinensis
o) plot of the IMGERS-CAS
XA Xi Ujimqin Qi DQ675577
1.3 DNA rDNA-ITS
XB Xi Ujimqin Qi DQ675578
XD Xi Ujimqin Qi DQ675579
PDA XE Xi Ujimgin Qi -
25°C 3 4 Guo @ XF Xi Ujimgin Qi D(675580
DNA oD XG Xi Ujimqin Qi DQ675581
HA Hulingol DQ855270
10ng/ pl
s HE Hulingol DQ675576
White ITS5 5" -GGAAGTA AA Arshan Q675582
AAAGTCGTAACAAGG-3’ ITS4 5° -TCCTCCGC AB Arshan DO675583
TTATTGATATGC-3’ rDNA-ITS AC Arshan DQ675584
50 |J~1 10mmol/L PCR AD Arshan DQ675585
EA Hailar DQ675586
1. Smmol/L. MgCl, ITS4 1TSS
EB Hailar DQ675587
150nmol/L. dATP dTTP dGTP dCTP 200 EC Hailar Q675588
pmol/L 2.5U Tag DNA 100ng

DNA PCR Programmable Thermal Controller PTC-100 MJ Research Inc. Watertown MA
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95°C 3min 95°C 40s 52°C 50s 72°C 60s 35 72°C 10min
PCR 1% DNA
600bp
PCR 1% DNA
DNA PCR
pUCm-T 10pl 10 x Il 50% PEG4000 1pl pUCm-T
Il PCR  6pl T4 DNA i 16°C  2h
DH5«x CaCl, -70°C
LB 50l 100mg/ml Amp 4.768pl 200mg/ml  IPTG 200pl 20mg/ml ~ X-gal
DNA DNA  Pstl 1%
600bp
1.4
ITS 5.8S GenBank BLAST
3
3 rDNA-ITS GenBank
Table 3 Reference endophyte isolates and their GenBank accession numbers used in this study
GenBank
Species Isolate Host GenBank accession numbers
Epichloé amarillans 163 Achnatherum sibiricum AF385200
E. brachyelytri E1045 Brachyelytrum erectum 178296
E. bromicola ES02 Bromus erectus L78295
E. clarkii ATCC90168 Holcus lanatus 178299
E. elymi ES6 Elymus Canadensis 107131
E. festucae €32 Festuca rubra X62987
E. glyceriae E277 Glyceria striata 178302
E. sylvatica ES03 Brachypodium sylvaticum L78304
E. typhina E2461 Dactylis glomerata 120306
Neotyphodium chisosum  Ach. 196 Achnatherum sibiricum AF385203
N. chisosum S. 164 Stipa eminens AF385201
N. coenophialum 19 Festuca arundinacea X60185
N. lolii e2 Lolium perenne LO7130
N. occultans Lm2 Lolium multiflorum AF176265
N. tembladerae DE2200 Festuca argentina AF385207
N. typhinum var. canariense Le4 Lolium canariense AF176260
N. uncinatum el05 Festuca pratensis 107128
Claviceps purpurea 511 Spartina anglica AJ311951

5.8S

ITS

Maximum Parsimony

version 0.5.0

DNA

1000

MEGA 3.1

Clustal X1.83

PAUP 4.0b10 e

bootstrap

Neighbor-joining
1000
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1B LB AC EB

2.2 r1DNA-ITS
19 16 rDNA-ITS
IB LB AC EB rDNA-ITS
EC LC XE GenBank BLAST

Septoria nodorum Berk.
LL  BLAST
Epichloé

NCBI  GenBank 2
16 rDNA-ITS 3
16 Stipa lobata  S. eminens

16 rDNA-ITS

97%

1
— HE
EA
AB
—XD
3.1 .
—XA
AD
17 6 —— N.chisosum (Achnatherum sibiricum)
XB
AA
64 XG
N. chisosum (Stipa eminens)

100% EB

E. festucae
021 N. lolii
55 86 N. coenophialum
N. tembladerae

L E. amarillans

96 N. uncinatum
N. occultans

E. bromicola
E. brachyelytri

E. elymi

o
E. sylvatica

Schulthess Faeth 19 5 E. glyceriae
492[’: typhina
69 E. clarkii

Festuca arizonica
Claviceps purpurea
400 Neotyphodium starrii 0005,
13
1 ITS&S. 8S Neighbor-joining
! N-J 16
Claviceps purpurea
6 50%  bootstrap
Fig.1 Neighbor-joining tree based on ITS&5. 8S sequences
representing phylogenetic relationships of endophytes isolated from
Achnatherum sibiricum and additional isolates Claviceps purpurea was
used as outgroup Numbers associated with branches are bootstrap
3.2 «DNA-ITS support percentages =50% assessed with 1000 replications
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