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Abstract: Grass and Epichloé endophyte symbionts are an important direction in the study of plant —microbe and
agro—microbe systems. Over the past thirty years, research on wild barley (Hordeum brevisubulatum) endophytic symbionts
has revealed outstanding findings. This article summarizes advances in research from two aspects: wild barley H.
brevisubulatum and its endophytic symbiont E. bromicola. The distribution of E. bromicola in host tissue and its infection
rate, detection and removal methods, biophysiological properties, morphology, and alkaloid production are described. The
resistance of the symbiont E. bromicola to abiotic (salinity, drought, water logging, cold, and seed aging) and biotic
(pathogens and pests) stresses as well as the effects of exogenous substances on the symbiont are discussed. The article
prospects the extraction of literature on wild barley endophytes and the mechanisms for improving resistance (at the gene and
protein level) using a novel endophyte to breed new varieties of grasses and cereals. Given the advantage of resistance to
various stresses, these new symbionts and host varieties can be used to improve saline soils and restore ecological balance,

among others.
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BT RERNWHI, K, 2 x5 K FE 1Y
b TAEAWITTJE, 3740 W™

R BN AR TR R R R R B b R 4 s R 4y
7B i 8 T, TR R SRR A IR 1 — 2K B
RENAEFEEFEEOL NIRRT ZMAE
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R, EAE AN E R AN AR R, DUA RS
4, GiFRN Epichloél@"” . RENAEHWEIEAES RS
HIE ARG B, B o2 4. —J7 i, T 5NAR
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WIBIE I, B K2 W AR BB S L AR AR B S A T
BRI
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WIT T P9 AR ST I A o 5 A B R P A
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H ) AR AR S8R B, T R e
5 N A 7 A R i AN Tl S SN
R R X /1% L 11 RN /- S
EMPUIE o BT R FE ARy — Rh 0B AR, AE E AR
WA E IR KB R EHET 8 71, JUH A& s AL &
i 5 b T P9 AR TR B K ZE TR R B R A
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1991 4F, Wilson 2557 ¥ VR 75 £ B K 22 4 YK
2 b 5 %2 U Hh % BN AR EUT . Moon 45 Ak %
WA F # J& T Neotyphodium &, 2 J&G Neotyphodium
JB S HAE N T HZE A EpichloéE ", F) 2014 4
W R % % % % N E. bromicold™ . T 1F R %t ¥
SREH R AN P S A S ELARIX ) 130 4 BF R 3 A
43 ) SR FH S5 MU B KGR PDA P AR 43 B8 AT N AR
BRI 7 B AR A I, R LT B RN 67%~ 100%, 1351
91%. A, Bl Holt. 5l B RCs AR 7 2
B 5N 92%. 97% 1 77.5%; PDA ~F 8 43 55 15 46
W43 50 9 95% 99% H1 83% (£ 1). 7] LLFE H, ¥4k
FHBHEAEREFEER T NSNS (& 1), X
ATRe S U IR B, RS B AR KA G Bk,
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Table 1 Infection rate and distribution of endophytic fungi in wild barley in Xinjiang, Gansu, and Inner Mongolia

BB Microscopic  PDAZMES PDA

2 . b A1 s . e
4 (XD Province 4R Altitude/m 22 % Longitude Z5 % Latitude examination/% isolation/%
i3 Xinjiang 502~1 689 BI17-94°20'E  41°47"— 44°55' N 92(86~100) 95(92~100)
7 Gansu 2100~3 100 100°03— 102°54'E  37°29 39°15'N 97(92~100) 99(96~100)
P51 Inner
o 1770~1980  105°52— 105°54'E  38°54'— 38°58' N 77.5(67~88) 83(75~90)
Mongolia

55 O PR A [ o AR MO i SCIR 351 B BT S A

The range of the infection rate is shown in parentheses. Data in the table are from Wang"”.

2 BPOREAN AR MR I 5 %

NN A BB AN 7 VA AR 2 A, R 1A%
GIBRL 7 B IR W R TS5 T B
o 308 A SR R B G 0 ) R B ZE L R L
FEREEMH BB EIT WS T A n g
0 70 2L — A w7 g O s i, g
e 2 WS R 25 o ol g e w =
FEEM TP N A BB AR, ¢ 3R WS IR £
FERW AN BEENNEER, B85 5T
TU TR 1 R 2 e W5 m) e P OR B ZEBE L R SRR A
AR B, (H A BURE YR B TR e i g
70 2 2 1 A B R I TE A E 3R
(W PDA ) n EBEFNEEWM KA EEZ1 T K
BEAT %Y. b 2 AR A B e = Ol
i U A0 pCRYY 25 07 . FEEF R N AR L
AIHIT 58 R, P A T A DN THD R I A A R A 2, K
LA B ET, B R AEER 1y
¥, WA B PCR $ R 43 85 % & (o AH i iE ™. £
1ERF] F 0.8% FLER 4 i 14 4% W %) 5 afr By K 22 Fl 2

S T A ) ) 2> R AT Y R S B A Gty
PR ;B 6 ) PDA #5397 36 3E 47 9 AR B 4 & 4l
1, 4347 B T B SRR R kT 4w P vi Y R
PCR Hi R4y B %08 T B RERF N AE FLR, IF
Wi R G KE AT 858, Bk &R PL: 639695 % 5E A E.
bromicola, ¥k % PI: 639696 % & N 4+ A Ft E. bromi-
cola % E. typhina. Chen 2™ %} 3 [ H 7 fh 47k frg 87
KEM T WA EBE#IT PCR 5%, 20 & H 1 WBEL.
WBE3 #l WBE4 W& #3214 E. bromicola.

3 WHEREBES R L

RENEREEEEET RERSFE T
J7 0 JLT- A S AEAE T M b0 0 25 B L b 8 K fh o
() £EL 4040 0 1) B0, O L AR R 2 77 ek e e
A ) F S % S5 AU R I B PR T S A (T G e v
YIRS B RSP T ZE8E oY R b AR
B 43 A 15 LA T A SRR AT, R BLE AR [ 4 U A
P A BT AR SR HE AL TR A R S S A o (1
AT AERE A 2 5 (R 2. % 3).

R2 AFEMRTRALEEREHFREZHFAB S HHHE

Table 2 Characteristics of endophytic fungi in wild barley under an optical microscope

EFr Index Ffi-¥ Seed 2588 Stem I /i Blade -4 Sheath
TR Al . . ELBIH B TR
Density HEAR S Relatively dense 4 Dense Relatively sparse Maximally dense

S . NN SZ 4 /, N |‘||‘\|I NAR Y P/ ./ “}‘LD VY P e
j;;";ﬁu E'Z’/TTEEM;{j(ﬂFﬁIJ(ﬂJ&) Parallel /D*Eff%ifﬂﬂq:’f]‘ﬁik T%}h} HE”EﬁU /H*ﬁ%iﬂﬂq:fTéEk s +H7](q:1TﬁF§U
Parallel growth along the plant Parallel growth along the Parallel along the
Arrangement or mesh arrangement (seed coat) L. : .
axis, irregularly arranged plant axis veins
YRRICHR ) T R ‘ \
AR ¥1)Z) Linear (seed coat), short and %5 ffi . FH4H 2] FLi 2 i EL S i

Shape thick, highly curved (seed

aleurone layer)
Sk /b (P 7 ) Few (seed coat)
JUFEBCA (%1 )2) Hardly any /b Few

(seed aleurone layer)

Branch

Micro-curved, uniform thickness

Relatively curved Relatively curved

ZHATX
Most are not forked

&
o)
a
=

FIEAE B SCBR[41 S, F3H .

The data in the table are from Zhao et a/ [4”; This is applicable for Table 3 as well.
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Table 3 Characteristics of endophytic fungi in wild barley under a transmission electron microscope

Fehx Index FiF Seed 2 Stem "/ Blade -4 Sheath
i Tl 2 4 it [ B 2RI A I 18] B P PA) 24 ) iR JEL Bk 24 i i 30
Distribution Gap of seed coat cells Gap of stem tissue cells Gap of mesophyll cells Near thick-walled cells

TR 52 15 TR EUAR 5 TR (o ) (53] 7% B (53 (53] 7% B (53 i

Shape Round or oval (seed coat)

Round or oval

Round or oval Round

FERBE 2R B 3L AR OB T o, R T RS 1 5
A 2R 0B N R B, R A T A AR B R AR
R B (B-) 1B 3 R AL, 78 ARG IR R, B k3
A AR B T R AR v BT DA ST N AR BB R R I
PR TE AR 43 5 2, FR] G ZU7E A A P9 24 21 40 A7 1O
HER bR — 58 TR AT B, RE N
()2 G5 A 2 F, 3 R B LA I T, B
BHGETT s A E AR BT e
BIF 95 0% B, PP FE A 6 B 500 £5 35 1 BF K 2 Fh 1
8 h & 2= I Y K 3 A P 2R BT I I, A T
M 100% [5 2 12%, 5B 2% 81 & .

4 BRI A E R R
4.1 EEREYEIBSEME

LW RS R, A EREE AT
R — BEELT, NAERBENESSS
KU E EEMNBHEE M A A K LT K
AN TEARZE 34T o Chen 2 T 2019 4F 38 1 5B W ks
RO T 43 & A B OR M 8 3 MR AR K B WBEL
WBE3 DL & WBE4 [ 25 % R fiE fl A KH % . 3 B

AR Y R A, TR R, (HTE TR A R B
ZE5, AT REEAR R (R 4).

P AR D TR AL FE AR AR T R T AR E AR AR
HEREPE . [ 1991 4F Wilson 2557 1 VRAE K 3 R %t
BRI HNEEES 2014 FX T RENEELREN
E. bromicola™, %1% P 4 2L 1 £ ) A= B 24 BF 93 (4R
WHE . 2016 4F, BRRAEES W RBIR THREN
AL A A AR R, B T AR B N
K 0BT K 2 B9 N A H A WBEL B RR 0 3E B AR KR
JE - pH, 6 B IR 0 1 R RE g DA RGOS B AR K 8
FrREEFN KA . WK I, WBEL B #1550 A
KRN 21~25 °C, T pH N 5.09~6.10, 1% B Ak Xt
AN TR) (B Y RN R TR W RE A 2 R, A I U e
ot 5 PR R 5 AN UUR 2 1 DR 22 2 RE R B 1R, T D-
AHE AV SRR 2 I B 22 AR K. R OR R B IR RS o
B (CMA). #E 3 8 B g 55 772 5 (OMA). 1 4% S RE Bl
IE R Br 9% & (PSA) A H) % 25 ) &7 B B R B 9% &
(PDA) #B AT LL{E & WBEL B Ak 3 B 15 77 4%, oo
PDA | [ 22 34 K 70 5 6 J ik 2 e KA, b5 %
o BRI A ) AR R R R, RS SR BB RN
AR BRI 2 B B R AT AR AL T B AR K AR

=4 BB KEN 3 K Epichloé bromicola Bk BEZ M 9 £ TS

Table 4 Characteristics of colonies and conidia of three Epichloé bromicola strains isolated from wild barley

Bk iz

Strain  Diameter’/em I 7% IE T Colony upper face

BV [ Colony reverse 74 f1F Conidia

ERENITLT VNI TN (S TNEEPE 278
We G NFE T

2.757~2.90 White, raised, slightly convoluted,

WBEI

cottony to fluffy; colony margins tan

At kP I8 EEER
White, flattened, lightly felted

I, MRZUREEIR: A s
i, DU

White, cottony to fluffy, slightly
convoluted in the center and flattened
toward the perimeter

WBE3  2.30~3.75

WBE4  2.80~2.90

marginally

HhRRER T, AR

Light brown centrally to cream at

ErtEt, g kit

Tan centrally to light tan

BEEIREMEE, JuiE, &Y,
TR, (3~5.5) um x (2.5~
3.75) pm, FEAS> AT T4 AL
PR AN T

Reniform to ellipsoidal, smooth,

marginally .
hyaline, aseptate, (3~5.5) pm x
(2.5~3.75) um, a single conidium
e Yell produced by a single conidiogenous
) ellow

cell

V25 CFAE PDARIFREE REFE 32 AN . 0% 25 e SCHR[401 B A5 4
" Measured on PDA medium at 25 °C until 32 days. Data in the table are from Chen et al. 0]
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P e — B A B BB E Y, £
FHETHEY T . RENEBRFHILEK7EEY
Bk, — 77 1 ) ARH 1k B IR R L, B R B Bt
o U5, 5 — 7 T e K B A R R B B
3% 5, 5 Epichloc® A K E WA 4%, 5
) A W5] e X 25 (indolditerpene). M & I itk g 3%
(pyrrolopyrazine). Z ff 1% 25 (ergot alkaloids) 1 1 Al
kW& Ak 44 (pyrrolizidine)” " * ™Y,

Chen 2™ 568 i 1w [ H 7 9 3F K 22 N AR T
A AR b gy Bl 34 T Pk WBELL WBE3 Al
WBE4 #EAT 4 84 W8 ) 7= i ik DR it i = 3 1S B

PRI A7 AE perd FE 1) 7 AN FE R v B, B perd-Al.

perA-T1. perA-C. perd-A2. perA-M. perA-T2 1 perA-
R, [A] B} perd-AR 55 47 & R 6k 2K 3 EAS J& R & 1 1

dmaW. easF. easE F easC %& [N 17 7E , 1fi 3% X easD-

IpsC. easO 1 easP AN 4% £, X & W A g/~ &
chanoclavine 1 LA #h () 22 1 AE W) B« 7E LOL ik [A] %
o, UK M 2 lolC, 3R WA BE 77 AE loline AE ) B 5
IDT/LTM 3% A % w1, A5 U 21 ideB. idtC. ideK- idtS A
idtM, Rk = lolitrem B 1% 4% H B 1 v [A] 44 A= 1) & B
Fr 06 75 B D RE I ideG 3 K™, WIS B 7 2 lolitrem
B 2 B A R AR . 6F R B RS B b 37 3 ) B R 22
A BB 3 AR AR B A A e R AL I A B A 4
P 5 Chen 2 i 45 B R AR KL, We A 22 5. B
FLAF RN Ap AR R AT AR R B N AR L (R Y 1 5),
Iy B R B AEAE perd FE TN v B, fH R R AY 5 Bk 2R
perd-R FE Kl I LOL & i R B s 78 BAS 2%
FE b A W B dmaW. easA~ esaCs IpsB cloA
easH; FE K B 1 (1) IDT %& PR % o A W 2 ideG 3k A,
171 R 780 5 o o A g 3 B,

AEE T 72 3 O] (%) 2 e 1 AR P ) 7= A o R
T K% 5. Chen %™ 72 H M B K& b A 1
E-+HE # Hh S I 3] peramine, 1] W5 5% o 37 2H B K 22
for W B 22 B AR W)k, AEL [ B R R DR R T A AE 2
S AR R 1R ke MBI SE AR AR W B . peramine.
indole-diterpenes. paspaline F1 terpendole E, Tfij % [X] %Y
S5AEF R KV B S 4 R S AV O
AT 7 70 i IS e 2 S5 DR 1R T 2
PRI 3R, M 3AH 22 B 30 Ad U fise s s L S AE 4 B v 0
HIRKWZ R, B REZ-NAER LKL H ARG

BRI T B2, A, o2 &L
B RFR S N A B AR X B K 22§ 5% A
R, A 3 B K 22 5 A peramine. lolitrem B DL & %
AP, X 7 22 07 1 BB 7R 0 AR S .

5 BPRE-WAERRE AR LEMTE

R R Z-WAERGE L AERNB T, LAk
PUEES 7 2 P AR O R e 2 10—, & AR
Yot MY St . BT SR N A B E A S w3
A AT TR B T T R B AL AR
MW SERES, et EAK, RREYE.

51 FEEMm

5.0.1 i E

AR A AN RO A 77 1 32 R, R S
K BT R (1 2 B b, T F) 2050 4, BT A AT B b 1)
50% ¥ 5% B £k P A 5w O, T R v R B oK
PR TR SR A R B R R . KEMIRE N AE R
BRI 3L AR AR B TR BH, P AR BB R LA ARG R B
ARG, BARRDUN (3 R B0 & B K K
Gy BEUR OO, gk /L 3 3 oF 4 M g 49 5 U, i kR
B E Y, R EANKE T & D
I =AW | RN | b 7 R il o o 2 A [ 2 <
WLV 3% 8 5 70 0 2 s %,

PN AR TR AT DA S Y K S AE R 3 AR A T
R R R o BEEON, o B Ml R e Ak R 3R
TEE LB TS A, s B e R e
() 22 iz AR B 2 B 4k g kR T N3k 5). Song
2 DO 6 X TR W JB NaCl i3 R BF 92 % B B+ R NG
P.K & BN ®E T E-Hbk, Na g EWH &, HC
B 7R P PR PR 18] 1 S & O 6 B 2 Jil 5 Chen
AU B A S T ORER A 4518, O — R R R AE 1%
Wt Fe R EHE AR C & & T B, XA g5 AR5
oK H NaCls Na,SO, iR A A 6, RN AR
Al DO U R E SR I R A ANB S AR IR
T N SV . P AR BRI 4 RS B K 22 AE AR b aE
2 R AR, T BN T RS i RRS i & DA
KA Z MG SN, BT 6 & &6
Jie /T e+ e ) LA S T 5 284 22 i vl ¥ 1 45 &
T 2 iz 1 Ll A ™, 98 Y P9 AR B R T 0 B R 2 T
Eh M 55 M 1 A i R i 1R Ak, LA B AU B S
MATENE GRS RN BESES L R EE
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Table 5 Specific response of E+ plants to different abiotic stresses
NISEEEsYiAl
e i WS Response 5530
stresses Stress site * KK E Growth and development LEFAF 4K, Physiological change Reference
PEry R A BMY T, FRR R
i FF. FEER Increased germination potential and seedling
Acid Seed, plant dry weight but reduced germination rate of the [45]
abnormally shaped seeds
A, IREERC. RS mABIER. R, ULTE. HA
W T Rk ANy T PR Sems & & LA R SR
. ; Enhanced shoot growth and increased root Increased transpiration rate, photosynthetic [44-45]
Alkali Seed, plant oo . . . .
length, germination potential, and seedling dry rate, stomatal conductance, glycine betaine
weight content, and total antioxidant capacity
P ROF RN AR L SR K
4 AR b A
= H = A~
Dj;j ht Sitj ;eezgijliEﬁ Enhanced shoot growth and increased root ffc,?e?sjeaj fiegjl(lr;E water content [47]
& ’ glength, germination potential, and seedling dry g
weight
N N SRR AR AR, VT mA
K SEr T BE. PRI AR AN e AR B U
Waterloﬁ i FEFE Plant Increased tillering, plant height, and Increased chlorophyll and proline content but [19]
gemng underground biomass reduced malondialdehyde content and
electrolyte leakage
ST, N, ¢S 5 ‘::/“, T E Y L 5% F A I
AI%’{'& {El&jiﬂ:’ Ti%l%?&*lﬂﬁ{i i;g%ﬁ/;%?'ﬂfﬁ P/ IR TR L S B R AT A
Aztlﬁlmal ¥ Seed E;:)ll;l?hced germination and shoot and root Reduced membrane damage, leachate [46]
gimng & conductivity, and soluble sugar content
‘ i ROF RN AR L SR K N
T E Ty 4l MR SEEANE B KR 47
Temperature Seed, seedlingIncreased germination rate and germination  Increased seedling water content [47]
index as well as shoot and root length
Na BEfi6, KTHE, Ca'fEhahisn, fEf
PR R A RS AR WA
‘E?i\ ﬂﬂ%%ﬁ_ﬁ%@?ﬁﬁ%ﬁﬁﬁ’]é‘% liﬂﬂ‘
S - o PR TRE. RS EAENG: (TSR
= S M M KD SHIPR RIS e . 5 N
Wl IEEMIRACD BRIV . " s iehichk SOD. POD Mtk )£/
SEERE IR R R . fEHE N. PRI, 24 e AL Bl
CAE‘JQEAE'%@EPC, Hq*u4u\%ﬂ¥k1’gtﬁb . 2
h . MRk S N . Decreased Na , increased K, increased Ca™ in  [44, 48-
i Salt Seed. plant Increased germination rate, germination index, the bud. and decreases Ca’" in the root ’
P shoot and root length, plant height, tillering, i ) 51, 53]

and biomass accumulation. Promoted N and P
absorption; no significant change in C content

Increased soluble sugar, valine, spermidine and
spermine, chlorophyll, glycine, and betaine
content but reduced malondialdehyde,
putrescine content, and putrescine (spermidine)
content. Improved plant SOD enzyme activity,
photosynthesis, and total antioxidant capacity

IS A K. A, BHERPDL G #ZE, SR
BE LIRS AR IR B2 L 4k R B & DL & SOD B .
POD i i P . B A AL BE i T B—m a0,
2N AR LR R I8 0 R A A I A Ak se D DL &
AR LA fE 3 B S .

P9 AE BRI E  h B N R R ER A .
FERT B R 22 4 FF A% 25 Wy 3l & 7 s 21 00 7 AT mi-
RNA AN 5 &I, 5 WAL B FAH K 2 7RIk gk
LA 5984, H M X1 2 5 RIEHE KA 401
AN, IF Hl ik B 4K E. bromicola A4 N 24E B E R
ORI, A RN R E R R, H 2 AR ¥

5 3 22 MR % . mIRNA T FE R T 250 5
fif £k AH ¢ [ miRNA, 1 & 2 # 5% 7 miR156
miR6209, & M T 5 W A4 K W AH % B miRNA (4
hvu-miR5050. hvu-miR5049d 25)%, 3% Ky HF 58 87 K 2
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