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AR MR A B, T H R 4 I HERE AR
AR U TR LT 100% 7o R A 2R TG I 1R
Yivs HUE S TF R AT i 92 B DL e 4 A R R 5
XA AT Rk B R X

T ST 0 P A T R Vi 4 4 A7 B T I WA AR
W B AR R R D R AR AEAE T . H AT T
HEL P 2 T T 9 R T 3R 0 Ok SR s
Ir B JTVEABE 73 8 AR > W R 9 AR A2 AR
WAL ) A2 TR AR 9 S A o AR B IR U AT LU T B TR
TIVERIAN AL Bk 58 4 00 g A KD N A TR R s 5 0
(B H AT XA S 56 5 A F AR 15 97 U7 200) 1 1y A A
96 2 FEPEREAT T WA

AR, BT 2 T AW KO SR 168
rDNA I ITS J32 51 1) AF 5 % £ R S 38 78 004 2 10 7
WA R AL Z AR TT RE T — A ag e, 3K
A4 T AE B IR AR D) 22 AR RS B oA ) B 2 i
Foo T-RFLP £ AGE — Pl P 3 e 200 70 1 A & 2
W7 BAT o3 H s s T PR L  R] B O AT A
Mo TR ] T 2 R E e 2 REPEWT S (A
e Ty B A A TR T T TR AL AR

AR VR AL 3R T AL SR I B R I T B
gy B B 89 KRN A A W, 5 AT BT
(Bacteroidetes) , J& B B [] ( Firmicutes) , 4% J& & ]
(Proteobacteria) , Jil £k B ] (Actinobacteria) 1 ] 8
AN [ 16S tDNA AHBLIEIL £ 97% - 100% » 3= AL
PR EE N KT 8 (Bacillus) 5 BUHE 2 8RS 42 00 @
T A& J& M E 5 J&
(Chaetomium) ™ o 1 il ¥ g 168 rDNA 5 g S J% 119
T3 VE RS B o I N A A 2 R EAT T ) )
s G5 R 2R ST A B 38 B 1 K 2 55 AR TEAT 1R 1)
(Proteobacteria) ] o WHEB WAty WHES WHE e
W oAE, J& B B ] ( Firmicutes ) , Jit £k Il
(Actinobacteria) , #l ¥ 1 ] ( Bacteroidetes) [£] 37 4>
& R A AL B (97% —100%) 77

AR A T-RFLP 3R 53 47 W 1 55 Py 25 B R 7%
g5k, s T-RELP & 3%, 32 J 2 # vk 48 2O i 3% 41
ABRAE 3 B BU BRI T AN [) A 2R T) 1 N 2E T A R 2 A
P &% FEAH L EE S 8] I iz L MiCA %4 P Chip: //
mica. ibest. uidaho. edu/) BT 7E &k L Xt 45 & 7 % X
JETT AR A B AL E T BAR 3 2645 R O I BN AR
TR T AR Y B85 e fith o

( Claviceps )

1 MBS ik

L1 ##
L1.1 A& FENCKT 2008 45 JTAIT J KA
P T 5 & RS 1g 1l iR 10744700 m, 2R 28 87°21°
317, Jb 4 43°367°49". KA FE 10 m [ 5 f{HUFEVE
(ARE PG 1) B U OB 1 B, 4 bk 2
HORR 25 o sl CRl 2380) 5 B Pl 238 5 BURE 2 A
H A i 2 N TG BB DR AR, A [P SE G 5 4°C fR
1.1.2 FEKFIFILEE: PCR 1% 4 Eppendorf AG
22331 Hamburg; &t i B8 & 48 GK-330C 1§ H 3%
A B R A B A & PCR 514 TagDNA 3B 4 il
A1 PMD19-T Vector # /&1 [ TaKaRa 2\ 7] ; PCR 7=
Pinl R 771 £ (Macherey-Nagel, Germany) ; 5 ] i
Hha 1 <Hinf I #1 Hhaell \Rsa T ( LiEAET) »
1.2 #H#miRAHEHS

Ko I B B AR 2 i CRL 8 8D <7 43 i
H R K e T 44 145 F I8 B K ph vk — Ik AE 75% 1Y)
LW 30 s, ARG AE 0. 1% I TH R PG 1 min; Jg
WK IRDE S U FETE W 4 T 5 B Ja — Uik
KT LB PA b, 28°C K 7% 72 b, A P 3 17K T AL
%[11] s
1.3 #752 DNA g2 E

Z ISR D] RS 8018 o8 B0 T K TR A 2 17
e By AN [ AL % 1 5 T G BRI B, TR S I
AW R R B G T B0 A R, 42 (129, W
V) el n CTAB $ili$ 2% o (2% CTAB ;100 mmol/
L Tris-HCI pH 8.0; 1.4 mol/L NaCl; 20 mmol/L
EDTA; 1.5% Polyvinyl-pyrrolidone, PVP; 0.5% 2-
mercaptoethanol ) ¥8%J . 60°C /K ¥ 45 min, i A\ 25 {4
S 5l (24:1) ,4°C, 13400 x g &0 10 min,
LR LEEOE, EELES K LR R
PO N 273 PRBL TV SR ), - 20°C JCE
2 ho 4°C, 13400 x g & 0> 10 min, 7 [, ¥ i€ H
70% LW it &6 B0, ¢ B3, T 4% DNA, Inid & g
WK 8 TE (pHh 8.0) % fi#. I RNase (fif F] #i
100°C 23k 10 min LLK 3% 5% B [f) DNase) 4 289 i
15 50 pg/mL,37%C /K ¥ 30 min, fig T -20°C % H »
1.4 16S rDNA F1E & rDNA ITS 9 PCR § &

73 9) A 45 ) DNA NI B 55 2 T8 3 25 I 1 5
Jo KB ZKAE 5 PCR 4 38 1R A5 AT » A58 P 4 7 i
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g 4t 799f: 5 AACAGGATTAGATACCCTG3” Fl
1492r: 5-GGTTACCTTGTTACGACTT3". E "
(ITS1: 5= FAMTCCGTAGGTGAACCTGCGG3~ #i
ITS4:5°-TCCTCCGCTTATTGATATGC3". PCR % [
R & (25 ML) :25 L Premix Taq, % 0.5 pL 514 (10
pmol /L) ,1 wL DNA (100 ng) ,23 wL ddH,0. PCR
N ZE:95C 4 min;94°C 1 min,55°C 1 min,72°C
1.5 min,30 MEH;729C 8 min.
1.5 T-RFLP $1#f

K BRI N 08 Hha T A0 Rsa T %F 16S rDNA
PCR /¥ W5 1], Hae Wl A1 Hinf 1 %} £ B rDNA ITS
PCR 7= 4 W D). PRI oE 99 U B G D) N AR R
(20 wL) :0.6 pL Hha 1,2 pL Tango Buffer,17.4 pL
PCR 7= #),37°C Tl 4 h, 5k J5 65°C 15 min fifi fif§ 2
o W) SR SR DT V50 Eh 3 5 AR 10
pL U o R el S R R B R A IR A A 58
Beo HU 2 pL FF A 10 L HBE i 1 pl N A
(1iz500) , VB A) J& 95°C A2 1 4 min, &) | & F ok,
SRIG EREREAT B A B K, AL POP,, HLYK I [H]
30 min, %R 5 65°C 15 min 1§ l§F 2k & . 1 FH Excel X}
FRE IR B P ) R BE (T-RFs) BEA7 07 28, F A
Be/NTF 35 bps 9650 B /N T 100 347 (1 0 3 AT 5
Bro AT BRI E A Rl Uk BT T R IR 2, RS B
e R T 0. 5% 1y g TR B A5 B2 o A (B Pi= (i
N) x100% , ni by FANME S WAL N 4 iG55
W f TR B o K O JS 1) T-RFs U4 3t N MiCA
Bl % Chttp: / /mica. ibest. uidaho. edu/) 3 47 7 £k
Lo LAk 19 45 41 23 rh HL Ak 2 2645 5L S o AN JR] B
i L o BER/NA 22 1 bp 1Y T-REs WA 2 A1 [
(1o BEPELELL M 1) TAP T-RFLP F2 7 %5 4 A FF
A LI A # TRFs BEAT 4047 1Y
1.6 HESHMRIRHEREIERES M

LA T-RFLP & 3% rp 4 — AN B 1 4 1 B (T-RF) 4
— /] B AE 4> 25 8 96 OUT (operational taxonomic
unit) o FHAR H = - X (Pi x logPi) *fWf 5 E &
HArh A B 2 FE Pk 35 28 (Shannon-Weaver index,
H) AT VS0 Py TR T R Jaceard i
S, = ny,/(n, +ny, - n,,) BEATHILIESS Kot 52,
BETT LGB AS TR AL 2R AR B S Forp n, RORAESL A
BIOAE 5 A K ny RORFE S B B IS 5 kA
$on,, 2R e A 1B LR I S e
WAl ek (141 vk A7 % 5 % s it &

(Evenness, E°) o FJ SPSS 13.0 % {4 = 1) B 25 4 7
T H (Classify-heierarchical cluster analysis) %} A [\ ££
i 1) T-RELP P 3% 3047 58 2840 477 BUREAS AN 7 1
TRF g — AN, R4 2 BRI
1.7 SREXEMZENNF

P19 J5 4% 730 bp 1 45 1 PCR 7™ 4 26 4k 1 A
P A gL, Jf 5 PMDI9-T Vector 344 3% 4%, e
. E. coli DH So 2 A5 A1 o L& 75 % % (100
g /mL) H kAR 1B 57 8 BH kA 1o RE PRI B
PE¥e A 7 AT 19, §7 8 51 P, 1 1] Primer MI3F
(-47)5-CGCCAGGGTTTTCCCAGTCACGAC3"; [
i) Primer MI13R (48) 5= AgCGGATAACAATTTC
ACACAGGA3", PCR ¥ ## & 14:95°C 8 min; 94°C
40 5,55°C 40 s,72°C 1.5 min, Jt 30 M4 35 72°C
7 mino L 1% [ B IR B I WL Uk 1E — 2P IR TE AR
I8R5 R B K29 24 750 bp Zigie B 17.5 w1
16S rDNA (1) 1% #% PCR =4, i A\ 0.5 pL Hae 11+
2 wLA R [ 10 x M Buffer, {ff Jx IV & & 24 20 pLo
37TCIEME S BEETT - B U170 2. 5% SR Bl e i
BEAT R VKR I o 30k RIS 1) V1 % AN () ) o B 0k B B g
A THEAT 16S rDNA [F ELHEW e (LA M1347 2y iE |)
514, M1348 Jy S i 514
1.8 FIRFEEFHN

i) NCBI [y VECTER SCREEN 2 [ ¢ AT 15
() 16S rDNA {1 85 1k )i B, HI Blast 3 % 12 7 M
GenBank %4 i mf i A AL B8 v 169 A G 1R 11
16S rDNA J& 51, 75U AL B =97 % (10 A & — AN [+
FER B I AL — A o iy 41 ok AR
CLUSTSL X 4T % 13 51 F 3 7+ 38 4 388 40 S 85 4
R Kimura 55 %45 2, H MEGA 4.0 (Molecular
Evolutionary Genetics Analysis) & £ £ 5% 4% 2 vk
(Neighbor-Joining) #J £ % 45 ik 4k 4 1Y o T &2 I AE
1000 YR #EAT [ JEAH (bootstrap value) 43 #7 3k ¥ i &
GEHEA B I I R R s T o RO AR, Y
G E S

2 HiRA B

2.1 # & DNA $2H1.16S rDNA F1E & rDNA
ITS B9 ¥ 18

PRI 1 T B 2K i R F Y DNA T BE i H
SEHE LA BER T 23 kb (B 1-A) o i i 40 1
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168 rDNA 51k PCR 75, 13 21 K /Ny 750 bp 72
A H PR B CE 1-B), [ &5 38 1000 bp /¢
A1 B, HE DU R BE W TS B 2R R4k 18S rRNA (1
oA FLR DTS 5 S5 M5 19 453 51 600bp 2247 1)
H A B (B 1-C) o B RS TR 0 3 1 1) e J — I
WRPEZKAE S PCR & 38 1) RS AR B0 A7 97 19t 56 81 401 11
Jr B WA 0 A5 R A Rk .

1 BHEEZDNA (A) MBESERNEMNE 16S
rDNA (B) ,rDNA ITS (C) PCR ¥ #4

Fig. 1 ~ Agarose gel electrophoresis of total DNA of Achnatherum
inebrians (A) and the results of 16S rDNA (B), rDNA ITS
amplification (C). A: M:Lambda DNA Marker; Lane 1: total DNA

of Achnatherum inebrians. B: M: MakerV ; Lane 1: Achnatherum

inebrians products from PCR reaction.

2.2 WMEMBEESHSN

T-RFLP 1% 1454~ T-RE X W (1 5 A= 4 Bl ]
AR 4h8 A IV TR P A A TRTRT P A B v B SRR E . AR
i T-RE AS[R], Bk AH N 1) o, B D e A4) S 40 7 3R ¢
KEMW (B 2), GenBank ¥ ¥5 FE W st 5 2 5 A
GU942752-GU942808 - Hi 4fs i 1] 1] 3% Al v B i 7
iK% 249 DNy BE A 5T A OTUse HIE T a-
proteobacteria &[] 40 A~ va B J7 41 5 A0 B (1) C 40
W HAMIE KGR ZR, @35 A 0TUs. Hi 19
N B 4 5 4 B Ochrobactrum anthropi [¥) J3 41 #H
RIPE N 90% ;2 A~ 7 B Y5 Phenylobacterium lituiforme
& H AL Sl 96% ;2 A 5d B SR £ Rhizobium galegae
#% > 5 Rhizobium galegae ] 7%\ ALk ik 100% ;7
A vE Y Devosia insulae (EF012357) 1[5 41 AH L ¥
K 97% ;45 5 A vipE 7 3 Brevundimonas [ 7 1) AHALL
M43 5 4 99% . B-proteobacteria 42 1% 3C FE ) B L
PR A T0 A fE, AR T 18 A OTUs. Horp
RTINS A T
agaricidamnosum ( AY167838) [ J3 5\ A1 1L 1 & i&
9% » &G e FE RS R E . AL A

Janthinobacterium

M % 5 Oxalicibacterium
(AB469788) [ /7 S LU B A% 90% o 5 3t [
44> 5 5 Oxalobacteraceae bacterium (DQ337591)
F1 Janthinobacterium lividum (EU275366) [¥]JF %1 48
PAPEBAC, ¥4 90% o A7 29 > v B 73 i) 55 B R W
J& Acidovorax delafieldii (AB269774)  Massilia aurea
( AM231588 ).
(EF127651) Wg W IL 18 & Methylophilus freyburgensis
( AJ517772 ) < Massilia ( EUS08006 ) -
Janthinobacterium  sp. ( D84590 ) .
saccharophila (AM501432) [¥] AH AL 1 35 75 97 % LA Lo
e B SCPE ) 20 AN e B 1 B A y-proteobacteria 1%,
HILPH S A e s AL ELE 97% UL L. &
— A 5n % Bl 5 S-proteobacteria H 1] Geobacter
bremensis (NR_026076) « Myxobacterium ( AB246770) «
Geobacter bemidjiensis (CP001124) #HbL 14 7E 95% LA
1o e—proteobacteria f& A 5 & SCE 5 OUTs % #x
IR EE. 17 A SO L i 2 B 1] (Actinobacteria)
REAKARAEYD, HPK 4D EFIY
Arthrobacter sulfonivorans 1] 4l AR KR ]
100% , & 5 10 4~ v J& ¥ 51 5 Rhodococcus sp.
(DQ337546) Fl Actinobacterium (GU167988) [f] I 4]
AL PE N 99% . 1 ST B [ 41 5 Actinoplanes
nipponensis ( ABO47498) [f) 41l W ") )3 5 #H L 7% Ky
94% . 21 Vi Y5 Bacillus subtilis (GQ980239) T 7E
i, Jor A 29 AN g B R 41 by J5BE TR TTD AR 2 £
& & Bacillus subtilis (GQ980239) ) /7 %1 40 ALl 1 &
15 98% 5 i 1% ve B SCPE A — KL RE - 29 4o
R 23 50 8 T 8L 4T i 1] (Bacteroidetes) 1 2% AT 6 4N
(Flavobacteria) 144 ig #1 B4 49 (Sphingobacteria) -
Zeid vk 5,4 SRR A A B T-RE A B A
K Pime 4 DT HILK Rsa T 1 Haell
Pt 1) () A i B ) B (TRF) 5 & 1-a 47 331bp
(Bacillus) 1 116 bp (Sphingobacteriales) ; ] 1-¢ # J&
41 bp (Mycosphaerella) F1 134bp ( Fragum) , iX & T-
RFs fREH 4 ANFE S RSB ED . o — 24
4 Hha 1R Hinf T B1] T-RFLP [&] 3% o iy 40 i,
TAP-T-RFLP f2 /747 43 1 (£ 1) o £83d # #] RDP
Kol P, HED 4 A FE gD B AT RE A AE Bacillus &
Sphingomonas J&. T-RFs W AEH A — N E M F B
B, W A7 o B 212bp (Paenibacillus) 5 11% ,
R A H B 142 bp (Methylobacterium) 7 2% , I U4

Sfaecigallinarum

Polaromonas rhizosphaerae

niabensts

Pelomonas
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1301

(A)

99, Rhizobiumgalegae(Z.79620)

93 C152(GU942785)[2/249]
92 Ochrobactrum anthropi (AY917134)

0.05

61

i Devosiainsulae (EF012357)
90 4]@(’:C122(GU942776)[12/249]

99 Brevundimonas sp.(FJ1197848)
68 C19( GU942762)[5/249]
100 Phenylobacteriumlituiforme(NR 029117)
C5(GU942754)[2/249]

>3 C1(GU942752)[19/249]
45 81— Geobacterbemidjiensis(CP0O01124)
100 Geobacter bremensis(NR026076)
L C7(GU42756)[1/249]
g7 1C271(GU942805)[1/249]
100 95— Sorangiumcellulosum(GU299045)
L C146(GU942783)[2/249]

Y  — Myxobacterium (AB246770)
100

9% C160(GU942790)[1/249]
981 C225(GU942800)[6/249]
100, Acinetobacterjohnsonii (GQ169068)
97| 1C6(GU942755)[8/249]
Perlucidibacapiscinae(DQ664237)

- g7—— C77(GU942773)[4/249]

44 r Lysobacterbrunescens(GQ859167)
100 rXanthomanas albilineans(FP565176)
|—|_,L. C25(GU942763)[4/249]
74571 057(GU942767)[2/249]

Pseudomonas thivervalensis(EU721607)
100 C226(GU942801)[2/249]

42 Epsilon proteobacterium (GQ354902)
[ L C16(GU942760)[5/249]

35 | r Epsilon proteobacterium (AB174846)
100 C17(GU942761)[3/249]

Co2(GU42771)[1/249]

L C170(GU942793)[1/249]

100, Methylophilusfreyburgensis(AJ517772)

Fig. 2

53

1C174(GU942794)[14/249]
93, Uncultured bacterium (AF422685)

C224(GU942799)[1/224]
Variovorax paradoxus (GQ920616)
23 |8_9|' C207(GU942798)[2/249]
36 |_ Acidovorax delafieldii (AB269774)
Beta proteobacterium(GU213399)
ol c123(GU942777)(1/249]
Polaromonas rhizosphaerae (EF127651)
s6L C149(GU942784)[3/249]
100— Methylibiumfulvum(AB245357)
C254(GU942803)[1/249]
90| Pelomonassaccharophila (AM501432)
9g— C139(GUY42781)[2/249]
96— C166(GU942792)[4/249]
C191(GU942796)[1/249]
C59(GU942769)[3/249]
90, Massiliaaurea (AM231588)
82|L C156(GU942787)[3/249]
3 Massiliabrevitalea(EF546777)
g1 C61(GU942770)[3/249]
Massilianiabensis(EU808006)
Massilia sp.(FM955855)

W

ﬁ' C157(GU942788)[1/249]
C58(GU942768)[2/249]

97, C12(GU942758)[11/249]

E,J' C13(GU 942759)[9/249]

24 L Janthinobacteriumagaricidamnosum(AY167838)
Janthinobacteriumlividum (EU275366)

L Oxalobacteraceaebacterium (DQ337591)

29— Herbaspirillumrubrisubalbicans(FI1605419)

ul— Oxali_cfba_cterium Jaecigallinarum (AB469788)
1 — Massilia timonae(Al871463)

G

66

C309(GU942807)[10/249]

2 Neighbor-joining ZMEM I E RN EME 16S rDNA REXERFRXER

Neighbor—oining phylogenetic tree based on bacterial 16S rDNA clone library from Achnatherum inebrians.

Uncultured Haliangiaceae bacterium(EU665118)

a-proteobacteria

d-proteobacteria

y-proteobacteria

e-proteobacteria

f3-proteobacteria

1 a-proteobacteria, B—

proteobacteria, y-proteobacteria, d—proteobacteria, g-proteobacteria, B: High GC gram positive bacteria, Bacteroidetes, Low GC gram positive

bacteria. Tree length = 1. 37972352,1 000 bootstrap replications.
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100

20

_|— Bacilluslicheniformis(GU323372)

00’ C315(GU942808)[1/249]
— Uncultured actinobacterium(EF220368)

1

100" C88(GU942774)[2/249]
——— Janthinobacteriumlividum(GU208351)

50 Bacillussubtilis(GQ980239)

C182(GU942795)[7/249]

C11 GU942757[29/249]
C204(GU942797)[1/249]
C238(GU942802)[1/249]
Bacillus niacini(EU221338)

Low G+C Gram
positive bacteria

22

96

52

100

99}
97

100— Uncultured prokaryote(GU208351)
—1OO|—— Rhodococcussp (DQ337546)
C268(GU942804)[5/249]
99— Actinobacterium(GU167988)
51 L (286( GU942806 )[5/249]

99 i‘j Actinoplanesnipponensis(AB047498)
94 C144(GU942782)[1/249]
38 Phycicoccusjejuensis(DQ345443)
33 | —— Arthrobactersulfonivorans(FM955888)
r— Uncultured marine bacterium(FJ826007)

100! C30(GU942754)[3/249]
58

C3(GU9%42753)[8/249]
C159(GU942789)[2/249]
C155(GU942786)[5/249]
C108(GU942775)[1/249]
100 —————— Flavobacteriumsegetis(AY 581115)
1C138(GU942780)[1/249]
Sphingobacterialesbacterium(AB540003)
97r C55 GU942766[2/249]
64| Algoriphagus(DQ244077)
Terrimonasferrugineum(AM230484)
7! C69(GU42772)[1/249]
78 | C34(GU9%42765)[6/249]

49 4|_T
99

C132(GU9%42778)[2/249]

High g+cgram
positive bacteria

100! C161(GU942791)[4/249]

Algoriphagus(AB197852)
Algoriphaguslocisalis(AY 835923)
Flavobacteriumsegetis(AYS581115)

Bacteroidetes

Cyclobacteriaceaebacterium(F1798610)

C133(GU9%42779))[1/249]
Terrimonas ferrugineum(AM230484)

Verrucomicrobia(EU871397)

Hk2

X I R A T A ity R O A R R TP AR Y
A0 Y 3% 37.2% - Rsa Il B V)G Bl 7 I 22 4R
i TR BF & Lo (4 30 41.7% . 15.3% .
33.4%+95.3%) ¥ b Hha 1 B Y1 5 (4 5 K
22.8% \7.40% 19.5% +50. 3% ) Jf it B ¥ L6 i) K,
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ActureT-RF size/bp Clone NCBI Closest NCBI match (accession number) Homology /%
Bacteria
331 Cl1 Bacillus subtilis GQ980239 (EU221338) 98
116 C133 Sphingobacteriales bacterium (AB540003) 97
152 €226 Pseudomonas thivervalensis (EU721607) 100
110 C30 Uncultured marine bacteriumclone (FJ826007) 99
106 C138 Flavobacterium segetis (AY581115) 99
109 C19 Brevundimonas sp. ( FJ197848) 99
Fungi
96 F2 Chaetomium (FJ595483) 97
112 F1 Claviceps (AB160991) 99
50 F9 Cladosporium (EU167592) 94
35 F14 Phoma herbarum (AY864822) 92
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Fig.3 T-RFLP profiles of seeds, leaves, stems and roots of Achnatherum inebrians. a: Rsa | - T-RFLP profiles for endophyte Bacteria; b:
Hha 1 - T-RFLP profiles for endophyte Bacteria; c¢: Haelll - T-RFLP profiles for endophyte fungi; d; Hinf 1 - T-RFLP profiles for endophyte

fungi; 1:sample of the seed; 2: sample of the leaf; 3: sample of the stem; 4: sample of the root.



1304

Yingwu Shi et al. /Acta Microbiologica Sinica (2012) 52 (10)

(©) 0 100 200 300 400 500 600
5000

4000 1
3000
2000
1000

|
UW.L.IL__JL_ P (TSR P B
0

100 200 300 400 500 600

1400 |

1200

1000
800
600
400 ||

200 g}
6000
5000 3
4000

3000
2000

1000 I (
OJL;J Ao

0 100 200 300 400 500 600
2800 '

Mok
100 200 300 400 500 600

Siganal Intensity

2400
2000
1600] |
1200 |
800
l

i

NM__LJL_ —
Fragment length(bases)

M T B il B89 P9 A= 40 T A0 A A TR 22 R 4R 2
(Shannon Diversity H*) k&, Bf 5 5L 4R f )y A= 4
ZHMRTE METALEEFEZEEREE. N
Y] FE 45 # (Shannon Eveness E°) 5K & , % ) Ff ff) =
JEAZE AN W] o R[] — AN A Al R P A A0 TR Y A
B2 R REAT LU B R N R 2
FEVESE 425, i 25 N AR B0 2 R R B A 2 A
s (B 4) .

2.4 WMEMEESHBRIES T

XF DU AN BE it o P A A AT AR L T-RE Bk 4T
TR Mo wI I 2R 2 43 T 1K 45 IR T AN TR R
AR OTALRE B2 o MR 4 P9 2B 4 B P 1 SR 2R )
W 4 S, R SRAE 5 P9 2R A0 TRV 45 4 A LU
e g R L R O R AT 5 A T G A 2 S R
(B 5) o 552850 M1 HOARIR Bl s Py A 2018 B V5 45
oyt S HH AR O A, Bl R ZE IR AE R, R WL
A TRV 5 R R ABL R JEE v s R G e R R RS A
T2 » T B P A T R I e AT 2 ) AR B
RIS 2 R (] 6) o

(D) 100 200 300 400 500 600

8000 |
7000

6000
5000
4000
3000
2000
1000

:.L"JJM_ J

100 200 300 400 500 600

o
O ==

4000
3000
2000 ‘

1000

100 200 300 400 500 600

0
4000

3000

2000

I

100 200 300 400 500 600
5000 4

4000
3000
2000
1000

Fragment length(bases)

mmm bacteria H'=——fungi E' —*—bacteria H" —=—fungi E’

3.5 0.9
3.0 Mt
N 07 1o
iz \l
2 06 3
£ 20 3]
[ =]
g 1.5 0.4 %
E 1.0+ e b
= 02 ™
e 0.1

seed

leaf

stem

root

Different parts of Achnatherum inebrians

4 ETF TRFLP EEMMEYZ HEI R

Fig. 4

profiles.

3 itig

Species diversity of bacteria and fungi based on T-RFLP

e 1 B Py 2 A AR K 2 AR AR SORA T
RFLP £ AR5 R W, W Ly BOAR S P9 2 41 i 2 #F 1
S AN AR 2R XA



Sk AR T ORI T O AR T REVE SR /R AR (2012) 52 (10) 1305

CASE 0 5 10 15 20 25
Label JNTUT0 R R N U SR SR—
stem e —
leaf
oot c————
seed
(B)
CASE 0 5 10 15 20 25
Label Num oottt ce bt
stem

leat’ J
root -

seed

ES BSEMHTF H.ZERTRNEAREEN
BRESTHR
Fig.5 Dendrogram of endophyte Bacteria at seeds, leaves,

stems and roots of Achnatherum inebrians. a: Rsa 1 ; b:

Hha | .
(A .
CASE 0 5 10 15 20 25
Label |ANETEYS B S U WU SR S
seed - y
stemt II
I
root -——
leaf
(B) ‘
CASE 0 5 015 20 25

Label  Num  oeceeeeotbecmemeeoeromecec e e e e

leaf m

|
stem 1
seed —

root

6 HOEMF M. ZERIAEERFEILH

REDHHRE

Fig.6 Dendrogram of endophyte fungi at seeds, leaves,

stems and roots of Achnatherum inebrians. a: Haell; b;

Hinf 1 .
FRZEL TSR T 15 IR D5 VAT UG R S R A A
A 8 A, Bl 2 AN JE AR, FE T T-RFLP £ R
3 3 55 7% 7 i AW 9 ok A R v Gl A D5 T LA R G
WY B AL 3B FHT A S5 5 OR) R 168 rDNA
T 9 SR PR 7 900 I A AR A R 2 RE R BEAT T T
GO G R WO EE S B N LA A 8 A&, AT R

WR W IER TR Tk w] oAb e B R TR A S e
2Ry ST E Y AR KL VY A R R VR A

T TRFLP £ R B AE 55 75 5 B AR W AR D
T 25 K4 7 T 2L AT B G B 2 18 0 A AR TR ) A7 AR
YR 2 4b. PCR 25 Sk 4 B8 B 3% 5% i T-
RFLP 45 . 7& T-RFLP [ & b, — AR R
A EAN U — A Fle e fE B A AN 0 Y 5 R
AR IE AR XM AR — RS R G 45
T DMk, O T Bk R B, T AR H
(0~ FE il s FRBE 2% A 55 060 T-RFLP 43 4y 1) & > 20 Bk
ATHEA S S AN A 5 AT 66 A 23 BT 285 SR oA« 5K
Heahi o A oy PR

FE A DNA (1 £ HORT R 1V 1) 18 1) 28 56 2
R T-RFLP 23 fr 45 R G 5. X T )5 &, ]
L7350l L PR o I8t 3k AT 23 AT 25 5 L A g 1) 1) &5
IR Z A B AT 255 50 B, XOFE ) DL A A
W AT T ST TR W BRI D) Bl e R ) T
RFLP 73 #7 45 $ 1) v] 552 Pk 52 0 452 K, PCR K25 1]
T VKR 4 R T EE LT RAER .
ANTA) DNA v B b A7 BRI PE 16 D) 3 v] 68 45 210 AH W] 1)
TRF, ji LA T T #4554 T-RF FrAQR A, & 7
B T-RE X BV ¥ DNA v B 1 e 50 1B AT 43 o a6
2 X V& DNA HEAT 50 B 97 2 0 )3 LA & 43 A
B LR T A TRE AR IR . AR
W, 3k A 18 1Y BRI D) T-RFLP 23 4 48 5%
mHE.

A FT I T R P A A TR 2 A P A R A AR
w3, B 4), 0x 5 e R KA W R BRI IR
G B, AR R T R N
B2 B DL S A8 B R o o A i R 2 I LA
i R R A Y . RN E A
SE ML — 1, BB 22 4k LA A0 TR AR 11— 2 30
i, I BRI B 30 i 2 Ak R St 22 7
R NERFEWR LB Z oM T RGN T2
(B BRIk J2 o MR B S g A ok, DAL T o G AR
AR A RS2 IR AR RS, S 2 R T 2R
Boehm % (1997) “" F Tiquia 2 (2002) 8B Y e
W S ML R A R R R ) A )
T 2 2 3 P R DG B R AR

N e - I N R RN SN N R e s
¥4 Bacillus (29% VL &) 5 31X 55 A U480 20 w359 1 1% 25
BEP RS B g SRR B o A F S T R



1306

Yingwu Shi et al. /Acta Microbiologica Sinica (2012) 52 (10)

S 2B R P AR T I K B L R I 25 R Py A T
T 45 R ARBTG5
AL 450326 » 15 25 000 1 P 24 L 1 B V% 45 4 KL, i
VG 1 250 A A B O G A AP 0 o R 4
W 22 5 0T B8 b T R (7D 11 -+ S 2 A PR BT S0 -
HHUT & B s 6 & T % P 1 A7 BRI 23
B R AR R . D RN S
B, BRI I L B MR A R R, R S
PEVE & T 280 o OO 35 25 S 10 S DR W i 5 K )
() R S

ARHIF T ot T e S 1 A0 DA TR T e AR o
18 TP B 16S cDNA, LU AR 3 55 7 WL 5T R
WA RGO EARE IR £ . ARt TR K
B I B 51 4 1 3 6 5 T DR R W ) Fry P 2 o R
A, BT U BUSEI T MR T R R 2
FEMESE 5 00— 5 (90 RN AR U LA 18
L AL VE AN AR 10 VS T LA Tl R B E R [R) f¥) H
B X EL AT AN [ B A 2 B R O A 7E RS TR Mk
A5 (o B AR ) 2R LT 0 A A ) B K
25 25 AR R 2 R ~ T A T SR P 52 I 1 By A
FOH Y B M R W), X L T Py R B Bk
Neotyphodium J& » T B 52 o A A ) 20 1 75 &0 iy 2
FUH Neotyphodium J& , 3% /2 1 T BB 7 FEAC 58 51 9
i W 7 A TR T B R 2 3 2 T R R X
SR IK S5 A R B RS

Lr LTk, B AR E R RIS
FEPE, FLIE T RO 25 0 bl 2 B 2 R R
ZE 5o LU WA A A T KB B 2 ] £
K R 3 B R 7 0 AR B R 5V I 4 S A R
BB 25 2 50 b i W 2 B M A % 0L 4 TH IR A
L A Sk T S ) P I T 0 2 5 40 B £ 4R
FIURE Gl 7 k)

Z 2 3LHK

[1] Arachevaleta M, Bacon CM. Efect of the tall fescue
endophyte on plant response to environmental stress.
Agronomy Journal, 1989, 81: 83 90.

L2 frzh, U253, BE3E Il R4 A A0 1 B O AE ROl R s 2%
L & BN R M B %2 (Gui Zhou Agricultural
Sciences) » 2006, 34 (3) : 113415.

(3] REH, BRI, HvOak, JRBIE, xIB. Zem A m
Oy T R LR W ) e A AR AR R AR OK S AR

(Journal of Fujian Agriculture and Forestry University) ,

[4]

(5]

(6]

[7]

(8]

(9]

[10]

(1]

(12]

[13]

[14]

[15]

2009, 38: 129-430.
Bruehl W, Kaiser WJ, Klein RE. An Endophyte of
Inebrians, An Intoxicating Grass of
Northwest China. Mycologia, 1994, 86: 773-976.

Miles CO, Lane GA, Di Menna ME, Garthwaite I, Piper

EL, Ball OJP, Latch GCM, Allen JM, Hunt MB, Bush

Achnatherum

LP, and others (1996) High levels of ergonovine and
lysergic acid amide in toxic Achnatherum inebrians
accompany infection by an Acremoniumlike endophytic
fungus. Journal of agricultural and food chemistry, 44:
1285-4290.

AR TR RS, B SRR RS LA
LEEHEMN R R, W B KE (GrassFeeding Livestock) ,
1998,4 :4446.

Nan ZB,Li CJ. Neotyphodium in native grasses in China
and observations on endophyte/host interaetion. In: Paul
V H ed

Proeeedings of the 4th Intemational

Neotyphodium /grass Interactions Symposium. Germany:
Soest,2000,41-50.

BIEESE, W55, DR, Xk MWW A E R
PR RN F AR (Journal of Fujian Agriculture and
Forestry University) ,2010,25:226-234.

KL, Wk, EmER, kil . O wA LR
70 B 2 E Rk R BUE Y R (Aaa
Microbiologica Sinica) , 2010, 50 (4) : 530-536.

TRE O, BN, WA, R I B B IR N A
2 B, B2 % (Acta Ecologica Sinica) , 2011, 31
(8) :2178-2187.

LV HALMS. AR HUR & o DNA (77, Mk
B 2% 38 I (Plant Physiology Communications) » 2000, 36
(4) : 340-342.

Chelius MK, Triplett EW. The diversity of archaea and
bacteria in association with the roots of Zea mays L.
Microbialogy Ecology,2001, 41: 252-263.

White TJ, Bruns T, Lee S, Taylor JW. PCR Protocols:

A Guide to Methods and Applications. New York:
Academic Press, 1990: 315-322.

Marsh TL, Saxman P, Cole J, Tiedje J. Terminal
restriction  fragment  length  polymorphism  analysis
program, a web-based research tool for microbial
community  analysis. Applied  and  Environment

Microbiology 2000, 66:3616-3620.

Maidak BL, Cole JR, Parker CT Jr, Garrity GM, Larsen
N, Li B, Lilburn TG, McCaughey MJ, Olsen GJ,
Overbeek R, Schmidt TM, Tiedje JM,
Woese CR. A new version of the RDP ( Ribosomal

Pramanik S,



Sk AR T ORI T O AR T REVE SR /R AR (2012) 52 (10)

1307

(6]

(7]

[18]

[19]

0]

1]

22]

[23]

Database Project) . Nucleic Acids Research, 1999, 27:
171473.

Ulrich K, Ulrich A, Ewald D. Diversity of endophytic
in poplar field
conditions. FEMS Microbiology Ecology, 2008, 63: 169—
180.

Thompson JD, Gibosn TJ, lewniak F. The Clustla X

bacterial communities grown under

windows interface: fexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic Acids
Research,1997, 24: 876-488.

Kimura MA. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. Journal of Molecular Evolution,
1980, 16: 111420.
Felsenstein J. Confidence limits on phylogenies: An
approach using the bootstrap. Evolution, 1985, 39: 783-
791.

FEE N PR T 5, X7 A R s BRI B
KEZ M (TRFLP) H AR RGIRE ST MED
W (Microbiology) » 2010, 37 (12) : 18201824,
MR, E¥RL, wENaE, x| &, BRigEm, ok, dJF
B I5 75 VA SR SR BRI N A Al IR A . R
254k (Acta Agriculturae Boreali-Sinica) , 2012, 27 (1) :
201-209.

Tk, WrE, R, I, WIH, . ahiE N
EHERME N RRERKE LM MED YR (Ada
Microbiologica Sinica) , 2009, 49 (5) : 573-579.

RN, R, VR, BRE, EWE. RN A Al
MRS KR E 2 K. R %@ W (Microbiology) »
2010, 37(8) : 11234129.

[24]

[25]

6]

27]

[28]

9]

Clay K. Fungal endophytes, herbivores and the structure
A C ed

of grass land ecommunities. In: Gange

Multitrophic Interactions in Terrestrial Systems. Oxford:
Blankwell, 1997,151469.

Sehardl CL, Moon CD. Processes of species evolution in
Epichiloe neotyphodium endophytes of grasses. //White
JEJr ed. evolutionary biology,

NewYork:

Clavicipitalean fungi:
chemistry, biocontrol and cultural impacts.
Mareel Dekker Inc. 2003,273-310.

TR, T2, BT R, K WRAT, R, mE
fe. NS TR S A AR R 2K WA A
R (Mycosystema) , 2008, 27 (6) : 841-851.
Boehm MJ, Wu T, Stone AG, Kraakman B,
DA, Wilson GE, Madden LV, Hoitink H.
(supl3) C Nuclear

lannotti
Cross—
Polarized Magic-Angle Spinning
Magnetic Resonance Spectroscopic Characterization of Soil
Organic Matter Relative to Culturable Bacterial Species
Composition and Sustained Biological Control of Pythium
Root Rot. Applied Environmental and Microbiology, 1997
63:162-168.
Tiquia SM, Lloyd J, Herms DA, Hoitink HAJ, Michel
JrFC.  Effects of mulching and fertilization on soil
nutrients, microbial activity and rhizosphere bacterial
community structure determined by analysis of TRFLPs of
PCR-amplified 16S rDNA. Applied Soil Ecology, 2002,
21:3148.
T, LM, BKE, Tl RARHEYNER
WU K H R 2 B A& R (Acta Ecologica
Sinica) » 2010, 30(17) : 4771-4781.



1308 Yingwu Shi et al. /Acta Microbiologica Sinica (2012) 52 (10)

Endophyte microbial community in Achnatherum inebrians

Yingwu Shi', Xuebing Zhang'?, Kai Lou'’

" Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumqi 830091, China
* College of Food Science of Xinjiang Agricultural University, Urumgqi 830052, China

Abstract: [Objective] The aim of this study was to investigate the composition and distribution variation of endophytic
bacteria and fungi in Achnatherum inebrians. [Methods] The DNA of seed, leaf, stem and root was extracted with liquid
nitrogen grinding method. Then, 16S rDNA and Internally Transcribed Spacer (ITS) sequence were digested with
restriction enzymes Hha | ; Rsa | and Hhaelll , Hinf | to obtain terminal restriction fragments. The terminal restriction
fragments were matched to bacterial and fungal genera by the T-RFLP Analysis Program, and the community component
and similarity of endophyte in Achnatherum inebrians were analyzed. [Results] The diversity of endophytic bacteria and
fungi was the most abundant in root and seed of Achnatherum inebrians. All the predominant bacterial population was
Bacillus ( above 29%) in different organs of Achnatherum inebrians. The predominant fungal population was
Mycosphaerella (6.5% ) » Teratosphaeria (4.5% ) » Fragum (1.1% ) , Sebacina (11.3%) in seed, leaf, stem and root,
respectively. The structure of the bacterial communities in the stem and leaf were similar, whereas the structure of the
bacterial communities in the seed and other tissue were different. The structure of the fungi communities in the stem and
seed were similar, whereas the structure of the fungi communities in the leaf and other tissue were different.
[Conclusion] There was abundant endophytic microbial diversity in Achnatherum inebrians.

Keywords: endophyte, terminal restriction fragment length polymorphism, bacterial community, fungal community
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