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T R A SRS G YL E N Neotyphodium spp.®, F
ZRF-NAERFE AR RN AE HRW
Epichloé W15 EVF £ 25401, et K
PR B TR RE U R i R A 4 5 R ) T
SLEREE 15710 AL 1B S Y AW | EE K9 a7 N R P2
HE AR AEXROHRIRIEFAZ W
Rasmussen 5 'OVl FH A0 AH €0 35% - 0 3% 6 1 R
(GC-MS)£e I 1 Ao J8 22 R AE A [6] BB K F- R YA
LR . BEEESE . IRWTIRSE 66 AU 4, S5A
N AE IR Epichloé (E-)fEARFHEL , 7 N A LB
Epichloé (EH)FMk A 44 TS =4 & B AE AR
RIEIKV- T AFAEZE 5 5 i v vk B2 RUIE (2 20 L
MR AR WIIR & & bty AR LR T AR PR b
FAE RSV S RTE, mikokb&9ILH
JEREME . IRITIR . APLIR(EJETR . 2 RIIR) A
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THE 2-3 d, WAEEERRIE Y L A
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1.1 YR
43 WIAE T AL (97°05" E, 36°47' N, 3700 m,
HB)FI# i L ##4(97°08' E, 33°21' N, 3904 m, YS)

W J7 RAR AL IERIRFN T, 4 °C (RAF T H I
WRZARMEY TS
1.2 H¥E

1.2.1 BN HRAEEF AR E+. E-RALHE.

W AR E SR A AR (B0 R T BG4 e Al LA
AT AR E RS, E+FT E-Fh TR
UEAC FHETTEE R, ARG i R R R A R
(U 3B R - TRY, 10100, VIV BRI
(F4E 16 cmxJIEAE 9 emx 5y 11 em)H . ARHEAE D) 75
KRBT H RS AR e e 4 %
WA A B LY, EEr B+ E-RhRE. fEAE
A 750.0 g KIENMTY, DL E+, E-HERER 5
BEIRAT ORI, B 2 MR, — N HJRLIE
WERRAM M B J 20 mg/L AYRK KB FR I [Ca(NOs),
0.945 g/L.,KNO; 0.506 g/L,NH,NO; 0.08 /L, KH,PO,
0.136 g/L, MgSO, 0.493 g/L, FeSO, 0.0139 g/L,

EDTA-Na 0.01865 g/L1{E>N Se 4b#E, X BE41(CK)
ek BB SR, LB 10 7, 45 A B 100 mL,
DV 7 A KIS, SRR RO
WASER, WAET—20°C, FTARB=WaH.

1.2.2 AERIGHRIE . BORE AT DU 5 bk = Aoy BE
B, KR RIRR > B A FITR R, A K
MRUEAR AR, DI E RS, AR R ORI A
1.2.3  fUBHH R R RS R A s PRIRRE
AR(10£1) mg F 1.5 mL .08 H, KA 450 uL
S B (R K =3:1, V/V)FI 10 pL BAEE, 73
Ji€ 30 s; IIAANER, 35 Hz HFEE(UALFE 4 min, ##
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7 5 min (KOKI), AT 4 °C F 10000 r/min
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B, BAREARKE 60 uL RS W QC FEA, 1E
B2 Wi o T TR BRI o 1) AR AR
A 60 pL F AR R 1200 (AUl Eh iR 2k, ¥ Tk b
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BHEZE, MIREGWEEAF A S uL FAMEs
T, AT GC-MS EHLSHT .
1.2.4 GC-MS 43 Hr XA B $HE L XT . Agilent
7890 AR - AT ] BTG HE AL LA Agilent
DB-5MS £ (30 mx250 pumx0.25 pm, J&W
Scientific, Folsom, CA, USA), ksl Hw)
Jii 50 °C, 1#4F 1 min, LA 10 °C/min FHEEE T =
310 °C, f#FF 8 min, AN maiE <, Wk
1 mL/min, #EREE 1.0 pL, N0, FRiGS4: El
BT, HEHEE 70eV, BFUREE 250 °C, i
PERE R 280 °C, fEHIZRIRIE 280 °C, i %K
12.5/s, ¥FIER 6.25 min, L 50-500 amu.
{81 ChromaTOF #(f4(V 4.3x, LECO)R itk
PR T T USRI, JEERIRIE | FREE R XS
FEEMHT . 8 T LECO-Fiehn Rix5 $ii FExt ¥ ik
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Table 1.

Effects of selenium on growth indexes of F. sinensis with and without Epichloé endophyte

Growth index

Geographical populations and Se treatment

CKHBE+ SeHBE+ CKHBE-

SeHBE-

CKYSE+ SeYSE+ CKYSE- SeYSE-

Plant heigh/cm

41.83+£1.89a 42.23+1.66a 39.73+1.93a 40.20+1.55a 40.83+1.44a 39.53+1.55a 39.53+2.53a 39.67+1.72a
Tiller number (plant) 4.33+0.58ab 4.67+0.58a 4.33+0.58ab 3.33+0.58bc 3.00+1.00c

3.33+0.58bc 3.00+1.00c  3.67+0.58abc

12.6341.19a 12.7741.12a 11.2340.25a 11.33+0.58a 11.43+£0.60a 11.47+0.84a 11.37+£1.85a 11.63+1.21a

Non-matching lower case letters in the same line indicated a significant effect of selenium treatment (P<0.05). CKHBE+ and
CKHBE- respectively represented HB with and without Epichloé endophyte under control; SeHBE+ and SeHBE- respectively
represented HB with and without Epichloé endophyte under Se treatment; CKYSE+ and CKYSE- respectively represented YS with
and without Epichloé endophyte under control; SeYSE+ and SeYSE- respectively represented YS with and without Epichloé

Root length/cm

endophyte under Se treatment.
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2.2 FEXTRAEEFFH A IR BN E+. EEE
RIS

B DA it A 21 484 AN, 550000
ELXT, ArBINH AR s ER AN E HB A1 Y'S H bk
H A E Y 206 PR 205 FlES -
221 HARFEIFHIRFEE HB F1 YS AR B3
SRR ERS 7 A PCA ik, X
HEESF IR HB A RS OU(E+F E-) ., 0L (b
RS FIAR ZR B AT S AALFRAL 8 MR A (AR L
3AEE RS TACIE, SEHC 2 A FE A 2 f
R(E 2-A), HB—FERI AR TR 74.08%,
BTG 15.23%, FEACHE RN AL B A 5 R
Tt AR BT P AR A AR,
VLR RIS A = I KB A 22 5 o XY
YS R OL(EHRT E-) . AL b E A FIAR R
1) SRR BRAL 8 ANAE S (BRI AE Y 3 AN EEEEOE
ﬁ PCA 537, $2EUH 2 A~ F 45 R mE 2-B,

— F AR RS T U A A
73.63%H1 11.87%. HIARE YS FF 500 AR R A

& 1.

e IBFRE HB A0 YS IR &R
Roots of F sinensis geographical populations
HB and YS. CKRHBE+, SeRHBE+, CKRHBE-,

Figure 1.

SeRHBE-, CKRYSE+, SeRYSE+, CKRYSE- and
SeRYSE- were arranged from left to right; CKRHBE+
and CKRHBE- represented HB roots with and without
Epichloé endophyte under control, respectively;
SeRHBE+ and SeRHBE- represented HB roots with
and without Epichloé endophyte under Se treatment,
respectively; CKRYSE+ and CKRYSE- represented
YS roots with and without Epichloé endophyte under
SeRYSE+ and SeRYSE-

represented YS roots with and without Epichloé

control, respectively;

endophyte under Se treatment, respectively.
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populations HB and YS. A and o represented shoot and root samples, respectively.

Principal component analysis (PCA) of the shoot and root samples for F. sinensis geographical
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a FIT R RE L PSR ITPTE 2Z 18] B AL 7
TE2E 5, MRAFE M B+ E-Z ML AAAE 25 7
PE, AR b R R SR Ak B 2 TR B A 28 S
xRN EE HB € 19 206 A k&P kAT
BT, REUE 22 A Fsr, Hdar 2 A
ERST BT TR RN 53.10% (B 3), FEH—E L
Oy P 8K A methylmalonic acid . maleic
acid. serine. 2,3-dimethylsuccinic acid. citramalic
acid. L-glutamic acid. phenylalanine. (2R,3S)-2-
hydroxy-3-isopropylbutanedioic acid . D-alanyl-
D-alanine . D-erythronolactone . glutamic acid .
ribose. D-arabitol, ribitol. diglycerol. glucose-1-
phosphate . 2-deoxy-D-glucose . shikimic acid .
glucuronic acid . sedoheptulose | 4-hydroxycinnamic
acid. caffeic acid. galactonic acid. isopropyl-p-
D-thiogalactopyranoside . P-mannosylglycerate .
D-erythro-sphingosine . DL-dihydrosphingosine .
2-monopalmitin , galactinol . chlorogenic acid .
a-tocopherol . raffinose %5 32 Fifb &9 .

T B A V'S S RE 19 205 RS it
FTFERA 8T, $REUH 20 A Fsr, Hear 2 4
Fsr BT TR 51.51% (B 4) 7655 — Fsr
T #ETEKBYA citramalic acid | ribose ., diglycerol ,
dehychroshikimic acid . glucose-1-phosphate .

glucuronic acid . sedoheptulose . ascorbate .
tyrosine ., caffeic acid . galactonic acid. isopropyl-f-
D-thiogalactopyranoside. 3,4-dihydrosphingosine .
D-erythro-sphingosine . DL-dihydrosphingosine .
5-dihydrocortisol , 2 — = Wi 5> b &k far B KA
2-deoxyuridine .  N-cyclohexylformamide .
4-acetylbutyric acid . maleamate . N-formyl-L-

methionine, ¥ B-alanine 7£55 = F M EATH K
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Figure 3. Principal component analysis (PCA) of
the 206 metabolites in F. sinensis geographical
population HB.
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Figure 5. Heatmap of metabolite levels in F sinensis geographical population HB. CKHBE+ and CKHBE- represented
HB shoots with and without Epichloé endophyte under control, respectively; SeHBE+ and SeHBE- represented HB shoots
with and without Epichloé endophyte under Se treatment respectively; CKRHBE+ and CKRHBE- represented HB roots
with and without Epichloé endophyte under control, respectively; SSRHBE+ and SeRHBE- represented HB roots with and
without Epichloé endophyte under Se treatment respectively; 1, 2 and 3 represented the repetition number of sample.
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6. FEEEFMIBFEE YS KK FRE
Figure 6. Heatmap of metabolite levels in F. sinensis geographical population YS. CKYSE+ and CKYSE-
represented YS shoots with and without Epichloé endophyte under control, respectively; SeYSE+ and SeYSE—
represented YS shoots with and without Epichloé endophyte under Se treatment, respectively; CKRYSE+ and
CKRYSE- represented YS roots with and without Epichloé endophyte under control, respectively; SeRYSE+ and
SeRYSE- represented YS roots with and without Epichloé endophyte under Se treatment, respectively; 1, 2 and 3
represented the repetition number of sample.
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192 FPER A —25, Hh XA 40 F. 90 Bl
48 Fh Iz 14 B 4 25 FERL RIS OL S PCA 455 A
[, 2 i AR SRR R AR PR

2.2.3  HARFEIFHIRFFE HB A1 YS #b EF 40
WA MR =Y A AE . P A2 5 R
HB U =4 LB 25 50 03 2, B iR (Bn) SR
AR B EL R, X BEFNAR b RS b 1385 ik
BT S TS E A e R 57.77%F
49.03%, MALEY S EE WA T E TREY &
HARE A 2 AR &R A YA S AR 5
e TAG AT S S A 4 o 5% A
o, i E AR AR = EF1 B b AR
Yo WARFRENXT E+F1 E—4R R i A—2L,
WA i E+RE AR AR &R 7 A B m A, M
B, AR B AR AR R ACH ™ Wi o AR AR
HUR My A 5 AR R A 2
KF 1 WESETHEZHENT 1| WES
e, BaEH L B3R B2 0

M 3 AR SR AR YS AU U E

AL, E+5 EAHARAHECES, X R b 3R At
MR 2R T A6 G W AT 2 5 o B BT o5 4 L 4 i)
H 46.34%F1 53.66%, = TALEY G RILA 5
Fbs T AR b 5 43 AR R Ak G A B
1 > FAE AR S RS A A . SAm
B AF L e o S R 0 4t 2 B 1 35 43 R A R AR
W A, WA ER AN R AR B+ 1384 Fn
MR Wi & o AH R AL BE T M E 8554
PSR AT Z ERT I E SR T
WHEZ WE/ANT 1 Es e, Uil EEA TR
2.

2.2.4 HAEESFHIPEAEE HB A YS Ho B35
AR BEET: 25X IR HB M E35p
SIS AR 206 FLAPITEAL PRI T T AR
FEXT LAY W PR, kB RS 82 Rk G
YRR X B R AR AL B2 18] 47 A5 2 2 (P<0.05) i)
% (P<0.01)2 5%, MyamAEE%E P<0.001 {H
e i vk 22 AR, 1S IA 27 A R
(El 7); WERA 99 FCH = P ARXS & EEAEAL 2

2. HEEFWEME HB RIFEYILLETSH
Table 2. Percentages of compound ratio for F. sinensis geographical population HB

Ratio Percentage of ratio above 1/% Percentage of ratio below 1/% Percentage of undetect compound/%
CKHBE+/CKHBE- 57.77 33.98 8.25
CKRHBE+/CKRHBE- 37.86 43.69 8.45
SeHBE+/SeHBE— 49.03 44.66 6.31
SeRHBE+/SeRHBE— 39.81 42.23 17.96
SeHBE+/CKHBE+ 47.57 47.09 5.34
SeHBE-/CKHBE- 56.31 35.44 8.25
SeRHBE+/CKRHBE+  47.09 34.95 17.96
SeRHBE-/CKRHBE-  32.04 49.51 15.45
CKHBE+/CKRHBE+  45.63 34.47 19.90
SeHBE+/SeRHBE+ 42.72 37.38 19.90
CKHBE-/CKRHBE- 41.75 39.81 8.45
SeHBE—-/SeRHBE- 45.63 35.92 18.45

CKHBE+ and CKHBE- represented HB shoots with and without Epichloé endophyte under control, respectively; SeHBE+ and
SeHBE- represented HB shoots with and without Epichloé endophyte under Se treatment, respectively; CKRHBE+ and CKRHBE-
represented HB roots with and without Epichloé endophyte under control, respectively; SSRHBE+ and SeRHBE- represented HB
roots with and without Epichloé endophyte under Se treatment, respectively.
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Table

=3 PEFFHI|HEE YSKESMERETSH

3. Percentages of compound ratio for F. sinensis geographical population YS

Ratio Percentage of ratio above 1/%  Percentage of ratio below 1/%  Percentage of undetect compound/%
CKYSE+/CKYSE- 46.34 43.41 10.24
CKRYSE+/CKRYSE-  53.66 21.95 24.39
SeYSE+/SeYSE- 24.39 66.34 14.15
SeRYSE+/SeRYSE— 21.46 59.02 19.51
SeYSE+/CKYSE+ 37.56 51.71 10.73
SeYSE-/CKYSE— 51.71 38.05 10.24
SeRYSE+/CKRYSE+ 32.68 48.29 19.02
SeRYSE-/CKRYSE- 52.68 22.93 24.39
CKYSE+/CKRHBE+ 41.95 39.02 19.02
SeYSE+/SeRHBE+ 43.90 36.59 19.51
CKYSE-/CKRYSE- 40.98 35.13 23.90
SeYSE—/SeRYSE- 47.80 32.20 20.00

CKYSE+ and CKYSE- represented YS shoots with and without Epichloé endophyte under control, respectively; SeYSE+ and
SeYSE- represented YS shoots with and without Epichloé endophyte under Se treatment, respectively; CKRYSE+ and CKRY SE—

represented YS roots w

ith and without Epichloé endophyte under control, respectively; SeRYSE+ and SeRYSE- represented YS

roots with and without Epichloé endophyte under Se treatment, respectively.
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Figure 7. Marked metabolites from shoots of geographical population HB. CKHBE+ and CKHBE- represented

HB shoots with and

without Epichloé endophyte under control, respectively; SeHBE+ and SeHBE- represented

HB shoots with and without Epichloé endophyte under Se treatment, respectively.
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Figure 8.

Marked metabolites from roots of geographical population HB. CKRHBE+ and CKRHBE-

represented HB roots with and without Epichloé endophyte under control, respectively; SSRHBE+ and SeRHBE—
represented HB roots with and without Epichloé endophyte under Se treatment, respectively.
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E—fH Fk (P<0.001) . Jii AN E-+H8 B M 135 70 A
3 #ifb-& ¥ aspartic acid . DL-dihydrosphingosine
2-monopalmitin = B4 . 25 i b i i i) B
HE LA R (P<0.001), 5 3 Fifb &%) B-alanine,
chlorogenic acid. 5-dihydrocortisol 7£ ilIfifi Ak (1)
E—HE PR iP5 B A 2 o T A BE 4 A R
(P<0.001).

HB 5 42 Fh 22 SR 28 A0 1 B0 32 F ki
AL AT S5 AV T o B AR FE G A0t BE 2%
THRAEFA 5 Fiik& WY (asparagine ., tyrosine .
L-allothreonine, biuret, phenaceturic acid) & 5%
R F A F B E-HAR(P<0.001), (AT
7 #ib &) & & (alanine . 4-aminobutyric acid .
pyruvic acid. succinic acid. dehydroshikimic acid
piceatannol , 4-hydroxymethyl-3-methoxyphenoxyacetic
acid) TE AR A BT BRI R P B & 2
TAEMBGFIXTBZEAE T EHEARIR 2 (P<0.001). i
i fe i E+F1 E—HE PR B 2 Hh AR 2 glycine |
a-ketoisocaproic acid & ¥ /KF(P<0.001); #H
B, ANTNARE) B+ A E- A K AL B H A B
glucoheptonic acid I ethanolamine 7% & (P<0.001).
E-+HE K M2 2 £ it i il J5 45 (valine . isoleucine .
proline . [-alanine . aspartic acid . citrulline .
malonic acid .

oxoproline . 3-cyanoalanine .

D-galacturonic  acid L-malic  acid
2,4-diaminobutyric acid .
13 b4t At i 2 8 ol HoAh AR B (P<0.001),
E+FE#R ARG /5 glutamic acid Al putrescine &4
B M R A X B B AR AN AL B B R
(P<0.001). £ E—HL#k o b B e AR 2 7 2
palmitoleic acid Fll palmitic acid & & i 3 i o
HoAh2H (P<0.001).

toluenesulfonic acid)
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SO X BRI YS M bR B &R 205 il
PG WA AL BRI EAT T 2SS AR X 55 iR
BEMWT, R EER 115 Fba YRR S
iR AL B 2] AF 7R B3 (P<0.05) BE R B 3%
(P<0.01)ZE 5%, MM R P<0.001 Ak HHivL 2
S, A 50 Fh AU (R 9): RAR
A 81 A Wy A X A AL B 2 (A 3
(P<0.05) 8% Mt i # (P<0.01) £ 5, MM B &
P<0.001 {EAR G 22 S A QI , 45 AT 33 Bh 2257
QB 10).

HOPEFPRE Y'S Hh E Ry 40 F 22 AR A2 1L
SHEYP T L AL PEAT 5C o BHARARAE AT %) B
AT L B A 2 R 4EA W 3-cyanoalanine |
2-deoxy-D-glucose % i AR T AR FI XS R E-
FEFE(P<0.001), Tifb&% 2,3-dimethylsuccinic
acid TEMAGFIXS B E+HEME & BN B E & T
JInAR A AR E—H Bk (P<0.001), A {2 i E+
A OE-fEAR AR B E AR 4 RS W i
(a-ketoisocaproic acid. citric acid. acetol. purine
riboside) (P<0.001); {HXf 18 E+Al E-FHFEA 9 Fh
& W& & (glycine . serine. ethanolamine .
3-hydroxypropionic acid. raffinose. glycerol,
methyl-B-D-galactopyranoside. phenaceturic acid .
mucic acid)#i i 3 2 F A4 (P<0.001), YS Hi I
Wy E-MBREM M S A 14 Fifb &
(3-aminoisobutyric acid . 4-aminobutyric acid . ribose .
D-talose. a-tocopherol, erythrose. N-methyl-L-
glutamic acid. octadecanol, 3-methylcatechol.
2-hydroxypyridine, 2,3-dihydroxypyridine.
1,3-cyclohexanedione . 4-hydroxy-6-methyl-2-pyrone .
cis-1,2-Dihydronaphthalene-1,2-diol)# i} % & T
HAth2H (P<0.001), 5% aconitic acid TEMNM
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Figure 9.

Marked metabolites from shoots of geographical population YS. CKYSE+ and CKYSE- represented

YS shoots with and without Epichloé endophyte under control, respectively; SeYSE+ and SeYSE- represented

YS shoots with and without Epichloé endophyte under Se treatment, respectively.

4 E—EPR A 5 0 A0 S 5 B e Tl B+ R R R
E-#HFk(P<0.001), Jinffi E+iEEkFILAY) ribitol
F1 4-hydroxycinnamic acid ¥ & 2 3 # 1 HAth
2H(P<0.001),

R TR Ak BERE e 5 s BEAP R Y'S IR AR
33 Fh e AR AR fb . il e S E+F1 E—fE R
Wl FE AL R 9 b5 ¥ (alanine. B-alanine .,
cycloleucine . pyruvic acid. a-ketoisocaproic acid.

carnitine , DL-dihydrosphingosine , acetol, gluconic

acid) (P<0.001), {HX}HE E+F1 E-HE#RIX salicylic
acid L4390 AR 5 i TNl 41 (P<0.001) .
YS E-fEHRAR RTEHEANAG A 15 Fiil G ) (valine |
proline . serine. glutamine , 2-hydroxy-3-isopropyl.
butanedioic acid. glutamic acid. putrescine,
aminomalonic acid. 3-hydroxypropionic acid.
succinic acid, quinic acid. mucic acid. glutaconic
acid, myo-inositol )} i A 1 HAh 2 (P<0.001),
fbEW) sorbitol TEMIAR Y BHAE AR & 8 i 2
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Marked metabolites from roots of geographical population YS. CKRYSE+ and CKRYSE-

represented YS roots with and without Epichloé endophyte under control, respectively; SeRYSE+ and SeRYSE-

represented Y'S roots with and without Epichloé endophyte under Se treatment, respectively.

THAbA , L&Y erythrose 7ENNARY E—AEARAY &
Bl i 2 T E+A) I8 E—HEkR(P<0.001), E—
TRk ILE Y trehalose 75 B i 25 KT X HE B+
FUINARG B+HERE

225 HERFHEEF IR HB 1 YS bR
EERS AR AR ZFEAEY . K7 FIE 8 ]
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9 #': methyl phosphate. o-ketoisocaproic acid,
glycine. f-alanine. malonamide. aspartic acid.
putrescine . citrulline, tyrosine. K 9 FlE 10 %
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¥ . 3-hydroxypropionic acid. o-ketoisocaproic
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acid . proline . serine ., erythrose .aminomalonic acid .
acetol. mucic acid,

ML a1 7 HB AR R 353 A 9 Y'S Af P Hb
ER 2 HAR Y, R I AR Y 25 SR
5 Fb.
malonamide, ribitol, purine riboside, Hi&l 8 I
& 10 A%, HB FEARHR R A Y'S A HRAR R AL W] 22
SR YAH 14 F. pyruvic acid . alanine .

a-ketoisocaproic acid. valine. isoleucine. proline.

a-ketoisocaproic acid . glycine .

succinic acid., L-allothreonine, B-alanine. aspartic
acid, glutamic acid. putrescine., myo-inositol .

glucoheptonic acid.

3 WifLgn

HAE ISP A ROR L Z A TR B0 . 7 B4y
A IR R st R S 22 TR e P, R
FETRL S R IR T 5 . IR 6 AR
MO SRR, A R I PN A T TRDGT S S e B
HhAEEIERIMR R . BRI —8, T gD
43 WIS ZnCl, (500 mg/L)aE, CdCl, (100 mg/L)kk
PR AESES5E BRI B PR, S5EEREH, SXT A
FLt N Zn BE & 340 E+F0 B-HIRR O BR =7 , T
T Cd g2 M AR K (P<0.05) 5 PIRh AL HLX HhAE
FFBEREIMERA 225, Zn AbFEX R ARESE
E-+H1 E—FH AR 5r BEEL A SE AN B fi 5 Cd AbFEBH (g
fEF E+r= oy BERL, (RN E—AH PR 2> BERE )
(P<0.05). 430 & BUAm b BXT 2 A~ Hi FE AP E+
M EMEARMR R . IR AR ERYRA B
HFRFNEE HB &Ml AN H S BRI Rk o BEEGR T
WAL HE E—AE AR . AN Se 19 YS E+A1 E—fH kK
(P<0.05).

Lee SFWF5E 3B, WS INAS [ ¥ 52 1) i i

(A RS A S SR AN A5 2 ok e 15 3 4 5 Tian 451
KH GC-MS F AR AL P 2100 pmol/L)
A9 ACEE 7, e B 0 AR AR 64 42 #E - serine |

D-erythronolactone . melezitose . tyrosine., glucose-
6-phosphate . B-alanine. S-carboxymethylcysteine.
D-fructose 1,6-bisphosphate 5 & I Ft, 1 [ A%
D-glyceric acid. succinic acid. citric acid. L-malic
acid, D-talose . threonine, O-acetylserine 7 i .
Hoewyk 250 M%7 40 2 7 T 5 4009 1 1 oz Ay
A A AR R A R R R A 2R S, KB 340 A4
SRR BRI T, WA 553 Ak ARk Y
I, X Le EREERBAGE SR REES LM
] N S PSRN L Ek 4= N VIBTER EP S g ST 6
WER) . RIS E . Z RS . KIS
Y& s 2 R R AR o ASWE ST 4 SRR B 22 S 1
I AL 2 A2 AN L RO . 4
ZURAL . AN 2 PSRN R . 5 AN A R AT
Po, filfAb PR T HBPEAREE HB R A AR D b
073 v Z2 R AR SR AR AL W B R X i GR 2).

JE AR e 2 A BRI (HB A1 Y S)Hl E R 3
FIARE 2 v Bt 2 92 S P AR W) R 2R AR B R T
SRR ARAE Ak HB 26l Ab 315 E+F1 E—fE kit 135
77 ¥ o-ketoisocaproic acid . carnitine . purine
riboside [ Tl 2 2 - FH(P<0.001), T methyl
phosphate [ &t i i # F % (P<0.001); E+Hl
E-fERR R H glycine fl a-ketoisocaproic acid
o E B (P<0.001), 1 glucoheptonic
acid Fil ethanolamine 7 & #% i & I /> (P<0.001),

fifi kb A AT YS E+ M E- R bk B 4
a-ketoisocaproic acid ., citric acid. acetol # purine
riboside 1) BA(P<0.001), {HAFIF 9 Fifb &4
2
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3-hydroxypropionic acid . raffinose . glycerol .
methyl-B-D-galactopyranoside. phenaceturic acid.
mucic acid) (P<0.001); YS E+H1 E-AG R R P A
9 P& W& e B & 1 i (alanine . B-alanine
cycloleucine., pyruvic acid. o-ketoisocaproic acid.
carnitine ., DL-dihydrosphingosine . acetol ., gluconic
acid, P<0.001), {¥ salicylic acid & &% | & &
Ml (P<0.001),

b BEFRRE AN AR LT S WA R R AR R S A PR
BTG o IS AFSE 6 A AN rh AL S 20l
TR 5 AN TR R R AL D7 % B, R
B2 A PR EHAEMROLAR 5 FORL A 1
BHELZT E-HIHR(P<0.05); 3 /~HbFRFNEEH
PRHLIE W & it 25 = T A A R (P<0.05),
ity 3 A>3t PP B AR RRELIG 105 55 AN TR AR R
BEZF(P>0.05); 3 DHIBIFPEE E+FARALEE M
Tt R E-HEAR(P<0.05), 1 2 /> H RN
E+HE ML (1] AR T E-FRR(P<0.05)27, &
AR 2 2 X R B - A A LT AR AR A G 2R B
¢, UWEW T N AR LR RESUR R R N S AL S
Yy WoKAEY) . A LR AR 5 R S AR MY
ARSI AR B PN A T AR o R
HB Hl YS #tkts bR b Z FhARFEAR US4
AR 5 (3R 2, 3R 3)%t 2 A BRI S E A
Oy FIAR 2 22 St AU AR A A i 3
TEAI AL BB B 26 F Tl i HB AR B3
A 12 F4t5 ¥Y (methionine . lysine . tyrosine .
citruline , maleic acid ., fumaric acid. ribitol, sorbitol ,
4-hydroxycinnamic acid . caffeic acid. isopropyl-f-
D-thiogalactopyranoside . xanthine) ¥ 7% & # i
BT A AR (P<0.001), HAFHERRA 3 F
¥ (glycine . cycloleucine . malonamide) ) &
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ZH4N(P<0.001), 1 2,3-dimethylsuccinic acid A7
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ZE BTk, HARESE 2 AR R L 25 Ab
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Effects of Se and Epichlo¢ endophyte on the growth and
metabolic compounds of Festuca sinensis

Lianyu Zhou', Lu Jiao, J iasheng Ju, Xuelan Ma, Xia Jiang, Feng Qiao

Key Laboratory of Medicinal Plant and Animal Resources of the Qinghai-Tibetan Plateau in Qinghai Province, Qinghai
Province Key Laboratory of Biodiversity Formation Mechanism and Comprehensive Utilization of Qinghai-Tibetan Plateau,
Academy of Plateau Science and Sustainability, School of Life Sciences, Qinghai Normal University, Xining 810008, Qinghai

Province, China

Abstract: [Objective] To investigate the effects of Na,SeO; and Epichloé sp. on Festuca sinensis, we studied the
growth indexes and metabolic compounds. [Methods] By using gas chromatography-mass spectrometer, we
detected the metabolic compounds of the shoots and roots of F. sinensis two geographical populations with and
without Epichloé endophyte, and metabolite differences were determined among treatments using LSD test.
[Results] Geographical populations Haibei (HB) and Yushu (YS) respectively had 206 metabolites and
205 metabolites. There were significant differences in metabolites between shoots and roots. Geographical
population HB shoots, HB roots, YS shoots and YS roots, respectively showed 27, 42, 40 and 33 marked
metabolites using LSD (P<0.001). These marked metabolites were some nitrogen compounds, carbohydrates and
organic acids. 9, 8, 5 and 14 common marked metabolites were respectively found between HB shoots and roots,
between YS shoots and roots, between HB and YS shoots, and between HB and YS roots. Epichloé endophyte
caused a highly significant increase in tyrose for geographical population HB shoots and roots (P<0.001). Selenium
induced highly significant increases in a-ketoisocaproic acid in HB E+ and E- shoots and roots (P<0.001). There
were highly significant increases of aspartic acid for HB shoots and roots by interaction of the Se and Epichloé
endophyte (P<0.001). In addition, selenium treatment highly significantly increased a-ketoisocaproic acid and
acetol for shoots and roots in geographical population YS E+ and E- (P<0.001). [Conclusion] There were
significant differences in metabolites of the shoots and roots of two geographical populations. Epichloé endophyte
infection and/or selenium treatment can increase the concentrations of some compounds.
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