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Study on the differences of root exudates between
two ecotypes of Sedum alfredii based on metabolomics

LUO Qing SUN Lina ™" WANG Hui
(Key Laboratory of Regional Environment and Eco-Remediation of Ministry of Educatione, Shenyang University, Shenyang, 110044, China)

Abstract; Components of Sedum alfredii root exudates were surveyed by gas chromatography-mass
spectrometry ( GC-MS). The variation of root exudates from two ecotypes of S.alfredii under Cd stress
was explored by metabolomics analysis, and the probable effect mechanism of S.alfredii for tolerating
or accumulating the heavy metal Cd was discussed. The root exudates were collected after 0 and
40 pmol-L™" Cd treatment for 4 days. The collected solution was lyophilized and eluted with
methanol. After derivatization with methoxyamine hydrochloride and N-methyl-N-trimethylsilyl
trifluoroacetamide, the samples were analyzed by GC-MS. Sixty-nine compounds were detected and
identified. Principal component analysis (PCA) and orthogonal partial least-squares discrimination

analysis ( OPLS-DA ) were carried out for pattern recognition and a clear separation among the
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different treatments was achieved. Eighteen compounds which resulting in the separation among the
different treatments were found and identified. The relative contents of these eighteen compounds
varied under the different treatments. These results indicated that S. alfredit could be able to adjust
the secretion of root exudates to tolerate or accumulate Cd.

Keywords : sedum alfredii, metabolomics, root exudates, GC-MS.
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1 #BS 7 ( Materials and methods)

1.1 AR 5]

Trace GC Ultra-PolarisQ AR (15 % BT (BC AL/AS 3000 [ ShiEAESS M Xealibur 1.4 TAERY, 5
ThermoFisher /A ) , MG-2200 &MY ( H ARG BAL /A F]) ,FDU-1100 B2 AT R4 ( HA
R HAEAT).

FH s (o34l Fisher A H) ) MEIE (05 40, 2582 A1) | N-HT JE-N-= F 2 = 950 £ Bt e ( N-Methyl-N-
Trimethylsilyl Trifluoracetamide, MSTFA) | F S ERFRER (Sigma A H]) |, B IR Y B fe CACL, ( [FH 254
), SEER KA Milli-Q 25 25F-K.

1.2 FEHYI R RIS 55 5

DLHCAS A M T v 4R AT DX R8T 1L A= 38 B AR 1 37t K OB 3 SEAB A, HE ) L7745 P BH T 28 X AE 5 el FE
FA) 7] i X6 REAE ) 3 42 5 ( Sedum sarmentosum Bunge , I & EAH Y, NHE ) S L AE 9. e £ 48 K R 4 40
FEAR SR, BICE TR 5 em K7 RS, D8l B HF 0 it R o 0 i i - (6—8 R &2 4q )
FH 300 mL A2 G BURHIET 3R e H 25 PRI THURG 3R (20 4 d ) BRIG R BB R CE IR
NS UL SCHR[8]) K5 3R], A 4 d BE¥ 1 KB SR, FH 0.1 mol- L™ NaOH 5 0.1 mol - L™" HCI #7157
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FEW pH (HZE 5.5, [RIATAR R 24 h A GELEREFE 16 d, R K IR R )5, FFLRIET Cd A BE, 15 2 4~ Cd
JKF20 pumol « L™ 1 40 pumol « L™, LA CACLIES A, BAKFEE 11 KB4 1 B, 3L 44 Z.Cd bFE 4 d
IELIE il el
1.3 AR ARSI AR A E

AR R e R E IR IR 2B K rh AR 2R 3 B S YR AR 50 mL 2588 oK I3 s 48 (H
RO AT ARG, ELLIEE 6 h AR R MBI AR R - Y FAL B A5 AE AL GC-MS 73 M 225
Katsumasa 251 Lisec 251077150 B0 U8 AR 2R 0 W0 T B 25 W R TR ML B % T ,HATA ) 10 mL B
Bk HAE RS 2R, AR T, A 40 pl 20 mg-mL ™" A9 S NEER R R I WE VA T, 37 °C ) 2 h IR
BHR% , SR A 70 wL MSTFA 37 °C S 30 min JFAERENR . SN 5¢ U ,0.45 pm JEREITIE R GC
FE/N %‘FL # GC-MS 4347

C /T &4 . 4354 Thermo TR5-MS B (30 mx0.32 mmx0.25 pwm) ; (O i%FE THERR T 9116
“{J]E]'J; 70 °C ,{%Tﬂ‘l min, L 1 °C-min HFE 76 C ,HLL 5 °Comin A 330 °CIHAFEFF 10 min; ]_##D( .
230 °C; #HS BV A, SN 99.999% , B H N 1 mL - min™ (FHI) 5 A7 20 A 40t it
¥, T MR 0.75 min, 43 N 50:1; HEFE R .1 ulL.
S APHT A EL B T LB LI 70 eV 5 8 TR :250 °C  fFHZRIRIE :250 °C ; Bl 77 X

é?ﬂ?” FAHEF A 50—600 ; 3 7 ELR A ] : 3 min.
L4 Bkt B 5534

GC-MS JsUhHdi R AT AMDIS H st 58, 3F SH A W& 5 Fiehn F1 GMD EEXT X ARTLEE
KT 70% WG T TIAE , SR5FIH] MET-IDEA X AMDIS i i 45 SR 4T 2 U Ab B MET-IDEA )
SHRLEIT (1)@?‘% GO FIJUETE - 0. 1; Fre/ AT 0.3 3 T R B - 65 W IR/ 25 AR R - 1.5 AR 1Y
PR BRI S B2 £ 0.95; W 2R %03 (2) Biil . B 7~ PF s BT AS BE . 0.1; By . 0.5 (3) AMDIS ; HFBR
BFAIE, 73,147 281,341 415 Bk MR, 50; 2053 B T, 15 (4) JH T RIE 9 €8 3% 06 £ B2 I 1]
9.30 min.

¥4 MET-IDEA L0 B 1 © %5 MR 2R 700 10 S5 1) U T BGHE A AR EAL AL B0, AR fEAL AL B 7 5 - LA
S BZAL G Y 0 [F]— AL B R BORE S D Bl TS 2 A AL B4 1R RO RE A Rz Ak & W g e
AT ARG DA — Ikt BRAZ AL W 0 [R]— Ab B 25 A 09 BT A i iz A & W 1 1 X e i AR K O F A AL
b B B A Z2 e BAE T B SIMCA-P 13.0 SR 78085 04 , 64 750808 0 A i i 62845 T Mean-
centering Z(Hf AL A1 Pareto-scaling 5 BE fb, D5 Bk M 8 S A e () 52 . >R FH 35 B 43 43 A ( Principal
component analysis, PCA) F11E3Z i fic /N —- 332 5] 4347 ( Orthogonal to partial least squares discriminant
analysis, OPLS-DA) X EHEFEAT T BIRFAEASHIBT SRS L RSB H 51 53-#r , S 1 S A B A ml S ok
He R UG R OPLS-DA #E4T 1 28 UG UE. 3l i OPLS-DA 1 2k i 141 F 45 24 7 A2+ %2 [H] 7
( Variable importance factor, VIP) , DL I/l N7 #6722 4387 ((Analysis of variance, ANOVA) 2k 54
A TR AR AR S B AR S R 28 S W AR AR A A B

2 5 R 51718 (Results and discussion)

2.1 WRZWH GC-MS 43y

W GC-MS 2 BIFAEA FK B (0 F140 wmol - L' Cd) 41 T B B A AR B S A S 50 4R Bl
FAR RSP BB T s (TIC) , WA 1.

¥ GC-MS #R1FHY I iR B 5 A AMDIS ST R34, T 55 Fiehn F1 GMD i FEHEA T HUXT , HLAG:
WFEEEH 69 MEAY. X b AP uFE iR FLIR B .8 SIS/ N TA VIR, SiE R 5o 2R
TR 22 Z R E IR , AN A A0 VB s e 0 =8 bl A S B AR L
KR FHTR RSN T
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Fig.1 The GC-MS TIC chromatograms of the root exudates from the hyperaccumulator and

non- accumulator S. alfredit under different Cd stresses
(A) HE under 0 pmol-L™' Cd  (B) HE under 40 pmol-L™' Cd
(C) NHE under 0 pmol-L™" Cd (D) NHE under 40 wmol-L™" Cd

2.2 FAEFE I

AT ARG A RER RS S AT RE MU D TEAE SR AR R AL B A S I R AT RS LA A AR E N
AR ZE ARG 32 LA PIAN 5 D6 4B ik R A 7 4 il 45 W

(1) B FHEREAR (QC) B AII A BRI 51 v, 45 10 MEERAEA 14> QC.

ARG 2 3 W 2 — A ) A B AT, B BRI BARE &9, T A Re i i i BARE &
Pt 75 il 28 QC HEAS ; [RIET , B TR AE R BRI —PE R BOT KA R AR R - AE & (QC FEAR)
MELLARAS, (A5 X D5 ik B AT AL PRI AR IEA T QC A i M A Ay PRI M. R L, 76 S BRAE iy R 20 ok A o X
R M AR MR T I kB — A PR R AE N QC FEAR ARBIGY L 44 R R I FE
fi, e EAT 5 R QC FEAS AN, B QC AEASAE Ry SEBRAE S A3 HT 1) — IR &5 5, BALERT 6 4~ QC FEAR Y
GC-MS Hd . AT EIE A T 5 41545 6 1> QC AEACH) PCA 183K (K 2) 45 5 R, I B QC REAR AL T
95% EAF X AN, 22 SEAEGE T4 ] 35652 T LN, Uiz O 2 LU B R

-15 L L 1 1 L L n I 1 L 1 L 1 I .
=20 -15 -10 -5 0 5 10 15
1]

B2 QCHAH PCA 15457
Fig.2 Score plots of quality control (QC) samples generated by PCA

[ XF Ay QC FEAS (I ) O3 B I ) EA 5 20 Ar , MET-IDEA DL —NREAS ) O3 B R T 4 DA o v £ PR

A R] , LA (4 O3 B I )5 s o O B I TR S, I AT R AR ) O B ) 0 22 240/ T 0.3 min, W 7L
Pt RE D G ) T B RS PR B I R] A i 25 55 ).
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(2) AFELUN I REAR SR AR N FEATEAT BEAL S BT A 75 =X, R mT R a2 Ak PR 28 S DU 7
HIANFRRE 5 R B 4 [H) 22 5.
2.3 BRI

SRR B 1) PCA 53 H Xt SRR B AR FE 254 (0 A1 40 wmol - L' Cd) F & &£ A & SR SR
A R O S AR 2R 2 I 2 S o0 A T 40 AT, 5 SR DL RT3 NIEL 3 T LI H AR 251 T (At 3K - |
ARE SRR FIRE S R T 25 580/ BRI AT, e e A i AR 7E — il s R 14 T AR A i T 22 540
XA K BB AL , BEMEAH B X A0 1ok BE Ah , AN ) A 25 0 7R g 3t K AR 22 A i 10 25 S A K, HLaX 22
S LR AL R T30 22 R B R IR AL BEARIF T AR W R AR S AR B S R AR R AT I 1 22 AR
AR HIIR B SR 25 57 W 0 R AR 2R 70 I ) A Bl 2 3 B A2 A 2R Y AR A B 38 S5 PR I 52
i AT A 4G SR R [ AR S AR R K BOAR BRI 25 57 B M R AR A T AR e S R AR A [ 4
SRR AR R A AR 25 5 i — 2D IR E T X —4518.
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3 AEACFSRAL AT T M w R 5 R A SR R 5t R O 4 AR R W) 1 PCA 1343 &
(@)0 pmol - L™ asb ¥ F A A SRR SR ()40 pumol - LM AAL R B B AL B R R R
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Fig.3 Sample scores from the principal component analysis for identified root exudates from the hyperaccumulator and
non-accumulator S. alfredii under different Cd stresses
( @)HE under 0 pmol-L™"' Cd () HE under 40 pmol-L™" Cd
( A)NHE under 0 wmol-L™" Cd (¥ )NHE under 40 wmol-L™" Cd

KT AR AR K AR AL 4 R AR RN AR T A A S AR RS R I o ] e KR
BE B4 B, SR IE 32 M e/ N e 54341 ( OPLS-DA ) S Z AR AT AL 3 25 4N 8] 4.

VR

(= S A

1.00109/[2]

8L
—-10 1 1 1 L >

-15 -10 -5 0 5 10
1.00016/[1]

B4 RREKFEAPEAM B e EMIE R E£A SR RO EEMRZSWYIE OPLS-DA 1543 F
(@)0 pmol - L™ FEALH R (8 w46/ E BRI A B = (M)40 pwmol - L™ A BE N YR W AR S A M &
(A)O0 pmol - L' #AAH FAYAEE EASMARE K (V)40 umol- L™ HAAb 3 F HydE & A BRI R 5L R

Fig.4 Sample scores of the orthogonal partial least-squares discrimination analysis for identified root exudates from

the hyperaccumulator and non—accumulator S. alfredii under different Cd stresses
( @)HE under 0 pmol-L™" Cd () HE under 40 pumol-L™" Cd
( A)NHE under 0 wmol-L™" Cd  ( ¥)NHE under 40 wmol-L™" Cd
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ME 4 0T LIE 5 PCA 43 HrAH E AR A5 F (RRALBE /K AR RS 5 R T AORE & i B o 1 3R
BEAE—E R AE CRRAL B AR 5 R IEA ) T AR it 5 Jom B 308 b DX D A5 A6 11 B2 Ao R
o 95.5% , RITFHUNAE K 92.7% , R WIiZ AR AV RS 2 I RRAR f b fife BRASE A4 22 S5 iy ELASE 284 1) T f3 g Ao,
RA4f.

2.4 5N EMR R W BN

LI OPLS-DA A1 R St | 388 3ok 3 Pl (8 5 o Rz f14) i, ot &4 18] DX 3 ) SRS R ) L VIP A (B BEAR
K, VIP>1 B2 5 3R B TR H Y STk = TP 29 7KF ) (LANOVA 34 (t-test, P<0.05) U1 AR
[FIACEFRAL B B S AR AR AR M S RIR R W & A W 2 5 Wd o, 25 30
& 5. N HR i H S AR A 21 v FE AR DG I 493 SRS 456 VIP list (VIP> 1) ik i 5881 4340 51 W]
SERAL Y, Bmalad M ST REAR Y ANOVA 437 e 5E T 18 A2 3 W MR R - o, L3 1.

)
L A ©
02F
I ¢ °
0.1 ' [ J
g Qg @ ® °ea ¢
g .. s
g 0 o .
O
r A
2 $ . o
S 0.1 [} ° [
- o o% o 0% ,,
-02f ° °
I A °
_0 3 1 1 1 1 1 1 >
=02 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
0.976393pq[1]

B5  RFEZKFmAR AT AR AR w AR A SR AR R R DA E R R W 9 OPLS-DA 4 ]
(@)X MRS LR (A)Y, SrdA R
Fig.5 Loadings plot of identified root exudates from S. alfredii for the OPLS-DA model
(@)X, the root exudate variable ( A)Y, the group variable

R ARFEDKPRRAL B PE R PR A 25 AR R 5 K 0] 22 57 Wk 3 AR R i ) o

Table 1 Potential biomarkers in root exudates of the two ecotypes of S.alfredit among different Cd stresses (n=11)

(487 Compounds R A A HE Ak R A=A NHE

0 wmol-L™! 40 pmol-L™! 0 pwmol-L™! 40 pmol-L™!
F2 I 2R 2-Hydroxyacetic acid 1.000.13 0.82+0.10 0.000.00 0.61+0.13
HR Oxalic acid 1.00+0.23 0.00+0.00 0.83+0.16 0.13+0.04
F2H TR 3-Hydroxybutanoic acid 1.00£0.38 0.00+0.00 0.16+0.04 0.000.00
FH R Benzoic acid 0.00+0.00 1.00+0.13 1.31£0.07 1.75+0.22
FLERR L-Leucine 0.00+0.00 0.00+0.00 1.00£0.20 0.000.00
WA Phosphoric acid 1.00£0.13 0.840.22 0.08+0.01 0.57+0.11
N =% Glycerol 1.00+0.28 0.33+0.06 0.010.00 0.01+0.00
Z4R Decanoic acid 0.00+0.00 1.00+0.14 0.00+0.00 1.09+0.55
FREEWERE Erythritol 1.00+0.14 0.00+0.00 1.03+0.24 0.00+0.00
A #:H2 Dodecanoic acid 1.00+0.09 2.13£0.26 0.71+0.17 0.60+0.11
TR Azelaic acid 1.00£0.14 0.00+0.00 1.22+0.29 0.000.00
B Fructose 1.00£0.17 0.000.00 0.970.15 1.15+0.35
‘H & Mannitol 1.000.18 0.06+0.03 0.22+0.03 0.40+0.11
A+ A\ n-Octacosane 1.000.12 0.590.10 0.000.00 0.79+0.21
+ /SRR B H TR 1-Monooctadecanoylglycerol 1.00+0.25 1.16+0.49 0.00+0.00 0.78+0.17
B Trehalose 1.00£0.15 0.07£0.02 0.45+0.10 0.66+0.19
. /\E Octacosanol 1.00£0.25 0.00+0.00 0.00+0.00 0.75+0.23

JE[E B Cholesterol 0.00+0.00 0.00+0.00 1.00+0.18 0.00+0.00
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2.5 255 AR R AU B AR Ak S T REAE

F VG T 18 225 WA R 40 W) T AE P Fh A AR B ot R AN TR K 4 AL B 5540 T B A X
Bt I X AR 2RI TR AE AN [R] 4 F (AR AL TR K KR S AL ) R B A X S 0 728 Ak Atk
FF53HT 45 T X AR 3R 43U I 1 1T e v e A .

Xif A AR S AR R B O UL, SR AL FRAE RS D R SE SR WEIR TN R RPE CH R T\
TR A e BEAE 8 M AW Wb, /D BT 4 W i TR B A SRR R R R o,
AL FRREAZ X 8 LA /Wb, YE I E AT A Wb i X — 25 SRR B X 8 AR AR MM T AT RE X
B —E AR L AR R aa 251 T, M A A S AU AR T it R 3 D/ D ik 6 0k 5 0 1) 40 W R R AF X AR 2R
A BT R i Bl AR R 2R I 38 AR 2R S8 LA S AR i 5 1, DA 0 R 26 28 TR0 R i 5 JROX 4 ) T
WAL 5 T I A A 2 TR AR T R e 8 3k Lk 0 1) I R 1 1 AR 2R LA s i B AV L T
FRARAR 22 8] FBIAG RACEA ) 5 2, DA A 0 JE i 4 28 A AR e 55 K ) B A%

H iAo R W, B8 AT LLBROK BEJ5 AR I IR A7 BN, 2B U PR T 22 ) B IR b B & JB Ak &
Yy, %4 R AT, T REAIR T 4 R R sh e A A= TR R B AR I RE S S5 Yk 3R Y Ph
FINE A G A 22 P R A B R R 400, AR ATRAES ROV A 1 A0 o] R PP R A B el A5 5 E: S e
AE5 Y3 s HAERATTS Y 3 Cu A1 Zn AY/KIE AR, Cu FI1 Zn (92 9 Rl A5 PR 304G B s it
B T LA 55 7K Hb kg - 4 () A I 7 A OV M I B ST T (— PR DR R SR ), AR A I I A R
A AT A BT 5 8 S B B A 0 A kb T R A — ORI RO T R X 4 A
FH Y BT 53 18 A DL E .

UR 5 ZFAATF B ( Bacillus firmus ) 53 W 2880 DL L BRKAH TR #E 428 (P Cu Zn) , ZER LY pH 5544
T, AT SCRAY 518 98.3% 74.9% F1 61.8% "7 . 285 Ml e PE () 5¢ M REAT SR THE W T 4R Y
W RfF 2 IF BB T B AERRTE A R AR EENS X BeF sy 2 W, AR BB Z R A B A
—E MWL IERE T, RENS I/ 5 4 SR B sl AR WA ke M B &R A — 2 B VE R (R H T TR
Wl AR A /N T T 4 A A 9 8 /0 DL R

Toie el AR SRR R AR B EAS AR =R, WA S8 T R R TR R EE
SR T R 43I /D | L R | 28 R A /ot TR A H S 1 14 0 b 0 7 A 30 1) 4% 14 488
EEBES 25N B SNy P11 SIEATIR ) Qs VAN N S WPy SR g P (YRR S X A (DR O 2 i
— % BISE.

TR REMS G SR ET B X Cd AR | fif I BE T, I FLAE S 38 i BERR AR AR K 5 4 B 4 T i o i e
A I 38 g AN S N R RE A% i 2 4R R M RR ( Boehmeria nivea (L.) Gaud. ) % 43 J& A 1Y) & 4E Ak
1, 3 HIEIN T 4R MR 2R 1] 3 A aa kR 0 X e F Y R W SR N 4 IR AR A AR R,
A 2 A ) 3 4 T 8 1403 1. AR T 5 A A5 1 2 R e B Rl 4 AR S R 1 e R AE N [R) i ol
AT BA 3522 R AR 3 A B, S %o A AR AE A R 2R Pl S KT A2 B A T 4 J A B AR
LAY B IE A BT Y S 0 235 SRR R 4 11 AR FH 2R (s Ak sidtifh ) .

Xof T AR AR A T AR B S RO U, S A B A% SR T R R 1) 43, 0B T A3l i N Tl e AR
A SRR SRS AR d T e 530, 55T RRA L, B 0 2 Wi /b 13X vT RE DR H AR R TT R
XA — RE S AR AR 8 25 A T, i 4 A A5 A AR T 5t R 3 l B4 2 190 4 B SHe A1 1 AR 2 ) R
B Ak, 2R T3 AR 2R ) FEA S5 AR i o i, DA e 4 AR A8 TR R T e RO R WG T IR ' SR AR A
TRV A 55 ORI Ao el 35K L A5 100 114) 4 b ok AR AP AR 2% ) L )3 £, 2 s 2 i R ) LA s M ) 5
AR AR AT B SR AR g e K AT VR A B IR gT e I, DA AR AR A S B4 OB 7 42 i Ak
AL BB AT R AR BUK H Y Cr Cu Fe Mn Ni F1 Pb S5 4x @ Y | &8 A B EE #4 (1) 7] BE ( Ll B
B Bp A R RR ) T A S e R (O B A SR AR (EL o A R 2L PR R 4 R I AT H RITIA A DL IRGE .

SEE R ANAE S e R e R A R AR R e K T BB (JC4R ) £5F 430, i Ak B 430 e ik /b
F M A SRR R R, Joie & oA B JE N4 A B, 3X 2 M A PR AR 73 . X v] RE 1 BH , 52
SRR B 5300 H 5 7R B SR I 2RI O, 5 2 S I A B OC R A/

BRI R IR AR ER R WY AR e 1 P T 4R W AR Y al kB A T 4R
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SAF TR R W h o H i TR S SR SO B R P RS R BFTEH B OCTE, BT L) HRTG
TENTXT S8R TR AR SRR LR MRS N T A AL A AR 2R or iy
WFFER 2 LR 43 , A AR 2R B S LI AR B R )02 AR Tty 1 T FLIR  BRFARRSE , (e
T AR 5 B AR P AR 2SR B SR K TN TR R0 25 1 T B 25 5 AN 2, BOADRE et o AR b i ¥ s
AR SRR SEAEA I FE A A BOR B 7R B S R AR R I, AT REJE T GC-MS A I 5
BT T, 23 AMDIS f# 45 BUS 5805 B LT B AR RLEE /N T 70% i AR R TREUR LY B
AR XAl GC-MS ARSE [ia 19 70 B 75 85 AN HAR .

3 758 ( Conclusion)

AR HEET GC-MS BEAR MR 2% 7 58 T WA A= S 7R 1 5t R AEAS R A 3 2% 10 T AR
ROWYI R E LS & w22 7 45 R, GC-MS A Hr B AR K I & Mt 69 MR R4 i, PCA 5
OPLS-DA 43 Hr & WA R 418 ( ZR P S R AL ARALFE/KSF ) R A HE 2 40 I 0 RE i vl I B SR 57—l R
A 451 F B MR 22 20 i 0 R o T B I [X 43T, OPLS-DA #% fif [&]  VIP {H Fl ANOVA ZpHril il i B 5 2
iR LR BRI R RAE 18 25 5 W AR R A WA ) I, 8 5 X 3K S AR R 43R0 ST A A X R A R
ARV st K TSRV R0 254 A AR ARG B o A 3R W1, A B P X AR A — 2 IS ARVE T 5 2
R IR N =l ROBE HEE I /e RS AN A \BE B AT e AR — E AR VE .
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