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Metabolomics Analysis of Leaf Response of Southern
Alfalfa under Salt Stress

LI Jiayun,MA Jin, WANG Yichun,ZHU Shaohua
(School of Landscape Architecture,Zhejiang Agriculture and Forestry University, Lin’ an 311300, China)

Abstract: In order to clear and definite the reaction mechanism of alfalfa leaves under salt siress, the
difference in metabolites between wild and mutant alfalfa leaves under salt stress was analyzed by using
comparative metabolomics,and GC/TOF-MS. The results showed that salt stress inhibited the growth of
plant height,root length,above-ground and below-ground dry weight of wild-type and mutant alfalfa. Com-
pared with the control (normal culture) ,the plant height,root length,above-ground and below-ground dry
weight of mutant alfalfa under salt stress decreased less than that of wild type. Besides,41 co-expressed
differential metabolites in both wild and mutant alfalfa leaves were screened out by using PCA and OPLS-
DA. Compared with the control,the content of soluble sugar such as mannose and glucose and fatty acid
metabolites decreased significantly under salt stress while the content of citric acid,fumaric acid, a-keto-
glutaric acid and succinic acid involved in the TCA cycle increased significantly in the wild type alfalfa
leaves. The content of organic compounds such as proline, glutamic acid, inositol and mannose increased
in the leaves of mutants under salt stress. It indicated that the salt-tolerance mechanism of wild alfalfa
might be producing more ATP by promoting the TCA cycle,while the salt-tolerance mechanism of mutant
alfalfa might be accumulating more osmotic substances(such as sugar, inositol , proline ) .
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Tab.1 Effect of salt stress on the growth of wild type and mutant alfalfa

?Téliiﬂ_ Wild type

28 A5 A& Mutant

ERER X HE(CK) AL H(NS) X 18 (CK) AL (NS)
Growth indicator - e NS/CK - m NS/CK
Control Salt treatment Control Salt treatment
s/ em 11.56 £0.26 9.60 £0.24 0.83 11.31 £0.09 9.70 £0. 38 0.86
Plant height
REK/em 20.30 £0.80 18.69 £0.51 0.92 19.80 £0.22 18.44 £0.74 0.93
Root length
B S T A 1.62 £0.02 1.25 +£0.05 0.77 1.85+0.02 1.78 £0.01 0.96
Aboveground dry weight
R T R g 1.66 £0.05 1.20 £0.02 0.77 1.51 £0.01 1.49 +0.02 0.99

Underground dry weight
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Fig.1 Principal component analysis of leaf metabolic
profiles of wild type and mutant alfalfa

under salt treatment
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Tab.2 Metabolic profile changes in leaves of wild-type and mutant alfalfa after salt stress pmol/g
FR ™ 28031 P A= % Wild type 285 & Mutant
Metabolite X (CK) Hhab B (NS) X} 1 (CK) Eh4bFE(NS)
Predicted metabolite NS/CK NS/CK
category Control Salt treatment Control Salt treatment
A HLER FPEERR Citric acid 0.583 £0.117 2.819 +0.634 4.832" 3.349 £0.521 1.489 +0.091 0.445
Organic acid o — il R a-ketoglutaric acid 1.058 £0.076 1.699 +0.117 1.605 ™ 0.481 £0.021 0.173 £0.009 0.359 ™
BEFIAMA Succinic acid 1.752 £0.0569 2.399 +0. 141 1.369 " 2.488 £0.045 1.985 +0.070 0.797
W 5% Fumaric acid 0.614 £0.059 1.267 +0.183 2.063 ™ 0.385 +0.013 0.743 +0.047 1.931™
SRR Malic acid 0.266 £0.006 0.201 +0.005 0.757" 0.340 £0.013 0.280 +£0.013 0.823 ™
FATFEERR Tsocitrate 0.430 £0.072 2.159 £0.502 5.028" 1.629 £0.046 5.372 +£0.052 3.297 ™
kiR Maleic acid 0.961 £0.014 1.402 +0.054 1.459" 1.401 £0.026 0.836 +0.013 0.597
R IR i & /2 Proline 0.519 £0.014 0.824 +0.044 1.589 ™ 0.422 £0.027 1.213 +0.128 2.872°
Amino acid KA Z R Aspartic acid 0.001 £0.000 0.003 +0.000 1.884 " 0.001 £0.000 0.004 +0.000 4.6417™
KAk Asparagine 0.018 £0.000 0.025 +£0.001 1.354 " 0.023 £0.000 0.037 £0.000 1.561 7"
H &2 Glycine 0.125£0.010 0.014 +£0.003 0.113 0.046 £0.005 0.113 £0.007 2.460 "
R 2 Serine 0.086 £0.007 0.012 +0.002 0.143 ™ 0.086 +0.006 0.223 +0.012 2.594
N4 2 Alanine 0.262 £0.032 0.829 +0.028 3.161" 1.307 £0.069 2.095 +£0.089 1.603 "
AR Glutamate 0.187 £0.008 0.011 £0.003  0.061 ™ 0.116 £0.003 2.914 +0.077 25.160*"
752 R Threonine 0.589 £0.152 1.919+0.245 3.256° 0.988 +0.074 4.037 +0.744 4.085"
45 % 2 Proline 0.009 £0.001 0.015 +£0.001 1.686 0.015 £0.002 0.104 +0.005 7.053 ™
#5i  iz Lysine 0.968 £0.088 0.629 +0.059 0.650" 2.369 £0.344 1.315 +£0.045 0.555"
L2 Leucine 1.193 £0.129 0.690 +£0.001 0.578 " 1.266 +0.021 1.418 £0.019 1.120"
B - NA R B-alanine 0.288 £0.012 0.218 +0.001  0.760 " 0.411 £0.029 1.164 +0.164 2.834"
6 W5 182 HHERZ Lauric acid 0.898 £0.008 0.799 +0.005 0.890 " 0.687 £0.007 0.778 +0.006 1.132*
Fatty acid FEHEBZ Palmitic acid 0.049 £0.005 0.028 £0.004 0.562 0.050 £0.001 0.037 +£0.001 0.741"
T g W2 Stearic acid 0.009 £0.002 0.001 £0.000 0.088 ** 0.004 £0.000 0.007 £0.001 1.790
K2 Linolenic acid 0.021 £0.001 0.018 +0.001  0.813 0.015 £0.001 0.013 +0.001 0.882
A E 7 R Myristic acid 0.750 £0.021 0.250 +£0.054 0.333 " 0.519 £0.015 0.217 £0.011 0.418 ™
N E AT H # B Mannose 0.052 £0.002 0.035 +£0.001 0.668 " 0.028 £0.001 0.035 +£0.001 1.253~
Sugar and A B Xylose 0.077 £0.004 0.042 £0.001 0.545" 0.115+0.001 0.095 =0.001 0.819
Polyol F B Galactose 0.011 £0.001 0.017 £0.005 1.582 0.023 £0.001 0.034 +0.000 1.469 ™
6§ P B Trehalose 0.077 £0.004 0.042 +0.001 0.545 ™ 0.115 £0.001 0.095 +£0.001 0.819 ™
JULEE Inositol 0.004 £0.000 0.002 +0.000 0.475™ 0.006 £0.001 0.012 +£0.001 1.850"
Myo — JJLE% Myo-inositol 0.002 £0.000 0.001 +£0.000 0.309 0.002 £0.000 0.006 +0.000 2.573*°
% ZEKE Maltose 1.161 £0.130 0.518 +£0.001 0.446" 1.556 £0.034 0.553 +0.020 0.356
JE -6 — & Fructose-6-phosphate  1.550 £0.098 1.882 £0.058 1.214 0.229 £0.028 1.069 +£0.162 4.675"
6 — Wil %M Glucose-6-phosphate  0.054 £0.007 0.031 £0.001 0.576 0.054 £0.001 0.042 £0.002 0.779 ™
H 2 BE Glucose 0.092 £0.018 0.038 +0.004 0.415" 0.102 £0.005 0.029 +0.003 0.286 "
5 152 45 T Phosphoenol 0.324 £0.021 0.518 £0.013 1.595 ™ 0.672 £0.006 0.482 +0.011 0.718 ™
HoAth N IE % Adenine 0.021 £0.002 0.009 +£0.001 0.456 0.006 £0.000 0.009 +0.001 1.476
Others % Adenosine 0.078 £0.004 0.101 +0.005 1.295* 0.086 +0.004 0.387 +0.008 4.523 ™
W P4 Xanthine 1.235+£0.033 0.577 £0.010  0.467 0.259 £0.014 0.150 +0.008 0.578 **
JR#4Z Alantan 0.069 £0.002 0.087 +0.001 1.246 ™ 0.012 £0.001 0.066 +0.003 5.300
JX Z Carbamide 0.060 £0.001 0.049 £0.002  0.826 0.003 £0.000 0.090 £0.006  30.310""
Ih SR B % 2,5 -pyrroledione 0.036 £0.003 0.389 £0.018 10.705*  0.113 £0.006 7.676 +0.687  67.904*

TE e o SO0 R S AL BEAD CK 22 53 35 (P <0.05) W3 (P <0.01),

Note: # and s indicate that the difference between the salt treatment and the control was significant(P <0.05) and extremely significant(P <0.01).
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Fig.2 Metabolic pathways of wild type and mutant alfalfa leaves under salt stress
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