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Table 1 Process of chromatographic gradient
elution

i 5] Time/min A% B/%
0.0 98 2

1.5 98 2

3.0 15 85

10.0 0 100

10.1 98 2

11.0 98 2

12.0 98 2

iR Fermo Fisher (%1%5. Q Exactive™
HE S ). B2 R a0~ . H 5 FlE P miz
100~1 500; ESIHWEEWMT: BiEH/E: 3.5
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a3, XA P AT O B R) L BT A b
(m/z) ESEN TR, SRI5 1 E AR B B R]
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Fig. 2 PCA used for selection of differential metabolites
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Fig. 3 PLS-DA used for selection of differential metabolites

K2 ERRIGYFIEER

Table 2 Selective results of differential metabolites

P b R ZE 5 A S A B3 A S 23 AU R
Compared samples Num. of total ident. Num. of total Sig. Num. of Sig.up Num. of Sig.down
IEB T
+Se vs. CK 909 69 27 42
TR
+Se vs. CK 433 43 11 32

W ERRUImILR, wEsENVIP>1.0, FC>1.2

Notes: Threshold values were set as VIP > 1.0 and FC > 1.2 when differential metabolites were selected

). AMsiAl, AT LAGE i e AN IR AR, i
3 b SESENTAY B A o AL T A — MR LA Y
AR, TR ATRY . ph RO R AL A B Al

FHER AN EANIEEGRRINE R, Ha  H, fedk DX eCRR R YRt SR, X8
NN, HAH S H AR R, AHERSEROME il SOl R R A SRS P2 R T T
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Fig. 4 Volcano maps of differential metabolites. A-positive ionization mode; B-negative ionization mode.
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Table 3 Top 10 differential metabolites significantly up-regulated under positive and negative ionization modes
in leaves of Torreya grandis seedlings after selenium foliar application

oY= ™= ) = 3 oal

Nan%e)srj)tfl?lz,ﬁz{ites Fjgrijlca Molegzla%rg‘\jveight ﬁf{%g? ﬁrsz[:t fE5FC  log2FC P value
IEB TR
21_'*i—&%g:;;g&?;g;fé}Z-dlpyrimidin-4-y']' C1gHaoN,OS 362.12 4.44 36343  7.009  2.809  0.0418
;g‘(;:;\’;’;‘:g‘;’;yl;;::g_‘g”neéhy"7'(pr°pa”'Z'V"de”e)' CisH40s 234.16 7041 23547 3179 1669 00297
butanedioic acid CogH36010 532.23 6.167 533.24 2.718 1.442 0.037 6
HQH C17H24NgOs5 442.18 7.086 443.18 2.712 1.439 0.000 9
gigl?ﬁtgymg%ow;zo| 4-yhmethanone Ci1H1eNsO; 290.10 1845 29111 2626  1.393 0.0216
JIIES 4 Bigligustilide C12H140, 190.10 7114 191.11 2.524 1.336 0.002 7
6-HEEiE 7L ¥E6-sialyllactose Cy3H39NOyg 633.21 4.907 634.22 2.021 1.015 0.019 8
fif - ¥biHazilsartan Cy5H2oN,4O5 438.14 1.307 439.14 1.931 0.949 0.012 4
tricin 4'-O-(beta- guaiacylglyceryl) ether Cy7H260144 526.15 5.199 527.15 1.874 0.906 0.045 1
aurantio-obtusin Cq7H1407 330.07 5.005 331.08 1.796 0.844 0.046 2
TR
polyphyllin V C39Hg2012 722.42 8.853 721.42 3.761 1.911 0.029 8
C-pentosyl-apigenin O-p- coumaroylhexoside C35H34046 710.18 5.152 709.17 3.399 1.765 0.048 9
i plantagoside Cy1H,04, 466.11 4.792 465.11 2.827 1.499 0.032 2
gracillin Cys5H72047 884.48 8.575 883.47 2.448 1.291 0.017 5
2-aminoethylphosphonate C,HgNOzP 125.02 4.824 124.02 1.860 0.895 0.014 1
rauwolscine hydrochloride C,1H27CIN,O5 390.17 5.431 389.16 1.586 0.665 0.0352
phenprobamate C1oH13NO, 179.09 5.521 178.09 1.549 0.632 0.0197
bruceine A Co6H34041 522.21 5.815 521.20 1.448 0.534 0.000 2
1,2,3-cyclopropanetricarboxylic acid CgHeOg 174.02 1.909 173.01 1.394 0.479 0.027 6

2-aminoadipic acid CeH11NO, 161.07 4.771 160.06 1.386 0.471 0.045 3
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Table 4 The most enriched KEGG pathways after selenite treatment

MaplD* MapTitle P value X y n N
IEB TR
map00230 purine metabolism 0.047 8 3 9 14 139
map00100 steroid biosynthesis 0.100 7 1 1 14 139
map00290 valine, leucine and isoleucine biosynthesis 0.100 7 1 1 14 139
map00232 caffeine metabolism 0.1919 1 2 14 139
map00261 monobactam biosynthesis 0.1919 1 2 14 139
map00630 glyoxylate and dicarboxylate metabolism 0.1919 1 2 14 139
map00904 diterpenoid biosynthesis 0.1919 1 2 14 139
map00910 nitrogen metabolism 0.1919 1 2 14 139
map00053 ascorbate and aldarate metabolism 0.274 5 1 3 14 139
map00780 biotin metabolism 0.274 5 1 3 14 139
map02010 ABC transporters 0.305 6 2 11 14 139
map00970 aminoacyl-tRNA biosynthesis 0.346 0 2 12 14 139
map00220 arginine biosynthesis 0.349 2 1 4 14 139
map00240 pyrimidine metabolism 0.349 2 1 4 14 139
map00250 alanine, aspartate and glutamate metabolism 0.349 2 1 4 14 139
map00310 lysine degradation 0.349 2 1 4 14 139
map00750 vitamin B6 metabolism 0.349 2 1 4 14 139
map00860 porphyrin and chlorophyll metabolism 0.349 2 1 4 14 139
map00260 glycine, serine and threonine metabolism 0.416 6 1 5 14 139
map00902 monoterpenoid biosynthesis 0.416 6 1 5 14 139
map00944 flavone and flavonol biosynthesis 0.416 6 1 5 14 139
map00360 phenylalanine metabolism 0.477 6 1 6 14 139
map00945 stilbenoid, diarylheptanoid and gingerol biosynthesis 0.477 6 1 6 14 139
map00960 tropane, piperidine and pyridine alkaloid biosynthesis 0.5326 1 7 14 139
map00941 flavonoid biosynthesis 0.582 1 1 8 14 139
map01230 biosynthesis of amino acids 0.648 7 2 15 14 139
map01100 metabolic pathways 0.800 8 9 80 14 139
B TR

map00740 riboflavin metabolism 0.0136 2 2 9 73
map00520 amino sugar and nucleotide sugar metabolism 0.071 7 2 4 9 73
map00750 vitamin B6 metabolism 0.123 2 1 1 9 73
map00040 pentose and glucuronate interconversions 0.2328 1 2 9 73
map00440 phosphonate and phosphinate metabolism 0.2328 1 2 9 73
map00710 carbon fixation in photosynthetic organisms 0.330 1 1 3 9 73
map00030 pentose phosphate pathway 0.416 2 1 4 9 73
map00760 nicotinate and nicotinamide metabolism 0.416 2 1 4 9 73
map02010 ABC transporters 0.492 3 1 5 9 73
map01230 biosynthesis of amino acids 0.559 5 1 6 9 73
map01200 carbon metabolism 1 1 8 9 73

*7E: (1) MapID: &#HKIKEGG PathwayJID: (2) MapTitle: & £EMKEGG Pathway##%; (3) Pvalue: HESHIHIP value; (4) x: 5iZi@EH
R Z AW E . (5) y: SIZEBARWE R A REWEHE: (6) n: KEGGHRMZERRHWEH: (7) N: KEGGIERMH =
BT AR % H
Notes: (1) MaplID: the ID of enriched KEGG pathway; (2) MapTitle: name of the enriched KEGG pathway; (3) p value: p value of enrichment
analysis; (4) x: the number of differential metabolites related to KEGG pathway; (5) y: the number of all the secondary metabolites related to
KEGG pathway; (6) n: the number of differential secondary metabolites annotated in KEGG; (7) N: the number of all the secondary metabolites
annotated in KEGG
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Effects of Foliar Spray of Selenite on Metabolome in Leaves of
Torreya grandis Seedlings

CHEN Zhen-sheng', LI Ai-hua?, DU Shi-ping®, HUANG Pei-geng’,
XU Xiu-huan?, NING Bo-lin", LI Wen'

(1. Bobai National Forest Farm of Guangxi, Bobai 537617, Guangxi, China;
2. Forestry Academy of Hubei, Wuhan 430075, Hubei, China)

Abstract: [Objective] To investigate the effects of foliar spray of selenite on metabolome in the leaves of
Torrey grandis seedlings and changes in levels of secondary metabolites in the leaves. [Method] Sodium
selenite of 100 ug-L™" was sprayed to the leaves of 2-year-old seedlings of T. grandis at an interval of 15
days. 15 days after the second spraying, one-year-old leaves were harvested for metabolome analysis.
[Result] The results showed that there were 909 differential metabolites between treatment group and
control under positive ionization mode, with 69 metabolites of significant changes (27 metabolites up-regu-
lated and 42 metabolites down-regulated). Under negative ionization mode, 433 differential metabolite oc-
curred between treatment group and control, with 43 differential metabolites of significant changes (11
metabolites up-regulated and 32 metabolites down-regulated). Some metabolites beneficial to human
health increased significantly in the treated leaves of T. grandis seedlings, such as plantagoside (increas-
ing 2.827 times as control), ligustilide (increasing 2.524 times) , 6-sialyllactose (increasing 2.021 times),
and azilsartan (increasing 1.931 times). [Conclusion] The results indicate that selenite foliar application on
the leaves of T. grandis can increase biosynthesis of beneficial metabolites and accumulation in their
leaves.

Keywords: Torreya grandis; selenium fertilizer; metabolome; biofortification

(LG ZrE)


http://dx.doi.org/10.1345/aph.1Q468
http://dx.doi.org/10.1080/21655979.2021.1948950
http://dx.doi.org/10.1016/0006-291X(89)92743-5
http://dx.doi.org/10.1016/0006-291X(89)92743-5
http://dx.doi.org/10.3390/molecules27227718
http://dx.doi.org/10.1016/j.biopha.2021.112236
http://dx.doi.org/10.1007/s12010-022-03960-2
http://dx.doi.org/10.1007/s12010-022-03960-2
http://dx.doi.org/10.1007/s12010-022-03960-2
http://dx.doi.org/10.1017/S002966511000162X

	1 实验材料与方法
	1.1 实验材料的培养及其硒肥处理
	1.2 非靶向代谢组实验方法
	1.2.1 代谢物的提取
	1.2.2 数据预处理和代谢物鉴定
	1.2.3 数据统计分析


	2 结果与分析
	2.1 总样本和差异代谢物的PCA分析
	2.2 差异代谢物分析
	2.3 KEGG通路富集分析

	3 讨论
	4 结论
	参考文献

