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Abstract: Galls are the abnormal tissues formed by the abnormal growth of plants stimulated by the oviposi—
tion and feeding of gall insects. The nutritional hypothesis suggests that the content of nutrients in gall tis—
sues is higher than that in the gall forming parts of the host plants, while the content of secondary metabo—
lites is lower than that in the gall forming parts of host plants. Andricus mukaigawae belongs to the family
Cynipidae of the order Hymenoptera. It forms galls on the branches of white oak (Quercus fabri). Herein, based
on the non-targeted metabolome, metabolites in galls and host plants at the larval stage of A. mukaigawae
were detected, identified and compared using high —performance liquid chromatography —mass spectrometry
(HPLC-MS). The results showed that there were differences in metabolite composition between the galls and
the galled branches. Lipid content of the galls was higher than that of the galled branches, and the contents
of four kinds of tannins and four kinds of flavonoids of the galls were lower than those of the galled branches,
which supported the nutrient hypothesis. However, the amino acid content of the galls was lower than that of
the galled branches, and the content of some phenolics was higher than that of the galled branches, which
did not support the nutrient hypothesis.
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Table 1 The classification, number and relative abundance of total and differential metabolites identified by HMDB

Metabolite classification Number (relative abundance)® Number (relative abundance)®

Lipids and lipid-like molecules 664 (45.14%) 171 (40.43%)
Phenylpropanoids and polyketides 235 (15.98%) 86 (20.33%)
Organic oxygen compounds 173 (11.76%) 45 (10.64%)
Organoheterocyclic compounds 162 (11.01%) 45 (10.64%)
Benzenoids 98 (6.66%) 35 (8.27%)
Organic acids and derivatives 96 (6.53%) 31 (7.33%)
Nucleosides, nucleotides and analogues 6 (1.09%) 5 (1.18%)
Lignans and neolignans 12 (0.82%) 3 (0.71%)
Organic nitrogen compounds 8 (0.54%) 1 (0.24%)
Alkaloids and derivatives 4 (0.27%) 1 (0.24%)
Hydrocarbons 2 (0.14%) 0
Organosulfur compounds 1 (0.07%) 0

Total

1 471 (100.00%)

423 (100.00%)

A A AR ARBALEIE B (HMDB) % 2
LEE S Rk RN €

Notes: *
tive abundance of differential metabolites identified by HMDB.

refers to the number and relative abundance of total metabolites identified by HMDB.

89 SR 09 F Ao A xT O A AR AR 4L 8035 B (HMDB) % 2 49 2 F Kt

B refers to the number and rela—
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Fig.1 Volcano and OPLS-DA plot of metabolites in host twigs and insect galls of A. mukaigawae
(A) OPLS-DA model verification diagram of host twigs and insect galls of A. mukaigawae; (B) OPLS-DA map of host twigs (TW)

and insect galls (IG) of A. mukaigawae; (C) Volcanic maps of the metabolites in host twigs and insect galls of A. mukaigawae.
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Fig.2 KEGG metabolic pathways of differential metabolites in host twigs and insect galls of A. mukaigawae
(A) KEGG metabolic pathways with differentially enriched metabolites in host twigs and insect galls of A. mukaigawae (top 10);

(B) Differential metabolites of flavonoid biosynthesis pathway; (C) Differential metabolites of isoflavonoid biosynthesis pathway;

(D) Differential metabolites of tryptophan metabolism pathway.
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Table 2 Main differential nutrients and secondary metabolites of A. mukaigawae galls and gall-forming twigs

Compound name

Category Comparison of content”

Amino acid and peptides
N-Acetylhistidine
Tryptophyl-lysine

Lipids and lipid molecules
Glucosylsphingosine
Mupirocin

Terpene
Soyasapogenol B 3—0-b-D-glucuronide
Hydroxytanshinone
Mabioside D
Notoginsenoside T2
Glycinoeclepin B
Momordicoside L
Corchoroside A

Phenols
Phloridzin
5—-Hydroxyflavone
2'-Hydroxyisoorientin
Eriodictyol 7-(6—galloylglucoside)
Ptelatoside B
Aloesol 7-glucoside
Divanillyltetrahydrofuran ferulate
Isomarasmone
Biflorin

4-Hydroxy—benzenepropanedioate

Tetracarboxylic acid and its derivatives

Sandoricin
Tannin
Gallic acid 3-0—(6-galloylglucoside)
Sanguiin H4
Vescalagin

Acutissimin A

Amino acid analogues Decrease
Peptide analogues Decrease
Glyceryl phosphatide Increase
Lipid acid Increase
Monoterpene Decrease
Diterpene Increase
Triterpene Decrease
Triterpene Increase
Sesquiterpenes Increase
Steroid Increase
Steroid Decrease
Flavonoid Decrease
Flavonoid Decrease
Flavonoid Decrease
Flavonoid Decrease
Phenolic glycosides Decrease
Phenolic glycosides Decrease
Furan Increase
Furan Increase
Naphthoquinones Increase
Phenol ester Increase
Tetracarboxylic acid and its derivatives Decrease
Hydrolyzable tannins Decrease
Hydrolyzable tannins Decrease
Hydrolyzable tannins Decrease
Complex tannins Decrease

A RT G BRI, w0 B KR AL A T,

Note: " indicates the changes of compound contents in A. mukaigawae’s galls compared with the gall-forming branches.
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