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The effects of Asian longhor ned beetle (Anoplophora glabripennis)
oviposition scar and artificially simulated oviposition scar on gum
metabolism in Russian olive (Elaeagnus angustifolia)

*% . I . .
QI Ruo-Han  REN Li-Li HAO Ke-Yu PEI Jia-He LUO You-Qing
(Beijing Key Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China)

Abstract [Aim] Adult female Asian longhorned beetles (Anoplophora glabripennis) create ovipositional scars and lay eggs
on Russian olive (Elaeagnus angustifolia) trees, which respond by secreting enough gum to kill virtually all eggs and larvae.
This indicates that the Russian olive has the potential to be used as a trap-tree to control the Asian longhorned beetle. However,
the impact of the ovipositional behavior of the Asian longhorned beetle on the gum secretion of Russian olive trees has yet to
be clarified. This study aims to compare the quantity of gum secreted, and its chemical composition, in response to natural, A.
glabripennis oviposition scars, and artificial scars. [Methods] The gum of Russian olive trees was collected for 15 d from
both natural oviposition scars and artificially simulated scars. The weight of gum from individual scars was measured, and the

amount of soluble protein, soluble sugar, reducing sugar, flavonoids, total phenols, and tannins in gum from each scar type was
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determined. Furthermore, small molecular metabolites in the gum were analyzed using liquid chromatography-mass
spectrometry (LC-MS). [Results] There was significant difference in both the weight, and composition, of gum produced in
response to natural, and artificial, oviposition scars (P<0.05). The amounts of all measured substances in gum produced in
response to actual oviposition scars was significantly higher than that produced in response to artificial scars (P<0.01). A total
of 80 differential metabolites were identified in gum induced by both treatments, 65 of which were up-regulated and 15 of
which were down-regulated in natural scar gum relative to artificial scar gum. Two flavonoids, isorhamnetin and silibinin,
were highly significantly up-regulated. KEGG pathway enrichment analysis of differential metabolites identified the top five
pathways as, protein digestion and absorption, biosynthesis of plant secondary metabolites, aminoacyl-tRNA biosynthesis,
biosynthesis of phenylpropanoids, and tyrosine metabolism, are of which are either directly, or indirectly, related to plant
defense. [Conclusion] Oviposition scars produced by the Asian longhorned beetle induce the Russian olive to produce a
greater quantity of gum containing more resistant substances, than that produced in response to artificial oviposition scars.

These results lay a theoretical foundation for further investigation of the mechanism by which the gum of the Russian olive

kills the eggs and larvae of the Asian longhorned beetle.

Key words Anoplophora glabripennis; Elaeagnus angustifolia; oviposition scars; gum; differential metabolites
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Fig. 1 Scar treatmentsin Elaeagnus angustifolia and their impact on gum production
A, PIFPZIRE AL B B IR R s B. WRP ZIRE SR PR AR 00 . 20 R RO IR R R 4
ZI#& ( Oviposition scar, OS), i [FREXF N A ZFE ( Mechanical scar, MS ).

A. On site photos of two types of scars processing; B. The situation of E. angustifolia gum under two different
scar conditions. The red circle represents A. glabripennis oviposition scar (Oviposition scar, OS), and the
blue circle represents the artificially simulated oviposition scar (Mechanical scar, MS).
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Tablel Comparison of oviposition scar and simulated oviposition scar by the Anoplophora
glabripennis on the amount and rate of gum production in Elaeagnus angustifolia

#4554 Damage treatment

15 d W (%) 15 d gum secrete rate (%) 15 d ik (g) 15 d gum secretion (g)

K4-ZIfE 0S 70.00
L Z 8 MS 58.00

0.36+0.06*
0.18+0.04

0S fRFERA-ZIH, MS fCRHIZIR . 25 TR AR 225 5% (* P<0.05, Mann-Whitney U #:58 ).
OS represents oviposition scar, MS represents mechanical scar. Asterisk indicates significant difference between treatments

(* P<0.05, Mann-Whitney U-test).
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B2 XBEXSFZIEMENZIE 15d FHDPEREFYRIREYREEMITLE
Fig. 2 Comparison of nutrients and secondary biomass content of Elaeagnus angustifolia gum after 15 d of
oviposition scar and simulated oviposition scar by Anoplophora glabripennis

A, PIFhZIRE 6 R ORI P A A i B, PRP 2R S0 SO AU b nT i e & B C. PR ZIRE 2 R U

JEE IR R S s D, PR ZIRE A R U AR T SR B IR 2R AR DU R B S s B IRR 2R

AT A P SR, OS AARKAZIM, MS AURHHUZINE . FRIFE . BIrPEds s-F R SRR . RS FRA
[RlAb PR 257 B3 (** P<0.01, Mann-Whitney U K5 ),

A. Soluble protein content in the gum of E. angustifolia under two types of damage treaments; B. Soluble sugar content in the
gum of E. angustifolia under two types of damage treaments; C. Reducing sugar content in the gum of E. angustifolia under
two types of damage treaments; D. Tannin content in the gum of E. angustifolia under two types of damage treaments;

E. Flavonoid content in the gum of E. angustifolia under two types of damage treaments; F. Total phenolic content in the the
gum of E. angustifolia under two types of damage treaments. OS represents oviposition scar, MS represents mechanical scar.
The same below. Data in the figure are mean+SE. Asterisk indicates significant difference (** P<0.01, Mann-Whitney U-test).
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Fig. 3 Cluster analysis of differential metabolites of gum in Elaeagnus angustifolia under oviposition
scar and simulated oviposition scar by Anoplophora glabripennis
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ORI EEAE; & B ARREHE R B AR 2 572000, a8 EIRpRy, Eak
7N MBI, R @R T 3 25 S AR
A. Heat map of differential metabolite clustering; B. Volcano map of differential metabolites.
0S1-0S3 and MS1-MS3 represent samples under different treatments. Blue and red colors indicate the relative levels of
metabolites, with red indicating higher expression levels and blue indicating lower expression levels. In Fig. 3B, the different

colored dots represent the differential expression status of metabolites, with red indicating upregulated metabolites, blue
indicating downregulated metabolites, and grey indicating metabolites with no significant difference.
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Fig. 4 Differential metabolite classification of gum in Elaeagnus angustifolia under oviposition
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