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The effect of elevated atmospheric CO, concentration on gene
expression of peach aphid fed on different genotypes of Arabidopsis
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Abstract [Objectives] Global atmospheric CO, concentration which has been increasing at an accelerating rate attracted
widespread attention. Most of studies were focused on the response of plant to elevated CO,, but little was known about
whether elevated CO, can change the performance of herbivorous insects. [Methods] In this experiment, the effects of
elevated CO, were evaluated on the transcriptome changes of green peach aphid Myzus persicae fed on two Arabidopsis
genotypes, a Nprl mutant (deficient in salicylic acid signaling pathway) and wild-type control (wt) by using high-throughput

screening technology. [Results] The study showed that the increase of atmospheric CO, concentration only promoted the
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weight of green peach aphid fed on nprl mutant but had little effect on aphid fed on wild type plants. In addition, the weight of
aphids fed on nprl genotype were significantly lower than those of the wild type under ambient CO,. Furthermore, we used
pathway enrichment analysis to identify metabolic pathways or signal transduction pathways that were significantly enriched
in DEGs (Differential Expressed Gene) relative to the whole transcriptome background of green peach aphid associated with
different treatments. Among all the genes 220, 274, 661 and 536 genes were significantly enriched in DEGs when aphids
responded to elevated CO, fed on wt plants, elevated CO, fed on nprl plants, plant genotypes under ambient CO,, plant
genotypes under elevated CO,, respectively. Among all the genes subjected to KEGG pathway annotation and enrichment
analysis, 9, 16, 12 and 15 pathways were significantly enriched in DEGs when aphids responded to elevated CO, fed on wt
plants, elevated CO, fed on nprl plants, plant genotypes under ambient CO,, plant genotypes under elevated CO,, respectively.
The common pathways significantly enriched in DEGs when aphids responded to plant genotypes under ambient CO, and
elevated CO, fed on nprl plants: protein processing in endoplasmic reticulum, proteasome, pyruvate metabolism and antigen
processing and presentation. [Conclusion] The effects of elevated CO, on aphid weight exhibit host plant genotype-specific.
The enhancement of elevated CO, on the body weight of aphids associated with nprl mainly due to the increase of aphid
primary metabolism including amino acid metabolism, fatty acid metabolism as well as carbohydrate metabolism.
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F1 W-IEE CO,vsnprl-IE&E CO, pathway BEMEEE
Tablel Pathway significancetests of wt-ambient CO, vs nprl-ambient CO,

No Pathway DEGs with pathway ~ All genes with pathway ~ P-value
’ annotation (410) annotation (35 549)

1 Proteasome 12 (2.93%) 135 (0.38%) <0.0001

2 Ribosome 16 (3.90%) 365 (1.03%) <0.0001

3 Oxidative phosphorylation 14 (3.41%) 374 (1.05%) 0.000 1

4 . L . i 19 (4.88%) 862 (2.42%) 0.002 7
Protein processing in endoplasmic reticulum

5 Histidine metabolism 4 (0.98%) 76 (0.21%) 0.011 6

6 . . . 7 (1.71%) 225 (0.63%) 0.016 1
Antigen processing and presentation

7 Spliceosome 18 (4.39%) 949 (2.67%) 0.028 2

8 Pyruvate metabolism 6 (1.46%) 200 (0.56%) 0.029 1

9 D b- D-glutamine and 1 (0.24%) 3(0.01%) 0.0342
D-glutamate metabolism

10 Oocyte meiosis 12 (2.93%) 578 (1.63%) 0.037 4

11 . . 18 (4.39%) 914 (2.57%) 0.037 8
Regulation of actin cytoskeleton

12 Endocytosis 16 (3.90%) 847 (2.38%) 0.038 3

F2 wWt-FtE CO,vsnprl-F+5 CO, REMHE&E
Table2 Pathway significance tests of wt-elevated CO, vs nprl-elevated CO,
No Pathway DEGs with pathway ~ All genes with pathway ~ P-value
’ annotation (3 1 7) annotation (35 549)

1 Ribosome 18 (5.68%) 365 (1.03%) <0.0001

2 Oxidative phosphorylation 12 (3.79%) 374 (1.05%) 0.000 1

3 , , _ 8 (2.52%) 225 (0.63%) 0.001 0
Antigen processing and presentation

4 . . 6 (1.89%) 170 (0.48%) 0.004 3
Glycolysis/Gluconeogenesis

5 . . . . ) 7 (2.21%) 243 (0.68%) 0.006 4
Valine, leucine and isoleucine degradation

6 Pyruvate metabolism 6 (1.89%) 200 (0.56%) 0.009 3

7 Spliceosome 16 (5.05%) 949 (2.67%) 0.011 8

8 Tryptophan metabolism 5 (1.58%) 170 (0.48%) 0.018 5

9 D- b- D-glutamine and 1(0.32%) 3(0.01%) 0.026 5
D-glutamate metabolism

10 Histidine metabolism 3 (0.95%) 76 (0.21%) 0.030 6

11 Proteasome 4 (1.26%) 135 (0.38%) 0.033 1

12 Metabolic pathways 62 (19.56%) 5552 (15.62%) 0.034 0

13 Propanoate metabolism 4 (1.26%) 148 (0.42%) 0.044 0

14 B- Beta-Alanine metabolism 4 (1.26%) 150 (0.42%) 0.045 8

15 3 (0.95%) 91 (0.26%) 0.048 0

Terpenoid backbone biosynthesis
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%3 W-EH COvswt-F#+5 CO, REMEE
Table3 Pathway significance tests of wt-ambient CO, vs wt-elevated CO,
All
No Pathway DEGs with pathway genes with pathway P-value
‘ annotation (128) annotation (35 549)
1 Oxidative phosphorylation 7 (5.47%) 374 (1.05%) <0.000 1
2  MAPK MAPK signaling pathway 9 (7.03%) 740 (2.08%) 0.001 4
3 . L . ) 9 (7.03%) 862 (2.42%) 0.004 0
Protein processing in endoplasmic reticulum
4 . . . 4 (3.13%) 225 (0.63%) 0.009 0
Antigen processing and presentation
5 VEGF VEGF signaling pathway 4 (3.13%) 233 (0.66%) 0.010 1
6 Phagosome 6 (4.69%) 541 (1.52%) 0.013 8
7 Wnt Wnt signaling pathway 6 (4.69%) 631 (1.78%) 0.026 9
8 Ribosome 4 (3.13%) 365 (1.03%) 0.043 3
9 . SNARE. . 2 (1.56%) 98 (0.28%) 0.048 8
SNARE interactions in vesicular transport
%z 4 nprl-IEE CO,vsnprl-F& CO, pathway B&E M EE
Table4 Pathway significance tests of nprl-ambient CO, vs nprl-elevated CO,
All
No Pathway DEGs with pathway genes with pathway P-value
. annotation (193) annotation (35 549)
1 Proteasome 7 (3.63%) 135 (0.38%) <0.0001
2 ) ) 6 (3.11%) 170 (0.48%) 0.000 3
Glycolysis/Gluconeogenesis
3 Pyruvate metabolism 6 (3.11%) 200 (0.56%) 0.000 8
4 L . . 5 (2.59%) 166 (0.47%) 0.002 1
Arginine and proline metabolism
5 . . 6 (3.11%) 345 (0.97%) 0.011 7
Pentose and glucuronate interconversions
mRNA mRNA surveillance pathway 8 (4.15%) 575 (1.62%) 0.013 7
Wnt Wnht signaling pathway 8 (4.15%) 631 (1.78%) 0.022'5
8 . . . 4(2.07%) 225 (0.63%) 0.034 7
Antigen processing and presentation
9 . . . . 4 (2.07%) 230 (0.65%) 0.037 1
Glycine, serine and threonine metabolism
10 tRNA Aminoacyl-tRNA biosynthesis 5 (2.59%) 340 (0.96%) 0.038 5
11 Citrate cycle, TCA cycle 3 (1.55%) 142 (0.40%) 0.042 5
12 . ) 5(2.59%) 351 (0.99%) 0.043 2
Porphyrin and chlorophyll metabolism
13 Epithelial cell signaling in Helicobacter pylori 4 (2.07%) 242 (0.68%) 0.043 4
infection
14 . . . . . 4 (2.07%) 243 (0.68%) 0.044 0
Valine, leucine and isoleucine degradation
15 - Starch and sucrose metabolism 6 (3.11%) 471 (1.32%) 0.044 3
16 9 (4.66%) 862 (2.42%) 0.046 5

Protein processing in endoplasmic reticulum
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Fig.5 Differentially expressed genes of protein processing in endoplasmic reticulum
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A. Differentially expressed genes of protein processing in endoplasmic reticulum of aphid fed on different genotypes under
ambient CO, concentrations and nprl mutant genotypes of Arabidopsis under elevated and ambient CO, concentrations (a:
The number of specific genes of wt-ambient CO, vs nprl-ambient CO,; b: The number of common genes; ¢: The number of
specific genes of nprl-ambient CO, vs nprl-elevated CO,); B. The amount of gene expression (TPM) of protein processing
in endoplasmic reticulum of aphid fed on nprl mutant genotypes of Arabidopsis and wild-type genotypes of Arabidopsis
under ambient CO, concentrations; C. The amount of gene expression (TPM) of protein processing in endoplasmic reticulum
of aphid fed on nprl mutant genotypes of Arabidopsis under elevated and ambient CO, concentrations.
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Fig. 6 Differentially expressed genes of proteasome pathway
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A. Differentially expressed genes of proteasome of aphid
fed on different genotypes under ambient CO,
concentrations and nprl mutant genotypes of Arabidopsis
under elevated and ambient CO, concentrations (a: The
number of specific genes of wt-ambient CO, vs
nprl-ambient CO,; b: The number of common genes; c:
The number of specific genes of nprl-ambient CO, vs
npr1-elevated CO;); B. The amount of gene expression
(TPM) of proteasome of aphid fed on nprl mutant
genotypes of Arabidopsis and wild-type genotypes of
Arabidopsis under ambient CO, concentrations; C. The
amount of gene expression (TPM) of proteasome of aphid
fed on nprl mutant genotypes of Arabidopsis under
elevated and ambient CO, concentrations.
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Fig. 7 Differentially expressed genes of pyruvate
metabolism pathway
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A. Differentially expressed genes of pyruvate metabolism
of aphid fed on different genotypes under ambient CO,
concentrations and nprl mutant genotypes of Arabidopsis
under elevated and ambient CO, concentrations (a: The
number of specific genes of wt-ambient CO, vs
nprl-ambient CO,; b: The number of common genes; c:
The number of specific genes of nprl-ambient CO, vs
npr1-elevated CO,); B.The amount of gene expression
(TPM) of pyruvate metabolism of aphid fed on nprl mutant
genotypes of Arabidopsis and wild-type genotypes of
Arabidopsis under ambient CO, concentrations; C.The
amount of gene expression (TPM) of pyruvate metabolism
of aphid fed on nprl mutant genotypes of Arabidopsis
under elevated and ambient CO, concentrations.
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