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Abstract [Objectives] Understanding of the molecular mechanism of interaction between Asian citrus psyllid Diaphorina
citri Kuwayama and huanglongbing which is associated with Canditatus Liberibacter asiaticus (CLas). [Methods] RNA- Seq
technology was used to analyze the transcriptome of CLas infected and uninfected D. citri adults. The differentially expression
genes after CLas-infection were obtained, and their functions were analyzed. [Results] There were 1 502 unigenes that were
differentially expressed between the infected and uninfected D. citri, with 764 up-regulated and 752 down-regulated in the
infected psyllids. These unigenes were assigned to NCBI NR, KEGG and GO database, 1 099 unigenes had significant BlastX
hit with NCBI protein database and their annotations of predicted protien were obtained. Among them, 852 unigenes were
categorized into GO function categories; 931 unigenes were categorized into 239 KEGG pathways. According to the GO
analysis, the unigenes which involved in metabolic process and catalytic activity function were significantly up-regulated.
Among the 53 immune-related genes which showed different express, 28 were related to the cellular immunity, 25 to the
immune signaling pathway, and the up-regulated genes of these 2 groups was 64% and 32% respectively. [Conclusion]
Interaction is present between CLas and it’s vector D. citri. The metabolic activity and the immunoreaction might be affected
as the related genes of these activity differently express in the CLas-infected psyllid.
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gPCR 3 54 480
20 unigenes 3.52x10% nt
Ct Ct Nucleotide 301 nt
Microsoft Excel P Livak and 1282nt  GC 40.93%  N50
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Tablel Theresult of sequence assembly
unigenes nt nt nt nt  GC %
Total number of 11 length Average length  Longest unigenes Shortest unigenes ~ GC content N30
unigenes
54 480 69 825 656 1282 35227 301 40.93 2244
nt Ns50 unigenes unigenes

nt: Nucleotide; N50: All unigenes are arranged from long to short, then adding up from the longest unigenes to the shortest,

one half of the total length is N50.
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Table2 Matching unigenestothe NCBI NR,
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22 ERFTEDIER

[logFC|=2 FDR False discovery
unigenes unlog/enes rate 0.05
0
Database The number of Percentage of
matched unigenes unigenes 1502 unigenes 746
NCBI NR 23 464 43.07 752 3
KEGG 22 161 40.68 unigenes 1099
GO 19 182 3591 73.1% unigenes NCBI
402  unigenes
KOG 10932 2007 &
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Table3 Part of differential expression gene
unigene Infected  Uninfected logFC FDR . .
No. psyllid psyllid Putative annotation
1 Test.comp28312 c0_seql4 2 821.59 0 20.52  5.59>10 *  Cell wall-associated hydrolase
2 CL2Contig5 0 843.32 18.16  4.75x10 % Cell wall-associated hydrolase
3 test.comp28312 c0 seql 698.87 0 18.57 1.45x10 * Cell wall-associated hydrolase
4 test.comp32944 cl seql 2375 0 13.97 5.92x10 2 PREDICTED: nose resistant to fluoxetine
-comp -¢18¢q ’ ' ' protein 6-like
5 test.compl3069 cO seql 871.39 1.18 9.52  4.37x10 *  Nonstructural protein
6  test.comp33081 c0_seql5 36.34 0 13.56 6.27x10 **  PREDICTED: neprilysin-2-like
16 PREDICTED: bifunctional heparan sulfate
7  test.comp27403_c0_seq2 4.41 0 12.34  1.60x10 N-Deacetylase/N-sulfotransferase-like
8  test.comp32865 cl seq7 0 12.82 -12.37  1.63x10 '° No
9  test.comp28312 c0 seql3 8.1 0 12.08  9.96x10 '¢ Cell wall-associated hydrolase
10  control.comp37701 cl_seq6 8.89 0 11.97 1.94x10 Trehalose 6-phosphate synthase
11 test.comp32523 c0 seql 0 8.44 -11.95 1.94x10 Sugar transporter 1
12 test.comp31700_c0_seq6 12.31 0 11.88 2.96x10 *  Dorsal 1C
13 control.comp38007_c2 seqS 4.07 0 11.87 2.98x10 Hypothetical protein TcasGA2_TC000971
_ 15 PREDICTED: hypothetical Protein
14 test.comp31373 c0_seql3 0 9.95 11.81 4.30x10 LOC100161216 isoform 2
14 PREDICTED: bifunctional heparan sulfate
15  test.comp27403_c0_seq9 3.97 0 11.56  2.12x10 N-Deacetylase/N-sulfotransferase-like
16 test.comp31486 cl seql2 9.5 0 1154 243x10 '  PREDICTED: membrane-bound alkaline
- = phosphatase-like
17  control.comp36465_c0_seql9 0 8.53 -11.48 3.41x10 ™ Cell wall-associated hydrolase
18 CL313Contig2 7.18 0 11.44 4.20x10 ™  Hypothetical protein AacL,_AAEL001760
_ 14 PREDICTED: hypothetical
19  control.comp36015_c0_seqS 0 5.08 11.39  5.41x10 Protein LOC100123194 isoform 1
_ 14 PREDICTED: hypothetical Protein
20  control.comp37596 c0 seql8 0 5.22 11.37  6.04x10 LOC100161216 isoform 2
logFC log2 (Fold change) logFC=2 logFC= -2

logFC is log2 (Fold change), if logFC is greater than or equal to 2, it means the expression of gene is up-regulation; if logFC
is less than or equal to - 2, it means the expression of gene is down-regulation.
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Table4 Verification of differential expression

Ct Average Ct

unigenes . . logFC p-anct
No. Putative annotation Uninfected Infected
psyllid psyllid
1 test.comp28312 c0 seql4 Cell wall-associated hydrolase 20.52 12.00 9.43 15.24
2 test.comp32944 cl seql Ig_‘fislferes‘swnt to fluoxetine protein 5 o 32.39 32.48 3.16
test.comp33081 c0_seql5 Neprilysin-2-like 13.56 26.51 22.15 1.17
4  Test.comp30271_cl_seql Heat shock 70kDa protein 1/8 10.31 21.59 20.78 2.41
5 control.comp33039 0 seq9  ~aP guanine nucleotide Exchange ) », 24.47 24.66 5767
factor 2-like
6 CLIContigd74 AMP dea minase 2-like isoform 1 9.08 21.95 22.57 5.24
Adenosine monophosphate-
7  Control.comp37352 c0 _seq7 protein transferase FICD homolog 7.66 34.68 32.55 2.37
8 test.comp28164 c0 seq2 Peroxisomal membrane protein 7.05 23.21 22.96 1.67
PMP34
9  test.comp32523 c0_seql Sugar transporter 1 4.58 22.54 22.69 0.60
10 test.compl3415 c0_seql Type I collagen alpha 1 chain 4.32 23.01 22.34 11.30
11 control.comp38297 c0 seqs  \uclear receptor coactivator 7 4.16 21.39 18.64 3.06
isoform X3
. Deoxynucleoside triphosphate
12 CL381Contig2 triphosphohydrolase SAMHD 1 4.10 22.58 20.90 2.31
13 test.comp32380 cO_seql Diaphorina citri cytochrome c-type , ¢ 21.85 23.58 412
- = heme lyase
14 test.comp28510 cl seql Cathepsin B-like protease 2.47 20.41 22.10 17.32
15 CL1Contigd76 AMP dea minase 2 2.23 20.06 22.24 8.38
16 control.comp37658 c2 seqle s GTPase-activating protein -7.74 2232 22.47 0.80
1-like isoform X3
Hypothetical protein _
17  test.comp31373_c0_seql3 Lot 00161216 foage 11.81 22.09 21.78 0.57
18 test.comp32523 c0_seql Sugar transporter 1 -11.95 21.68 22.84 0.85
19 NADH-dh — 18.05 19.40 —
2hac CLas 27480 CLas 210«

9-BACI_|

The 2" represents gene expression level; if it is greater than 1, the gene expression level of Clas- infected psyllid is higher
than the control; if it is less than 1, the gene expression level is lower than control; equal to 1 means no difference.
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Fig. 2 GO functional categories of differentially expressed unigenes

The number on the column chart is the number of unigenes.
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unigenes
5
Phagosome Lysosome
Endocytosis
unigenes 28 18 64.3% unigenes

24 unigenes
MAPK Mitogen-activated protein kinase
JNK c-Jun N-terminal kinase Toll-like
Jak-STAT Janus kinase/signal
transducer and activator of transcription

TGF-beta Transforming growth factor beta
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Table5 Thedifferential expression unigeneswhich are associated with immunity
unigenes . . . . logFC
Putative annotation Annotation species Database No.
Phagosome
control.comp37549 c2 seq4 Cytoplasmic dynein 1 light EGI65931.1 2.53
intermediate chain 2 Acromyrmex echinatior
test.comp28659 c0 seql Tubulin beta-4 chain -like Anolis carolinensis XP _003216796.1 2.22
control.comp32022 cl1 _seql Putative alpha-tubulin, partial ABG74716.1 2.16
Diaphorina citri
CL4716Contigl Actin Riptortus pedestris BAN20100.1 2.62
test.comp26334 c0_seql Actin, cytoplasmic 2 Ochotona princeps XP_004592907.1 2.93
tost.comp27842_c0_seq2 V—typf; proton ATPase Crassostrea gigas EKC18664.1 2.65
subunit E
test.comp29150 c2_seq3 V-type proton ATP- ase Ceratitis capitata XP_004523388.1 - 2.74
subunit B-like
control.comp36292 c6 _seqll Cathepsin L-like Apis florea XP_003691169.1 3.40
Lysosome
control.comp37335 c0 seq3 CD63 antigen-like isoform 2 Acyrthosiphon pisum  XP_003242650.1 5.97
test.comp721 cl_seql Beta-galactosidase XP_001845062.1 3.71
Culex quinquefasciatus
control.comp36292 c6 seqll Cathepsin L-like Apis florea XP_003691169.1 3.40
control.comp36335 cl seql Sphingomyelin Acyrthosiphon pisum  XP_003241903.1 2.52
Phosphodiesterase-like
isoform 4
test.comp28510 cl_seql Cathepsin B-like protease Nilaparvata lugens CAC87118.1 2.47
test.comp32736_c0_seql Sialin-like Acyrthosiphon pisum  XP_001943734.1 243
control.comp37608 c0 seq3 Cathepsin O-like Bombus impatiens XP_003490694.1 - 3.07
control.comp37086_c1_seq34 i?;?g:s-zcetylglucosa Locusta migratoria AFZ76982.1 - 6.00
control.comp16602 c0 seql Niemann-Pick Clprotein-like XP 003699264.1 -9.20
Megachile rotundata
control.comp37086 c1 seql Beta-N-acetylglucosa Locusta migratoria AFZ76982.1 -10.55
minidase
Endocytosis
control.comp36105_cl_seq3  Rab GTPase-binding effector XP_003700560.1 7.69
protein 1-like Megachile rotundata
test.comp33293_cO_seq3 E3 ubiquitin_protein ]igase XP_0037085241 6.28
NRDP1-like isoform 1 Megachile rotundata
test.comp30119 c1_seq6 Ubiquitin carboxyl-ter minal Anolis carolinensis XP 003228928.1 3.84
hydrolase 8-like
test.comp32218 c0_seq8 Partitioning defective 3 Acyrthosiphon pisum  XP_001943183.2 2.92
homolog isoform 1
test.comp31176_c0_seq3 Phosrestin ii Aedes aegypti XP 001663732.1 243
control.comp36105_c1 seql4 Rab GTPase- binding effector Bombus terrestris XP_003399109.1 - 6.88
protein 1-like
control.comp34799 c0_seq2 L NP 001161658.1 - 8.79
Smad2/3 transcription factor N
Saccogl ossus kowal evskii
Autophagy
CL49Contigl Autophagy-related protein 13 Bombus impatiens XP_003486107.1 -2.27
homolog
Regulation of autophagy
control.comp38078 cl _seql Putative delta-9 desaturase Oncometopia nigricans  AAU95195.1 -3.02
control.comp38078 ¢l _seq9 Putative delta-9 desaturase Oncometopia nigricans  AAU95195.2 -2.21
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43R 5 (Table5 continued)

unigenes . . . . logFC
Putative annotation Annotation species Database No.
MAPK MAPK signaling pathway
control.comp33039 c0 seq9  Rap guanine nucleotide Acyrthosiphon pisum  XP_001952587.1  10.22
exchange factor 2-like
trol. 33626 c0 3 imi - 4.49
control.comp _cU_seq Slmﬂar to voltage-gated o XP 9749582
calcium channel beta subunit Tribolium castaneum -
test.comp31176_c0_seq3 Phosrestin ii (arrestin a) Aedes aegypti XP_001663732.1 243
(arrestin 1)
control.comp33453 c0 seql  Death domain-associated Crassostrea gigas EKC37012.1 -298
protein 6
CL943C01’1t1g1 Adapter molecule Crk, XP_OO24275981 -3.98
putative Pediculus humanus corporis
control.comp35129 c1 seq3 Serum response factor Bombus terrestris XP 003398950.1 - 4.40
homolog isoform 1
control.comp32651 cl seq3  Phospholipase A2-like Acyrthosiphon pisum  XP 001948432.1 - 6.27
control.comp38103 c0 seq45 C-Jun-a mino-ter minal EFN66291.1 -17.06
kinase-interacting protein 4 Camponotus floridanus
isoform 1
control.comp32651 cl seq2  Phospholipase A2-like Acyrthosiphon pisum ~ XP_001948432.1 - 7 54
control.comp36468 c0 seq3 Similar to interleukin 1 XP 971339.2 -761
receptor accessory Tribolium castaneum
protein-like 2
control.comp37658 c2 seql6 Ras GTPase-activating XP_004519224.1 -17.74
protein 1-like isoform X3 Ceratitis capitata
MAPK Regulation of MAPK  signaling pathwa
control.comp37987 c0_seql Similar to leukocyte receptor Tribolium castaneum XP_968998.2 9.34
tyrosine protein kinase
control.comp37987 c0_seq3  Similar to leukocyte receptor Tribolium castaneum XP_968998.2 10.62
tyrosine protein kinase
INK JNK pathway
test.comp33070_cO_seql Tlght junction protein tama, XP_0024279981 8.40
putative Pediculus humanus corporis
control.comp37352 c0 seq7  Adenosine XP 008478506.1 7.66
monophosphate-protein Diaphorina citri
transferase FICD homolog,
partial
CL259Contig2 Misshapen-like kinase 1 Nasonia vitripennis XP_003426313.1 - 7.50
isoform 2
Toll-like Toll like receptor signaling pathway
testcomp30958_c0_seq3 TAK 1-associated blndlng XP7003 702779.1 8.20
protein 2, isoform C Drosophila melanogaster
control.comp36530 _cl _seql TAK 1-associated binding NP 001164316.1 -2.88
protein 2 isoform A Tribolium castaneum
control.comp32731_c0_seq2 38 mitogen INK Bemisia tabaci AEI27292.1 - 6.95
Jak-STAT Jak-STAT signaling pathway
control.comp364577c17seq1 Tyrosine-protein phosphatase XP_002430772.1 -9.05
corkscrew, putative Pediculus humanus corporis
control.comp36457_c l_SCqS Tyrosine_protein phosphatase XP_002430772 1 -9.01
corkscrew, putative Pediculus humanus corporis
TGF-beta TGF-beta signaling pathway
control.comp34720 c0 seq3  Protein 60A Nasonia vitripennis XP_001603876.1 - 6.60
control.comp37448 ¢l seqlg Similar to tho- associated Tribolium castaneum XP_974666.2 274
protein kinase 1
Smad2/3 transcription factor NP _001161658.1 - 8.79

control.comp34799 c0 seq2

Saccoglossus kowal evskii
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