


washed with distilled water three times at 3500×g for 3 min. Nematode
suspensions were shaken slowly (180 rpm) on a shaking table incubated at
20°C for 48 h. Nematodes soaked in the corresponding non-dsRNA solution
were used as controls. Each treatment had three replicates. After soaking, the
samples of each treatment were washed thoroughly several times using
ddH2O to remove external dsRNA, and then used for further experiments.

Gene expression analysis by qPCR
RT-qPCR was used to assess the gene expression patterns of Bx-cpi-1. About
80 ng cDNA of each samplewas used as the template to perform qPCR with a
SYBR Green Master Mix (Vazyme, Nanjing, China) on the ABI Prism 7500
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The
primers q-Bx-cpi-1-F and q-Bx-cpi-1-R were designed for amplification
using Primer Premier 5 (PREMIER Biosoft International, Palo Alto, CA,
USA). The housekeeping actin gene of B. xylophilus was utilized as the
internal control gene, using primers actin-F/R obtained from NCBI with
probe accession number Pr031904943, for calculation of relative expression
levels of the cystatin gene (Deng et al., 2016). Thermal cycling conditions
were as follows: initial denaturation at 95°C for 5 min, 40 cycles of
denaturation at 95°C for 10 s, annealing and extension at 60°C for 34 s;
followed by the melting curve. A single peak at the melting temperature of the
PCR product confirmed primer specificity. Experiments were repeated three
times. Relative gene expression was analyzed by theΔΔCq method with 7500
software v2.3 (Life Technology Corporation, Carlsbad, USA). The standard
curve and melting curves of actin and Bx-cpi-1 were shown in Fig. S6.

Analysis of reproduction and pathogenicity of B. xylophilus
after RNAi
About 100 nematodes treated with non-dsRNA solution and Bx-cpi-1 dsRNA
solution were transferred to a PDA plate culture of B. cinerea and incubated at
25°C for 6 days. The feeding of B. xylophilus was observed and photographed

periodically. The nematodes were washed from the plates using the Baermann
funnel technique and counted with an optical microscope (Leica DM500,
Leica Microsystems, Heerbrugg, Switzerland). Each treatment had three
replicates. The remaining nematodes were used for inoculation assays. Each
1-year-old/2-year-old P. massoniana seedling was inoculated with
approximately 500/1500 mixed-stage nematodes. Inoculation using ddH2O
without nematodes was used as the control. The inoculated seedlings were
grown in the greenhouse at 25°C. PWD symptoms were evaluated and
categorized as 0–4 (Yu et al., 2012). The categories were as follows: 0=all
needles were green; 1=0–25% of needles were discolored and turning yellow;
2=26–50% of needles had turned yellow; 3=51–75% of needles had turned
yellow; and 4=76–100% of needles had turned yellow. The infection rates and
the disease severity index (DSI) were calculated with the equations as follows:

Infection rate ð%Þ ¼
P

Number of infected plants
Total number of plants

�100

DSI ¼
P

Number of disease plants � symptom stage
Total number of plant � highest symptom stage

�100

Statistical analysis
The data were presented as means±s.d. of three independent experiments.
All parameters were calculated using Microsoft Excel and GraphPad Prism
5 (GraphPad Software, San Diego, CA, USA). The statistical significance
was determined using SPSS Statistics 24.0 software (IBM China Company
Ltd., Beijing, China). A Student’s t-test was used to compare two samples
(Fig. 5); ANOVA plus a Least Significant Difference (LSD) test was used to
compare more than two samples (Figs 3 and 4). The level of significance
was P<0.05.
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Fig. s1. The predicted 3D structure assessment of Bx-CPI-1. Laplace image 

(Ramachandran Plot) of 3D structure of Bx-CPI-1 (A). Residues in most favoured regions 

[A,B,L] are 88 (81.5%); Residues in additional allowed regions [a,b,l,p] are 14 (13.0%); 

Residues in generously allowed regions [~a,~b,~l,~p] are 4 (3.7%); Residues in 

disallowed regions are 2 (1.9%). Number of non-glycine and non-proline residues is 108; 

Number of end-residues (excl. Gly and Pro) is 2; Number of glycine residues (shown as 

triangles) is 6; Number of proline residues is 5. Total number of residues is 121. Verify 3D 

model of Bx-CPI-1 (B). The 66.99% of the residues have averaged 3D-1D score ≥ 0.2. 
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Fig. S2. Multiple alignments of predicted Bx-CPI-1 protein sequence of B. 

xylophilus with other 15 cystatins. Letters in black boxes, red boxes, and blue boxes 

indicate invariant amino acid residues, highly conserved amino acid residues, and 

moderately conserved amino acid residues, respectively, among the CPI proteins. 
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Fig. S3. Symptoms in P. massoniana after inoculation with B. xylophilus. Each 

seedling was inoculated with about 10,000 nematodes. The early stage of PWD (early); 

the initial stage of PWD (initial); the middle stage of PWD (middle); the later stage of PWD 

(later); the nematodes cultured on B. cinerea (control). 
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Fig. S4. Morphology of B. xylophlilus after soaking in dsRNA (non-dsRNA and 

Bx-cpi-1 dsRNA) for 48 h. Scale bars = 100 µm. 
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Fig. S5. Symptoms in P. massoniana after inoculation with B. xylophilus. The 

1-year-old pines inoculated with 500 nematodes, and 2-year-old pines inoculated with 

1,500 nematodes. Photographs shows the symptoms at 16d, 22d and 28d. Within each 

photograph, pot 1 and b indicates pines inoculated with ddH2O, pot 2 and a indicates 

pines inoculated with B. xylophilus soaked in non-dsRNA, and pot 3 and c indicates pines 

inoculated with B. xylophilus soaked in Bx-cpi-1 dsRNA.  
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Fig. S6. The standard curve and melt curve of actin and Bx-cpi-1. The standard curve 

of actin and Bx-cpi-1 (A). Cq value is proportional to template cDNA concentration. The 

slope of actin and Bx-cpi-1 was -3.058 and -3.071, the correlation coefficient (R2) of actin 

and Bx-cpi-1 was 0.998 and 0.999, the amplification efficiency of actin and Bx-cpi-1 was 

112.356% and 111.659%. The melt curve of actin and Bx-cpi-1 (B).  
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