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Workload In FY2014 and FY2015

FY2014 FY2015

Soil Testing           328,216 306,111

Nematode Assay         42,383 40,172

Plant/Waste/Solution/Media 26,679 30,681

Total 397,278 376,964



Sample Classification and Fees

•Predictive: Determine nematode threat to next crop: $3/sample 
•Diagnostic: Determine nematode problem: $3/sample
•Regulatory: $6/sample
•Research: $10/sample 
•Pine wood: $10/sample
•Out-of-State: $10/sample
•Internal: free

•PDIC samples from NCSU
•Regional agronomists



Sample Loads In FY2015

Diagnostic
0.8%

Internal
0.3% Out-of-State

0.2%

Pine Wood
19.3%

Predictive
74.1%

Regulatory
0.2%

Research
5.1%

Diagnostic 316 0.8%
Internal 135 0.3%
Out-of-State 76 0.2%
Pine Wood 7767 19.3%
Predictive 29752 74.1%
Regulatory 80 0.2%
Research 2046 5.1%
Total samples 40172

Total samples: 40,172





Nematode Sample On-line Submission 
and Prepayment with Credit Card





Access to ReportsAccess to Reports







Lab Work Flow  

Research

Identification & Quantification

Centrifugation

Elutriation

Data processing

Receiving

Quality control

Recommendation

1 research technician

1 shared with Plant Lab 
+ 1 temporary worker 

4 nematology technicians 

1 research specialist + 1 lab manager 

2 temporary workers 

1 data processing assistant 

1 nematologist







plus 3 temps

13 in total





Root-knot Nematodes



Molecular Diagnosis

•PCR and DNA sequencing  
•PCR by species-specific primers
•Real-time PCR



Nematode PCR of LSU D2/D3, SSU, ITS and mtCOI

28S D2/D3, 800bp

COI, 900bp
18S, 1750bp ITS, variable size



PDIC

Fig. Photographs of lesions caused by southern root-knot 
nematode (Meloidogyne incognita) from sweet potato

in Jackson County, NC (14-35391) 

14-35391 IncK14



Fig. Photographs of symptom caused by root-knot nematode (Meloidogyne enterolobii) on 
sweet potato in Johnston County, NC (Lab ID: 16-4159) 

Egg mass

Female Eggs

Female



PCR by M. enterolobii-specific Primers
Primer

Amplified 

gene
Direction Sequence (5’-3’)

Reference

MK7-F SCAR F GATCAGAGGCGGGCGCATTGCGA Tigano et al.,

2010

MK7-R SCAR R CGAACTCGCTCGAACTCGAC Tigano et al.,

2010

Me-F IGS2 F AACTTTTGTGAAAGTGCCGCTG Long et al.,

2006

Me-R IGS2 R TCAGTTCAGGCAGGATCAACC Long et al.,

2006

16-4159 IncK14
16-2272 IncK14
16-4159 MK7
16-2272 MK7
16-4159 MeF
16-2272 MeF
16-4159 Histone
16-2272 RNAII
Ladder
16-4159 C2F3/MeloCOIIR
16-2272 C2F3/MeloCOIIR
16-4159 C2F3/Melo16SR
16-2272 C2F3/Melo16SR
16-4159 Histone
16-2272 Histone
16-4159 RK28SR/D3b
16-2272 18SUnF/977R

16-4159 ITSUniF
16-4159 391a/501
16-4159 C2F3/1108
16-4159 RNAII
16-4159 IGS
16-2272 MeF
16-4159 MhF1/MH1R
16-2272 RNAII
Ladder

520bp

236bp
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Meloidogyne enterolobii distribution in NC



First Report of Meloidogyne enterolobii In North Carolina, United States

• Of particular concern is its ability to develop on crop genotypes carrying root-knot-nematode 
resistance genes (Mi-1, Mh, Mir1, N, Tabasco and Rk) in tobacco, tomato, soybean, potato, 
cowpea, sweet potato and cotton. 

• EPPO A2 Alert list in 2010. 



Summary Of Root-knot Nematode Species 
Composition In NC (786 Samples By Feb 2016)
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Regulated Nematode Species
• Inspected material

• Pine wood log
• Ornamental plants
• Seeds (soybean, onion, etc.)
• Seed sweet potato

• Exported to
• China
• Canada, Holland, Turkey, South America
• California, Arizona and other states

• Regulated Nematode Species
• Pine wood nematode (PWN, Bursaphelenchus xylophilus)
• Soybean cyst nematode (Heterodera glycines)
• Cyst nematode species 
• Reniform nematode (Rotylenchulus renifomis) 
• Burrowing nematode (Radopholus similis)
• Stem and bulb nematode (Ditylenchus dipsaci, D. destructor)

Species in yellow: detected in NC



• US Army Depots

• Anniston Army Depot, AL
• Blue Grass Army Depot, KY
• Corpus Christi Army Depot (CCAD), TX
• Deseret Chemical Depot, UT
• Letterkenny Army Depot, PA
• Red River Army Depot (RRAD), TX
• Sierra Army Depot, CA
• Tobyhanna Army Depot, PA
• Tooele Army Depot, UT
• Umatilla Chemical Depot, OR

Pathway analysis and pest detection sampling to achieve EU derogation 
for DoD ammunition wood packaging material moving into Europe



ISPM 15 stipulates
• Fumigation with methyl bromide 
• Heat treatment 
• Debarking



DoD softwood characterisation
• The surveyed DoD softwood boxes were at least 5 years old ( 3 years old for commercial trade). 

• 75%: 7 or more years old 
• 50%: 18 or more years old

• The DoD boxes had been under DoD control 
• stored in DoD storage buildings, with occasional transport between storage locations throughout their 

lifetime and had never left the United States. 

DoD requirements - The boxes were 
• dried to a moisture content 12-18% 
• treated with one of the following wood preservatives to prevent infestation by wood rot fungi and termites: 

• copper-8-quinolinolate  and zinc napthenate (since 1985) 
• copper naphthenate (since 1989)

Survey methods
• The total number of boxes inspected was 630, which - based on a binomial distribution with a 0.95 sensitivity of 

inspection - provided a 95% confidence of detecting pest presence if 1.5% or more of boxes were infested. 

Surveyed only boxes that were 
a) made out of softwood, 
b) not compliant with ISPM 15, 
c) subject to shipment to the EU. 
The total number of boxes included in the sampling frame was 215,285, weighing 1,240 metric tons. 

Survey for DoD ammunition wood packaging material moving into Europe













Pine Wood Nematode Inspection

http://permaculturinginportugal.net/blog/pine-wilt-nematode/



Pine Wood Samples

At least 200 g 
per sample

Shipping address:
Weimin Ye, Ph.D
Nematode Assay Section
NCDA&CS Agronomic Division
4300 Reedy Creek Rd
Raleigh, NC 27607-6465

Phone: (919) 733-2655 
FAX: (919) 733-2837
Email: Weimin.Ye@ncagr.gov
www.ncagr.gov/agronomi/



Pine Wood Log Sample Sources



Pine Wood Samples (FY2014)

Total PWN reports 703

Total PWN samples 9,825

Total nematode samples 42,383 23.18% pine wood

Total nematode reports 5,536 12.70% pine wood

IRWIN 2-1/8" Self Feed Bit
Item #: 154235 | Model #: 3046011

Bosch 36618-02 18-Volt 1/2-Inch 
Compact-Tough Litheon Drill/Driver with 2 
Slim Batteries





Pinewood Nematode 

Fig. Photographs of female 
pinewood nematode 

(Bursaphelenchus
xylophilus) from pine wood 
in Georgia (lab ID: 13-662)   



NCDA&CS Nematode Report





Primer and Probe Locations
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for PCR amplification, sequencing and real-
time PCR of ribosomal DNA



DQ841162 Bm GATGTGGGTTCGATTCG--TCGTCCCCGCTACTGATTGTTCGCACGGAAGCCGAGAGGTGACCGTGCAAC
EU259322 Bx GATGGCGGTTCGATTCGCGTCGTTCCGCCTACTGATGGTTCGCATGGAAGCCGAGAGGCGACCGTGCAAC 

BxITSF
DQ841162 Bm GGTAAAGTCTGGGTTTCTATGCGCTGC-GTTGAGTCGACGTTTTACCGTGTCGACAGATGAGACCAGCCA
EU259322 Bx GGTAAAGTCTGGGTTTCTACGTGCTGTTGTTGAGTTGGCGTTTTACCGTGCCGACAGATGAGACCAGCCA

BxITSP BxITSR

based on multiple alignment of ITS1 DNA sequences of 
Bursaphelenchus species. Data show only two 
representative species:  B. xylophilus (EU259322) and B. 
mucronatus (DQ841162).

Primer (BxITSF, BxITSR) and Probe (BxITSP) Design



Real-time PCR Example

Test result for sample 2013-33423 
by PWN-specific and nematode-universal 

primer/probes



Publication of Molecular Diagnosis



Soybean Cyst Nematode

Fig. Microphotograph of cysts of soybean cyst nematode (Heterodera glycines) from soybean (08-1705)



Distribution of Soybean Cyst Nematode
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133.3 ± 322.3 (10 - 7930)

20.82% 

10,799 samples in total with SCN

In FY2015-Feb. 2016 
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Reniform Nematode



Distribution Of Reniform Nematode



Fig. Photographs of symptoms caused by Ditylenchus dipsaci on Hydrangea macrophylla
in Johnston County, NC (14-38639)

Hydrangea macrophylla





Fig. Photographs of nematodes of Ditylenchus dipsaci in a counting dish from Hydrangea 
macrophylla in Johnston County, NC (14-38639)



A B C D E

A B C D E

Ditylenchus dipsaci



DNA Sequencing
>14‐38639 Ditylenchus dipsaci 18S ITS
ATGTATAAGTATAAACGATTCTATCGTGAAACCGCGAACGGCTCATTATAACAGCTATAATTTACTTGAT

CTTGACTATCCTACTTGGATAACTGTGGTAATTCTAGAGCTAATACATGCACCAAAGCCCTGACCTTACG

GAAAGGGTGCATTTATTAGAACAAAACCAAGCGACTTCGGTCGTTTTTTGTTGACTCAGAATAACTAAGC

TGATCGCATGGTCTTGCACCGGCGACGTGTCTTTCAAGTATCTGCCTTATCAACTTTCGATGGTAGTGTA

TCTGACTACCATGGTGGTGACGGGTAACGGAGGATAAGGGTTTGACTCCGGAGAAGGGGCCTGAGAAATG

GCCACTACGTCTAAGGATGGCAGCAGGCGCGCAAATTACCCACTCTCAGAACGAGGAGGTAGTGACGAAA

AATAACGAGACCGTTCTCTACGAGGCCGGTCATCGGAATGGGTACAATCTAAACCCTTTAACGAGTATCT

ATGAGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCTCAAAATGCATAGAATTATTGCTGC

GGTTAAAAAGCTCGTAGTTGGATCTGTGCTGAGGACCTGGTCCACCTTCGGGTGCGTACTAGGCTCCACG

GCTTTTCTGCCGGTTTTCCCGTCATGGCTTTCATCGGCTGTGGCGGGTGGCTGGTGATTTTACTTTGAAC

AAATCAGAGTGCTTCAAACAGGCGTTTAGCTTGAATGTTTTTGCATGGAATAATAGAAGAGGATTTCGGT

TCTATTTTATTGGTTTTATAGACTGAAATAATGGTTAACAGAGACCAACGGGGGCATTCGTACCGCTGCG

TGAGAGGTGAAATTCTTGGACCGCAGCGAGACGAACTACAGCGAAAGCATTTGCCAAGAAGGTCTTCATT

AATCAAGAACGAAAGTCAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTGACCGTAAACGATGCCA

ACTAGCGATCTGCCGGCGGAATTTTCGCCCTGGTAGGGAGCTTCCCGGAAACGAAAGTCTTCCGGTTCCG

GGGGAAGTATGGTTGCAAAGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGC

GGCTTAATTTGACTCAACACGGGGAAACTCACCCGGCCCGGACACCATAAGGATTGACAGATTGATAGCT

TTTTCATGATTTGGTGGATGGTGGTGCATGGCCGTTCTTAGTTCGTGGAGCGATTTGTCTGGTTTATTCC

GATAACGAGCGAGACTCTAGCCTACTAAATAGTCTGCACATTGCTTCTGTGATGCAGTACTTCTTAGAGG

GATTTTCGGTGTACAGCCGCACGAGATTGAGCAATAACAGGTCTGTGATGCCCTTAGATGTCCGGGGCTG

CACGCGCGCTACACTGGCGAAATCAGCGTGCTTGTCCTTGCTCGAAAGAGCTTGGTAAACCAATGAAAAT

TTGCCGTGATTGGGATCGGAAATTGCAATTATTTTCCGTGAACGAGGAATTCCAAGTAAATGCGAGTCAT

CAACTCGCGTTGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGACTGAGCCATTTCG

AGAAATTCGGGGATTGCCGATTAGCGGTCTTTCGGGATTGCTTTTTGGTGAGAACCAACTTAATCGCAGT

GGCTTGAACCGGGCAAAAGTCGTAACAAGGTGGCTGTAGGTGAACCTGCTGCCGGATCATTATCGATCAA

CCAAAACACTAGGAATTGGACCTGGCTGGACCTTTTCCGTAGAATGAGGAATTCATTCTTACAGCCAATA

GTCCAAGAGGGTGCCGTGATATTGGCACGATGCTCACTGGTGATGTCCCCACCGGTTTGCATGCTTATTC

TTGGGCGAAAAAACGGCTCTGTTGGCTTCTATGGTTCTCTGAGCAGTTGTATGCCTACGTCCGTGGCTGC

GTTGAAGAGAACTGGCACGTGGTCTTCGTGATCGCGAGAATCAATGAGTACCGGTTAGGTGCCGCCAACA

AAAACCCCATTTTTGAACTTTTTTACAAGAAAACATTTCTAGTCTTATCGGTGGATCACTCGGTTCATAG

ATCGATGAAGAACGCAGCCAACTGCGA

>14‐38639 Ditylenchus dipsaci D23

ACAAGTACCGTGAGGGAAAGTTGCAAAGCACTTTGAAGAGAGAGTTAAAGAGGACGTGAAACCGATAAGA

TCGAAACGGATAGAGCCGACGTATCTAACCCGTATTCAGCTGTTGGGCGGTGCTGGGCGGATTGACTGGT

CCTGCTTCTGGCTAGTTAGTCTGATTCTGGTGCTGTTCGGCAGTGCATTTACAGGTGGAGTGCGCTGAGA

GATACACTTCAGCGGTTGGAATCCAGTCAAGAGGCCTTAACCTTCGGGCAAAGAAACCCAGGCTGGTGGA

AGACTGTTTGTTGTGTTTGAAACTAGGAGTGTGGCTTACGGGTCGGCTAGCTTCTTGCTCTGCGGTGGAT

GGCGGTCGCATGCGACTGTTACTGCCTGTGGGGTAGGTTGTTGGTGCGGACTCTCATGCTCGATCTCGGT

GTAAAAGTTGGTCATCTATCCGACCCGTCTTGAAACACGGACCAAGGAGTTTAGCGGATGCGCGAGTCAT

TGGGTGTTAAAACCTAAAGGCGCAATGAAAGTAAAGGTGTCCTTATGGAGCTGATATGCGATCCCGGGCA

TCTCGGTGCCTGGGCGCAGCATAGCCCCATCCTAATTGCTTGCAATGGGGTGGAGGTAGAGCGTATCCGC

TGAGACCCGAAAGATGGTGAACTATGCCTGAGCAGGATGAAGCCAGAGGAAACTCTGGTGGAAGTCCGAA

GCGGTTCTGACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA

GCTG





Funding:  This work was supported by the N.C. 
Tobacco Trust Fund Commission (Grant Number: 
2011-029-13). Earlier work supported by the U.S. 
Department of Defense and USDA/APHIS/PPQ 
(Project numbers: 10-8100-1587-CA and 11-8100-1621-
CA) set the stage for the research leading to the 
service.

Acknowledgments



Questions?

Growers NCDA&CS APHIS/PPQ


