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1 .  Ge n e r a l  P r es en t a t io n  
1.1. Context 

 
SharCo project aims to develop strategies and current tools for Plum pox virus containment in the 

European Union. For these reasons multidisciplinary approaches organized in several work packages 

were planned. WPE1 entitled “Large scale analysis of Plum pox virus current diversity worldwide”, 

includes different tasks and objectives. In the first SharCo meeting, Task TE 1.1 was divided in two 

sub-tasks, the development of a Snplex approach, leaded by Partner 1, being a very promising strategy 

for characterization of point mutations, and the development of conventional microarrays, leaded by 

Partner 6. The microarray development was divided in two phases, the construction of a first 

generation of oligo-arrays and the construction of a second one, taking into account the experience 

gained in the first phase and sequencing results obtained in other tasks of WPE1. The first oligo-array 

generation was successfully assayed and demonstrated to be able to characterize inter-strain variability 

among PPV isolates. Here we report the delivery of the second generation of the chip. It has been 

successfully assayed, and shown to be able to discriminate between known PPV isolates. The main 

drawback of the method is the impossibility to find suitable probes to unambiguously discriminate 

very small nucleotide changes, due to stringency and specificity problems. In this regard the Snplex 

would be expected to cover these deficiencies, since it is able to detect single point mutations. The 

recent improvements in the sequencing methods allowed us to design a novel alternative approach, 

based on deep sequencing of small RNAs, which was already raised in our report of Milestone ML2, 

and has been successfully assayed now. Here, we describe the construction of the second generation of 

oligo-arrays and the first results of the deep sequencing approach, which is able to characterize not 

only intra-strain variability but also intra-isolate variability. The results of this SharCo task represent a 

dramatic improvement in the tools available for the study of the natural variability of viruses, 

including Plum pox virus.  

 

 

1.2. Rational 
 
Serological and molecular tests available for typing of Plum pox virus to date were not able to perform 

a genome-wide survey of PPV diversity. The identification of virus strains and characterization of 

isolates are necessary for the control of viral spread, mainly if different strains or isolates have 

different biological aggressiveness. Within this deliverable, this objective has been achieved through 
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the development of PPV isolate high throughput typing tools which will be useful for early warning 

systems as well as for studies focusing on the understanding of PPV outbreaks and epidemiology. 

 

 
2 .  D e t a i l ed  d e scr i p t i on  
 
DESIGNING 

A) Second Generation of OligoChip 

Figure 1 summarizes the protocol developed for the design of the oligo probes and their spotting in the 

chip slides, as well as the labelling of viral cDNA and its hybridization to the oligo arrays. The 

universal and strain-specific primers used for RT-PCR amplification and labelling of PPV cDNA are 

listed in Table 1. Oligo probes plotted in the second generation PPV chips are listed in Table 2. 

SPOTTING

RNA PURIFICATION

LABELLING

DRY Speed-Vacuum

PREHYBRIDIZATION

HYBRIDIZATION

WASHINGS

READING

3XSSC
5µM probe (5'modification - aminoliker C6
                    plus five dT residues)
spotting on VAL25 CEL slides
using automatic MicroGridII and
overnight at room temperature
100% humidity 

RNA purification Kit (Mobio)
Plant RNeasy Kit (Qiagen)

SAMPLES PROBES

2 µg RNA
primers mix 1µM
final volume: 18.5 µl
Heat at 70ºC for 10 min
Place on ice for 3 min
          +
First Strand Buffer 5x (Invitrogen) 6 µl
0.1M DTT 3 µl
50X aa-dNTPs mix 0.6 µ l
        (aa-dNTPs mix: dATP 25mM,dCTP 25mM.
         dGTP 25mM, dTTP 8.3mM, aadUTP 16.7mM)  
SuperScript III RT (Invitrogen) 2 µl
Reverse transcription at 50ºC for 5 hours
           +
1M NaOH  10 µl
0.5 M 10 µl
Heat at 65ºC for 15 min
           +
1M HCl  10 µl

cDNA PURIFICATION

MiniElute Kit (Qiagen)

COUPLING

Resuspend DNA with 9 µl
of 0.1M NaHCO3 and add Cy3 or 
Cy5 dyes. Coupling for 1 hour at 
room temperature in the dark

50 ml of prehybridization buffer:
7.5 ml of 20XSSC
0.25 ml of 20% SDS
5mg BSA
42ºC for 60 min
Wash 0.1XSSC twice
Dry slides by centrifugation

IN SILICO DESIGN

Array Designer 4 software
 (Premier biosoft international)

Hybridization mix:
50 µl formamide
30 µ l 20XSSC
5 µl  10%SDS
5 µl  Denhart  solution 100X
labelled cDNA
42ºC overnight

2XSSC, 0.1% at 42ºC for 5 min
0.1XSSC, 0.1%SDS at 25ºC for 5 min (x2)
0.1XSSC room temperature (x6)

GenPix4000B scanning
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Figure 1. Construction and use of second generation PPV chips 
 
Table 1.- PPV-strain and PPV universal primers used for reverse transcription 
 
 

Primer 
name 

Nucleotide sequence 5’ – 3’ 

1 CTGTGTCCTCTTCTTGTGTTCC 

2 TTCAATATACGCTTCAGCCACG 

3 AAGAGCCATTCCACACTCCTT 

4 GGTGTCCTGTCTGCCTCAAT 

5 CCCATCCATCATCACCCACA 

6 CGAGGAATGGAGTGGATGTCT 

7 TCTCCGATCAAGTCCTCTGC 

8 GACTACAACCTGACCTTCTCCA 

9 ATGAACAACAACTTGACCATCC 

10 GACTCACGCTTGTTCTGATGAA 

11 GGCTTCTATGTAGTCTTGTGCG 

12 AAGTTGTAGTGATGCCTCGGA 

13 Oligo-dT 

 
Table 2.- Oligoprobes for the second generation of the chip 
 
 

Probes Nucleotide sequence 5’ – 3’ 

1 NH2-CCCCCCCCCCCCTTTTTATCTTGTGTTGGACGAGGCA 

2 NH2-CCCCCCCCCCCCTTTTTGACGAGGCAACCAAGAAGATT 

3 NH2-CCCCCCCCCCCCTTTTTAGCACATCTGACCTGGACG 

4 NH2-CCCCCCCCCCCCTTTTTAGGAGTGTGGTGATGTCGC 

5 NH2-CCCCCCCCCCCCTTTTTGAGTGTGGTTATGTCGCAGC 

6 NH2-CCCCCCCCCCCCTTTTTATCGCACGGAGAACATTAGGA 

7 NH2-CCCCCCCCCCCCTTTTTATCGCACGGAGAACATTAGGA 

8 NH2-CCCCCCCCCCCCTTTTTTTGGCAACCTTGTTATGTCAAC 

9 NH2-CCCCCCCCCCCCTTTTTTGAAGACGGTACACCACTGG 

10 NH2-CCCCCCCCCCCCTTTTTACTCATTCGGAACACTGTCAAC 

11 NH2-CCCCCCCCCCCCTTTTTTTCGGATCACTGTCAACTGGA 

12 NH2-CCCCCCCCCCCCTTTTTAAGCGAACACAATCAATCAGC 

13 NH2-CCCCCCCCCCCCTTTTTAGCGAACACAATCAACCAGC 

14 NH2-CCCCCCCCCCCCTTTTTGGTTGGAGGTTCTGAAGTGGA 

15 NH2-CCCCCCCCCCCCTTTTTCGTTGGCAGCGATCACATC 

16 NH2-CCCCCCCCCCCCTTTTTGCCAAAGTTTCACCCGCAA 

17 NH2-CCCCCCCCCCCCTTTTTTCACTGGCAAGTACACTGAATG 

18 NH2-CCCCCCCCCCCCTTTTTGCAGATTTAGGAGGCGGGTA 

19 NH2-CCCCCCCCCCCCTTTTTGTGGCTCTTGTTATGATGCTGT 

20 NH2-CCCCCCCCCCCCTTTTTTGGCTCACATCAAGACATCCT 

21 NH2-CCCCCCCCCCCCTTTTTTGCGAGGTCAACCATTCAAC 

22 NH2-CCCCCCCCCCCCTTTTTCGAGGTCAACCATTCAATGTCA 

23 NH2-CCCCCCCCCCCCTTTTTACTGTGATGACAAGCGGTTAC 

24 NH2-CCCCCCCCCCCCTTTTTTACTGTGATGACAAGCGGTTAC 

25 NH2-CCCCCCCCCCCCTTTTTAATCGGCAATGTTGAGATACCA 

26 NH2-CCCCCCCCCCCCTTTTTCACTCAGGCTAAACCGCATTT 

27 NH2-CCCCCCCCCCCCTTTTTCAGGCTAAACCGCATTTCGTA 

28 NH2-CCCCCCCCCCCCTTTTTCGATACACGAAGAAGAGCATCA 

29 NH2-CCCCCCCCCCCCTTTTTCTAACGGTGTGTCAACGAGC 

30 NH2-CCCCCCCCCCCCTTTTTGTCAACGAGCCTACTAGCGA 

31 NH2-CCCCCCCCCCCCTTTTTACTGTCAAGCAAGCACGGA 

32 NH2-CCCCCCCCCCCCTTTTTTTCTACACAGTGGCGTTGGT 

33 NH2-CCCCCCCCCCCCTTTTTTGCGTGACTCAGAGGTAATCTT 

34 NH2-CCCCCCCCCCCCTTTTTTGCGTGACTCAGAGGTAATCTT 
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35 NH2-CCCCCCCCCCCCTTTTTTGGACTTGGATGAGAACATTCG 

36 NH2-CCCCCCCCCCCCTTTTTAGAGAATATGGCAAGCGGTAGA 

37 NH2-CCCCCCCCCCCCTTTTTTGACGCACTGTTGGAGCA 

38 NH2-CCCCCCCCCCCCTTTTTGCCAAAGACCATACGGAAGAAA 

39 NH2-CCCCCCCCCCCCTTTTTTAATGCTTGGAGTTCTTGGTGG 

40 NH2-CCCCCCCCCCCCTTTTTGTTCACCAAGGCTTCAATCGT 

41 NH2-CCCCCCCCCCCCTTTTTTTCAGGCAAGCACGAGATAAC 

42 NH2-CCCCCCCCCCCCTTTTTGGTGACGATTCAACTATGGAGG 

43 NH2-CCCCCCCCCCCCTTTTTCAGAAAGCCCTCAAAGTGGAC 

44 NH2-CCCCCCCCCCCCTTTTTCCGACGACTGAGGACAGG 

45 NH2-CCCCCCCCCCCCTTTTTCGACGACTGAGGACAGAGTT 

46 NH2-CCCCCCCCCCCCTTTTTTGGATTAGCACGAAGGATGGT 

47 NH2-CCCCCCCCCCCCTTTTTAAGCAGTGGCGATACAACC 

48 NH2-CCCCCCCCCCCCTTTTTAACTGCTAACGGATCTTGATGG 

49 NH2-CCCCCCCCCCCCTTTTTAACCTACCTGTTGACTCATCCA 

50 NH2-CCCCCCCCCCCCTTTTTATGGAGCGTTGGGATGGC 

51 NH2-CCCCCCCCCCCCTTTTTAGAGCACTGCCAGAAGGATG 

52 NH2-CCCCCCCCCCCCTTTTTGAGAAGACGAGGAGGAAGTTGA 

53 NH2-CCCCCCCCCCCCTTTTTAGGACGAGGAGGAAGTTGATG 

54 NH2-CCCCCCCCCCCCTTTTTTGCCAGGACCTCAACTGC 

55 NH2-CCCCCCCCCCCCTTTTTCGCTAGTCAACACGAACAGAG 

56 NH2-CCCCCCCCCCCCTTTTTTCTCTGCCAAAGGTGAAGGG 

57 NH2-CCCCCCCCCCCCTTTTTTCTCTGCCAAAGGTGAAGGG 

58 NH2-CCCCCCCCCCCCTTTTTAAGCGAGATTATGATGTCACGG 

59 NH2-CCCCCCCCCCCCTTTTTAAGCGAGATTATGATGTCACGG 

60 NH2-CCCCCCCCCCCCTTTTTAGTGGTCTCGGTATCTATCGTA 

61 NH2-CCCCCCCCCCCCTTTTTCCTGGTGAGAGTCTAATCATCC 

62 NH2-CCCCCCCCCCCCTTTTTGCAAGTCAAGATGTCAACCATT 

63 NH2-CCCCCCCCCCCCTTTTTCAATAATCGCAACAGAAGCAGC 

64 NH2-CCCCCCCCCCCCTTTTTTTGGAAAGGGCTGGAAGAGAA 

65 NH2-CCCCCCCCCCCCTTTTTCGTAAGCGTGTAGTCGGTAAC 

66 NH2-CCCCCCCCCCCCTTTTTTAACACCAGGAATGAGCGGAT 

67 NH2-CCCCCCCCCCCCTTTTTTGTTGACTCACGGTGTAAGGT 

68 NH2-CCCCCCCCCCCCTTTTTGGAACCAAGCCATACGCATC 

69 NH2-CCCCCCCCCCCCTTTTTTCGGTACTCAGACAGGCAAC 

70 NH2-CCCCCCCCCCCCTTTTTATCGTGTTCGGTCTCTTGCT 

71 NH2-CCCCCCCCCCCCTTTTTCGACCAGGCTGTTCATCATC 

72 NH2-CCCCCCCCCCCCTTTTTACAGAAGGAGGTGAAGGTCATT 

73 NH2-CCCCCCCCCCCCTTTTTCTCCAATCTCGGCACAGGT 

74 NH2-CCCCCCCCCCCCTTTTTGAGCAGCACTTCGTATTGGATT 

75 NH2-CCCCCCCCCCCCTTTTTAGTCAATCCTGCTCAAGTTCAA 

76 NH2-CCCCCCCCCCCCTTTTTATGGCGAAGTCTCAGTTGCT 

77 NH2-CCCCCCCCCCCCTTTTTCTTATGGACATCAACTTGGTGC 

78 NH2-CCCCCCCCCCCCTTTTTACACTGGATTAGCACGAAGGA 

79 NH2-CCCCCCCCCCCCTTTTTAACTACACATTGGCTCAGAGAT 

80 NH2-CCCCCCCCCCCCTTTTTGCTACACCAGATGGCACTATTG 

81 NH2-CCCCCCCCCCCCTTTTTTTCAAGGGCAACAATAGTGGTC 

82 NH2-CCCCCCCCCCCCTTTTTGCGGAGACAGCACTGAAGA 

83 NH2-CCCCCCCCCCCCTTTTTCACTGACACTGAAGCATCTGAG 

84 NH2-CCCCCCCCCCCCTTTTTACGACGACATTAACGATGATGG 

85 NH2-CCCCCCCCCCCCTTTTTGCAAGCCGATTGTAGTTACTG 

86 NH2-CCCCCCCCCCCCTTTTTTTCAACCACCTCCAGTCATACA 

87 NH2-CCCCCCCCCCCCTTTTTCAGCAACAACTCAACCAGCA 

88 NH2-CCCCCCCCCCCCTTTTTCGCTGGTGATGTTAATCGCA 

89 NH2-CCCCCCCCCCCCTTTTTTCCGAGGCATCACTACAACTT 

90 NH2-CCCCCCCCCCCCTTTTTGTCCAGAGAACCGCCAAGT 

66 NH2-CCCCCCCCCCCCTTTTTTAACACCAGGAATGAGCGGAT 

67 NH2-CCCCCCCCCCCCTTTTTTGTTGACTCACGGTGTAAGGT 

68 NH2-CCCCCCCCCCCCTTTTTGGAACCAAGCCATACGCATC 

69 NH2-CCCCCCCCCCCCTTTTTTCGGTACTCAGACAGGCAAC 

70 NH2-CCCCCCCCCCCCTTTTTATCGTGTTCGGTCTCTTGCT 

71 NH2-CCCCCCCCCCCCTTTTTCGACCAGGCTGTTCATCATC 

72 NH2-CCCCCCCCCCCCTTTTTACAGAAGGAGGTGAAGGTCATT 

73 NH2-CCCCCCCCCCCCTTTTTCTCCAATCTCGGCACAGGT 
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74 NH2-CCCCCCCCCCCCTTTTTGAGCAGCACTTCGTATTGGATT 

75 NH2-CCCCCCCCCCCCTTTTTAGTCAATCCTGCTCAAGTTCAA 

76 NH2-CCCCCCCCCCCCTTTTTATGGCGAAGTCTCAGTTGCT 

77 NH2-CCCCCCCCCCCCTTTTTCTTATGGACATCAACTTGGTGC 

78 NH2-CCCCCCCCCCCCTTTTTACACTGGATTAGCACGAAGGA 

79 NH2-CCCCCCCCCCCCTTTTTAACTACACATTGGCTCAGAGAT 

80 NH2-CCCCCCCCCCCCTTTTTGCTACACCAGATGGCACTATTG 

81 NH2-CCCCCCCCCCCCTTTTTTTCAAGGGCAACAATAGTGGTC 

82 NH2-CCCCCCCCCCCCTTTTTGCGGAGACAGCACTGAAGA 

83 NH2-CCCCCCCCCCCCTTTTTCACTGACACTGAAGCATCTGAG 

84 NH2-CCCCCCCCCCCCTTTTTACGACGACATTAACGATGATGG 

85 NH2-CCCCCCCCCCCCTTTTTGCAAGCCGATTGTAGTTACTG 

86 NH2-CCCCCCCCCCCCTTTTTTTCAACCACCTCCAGTCATACA 

87 NH2-CCCCCCCCCCCCTTTTTCAGCAACAACTCAACCAGCA 

88 NH2-CCCCCCCCCCCCTTTTTCGCTGGTGATGTTAATCGCA 

89 NH2-CCCCCCCCCCCCTTTTTTCCGAGGCATCACTACAACTT 

90 NH2-CCCCCCCCCCCCTTTTTGTCCAGAGAACCGCCAAGT 

 

B) Deep sequencing of PPV isolates based on Illumina Technology 

Illumina’s sequencing by synthesis technology is one of the most successful and widely-adopted new-

generation sequencing platform worldwide. In fact new-generation sequencing is fastly evolving and 

has provided a tremendous great output for this deliverable. Query millions of small RNA sequences  

have been analyzed. The critical step resulted in the purification of total RNA. 

Purification of total RNA was performed as follows:  

1. Grind flash-frozen tissues in liquid nitrogen using mortar and pestle 

2. Transfer approximately 200 mg of frozen tissue powder directly into 1 ml of ice, immediately 

vortex for 20 seconds and shake for 5 min. at room temperature (RT).  

3. Centrifuge at 21,000 x g for 2 min. Transfer the supernatant to a new tube on ice.  

4. Add 200 µl of cold 5M NaCl and centrifuge at 21,000g for 2 min.  

5. Transfer the supernatant to new tube, add 500 µl of chloroform and mix by inverting. Centrifuge at 

21,000 x g for 2 min. and transfer the aqueous/top layer to a pre-chilled 2 ml tube. Repeat the 

chloroform extractions 2-3 times until the aqueous phase is clear.  

6. After the final chloroform extraction step, transfer the aqueous layer to a pre-chilled tube, add 0.8 

volumes of 2-propanol and precipitate RNA for 10 min. at RT.  

7. Centrifuge at 21,000 x g for 10 min., remove supernatant and wash RNA pellet with cold 80% 

ethanol.  

8. Air-dry the pellet for approximately 5 min. and re-suspend RNA in 200 µl, store at -80ºC. 

 

Total RNA was sent to a specialized company to prepare and sequence a cDNA library of small RNAs 

Millions of reads were obtained, which were analyzed using several softwares such as Geneious and 

CLC Genomic Benchmark. 
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ANALYSIS OF RESULTS 

In order to evaluate the oligo-chip approach, full sequenced PPV genomes of the Spanish isolate ES91 

and the Romanian isolate RO22 were used. Results showed that oligoprobes require more than four 

point mutations to discriminate sequences and this situation is not easy to find in the 18-20 nucleotides 

of the probe length among isolates within a strain such as type D. In addition it requires specific 

conditions of melting temperature. In fact all sequences were successfully detected by both isolates. 

Additional probes would be required to improve the discrimination of closely related isolates.  

In contrast, deep sequencing allowed the analysis of intra-strain and intra-isolate variability as 

demonstrated in collaborative effort of Partners 1, 4 and 6. Full length genome sequences could be 

assembled with a coverage of a large number of reads for most of the nucleotide positions, allowing a 

real genome wide analysis of PPV diversity. 

 

 
3 .  Or i g i na l  s p e c i f i c a t i o ns  an d  a c t ua l  a c h i eve me n t s  
 
A second generation of mini oligochips including 90 selected probes covering different regions of the 

PPV genome has been produced and assayed. In this deliverable we detailed the construction of the 

second generation of the oligo-chip, probes included and final protocol for hybridizing and reading. 

The main drawback derived from the probes that required several mutations to discriminate sequences 

while keeping specific Tm conditions. Further validation in different laboratories will be performed 

later this summer and an update of the implementation of this micro-array technology will be 

submitted by Automn 2011. 

This deliverable also includes a deep sequencing approach that allowed overcoming the limitations of 

the microarray technology and allowed for the first time the genome-wide analysis of intra-isolate 

variability. 

 

 

4 .  U s e  a nd  d i s s emi n a t i o n  o f  th e  r e s u l t s  
 

Publication(s) on the characterisation of PPV diversity and on PPV typing based on minioligo arrays 

and deep sequencing will be done.  
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