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Phytophthora is a genus that belongs to the Oomycetes and that
contains many important plant pathogenic species. These are
classified into 10 phylogenetic clades. In some clades, hybrids have
been identified that can have an expanded host range and can be
more aggressive compared to the parental species. A reliable
method to distinguish between hybrids and their parental species
Is therefore very important. We have applied Genotyping-By-
Sequencing as a tool for the identification and characterization of
Phytophthora species and their hybrids.
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data data

* unknown isolates can undoubtedly be identified to species level
* species that are assumed to be non-hybrids contain between
~12000 to ~35000 GBS loci (average ~22000 loci)
 allopolyploid hybrids such as 2. x a/n/ contain an extremely
large number of GBS loci (>45000)
* hybrids can be distinguished from non-hybrid species:
- hybrids have >80% of loci in common with at least two
different species
- hybrids contain more loci than both the parental species
* the SNP data:
- can distinguish between different genotypes
- can elucidate the parental genotype of a hybrid
* inclusion of reference species in the analysis is crucial for
correct identification and for evaluation of the hybrid status of
unknown isolates
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* based on GBS loci of 134 Phytophthora isolates clade 10

* isolates from different clades share ~2-5% of loci (white)

* isolates from same clade but different subclade share ~5-10% of loci (pale green)

* isolates from same subclade share ~ 25-75% of loci (dark green)

* large number of loci (very dark green) are indicative of (allopolyploid) hybridization
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P. infestans cactorum 1[17,6 17,1[13,3 13,1]160 166|12,7]166 168] 15 [ 15[ 1,7 [ 1212|1211 11] 17 17
. F. phaseok cactorum 2[17,1 17,5(133 130|162 168[12,7|169 168| 15 | 15|17 | 12| 12| 12|11 11|17 17
. Nl
N hedraiandra1[13,3 13,3[17,8 169162 169[133[131 133] 15 [ 16|17 [ 12121311 12] 17 17
hedraiandra 2|13,1 13,0|169 174|158 165[13,1|13,0 13,1| 1,5 |16 | 1,7 |12 |12 |13 |11 12|17 17
subclade 1a cactorum x hedraiandra 1] 16,0 16,2[16,2 158[198 195[135[162 161] 16 | 16 [ 17 [ 12| 12|13 |12 12|17 17
cactorum x hedraiandra 2/ 16,6 168|169 16,5(19,5 20,7(13,9(167 166| 16 | 1,6 | 18|12 | 12|13 |12 12|17 17
idaei[12,7 12,7[133 13,1[135 139|175[126 127 15 [ 15|17 |11 |12 1212 1116 16
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cactorum x nicotianae 1|16,6 16,9 (13,1 13,0(16,2 16,7|12,6 231717 (18] 16 14,5 14,5

cactorum x nicotianae 2|16,8 16,8133 13,1[16,1 16,6|12,7 2311711718/ 16 14,7 14,7

iranical 1,5 15|15 15|16 16| 15][22 2.2 11111212 13 1,3

subclade 1b { clandestinal 1,5 15|16 16|16 16| 15[ 22 22|71 11111211 13 1,3

tentaculata| 1,7 1,7 (17 1,7 |17 18| 17|23 23|41 1,111 1211 11|13 14

mirabilis| 1,2 12|12 12|12 12|11|17 17|11 |11 1,1 |194(10,7|11,9|10,6 106 1,0 1,0
ipomoeae| 1,2 12|12 12|12 1212|137 17|11|11]| 11 (20,7|29,9/11,5[10,3 10,3| 1,0 1,0
SU bC|ade 1C andina (infestans hybrid)| 1,2 12|13 13|13 13|12 (18 18| 12| 12| 12 |119 11,5-16,1 162 1,1 1,1
infestans1| 1,4 11|11 11|12 12|11|16 1611|1111 |106/|10,3|16,1(19,7 17,6| 1,0 1,0
infestans2| 1,1 11|12 12|12 1211|217 1,7|11|11]| 1,1 |106/|10,3|16,2(176 19,9| 1,0 1,0
nicotianae 1| 1,7 1,7 |17 1,7 |17 17| 1,6 |145 147| 13|13 |13| 10| 10| 11| 1,0 1,0 [16,1 149
nicotianae 2| 1,7 1,7 |17 1,7 |17 17| 1,6 |145 147| 13|13 |14 | 10| 10| 11| 1,0 1,0 [149 16,2

* hybrids (blue) share large number of loci with at least two different species
(>80% loci in common)

* the more phylogenetically distinct the parental species are, the more |oci the
(sexual) hybrids will have (cfr cactorum x hedraiandra vs cactorum X nicotianae)
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cactorum 1 1 1 1 1 1 1 1 1 1 1
cactorum 2 1 1 1 1 1 1 1 1 1 1
hedraiandra 1| 40 40 1 1 1 1 1 1 1 1 1 1
hedraiandra 2| 40 40 1 1 1 1 1 1 1 1 1 1
SU bCIade 1a cactorum x hedraiandra 1 1 1 1 1 1 1 1 1 1 1
cactorum x hedraiandra 2 1 1 1 1 1 1 1 1 1 1
idaei 0 1 0 1 1 1 1 1 1 1

cactorum x nicotianae 1 1 1 1 1 1 1 1 1
cactorum x nicotianae 2 1 1 1 1 1 1 1 1
iranical 1 1 1 1 1 1 0 1 1 12 3 1 1 1 1 1 1 0
subclade 1b clandestina| 1 1 |1 1|1 1| 1|1 1 21211 1]1 1
tentaculatal 1 1 1 1 1 1 0 1 1 3 2 1 1 1 1 1 1 1
mirabilis| 1 1 1 1 1 1 1 1 1 1 1 1 26 33 27 28 1 1
ipomoeae| 1 1 1 1 1 1 1 1 1 1 1 1 | 27 25 1 1
subclade 1c andina| 1 1|1 1|1 1|11 1|1]1]1]33]32 11
infestans 1| 1 1 1 1 1 1 1 1 1 1 1 1 28 | 25 1 1
infestans 2| 1 1 1 1 1 1 1 1 1 1 1 1 28 25 1 1
nicotianae 1| 1 1 1 1 1 1 1 1 1 1 1 1
nicotianae 2| 1 1 1 1 1 1 1 0 1 1 1 1

» different genotypes can be distinguished within species

* parental genotype of a hybrid can be determined (e.g. cactorum 2 has
the parental genotype of both the cactorum x hedraiandra and the
cactorum X nicotianae 1 hybrids)
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