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Abstract:
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Background: Accurate diagnosis of the differentially aggressive fungus Leptosphaeria maculans and
Leptosphaeria biglobosa causing Blackleg in crucifers is crucial. Available markers were designed decades
ago which may become ineffective due to the ever evolving nature of the fungus, requiring the
development of more precise molecular markers.
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Methods: The whole genomes of available isolates belonging to this two species were aligned using
progressive MAUVE tool, species specific genomic regions were extracted and species specific primers
were designed from the sequences that encode for effector proteins.
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Results: Three (Lm1, Lm2 and Lm5) and two (Lb3 and Lb3’) primer sets specifically detected the isolates
of target species in PCR based assay, of which the primers Lm5 and Lb3’ were multiplexed for detection of
Leptosphaeria maculans and Leptosphaeria biglobosa, generating PCR amplicons of 230 and 834 bp, respectively
from a single PCR reaction. The markers were highly sensitive and were able to amplify target species from
crude ‘pseudothecia and ascospores suspension’ without requiring DNA extraction.
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Conclusions: These markers, solitarily or in combination, designed from species specific genomic segments
will serve as precise, sensitive and rapid detection of Leptosphaeria maculans and Leptosphaeria biglobosa
species and will be helpful for surveillance, management and transboundary quarantine of the devastating
disease.
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1. Introduction
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Leptosphaeria maculans (Desm.) Ces. & de Not. (anamorph = Plenodomus lingam) and Leptosphaeria
biglobosa Shoemaker & Brun (anamorph = P. biglobosus) are economically important dothideomycete fungal
pathogen that cause the devastating blackleg or phoma stem canker on oilseed rape and other Brassica
crops worldwide [1,2].
Leptosphaeria, one of the largest genera in the Pleosporales, having around 1600 described taxa,
exhibits considerable species diversity [2,3]. As many as 12 species of Leptosphaeria have been identified
from various cruciferous host crops and weeds [3], that includes L. maculans ‘brassicae’ and L. biglobosa
‘brassicae’ (from various Brassica crops), L. biglobosa ‘erysimii’ (Erysimum sp.), L. maculans ‘lepidii ’ (Lepidium
sp.), L. biglobosa ‘thlaspii’ (Thlaspi arvense), L. biglobosa ‘canadensis’ (from Canada) and L. biglobosa
‘australensis’ (from Australia) etc. [2,4]. Among these, L. maculans is the most ubiquitous and aggressive
pathogen, usually causes canker on stem base (blackleg) while the less aggressive L. biglobosa causes less
damaging lesions higher up the stem base [1,5,6].
Besides, these two species have similar life cycles, common growth and morphological
characteristics, mode of initial infections and favors similar ecological habitat and often co-exist in the same
infected tissues of plants as observed in North America [6,7], Europe [1,8] and Australia [9,10]. L. maculans
is the predominant cause of blackleg in North America, Europe and Australia and have substantial
diversity in the pathogenicity and population genetic structures [7,11–13]. In Eastern Asia (China, Japan
and Korea), one of the major growers of brassica crops including oilseed rape, cabbage and Chinese
cabbage etc., however, the disease is caused by less aggressive L. biglobosa only [14–17].
Previously, the more aggressive L. maculans has been reported to spread and cause significant
increase in the severity of phoma stem canker in areas such as Poland, Mexico and Canada [18,19]. Since
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both the species share common ecological-niche, and the agro-climatic factors are similar in Asian countries,
there is a great risk that this invasive species may spread in Asian regions as well via inadvertent
distribution of seeds and trade exchanges [6,16,19]. This constitutes a serious threat to the Asian canola and
cabbage industry which is otherwise very sensitive to the L. maculans, and may cause further increase in
the global loss by the disease [16]. Preventing the introduction of L. maculans is thus prioritized in these
countries evidently by the recent impose of import restrictions [17,20,21]. This requires an accurate, efficient
and rapid detection of the components of Leptosphaeria populations that can be readily employed for
quarantine and disease surveillance purposes [16].
Common techniques used for detecting fungal pathogens include in-vitro growth and
morphological traits; spectroscopic and imaging techniques, biochemical, serological and enzymological
techniques; isozyme, soluble protein and toxin profiling; sirodesmin production and pathogenicity on
differential cultivar set having various R-gene profiles etc. [2,11,22–24]. However, these techniques are
often time consuming, laborious, insensitive and inconclusive, and are in-sufficient in detecting the closely
related members of this multiple species complex. Polymerase Chain Reaction (PCR)-based assays that
harness the polymorphisms in inherent DNA sequences, in this regard, are particularly advantageous as
they offer accurate, sensitive and rapid detection of fungal species. Such PCR based assay for detection of
Leptosphaeria species complex is limited and was based on sequence variation in internally transcribed
spacer (ITS) region genes [25–27], which often are conserved among closely related species or isolates.
However, whole genome sequences of several L. maculans and L. biglobosa isolates are now available
[4,28,29], which are yet to be exploited for developing species specific molecular markers.
Here, we report the development of L. maculans ‘brassicae’ and L. biglobosa ‘brassicae’ specific PCR
based novel molecular markers from the species specific effector encoding genes identified via whole
genome alignment.

95

2. Results
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2.1 Genome Alignment and Species Specific LCBs
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The genome sizes of Leptosphaeria maculans isolates JN3 (23.1.3), Nz-T4 and WA74 ranged between
43.42-45.12 Mb which is comparatively larger than the Leptosphaeria biglobosa isolates B3.5 and G12-14
(31.78-34.95 Mb) (Table 1). In contrast, the GC content were slightly higher in L. biglobosa isolates (49.1351.39%) compared to that of L. maculans isolates (45.30-46.50%). Alignment of the whole genomes of these
isolates revealed that most nucleotide sequences are conserved among the isolates of same species (Figure
1A.B) (Figure 1C). However, there is considerable genomic re-arrangements, and isolate and species
specific genomic segments (Figure 1 & 2). A total of 13 and 18 local colonial blocks (LCBs) of ≤3 Kb were
extracted that were specific to L. biglobosa and L. maculans isolates, respectively (Figure S1).
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2.2 Blast Hits and Effector Prediction
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BLAST analysis of these LCB sequences identified which part of a particular LCB, if at all, encodes
specific gene. Top BLAST hits of each LCBs were subjected to effector prediction analysis and five L.
maculans specific LCBs namely, Lm_LCB9, Lm_LCB149, Lm_LCB247_2, Lm_LCB264 and Lm_LCB290, and
five L. biglobosa specific LCBs namely, Lb_LCB38, Lb_LCB43, Lb_LCB47, Lb_LCB52 and Lb_LCB247 had
genomic fragments that encodes for effector genes had been identified (Table 2; Figure S1). A total of five
and seven L. maculans and L. biglobosa specific primers were designed in these species specific effector
encoding nucleotide sequence (Table 2; Figure 1B and Figure S1).
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Table 1. Genomic information of Leptosphaeria maculans and Leptosphaeria biglobosa isolates used for whole genome alignment.
Species
Leptosphaeria maculans
“
“
Leptosphaeria biglobosa
“

118
119
120

Strains
(Isolate)
JN3 (23.1.3)
Nz-T4
WA74
B3.5
G12-14

Assembly
GCA_000230375.1
GCA_900465115.1
FO905058 - FO907085
FO905058 - FO907085
GCA_900465125.1

Genome Size
(Mb)
45.12
43.42
44.2
31.78
34.95

GC%
45.30
45.70
46.50
51.39
49.13

Source

Reference

Leptolife project
Leptolife project
EMBL-EBI database
EMBL-EBI database
Leptolife project

[28]
[28]
[4]
[4]
[28]

Table 2. Selected effector encoding Leptosphaeria maculans and Leptosphaeria biglobosa specific LCBs along with the corresponding blast hits and primer specifications.
Species specific genomic segment

121
122
123
124
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LCB

Position (bp)

Lm_LCB9

1829,3484-6837

Blast Hit
OWY46227

Bit-Score
(E-Value)
238.42/
(1.92E-61)
169.86 (1.49E-44)

Description

Primers

Actin-like ATPase-like protein
[Alternaria alternata]
GIY-YIG-domain-containing protein
[Lepidopterella palustris]
Hypothetical protein LEMA_P067720.1
[Leptosphaeria maculans JN3]
Carboxyl transferase
[Macrophomina phaseolina MS6]
Hypothetical protein EOO38_07195
[Cytophagaceae bacterium]
Hypothetical protein D0861_07991
[Hortaea werneckii]
Hypothetical protein PtrM4_07871
[Pyrenophora tritici-repentis]
Predicted protein
[Leptosphaeria maculans JN3]

Lm1

Forward primer

Product
(bp)

F: ATTCCCACTCTCCCTAAACTCC
248
R: TCGCACTATACCACTCCTTCAA
Lm_LCB149
1817,1471-2022
OCK82192
Lm2
F: TGAAGAATCTGCATCATCTGCT
196
R: ATCTCACTGTCCACATCTGGTG
Lm_LCB247_2 3326,0973-1293
XP_003834629
207.99 (3.07ELm3
F: AACACTTATCGCCAGCTTTGAC
167
101)
R: GTGCACCGTCACTGTCTATGTT
Lm_LCB264
148,610-861
EKG16596
67.40 (4.65E-12)
Lm4
F: CAGCTATTCACAAGAGCAAGGA
240
R: GTCTGTAGGATTCCCATCGAAC
Lm_LCB290
1579,3604-4337
RYF49765
192.2 (2.47E-53)
Lm5
F: TTGGTAGTAGCAAGGTCCATGA
230
R: GTTGATAAAGCCCAACCAAGAG
Lb_LCB38
28,0553-3706
RMY82212
98.21 (1.01E-27)
Lb1
F: GTTTCTCGATTTTTCGCTGAGT
163
R: AATACAAACCACCCAGATCACC
Lb_LCB43
3,88838-91356
PWO12528
62.00 (1.19E-19)
Lb2
F: CCAACACAGGCTTAAGAAATCC
112
R: GATATTATCTCGGGCGTTTTCA
Lb_LCB43
3,88838-91356
CCT61205
85.11 (8.16E-52)
Lb3
F: AGTTTCGCTTTCTTGTGCAGAT
R: GCTCCTTGATTACAAGGCTGAT
243
Lb3’
R’: CCAGCAGCCGTTAATATACACA
834
Lb_LCB47
47,6979-9639
RDL36686
42.36 (2.44E+00)
Clathrin heavy chain
Lb4
F: ACACTCCCACTTCATCTCGACT
185
[Phialophora cf. hyalina BP 5553]
R: TCTAGGATATGCTGCGTACACC
Lb_LCB52
58,6888-9751
KNG51546
622.47 (0)
Dimethylaniline monooxygenase
Lb5
F: TGCACCCTTTAGCTCTTCTAGG
168
[Stemphylium lycopersici]
R: TAGTCTCTCGCATACGTCTCCA
Lb_LCB247
35,49709-43263KNG45253
40.43 (4.54E+00)
Hypothetical protein TW65_08089
Lb6
F: CTGTGAGCAAGTATGAGCGATG
159
[Stemphylium lycopersici]
R: CATCCCAGCATGAACGAGAT
LCBs. local colonial blocks; Lm. Leptosphaeria maculans; Lb. Leptosphaeria biglobosa. Positions of Lm and Lb specific LCBs are based on JN3 and B3.5 genomes, respectively; Primer set
Lb3 = Lb3F + Lb3R; Primer set Lb3’ = Lb3F + Lb3R’. LCB segments are shown in Figure 2. Amplification of the primers that perfectly detected species specific isolates are shown in
Figure 3 and primers that showed non-specific amplifications are shown in Figure S3.
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Figure 1. The synteny plot among the genomes of Leptosphaeria maculans (A), Leptosphaeria biglobosa (B) isolates and
between the selected isolates of both species (C); generated with SyMap v4.2. The circular plot shows all syntenic blocks
between the scaffolds of the genomes joined with lines of same color.
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Figure 2. Progressive MAUVE alignment of the whole genomes of L. maculans and L. biglobosa isolates (A) and Segments
of the alignment where species specific primers were designed (B).
In Figure A, the homologous blocks (termed as the local colonial blocks, LCBs) shared among the genomes are indicated
as colored rectangles which are connected with lines of similar colors, indicating corresponding positions of the
homologous blocks among the genomes in a way to visualize the genomic re-arrangements. Blocks below the center
line indicate regions that align in the reverse complement (inverse) orientation and segments unique to a particular
genome are indicated by white areas. In Figure B, three parallel lines indicate presence and single/no line indicates
absence of genomic segment in a particular genome, respectively (as shown within red box in second top segment from
left, as an example). Primer names are indicated in parenthesis after the LCB names under each segment, e.g., LmLCB9 (Lm1) indicates L. maculans specific primer Lm1, designed on LCB9. Lm. Leptosphaeria maculans, Lb. Leptosphaeria
biglobosa. LCB positions and primers are shown in Table 1.
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2.3 Species specificity of Primers in PCR and Multiplex PCR assay
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For specificity testing of the designed L. maculans and L. biglobosa specific primer sets in PCR assay,
14 and 7 isolates (Table 3) belonging to L. maculans and L. biglobosa, respectively were used. In addition, one
isolate each of four other fungi and one strain each of three bacteria and one portist were used as control.
Of the five L. maculans specific primer sets, three sets namely, Lm1, Lm2 and Lm5 produced specific
amplicons of desired size (248, 167 and 230 bp, respectively) for all L. maculans isolates, whereas no such
amplicons were produced for any of the L. biglobosa isolates and other fungi, bacteria and protist used
(Figure 3A). Alternately, only two of the seven L. biglobosa specific primer sets, namely, Lb3 and Lb3’,
specifically detected all isolates of L. biglobosa isolates (amplicon size of 243 and 834 bp, respectively),
whereas none of the isolates of L. maculans and other fungi, bacteria and protist was amplified (Figure 3A).
The remaining two L. maculans specific (Lm3 and Lm4) and five L. biglobosa specific (Lb1, Lb2, Lb4, Lb5 and
Lb6) primer sets did not produce such exclusive species specific amplicons as evident either by nonamplification of at least one of the target isolates or by amplification of non-target isolates by these primer
sets (Figure S2).

160
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163
164
165
166
167

Figure 3. Specific detection of Leptosphaeria maculans and Leptosphaeria biglobosa isolates using the developed species
specific primers via PCR (A) and multiplex PCR (B) assay.
Genomic DNA (~100 ng/µ L) of the fungal isolates was used as template. Primer sets Lm1, Lm2, Lm5 specifically
detected all Leptosphaeria maculans isolates and primer set Lb3 detected all Leptosphaeria biglobosa isolates. Db. Didymella
bryoniae; Mb. Mycosphaerella brassicicola; Ss. Sclerotinia sclerotiorum; Px. Podosphaera xanthii; Ac. Acidovorax citrulli; Xcc. X.
campestris pv. campestris; Psm. Pseudomonas syringae pv. maculicola; Pb. Plasmodiophora brassicae.
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Table 3. List of Leptosphaeria maculans and Leptosphaeria biglobosa isolates and other plant pathogenic agents.
Species
Strains/Isolate
Host
Sources
Leptosphaeria maculans
Brassica
UoM, Canada
DM65
“
“
“
“
“
“
“
“
“
“
“
“
“
Leptosphaeria biglobosa
“
“
“
“
“
“

169
170
171
172

doi:10.20944/preprints201910.0147.v1

DM77
DM78
DM79
DM85
DM118
8-1
25-1
1-1
Boissevain 1
12CC 13-03
12CC 79
00-100s
03-02s
16-9-14
16-9-35
16-10-36
16-20-8
16-21-19
16-22-2

Media
V8 agar

Disease
Blackleg of Brassica

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

AAFC, Canada
“

“
“

“
“

Brassica
Brassica

“
“

“
“

“
“

Brassica

“

“

“

Brassica

UoM, Canada

PDA

“

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

“
“

“
“

“
“

Brassica
Brassica

“
AAFC, Canada

“
“

“
“

Cucumis melo
-

NIHHS, South Korea
DLO, The Netherlands

PDA
V8 agar

Gummy stem blight
Ringspot of cabbage

Didymella bryoniae
Mycosphaerella brassicicola

R1-24
NIHHS12-003
PO-99008

Sclerotinia sclerotiorum
Podosphaera xanthii

Muan
KN1

Brassica oleracea
Cucumis melo

South Korea
Hadong, South Korea

PDA
Melon leaves

Sclerotinia stem rot (white mold)
Powdery Mildew in cucurbits

Acidovorax citrulli*

KACC18782

Melon

KACC, South Korea

King’s B

Bacterial Fruit Blotch of Cucurbits

Xanthomonas campestris pv. campestris*
Pseudomonas syringae pv. maculicola*

HRI-W-3811
ICMP13051

B. oleracea
-

HRI-W, UK
ICMP, New Zealand

King’s B
King’s B

Black rot of crucifers
bacterial leaf spot of crucifer

Plasmodiophora brassicae**

Gangneung-1

B. rapa

South Korea

B. rapa plants

club root disease of crucifers

UoM. University of Manitoba, Canada; AAFC. Agriculture and Agri-Food Canada; NIHHS. National Institute of Horticultural and Herbal Science, Korea; ; PDA, Potato Dextrose Agar;
DLO. Stichting Dienst Landbouwkundig Onderzoek, Research institute Praktijkonderzoek Plant & Omgeving/Plant Research International,Wageningen, The Netherlands; KACC.
Korean Agricultural Culture Collection, Korea; HRI-W, Horticulture Research International, Wellesbourne, The University of Warwick,UK; ICMP, The International Collection of
Microorganisms from Plants, Landcare Center, Auckland, New Zealand; * Bacteria; **Protist. Growth patterns in culture plates of these isoalates are shown in Figure S3.
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One each of the L. maculans and L. biglobosa specific primer sets namely, Lm5 and Lb3’, respectively
having distinctively different amplicon sizes, were multiplexed for detection of target species from a single
PCR reaction. These primers too amplified the target isolates and did not amplified the non-target isolates
and other fungi, bacteria and protist (Figure 3B), indicating their suitability to be used in multiplex PCR.
2.4 PCR Sensitivity
The minimum concentrations of DNA required for detectable amplification of the target species by
the developed primers in PCR assay was tested using a dilution series of the DNA of Leptosphaeria maculans
isolate 12CC 13-03. The least concentration of genomic DNA of the isolate 12CC 13-03 that was detectibly
amplified by the tested primers was 0.01 ng/µ L (Figure 4), indicating high sensitivity of the designed L.
maculans and L. biglobosa specific primers. These results were achieved using 30 cycles of PCR amplification.
Increasing the number of PCR cycles may detect target isolates from further lower concentration of
template DNA.

Figure 4. Determination of PCR sensitivity using selected Leptosphaeria maculans and Leptosphaeria biglobosa species
specific primers.
A 10-fold dilution series of genomic DNA of Leptosphaeria maculans isolate 12CC 13-03 was used as template DNA.

2.5 Direct implication of target isolates
The efficacy of the developed primers for direct detection of the target speceis without requiring
DNA extraction were further tested using ‘fungal pseudothecia and ascospores suspension’ of two selected
L. maculans (DM65 and 12CC-13-03) and L. biglobosa (16-9-35 and 16-22-2) isolates as template sample
instead of genomic DNA in PCR assay. All the designed primers, including the multiplexed primer sets
effectively detected the target species (Figure 4), indicating the suitability of the developed primers in direct
detection of the target species.
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Figure 5. Specific detection of selected Leptosphaeria maculans and Leptosphaeria biglobosa isolates using crushed
pseudothecia and ascospore suspension as template DNA in PCR assays.
Lm. Leptosphaeria maculans; Lb. Leptosphaeria biglobosa; Primer set Lm5 + Lb3’ were used for multiplex PCR.

3. Discussion
Here, we developed novel PCR based molecular markers for detecting two prevalent
Leptosphaeria species, L. maculans and L. biglobosa that specializes on Brassica crops from the species
specific effector protein encoding nucleotide sequences identified by aligning whole genomes of available
isolates of these two species.
Among the Leptosphaeria species that specializes on Brassica crops and weeds, especially L.
maculans and L. biglobosa that causes devastating economic loss to the global oilseed rape and other brassica
crops are of particular interest. These two species has long been considered as single species [3]. However,
genetic barrier due to mating incompatibility [30], differential virulence on Brassica hosts, variable profiles
of sirodesmin, phomenoic acid and esterase [23,31,32] and distinctive polymorphism in 5.8s rRNA and
internal transcribed spacers (ITS1 and ITS2) sequences [33,34] eventually identified L. maculans and L.
biglobosa as two distinct species. Among these two co-evolved species, L. biglobosa is believed to be evolved
earlier than L. maculans [35,36]. Since, these two differentially aggressive species favor similar ecological
niche and co-exist in infected plants, effective detection is necessary for diagnosis and management of the
disease and for international quarantine.
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In the pre-genomic era, these species were detected by cultural characteristics and production of
toxic secondary metabolites [23,31], isozyme and soluble protein profiles [2] and virulence studies on
Brassica species [22,23,37,38] etc. However, the difficulty posed by these techniques were soon overcome
by DNA based techniques that harnessed the inherent polymorphism in the repeated element [39], 5.8S
rDNA [2,7,10], ribosomal internal transcribed spacer (ITS) region [40,41] and actin and b-tubulin genes [42]
etc. Several PCR based techniques such as RAPD [43], AFLP [44], RFLP [23,31,33] and Rep-PCR [37] etc.
were used for characterization of Leptosphaeria species complex. The highly conserved nature of the ITS
sequences within a fixed species are useful for studying population structure and species distinction [45].
However, there is report of high level of polymorphism within L. maculans species that raises concern for
their future use [2], particularly in the face of ever evolving fungal populations [4]. Use of genealogies of
multiple additional gene or non-coding sequences were thus suggested for detection of L. maculans [2,39].
The current genomic-era provides the opportunity to exploit the available whole genome
sequences of a number of Leptosphaeria species. We focused on detecting species that are devastating to
Brassica crops and hence, used the recent genomes of three L. maculans and two L. biglobosa isolates
[28,46,47]. The differences in the genome size of these two species clearly indicated that there is species
specific genomic segments (Table 1). Synteny analysis of these whole genome identified that there is
extensive genomic rearrangement between these two species (Figure 1), which was clearly visualized in
the progressive MAUVE alignment view (Figure 2). The species specific genomic fragments were extracted
and species specific primers were designed on the sequences that encoded effector proteins. The effector
proteins were targeted since the differential virulence of these two species is mainly manifested by the
avirulence gene profiles which are essentially the small-secreted proteins (SSPs) or effector proteins
localized in transposon-rich AT-isochores [29,48,49]. Among the designed primers, three (Lm1, Lm2 and
Lm5) and two (Lb3 and Lb3’) L. maculans and two L. biglobosa specific primers, respectively detected
respective isolates collected from diverse global sources precisely (Figure 3). Two of these primers namely,
Lm5 and Lb3’ were multiplexed that can be used for detection of this two species in a single PCR reaction.
Highly sensitive detection from a very low DNA concentration and detection from crushed
pseudothecia indicate that these markers can be used for mass detection without requiring the extraction
of template DNA. However, the marker efficacy using more diverse and global collection of L. maculans
and L. biglobosa isolates and the direct detection from infected leaf and infested seed samples remains to be
tested. The developed markers, designed from species specific effector proteins will serve as precise, rapid
and sensitive detection tools that can be used for mass screening of the pathogenic agents, routine diagnosis
and surveillance of the disease and in international quarantine.
4. Materials and Methods
4.1 Fungal Isolates: Collection, Culture and DNA Extraction
Fourteen and seven different isolates belonging to Leptosphaeria maculans and Leptosphaeria biglobosa,
respectively and one isolate belonging to each of the other fungus (such as Didymella bryoniae,
Mycosphaerella brassicicola, Podosphaera xanthii and Sclerotinia sclerotiorum), bacteria (such as Acidovorax
citrulli, Xanthomonas campestris pv. campestris and Pseudomonas syringae pv. maculicola) and protist
Plasmodiophora brassicae, collected from various sources of South Korea, Canada, UK, The Netherlands and
New Zealand, were used in this study. These plant pathogenic agents were cultured on various growth
media as shown in Table 1 and Figure S3. Fungal cultures were incubated for several weeks and bacterial
cultures were generally incubated for 48 hours at 26±2°C in culture room. Fully grown fungal cultures (with
mycelia and conidia) and inundated bacterial cultures (by 5 mL of sterile water) were collected by scraping
off the colonies gently using a sterile glass slide. The fungal cultures were ground to fine powder using
liquid nitrogen. Genomic DNA of both fungal isolates and bacterial strains were extracted using the
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QIAamp® DNA Mini Kit (QIAGEN, Hilden, Germany) following manufacturer’s protocols and were
stored at -20°C until further use. The DNA quality was tested via electrophoresis in 0.8% agarose gel and
the
concentrations
were
measured
spectrophotometrically
using
Nanodrop
ND-1000
(NanoDrop,Wilmington, DE, USA).
4.2 Retrieval and alignment of whole genome
The whole genome sequences of three L. maculans (JN3, Nz-T4 and WA74) and two L. biglobosa
(B3.5
and
G12-14)
isolates
were
retrieved
from
the
‘Leptolife
project’
database
(http://www.genoscope.cns.fr/externe/leptolife/assemblies.html) and European Molecular Biology
Laboratory-European Bioinformatics Institute (EMBL-EBI) database (https://www.ebi.ac.uk/) (Table 2).
The syntenic relationship between these isolates were analyzed using ‘SyMap v4.2’ and the whole genomic
sequences of these isolates were aligned using ‘MAUVE v.2.4.0’ and ‘Geneious free trial version’
(https://www.geneious.com/free-trial/) with default parameters.
4.3 Extraction of species specific genomic sequences, effector prediction and primer design
The genomic sequences of L. maculans and L. biglobosa specific local colonial blocks (LCBs) of ≤3 Kb
were extracted and subjected to BLAST Analysis. The sequences corresponding to top blast hits of each
LCBs were analyzed for effector prediction using ‘EffectorP’ (http://effectorp.csiro.au/). Primers were
designed from the L. maculans and L. biglobosa specific sequences that encodes effector proteins using
‘Primer3Plus’ (Table 3).
4.4 PCR assays
The specificity of the designed L. maculans and L. biglobosa specific markers were tested in
polymerase chain reaction (PCR) assay using the genomic DNA of all plant pathogenic agents used in this
study. The final PCR reaction (20 µ l) contained 8 µ l of Prime Taq Premix, 2X (GeNetBio, Daejon, Korea), 1
µ l of forward and reverse primers each, 9 µ l of ultra-pure water and 1.0 µ l of template DNA (~100 ng/µ L).
PCR amplification was carried out in a thermocycler (Takara, Shiga, Japan) using initial denaturation at
94°C for 4 min followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 60°C for 30 s and 72°C
for 30 s, and a final elongation at 72°C for 5 min. Electrophoresis was carried out in 1.2% agarose gel stained
with blue mango (BioD, Gwangmyeong, Korea) in TAE buffer at 100 V for 30 min and visualized in an
ENDURO™ GDS gel documentation system. HIQ 100 bp plus DNA Ladder Mix (Bioneer, Daejeon, Korea)
was used as size marker.
Best performing L. maculans and L. biglobosa specific primers were multiplexed in same PCR
condition in a final reaction volume of 25 µ l (Taq Premix = 9.5 µ l, ultra-pure water = 10 µ l, L. maculans and
L. biglobosa specific forward and reverse primers = 1 µ l each and genomic DNA = 1.5 µ l). Besides, selected
primers were tested for direct amplification of L. maculans and L. biglobosa (without requiring DNA
extraction) where instead of genomic DNA and ultra-pure water, 10 µ l of suspension (finely powdered
fungal pseudothecia and ascospores suspended in 25 µ l of ultra-pure water) were used as template DNA.
4.5 Determination of PCR sensitivity
The minimum genomic DNA of L. maculans (12CC 13-03) and L. biglobosa (16-21-19) isolates
required for detecting these isolates by the developed primers in PCR assay was determined using a
dilution series (starting from 250 ng/μL). One microliter of each dilution was used directly as the template
DNA with PCR conditions as described in previous section.
Supplementary Materials: The following are available online.
Table S1. Effector prediction of the top blast hits of Leptosphaeria maculans and Leptosphaeria biglobosa specific LCBs
using ‘EffectorP’ program.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 October 2019

doi:10.20944/preprints201910.0147.v1
Page 13 of 16

Figure S1. Nucleotide sequences of Leptosphaeria maculans (a) and Leptosphaeria biglobosa (b) specific ‘local colonial
blocks (LCBs)’.
Figure S2. Amplification of pathogenic isolates by the designed Leptosphaeria maculans and Leptosphaeria biglobosa
specific primers (A) and by previously published multiplex primers (B) in PCR assay.
Figure S3: Culture plates of Leptosphaeria maculans (Lm) and Leptosphaeria biglobosa (Lb) isolates on V8 and PDA media,
respectively.
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