AN Study of umbel browning and stem necrosis on carrot in
q\ GEVES France; isolation and characterization of the fungal pathogen:
SpereeE Peomance Phomopsis dauci/Diaporthe angelicae
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BACIKGROUND

Since 2007, symptoms of umbel browning and stem necrosis have been regularly observed in carrot seed
production areas in France. The first symptom is a triangular necrotic lesion on one part of the umbel,
which spreads over the entire umbel and then often progresses to the stem. Black spots are present on
plant debris (Fig.1.). Diseased umbels dry prematurely, and this has a negative effect on seed
development. In the 2007 and 2008 harvests this resulted in a reduction in yield of approximately 8%. The
symptoms of the disease are the same as those caused by Phomopsis dauci, described by Von Arx in the
Netherlands in 1951, and so may indicate the re-emergence of the fungus. This pathogen is being studied
as part of the DIAPOCAR project.
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CHARACTERIZATION

A reference collection of 82 isolates (69 from carrot and 13 from parsley), which mainly come from the centre of France, has been established.
Strains are characterized using phenotypic and molecular criteria.

Phenotypic criteria: Molecular criteria:
On Malt-agar mycelium is white and ITS region analysis has proved that Phomopsis dauci and Diaporthe

downy (Fig.2.). On media, pycnidia angelicae are the same fungus. Diaporthe angelicae is the sexual
(asexual stage) appears after 19 days stage of Phomopsis dauci.

(Fig.3.) and produces two types of The whole collection is being characterized through the study of
conidia, a (6.3x2.2um, unicellular, ovoid) ITS regions to determine the species (Fig.5.) and IGS regions to study

and B (23.9x0.9um, unicellular, filliform ). the variability of strains.
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Phonopsis CCCTGGAGACAGGGAGCAGCCCGCCGGCGGCCAGCCAARAACTCTGTTTCTATAGTGGATCTCTGAGTAAARAARAARCATAARTGAARTCAARARCTTTCAARCAACGGATCTCTTGGTTCTGGCATCGATGAAGARALC
54, CCCTGGAGACAGGGAGCAGCCCGCCGGOCGGECCAGCCAAACTCTGTTTCTATAGTGGATCTCTGAGTAAARAARAARCATAAATGAATCAARAACTTTCARCARCGGATCTCTTGGTTCTGGCATCGATGAAGARAL

e J° 0307. CCCTGGAGACAGGGAGCAGCCCELCGEEGGECAGCCARACTCTGTTTCTATAGTGGATCTCTGAGTARANAACATARATGAATCARAACTTTCAACAACGGATCTCTTGETTCTGGCATCGATGAAGAAL

CO n | | a a te r ayS Oweve r a te r 7?. CCCTGGAGACAGGGAGCAGCCCGCCGECGECCAGCCARACTCTGTTTCTATAGTGGATCTCTGAGTARRAAACATARATGARTCARAACTTTCARCARCGGATCTCTTGGTTCTGGCATCGATGAAGARAL
. ) 56. CCCTGGAGACAGEGAGCAGLCCGCLGGCEECCAGCCARACTCTGTTTCTATAGTGGATCTCTGAGTARRARAACATARRTGARTCARRACTTTCARCAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC

62. CCCTGGAGACAGGGAGCAGCCCGCLGGCGECCAGCCARRCTCTGTTTCTATAGTGEATCTCTGAGTARRAAACATAARTGARTCARRACT TTCARCAACGGATCTCTTGGTTCTGGCATCGATGAAGAAC

. . 52. CCCTGGAGACAGGGAGCAGCCCGCCGGCGGCCAGCCAAACTCTGTTTCTATAGTGGATCTCTGAGTARARAACATAARTGAATCARAARCTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGARC

a S O n a CO n | | a a re re Se nt 50. CCCTGGAGACAGGGAGCAGCCCGCCGGCGGCCAGCCAAACTCTGTTTCTATAGTGGATCTCTGAGTAAARAACATAARTGARTCARAACTTTCAACAARCGGATCTCTTGGTTCTGGCATCGATGAAGAAC
) . Consensus CCCTGGAGACAGGGAGCAGCCCGCCGGCGGCCAGCCARACTCTGTTTCTATAGTGGATC TCTGAGTAARARAAARCATAARATGARTCAAARAC TTTCARCARCGGATCTCTTGGTTCTGGCATCGATGARGAAC
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Phonopsis GCAGCGAARATGCGATAAGTARTGTGAATTGCAGAATTCAGTGARTCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCARGCCTGGE

54. GCAGCGAAARTGCGATAAGTARTGTGAATTGCAGAARTTCAGTGARTCATCGARTCTTTGAARCGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE
0307, GCAGCGAARARTGCGATAAGTAARTGTGAARTTGCAGARTTCAGTGAARTCATCGARTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE
F2. GCAGCGAARTGCGATAAGTARTGTGAATTGCAGAARTTCAGTGARTCATCGARTCTTTGAARCGCACATTGCGCCCTCTGGTATTCOGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE
H6. GCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAARTCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCAARCCCTCAAGCCTGGE
62. GCAGCGAAARTGCGATAAGTAARTGTGAATTGCAGAARTTCAGTGARTCATCGARTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE
52. GCAGCGAAARTGCGATAAGTARTGTGAATTGCAGAARTTCAGTGARTCATCGARTCTTTGAACGCACATTGCGCCCTCTGGTATTCOGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE
50, GCAGCGAAARTGCGATAAGTARTGTGAATTGCAGAARTTCAGTGARTCATCGARTCTTTGAACGCACATTGCGCCCTCTGGTATTCOGGAGGGCATGCCTGTTCGAGCGTCATTTCARCCCTCARGCCTGGE

Consensus GCAGCGAARAARTGCGATAAGTAARTGTGAATTGCAGARTTCAGTGARTCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCTGGLE
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Phomop=sis TTGGTGATGGGGCACTGCCTGTGAAAGGGCAGGCCCTGARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGCAGTAGTTACATCTCGETCTGGGAGGCCCTGGCGGTGCCCTGCCGTTAAARCCCCCARC

b4, TTGGTGATGGGGCACTGCCTGTGAAAGGGCAGGCCCTGAARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGLGAGGCCCTGGEGGTGCCCTGCCGTTARACCCCCARC
0307, TTGLGTGATGGGGCACTGCCTGTGAAAGGGCAGGCCCTGAARARTCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGGGAGGCCCTGLECGLGTGCCCTGCCGTTAAARCCCCCARC
F2. TTGGTGATGLGGGCACTGCCTGTGAARARGGGCAGGCCCTGARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGGGAGGCCCTGLECGLGTGCCCTGCCGTTAAACCCCCARC
56, TTGGTGATGGGGCACTGCCTGTGAARAGGGCAGGCCCTGARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGGGAGGCCCTGLECGLTGCCCTGCCGTTAAACCCCCAGE
62. TTGGTGATGGGGCACTGCCTGTGAAAGGGCAGGCCCTGAAATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGLGAGGCCCTGGEGGTGCCCTGCCGTTAARACCCCCARC
52. TTGGTGATGGGGCACTGCCTGTGAARAGGGCAGGCCCTGARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTAGTTACATCTCGCTCTGGGAGGCCCTGLECGLGTGCCCTGCCGTTAAARCCCCCARC
50, TTGGTGATGGGGCACTGCCTGTGAARRGGGCAGGCCCTGARATCTAGTGGCGAGCTCGCCAGGACCCCGAGCGTAGTARTTACATCTCGCTCHGGGAGGCCCTGGEGG
Consensus TTGGTGATGGGGCACTGCCTGTGARAGGGCAGGCCCTGAARARTCTAGTGGCGAGCTCGCCAGGACCCOCGAGECGEAGTAg TTACATCTCGETCLGGGAGGCCCTGLEGGL gcccb gocgt b aaaccococcaac

DEVELOPMENT OF SEXUAL STAGE

Using black spots from plant debris in artificial conditions, perithecia appear after 11 days and produce asci with 6 to 8 ascospores (10.2x2.1um,
bicellular, ovoid). After 24 days, cirrhi are observed containing free ascospores (Fig.6.).
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ARTIFICIAL CONTAMINATION

To contaminate plants, either conidia suspensions (artificial conditions) or plant debris showing black spots (natural conditions) were used. This
allows verification of Koch postulates.
Artificial conditions: Natural conditions:
Umbells were collected in field, preserved in growth chambers and contaminated by spraying
of conidia suspension (a/p at 10’ conidia.ml!). The first symptoms appeared after 10 days
and plants were completely dry after 20 days (Fig.8.).
™ W= «: 1 »"; S Y ﬂ}ﬂ ,‘yv " Substrate :
" moist sand + nutrient solution
Conditions :
-T°: 20°C
T O RGP % f- , -Humidity : 80%
10 e | B, % S B -Photoperiod : 12h light/
12h darkness In controlled/natural conditions, Diaporthe angelicae
was re-isolated using inoculated plants.
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CONCLUS|ON Sexual and asexual stages obtained in artificial conditions allowing the in vitro production of inoculum for future tests.
Protocols of artificial contamination using conidia or debris are operational : Koch postulates were verified, confirming that symptoms are caused

by Diaporthe angelicae/ Phomopsis dauci.
Create protocol for artificial contamination with ascospores, expand reference collection, study variability of strains (IGS regions ).
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