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Introductior

The causal agent of powdery mildew of rubber was first described as Oidium heveae. However, later  Two morphotypes (Species | and Species I1) were identified under LM and SEM
morpho-molecular research suggests that in the past O. heveae has been confused with Erysiphe
quercicola (Limkaisang et al. 2005; Takamatsu et al. 2007). It is still under debate whether the causal

« Species | was morphologically similar to E. quercicola and it was more abundant.

agent should be classified with the genus Erysiphe emend. or with either Podosphaera or « Species Il was less abundant and had morphological features similar to both Golovinomyces and
Golovinomyces (Braun 1987; Braun and Cook 2012). In the present work, we identified two Podosphaera genera.

morphotypes of the rubber powdery mildew fungi on the basis of morphological observation under  Phylogenetic tree results confirmed that species | (E. quercicola), which has non-catanate
light (LM) and scanning electron microscopes (SEM). With the support of morphological and conidiospores, clustered with Oidium subgen. Pseudoidium, along with other species which infect
phylogenetic data, one of the two morphotypes was identified as E. quercicola of Oidium subgen. oak trees.

Pseudoidium, while the second morphotype is still insufficiently known. According to our
morphological and phylogenetic results, we conclude that it belongs to either the genus Podosphaera
or Golovinomyces. Further collections and stronger molecular evidence are required to confirm the
exact taxonomic position of the second morphotype of powdery mildew fungi.

« Haplotype analyses identified 8 haplotype groups from different countries (H1 — H8) with some
mutation events in the combined ITS and LSU rDNA sequences, which explained the variations in
the clustering pattern of E. quercicola in the phylogenetic tree within the section Erysiphe.

* Genetically divergent private haplotypes of E. quercicola from Brazil, China, Sri Lanka and
Thailand were identified.

Materials and methods

Powdery mildew infected rubber leaf samples were collected from major rubber growing areas In HapIOtype (Path Otype) analyses

China, Sri Lanka, and Thailand. Morphological observations were done under LM and SEM.
Molecular phylogenetic analyses were carried out to confirm phylogenetic placement within the tribe

Erysipheae. Haplotype analyses were performed to identify the sequence variations among the LEGEND
specimens of E. quercicola by using the combined ITS and LSU rDNA seguences. " Brazil
" N B China
Rubber powdery mildews Malaysia
‘ # Bl SriLanka
I A \ Thailand
i . N " ™ :
Species I Species 11 . ot
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Figure 3. A network of 8 haplotypes of the combined ITS and LSU rDNA sequences of 33 Erysiphe
quercicola specimens from different countries. Black dots on the lines indicate independent mutation
points are converging on a shared haplotype. The size of each circle is proportional to the frequency of
that particular haplotype

_ _ o B Table 1. Morphological characteristics of powdery mildew fungi on rubber trees.
Figure 1. Morphological features such as hyphae, catenate conidia, the outer wall of a conidium, catenate

conidia on the leaf surface, conidial germination, unlobed nipple shaped appressoria, growing end of  Characters More abundant sp. Less abundant sp.
mycelium of rubber powdery mildew species | (right) and Il (left) E. Quorcicola (Species I) Species |1
Erysiphe prunastri var japonica (MIUMH 3406) Conldla
o0 Erysiphe mori HMNWAFU CF201023) Conidiogenesis Non-catenate Catenate
— Erysiphe kenjiana (KW 34760F)
Erysiphej 1 . I MUMH 4163 - - - - - - - :
4 Ervsio e o et (VLU NI 4987 ) Shape Ellipsoid-cylindrical Ellipsoid-cylindrical
Erysiphe asiatica (MUMH4992
Y o e reterion (MUMH4089) Length range (mean) 20.6-41.3 (32.6) um 27.6-46.5 (37.4) um
FErysiphe syringae (MIUMH 1032) -
S0 Erysiphe trifoliorum (HMINWAFU CF2010322) Width range (mean) 11.4-23.2 (158) Hm 12.8-20.8 (171) LM
FErysiphe polygoni (HNVMINWAFU CF2012085 - -
N eorvsimie o o VL. RCPW ) ’ Length: width ratio (mean) 1.3-2.8 (2.1) um 1.7-2.5(2.2) um
idium heveae ' Hapl H3 - - -
T [t e TN 207 P e Germ tube Pseudoidim type Longitubus pattern
Qidium heveae 20 1 - - -
Ot O 73 Fibrosin bodies No No
Oidivum heveae (HN 407) C d h
FErysiphe quercicola ((MUNMH2602) oni |Op ore
Erysiphe quercicola (HKAS 94624) TH-T7 - Haplotype H2 — 105_401 244 m 109_725 366 m
FErysiphe quercicola (HKAS 94622) TH-TS -00t Ce” Iength range (mean) ( ) IJ ( ) l‘l
siphe quercicola S 94621 -T4 - -
o e (MUNMEI2545y Foot cell width range (mean) 2.6-10.6 (7.1) pm 6.0-15.6 (10.9) um
N Erysiphe quercicola (HKAS 94619) TH-T2 — . -
706 Erysiphe guercicola (HKAS 94620) TH-T3 } Haplotype H6 oot cell base Straight to flexuous Straight to flexuous
Eryvsip/F cola (HKAS 94641) CH-D10 T .
o 53:3;;:5 335:5:52:3 EHKAS 94639)} CH-D5 No. of additional cells 2—3 1-2
FErysiphe quercicola (HKAS 94640) CH-D9 .
Erysiphe quercicola (HKAS 94623) TH-T6 Appressoria lobed Unlobed
FErysiphe quercicola ((HKAS 94637) CH-D2
 Erysiphe quercicola (HKAS 94638) CH-D4 -
Erysiphe quercicola (MMUMH124) C I
Erysiphe quercicola (MUMHSS8S5) O n C u S I O n S

Erysiphe quercicola (HKAS 94627) SL.-S23 - Haplotype H7
FErysiphe quercicola (HKAS 94636) CH-19

Erysiphe quercicola (HKAS 94635) CH-18 » First study to reveal that two species of fungi are responsible for causing powdery

Erysiphe gquercicola (HKAS 94629) S1.-S25

Erysiphe quercicola (HKAS 94630) SL-S26 mildew disease of the rubber tree.
FErysiphe gquercicola ((HKAS 94634) CH-17

[l1 00 B Erysiphe quercicota (HKAS 94633) CH-16 » The more abundant species Is plurivorous E. quercicola, which i1s known to cause

FErysiphe quercicola ((HKAS 94632) CH-15

Erysiphe quercicols (AIKAS 94631) SL-S27 _ powdery mildews In certain other tree species.
FErysiphe gquercicola (HK AH 94628) SLL-S24 ] " . " . : - -
o ittt 94025, o1 221 | Haplotype HS » E. quorcicola 1s the most dominant and invasive fungus because of Its adaptation to a

Erysiphe quercicola (HKAH 94626) SL.-S22 | W|de range ()f hOStS over a |arge geographic alea.
Oidiverm heveae (YIN 105) ]- Haplotype H4

Erysiphe quercicola (MUMH2419) | Haplotype H1 » Haplotype analyses further revealed that E. quarcicola Is genetically diverse because
Erysiphe quercicola (MUMH2418) :
- Erysiphe alphitoides (HMNWAFU CF200228) of:
Emip;;;;’jij: O 396y OUT iU P « Its ability to infect different hosts over a wide geographic range.

0.02 * [ts development into different strains adapted to different hosts and environments.
Figure 2. RAXML tree based on a combined ITS and LSU sequences. Bootstrap support values for > The less abundant species, species Il, either belongs to genus Golovinomyces or to
maximum likelihood (ML, black) and maximum parsimony (MP, red) higher than 50% are defined as Podosphaera.
above the nodes. The tree Is rooted to Erysiphe glycines. (Sample ID; CH- China, SL- Sri Lanka, TH- » Therefore, this less abundant catanated fungus may be either a new species or the
Thailand). species formerly described as O. heveae.

» Further molecular evidence is required to come to firm conclusions regarding the exact
References taxonomic position of the second morphotype of powdery mildew fungi.
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