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Abstract
-

Haliphthoros. 

Haliphthoros milfordensis

on PYG agar containing NaCl. Strain IPMB 1603 only grew at certain salinity ranges, in which on 

Haliphthoros 
milfordensis

Introduction
Mud crabs belonging to the genus Scylla spp. 

mainly relies on wild caught seed stock but cur-
rently market demand is higher than supply. In-

crab is an alternative approach to support high 
market demand. Lately, China and Vietnam 

-
duction (Shelley, 2008). Consequently, disease 

are the major threat in mud crab aquaculture 

where each outbreak has caused huge loss in 

Previous studies have reported that marine 

Lagenedium and Haliphthoros have been reported 
-

Haliphthoros 
milfordensis

Urosalpinx cinerea (Vishniac, 

American lobster, Homarus americanus (Fisher 
Penaeus 
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setiferus (Tharp and Bland, 1977), and some 
marine algae (Fuller et al., 1964). In 2016, a 

mud crab spawning and this caused almost 

larva. This paper describes the morphological 

Materials and Methods

Mud crab, S. tranquebarica eggs and larvae were 
-

ery in Sabah, Malaysia. These eggs and larvae 
were examined using an Olympus CKX 41 mi-

tubes were seen. The selected egg and larvae 
were then inoculated onto PYGS agar (1.25g 
Bacto peptone, 1.25g Bacto yeast extract, 3g 

Streptomycin sulphate and ampicillin were 

-
onies grew around the inoculated eggs and 

-

-

production was observed using an Olympus 

An 

were homogenised by Micro Smash TM (Tomy 

beads. Total genomic DNA was extracted using 
NucleoSpin Plant II (Macerey-Nagel GmbH & 

by PCR with the primes ITS4 and ITS5 (White 

GoTaq DNA polymerase (Promega) with the 

using a NucleoSpin Gel and PCR Clean-up 
(Macerey-Nagel GmbH & Co.) according to 

was sequenced using a BigDye Terminator v1.1 

Inc.) and an automated DNA sequencer (ABI 
PRISM 3730 DNA analyser: Thermo Fisher 

FASMAC Co. LTD., Japan. Finally, the resulting 
data was applied to generate a phylogenetic tree 
using the neighbour-joining method.

PYG agar (1.25g peptone, 1.25g yeast extract, 
3g glucose, 12g agar) containing NaCl or KCl 

prepared. Strain IPMB 1603 was cultured in 

produce a large colony. Agar blocks were cut 
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2 cork borer (5 mm diameter) and each was in-
oculated on a prepared PYG agar plate. Fungal 

colony diameter at 3, 5, 7 and 10 days. 

were prepared by diluting with distilled water. 

colony cultured in advance and inoculated onto 
prepared agar plates. Fungal growth was de-
termined as described above. 

large colony cultured in advance and inoculated 
onto PYGS agar plates, and then incubated at 

as described above. 

The PYGS broth (without supplemented agar) 
were prepared and adjusted to pH (3, 4, 5, 6, 7, 

poured into the 6 well plate under sterile con-

was inoculated into each well, then incubated 

adjustment were recorded as (-) no growth, (+) 
weak growth, (++) moderate growth and (+++) 
abundant growth. 
Results

5 days post-hatching. Discharge tubes without 
vesicles were observed in the dead eggs and 

strain IPMB 1603 was selected randomly and 

Strain IPMB 1603 grew as a whitish yellow 
colony on PYGS agar and the colony reached 

2 weeks. Vegetative hyphae were grown as 
branches with numerous vacuoles (Figure 1) 

-
water, the protoplasm within the hyphae was 

-
ments developing within hyphae varied in size 

zoospores divided in the zoosporangium and 

-

zoospores appeared arranged in rows inside 

the tips.

The nucleotide sequence containing the ITS1-

ITS1 region were used to construct a phylogenic 

-
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Figure 1.

Figure 2.
seawater. 
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ity between strain IPMB 1603 and Haliphthoros 
milfordensis
isolate (IPMB 1603) belongs in H. milfordensis. 

H. milfordensis 
IPMB 1603 was registered in GenBank under 
accession number LC274624.

Strain IPMB 1603 showed moderate growth on 
PYG agar supplemented with various concen-

PYGS agar (control) as a comparison. While, in 
contrast strain IPMB 1603 did not grow on PYG 
agar containing distilled water. 

Strain IPMB 1603 grew on PYGS agar at salini-

did not grow at salinities less than 5 ppt.

Figure 3.

1 000 reiterations.
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Table 1.

NaCl (%)
Days after incubation on PYG agar

3 5 7 10
0 -* - - -

0.5 0.38** 0.78 1.18 1.65
1 0.80 1.65 2.25 3.08
2 0.95 1.88 2.68 3.68
3 0.43 1.08 1.75 2.63

PYGS agar 1.9 2.4 3.7 4.2

* no growth
** colony diameter in cm

Table 2.

KCl (%)
Days after incubation on PYG agar

3 5 7 10
0 -* - - -

0.5 0.1** 0.1 0.1 0.1
1 0.35 0.85 1.33 2.03
2 0.53 1.33 2.08 2.68
3 0.43 1.28 1.7 2.53

PYGS agar 1.9 2.4 3.7 4.2

* no growth
** colony diameter in cm 

Table 3.

Salinity 
Days after incubation on PYG agar

3 5 7 10
0 -* - - -
5 - - - -

10 0.6** 1.0 1.1 1.3
15 0.8 1.5 2.0 2.5
20 1.7 2.2 3.5 3.9

PYGS agar 1.9 2.4 3.7 4.2

* no growth
** colony diameter in cm
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(Table 4).

Strain IPMB 1603 grew well at pH 6 to 8 and 
moderate growth was observed at pH 4, 5 and 
9. No mycelial growth was observed at pH 3, 
10 and 11 (Table 5). 

Table 5.

 

 pH

Days after incubation

3 5 7 10
3  -  -  -  - 
4   +  +  +
5  +  +  + +  + +
6  + +  + +  + +  + +
7  + +  + +  + + +  + + +
8  + +  + +  + +  + +
9   +  +  + 

10  -  -  -  - 
11  -  -  -  - 

Table 4.

Temperature ( C)
Days after incubation on PYG agar
3 5 7 10

5 -* - - -
10 - 0.6 0.8 0.9
15 0.6** 0.8 1.1 1.1
20 1.3 1.7 2.7 3.6
25 1.9 2.4 3.7 4.2
30 2.8 4.3 5.5 7.2
35 2.9 4.5 5.5 7.4

* no growth
** colony diameter in cm 
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Discussion
The genus Haliphthoros
Haliphthraceae. At present, three species have 
been documented in the genus Haliphthoros: 
H. milfordensis Vishniac, H. philippinensis Hatai 
et al. and H. sabahensis Lee et al. Haliphthoros 

Haliphthoros where the 

H. sabahensis (Lee 
et al., 2017) and H. milfordernsis (Hatai, 1982) 

H. philippinenesis. Zoospores 
H. phillippinensis

-

-
ic Haliphthoros
Based on the ITS1 nucleotide sequence, IPMB 

H. milfordensis and showed high similarity 

as H. milfordensis based on the morphology and 
molecular similarities. The strain IPMB 1603 was 

containing NaCl. This result is similar with H. 
philippinensis H. milfordensis 

H. sabahensis (Hatai et 
al., 1980; Nakamura and Hatai, 1995; Lee et 
al., 2017). H. sabahensis was concluded to be 

grew on PYGS agar (Lee et al., 2017). This study 
demonstrated that strain IPMB 1603 shared 
similar growth environmental conditions with 

Haliphthoros in which 

at high salinities. The optimum temperature 

similar with H. philippinensis (Hatai et al., 1980) 
and H. sabahensis (Lee et al., 2017) in which 
both species tolerated high temperatures. In 
contrast, H. milfordensis NJM 8977 appears to 
show optimum growth at a lower temperature 

present strain IPMB 1603, H. philippinensis and 
H. sabahensis were able to survive at tempera-

highly depends on the host habitat. The strain 

H. sabahensis. 
Haliphthoros showed 

growth at high alkaline conditions up to pH 10 
or 11. (Hatai, 1982; Chukanhom et al., 2003). 

1603 as Haliphthoros milfordensis and studied the 
biological characteristics that will contribute to 
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