
www.harmfulalgae.info

The use of molecular approaches in marine 
ecosystem health assessment and research in 

Malaysia

Po Teen Lim, Chui Pin Leaw, KiengSoon Hii

BachokMarine Research Station, Institute of Ocean and 
Earth Sciences, University of Malaya, Bachok, Kelantan, 

Malayisa



www.harmfulalgae.info

KiengSoon Hii, Z. F. Lim, S.N. Tan, Z. Luo, H. Gu, C.P. Leaw, P.T. Lim  

Part I
Assessing the diversity of marine phytoplankton across 

the South China Sea and Malacca Strait using 
metabarcoding approach



Importance of Phytoplankton

Sources: Gulf of Maine research Institute 2010

Å They serve as the primary producers in coastal 
ecosystem.

Å They also act as biogeochemical cycle mediator 
for the earth.

Sources: Finkel et. al., 2010



ÅProliferation of selected phytoplankton taxa in the waters may cause tremendous 

impactson human health and social-economy.

Å Toxinproducertaxareleasebiotoxin and
contaminatedseafoodor fishkill.

Shellfish contamination in GetingRiver, 
Kelantan.

Mass mortality of cultured fish in 
Johor strait due to algal 
karlotoxins.

Å High-biomass producer taxa cause
anoxia/hypoxiain waters and lead to
mortality of marinelife.

Massive fish mortality in Teluk
Bahangcaused by a hypoxia-
inducing algal bloom



Objective

Investigate phytoplankton community 
assemblages across the South China Sea and
Malacca Strait by geneticmetabarcoding.

72 plankton samples were collected 
during research cruise in July-August 

2019

DNA isolation and 18S rDNA 
V9 region amplified 

Illumina Miseqplatform and 
data analysis

Methodology

RV Discovery, UMT



Phytoplankton community studies

Å Metabarcoding is:-

ï A fast-genetic mannerto elucidate the 
comprehensive taxonomic profiling in the 
environment (Kuninet al., 2008).

ï Reliabledue to the taxonomic assignment are 
based on the sequences similarity of the 
references genomes in huge database such as 
Ref seq (Tatusovaet al., 2014), PR2 (Cole et al., 2014) 

and SILVA (Quast et al., 2013).

Å Highly accurate genetic distinction approach, 
metabarcoding are useful to monitor the 
phytoplankton/HABs species.

high quality ribosomal RNA databases
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Phytoplankton diversity
Å Atotal of 386 

phytoplanktonspecies 
taxawas revealed.

Å High species diversity 
was observed at offshore 
sampling station.

ï This could be due to 
lower nutrient at 
offshore. 

ïHigh nutrient tends to 
shift the high-species 
phytoplankton 
diversity to 
monospecific.
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OTUs Abundance of phytoplankton

ÅHigh OTU abundances 
of phytoplankton 
were found at shore
sampling stations of 
Malacca Strait.
Å This was likely 

influenced by high 
nutrient loading in 
the region.

South China Sea

Malacca Strait

Coscinodiscaceae

Chaetocerotaceae

Rhizosoleniaceae

Rhizosoleniaceae

Chaetocerotaceae

Chaetocerotaceae

Thalassiosiraceae

Predominated
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Harmful algal bloom species and its threats 

Å A total of 28 harmful 
algal bloom (HAB) 
species was 
annotated from OTU, 
with 7 new records in 
Malaysian waters.

Å High OTU abundance 
of HAB species were 
mainly found in 
Malacca strait.
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Conclusion

ÅThis study provides valuable baseline inventory of marine 
phytoplankton diversity to evaluate long term of 
phytoplankton communities along the coast of Malaysia

ÅMetabarcodingapproach is useful for HAB species detection
and monitoring.
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Study Sites: Johor Strait (JS)

ST2, ST7-ST8: Near the 
MerabongIsland

ST1: Port of Tanjung
Pelepas

Johor-Singapore 
Bridge

ST3: Cage Fish Farm; ST5 and ST10 : Cage Fish and Green Mussel Farm

ST13-16 : Green mussel farm

ST14-15 : Cargo port  

Johor-
Singapore 
Crossway

Western

Eastern

Johor Strait is divided 
by Johor-Singapore 
crossway to western 
(20km) and Eastern 
side (33km)
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Å Chl-a in the Johor Strait were in the range 
of 48.82- 3.15 µg/L.

Å The highest Chl-a (34-48.32 µg/L) content 
were observed in inner JS, wherehigh 
biomass/ bloom of several diatom 
species in the water were observed.
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Species composition based on metabarcoding
Å A total of 130 phytoplankton taxawere

revealed from OTUs taxonomic 
assignment.

ï 64 species of Dinoflagellates

ï 66 species of diatoms

Å 16know and potential HABspecies 

i) Alexandriumaffine, ii) A. 
minutum/peruvianum/ostenfeldii/ insuetum, iii) A. 
pseudogoniaulax/hiranoi, iv) A. tamiyavanichii, v)
A. leei, vi) Chattonellamarina, vii) C. subsalsa, viii)
Dinophysismiles/ caudata/norvegica/acuminate, 
ix) Gymnodiniumcatenatum, x) Heterosigma
akashiwo, xi) Kareniaselliformis, xii) Pseudo-
nitzschiaamericana, xiii) P. brasiliana, xiv)P. 
cuspidata/ lineola/ turgidula/australis, xv) P. 
multiseries/Pungens, xvi) P. australis
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Taxonomic assignment
Highest Blast hit Identity (%) Species assignment

OTU21914
Otu4410

Dinophysismiles 99.23 Dinophysismiles/caudata/norvegica/acuminata
D. caudata
D. norvegica
D.acuminata

Otu15209
Otu3139

Pseudo-nitzschiapungens 98.47 Pseudo-nitzschiamultiseries/pungens
P. multiseries

Otu22780
Otu4439
Otu4441

Alexandriumminutum 98.46 Alexandrium
minutum/peruvianum/ostenfeldii/ insuetumA. peruvianum

A. ostenfeldii
A. insuetum

Otu3088

Pseudo-nitzschiacuspidata

97.67
Pseudo-nitzschiacuspidata/ lineola/ turgidula

P. lineola
P.turgidula

Otu7064
Otu135

Alexandriumpseudogoniaulax
98

Alexandriumpseudogoniaulax/hiranoi
A. hiranoi

Otu16641Pseudo-nitzschiaaustralis 99.24 Pseudo-nitzschiaaustralis
Otu21833Kareniamikimotoi 97.69 Kareniamikimotoi
Otu23722Heterosigmaakashiwo 99.2 Heterosigmaakashiwo
Otu24287Gymnodiniumcatenatum 99.23 Gymnodiniumcatenatum

Otu4409 Alexandriumaffine 100 Alexandriumaffine
Otu4480 Alexandrium leei 97.3 Alexandriumleei
Otu4492 Alexandriumtamiyavanichii 100 Alexandriumtamiyavanichii
Otu4421 Chattonellasubsalsa 100 Chattonellasubsalsa
Otu6704 Chattonellaminima 100 Chattonellaminima
Otu299 Pseudo-nitzschiabrasiliana 98.48 Pseudo-nitzschiabrasiliana
Otu3526 Pseudo-nitzschiaamericana 100 Pseudo-nitzschiaamericana

Å Only OTUs that had 
> 97% similarity to 
NCBI Nt database 
were included in the 
analysis.

Å However, some of 
the HABs species still 
cannot be 
distinguished to 
species level by
usingV9 of 18S 
rDNA region.
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HAB species distribution in Johor Strait
Overall HABs species relative abundance throughout May2018-Jan2019

Å The highest HAB species diversity 
and relative abundance were 
discovered in outer western and 
Eastern JS.

Å A. leei, A. pseudogoniaulax/hiranoi, 
A. tamiyavanichii, P. americana, P. 
australisand P. 
cuspidata/ lineola/ turgidulawere 
found in outer Western JS.

Å A. affine and C. minima were 
detected in outer of Eastern JS.

Å Dinophysissp. was found in outer 
parts of Western and Eastern JS.

Å C. subsalsa, G. catenatumand P. 
brasilianawere discovered in inner 
Eastern JS.

Å H. akashiwoand P. 
multiseries/pungeswere detected 
throughout the stations in JS.

Western

Eastern
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HAB community assemblages and composition shift

Å HABs species diversity increased in wet season during the Northeast 
monsoon.
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Physico-chemical variability
Å Salinity and pH in JS were in the range 

of 23-32 and 7.2-8.2, respectively.
Å The lowest salinity were observed in 

the inner JS, likelydue to freshwater 
plumes and discharge of freshwater 
from reservoirs.

Å The highest salinity and pH were 
detected in Jan 2019 duringflood tide, 
intrusion of the seawater from South 
China Sea and Strait Of Malacca.

Western
Eastern

Singapore

Water current movement during Jan 2019
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Å Temperature in JS were observed in the range of 28-33°C.
Å The highest temperatures (31-33 °C) were observed in the Inter-

Monsoon (Oct 2018) andSouthwest Monsoon. 



www.harmfulalgae.info

ÅThe highest concentration of micronutrients, nitrate, ammonia, phosphate and silicatewere observed 
during the Northeast Monsoon (Nov-Jan), postulate the nutrient sources was discharged from rivers and
runoff from land in urban areas during rain.
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Canonical Correlation Analysis (CCA)

Å Relative abundance of A. pseudogoniaulax/hiranoi, A. tamiyavanichii, A. leei, P. americana, P. 
multiseries/pungensand Dinophysissp. were associated with increasing DIN: DIP and salinity.

Å H. akashiwo, A. affine and A. minutum/peruvianum/ostenfeldii/ insuetumwere related to increasing 
phosphate and temperature.

Å G. catenatumand C.subsalsawere highly correlated with temperature.



Part III
Exploring the diversity of 
zooxanthellae associated with 
corals of Perhentian Islands 
Marine Park by deep 
sequencing approach

Po Teen LIM, Lee KiatLEE, Zhen Fei LIM, KiengSoon HII, Haifeng GU, Zhaohe
Luo, Albert A. CHAN, Chui Pin LEAW 



The coasts of Malaysia harbored coral reef ecosystem spanning for up 
to 4000km 2  in term of area ( Wikinson, 2008), with estimated 500 
hermatypic coral species, constituting 60% of the world described 
hermatypic coral species ( Veron et al., 2009).

Climate change and other local stressors (eutrophication, siltation, 
habitat destruction and overfishing) has caused mass bleaching of 
coral species. eg ., in year 2010.



Reef corals are hosts to a group of exceptionally 

diverse dinoflagellate symbionts in the family 

Symbiodini aceae .

These symbionts are critical compo nents of coral 

reef ecosystem. Loss of these symbionts in their 

coral hosts during stress -related òbleachingó 

events can lead to mass mortality of the coral 

hosts and collapse of the associated reef 
ecosystem.



Coccoid

Mastigote

Motile flagellated cell
© Leaw

Zooxanthellae factSheet

Ã Single-cell dinoflagellates 

Ã Mutualistic endosymbionts

Ã Autotroph (Photosynthetic) 

Ã Containing chloroplasts (chlorophyll a, 

c, peridinin and diadinoxanthin) and 

pyrenoid

Ã Coccoid in hosts; free living flagellated 

cell

6 to

13 µm

The symbiont is housed in a 

specialized compartment (peri-

vacuolarmembrane) of host cell, 

called symbiosome.

They give corals their vibrant colors.

Zooxanthellae will be expelled when 

the coral hosts are exposed to 

environmental stressors, and this 

caused the coral to bleach. 



Zooxanthellae is a highly diverse 
group, with divergent clades (of which 
comprise of multiple subclade types) 
that are now partitioned into a total of 
sevengenera.

Different clades have different 
resistance to various environmental 
stresses.
Clade A ςhigh/variable light 
Clade D ςthermal tolerance
Clade E- Free living-non symbiotic 

High species and functional 

diversity of zooxanthellae 

LaJeunesseet al. (2018)



Assessing the symbiont composition 
in different  corals is essential to 
understand the resilience and 
susceptibility of the reefs

To investigate the diversity of 
zooxanthellae in Malaysian 
common coral species, 

To assess the coral resilience by 
comparing the zooxanthellae 
communities in the host species.

Goal:
Exploring the zooxanthellae diversity of 
Malaysia


