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Abstract

	 This study aimed to investigate molecular profiling and ecological preference of Spirogyra 
spp. in Thailand, using the profiling of HAT-RAPD markers.  Biological parameters; cell dimension 
(width and length), number of chloroplast spiral/granules and some ecological parameters; total 
dissolved solid (TDS), pH, dissolved oxygen (DO), salinity and conductivity were also performed 
to determine correlation between biological and ecological parameters. For the specimen 
collection; 11 sampling sites in Northern provinces were designed. By basing on cluster analysis 
of ecological parameter, significantly different was observed (p<0.05). Significantly different was 
also detected in biological parameters, by revealing 5 different character groups (p<0.05) among 
all 11 specimens. The major classified criteria seem to be number and arrangement of chloroplast 
spiral. Contrastingly, by basing on correlation coefficient analysis, conductivity and TDS showed 
significantly related with all biological parameters, whereas DO showed significantly related with 
TDS and number of chloroplast spiral. For molecular study, on the basis of 54 characters 
(fragment size) provided from 5 different HAT-RAPD primers, 3 groups of Spirogyra spp. were 
divided and represented according to their geographical distribution. This finding allowed the 
magnitude of HAT-RAPD markers for profiling and determining of geographical and ecological 
origins.
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ความสมัพนัธ์เชงินเิวศวทิยาและสณัฐานวทิยากายภาพ ของ

สาหร่ายเตา Spirogyra sp. ในภาคเหนอืของประเทศไทย

พีระวุฒิ วงศ์สวัสดิ์* และ ยุวดี  พีระพรพิศาล*

บทคัดย่อ

	 การศึกษาคุณสมบัติเชิงโมเลกุล และนิเวศวิทยาเฉพาะของสาหร่ายเตา  Spirogyra spp. ใน
ประเทศไทย โดยใช้ เครื่องหมาย HAT-RAPD นอกจากนั้นปัจจัยทางชีววิทยา เช่น ขนาดของเซลล์ (ความ
กว้าง และความยาว) จ�ำนวนของ chloroplast spiral และ granules รวมทั้ง ปัจจัยทางนิเวศวิทยา เช่น 
ปริมาณของแข็งที่ละลายน�้ำ (TDS) ความเป็นกรด-ด่าง (pH) ปริมาณออกซิเจนที่ละลายน�้ำ (DO) ความ
เคม็ของน�ำ้ (salinity) และค่าการน�ำไฟฟ้าของน�ำ้ (conductivity) ยงัถกูน�ำมาใช้เพือ่วเิคราะห์ความสมัพนัธ์ 
ระหว่างปัจจัยทางชีววิทยา และ นิเวศวิทยา จากจุดเก็บตัวอย่างทั้งหมด 11 จุด ในภาคเหนือ ผลการจัด
กลุ่มปัจจัยทางนิเวศวิทยาพบว่ามีความแตกต่างอย่างมีนัยส�ำคัญ (p<0.05) นอกจากนั้นยังพบความแตก
ต่างอย่างมีนัยส�ำคัญระหว่างปัจจัยทางชีวภาพ โดยสามารถจัดกลุ่มลักษณะสัณฐานของตัวอย่างสาหร่าย
ได้ 5 กลุ่มจากทั้งหมด 11 ตัวอย่าง (p<0.05) พบว่าปัจจัยหลักที่ใช้ในการจัดกลุ่มคือ จ�ำนวนและการจัด
เรียงตัวของเกลียว chloroplast  เป็นที่น่าสนใจว่า จากการวิเคราะห์สัมประสิทธิ์ความสัมพันธ์พบว่า ค่า
การน�ำไฟฟ้า และปรมิาณของแขง็ทีล่ะลายน�ำ้ทัง้หมด มคีวามสมัพนัธ์อย่างมนียัส�ำคญักบัปัจจยัทางชวีภาพ
ทุกปัจจัย ขณะที ่ปรมิาณออกซเิจนทีล่ะลายน�ำ้มคีวามสมัพนัธ์อย่างมนียัส�ำคญักบัปรมิาณของแขง็ทีล่ะลาย
น�้ำทั้งหมดและ จ�ำนวน chloroplast spiral ผลการศึกษาทางอณูชีววิทยาพบว่าลักษณะของแถบดีเอ็นเอ
ทั้ง 54 แบบที่เกิดจาก HAT-RAPD primers จ�ำนวน 5 ชนิด สามารถจัดกลุ่ม Spirogyra spp. ได้ 3 กลุ่ม 
ซึ่งพบว่ามีความสัมพันธ์กับภูมิศาสตร์และนิเวศวิทยาของจุดเก็บตัวอย่างแต่ละจุดด้วย ผลการศึกษาครั้งนี้
สามารถยนืยนัประสทิธภิาพของเครือ่งหมาย HAT-RAPD ในการศกึษานเิวศวทิยาแบบเฉพาะของสาหร่าย
เตาในภูมิศาสตร์ที่แตกต่างกันได้ 

ค�ำส�ำคัญ :	 ความสัมพันธ์เชิงนิเวศวิทยา 	  สัณฐานวิทยากายภาพ 	   สาหร่ายเตา
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Introduction
	 Spirogyra is one of the most easily 
recognized green freshwater genera due to its 
spirally coiled chloroplasts. It is found in a wide 
range of habitats, including small stagnant 
water bodies, ditches as well as the littorals of 
lakes and streams. Distribution of Spirogyra 
sp. in northern Thailand is cosmopolitan with 
reaching abundance during hot dry and before 
entering rainy season. Because of the different 
of geographical distribution including habitat 
preferred, which may induce the emerging of 
variation at genetic level (1). Spirogyra can 
responses to the environmental condition 
through the expression of different filament type 
group (morphotypes), cell length/width and 
number of chloroplast spirals which related to 
physico-chemical parameters of water resource. 
By using morphological observation, light and 
SEM have been introduced to investigate the 
ultra morphology including morphotype 
characters as described before which can 
provides the useful information and significant 
taxonomic evidences. SEM has been introduced 
in many biological research viz., to study 
structure and properties of filamentous green 
algae (2), to investigate cell wall structure of 
the agarophytes Gracillaria tikvahiae and G. 
cornea (3) and to demonstrate productivity of 
marine diatom Thalassiosira tumida recorded 
in deglacial verves from the east Antarctica 
margin (4).
	 In recently year, a random amplified 
polymorphic DNAs (RAPD) approach have 
been employed to support taxonomic evidences 
and determine genetic variation related to 
various organism viz. green algae (5), 
Entomorpha fungus (6-7), gerbera plants (8) 

strawberry variety (9) and for detect fungal and 
algal symbionts of the lichen (10) and to 
investigate geneic variation of rice bean (Vigna 
umbellata) using ISSR and RAPD markers (11). 
This study aims to determine morphological 
variation of Spirogyra in northern Thailand using 
light microscpe. High Annealing Temperature 
Random Amplified Polymorphic DNA (HAT-
RAPD) method was also performed to determine 
the variation at genetic level.

Methods
	 This study aimed to determine 
morphological by using topography of light 
microscope including to determine the genetic 
variation and ecological relevance of Spiogyra 
population in northern Thailand.

Specimen collection
	 Spirogyra specimens were collected 
from 11 different sampling sites along 9 upper-
northern provinces of Thailand. Fresh specimens 
were kept in 15 ml plastic tube with few of 
habited water to maintain their normal structure 
and some were contained in plastic bag to 
preparing dry specimen. All collected specimen 
were placed on ice until used in subsequent 
processes.

Morphological study
	 Some biological parameters such as 
cell dimension (cell lengths/widths), number of 
chloroplast granule were also measured by 
using compound microscope. All measurements 
were taken with the aid of ocular and stage 
micrometer. The unit of measurement given 
was indicated by micrometer (µ).
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Ecological study
	 Ecological	parameters	including	water	
temperature,	 pH,	 DO	 and	 conductivity	 were	
taken	 using	multi-function	meter	 (ConsortTM)				
to	determine	correlation	between	biological	and	
ecological	 parameters	 in	 accordance	 with	
correlation	coefficient	in	SPSS	program.

DNA extraction
	 Spirogyra	specimens	were	freezed	by	
liquid	nitrogen	and	grinded	using	mortar	and	
pestle.	Amount	of	20	mg	of	each	were	loaded	
into	1.5	ml	micro-centrifuge	tubes	and	subjected	
for	DNA	extraction	based	on	phenol-chloroform	
method.	All	extracted	DNA	were	adjusted	 to	
obtain	the	throughout	equivalent	concentration	
and	kept	in	–	20°C	until	used.

HAT-RAPD PCR
	 Five	 commercially	 available,	 arbitrary	
10–mer	 primers	 (Operon	 technology,	 USA)	
were	used	individually	for	HAT–RAPD	PCR	and	
the	reaction	was	carried	out	in	a	final	volume	
of	20	µl,	with	common	PCR	compositions.	The	
reactions	 were	 performed	 in	 a	MyCyclerTM	
Thermocycler	(Bio-RAD)	and	the	PCR	conditions	

were	as	follows:	1	cycle	of	95°C	for	5	min,	30	
cycles	of	95°C	 for	45	sec,	48°C	 for	45	sec,	
72°C	for	1	min	and	1	cycle	of	final	extension	
at	72°C	for	7	min.	HAT–RAPD	PCR	products	
were	 separated	 on	 1.6%	 TBE	 agarose	 gel	
electrophoresis,	stained	with	ethidium	bromide,	
and	photographed	by	a	Kodak	digital	camera	
(Gel	 Logic	 100).	 HAT-RAPD	 profiles	 were	
scored	 and	 analyzed	 using	 the	 solution	 of	
UPGMA	in	ClustalW2.

Results 
	 The	topological	study	of	light	microscope	
based	on	the	biological	parameters	demonstrated	
that,	 among	 11	 Spirogyra	 specimens,	 5	
character	 groups	 were	 defined	 which	 the	
differences	were	mainly	 found	 in	 number	 of	
chloroplast	granules	including	the	arrangement	
of	 chloroplast	 spiral,	 that	was	 condensed	 or	
scattered	forms.	The	arrangement	of	chloroplast	
spiral	and	granules	of	group	number	1	and	5	
were	highly	condensed	and	compacted	while	
groups	2,	3	and	4	were	relatively	scattered	as	
indicated	in	figure	1.	Morphological	differences	
were	mainly	observed	 in	cell	dimension,	cell	
length	and	width	(cell	border).	For	the	ecological	

Figure 1 Five different morphological characters of Spirogyra population collected from northern 
part of Thailand (1): condensed and slightly compacted chloroplast spiral (2): short cell 
with scattered chloroplast spiral (3): long cell with less chloroplast spiral (4): short cell 
with less chloroplast spiral (5): long cell with condensed and compacted chloroplast spiral
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relevance,	 based	 on	 biological	 characters,	
significantly	 different	 was	 also	 detected	 in	
biological	parameters	by	revealing	5	different	
character	 groups	 (p<0.05)	 among	 all	 11	
specimens.	The	major	criteria	classified	seem	
to	be	number	and	arrangement	of	chloroplast	
spiral.	Contrastingly,	by	basing	on	correlation	
coefficient	 analysis,	 conductivity	 and	 TDS	
showed	significantly	related	with	all	biological	
parameters,	 and	 the	 relative	 values	 (r)	were	
described	 in	 table	 1.	Moreover,	 significantly	
relation	between	the	same	ecological	parameters	
including	 in	 the	 same	 biological	 parameters	

were	 also	 observed	 (see	 table	 1).	 For	 the	
molecular	 study,	 5	HAT-RAPD	profiles	were	
generated	 and	 scored	 for	 determine	 the	
variation.	It	was	found	that	DNA	profiles	of	each	
character	showed	relatively	similar	(Figure	2).	
UPGMA	analysis	based	on	DNA	profiles	of	all	
Spirogyra	 specimens	 (figure	 not	 shown)	
revealed	that	2	separated	groups	were	defined;	
first	was	comprised	with	4	different	clades	while	
the	 remaining	 groups	 was	 consisted	 with	 1	
clade	 (figure	 3).	 Interestingly,	 all	Spirogyra	
specimens	 consisted	 in	 this	 clade	 were	
morphological	characterized	as	group	number	

Table 1 Correlation coefficient among ecological and biological parameters in SPSS program 
showed the significantly relationships which indicated by (*). (* =0.05, **=0.01 confidence 
level)
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5	 as	 detailed	 in	 figure	 1	 while	 character	 of	
Spirogyra	specimens	consisted	in	clades	1-4	
were	mixed.

Discussion
	 In	this	study,	it	is	difficult	to	determine	
the	variation	of	Spirogyra	due	to	HAT-RAPD	
profiles	 of	 each	groups	are	 relatively	 similar	

Figure 2 RAPD profile (OPA-08 and OPA-09) of Spirogyra sp. in each character group M: 100 bp 
molecular markers, lane 1-5: Spirogyra Character group 1-5, C: Cladophora sp. (out 
group)

Figure 3 UPGMA dendrogram demonstrated the variation based on HAT-RAPD profiles of 11 
localities Spirogyra sp. collected from 9 upper Northern provinces, Cladophora samples 
were used as out group control (MHS: Maehongsorn)  
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which may depend on a less number of primers 
used as described in (11). The morphological 
differences found in this study ought to be the 
result of different developmental stages or 
maturity which may relates to trophic status of 
water as shown in (1), which does not be the 
different at genetic level. More specific 
molecular approaches such as nucleotide 
sequencing and ISSR marker are required to 
verify the variation in such morphological 
differences as described in (5, 8-11). 
Interestingly, HAT-RAPD profiles and ecological 
relevance show the similar result by group 
number 5 was clustered separately. This group 
gives positive relation with conductivity and pH 
which its water resource is running down from 
limestone rock where possesses the extremely 
high carbonate and cation. However, this study 
provides the advantages of combination 
methods used that valuable for investigate the 
genetic variation due to morphological different 
of Spirogyra specimens.
	 Morphological di f ferences were 
observed among Spirogyra population collected 
in northern part of Thailand but it should be the 
result of different developmental stages or 
maturity and trophic status of water resource 
than the variation at genetic level. Water habitat 
with high conductivity seems to be suitable for 
growth and development of Spirogyra. It is 
difficult to determine the variation of Spirogyra 
in this study by using HAT-RAPD profiles alone. 
Other specific molecular approaches are 
required to verify the genetic variation in such 
morphological differences.
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