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Ö Z

B irçok biyolojik proses için hücre füzyonu gereklidir, bu yüzden hücre fuzyonu eksikliğinde birçok hastalık görülur. Tek 
hücreli yeşil alg Chlamydomonas reinhardtii hücre fuzyonu araştırmaları iç mükemmel bir model organizmadır. Bu çalış-

manın amacı C. reinhardtii eksi eşey tipinde (MT_) gamet füzyonunda rol alan genlerin belirlenmesidir. Çalışmada ileri genetik 
tarama (forward genetics) yöntemi kullanılmıştır. DNA insersiyonel mutagenez yöntemi kullanılarak füzyon kapasitesini yi-
tirmiş MT_ mutantlar elde edilmiştir. Bu mutantlar çiftleşmenin erken evrelerinde normal aktivite göstermişlerdir; artı eşey 
tipi (MT+) ile aglütinasyon göstermişler, hücre duvarlarını çıkartmışlar, karşı eşey tip ile adhezyon yapmışlar fakat hücreler 
füzyon yapamamışlardır, bu da DNA insersiyonel mutantlarının füzyonun en geç evrelerinde fonksiyon eksikliği taşıdığını 
göstermistir. DNA insersiyon sayısı Southern blot ile belirlenmiştir. J1 mutantında bir insersiyon görülmüş ve insersiyona 
komşu genomic DNA bölgesi TAIL-PCR ve RESDA-PCR ile klonlanmıştır. Insersiyonun 5-deoxystrigol biyosentezinde görev 
alması muhtemel bir gende olduğu belirlenmistir.

Anahtar Kelimeler 
Chlamydomonas reinhardtii, eksi eşey tipi, füzyon kapasitesini kaybetmiş mutant, ileri genetik tarama.

A B S T R A C T

Many biological processes require cell fusion, therefore defects in cell fusion result in many diseases. The unicellular 
green alga Chlamydomonas reinhardtii is an excellent model organism to study cell-cell fusion. The objective of this 

study was to identify genes that are involved in C. reinhardtii mating type minus (MT_) gamete fusion. A forward genetics 
approach was taken in our work. We created several MT_ fusion defective mutants using DNA insertional mutagenesis. 
These mutants were normal in the early stages of mating; they agglutinated with mating type plus (MT+), removed their 
walls, adhered to their mating partner through their mating structures, but the cells did not fuse, indicating that the DNA 
insertional mutants were defective in the latest stages of fusion. The number of insertions was confirmed by Southern blots. 
Mutant J1 had one insertion and the flanking genomic DNA was cloned by TAIL-PCR and RESDA-PCR. The insertion is in a 
gene predicted to be involved in 5-deoxystrigol biosynthesis.
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INTRODUCTION

Cell-cell fusion is involved in many biological processes; 
fertilization, formation of multinucleated muscle syn-
cytia, development of bone and placenta, the immune 
response, tumorigenesis, and stem cell mediated tissue 
regeneration [1]. In spite of the diversity of cell types 
that undergo fusion, the process of cell fusion, including 
cell-cell adhesion, alignment and membrane mixing are 
common in every cell type. 

Chlamydomonas reinhardtii is a unicellular, biflagel-
lated, eukaryotic green alga that is a model organism 
used to study diverse cellular processes; cell cycle, pho-
tosynthesis, cilia function among many others [2, 3]. It 
is approximately 10 μm long. Most of its life cycle is in 
the vegetative haploid stage. When deprived of nitro-
gen, simply by placing cells in nitrogen free medium in 
the laboratory, they go through gametogenesis and be-
come mating competent [4]. The gametes demonstrate 
differences from the vegetative cells they are derived 
from. Gametes fuse to form a diploid zygote, which 
can stay dormant for months when kept in the dark. 
When the environmental conditions are normal and in 
the presence of light, a zygote undergoes meiosis and 
forms four or eight haploid progeny. The mating reac-
tion of C. reinhardtii is a useful system for understand-
ing the nature of gamete fusion (fertilization). There are 
two mating types (sexes): mating type plus (MT+) and 
mating type minus (MT_). Mating type is determined by 
the mating type (MT) locus, which is located on the left 
arm of linkage group (chromosome) VI. The genes that 
are found in this locus determine if the cells will mate as 
MT_ or MT+. The MT locus is under recombinational re-
pression to assure that mt-linked genes are segregated 
together. The haploid progeny maintain their type with-
out any mating type switching. 

When the gametes of opposite mating types are mixed 
together, they recognize each other by glycoproteins 
called agglutinins found on the flagellar surface [5]. Plus 
agglutinin is encoded by SAG1 and minus agglutinin is 
encoded by SAD1. SAG1 is unlinked to the MT locus, 
but SAD1 is located in the MT locus [6, 7]. SAD1 is also 
found in MT+

 
but not expressed, because its expression 

requires the MID gene (Minus Dominance) which is only 
found in the MT_

 
locus [6]. 

After recognition, agglutination occurs and the flagella 
undergo tipping, a preference for interaction at the tips 
[8, 9]. This leads to a series of signaling events. It was 
suggested that transmission of the sexual signal is me-
diated by calcium fluxes across the flagellar membrane 
[10]. Flagellar interactions initiate a protein-kinase 
dependent signaling pathway that leads to activation 
of a gamete specific adenylyl cyclase. This leads to a 
rapid increase in the intracellular cAMP concentration 
[11]. Signaling results in secretion of a serine protease 
required to convert a periplasmic prometalloprotease 
to an active matrix degrading metalloprotease (autol-
ysin) [12, 13]. This release leads to degradation of the 
cell wall [14]. Signaling also leads to activation of mat-
ing structures [15]. The mating structures are located 
next to one of the flagella in both mating types. The 
activated MT+

 
mating structure is a long microfilament 

filled, acrosome like extension [15]. At the tip of MT+, 
there is a glycoprotein layer called fringe [16]. Activa-
tion of the MT_

 
mating structure results in a slight eleva-

tion of the plasma membrane (a dome like structure) 
[17]. Cells mobilize membrane particles to the center 
of the mating structure, which was cleared of particles 
during gametogenesis [16, 18]. The tip of the MT+

 
mat-

ing structure recognizes and adheres to the activated 
MT_ mating structure [17]. This was first shown by the 
gam mutants [19]. The genetic locus of this gene has not 
yet been identified. The MT+

 
structure “fringe” is made 

of FUS protein that is involved in adhesion to the MT_
 

structure [20, 21]. On the MT_
 
structure, GCS1 (Genera-

tive Cell Specific 1) has been identified [22]. The gene, 
now called HAP2/GCS1 was originally identified in lily 
and found to have a homologue in C. reinhardtii. It is a 
transmembrane protein that localizes to the MT_ struc-
ture [23]. Its expression is low in vegetative cells of both 
mating type but increased in MT_

 
gametes. Once adhe-

sion and fusion of the mating structures occur, the tu-
bule rapidly shortens and brings the apical ends of the 
cells into opposition [24]. This adhesion results in gam-
ete fusion and production of the diploid quadriflagel-
lated cell (QFC), or zygote. After a few hours, the zygote 
resorbs its flagella and forms a thick zygospore wall. Fol-
lowing maturation in dark (for a minimum of 6 days), the 
zygote germinates upon returning to light, undergoes 
meiosis and forms four or eight haploid progeny. 
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Our goal is to identify the genes that are involved in 
gamete fusion in C. reinhardtii. All the fusion defective 
MT+

 
mutants are known to be defective in mating struc-

ture adhesion, and MT_ fusion defective mutants are 
known to adhere but do not fuse [19]. Our hypothesis 
is that there are at least two proteins on the MT_ mat-
ing structure that are required for fusion to occur (the 
GAM gene product and HAP2/GCS1 gene product). We 
therefore did a forward genetic screen with the goal to 
isolate fusion defective MT_ mutants defective in the 
late stages of mating and to identify the genes that are 
being disrupted. We isolated nine fusion defective mu-
tants in five independent screens and plan to identify 
the function of the genes that were interrupted in each 
mutant in our future studies. We were able to locate 
the insertion site in a mutant we called J1; insertion is in 
a gene that is involved in strigol biosynthesis. We plan 
to determine the exact function of this gene in the gam-
ete fusion process in our future work.

MATERIALS and METHODS

C. reinhardtii Cell Strains and Media
The wild type strains used were CC-620 R3 MN MT+ 
(wild type, mating type +) and CC-621 NO MT_ (wild type, 
mating type -). The streptomycin resistant strain C. rein-
hardtii CC-275 (sr-u-2-23, MT_) was used for mutagene-
sis as parental strain. Media were prepared according 
to the recipes of Chlamydomonas Culture Collection 
(http://www.chlamy.org). 

Insertional Mutagenesis and pSP124S 
The sr-u-2-23 MT_

 
strain was used to create fusion de-

fective insertional mutants [25]. This technique creates 
random insertional mutants [26, 27] using the ble plas-
mid as described in Lumbreras et al. (1998) [28]. Cells of 
sr-u-2-23 MT_ were grown in 100 ml TAP medium in a 
250 ml Erlenmeyer flask for two days under bright light 
on a New Brunswick gyrotatory shaker. After two days, 
a small volume of cells (1- 10 ml, depending on concen-
tration) was inoculated into 400 ml of TAP medium in 
a 1000 ml flask. After inoculation, the color of the cul-
ture was pale green. Cells were grown two more days 
at the same conditions, to mid-log phase (1-2 x106

 
cells/

ml). Before transformation, the cell concentration was 
determined by removing 1 ml of liquid from the flask 
and counting the cells using a hemocytometer. For each 
transformation 6 x 107

 
log phase cells were transferred 

into sterile 200 ml Nalgene centrifuge bottles and cen-
trifuged at 5000 rpm for 5 minutes using a Sorvall Su-

perspeed RC2-B centrifuge. After centrifugation, the 
supernatant was discarded, thawed autolysin was add-
ed, and cells were incubated with the autolysin for 45 
minutes at 32°C in two 50 ml sterile Nalgene Oak Ridge 
centrifuge tubes. Cells were checked under the micro-
scope to make sure the autolysin has degraded the cell 
walls (when the walls are removed, cells become round 
and swim more slowly). After incubation, the cells were 
centrifuged at 5000 rpm for 5 minutes. The autolysin 
was discarded and 300 μl of TAP medium was added for 
each transformation. Cells were transferred to Falcon 
5 ml polystyrene round bottom tubes, each contain-
ing 0.3 grams of 0.4 mm sterile glass beads (Thomas). 
The beads had been sterilized in a 220°C incubator for 2 
hours prior to the experiment. 1 μg of BamHI digested 
pSP124S [28, 29] was added to the tubes and the sus-
pension was vortexed at top speed for 20 seconds using 
a Scientific Industries Vortex-Genie K- 550-G mixer. Af-
ter vortexing, the cells were transferred to 20 ml of TAP 
medium and left under light for 18 hours for recovery 
and expression of the ble gene. The next day, the cells 
were centrifuged and plated on TAP agar plates con-
taining 15 μg/ml ZeocinTM (Invitrogen) to select trans-
formed colonies. The transformants appeared after 7 
to 10 days.

Selection for Fusion Defective Mutants by the 
Streptomycin Selection Method
CC-275, the sr-u-2-23 MT_

 
strain, was used for mutagen-

esis. This strain has the sr2 mutation, a uniparentally 
inherited gene for resistance to 50-500 g/ml of strep-
tomycin sulfate and has a high mating efficiency when 
mated with the opposite mating type. Following muta-
genesis, the streptomycin selection technique [25] was 
used to select for MT_ mutants. When wild type (MT+) 
and sr2 (MT_) gametes are mated, all of the zygotes 
show the MT+characteristic, sensitivity to streptomycin, 
within a short time after gamete fusion [30]. Inheritance 
of the sr2 mutation does not follow Mendelian patterns 
because this gene is located on the chloroplast DNA. 
This resistance gene is usually only inherited through 
MT+

 
parental cells. After the mating of wild type (MT+) 

and sr-u-2-23 MT_, all the zygotes and wt MT+
 
cells will 

die; only MT_
 
gametes which did not mate will survive. 

Thus, unmated sr-u-2-23 MT_ gametes can be selected 
with this procedure. 
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To select for fusion defective mutants, transformed 
ZeocinTM

 
-resistant sr-u-2-23 MT_

 
cells were grown on 

50 μg/ml streptomycin agar plates to maintain their re-
sistance. After 12- 15 days of growth (keeping cells on 
these plates for more than 9 days allows them to form 
plate gametes) the plates were flooded with SEM-N 
medium [31] for 2-3 hours to allow the cells to develop 
flagella and swim up. Cells were taken off the plates and 
then mated with wt MT+

 
gametes for 12-16 hours. After 

mating, the zygotes form a pellicle on the surface of the 
medium. The mating mixture was filtered with a ster-
ile 10 μm pore diameter filter to remove these zygote 
clumps. The filtrate contains the un-mated sr-u-2-23 
MT_ and wt MT+

 
cells. 10 μl to 100 μl of the filtrate were 

plated on 200 μg/ml streptomycin plates. In some cases, 
a 1:10 dilution of the filtrate was plated if the mating 
was not good. If a large zygote pellicle was formed, this 
meant mating was efficient and dilution was not neces-
sary. Plates were placed under light for 10 days to allow 
streptomycin resistant colonies to grow. 

Mutant Screening
After the selection, the colonies that grew on strep-
tomycin plates were picked and transferred onto TAP 
plates for further growth. 16-32 clones were picked 
from each selection plate. After about 6-7 days on the 
TAP plates, cells were inoculated into liquid N-free me-
dium for 16 hours and mated with MT+. The clones that 
formed pellicles were eliminated. The ones that did not 
form a pellet were retested. Each clone was resuspend-
ed in about 200 μl of SEM-N and kept under lights for 16 
hours to induce gametogenesis. After gametogenesis, 
each clone was checked for its motility and agglutina-
tion with MT+. Clones that agglutinate but do not fuse 
with MT+were saved for further study.
 

Figure 1. Schematic Description of TAIL-PCR and RESDA-PCR. A. Diagram of BamHI digested pSP124S which was used in insertional 
mutagenesis. The possible insertion into the genome and position of gene specific primers at the 5’ and 3’ end of the plasmid are 
shown with arrows. B. Mechanism of TAIL-PCR and RESDA-PCR. Gene specific and degenerate primers (bind to genome) produce more 
specific product after each nested PCR, a smaller product is produced after each reaction. The final specific product is then sent for 
sequencing to determine the flanking genomic region of the insertion site.
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Determination of BFC’s, Pairs and Groups in the 
Mutants 
Pair and group formation results from mating structure 
adhesion in mutants that cannot fuse [19]. Therefore, 
we can differentiate between adhesion defective and 
fusion defective mutants by determining if they can 
form pairs and groups. To do this analysis, the mutants 
were kept in N-free liquid medium [31] for 16 hours, 
mated with MT+

 
for different durations and fixed with 

3 % glutaraldehyde in 10 mM HEPES buffer. The next 
day, the glutaraldehyde was removed, the cells were 
washed twice with HEPES buffer and resuspended in 
HEPES buffer in the original mating volume [19]. Cells 
were observed under a phase-contrast microscope for 
BFC (biflagellate cells or gametes), QFC (quadriflagellat-
ed cells or zygotes), pairs and groups (gametes attached 
via their mating structures). When mutants that are ca-
pable of mating structure adhesion but not fusion are 
mated with the opposite mating type and treated with 
IKI or glutaraldehyde, the large groups of gametes par-
ticipating in flagellar agglutination are disrupted. How-
ever, the gametes adhering by their mating structures 
have been shown to form stable pairs and groups that 
are not disrupted by these treatments [17]. 

Genomic DNA Isolation and Southern Blot Analysis
DNA was isolated with the Qiagen Plant Mini Kit or by 
the phenol-chloroform method [32]. 10 µg of genomic 
DNA isolated from the mutants and the parent strain 
used for mutagenesis (sr-u-2-23 MT_) was digested 
with KpnI, ethanol precipitated and dissolved in 30 µl 
TE. Digested DNA was run on a 1% agarose gel for 4-5 
hours by applying 40-50 V. The gel was then subjected 

to two 15 minute washes in alkaline transfer buffer 
(0.4N NaOH, 1M NaCl) at room temperature by gentle 
agitation and transferred to a positively charged nylon 
membrane (Roche). pSP124S was used as the template 
for PCR to generate the ble probe for Southern blot-
ting. The primers used were named bleforward (5’-atg-
gccaagctgaccagc-3’) and blereverse (5’-ggtcgacgtcg-
gttagtc-3’). These primers produce a 538 bp product. 
The radioactive labeling method using the RadPrime 
DNALabeling System (Invitrogen) was used for labeling. 
The efficiency of labeling was determined with a Scintil-
lation Counter (Technical Association Surface Monitor 
Model TBM-15). The membrane was exposed to X-Ray 
film for 2 hours or exposed to a phosphorimager.
 
Sequencing the Flanking Genomic Region of the 
Insertion

TAIL-PCR and RESDA-PCR
TAIL-PCR (Thermal Asymmetric Interlaced PCR) [33] and 
RESDA-PCR (Restriction Enzyme Site-Directed Ampli-
fication PCR) [34] were used to sequence the flanking 
genomic regions of the insertions in the mutants. Pri-
mers designed for the insert (gene specific primers) and 
degenerate primers that bind to the genomic DNA were 
used to amplify the flanking regions of the insertions. 
Schematic representation of pSP124 and TAIL-PCR and 
RESDA-PCR is shown in Figure 1A and 1B, respectively. 

Primer Name Sequence

Degenerate Primers

RD 227 5’-NTCGWGWTSCNAGC-3’

Eco721 5’-CCAGTGAGCAGAGTGACGIIIIINNSCACGTGS-3’

Q0* 5’-CCAGTGAGCAGAGTGACG-3’

Gene Specific Primers

Ble1 5’-TGTTGTCCGGCACCACCTGGTC-3’

Ble2 5’-CTGATGAACAGGGTCACGTC-3’

BleC 5’-AGATGTTGAGTGACTTCTCTT-3’

RD223 5’-TTGGCTGCGCTCCTTCTGGCATTTAAATC-3’

RD224 5’-GCATTTAAATCTCGAGGTCGAC-3’

RD225 5’-GATAAGCTTGATATCGAATTCC-3’

*Q0 is not degenerate, but it is used in pair with gene specific primers. N: any nucleotide, W: A or T, S: G or C, I: inosine.

Table 1. List of primers used in TAIL-PCR and RESDA-PCR.
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0.5-1 µg of undigested genomic DNA was used as the 
template for the primary PCR reaction. The product of 
the primary PCR is diluted 1:10 to 1:25, depending on 
the amount of the product, and used as the template 
for the secondary PCR reaction along with nested gene 
specific primer and degenerate primer for TAIL-PCR; in 
RESDA-PCR, primer Q0 (same sequence as the 5’ end 
of degenerate primers used in the primary reaction) 
was used in the secondary and tertiary PCR. After se-
condary PCR, tertiary and sometimes additional nested 
PCRs were done until the product became specific eno-
ugh (no smear, clear band) so it could be gel purified 
and sequenced. In some cases, if there was not a single 
band produced after tertiary PCR, a band that was tho-
ught to be the most specific was cut out of the gel, pu-
rified and the sample was used as the template for the 
following nested PCRs.   

The degenerate primers used in TAIL-PCR are comple-
tely degenerate, whereas in RESDA-PCR the primers are 
partially degenerate. RESDA-PCR primers have restricti-
on site sequences and a limited number of degenerate 
sequences at the 3’ end to allow the primer to bind at 
various restriction sites in the genome. This 3’ region is 
connected to the 5’ end, which has a fixed sequence, by 
several inosine bases which also give a more degenera-
te characteristic to the primer. The 5’ fixed sequence 
was used in the following nested PCR after doing the 
first round of PCR to get a specific product. The list of 
primers is shown in Table 1.

Genome Walking from the Insertion 
Primers J1-F (5’-CAGTGCTGACCCCCACTATT-3’) and 
RD225 (5’- GATAAGCTTGATATCGAATTCC-3’) were used 
for walking into the genome from the J1 insertion site. 

Determining if there is a Possible Deletion in the In-
sertion Region of J1 
Primers J1-F (5’- cagtgctgacccccactatt-3’) and J1-R 
(5’- cttcacgtcaactccccatt-3’) were used to amplify ge-
nomic DNA upstream of the insertion point. Primers 
j1-f2 (5’- CGTTGAACATAGCGACCTCA-3’) and j1-r2 (5’- 
CCTGCATCGCATACACTGTC-3’) were used to amplify the 
downstream region of the insertion. Primers j1-f3 (5’- 
CATCACGACCCTCATGTTTG-3’) and j1-r3 (5’- GGCAGGA-
CAGATAGGAGCAG- 3’) were used to amplify a region of 
the downstream gene model Cre16.g661200. 

Scanning Electron Microscopy
For SEM analysis a JEOL JSM 6300F model was used in 
the Brooklyn College Physics Department.

Dehydration and Critical Point Drying
Cells were mated for 15-20 minutes and fixed with 1:1 
volume of 3% glutaraldehyde in 10 mM HEPES, pH 7, 
overnight at 4°C. The next day, the glutaraldehyde was 
removed, the cells were washed twice with HEPES buf-
fer and resuspended in the original volume of HEPES. 
During the washes, the cells were centrifuged at a low 
speed to prevent breaking of the pairs. 

MUTANT PAIR FORMATION FUSION

Group 1. Non-agglutinating 
MT-

7-26 ND Fuses after cAMP treatment

Group 2. Fusion- defective MT-

5
45 
A2*

1-18*
1-23*
1-25*
1-35*
2-8**

2-29**
J1 

Yes No

Group 3. Mating Type Switch 
(agglutinates with MT-)

cl-1 ND No

* Five isolates from the same experiment. ** Two isolates from the same experiment. ND: Not determined.

Table 2. List of mutants isolated in the screen.
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Dehydration
Cells were dehydrated on Nuclepore filters (13 mm di-
ameter, 0.8 µm pore size) in Millipore filter holders. 2-3 
drops of fixed cells were dehydrated through 30%, 60%, 
90% and 100% ethanol washes. After these washes, the 
filters were removed from the filter holders in a Petri 
dish of 100% ethanol and wrapped in labeled aluminum 
foil packets with holes to allow exchange in the critical 
point dryer. 

Critical Point Drying
Critical point drying of the samples was done in a Tousi-
mis 790 critical point dryer.

Sputter Coating of the Samples
The samples were then coated with gold in a Hummer 
VI sputter coater.

RESULTS

Mutants Generated
All nuclear mutants were generated by DNA insertional 
mutagenesis using the glassbead transformation tech-
nique [26]. The plasmid pSP124S was used to transform 
the host strain CC 275. Following transformation, fusi-
on-defective mutants were selected by the streptomy-
cin selection procedure [25]. Because the streptomy-
cin selection procedure used selects for all cells that 
cannot form zygotes, many non-agglutinating mutants 
were also isolated. Although non-agglutinating mutants 
were not the main concern of this study, some of them 
were kept for future studies. The list of the mutants ge-
nerated is shown in Table 2.

Figure 2. Mating structure adhesion in the J1 Mutant. A. Phase contrast image of adhering gamete pairs. Black arrows indicate the 
region where the mating structures adhere (mating structure can be seen in panel B, shown with white arrow). B. SEM image showing 
the mating structure adhesion in a pair of gametes. The white arrow points to the attachment between the two gametes.
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All of the mutants in group 2 showed the fusion-defec-
tive phenotype; capable of agglutination with mating 
type plus, but unable to fuse to form a zygote. This phe-
notype was confirmed for the J1 mutant using phase 
contrast microscopy (Figure 2A) and scanning electron 
microscopy (Figure 2B). Images show the mutants were 
able to form pairs and groups when mated with the wild 
type MT+ (indicating that they can adhere by their ma-
ting structures but are unable to fuse). 

Sequencing the Flanking Region in Mutant J1 by 
RESDA-PCR
According to Southern Blot results, the mutant J1 had 
only one insertion which may be responsible for the 
mutant phenotype (Figure 3). Cloning of the flanking re-
gions of the insert was done to determine which gene(s) 
are disrupted by the insertion which might be the cause 
of the fusion defective phenotype.  

Primary PCR
Genomic DNA of mutant J1 was used for cloning of the 
flanking regions by RESDA-PCR. Figure 4A shows the 
primary PCR results for multiple mutants, including J1 
using the gene specific primer RD223 (which binds to 
rbcs2 promoter) and the degenerate primer Eco721 
(which binds to the genome wherever there is a cut-
ting site for the Eco721 restriction enzyme). All samples 
show smears, which usually occurs for primary PCR.

Secondary PCR
Secondary PCR was performed using the primary PCR 
products as the template. In RESDA-PCR, the insert spe-
cific and degenerate primers used in the secondary PCR 
are both nested, to get more specific products. Primer 
RD224 and Q0 (the nested primers for degenerate pri-
mers used in primary PCR) were used. The priming site 
for RD224 is still in the rbcs2 promoter, but closer to 
the 5’-end. The result of the secondary PCR is shown 
in Figure 4B. While there are differences between the 
samples, no specific products were identified for any of 
the mutants.

Figure 3. Southern blot results. The ble sequence was radioactively labeled and used as the probe. As expected sr- (Parental strain: sr-
u-2-23 MT-) does not have any bands, mutants 45, 1-18, 1-23, 1-25, 2-29 and J1 have 1 insertion, whereas mutant 5 has 2 and possibly 
3 insertions.
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Tertiary PCR and Determination of the Insertion Site 
in Mutant J1
The secondary PCR products were used as templates 
for the tertiary nested PCR. The primers were RD225 
and Q0. The tertiary RESDA-PCR gave more specific 
products. This time a very specific single product was 
identified for the mutant J1 (Figure 4C). This band from 
mutant J1 was gel extracted and was sent, along with 
the primer RD225 for sequencing. From the sequencing 
a 225 bp read was obtained. This sequence was used to 
do a blast search in the Chlamydomonas genome data-
base and a single match was obtained which matched a 
region in chromosome 16. This region was in the gene 
model Cre16.g661150 which is predicted to be involved 
in 5-deoxystrigol biosynthesis.

Walking into Genome from the Insertion
To confirm that the plasmid pSP124S inserted into the 
genomic region of chromosome 16, primers were desig-
ned for chromosome 16 (primer J1-F) and PCR was per-
formed with primers RD225 and J1-F. PCR of genomic 
DNA from mutant J1 generated a product of the expec-
ted size of 987 bp, confirming our tertiary PCR results 
that there is an insertion in this region (Figure 4D).

Determining if there is a Possible Deletion in the In-
sertion Region
It is known that DNA insertional mutagenesis can result 
in large deletions when the insertion happens [35, 36]. 
To test for intactness of the genomic region at the inser-
tion site in chromosome 16, we performed diagnostic 
PCR for regions upstream and downstream from the 
insertion site. We know that the insertion occurred at 
position 2,526,627 bp of chromosome 16 and we were 
able to sequence the 225 bp downstream of this inser-
tion point. Figure 5A shows the PCR result from downs-
tream of the insertion using primers J1-F and J1-R. The-
se primers amplify a 661 bp product in chromosome 16; 
from intron 2 to intron 4 of gene model Cre16.g661150. 
All the strains, including J1 gave the right size product, 
indicating that the region upstream of the insertion site 
was intact. Figure 5B shows the PCR result from downs-
tream of the insertion site. PCR was performed with 
primers j1-f2 and j1-r2. Again, all mutants gave the ex-
pected product (1782 bp); therefore, we can conclude 
that the downstream region adjacent to the insertion 
site was intact. We did PCR further downstream with 
primers j1-f3 and j1-r3. These primers amplify a 1362 bp 
region in the downstream gene model Cre16.g661200. 
The result of this PCR is not shown here, but we again 
got product for all the mutants. 

Figure 4. Sequencing the Flanking Region in J1 by RESDA-PCR. A. Primary RESDA-PCR results. B. Secondary RESDA-PCR results. C. Terti-
ary RESDA-PCR produces specific products which are sequenced. D. Genome walking for J1. Only J1 genomic DNA gave a PCR product 
as expected. E. DNA ladder used in the agarose gels. M: DNA size marker shown in panel E. wt: Wild type strain (sr-u-2-23 MT-) -C: 
Negative control (PCR without any DNA template). 
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DISCUSSION

We applied forward genetics to identify genes that are 
involved in gamete fusion in MT_ C. reinhardtii cells. 
Cells of the streptomycin resistant strain, sr-u-2-23 

MT_ were randomly mutagenized by DNA insertion of 
pSP124S. Ten fusion defective mutants were generated 
in 5 independent transformations (Table 1). We showed 
that all of the insertional mutants are able to recognize 
MT+ cells, transmit signals, remove cell walls and adhere 
to MT+ partners, suggesting that our mutants are bloc-
ked at the last stage of mating, fusion. We also isolated 
mutants that have defects in mating partner recogni-
tion, but those mutants were not the subject of this 
work. We believe they may have mutations in gamete 
differentiation or in agglutinin synthesis, a hypothesis 
we plan to test in the future. Further, a mating type 
switch mutant (clone-1) was isolated in which we think 
the insertion might have disrupted the MID gene whose 
function is to activate MT_ gene expression and to rep-
ress MT+ gene expression. Analysis of this mutation will 
be the subject of a future study. 

We showed the insertion number for each of the fusion 
defective mutants by Southern blot analysis. According 
to our Southern blot results, Clone-5 has 2 or 3 inserti-
ons. All other mutants except 1-35 and 2-8 (which sho-
wed no bands on the Southern blots) appeared to have 
only one insertion (Figure 3). 

We located the insertion in one of the fusion defective 
mutants which we named J1. The insertion is in gene 
model Cre16.g661150. This gene is predicted to be in-
volved in 5-deoxystrigol biosynthesis. Strigolactons are 
plant hormones that regulate root and shoot develop-

ment in plants [37]. They are also involved in stimulating 
parasite germination in plant roots [38]. The role of this 
gene product in a unicellular alga, and the specific role, 
if any, in the gamete fusion process will be the subject 
of our future studies. 
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