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Abstract. For determination of ploidy levels in bivalves. three techniques are now routinely 
used: karyological determination. microfluorimetry and flow cytometry. This llaper proposes 
an alternative technique which is based on determination of the optical dcnsity (00) of 
stained nuclei using image analysis. A karyological and image analysis comparative exper­
imcnt conducted on juveniles of Crassostrea gigas (Thunberg) and Ruditapes philippinarum 
(Adam & Reeve) is deseribed and highlights the advantages of the image analysis technique. 
Initially developed on C. gigas and R. philippinarum, the image analysis melhod was casily 
cxtended to atller bivalve spccies and to different developmental stages, as demonstrated by 
two experiments conducted on Ostrea edulis (L.). First, percentage of triploids was consisteni 
from the O-larval to the adult stage of development, despile the use of diffcrent preparation 
techniques depending on the stage examined. Second, a rise in ploidy percentage demon­
strated a differential mortality between diploid and triploid animais. Image analysis techniques 
arc cheaper than f10w cytometry but more cxpensive than microfluorime!ry. However, 
image analysis equipment can also be used for algac, eggs and spermatozoa counting. and 
other purposes such as fluorescence measurements, analysis of autoradiographs and electro­
pharcsis gels, and mcasurement of immuno-histoehemical reaetions. 

lntroduction 

In aquaculture, the production of triploid animais has now proved ta be of interest to 
farmers. Numerous studies on fish and shellfish have demonstrated the link between 
triploidization and sterility (Chourrout & Quillet 1982; Allen, Downing., Chai ton & 
Bcattie 1986; Allen & Downing 1990). As a consequence of sterility, sorne n~allocation in 
energetic f10w appears to occur. For molluscs, such reallocations are not only advantageous 
for growth, but also for glycogen levels in storage tissues. ln triploids, glycogen Icvcls 
remain higher and more stable during the reproductive period than in diploid animais 
(Allen & Downing 1986). During this period, triploid molluscs consequently imcrease their 
resistance to stress and also have an improved meat quality (Allen & Downing 1991). 

Different triploidization methods are now weil known, such as heat shocks (Quillet & 
Panelay 1986; Yamamoto & Sugawara 1988; Yamamoto et al. 1988, 1990), pressure 
shocks (Chai ton & Allen 1985; Allen et al. 1986), cytochalasin B treatme:nts (Allen & 
Downing 1986,1990; Downing 1989) and, more recently, 6-DMAP treatments (Desrosiers, 
Gérard, Peignon, Naciri, Dufresne, Morasse, Ledu, Phélipot, Guerrier & Dubé 1992). 
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Ali of these methods have been successfully applied to several mollusc species, particularly 
commercial ones: Crassos/rea gigas (Thunberg) (Allen et al. 1986; Downilng & Allen 
1987), C. virginica (Gmelin) (Stanley, Allen & Hidu 1981; Allen 1987), Ruditapes philip­
pinarum (Adams & Reeve) (Diter & Dufy 1990; Dufy & Diter 1990), Chlamys nobilis 
(Thurnberg) (Komaru, Uchimura, Ieyama & Wada 1988), Mytilus edulis (L.) (Yamamoto 
& Sugawara 1988; Beaumont & Kelly 1989; Yamamoto et al. 1990), and many Pectinidae 
species (Beaumont & Fairbrother 1991 for review). In the USA, sorne of the above 
techniques are routinely used in hatcheries, and triploid spat represented half of the 
production for the west coast in 1991 (Allen, personal communication). Unfortunately, ail 
previous methods to date have failed to produce 100% triploid samples and, therefore, it 
is still necessary for hatcheries to have a method for percentage triploidy determination in 
spat. The triploid percentage also varies during early development, from fertilization to 
juvenile stages. In arder to check the ploidy level at every stage of mollusc life, it is 
essential to develop a simple and reproducible technique. Amongst the present techniques 
used, three are likely to fill this need: karyology as described by Thiriot-Quiévreux & 
Ayraud (1982), f10w cytometry as described by Chaiton & Allen (1985), and DNA 
microfluorimetry as recommended by Komaru et al. (1988) and UchimlJra, Komaru, 
Wada, Ieyama, Yamaki & Furuta (1989). In this paper we propose numerical imagery as 
a fourth alternative method. This technique, routinely used in medical check-ups to 
determine the ploidy level of cancerous cells (Giroud 1987), has been applied in our 
laboratory to different species of molluscs, at different stages of development. 

Materials and methods 

Biologicai material and triploidy inductions 

Triploidy was induced using the methods of Downing & Allen (1987) and Desrosiers et al. 
(1993) for C. gigas, the method of Dufy & Diter (1990) for R. philippinarum ancl the 
method of Gendreau & Grizel (1988) modified after Gérard (unpublished data) for 
O. edulis. Ploidy levels in C. gigas and R. philippinarum were determined both by 
karyological and image analysis methods. Ploidy levels in O. edulis were determined only 
by image analysis. 

Preparation of spat for karyological analysis 

Live juveniles of C. gigas and R. philippinarum (10 to 20mm) were incubated for 12h 
with 0·005% colchicine in filtered sea water. Animais were then killed, the gills dissectecl 
out and treated for 30 min in 0·9% sodium citrate in distilled water. Procedures are similar 
to those described by Thiriot-Quiévreux & Ayraud (1982). Tissues were f1xed in freshly 
prepared Carnoys solution (absolute alcohol and acetic acid, 3:1) with three consecutive 
washes each of 20 min duration. Cells were then dissociated for 10 min in a 50% solution 
of acetic acid. Suspended cells were dropped onto slides previously heated to 45°C. Each 
slide preparation was made from one single individual. Slides were then stained with 
4% Giemsa (pH 6,8) for 10 min. Slides were viewecl with an Olympus BJi-I2 microscope 
ancl photographs obtained using an Olympus camera. 
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Image analysis equipment 

The image analysis equipment consists principally of a microscope and a computer, both 
linked to a camera. A program called Samba™ 2005 and developed by Alcatel-France 
contrais the whole system. The program analyses the photometrie intensity of stained 
nuclei and gives their individual integrated optical density (laD). DNA indices (DI) are 
computed for these individual laD values by comparison with a mean laD derived fram 
a diploid control. Expected values of DI will be 1·0 for a diploid sample, l·S for a triploid, 
and 2 for a tetraploid. 

Samba™ 2005 is built on three subprograms: Ploidy, Stat 2005 and Samba. Ploidy 
centralizes ail the functions which analyse the DNA content of cells and which reorder the 
data from the different samples and controls. Stat 2005 computes statistical analyses from 
the cellular parameters recorded thraugh Ploidy. It also gives graphic representations. 
Samba accommodates black-and-white or colour images. 

Preparation of samples for image analysis 

It was possible to carry out image analysis on single adult individuals, and on spat which 
exceeded S mm in size. For embryos, larvae, and postlarvae «S mm), analyses were 
carried out on cell populations only. 

Embryos. One important characteristic of embryos is their high mitotic activity. Quanti­
fication of the embryo DNA content must therefore be assayed during the G1 division 
stage, when the chromosome number is 2N. Fixing the cells at this stage is also essential 
when a cell population derived from different individuals with different ploidy levels is 
studied. For this purpose, two mitotic inhibitors were tested for cell preparation. These 
were hydroxyurea, which inhibits protein synthesis and consequently DNA replicaltion, 
and aphidicolin, which inhibits DNA synthesis through DNA polymerases. These two 
chemicals were tested with 4-h-old swimming embryos. Embryos were immersed in the 
different solutions for a period of 2 h. For this experiment, two controls were used. The 
first used an untreated sample, from which we expected to obtain a population of 2N eclls. 
The other used a colchicine-treated sample. This chemical is known to disorganize the 
achromatic system and we then expected to obtain a mixed population of 2N cells and 
cells in the process of division (i.e. with 4N chromosomes). 

After the mitotic inhibitor treatment, larvae were removed, and left for decantation 
with a drop of 37% formol solution. A hypotonic shock was then applied over a 20 min 
period in a mixture of fresh water and sea water (3:1). The water was then removed by 
centrifugation (Smin, 1000rpm, SoC). The sample was immersed three times in Carnoys 
solution with a S min centrifugation after each immersion. After the last immersion, the 
Carnoys solution was removed and embryos were soaked for 10 min in 200!J.1 of a 50% 
acetic acid solution. Cell dissociation was helped by gentle stirring. Drops of this solution 
were then transferred onto a 4SoC heated slide. 

Larvae and postlarvae. For larvae and postlarvae up to S mm, analysis of a cell 
population coming from a pool of individuals was also necessary. Several thousand larvae 
were left fasting for a whole night. Five millilitres of swimming larvae were removed t,o 
which a drop of SO% formol solution was added. The poured-off larvae were taken after 
decantation and the sample was crushed with a Dounce agitator in 10 times its own 
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volume of citric acid (7% in filtered sea water). This was repeated six times. The resulting 
cell suspension was taken off and centrifuged for 10 min at 1000 rpm at soc. The supernatant 
was removed and the cell deposit resuspended in 1ml of 7% citric acid. Centrifugation 
was repeated once more before dropping the deposit onto a slide. 

Small spa!. For small spat (from 5 to 20 mm), it was not possible to perform biopsies 
successfully so whole animais had ta be killed. Each shell was opened under a microscope, 
and the viscera removed where possible. The remaining f1esh was used to obtain a smear 
by touching it gently onto a slide. 

Spat and aduLts. For spat (larger than 20mm) and adults, a preparation technique was 
developed which allowed us to keep the animais alive. Shells were cleaned before making 
a smal! aperture in each of them. The animaIs were then immersed in a solution of 
magnesium chloride (70 g/l in filtered sea water, Hervio 1992). Magnesium chloride is 
known to anaesthetize oysters without lasting effects when animaIs are re-immersed in sea 
water. After a period of 15 min to 4 h, the shells usually gaped in such a way that it was 
possible to take a small piece of the gills. This piece of the gills was then touched onto a 
slide in order to obtain their print without crushing the tissue. The slides were then air­
dried. For the special purpose of comparing karyology and image analysis. animaIs were 
treated with colchicine as described above, killed, and gill prints were taken after the 
treatment. 

Fixation and staining. Embryo slides were fixed with Carnoys solution for 10 min. For 
larvae, postlarvae, spat and adults, fixation was obtained by immersion of slides in a 
Bohm Sprenger solution for 10 min. Ali slides were stained following the standard Feulgen­
Rosalin mcthod. 

PLoidy LeveL determination 

Following Ahmed & Spark (1967) and Gérard (1978), chromosome number was assumed 
to be 20 for the oysters C. gigas and O. edulis, and 38 for the clam, R. philippinarum. For 
karyotypic analysis, an individual was designated triploid when its chromosome number 
was 30 for oysters and 57 for clams. For image analysis, when spat or adults were studied, 
the average integrated optical density (100) of each individual was computed from a 
minimum of 50 cells and then compared with the 100 value of a diploid controI, in order 
to obtain the ONA index. For samples pooled from different individuals, as was the case 
for embryonic and larval preparations, a minimum of 200 cells were analysed. Statistical 
treatments. based on laD gaussian decompositions. allowed us to obtain the triploid 
versus diploid cell percentages. 

Results 

Comparison of individuaL pLoidy LeveLs using karyoLogicaL and image anaLysis 

ITwo comparisons were carried out, one with 24 juveniles of Ruditapes philippinnrwn and 
[the other with 20 juveniles of Crassostrea gigas (Table 1). For both species, animal sizes 
Ivaried between 20 and 50 mm. Bath samples were treated with cytochalasin B I:ü induce 
triploidy. 



Taille 1. Comparison bctwccn karyological analysis and imagc analysis for determining ploidy level for spat of clams and oysters. For image 
analysis. the mcan integrated optieal density (100), the 100 standard deviation (SO) and the DNA index compared with a diploid control is given 
for cach spat. For karyolog1cal analysis, eacl1 individual 1s characterizcd by its chromosome number (chrom. no.) 

Ruditapes phiiLppinarul11 Crassostrea gigas 

Image analysis Karyology Image analysis Karyology 
Ploldy Ploidy 

Mean 100 [00 SO DNA index Chromo no. level Spat Mean JOO 100 SO ONA index Chromo no. Icvel 

36256 4627 1·044 57 3 N 1 16049 6810 1·545 30 3N 

22950 3309 1·041 2N 2 9190 1619 0·81\5 20 2N 

35061 1146 1·590 3 N 3 14428 1707 1·389 30 3N 

30504 4893 1·383 57 3 N 4 9677 1538 0·932 20 2N 
20179 4881 0·915 38 2 N 5 9710 2150 0·935 20 2 N '"" ~ 34248 9586 1·553 57 3 N 6 l5728 4006 1·514 30 3 N l::l 

C1Q
30892 7863 HOI 57 3N 7 8863 1962 0·853 20 2N .., 
32353 4171 1·467 57 3N 8 15512 1865 1·493 30 -' N :: 
34013 377l 1·542 3N 9 9460 536 0·911 20 2N Eî 

<:>
34676 4946 j·572 3N ]() 11057 3560 1·065 20 2 N c:;;c:.33693 2149 1·528 3N 11 10774 1591 1·037 20 2 N 
24300 827 1·102 38 2N 12 10387 2089 1·000 20 2 N ~ ...., 
32268 3278 1-463 57 3N 13 14842 2581 1,429 30 3 N 
19432 1299 0·881 38 2N 14 17015 1626 1·638 30 3 N '" '" ~.33820 10882 1·533 57 3N 15 10898 1440 1·049 20 2 N 

20993 410 0952 38 2N 16 16324 3702 j'572 30 3 N ~. 

31357 5560 1-422 3N 17 15560 3640 1-498 10 3 N ~ 

32336 7984 1-466 3N 18 16779 3426 1·615 30 3N c:r­
34616 6311 1·569 57 3N 19 9877 2385 0·951 20 2N ~.  

::::> 
33200 1438 1·505 3 N 20 10505 3952 1·011 20 2N :;: 
38342 10362 1·738 3N 21 "" :::;­
21785 2119 0·988 38 2N 22 "G' 
25475 3999 1155 2N 23 è 
24995 4464 1·133 38 2N 24 

~  

--...J 
0 
~ 
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For C. gigas the ploidy levels obtained by the two techniques are identical, both 
methods indicating that 9 out of 20 juveniles were triploid. DNA indices varied from 
0·853 to 1·065 for diploids and from 1·389 to 1·638 for tripoids. The average 100 
coefficient of variation (100 standard deviation divided by 100 mean) over ail individuals is 
slightly higher for triploids (22%) than for diploids (21 %). 

For R. philippinarum, comparisons were only possible for 14 of the 24 juveniles. There 
was good agreement in ploidy levels estimated by the two techniques. For the 10 remaining 
individuals, it wasnot possible to c1assify them using the karyological method due to 
difficulties in counting chromosome numbers. On the other hand, the ploidy level was 
c1early established by image analysis for ail individuals. DNA indices varied from 0·881 to 
1·155 for diploids and from 1·383 to 1·738 for triploids. As with C. gigas, the average 100 
coefficient of variation is higher for triploids (17%) than for diploids (12%). 

For both C. gigas and R. philippinarum, high levels of variation were obtained in 10D 
values, producing DNA indices differing slightly from the theoretical values of 1·{) and 1·5 
for diploids and triploids respectively. Such variations can be explained by the use of 
colchicine. Colchicine is known to block at metaphase those cells that are in the process of 
dividing. The samples analysed were consequently made up of cells with 2N and cells with 
4N chromosomes. Such a situation affected the analysis and explains the high variation 
in the 100 levels obtained. Later treatments did not use colchicine and as ililustrated in 
Fig. 1 show that dividing cells are usually very rare, as can be expected for juveniles and 
adults. In the two experiments shawn in Fig. 1, conducted on 22 juveniles of both C. gigas 
and R. philippinarum, variation in 100 levels was substantially less. For C. gigas, the 
average 100 variation coefficients were equal ta 10% for diploids and 14% for triploids 
(compared with 21 % and 22% in the experiment using colchicine); for R. phiiippinarwn, 
the average variation coefficients were 3% for both diploids and triploids (instead of 
12% and 17% respectively). For routine analysis. a sample was then assumed ta be 
diploid if its DNA index lay between 0·9 and j·1, and triploid if its DNf\ index lay 
between 1-4 and 1,6. 

Enhancement of embryo sample preparations for image analysis 

Results obtained from the different mitotic inhibitor treatments are shawn in Fig. 2. For 
the untreated sample, the population DNA level is highly heterogeneous with a single 
diploid 2C peak corresponding ta those cells which are not in the process of dividing. 
With colchicine treatment an expected second tetraploid 4C peak appears. When comparing 
the hydroxyurea and aphidicolin treatments, it appears that the latter gives better results. 
yielding a homogeneous concentration of cells around the 2C level. Results from a further 
experiment, conducted with different concentrations of hydroxyurea and aphidicolin. 
confirmed this first conclusion (data not shown) and further demonstrated that hydroxyurea 
treatment was never as good as aphidicolin treatment, even when high concentrations 
were used. Furthermore, it appears that increasing the aphidicolin concentration used 
produces no improvement in results. Taking into account the high priee of aphidicolin, a 
concentratio'n of 5 ~lg/ml was used in subsequent experiments. One of these experiments, 
conducted on pediveliger larvae coming from a cytochalasin B-treated spawn of C. gigas is 
illustrated in Fig. 3. Two peaks. the first one of 2C cells and the second of 3C cells. are 
c1early identified. The gaussian decomposition gives more information on the respective 
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Figure 1. Ploidy distributions obtained by routine anaJysis for spat of Crassostrea gigas and Rlldttapes philippinarwll. 
Diploid and triploid individuals of a given specics come from the same 1mg CB-treated batch. 

proportions of diploid and triploid cells in the population studied. The analysed sample 
was composed of 32 cells from diploid embryos and 154 cells from triploid embryos. At 
this stage of developmcnt, it can then be assumed with an (X = 5% probability. that 83% 
of the total larval population was composed of triploid embryos (Fig. 4). 

A sludy of trip/nid samples of Ostrea edulis 

Ploidy determination using Image analysis was applied ta Oslrea cdulis. The purpose of 
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Mean 100 100 Std Percentage Cell number 

2N : 10910.15625 773.75973 0.1720 32 
3N: 16356.7922 1951. 54095 0.8279 154 

Cell percentage 
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Figure 4. Gaussian distribution of integrutcd optieal density values (lOD) for a ccli population from pediveligcr 
larvac of Crassas/rea gigas previously treated with cytochalasin B. 

the study was ta follow, in two cytochalasin B-treated populations, the change in pcrcentage 
triploidy over a number of developmental stages. Ploidy lcvels were obtained for D­
shaped larvae, pediveliger larvae, postlarvae and spat. Figure 5 illustrates that one of the 
sampies possessed a high percentage of triploids and this remained stable (80-90%) from 
the D-larval to the juvenile stage of development. However, in the second sample, the 
triploidy percentage was initially lower (31%) in D-Iarvae, but rose to 70% by the 
juvenile stage, presumably because of differential mortality. In spite of the use of different 
preparation techniques for larvae, postlarvae and spat, our results indicate that it is 
possible to monitor the ploidy level of any trealed population. 

Discussion 

This article reports how a very efficient llldhod used in human medicine for determining 
the ploidy level of cancerous cel1s (Giroud 1987) has been adapted for estimating ploidy 
levels in marine bivalve species. Moreover, this article proposes a method for use with 
embryos, larvae, juvenile and adult preparations which, when combined with image 
analysis, pcrmits determination of the ploidy ratio of every sample at the earliest stage 
possible. This method gives an answer to the problem raised by Chai ton & Allen (1985) 
and Uchimura et al. (1989) concerning the difficulty of having enough cells at G 1 stage lo 
permit ploidy determination in embryos. Mitotic inhibition with aphidicolin allows LIS to 
ob tain a clear gaussian decomposition of the cell population into diploid and triploid 
suhpopulations. For aider animais, in wllich eeUs divicle more slowly than in embryos, 
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Figure S. Change in rercentage triploidy frurn D-shapcd larval stage to juvcnilc sl:lge III two cytüchalasin 
B-treatcd populations of ()sfrea l'dl/lis. 

image analysis is easier to carry out than karyological analysis. Furthermore. this new 
method can be applied very easily to different bivalve species. Initiated with C. gigas 
and R. philippinarum, the image analysis technique has been successfully extended to 
O. edulis and R. decussatus (unpublished data). Image analysis presents one disadvantage, 
however, as it cloes not give any information on chromosome structure, as karyotyping 
does. This can be a limitation in cases where experiments inc!ude trcatmenb, such as 
pressure shocks, which are known to damage the chromosomes. We must also underline 
that the success of ploilly determination is tightly linked to homogeneous slide staining. 

Compared with other methods, namely microftuorimetry with DAPI staining (Komaru 
et al. 1(88), and tlow cytometry (Chai ton & Allen IlJR5), image analysis can be employed 
at different stages of the bivalve life cycle, and cither for cell populations or for individuals. 
This technique is cheaper than f10w cytometry hlll more expcnsive than mieroftuorimetry. 
H,)WeVer, the same image analysis equipment can also be used in hatcheries for pur­
poses such as identification and counting of phytoplankton species, counting of eggs and 
spermatozoa, fluorescence measurements, and autoradiograph and electrophoretie analyses. 

In conclusion, image analysis appears to be a very efficient method for ploicIy e1etermi­
nation, especially for scientists who conclllct cxperiments which neeel regular monitoring 
from the earliest larval stages to the spaL as weil as for hatcheries whieh need to 
determine the triploici ratio of the populations they sell or hllY. 
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