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(ABSTRACT) 

Androgenic processes in diploid potato (2n=2x=24) were studied in three 

interspecific hybrids. Five incubation temperature treatments were examined. 

Temperature shock (35°C) during the first 12 h of anther culture and elevated incubation 

temperature (30°C 16h/20°C 8h) (hereafter 35°C-30°C/20°C) enhanced androgenic embryo 

production. Variation among experiment dates was highly significant. Temperature 

treatment (35°C-30°C/20°C) during anther culture did not influence the subsequent 

conversion rate of androgenic embryos, thus providing a simple and effective way to 

enhance androgenic embryo yield. 

Repeated experiments were conducted to study extended anther culture by 

replacing anthers into medium following the usual harvest 6 weeks after culture initiation. 

Embryos continued to be produced after the first harvest. Embryo yield at the first 

harvest was significantly correlated with that at the second harvest (P <0.01). 

Significantly more embryos were produced when anthers were put back into the same 

medium compared to fresh medium in extended anther culture. Although relatively high 

embryo yield was produced in extended anther culture, high contamination and low 

regeneration rate eliminate any practical use unless a better regeneration protocol is



developed. 

Randomly amplified polymorphic DNA (RAPD) techniques were applied to 

analyze the genetic composition of anther-derived plants, whose ploidy level was pre- 

determined by flow cytometry. The RAPD fragments amplified from various anther- 

derived diploid plants (2n=2x=24) were compared with those from anther donor 

(2n=2x=24) and anther-derived monoploids (2n=1x=12). Anther donor and anther-derived 

monoploids were distinguished by scoring segregating bands as well as total number of 

scorable bands that exhibited polymorphism. Thus RAPD has the potential to separate 

homozygous from heterozygous diploids, since the frequency of RAPDs present in 

homozygous diploids is expected to be the same as in a group of known monoploids, 

whereas heterozygous ones will be similar to the anther donor.
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CHAPTER 1: INTRODUCTION 

Cultivated potato is an autotetraploid (Solanum tuberosum ssp. tuberosum) 

belonging to the family Solanaceae of South American origin. Following its introduction 

into Europe in the 16th century, the crop has now become one of the world’s major food 

crops. Potato is superior to all other crops in protein production per unit area and time, 

and to most others in terms of energy production (Ross 1986). 

The objectives of potato breeders are to improve yield and resistance to diseases, 

pests, and environmental factors. Conventional breeding involves making crosses among 

different parental lines, selecting desirable progeny, and evaluating the advanced breeding 

lines. Because potato is vegetatively propagated through tubers, any desirable genotypes 

can be maintained, multiplied and released as new varieties. On the other hand, the 

tetraploid level and high heterozygosity of the crop make selection and evaluation more 

difficult. 

Current research in potato breeding explores unconventional methods to 

complement traditional approaches. Anther culture techniques, for instance, have been 

used to produce dihaploids and monohaploids as a way of constructing tetra-allelic 

genotypes systematically. Recent developments in molecular biology add a potentially 

important tool to breeding programs. Gamete selection may provide an alternative 

approach to potato breeding.



Use of Anther Culture in Potato Breeding 

Immature pollen grains can be stimulated into an embryogenic pathway through 

anther culture. Flower buds with microspores at the uninucleate stage are sterilized, the 

anthers are aseptically removed and placed in liquid anther culture medium (Uhrig 1985). 

After 4 to 6 weeks, embryos may be produced and subsequently regenerated into whole 

plants. This procedure provides a rapid technique for producing homozygous breeding 

lines. Because of the high degree of heterozygosity in potato cultivars, selection at 

tetraploid level is extremely difficult in the presence of dominance, segregation, 

recombination, epistasis, etc. Because monoploids have only one set of chromosomes, 

they are free of all lethal genes due to the effects of the “monoploid sieve” (Wenzel et 

al. 1979). Such monoploids can be doubled to produce homozygous diploids, which may 

then be intercrossed with other diploid species. They could also be crossed with 

tetraploids via sexual polyploidization (Veilleux 1985), thus allowing advances made by 

breeding at the diploid level to be introgressed into S. tuberosum. Monoploids could also 

be combined to produce somatic hybrids via protoplast fusion. In addition to their 

breeding application, doubled haploids are also useful in genetic mapping and studies of 

quantitative traits (Snape 1988; Choo 1981; Singsit and Ozias-Akins 1993). 

One of the problems in anther culture is the low yield of embryos. Anther culture 

response of potato varies among genotypes (Wenzel and Uhrig 1981; Singsit and Veilleux 

1989). Incorporation of genes controlling high responsiveness to anther culture into non 

or low-responsive genotypes can enhance androgenesis (Singsit and Veilleux 1989).



However, it requires many years to accomplish. Therefore, studies on further 

improvement of the cultural procedures for potato anther culture are needed. 

Other factors, such as the microspore development stage, the composition of the 

medium, and the culture temperature also influence androgenesis (Johansson 1986; Sopory 

1978; Uhrig 1985; Calleberg and Johansson 1993). Most research has been focused on 

medium composition, growth regulators, and developmental stage of microspores. Cool 

temperature treatment of buds before anther culture has been reported to increase 

androgenic embryo yield. However, the environmental conditions during anther culture 

have not received much attention. In other crops, studies have shown that high 

temperatures may have a beneficial effect on embryo yield (Feng and Wolyn 1991) and 

subsequent embryo conversion (Afele et al. 1992). 

Another problem associated with anther culture is high variation for responsiveness 

among replicate cultures (Snider and Veilleux 1994). Different embryo yields have been 

obtained under identical culture conditions, with variation among replicates estimated to 

contribute 6.94% of total variation (Powell & Uhrig 1987). Buds harvested at different 

seasons, days, or even at different times of the same day may give different responses. 

It is generally believed that the developmental stage of microspores, the physical 

condition of donor plants, even the environmental conditions of donor plant before bud 

excision all contribute to the variation in responsiveness. 

Even under the same culture conditions, embryo yield varies from flask to flask 

with buds that were excised at the same time. Anthers are usually discarded when 

embryos are harvested. Whether poor responsiveness of anthers is due to inability to



produce embryos or to the requirement for a longer duration in anther culture remains to 

be studied. 

Molecular Biology As a Tool in Potato Breeding 

As molecular biology studies advance, more and more potato breeders are 

exploring ‘these tools in breeding programs (Flavell 1987). Potato is one of the few major 

crop species that is infected by Agrobacterium tumefaciens, which provides a way to 

transfer foreign genes into potato. Plants can also be regenerated from single cells that 

have received new genes. Knapp et al. (1988) transformed the Ac element from maize 

into the potato genome using leaf disc transformation mediated by A. tumefaciens. This 

may allow the cloning of interesting genes by transposon tagging. 

Molecular breeding techniques can have an advantage over conventional breeding 

in that they allow the addition of specific genes encoding desirable traits to a cultivar or 

advanced breeding line, while preserving its intrinsic features (Huisman et al. 1992). By 

genetic engineering of potato virus X (PVX), potato virus Y (PVY), and potato leafroll 

virus (PLRV) coat protein genes, transgenic potato plants resistant to these viruses have 

been obtained (Huisman et al. 1992). 

Various techniques have been used to facilitate selection in breeding programs. 

Marker based selection is a powerful tool to speed breeding programs. Another potential 

application of molecular techniques is to analyze the genetic composition of anther- 

derived plants (Rivard et al. 1989).



The anther culture process results in the regeneration of plants varying in ploid; 

(Bajaj and Sopory 1986). Regenerants from a diploid donor parent may be monoploid, 

diploid, tetraploid or mixoploid. The diploids may arise from unreduced microspores or 

somatic tissue of anther, or by chromosome doubling of monoploids during the culture 

phase. Those produced by chromosome doubling are expected to be homozygous whereas 

those produced by embryogenesis of 2n microspores or somatic tissue of anthers would 

be heterozygous. If a heterozygous diploid originated from somatic tissue of an anther, 

it will be genetically identical to the anther donor plant. On the other hand, if it 

originated from a 2n (unreduced) microspore, the mechanism of 2n pollen formation will 

determine the level of heterozygosity. Microspores derived by FDR (first division 

restitution) are more heterozygous than those derived by SDR (second division restitution) 

(Veilleux 1985). The source of tetraploids is even more ambiguous. In order to use 

spontaneously doubled monoploids in breeding programs, homozygous diploid regenerants 

must be separated from heterozygous ones. 

Gamete selection as a tool in breeding programs 

Plant breeding has generally been limited to selection during the sporophytic 

phase, during which we can observe the phenotypes in angiosperms. In the 1970s, 

gametophytic selection became a plausible supplemental method of plant breeding. 

Gamete selection is theoretically more efficient, allowing millions of genotypes to be 

screened in a short time. In addition, it provides a homogeneous and controlled



environment which greatly simplifies selection procedures compared to those used with 

plants grown in an open field. Gametic selection is considered as a complementary tool 

to field techniques (Landi et al. 1989). 

The basis of gametophytic selection is that selection of gametophytes for traits 

such as pathogen or environmental tolerance is positively correlated with expression of 

the same traits in the following sporophytic generation (Mulcahy 1979; Ottaviano et al. 

1988, 1990). Such correlation is evident from the overlapping relationships in gene 

expression between the diploid and haploid phases, and in behavior of the haploid and 

diploid phases in response to different external agents. 

An overlapping relationship in genetic expression between the sporophyte and 

gametophyte has been found in isozymes and messenger RNAs. Tanksley et al. (1981) 

studied nine isozymes in tomato (Lycopersicon esculentum), and found that 58% of the 

isozymes were expressed in both phases. The overlap rates seem to be similar in other 

enzymatic groups and different plant species. Based on the hybridization between 

mRNAs synthesized by the gametophyte and cDNAs from the sporophyte in Tradescantia 

paludosa, Willing and Mascarenhas (1984) reported that about 60% of the sequences 

analyzed were expressed in both gametophytic and sporophytic tissues. 

Another type of overlap exists in the response to different environmental stresses 

between the sporophyte and the gametophyte. There are numerous examples of positive 

correlation between both phases to temperature, salinity and osmotic pressure, metal 

tolerance, herbicides and other toxic compounds (Hormaza & Herrero 1992).



Gametic selection may be achieved based on either the variation due to meiotic 

recombination in a heterozygous anther donor (Veilleux 1985) or gametoclonal variation 

induced by the anther culture system (Evans et al. 1984). Most gametic selection has 

involved pollen selection while only a few successful examples involve selection via in 

vitro culture systems. 

In vivo gamete selection via cross pollination 

Such gamete selection includes both pollination and fertilization conducted under 

stressful conditions or pollination with pollen that had been pre-incubated under a 

stressful condition. The progeny from such crosses can then be more resistant to the 

stress. 

There are many successful examples of pollen selection for resistance to 

environmental stresses including salinity (Sari-Gorla et al. 1988), metals (Searcy & 

Mulcahy 1985), herbicides (Gorla et al. 1992; Sari-Gorla et al. 1989), disease resistance, 

and other toxic compounds (Mercuri et al. 1992). For example, by conducting crosses 

in rapeseed with pollen that had been incubated in toxic compounds, resistance to these 

toxic compounds from Alternaria brassicicola was enhanced in pollen derived from such 

progenies (Hodgkin 1990). Likewise, Shivanna and Sawhney (1993) found that the 

responses of pollen grains as well as leaves of various Brassica species to the toxin of 

A. brassicae were similar to the degree of susceptibility/resistance of these species 

reported in the literature, indicating that the genes imparting susceptibility/ resistance are



expressed in the pollen. Therefore, pollen selection offers a simple and effective method 

for application of selection pressure to eliminate pollen grains susceptible to the toxin. 

In addition, pollen selection has been used in selection for high photosynthetic efficiency 

(Medrano & Primo-Millo 1985) and earliness (Pollacsek and Caenen 1979). 

Pollen selection has also been used in high (Petolino et al. 1990; Rodriguez-Garay 

and Barrow 1988) and low temperature adaption (Zamir and Gadish 1987; Maisonneuve 

et al. 1986; Jones 1982). For example, Zamir et al. (1982) reported preferential 

transmission of cold tolerant Lycopersicon hirsutum alleles in backcrosses of L. 

esculentum x (L. esculentum x L. hirsutum) under low temperature and concluded that, as 

a result of gametophytic gene expression, pollen grains carrying alleles from the cold 

tolerant L. hirsutum parent were more successful in fertilization. On the other hand, 

Petolino et al. (1990) demonstrated that exposing maize gametes to high temperature 

(38°C) during pollination and fertilization resulted in progenies more tolerant to heat. 

Similarly, in a study of pollen selection for heat tolerance in cotton, Rodriguez-Garay et 

al. (1988) found that pollen from heat tolerant cultivars in the field generally expressed 

higher fertility after heat treatment than pollen from heat sensitive cultivars. Pollen was 

heat treated to eliminate all but those grains with genetic heat tolerance. An increase of 

fertile pollen after heat treatment in the following generation indicated that genes for heat 

tolerance were selected in the pollen and effectively transferred by hybridization.



In vitro gamete selection via anther culture 

Anther culture diverts the normal development of the male gametophyte to a 

sporophytic pathway resulting in callus or embryo formation. Anther culture can allow 

the use of both in vitro induced variability and the natural variability following meiotic 

recombination. Genetic variability resulting from recombination and segregation appears 

to be the predominant source of variation in anther culture. The amount of variability is 

determined by the level of heterozygosity of the donor plant. F, hybrids that combine 

desirable characters via interspecific crosses could be an attractive source of 

heterogeneous gametophytic cell populations (Lashermes 1991). Additionally, haploid 

embryo express both dominant and recessive traits during the selection process; therefore, 

they are free of lethal alleles due to the “monoploid sieve” (Wenzel et al. 1979). The 

embryo as a selection unit may be more likely to respond to selection pressure in a 

manner similar to a whole plant in contrast to cells in suspension or callus culture. 

Moreover, in association with doubled haploid breeding methodology in self-pollinated 

crops, rapid development of new cultivars is possible (Lashermes 1991), 

Few attempts have been made to select resistance to environmental stress using 

microspore culture systems. Ultraviolet (UV) irradiation of cultured microspores of 

Brassica napus resulted in heritable resistance to the pathogen, A. brassicicola, and the 

herbicide, chlorsulfuron, in progenies (Ahmad et al. 1991). Also, in Brassica napus, rapid 

and clear separation of herbicide (chlorsulfuron) tolerant genotypes has been reported 

from segregating microspore populations isolated from hybrid plants (Swanson et al.



1988). In barley, screening for salt tolerant genotypes was achieved via anther culture 

of F, in salt stress media induced by a high concentration of Na,SO, (Ya et al. 1987). 

Using microspore culture of oilseed rape, Kenyon et al. (1987) obtained sulfonylurea 

herbicide tolerant plants. Similarly, Fadel and Wenzel (1993) obtained Fusarium tolerant 

plants in F, microspore populations of wheat. On the other hand, instead of selection via 

microspore culture, Zelitch (1989) used dihaploid plantlets regenerated from anther culture 

to select O,-resistant plants. 

Objectives 

The overall objectives of the present study were focused on the androgenetic 

process in complex potato hybrids for better understanding its potential uses in potato 

breeding programs. Improvement in anther culture techniques as well as effectiveness of 

gamete selection were studied. Additionally, randomly amplified polymorphic DNA 

(RAPD) techniques were applied to analyze the genetic make-up of anther-derived plants. 

Three interspecific diploid hybrids, APB3, APM1 and APC3, were used. They were 

produced between dihaploid S. andigena as female, and one of F, (S. phureja x S. 

berthaultii), F, (S. phureja x S. microdontum), and F, (S. phureja x S. chacoense) as male, 

respectively. These clones were used because of their anther culture competence and high 

2n pollen frequencies, which facilitates use of anther techniques and their hybridization 

with S. tuberosum cultivars. Additionally, S. phureja, S. microdontum, and S. chacoense 

accessions used to develop these complex hybrids had been previously selected for heat 

10



tolerance (Reynolds and Ewing 1989; Simmonds 1971). Intercrossing these diploid clones 

with tetraploid cultivars via production of 2n gametes could add heat tolerant genes into 

current cultivars to develop heat tolerant breeding lines. The specific objectives include: 

(1) 

(2) 

(3) 

(4) 
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�(�3�0�°�C�-�3�5�°�C�)� �o�f� �i�n�o�c�u�l�a�t�e�d� �a�n�t�h�e�r�s� �a�n�d� �m�i�c�r�o�s�p�o�r�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �i�n�d�u�c�e� �a�n�d�r�o�g�e�n�e�s�i�s� 

�(�C�o�u�m�a�n�s� �e�t� �a�l�.� �1�9�8�9�;� �G�e�n�o�v�e�s�i� �1�9�9�0�;� �B�u�t�e�r� �e�t� �a�l�.� �1�9�9�1�;� �A�f�e�l�e� �e�t� �a�l�.� �1�9�9�2�)�.� �B�e�n�e�f�i�c�i�a�l� 
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�e�f�f�e�c�t�s� �o�f� �e�l�e�v�a�t�e�d� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �r�e�p�o�r�t�e�d� �o�n� �p�e�p�p�e�r� �(�D�u�m�a�s� �d�e� �V�a�u�l�x� �e�t� 

�a�l�.� �1�9�8�2�)�,� �B�r�a�s�s�i�c�a� �(�K�e�l�l�e�r� �e�t� �a�l�.� �1�9�7�9�)� �a�n�d� �s�o�m�e� �w�h�e�a�t� �s�p�e�c�i�e�s� �(�H�u�a�n�g� �1�9�8�7�)�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �o�n� �S�o�l�a�n�u�m� �g�e�n�o�t�y�p�e�s� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�,� 

�m�o�s�t�l�y� �b�y� �p�l�a�c�i�n�g� �e�x�c�i�s�e�d� �b�u�d�s� �a�t� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s� �(�6�°�C�)� �f�o�r� �t�w�o� �t�o� �t�h�r�e�e� �d�a�y�s� �b�e�f�o�r�e� 

�a�n�t�h�e�r� �c�u�l�t�u�r�e� �(�p�r�e�-�t�r�e�a�t�m�e�n�t�)�.� �J�o�h�a�n�s�s�o�n� �(�1�9�8�6�)� �s�h�o�w�e�d� �t�h�a�t� �e�m�b�r�y�o�g�e�n�e�s�i�s� �w�a�s� 

�s�t�i�m�u�l�a�t�e�d� �b�y� �p�r�e�t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �b�u�d�s� �a�t� �6�°�C�.� �A� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�f� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� 

�(�3�0�°�C�)� �p�r�e�-�t�r�e�a�t�m�e�n�t� �h�a�s� �a�l�s�o� �b�e�e�n� �f�o�u�n�d� �o�n� �S�o�l�a�n�u�m� �g�e�n�o�t�y�p�e�s�.� �I�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� 

�d�i�p�l�o�i�d� �p�o�t�a�t�o� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �c�o�m�p�l�e�x� �c�r�o�s�s�e�s� �o�f� �2�x� �S�.� �t�u�b�e�r�o�s�u�m� �c�l�o�n�e�s� �w�i�t�h� �s�e�v�e�r�a�l� 

�w�i�l�d� �2�x� �s�p�e�c�i�e�s�,� �P�o�w�e�l�l� �a�n�d� �U�h�r�i�g� �(�1�9�8�7�)� �f�o�u�n�d� �d�i�f�f�e�r�e�n�t�i�a�l� �g�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �t�o� �b�u�d� 

�p�r�e�t�r�e�a�t�m�e�n�t� �(�6�°�C� �o�r� �3�0�°�C�)� �f�o�r� �2� �d�a�y�s�,� �b�u�t� �b�o�t�h� �h�i�g�h� �a�n�d� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k�s� �w�e�r�e� 

�s�u�p�e�r�i�o�r� �t�o� �t�h�e� �c�o�n�t�r�o�l� �(�w�i�t�h�o�u�t� �p�r�e�-�t�r�e�a�t�m�e�n�t�)�.� �H�o�w�e�v�e�r�,� �n�o� �p�o�s�i�t�i�v�e� �e�f�f�e�c�t� �o�f� �3�0�°�C� 

�p�r�e�t�r�e�a�t�m�e�n�t� �w�a�s� �f�o�u�n�d� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �S�.� �t�u�b�e�r�o�s�u�m� �c�v�s�.� �P�i�t�o� �a�n�d� �D�a�n�v�a� �(�T�i�a�i�n�e�n�,� 

�1�9�9�2�)�,� 

�T�h�e� �e�f�f�e�c�t� �o�f� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �c�u�l�t�u�r�e� �p�h�a�s�e� �o�n� �p�o�t�a�t�o� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�i�s� �n�o�t� �w�e�l�l� �s�t�u�d�i�e�d�.� �I�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �S�.� �c�h�a�c�o�e�n�s�e� �B�i�t�t�.� �a�n�d� �a�n� �i�n�t�e�r�s�p�e�c�i�f�i�c� �d�i�p�l�o�i�d� 

�h�y�b�r�i�d�,� �S�.� �t�u�b�e�r�o�s�u�m� �x� �S�.� �c�h�a�c�o�e�n�s�e�,� �C�a�p�p�a�d�o�c�i�a� �e�t� �a�l�.� �(�1�9�8�4�)� �f�i�r�s�t� �c�u�l�t�u�r�e�d� �a�n�t�h�e�r�s� �a�t� 

�3�0�°�C� �f�o�r� �2� �d�a�y�s� �i�n� �d�a�r�k�n�e�s�s� �a�n�d� �t�h�e�n� �t�r�a�n�s�f�e�r�r�e�d� �t�h�e�m� �t�o� �l�i�g�h�t� �a�t� �2�7�°�C�.� �H�o�w�e�v�e�r�,� �t�h�e�y� 

�d�i�d� �n�o�t� �t�e�s�t� �w�h�e�t�h�e�r� �t�h�i�s� �3�0�°�C� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �h�a�d� �a� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� 

�L�a�t�e�r�,� �B�a�t�t�y� �a�n�d� �D�u�n�w�e�l�l� �(�1�9�8�6�)� �c�o�n�f�i�r�m�e�d� �t�h�e� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�f� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �p�r�e�-� 

�i�n�c�u�b�a�t�i�o�n� �o�n� �t�h�e� �a�n�d�r�o�g�e�n�i�c� �r�e�s�p�o�n�s�e� �o�f� �a� �d�i�h�a�p�l�o�i�d� �S�.� �t�u�b�e�r�o�s�u�m� �c�l�o�n�e�.� �R�e�c�e�n�t�l�y�,� 

�C�a�l�l�e�b�e�r�g� �a�n�d� �J�o�h�a�n�s�s�o�n� �(�1�9�9�3�)� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�1�0�,� �1�5�,� �2�0�,� 

�2�5�,� �3�0�°�C�)� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �p�o�t�a�t�o�.� �T�h�e�y� �f�o�u�n�d� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l� 
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�g�e�n�o�t�y�p�e�s�,� �t�e�t�r�a�p�l�o�i�d� �a�s� �w�e�l�l� �a�s� �d�i�h�a�p�l�o�i�d�s�,� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�;� 

�3�0�°�C� �w�a�s� �b�e�n�e�f�i�c�i�a�l� �f�o�r� �s�o�m�e� �g�e�n�o�t�y�p�e�s�,� �b�u�t� �o�t�h�e�r�s� �p�r�e�f�e�r�r�e�d� �2�0�-�2�5�°�C�.� 

�S�u�c�c�e�s�s�f�u�l� �r�e�g�e�n�e�r�a�t�i�o�n� �o�f� �h�a�p�l�o�i�d� �e�m�b�r�y�o�s� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�b�r�e�e�d�i�n�g�  ��s�y�s�t�e�m�s� �u�t�i�l�i�z�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �A�f�e�l�e� �e�t� �a�l�.� �(�1�9�9�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �m�a�i�z�e� 

�m�i�c�r�o�s�p�o�r�e�s� �c�u�l�t�u�r�e�d� �a�t� �3�2�°�C� �f�o�r� �1�0� �d�a�y�s� �h�a�d� �m�o�r�e� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n�,� �h�i�g�h�e�r� �e�m�b�r�y�o� 

�q�u�a�l�i�t�y� �(�m�o�r�e� �c�o�m�p�a�c�t�)�,� �a�n�d� �h�i�g�h�e�r� �f�r�e�q�u�e�n�c�y� �o�f� �e�m�b�r�y�o�s� �t�h�a�t� �s�u�r�v�i�v�e�d� �o�n� �t�r�a�n�s�f�e�r� �t�o� 

�r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m� �t�h�a�n� �c�o�n�t�r�o�l� �(�2�5�°�C�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e� �w�a�s� �s�t�i�l�l� �l�o�w�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�e�r�e� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t� �o�f� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� 

�o�n� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d� �a�n�d� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �c�o�n�v�e�r�s�i�o�n� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �o�f� 

�d�i�p�l�o�i�d� �p�o�t�a�t�o�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� �i�n�c�l�u�d�e�d� �a�s�e�x�u�a�l�l�y�-�p�r�o�d�u�c�e�d� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �A�P�B�3�,� �A�P�M�1�,� 

�a�n�d� �A�P�C�3� �s�e�l�e�c�t�e�d� �f�r�o�m� �A�P�B�,� �A�P�M� �a�n�d� �A�P�C� �p�o�p�u�l�a�t�i�o�n�s�,� �w�h�i�c�h� �w�e�r�e� �p�r�o�d�u�c�e�d� �b�e�t�w�e�e�n� 

�d�i�h�a�p�l�o�i�d� �S�.� �a�n�d�i�g�e�n�a� �a�s� �f�e�m�a�l�e� �a�n�d� �o�n�e� �o�f� �F�,� �(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �b�e�r�t�h�a�u�t�l�t�i�i�)�,� �F�,� �(�S�.� �p�h�u�r�e�j�a� 

�x� �S�.� �m�i�c�r�o�d�o�n�t�u�m� �)� �o�r� �F�,� �(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �c�h�a�c�o�e�n�s�e�)� �a�s� �m�a�l�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �S�.� �b�e�r�t�h�a�u�l�t�i�i�,� 

�S�.� �m�i�c�r�o�d�o�n�t�u�m�,� �a�n�d� �S�.� �c�h�a�c�o�e�n�s�e� �a�c�c�e�s�s�i�o�n�s� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �t�h�e�s�e� �c�o�m�p�l�e�x� �h�y�b�r�i�d�s� �h�a�d� 

�b�e�e�n� �p�r�e�v�i�o�u�s�l�y� �s�e�l�e�c�t�e�d� �f�o�r� �h�e�a�t� �t�o�l�e�r�a�n�c�e� �(�R�e�y�n�o�l�d�s� �a�n�d� �E�w�i�n�g� �1�9�8�9�;� �S�i�m�m�o�n�d�s� �1�9�7�1�)�.� 
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�A�P�B�3�,� �A�P�M�1� �a�n�d� �A�P�C�3� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �c�o�m�p�e�t�e�n�c�e� �a�n�d� �h�i�g�h� �2�n� �p�o�l�l�e�n� 

�f�r�e�q�u�e�n�c�i�e�s�.� 

�T�e�n� �p�l�a�n�t�s� �e�a�c�h� �o�f� �A�P�B�3�,� �A�P�M�1� �a�n�d� �A�P�C�3� �c�l�o�n�e�s� �w�e�r�e� �p�l�a�n�t�e�d� �i�n� �7�.�6� �1� �p�o�t�s� 

�c�o�n�t�a�i�n�i�n�g� �1�:� �1�:� �1� �o�f� �s�a�n�d� �:� �w�e�b�l�i�t�e� �(�W�e�b�l�i�t�e� �C�o�.�,� �P�.�O�.� �B�o�x� �1�2�8�8�7�,� �R�o�a�n�o�k�e�,� �V�a�.�)� �:� 

�S�u�n�s�h�i�n�e� �m�i�x� �(�F�i�s�o�n�s� �H�o�r�t�i�c�u�l�t�u�r�e� �I�n�c�.�,� �V�a�n�c�o�u�v�e�r�,� �B�C�,� �C�a�n�a�d�a�)� �i�n� �t�h�e� �g�r�e�e�n�h�o�u�s�e�.� 

�A�P�B�3� �a�n�d� �A�P�M�1� �w�e�r�e� �p�l�a�n�t�e�d� �f�r�o�m� �S�e�p�t�.� �1�9�9�2� �t�o� �F�e�b�.� �1�9�9�3�,� �a�n�d� �A�P�B�3� �a�n�d� �A�P�C�3� �w�e�r�e� 

�p�l�a�n�t�e�d� �f�r�o�m� �J�a�n�.� �1�9�9�2� �t�o� �S�e�p�t�.� �1�9�9�3�.� �D�u�r�i�n�g� �t�h�e� �w�i�n�t�e�r� �m�o�n�t�h�s�,� �a� �1�6� �h� �d�a�y� �l�e�n�g�t�h� �w�a�s� 

�p�r�o�v�i�d�e�d� �b�y� �h�i�g�h� �p�r�e�s�s�u�r�e� �s�o�d�i�u�m� �v�a�p�o�r� �l�a�m�p�s� �t�o� �p�r�o�m�o�t�e� �f�l�o�w�e�r�i�n�g�.� �P�l�a�n�t�s� �w�e�r�e� 

�f�e�r�t�i�l�i�z�e�d� �w�e�e�k�l�y� �w�i�t�h� �s�o�l�u�b�l�e� �f�e�r�t�i�l�i�z�e�r� �(�P�e�t�e�r�'�s� �F�e�r�t�i�l�i�z�e�r� �P�r�o�d�u�c�t�s�,� �W�.�R�.� �G�r�a�c�e� �&� �C�o�.�,� 

�F�o�g�e�l�s�v�i�l�l�e�,� �P�a�)� �c�o�n�t�a�i�n�i�n�g� �2�0�:�1�9�:�1�8� �(�N�:� �P�,�0�,�:� �K�,�O�)� �.� 

�A�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� 

�B�u�d�s� �w�i�t�h� �a�n�t�h�e�r�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �t�o� �4� �m�m� �i�n� �l�e�n�g�t�h� �w�e�r�e� �p�i�c�k�e�d� �f�r�o�m� �e�a�c�h� �c�l�o�n�e� 

�o�n� �e�a�c�h� �g�i�v�e�n� �d�a�y� �a�n�d� �p�l�a�c�e�d� �i�n� �c�o�l�d� �s�t�o�r�a�g�e� �(�4�°�C�)� �f�o�r� �3� �d�a�y�s�.� �F�o�r� �e�a�c�h� �c�l�o�n�e�,� �t�h�e� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �3� �d�i�f�f�e�r�e�n�t� �d�a�y�s�,� �3� �r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �d�a�y�.� �T�h�e� �b�u�d�s� �w�e�r�e� �s�u�r�f�a�c�e�-� 

�s�t�e�r�i�l�i�z�e�d� �f�o�r� �3�0� �s�e�c� �i�n� �7�0�%� �e�t�h�a�n�o�l� �a�n�d� �5� �m�i�n� �i�n� �f�u�l�l� �s�t�r�e�n�g�t�h� �c�o�m�m�e�r�c�i�a�l� �b�l�e�a�c�h� 

�[�W�o�n�d�e�r� �C�h�e�m�i�c�a�l� �C�o�r�p�.�;� �5�.�2�4�%� �(�W�/�V�)� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e�]� �w�i�t�h� �a� �d�r�o�p� �o�f�  ��T�w�e�e�n� �2�0�°� 

�f�o�l�l�o�w�e�d� �b�y� �t�w�o� �r�i�n�s�e�s� �i�n� �s�t�e�r�i�l�e� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� �T�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �w�a�s� �p�r�e�p�a�r�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �U�h�r�i�g� �(�1�9�8�5�)� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�s�:� �M�S� �b�a�s�a�l� �m�e�d�i�u�m� �(�M�u�r�a�s�h�i�g�e� �a�n�d� 

�S�k�o�o�g�,� �1�9�6�2�)� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�0�0� �m�g�/�l� �m�y�o�-�i�n�o�s�i�t�o�l�,� �0�.�4� �m�g�/�l� �t�h�i�a�m�i�n�e�,� �6�0� �g�/�I� �s�u�c�r�o�s�e�,� 

�2�.�5� �g�/�l� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�,� �2�.�5� �m�g�/�]� �N�,�-�b�e�n�z�y�l�a�m�i�n�o�p�u�r�i�n�e� �(�B�A�)�,� �a�n�d� �0�.�1� �m�g�/�l� �i�n�d�o�l�e�-�3�-� 

�2�0



�a�c�e�t�i�c� �a�c�i�d� �(�I�A�A�)�.� �T�h�e� �m�e�d�i�u�m� �p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �5�.�8� �b�e�f�o�r�e� �a�d�d�i�n�g� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�.� 

�T�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �w�a�s� �s�t�e�r�i�l�i�z�e�d� �b�y� �a�u�t�o�c�l�a�v�i�n�g� �a�t� �1�2�1�°�C� �a�n�d� �1�.�1� �k�g�/�c�m�?� �f�o�r� �2�0� �m�i�n�.� 

�A�n�t�h�e�r�s� �f�r�o�m� �e�a�c�h� �b�u�d� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �5� �D�e�l�o�n�g� �c�u�l�t�u�r�e� �f�l�a�s�k�s� �(�B�e�l�l�c�o� �G�l�a�s�s� �C�o�.�,� 

�V�i�n�e�l�a�n�d�,� �N�J�)� �w�i�t�h� �1�5� �m�l� �m�e�d�i�u�m� �u�n�t�i�l� �3�0� �a�n�t�h�e�r�s� �w�e�r�e� �c�o�n�t�a�i�n�e�d� �i�n� �e�a�c�h� �f�l�a�s�k�.� �T�h�e� �f�i�v�e� 

�f�l�a�s�k�s� �w�e�r�e� �c�o�v�e�r�e�d� �w�i�t�h� �a� �M�a�g�e�n�t�a� �2�-�w�a�y� �c�a�p� �(�M�a�g�e�n�t�a� �P�l�a�s�t�i�c�s�,� �C�h�i�c�a�g�o�,� �I�L�)� �a�n�d� �s�e�a�l�e�d� 

�w�i�t�h� �p�a�r�a�f�i�l�m�,� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �s�e�p�a�r�a�t�e�l�y� �a�t� �e�a�c�h� �o�f� �t�h�e� �f�i�v�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� 

�a�c�c�o�r�d�i�n�g� �t�o� �T�a�b�l�e� �1�.� �C�u�l�t�u�r�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� �d�a�r�k� �o�n� �a� �s�h�a�k�e�r� �(�1�2�0� �r�p�m�)�.� �A�f�t�e�r� 

�6� �w�e�e�k�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �w�a�s� �c�o�u�n�t�e�d�.� 

�O�n�c�e� �t�h�e� �e�m�b�r�y�o�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d�,� �t�h�e� �a�n�t�h�e�r�s� �w�e�r�e� �p�u�t� �b�a�c�k� �i�n�t�o� �t�h�e� �s�a�m�e� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e� �m�e�d�i�u�m� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �a�n�o�t�h�e�r� �6� �w�e�e�k�s�.� �T�h�e� �s�a�m�e� �i�n�c�u�b�a�t�i�o�n� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� 

�m�a�i�n�t�a�i�n�e�d� �(�T�a�b�l�e� �1�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �w�a�s� �a�g�a�i�n� �r�e�c�o�r�d�e�d� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�.� 

�E�m�b�r�y�o� �r�e�g�e�n�e�r�a�t�i�o�n� 

�T�h�e� �e�m�b�r�y�o�s� �f�r�o�m� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �1�0�0� �x� �1�5� �m�m� �P�e�t�r�i� �d�i�s�h�e�s� 

�w�i�t�h� �1�5� �m�l� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�:� �3�.�2� �g�/�1� �G�a�m�b�o�r�g ��s� �B�S� �s�a�l�t�s� �(�G�a�m�b�o�r�g� �e�t� �a�l�.� �1�9�6�8�)� �w�i�t�h� 

�m�i�n�i�m�a�l� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �(�S�i�g�m�a� �G� �5�8�9�3�)�,� �5�0� �m�g�/�l� �C�a�H�P�O�,�,� �7�4�8� �m�g�/�l� �C�a�C�l�,� �2�5�0� �m�g�/�l� 

�N�H�,�N�O�,�,� �1�0� �g�/�l� �s�u�c�r�o�s�e�,� �6� �g�/�l� �a�g�a�r�o�s�e� �(�t�y�p�e� �I�-�A�)�,� �0�.�1� �m�g�/�l� �g�i�b�b�e�r�e�l�l�i�c� �a�c�i�d� �(�G�A�s�,� �f�i�l�t�e�r�-� 

�s�t�e�r�i�l�i�z�e�d�)�,� �p�H� �5�.�6�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �2�0�°�C� �u�n�d�e�r� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �l�i�g�h�t� �(�1�7�5� �m�o�l� �s�e�c�!� �m�%�)�.� 

�A�t� �3� �w�e�e�k� �i�n�t�e�r�v�a�l�s�,� �t�h�e� �e�m�b�r�y�o�s� �t�h�a�t� �w�e�r�e� �a�b�l�e� �t�o� �c�o�n�v�e�r�t� �i�n�t�o� �p�l�a�n�t�s� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� 

�t�r�a�n�s�f�e�r�r�e�d� �t�o� �a� �2�0� �x� �1�5�0� �m�m� �g�l�a�s�s� �t�u�b�e� �c�o�n�t�a�i�n�i�n�g� �2�0� �m�l� �M�S� �b�a�s�a�l� �m�e�d�i�a� �(�M�u�r�a�s�h�i�g�e� 

�a�n�d� �S�k�o�o�g� �1�9�6�2�)� �w�h�i�l�e� �t�h�e� �u�n�c�o�n�v�e�r�t�e�d� �e�m�b�r�y�o�s� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �f�r�e�s�h� �r�e�g�e�n�e�r�a�t�i�o�n� 

�2�1



�m�e�d�i�u�m�.� �T�h�e� �r�e�g�e�n�e�r�a�n�t�s� �w�e�r�e� �k�e�p�t� �a�t� �2�0�°�C� �u�n�d�e�r� �a� �1�6�h� �p�h�o�t�o�p�e�r�i�o�d� �a�n�d� �1�7�5� �p�m�o�l� �s�e�c� 

�m�*� �p�r�o�v�i�d�e�d� �b�y� �c�o�o�l� �w�h�i�t�e� �f�l�u�o�r�e�s�c�e�n�t� �t�u�b�e�s�.� 

�P�l�o�i�d�y� �a�n�a�l�y�s�i�s� 

�T�h�e� �p�l�o�i�d�y� �l�e�v�e�l� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y� �(�O�w�e�n� 

�e�t� �a�l�.� �1�9�8�8�)�.� �O�n�e� �g�r�a�m� �o�f� �l�e�a�v�e�s� �a�n�d� �s�t�e�m�s� �o�f� �i�n� �v�i�t�r�o� �p�l�a�n�t�l�e�t�s� �w�a�s� �c�h�o�p�p�e�d� �o�n� �i�c�e� �f�o�r� 

�3� �m�i�n� �w�i�t�h� �a� �r�a�z�o�r� �b�l�a�d�e� �i�n� �a� �6� �c�m� �d�i�a�m� �g�l�a�s�s� �P�e�t�r�i� �p�l�a�t�e� �c�o�n�t�a�i�n�i�n�g� �3� �m�l� �c�h�o�p�p�i�n�g� �b�u�f�f�e�r� 

�(�1�2� �m�M� �s�o�d�i�u�m� �c�i�t�r�a�t�e�,� �8� �m�M� �M�O�P�S�,� �3�8�.�4� �m�M� �M�g�C�l�,� �a�n�d� �0�.�0�4�%� �T�r�i�t�o�n� �X�-�1�0�0�)�.� �T�h�e� 

�m�i�x�t�u�r�e� �w�a�s� �p�o�u�r�e�d� �t�h�r�o�u�g�h� �a� �3�0�0� �p�m� �f�i�l�t�e�r� �a�n�d� �t�h�e�n� �t�h�r�o�u�g�h� �a� �6�0� �u�m� �f�i�l�t�e�r� �t�o� �r�e�m�o�v�e� 

�d�e�b�r�i�s�.� �O�n�e� �m�l� �f�i�l�t�r�a�t�e� �w�a�s� �p�l�a�c�e�d� �i�n� �a� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �0�.�5� �m�l� 

�R�N�A�a�s�e� �s�o�l�u�t�i�o�n� �(�S�i�g�m�a� �R� �5�5�0�3�)� �(�0�.�8� �m�g�/�m�l� �c�h�o�p�p�i�n�g� �b�u�f�f�e�r�)� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� 

�3�0� �m�i�n�.� �A� �0�.�2�5� �m�l� �p�r�o�p�i�d�i�u�m� �i�o�d�i�d�e� �(�P�I�)� �s�o�l�u�t�i�o�n� �(�0�.�4� �m�g� �P�I�/�m�l� �c�h�o�p�p�i�n�g� �b�u�f�f�e�r�)� �w�a�s� 

�a�d�d�e�d� �t�o� �e�a�c�h� �s�a�m�p�l�e�,� �i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �f�o�r� �a�t� �l�e�a�s�t� �a�n� �a�d�d�i�t�i�o�n�a�l� �3�0� �m�i�n� �a�n�d� �a�n�a�l�y�z�e�d� 

�w�i�t�h�i�n� �3� �h�.� �S�t�a�i�n�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�h�e�n� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �3�7� �u�m� �n�y�l�o�n� �m�e�s�h�.� �P�l�o�i�d�y� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �p�r�e�p�a�r�e�d� �s�a�m�p�l�e�s� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �V�i�r�g�i�n�i�a�-�M�a�r�y�l�a�n�d� �R�e�g�i�o�n�a�l� �C�o�l�l�e�g�e� 

�o�f� �V�e�t�e�r�i�n�a�r�y� �M�e�d�i�c�i�n�e� �u�s�i�n�g� �E�p�i�c�s� �V�,� �M�o�d�e�l� �7�5�2� �l�a�s�e�r� �f�l�o�w� �c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r� 

�(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�,� �H�i�a�l�e�a�h� �F�L�)�.� 

�2�2



�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�A�l�l� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �a�f�t�e�r� �s�q�u�a�r�e� �r�o�o�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �t�o�t�a�l� 

�e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k�,� �u�s�i�n�g� �S�A�S� �G�L�M� �p�r�o�c�e�d�u�r�e� �(�S�A�S� �1�9�8�5�)�.� �T�h�e� �o�n�l�y� �e�x�c�e�p�t�i�o�n� �i�s� �i�n� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �g�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �a�n�d� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s�.� 

�R�e�s�u�l�t�s� 

�T�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�T�w�o� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�e�t�w�e�e�n� �1�9�9�2�-�1�9�9�4�.� �I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �t�w�o� 

�d�i�p�l�o�i�d� �c�l�o�n�e�s�,� �A�P�B�3� �a�n�d� �A�P�M�1�,� �w�e�r�e� �u�s�e�d� �a�s� �a�n�t�h�e�r� �d�o�n�o�r�s�.� �F�o�r� �e�a�c�h� �r�e�p�l�i�c�a�t�i�o�n�,� �5� 

�f�l�a�s�k�s� �o�f� �c�u�l�t�u�r�e�s� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �5� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e� �c�o�m�b�i�n�e�d� 

�a�n�a�l�y�s�i�s� �o�f� �A�P�B�3� �a�n�d� �A�P�M�1� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �2� �a�n�d� �3�.� �T�r�e�a�t�m�e�n�t�,� �g�e�n�o�t�y�p�e�,� �d�a�t�e�s� �o�f� 

�c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n�,� �a�n�d� �a�l�l� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�t�i�o�n� 

�(�T�a�b�l�e� �2�)�.� �A�t� �t�h�e� �f�i�r�s�t� �e�m�b�r�y�o� �h�a�r�v�e�s�t�,� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �y�i�e�l�d�e�d� �1�1� �t�i�m�e�s� �a�s� �m�a�n�y� 

�e�m�b�r�y�o�s� �(�4�4� �p�e�r� �f�l�a�s�k�)� �a�s� �t�h�e� �c�o�n�t�r�o�l�,� �2�0�°�C� �(�4� �p�e�r� �f�l�a�s�k�)�.� �W�h�e�n� �3�5�°�C� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �w�a�s� 

�e�x�t�e�n�d�e�d� �f�r�o�m� �1�2� �t�o� �2�4� �h�,� �a� �s�e�v�e�r�e� �d�e�c�r�e�a�s�e� �o�f� �e�m�b�r�y�o� �y�i�e�l�d� �w�a�s� �f�o�u�n�d�.� �A�P�B�3� �y�i�e�l�d�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �e�m�b�r�y�o�s� �t�h�a�n� �A�P�M�1� �(�2�6� �v�s� �7� �p�e�r� �f�l�a�s�k�)�.� �A�l�s�o�,� �t�h�e�r�e� �w�a�s� �h�i�g�h� 

�v�a�r�i�a�t�i�o�n� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �d�a�t�e�s� �w�h�e�n� �a�n�t�h�e�r�s� �w�e�r�e� �c�u�l�t�u�r�e�d� 

�(�T�a�b�l�e� �3�)�.� �G�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s� �i�s� �s�h�o�w�n� 

�i�n� �T�a�b�l�e� �6�.� �T�h�e� �b�e�s�t� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �f�o�r� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �A�P�B�3� �w�a�s� �3�5�°�C� 

�2�3



�1�2�h�-�3�0�°�C�/�2�0�°�C� �w�h�e�r�e�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �a�n�d� 

�3�0�°�C�/�2�0�°�C� �f�o�r� �A�P�M�I�1� �c�l�o�n�e� �w�a�s� �f�o�u�n�d�.� �T�h�i�s� �m�a�y� �e�x�p�l�a�i�n� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �G� �x� �T� 

�i�n�t�e�r�a�c�t�i�o�n� �i�n� �T�a�b�l�e� �2�.� �T�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �a�l�s�o� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s�.� �F�o�r� 

�A�P�B�3�,� �t�h�e� �h�i�g�h�e�s�t� �e�m�b�r�y�o� �y�i�e�l�d� �w�a�s� �o�n� �1�1�/�2�6�/�9�2�,� �w�h�e�r�e�a�s� �f�o�r� �A�P�M�1�,� �1�1�/�2�6�/�9�2� �p�r�o�d�u�c�e�d� 

�t�h�e� �s�a�m�e� �a�m�o�u�n�t� �o�f� �e�m�b�r�y�o�s� �a�s� �d�a�t�e� �1�1�/�2�4�/�9�2�.� �F�o�r� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�M�1�,� �1�1�/�2�3�/�9�2� �w�a�s� 

�t�h�e� �d�a�y� �o�n� �w�h�i�c�h� �t�h�e� �l�o�w�e�s�t� �e�m�b�r�y�o� �y�i�e�l�d� �w�a�s� �p�r�o�d�u�c�e�d�.� �A�s� �n�o�t�i�c�e�d� �i�n� �T�a�b�l�e� �2�,� �t�h�e� �G� 

�x� �D� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� �D�i�f�f�e�r�e�n�c�e� �i�n� �d�a�t�e� �i�s� �m�a�i�n�l�y� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �d�o�n�o�r� �p�l�a�n�t�s� �a�s� �w�e�l�l� �a�s� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �o�f� �m�i�c�r�o�s�p�o�r�e�s�.� �A� 

�s�i�g�n�i�f�i�c�a�n�t� �T� �X� �D� �i�n�t�e�r�a�c�t�i�o�n� �m�a�y� �r�e�f�l�e�c�t� �d�i�f�f�e�r�e�n�t� �r�e�s�p�o�n�s�e� �i�n� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e� 

�t�r�e�a�t�m�e�n�t�s� �o�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s�.� 

�I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �u�s�i�n�g� �A�P�B�3� �a�n�d� �A�P�C�3� �a�s� �a�n�t�h�e�r� �d�o�n�o�r�s�,� �t�h�e� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e� �p�r�o�c�e�d�u�r�e� �w�a�s� �t�h�e� �s�a�m�e� �a�s� �i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �e�x�c�e�p�t� �f�o�r� �e�a�c�h� �r�e�p�l�i�c�a�t�i�o�n�,� �t�w�o� 

�f�l�a�s�k�s� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� �2�0�°�C�,� �t�w�o� �f�l�a�s�k�s� �w�i�t�h� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �a�n�d� �o�n�e� �f�l�a�s�k� �w�i�t�h� 

�3�0�°�C�/�2�0�°�C�.� �T�h�e� �m�e�a�n� �y�i�e�l�d� �o�f� �t�h�e� �t�w�o� �f�l�a�s�k�s� �r�e�c�e�i�v�i�n�g� �2�0�°�C� �o�r� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �w�a�s� 

�u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �2�4� �h� �h�e�a�t� �s�h�o�c�k� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �d�i�s�c�o�n�t�i�n�u�e�d� �d�u�e� �t�o� �t�h�e� �p�o�o�r� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �a�n�t�h�e�r�s� �r�e�c�e�i�v�i�n�g� �t�h�e�s�e� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� �i�s� �s�h�o�w�n� �i�n� 

�T�a�b�l�e� �4�.� �G�e�n�o�t�y�p�e�,� �d�a�t�e�,� �a�n�d� �G� �x� �T� �i�n�t�e�r�a�c�t�i�o�n� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�t�i�o�n� 

�t�h�i�s� �t�i�m�e�.� �O�n�l�y� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �(�T�a�b�l�e� �4�)�.� �A�n�t�h�e�r�s� �c�u�l�t�u�r�e�d� �a�t� 

�3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �y�i�e�l�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �e�m�b�r�y�o�s� �t�h�a�n� �t�h�o�s�e� �a�t� �e�i�t�h�e�r� �2�0�°�C� �o�r� 

�3�0�°�C�/�2�0�°�C� �(�3�9�,� �2�3�,� �a�n�d� �1�1� �p�e�r� �f�l�a�s�k�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �(�T�a�b�l�e� �5�)�.� �B�o�t�h� �g�e�n�o�t�y�p�e�s� �r�e�s�p�o�n�d�e�d� 

�s�i�m�i�l�a�r�l�y� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �a�l�l�o�w�i�n�g� �s�u�f�f�i�c�i�e�n�t� �s�t�a�t�i�s�t�i�c�a�l� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�r�e�a�t�m�e�n�t� 

�e�f�f�e�c�t�s� �i�n� �t�h�e� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s�.� �I�f� �g�e�n�o�t�y�p�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �s�e�p�a�r�a�t�e�l�y�,� �h�o�w�e�v�e�r�,� 

�2�4



�t�r�e�a�t�m�e�n�t� �e�f�f�e�c�t�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�s�e�e� �l�a�c�k� �o�f� �m�e�a�n� �s�e�p�a�r�a�t�i�o�n� �f�o�r� �t�r�e�a�t�m�e�n�t� �i�n� �T�a�b�l�e� 

�7�)�.� �B�e�c�a�u�s�e� �d�a�t�e�s� �w�e�r�e� �n�e�s�t�e�d� �w�i�t�h�i�n� �g�e�n�o�t�y�p�e�s�,� �t�h�e�r�e� �w�a�s� �i�n�s�u�f�f�i�c�i�e�n�t� �s�t�a�t�i�s�t�i�c�a�l� �p�o�w�e�r� 

�t�o� �o�b�s�e�r�v�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �d�a�t�e� �o�f� �b�u�d� �c�o�l�l�e�c�t�i�o�n� �a�l�t�h�o�u�g�h� �A�P�B�3� �b�u�d�s� 

�p�i�c�k�e�d� �o�n� �4�/�1�4�/�9�3� �a�p�p�e�a�r� �t�o� �h�a�v�e� �b�e�e�n� �m�o�r�e� �r�e�s�p�o�n�s�i�v�e� �(�T�a�b�l�e� �7�)�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�v�e�a�l�e�d� 

�t�h�a�t� �3�5�°�C� �f�o�r� �1�2� �h� �f�o�l�l�o�w�e�d� �b�y� �3�0�°�C� �1�6� �h�/�2�0�°�C� �8� �h� �f�o�r� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e� 

�y�i�e�l�d�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �(�T�a�b�l�e�s� �3� �a�n�d� �5�)�,� �a�l�t�h�o�u�g�h� �g�e�n�o�t�y�p�i�c� �i�n�t�e�r�a�c�t�i�o�n� 

�w�i�t�h� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �(�T�a�b�l�e� �6�)�.� 

�T�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�T�h�e� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� �o�f� �A�P�B�3� �a�n�d� �A�P�M�1� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �i�s� �s�h�o�w�n� 

�i�n� �T�a�b�l�e�s� �2� �a�n�d� �3�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �i�n� �t�h�e� �f�i�r�s�t� �6� �w�e�e�k�s� �o�f� �c�u�l�t�u�r�e� 

�w�a�s� �r�e�d�u�c�e�d� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �b�u�t� �s�t�i�l�l� �r�e�m�a�i�n�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n� 

�(�T�a�b�l�e� �2�)�.� �B�o�t�h� �t�r�e�a�t�m�e�n�t�s� �r�e�c�e�i�v�i�n�g� �2�4� �h� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �w�e�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �i�n�h�i�b�i�t�e�d� 

�i�n� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� �(�T�a�b�l�e� �3�)�.� �T�h�e� �t�w�o� �t�r�e�a�t�m�e�n�t�s� �3�0�°�C�/�2�0�°�C� �a�n�d� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� 

�t�h�a�t� �h�a�d� �i�n�c�r�e�a�s�e�d� �e�m�b�r�y�o� �y�i�e�l�d� �o�v�e�r� �c�o�n�t�r�o�l� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �c�o�n�t�r�o�l� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�.� �A�n� �i�n�c�r�e�a�s�e�d� �e�m�b�r�y�o� �y�i�e�l�d� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� 

�a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �(�1�3� �v�s� �4� �p�e�r� �f�l�a�s�k� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�)� �w�a�s� �a�p�p�a�r�e�n�t�.� �V�a�r�i�a�t�i�o�n� 

�a�m�o�n�g� �t�h�e� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n� �d�a�t�e�s� �c�o�n�t�i�n�u�e�d� �i�n� �t�h�e� �s�a�m�e� �t�r�e�n�d� �a�s� �f�o�r� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� 

�w�h�e�r�e�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �g�e�n�o�t�y�p�e�s� �w�a�s� �f�o�u�n�d� �(�T�a�b�l�e� �3�)�.� �T� �x� 

�D� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �s�t�i�l�l� �s�i�g�n�i�f�i�c�a�n�t�,� �w�h�e�r�e�a�s� �G� �x� �T�,� �G� �x� �D�,� �G� �x� �T� �x� �D� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� 
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�n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�T�a�b�l�e� �2�)�.� �T�h�e� �g�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �o�f� �A�P�B�3� �a�n�d� �A�P�M�1� �t�o� �t�e�m�p�e�r�a�t�u�r�e� 

�t�r�e�a�t�m�e�n�t� �a�n�d� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.� �A�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�,� �t�e�m�p�e�r�a�t�u�r�e� 

�t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�M�]�;� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �o�f� 

�g�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �w�a�s� �f�o�u�n�d� �(�T�a�b�l�e� �6�)�.� �D�i�f�f�e�r�e�n�t�i�a�l� �r�e�s�p�o�n�s�e� 

�t�o� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s� �c�o�n�t�i�n�u�e�d� �a�s� �i�n� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� 

�T�h�e� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� �o�f� �A�P�B�3� �a�n�d� �A�P�M�1� �f�r�o�m� �b�o�t�h� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� 

�o�n� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �o�n� �e�m�b�r�y�o� �y�i�e�l�d� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �2� �a�n�d� �3�.� 

�3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C�:� �y�i�e�l�d�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �(�6�2�/�p�e�r� �f�l�a�s�k�)�.� �N�o� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t�s� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �a�n�d� �3�0�°�C�/�2�0�°�C�.� 

�H�o�w�e�v�e�r�,� �a� �l�o�n�g�e�r� �(�2�4�h�)� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �a�t� �3�5�°�C� �i�n�h�i�b�i�t�e�d� �e�m�b�r�y�o� �y�i�e�l�d�s�.� �S�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �g�e�n�o�t�y�p�e�s� �a�n�d� �d�a�t�e�s� �w�e�r�e� �f�o�u�n�d�.� �A�P�B�3� �y�i�e�l�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� 

�e�m�b�r�y�o�s� �t�h�a�n� �A�P�M�1� �(�4�1� �v�s�.� �1�8� �p�e�r� �f�l�a�s�k�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �a�n�t�h�e�r�s� �c�u�l�t�u�r�e�d� �o�n� �o�n�e� �d�a�t�e� 

�(�1�1�/�2�6�/�9�3�)� �y�i�e�l�d� �5�8� �t�i�m�e�s� �a�s� �m�a�n�y� �e�m�b�r�y�o�s� �a�s� �t�h�o�s�e� �c�u�l�t�u�r�e�d� �o�n� �a�n�o�t�h�e�r� �d�a�t�e� �(�1�1�/�2�3�/�9�3�)�,� 

�j�u�s�t� �3� �d�a�y�s� �e�a�r�l�i�e�r�.� �G� �x� �T�,� �G� �x� �D�,� �T� �x� �D� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �a�l�l� �s�i�g�n�i�f�i�c�a�n�t�.� 

�T�h�e� �g�e�n�o�t�y�p�i�c� �r�e�s�p�o�n�s�e� �o�f� �A�P�B�3� �a�n�d� �A�P�M�]� �i�n� �t�h�e� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� �f�r�o�m� �b�o�t�h� 

�f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.� �F�o�r� �A�P�M�1�,� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� 

�t�o�t�a�l� �e�m�b�r�y�o� �y�i�e�l�d� �b�e�t�w�e�e�n� �t�r�e�a�t�m�e�n�t� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �a�n�d� �3�0�°�C�/�2�0�°�C� �w�a�s� �f�o�u�n�d� 

�w�h�e�r�e�a�s� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �y�i�e�l�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �e�m�b�r�y�o�s� �t�h�a�n� �3�0�°�C�/�2�0�°�C� �f�o�r� 

�A�P�B�3�.� �D�i�f�f�e�r�e�n�c�e� �i�n� �e�x�p�e�r�i�m�e�n�t� �d�a�t�e�s� �c�o�n�t�i�n�u�e�d� �a�s� �b�e�f�o�r�e� �f�o�r� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�M�1�.� 
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�T�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� �e�m�b�r�y�o� �c�o�n�v�e�r�s�i�o�n� �a�n�d� �p�l�o�i�d�y� �a�n�a�l�y�s�i�s� 

�O�n�l�y� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �a�n�a�l�y�z�e�d�.� 

�T�h�e� �c�o�n�v�e�r�s�i�o�n� �r�a�t�e� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �i�n�t�o� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �d�i�f�f�e�r�e�d� �f�o�r� �c�l�o�n�e�s� 

�A�P�B�3� �a�n�d� �A�P�M�1�.� �F�o�r� �A�P�B�3�,� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�,� �1�1�5�3� �e�m�b�r�y�o�s� �w�e�r�e� �c�u�l�t�u�r�e�d�,� �f�r�o�m� 

�w�h�i�c�h� �2�0�6� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� �(�1�8�%� �c�o�n�v�e�r�s�i�o�n�)�.� �P�l�o�i�d�y� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �4� 

�m�o�n�o�p�l�o�i�d�,� �1�8�5� �d�i�p�l�o�i�d� �a�n�d� �4� �t�e�t�r�a�p�l�o�i�d� �p�l�a�n�t�s� �f�r�o�m� �a� �t�o�t�a�l� �o�f� �2�0�6� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d�;� �1�3� 

�p�l�a�n�t�s� �w�e�r�e� �l�o�s�t� �t�o� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� �F�o�r� �A�P�M�1�,� �8� �s�h�o�o�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �2�9�1� 

�c�u�l�t�u�r�e�d� �e�m�b�r�y�o�s�,� �b�u�t� �o�n�l�y� �2� �d�i�p�l�o�i�d�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� �i�n�t�o� �c�o�m�p�l�e�t�e� �p�l�a�n�t�s� �(�0�.�7�%� 

�c�o�n�v�e�r�s�i�o�n� �r�a�t�e�)� �(�T�a�b�l�e� �8�)�.� 

�T�h�e� �i�r�r�e�g�u�l�a�r� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �v�a�r�i�o�u�s� �t�r�e�a�t�m�e�n�t�s� �o�v�e�r� �a� 

�p�r�o�l�o�n�g�e�d� �p�e�r�i�o�d� �o�f� �t�i�m�e� �p�r�e�v�e�n�t�e�d� �a� �m�e�a�n�i�n�g�f�u�l� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�.� �H�o�w�e�v�e�r�,� �f�o�r� �A�P�B�3� 

�a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�,� �7�1�1� �e�m�b�r�y�o�s� �f�r�o�m� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t� �w�e�r�e� �c�u�l�t�u�r�e�d�,� �f�r�o�m� 

�w�h�i�c�h� �1�4�0� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d�;� �t�h�e� �e�m�b�r�y�o� �c�o�n�v�e�r�s�i�o�n� �r�a�t�e� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �c�o�n�t�r�o�l� 

�(�T�a�b�l�e� �8�)�.� �D�u�e� �t�o� �t�h�e� �p�o�o�r� �r�e�g�e�n�e�r�a�t�i�o�n� �o�f� �A�P�M�1�,� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� 

�d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�n� �e�m�b�r�y�o� �c�o�n�v�e�r�s�i�o�n� �c�o�u�l�d� �n�o�t� �b�e� �e�x�a�m�i�n�e�d�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�c�o�n�v�e�r�t�e�d� �e�m�b�r�y�o�s� �i�s� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �r�e�l�i�a�b�l�e� �b�e�c�a�u�s�e� �o�n�l�y� �2� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d�.� 

�E�m�b�r�y�o� �c�o�n�v�e�r�s�i�o�n� �w�a�s� �m�u�c�h� �l�e�s�s� �f�r�e�q�u�e�n�t� �f�o�r� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�.� �O�n�l�y� 

�4�2� �A�P�B�3� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �5�5�6� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d� �(�7�.�6�%� �c�o�n�v�e�r�s�i�o�n� �r�a�t�e�)�.� �O�f� �t�h�e�s�e� 

�p�l�a�n�t�s�,� �3�5� �p�l�a�n�t�s� �w�e�r�e� �d�i�p�l�o�i�d�;� �t�h�e� �o�t�h�e�r� �7� �p�l�a�n�t�s� �d�i�e�d� �b�e�f�o�r�e� �p�l�o�i�d�y� �a�n�a�l�y�s�i�s� �c�o�u�l�d� �b�e� 

�m�a�d�e�.� �O�f� �3�5�2� �A�P�M�1� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �n�o�n�e� �r�e�g�e�n�e�r�a�t�e�d� �(�T�a�b�l�e� �8�)�.� 
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�F�o�r� �A�P�B�3� �c�l�o�n�e�,� �t�h�e� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �c�o�n�t�i�n�u�e�d� �t�o� �h�a�v�e� 

�b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�n� �c�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�.� �T�h�e� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� 

�t�r�e�a�t�m�e�n�t� �h�e�l�d� �i�t�s� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e� �a�t� �2�4�.�2�%� �w�h�e�r�e�a�s� �t�h�e� �3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t� �d�r�o�p�p�e�d� 

�t�o� �2�.�1�%�.� �M�o�s�t� �o�b�v�i�o�u�s�l�y�,� �e�m�b�r�y�o�s� �p�r�o�d�u�c�e�d� �i�n� �c�u�l�t�u�r�e� �f�r�o�m� �c�o�n�t�i�n�u�o�u�s� �2�0�°�C� �i�n�c�u�b�a�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �h�a�d� �v�e�r�y� �l�o�o�s�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �u�s�u�a�l�l�y� �r�e�m�a�i�n�e�d� �t�o�o� �s�m�a�l�l� �t�o� �b�e� �s�u�c�c�e�s�s�f�u�l�l�y� 

�t�r�a�n�s�f�e�r�r�e�d� �o�n�t�o� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�.� �O�f� �1�2�9� �c�o�n�t�r�o�l� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �n�o�n�e� 

�r�e�g�e�n�e�r�a�t�e�d�.� 

�D�i�s�c�u�s�s�i�o�n� 

�A�n�d�r�o�g�e�n�e�s�i�s� �i�n�v�o�l�v�e�s� �a� �s�h�i�f�t� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �f�a�t�e� �o�f� �t�h�e� �m�i�c�r�o�s�p�o�r�e�s� �o�r� 

�p�o�l�l�e�n� �f�r�o�m� �a� �g�a�m�e�t�o�p�h�y�t�i�c� �p�a�t�h�w�a�y� �t�o�w�a�r�d� �m�a�t�u�r�e� �p�o�l�l�e�n� �f�o�r�m�a�t�i�o�n� �t�o� �a� �s�p�o�r�o�p�h�y�t�i�c� 

�p�a�t�h�w�a�y� �t�o�w�a�r�d� �e�m�b�r�y�o� �f�o�r�m�a�t�i�o�n�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �b�e�h�i�n�d� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k�s� �m�a�y� �b�e� 

�t�o� �a�r�r�e�s�t� �t�h�e� �e�x�i�s�t�i�n�g� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �s�h�i�f�t� �i�t� �t�o�w�a�r�d� �t�h�e� �n�e�w� �p�a�t�h�w�a�y� �o�f� �e�m�b�r�y�o�g�e�n�e�s�i�s� 

�i�n�s�t�e�a�d� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �m�a�t�u�r�e� �p�o�l�l�e�n� �(�N�i�t�s�c�h� �e�t� �a�l�.� �1�9�8�2�)�.� �D�u�n�c�a�n� �&� �H�e�b�e�r�l�e� �(�1�9�7�6�)� 

�e�x�a�m�i�n�e�d� �t�h�e� �m�i�c�r�o�s�p�o�r�e� �s�t�a�g�e� �o�f� �a�n�t�h�e�r�s� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �h�a�r�v�e�s�t� �f�r�o�m� �d�o�n�o�r� �p�l�a�n�t�s�,� 

�a�f�t�e�r� �3� �d�a�y�s� �o�f� �c�o�l�d�-�i�n�c�u�b�a�t�i�o�n� �(�S�°�C�)� �o�f� �t�h�e� �c�u�l�t�u�r�e�d� �a�n�t�h�e�r�s�,� �a�n�d� �a�f�t�e�r� �4� �m�o�r�e� �d�a�y�s� �o�f� 

�c�u�l�t�u�r�e� �a�t� �2�8�°�C�.� �F�e�w�e�r� �b�i�n�u�c�l�e�a�t�e� �s�t�a�g�e� �a�n�d� �a� �m�u�c�h� �l�o�w�e�r� �p�e�r�c�e�n�t�a�g�e� �o�f� �d�e�a�d� �g�r�a�i�n�s� �w�e�r�e� 

�f�o�u�n�d� �i�n� �t�h�e� �t�r�e�a�t�e�d� �a�n�t�h�e�r�s� �(�3� �d�a�y�s� �i�n�c�u�b�a�t�i�o�n�)� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l� �a�n�t�h�e�r�s�.� �A� 

�h�i�g�h� �p�r�o�p�o�r�t�i�o�n� �o�f� �c�o�n�t�r�o�l� �m�i�c�r�o�s�p�o�r�e�s� �p�o�s�s�e�s�s�e�d� �h�i�g�h�l�y� �c�o�n�d�e�n�s�e�d� �v�e�g�e�t�a�t�i�v�e�-�t�y�p�e� �n�u�c�l�e�i� 

�w�h�e�r�e�a�s� �t�h�o�s�e� �s�u�b�j�e�c�t�e�d� �t�o� �c�o�l�d� �s�h�o�c�k� �e�x�h�i�b�i�t�e�d� �d�i�f�f�u�s�e� �v�e�g�e�t�a�t�i�v�e� �n�u�c�l�e�i� �i�n� �m�o�s�t� �c�a�s�e�s�.� 

�T�h�e� �s�a�m�e� �t�r�e�n�d� �w�a�s� �o�b�s�e�r�v�e�d� �a�m�o�n�g� �a�n�t�h�e�r�s� �a�f�t�e�r� �7� �d�a�y�s� �i�n�c�u�b�a�t�i�o�n� �(�3� �d�a�y�s� �5�°�C� �a�n�d� �4� 

�2�8



�d�a�y�s� �2�8�°�C�)�.� �A�f�t�e�r� �8� �w�e�e�k�s� �o�f� �c�u�l�t�u�r�e�,� �m�o�r�e� �a�n�t�h�e�r� �d�e�r�i�v�e�d� �p�l�a�n�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�t�r�e�a�t�e�d� �a�n�t�h�e�r�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�o�l�d�-�t�r�e�a�t�m�e�n�t� �d�e�l�a�y�s� �t�h�e� �d�e�g�r�a�d�a�t�i�o�n� �p�r�o�c�e�s�s� �i�n� �t�h�e� 

�p�o�l�l�e�n�-�g�r�a�i�n�s� �a�n�d� �p�r�o�b�a�b�l�y� �a�l�l�o�w�s� �m�o�r�e� �g�r�a�i�n�s� �t�o� �s�t�a�r�t� �a� �n�e�w� �c�e�l�l� �c�y�c�l�e�,� �l�e�a�d�i�n�g� �t�o� 

�a�n�d�r�o�g�e�n�e�s�i�s�.� �I�n� �o�u�r� �s�t�u�d�y�,� �a� �s�h�o�r�t� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �(�3�5�°�C� �1�2�h�)� �f�o�l�l�o�w�e�d� �b�y� �e�l�e�v�a�t�e�d� 

�i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�3�0�°�C�/�2�0�°�C�)� �e�n�h�a�n�c�e�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s�.� �T�h�i�s� 

�w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �r�e�p�e�a�t�e�d� �e�x�p�e�r�i�m�e�n�t�s� �f�o�r� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�C�3� �c�l�o�n�e�s�.� �H�o�w�e�v�e�r�,� 

�w�h�e�n� �3�5�°�C� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �w�a�s� �e�x�t�e�n�d�e�d� �f�r�o�m� �1�2�h� �t�o� �2�4�h�,� �a� �s�e�v�e�r�e� �d�e�c�r�e�a�s�e� �i�n� �e�m�b�r�y�o� 

�y�i�e�l�d� �w�a�s� �f�o�u�n�d�.� �E�l�e�v�a�t�e�d� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�3�0�°�C�/�2�0�°�C�)� �a�l�s�o� �a�p�p�e�a�r�e�d� �t�o� �b�e� 

�g�e�n�e�r�a�l�l�y� �b�e�n�e�f�i�c�i�a�l�.� �T�h�i�s� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �i�n� �b�o�t�h� �3�5�°�C� �1�2� �h�-�3�0�°�C�/�2�0�°�C� �a�n�d� �3�0�°�C�/�2�0�°�C� 

�t�r�e�a�t�m�e�n�t�s� �w�h�i�c�h� �u�s�e�d� �3�0�°�C�/�2�0�°�C� �a�s� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e�s�e� �t�w�o� �t�r�e�a�t�m�e�n�t�s� 

�p�r�o�d�u�c�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �b�o�t�h� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� �f�o�r� �a�l�l� �c�l�o�n�e�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �i�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t� �o�f� �2�4� �h� �s�h�o�c�k� �o�b�s�c�u�r�e�d� �a�n�y� �p�o�t�e�n�t�i�a�l�l�y� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�f� 

�3�0�°�C�/�2�0�°�C� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �t�h�e� �3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t�.� �G�e�n�o�t�y�p�i�c� 

�r�e�s�p�o�n�s�e� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d�.� �F�o�r� �A�P�M�1�,� �t�h�e� �b�e�s�t� �t�e�m�p�e�r�a�t�u�r�e� 

�t�r�e�a�t�m�e�n�t� �a�p�p�e�a�r�e�d� �t�o� �b�e� �3�0�°�C�/�2�0�°�C�,� �a�l�t�h�o�u�g�h� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� 

�3�5�°�C� �1�2� �h�-�3�0�°�C�/�2�0�°�C� �a�n�d� �3�0�°�C�/�2�0�°�C�.� �T�h�e� �r�e�d�u�c�e�d� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �o�n� 

�e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �A�P�B�3� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �i�n�c�r�e�a�s�e�s� �a�n�d�r�o�g�e�n�i�c� 

�e�m�b�r�y�o� �y�i�e�l�d�,� �p�r�o�b�a�b�l�y� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �t�i�m�e� �f�o�r� �p�r�o�d�u�c�i�n�g� �e�m�b�r�y�o�s�.� �T�h�e� �c�o�n�t�r�o�l� �a�n�t�h�e�r�s� 

�c�u�l�t�u�r�e�d� �a�t� �2�0�°�C� �w�e�r�e� �t�h�e� �o�n�l�y� �o�n�e�s� �t�o� �s�h�o�w� �a�n� �i�n�c�r�e�a�s�e� �i�n� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� �b�e�t�w�e�e�n� 

�t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� �(�T�a�b�l�e� �3�)�.� 

�G�e�n�o�t�y�p�e� �w�a�s� �a�g�a�i�n� �f�o�u�n�d� �t�o� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 

�r�e�s�p�o�n�s�i�v�e�n�e�s�s� �t�o� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �A�P�B�3� �p�r�o�d�u�c�e�d� �m�o�r�e� �e�m�b�r�y�o�s� �t�h�a�n� �A�P�M�1� �b�u�t� �n�o� 
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�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �A�P�B�3� �a�n�d� �A�P�C�3� �w�a�s� �f�o�u�n�d�.� �G�e�n�o�t�y�p�i�c� �d�i�f�f�e�r�e�n�c�e�s� �h�a�v�e� 

�b�e�e�n� �c�o�n�s�i�s�t�e�n�t�l�y� �f�o�u�n�d� �i�n� �p�r�e�v�i�o�u�s� �r�e�p�o�r�t�s� �(�C�a�p�p�a�d�o�c�i�a� �e�t� �a�l�.� �1�9�8�4�;� �U�h�r�i�g� �1�9�8�5�;� �S�o�n�n�i�n�o� 

�e�t� �a�l�.� �1�9�8�9�;� �S�i�n�g�s�i�t� �a�n�d� �V�e�i�l�l�e�u�x� �1�9�8�9�)�.� 

�T�h�e�r�e� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�e� �v�a�r�i�a�t�i�o�n� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s� 

�(�N�o�v�.� �2�3�,� �2�4�,� �a�n�d� �2�6�,� �1�9�9�2�)� �w�h�e�n� �a�n�t�h�e�r�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�.� 

�H�o�w�e�v�e�r�,� �n�o� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �i�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �(�A�p�r�i�l� �1�1�,� �1�4�,� �1�8�,� �J�u�n�e� �2�5�,� 

�3�0�,� �a�n�d� �J�u�l�y� �2�,� �1�9�9�3�)�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �c�u�l�t�u�r�e� �d�a�t�e�s� �m�a�y� �r�e�f�l�e�c�t� �d�i�f�f�e�r�e�n�t� 

�g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �d�o�n�o�r� �p�a�r�e�n�t� �w�h�i�c�h� �a�r�e� �i�m�p�o�r�t�a�n�t� �t�o� �a�n�d�r�o�g�e�n�i�c� �c�a�p�a�c�i�t�y�.� �T�h�e� 

�i�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �d�o�n�o�r� �p�l�a�n�t� �t�o� �t�h�e� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d� �h�a�s� 

�b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �r�a�p�e�s�e�e�d� �(�L�o� �a�n�d� �P�a�u�l�s�,� �1�9�9�2�)�,� �m�a�i�z�e� �(�A�f�e�l�e� �e�t� �a�l�.� �1�9�9�2�)�,� �a�n�d� �p�o�t�a�t�o� 

�(�S�n�i�d�e�r� �a�n�d� �V�e�i�l�l�e�u�x�,� �1�9�9�4�)�.� �C�h�e�n�g� �a�n�d� �V�e�i�l�l�e�u�x� �a�l�s�o� �f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t� �i�n�f�l�u�e�n�c�e� �o�f� �t�i�m�e� 

�o�f� �b�u�d� �h�a�r�v�e�s�t� �o�n� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� �i�n� �S�.� �p�h�u�r�e�j�a�.� �I�n� �t�h�e�i�r� �s�t�u�d�i�e�s�,� �a�l�t�h�o�u�g�h� �a�l�l� �o�f� �t�h�e� 

�a�n�t�h�e�r�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �w�i�t�h�i�n� �a� �t�e�n� �d�a�y� �p�e�r�i�o�d� �i�n� �A�p�r�i�l�,� �1�9�9�2�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�i�c�e� �a�s� 

�m�a�n�y� �e�m�b�r�y�o�s� �w�e�r�e� �p�r�o�d�u�c�e�d� �o�n� �o�n�e� �d�a�y� �t�h�a�n� �o�n� �t�h�e� �o�t�h�e�r� �t�h�r�e�e�.� �W�i�t�h� �r�e�g�a�r�d� �t�o� �t�h�e� 

�t�i�m�e� �a�t� �w�h�i�c�h� �f�l�o�w�e�r� �b�u�d�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d�,� �t�h�o�s�e� �p�i�c�k�e�d� �a�t� �m�i�d�n�i�g�h�t� �y�i�e�l�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�f�e�w�e�r� �e�m�b�r�y�o�s� �t�h�a�n� �t�h�o�s�e� �p�i�c�k�e�d� �a�t� �6�:�0�0� �a�m�,� �1�2�:�0�0� �n�o�o�n�,� �o�r� �6�:�0�0� �p�m� �(�C�h�e�n�g� �a�n�d� 

�V�e�i�l�l�e�u�x�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�.� 

�T�o� �c�o�n�t�r�o�l� �d�a�y� �e�f�f�e�c�t� �o�n� �e�m�b�r�y�o� �y�i�e�l�d�,� �t�w�o� �o�r� �t�h�r�e�e� �r�e�p�l�i�c�a�t�i�o�n�s� �m�a�y� �b�e� �c�a�r�r�i�e�d� 

�o�u�t� �i�n� �a� �s�i�n�g�l�e� �d�a�y�;� �t�h�e�r�e�f�o�r�e�,� �v�a�r�i�a�n�c�e� �d�u�e� �t�o� �d�a�y� �e�f�f�e�c�t�s� �o�n� �e�m�b�r�y�o� �y�i�e�l�d� �c�a�n� �b�e� 

�p�a�r�t�i�t�i�o�n�e�d� �t�h�e�r�e�b�y� �r�e�d�u�c�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r�.� 

�I�n� �o�u�r� �s�t�u�d�y�,� �a�n�t�h�e�r�s� �f�r�o�m� �t�h�e� �s�a�m�e� �b�u�d� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �f�i�v�e� �f�l�a�s�k�s� �w�i�t�h� 

�d�i�f�f�e�r�e�n�t� �t�r�e�a�t�m�e�n�t�s� �t�o� �p�r�e�v�e�n�t� �c�o�n�f�o�u�n�d�i�n�g� �o�f� �b�u�d�-�t�o�-�b�u�d� �v�a�r�i�a�t�i�o�n� �w�i�t�h� �t�r�e�a�t�m�e�n�t� �e�f�f�e�c�t�s� 

�3�0



�(�S�n�i�d�e�r� �a�n�d� �V�e�i�l�l�e�u�x� �1�9�9�4�)�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �b�u�d�s� �c�o�l�l�e�c�t�e�d� �o�n� �t�h�e� �s�a�m�e� �d�a�y� �m�a�y� 

�b�e� �l�a�r�g�e�l�y� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �o�f� �m�i�c�r�o�s�p�o�r�e�s�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e�s� 

�a�n�d�r�o�g�e�n�i�c� �a�b�i�l�i�t�y� �(�T�e�l�m�e�r� �a�t� �a�l� �1�9�9�2�)�.� 

�H�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� �G� �x� �T�,� �G� �x� �D�,� �T� �x� �D�,� �a�n�d� �G� �x� �T� �x� �D� �i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �f�i�r�s�t� 

�h�a�r�v�e�s�t� �o�f� �E�x�p�.� �1� �c�o�m�p�l�i�c�a�t�e� �t�h�e� �a�n�a�l�y�s�i�s� �a�n�d� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s�.� �U�n�c�o�n�t�r�o�l�l�a�b�l�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�s� �p�r�e�c�e�d�i�n�g� �b�u�d� �h�a�r�v�e�s�t� �i�n�t�e�r�a�c�t� �w�i�t�h� 

�t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �g�e�n�o�t�y�p�e�s�.� �S�u�c�h� �i�n�t�e�r�a�c�t�i�o�n�s� �a�p�p�e�a�r� �t�o� �h�a�v�e� �b�e�e�n� �l�e�s�s� 

�i�m�p�o�r�t�a�n�t� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �(�T�a�b�l�e� �2�)�.� �O�u�r� �r�e�s�u�l�t�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� 

�r�e�p�o�r�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �K�e�l�l�e�r� �a�n�d� �A�r�m�s�t�r�o�n�g� �(�1�9�8�3�)� �f�o�u�n�d� �t�h�a�t� �i�n�i�t�i�a�l� �h�i�g�h� �i�n�c�u�b�a�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �h�a�d� �a� �p�r�o�m�o�t�i�o�n�a�l� �e�f�f�e�c�t� �o�n� �a�n�d�r�o�g�e�n�e�s�i�s� �i�n� �s�o�m�e� �s�p�e�c�i�e�s� �b�u�t� �t�h�i�s� �e�f�f�e�c�t� 

�i�n�t�e�r�a�c�t�e�d� �w�i�t�h� �t�h�e� �g�e�n�o�t�y�p�e� �o�f� �t�h�e� �d�o�n�o�r� �p�l�a�n�t� �a�n�d� �t�h�e� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �(�d�o�n�o�r� �p�l�a�n�t� 

�a�g�e�,� �v�i�g�o�r� �a�n�d� �g�r�o�w�t�h� �e�n�v�i�r�o�n�m�e�n�t�,� �K�u� �e�t� �a�l�.� �1�9�7�8�)�.� �A�f�e�l�e� �e�t� �a�l�.� �(�1�9�9�2�)� �f�o�u�n�d� �t�h�a�t� 

�m�i�c�r�o�s�p�o�r�e�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �p�l�a�n�t�s� �i�n� �a� �g�r�o�w�t�h� �c�h�a�m�b�e�r� �(�1�8�°�C�/�1�5�°�C� �:� �d�a�y�/�n�i�g�h�t�)� �p�r�o�d�u�c�e�d� 

�m�o�r�e� �t�h�a�n� �d�o�u�b�l�e� �t�h�e� �e�m�b�r�y�o�s� �a�f�t�e�r� �a� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �o�f� �3�2�°�C� �f�o�r� �1�0� �d�a�y�s� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�u�l�t�u�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �2�5�°�C� �c�o�n�t�i�n�u�o�u�s�l�y�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �f�o�r� �i�n�c�u�b�a�t�i�o�n� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �f�o�u�n�d� �i�f� �m�i�c�r�o�s�p�o�r�e�s� �w�e�r�e� �i�s�o�l�a�t�e�d� �f�o�r�m� 

�g�r�e�e�n�h�o�u�s�e� �p�l�a�n�t�s� �(�2�8�°�C�/�2�3�°�C� �:� �d�a�y�/�n�i�g�h�t�)�.� 

�I�n� �o�u�r� �s�t�u�d�y�,� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �(�3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C�)� �d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�d�i�d� �n�o�t� �s�e�e�m� �t�o� �i�n�f�l�u�e�n�c�e� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e� �(�T�a�b�l�e� �8�)�.� �C�a�l�l�e�b�e�r�g� �e�t� �a�l�.� �(�1�9�9�3�)� �p�o�i�n�t�e�d� 

�o�u�t� �t�h�a�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �p�o�t�a�t�o� �w�e�r�e� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�g�e�n�e�r�a�t�i�o�n�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�d�i�r�e�c�t� �r�e�g�e�n�e�r�a�t�i�o�n� �o�n� �t�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �a�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� 

�d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �w�a�s� �n�o�t� �a�s� �h�i�g�h� �a�s� �c�o�n�t�r�o�l� �(�2�0�°�C�)�,� �t�h�e� �f�i�n�a�l� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e�s� �w�e�r�e� 
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�i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �A�f�e�l�e� 

�e�t� �a�l�.� �(�1�9�9�2�)� �f�o�u�n�d� �h�i�g�h� �c�u�l�t�u�r�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �o�n� �m�a�i�z�e� �m�i�c�r�o�s�p�o�r�e� �r�e�s�u�l�t�e�d� �i�n� 

�a� �h�i�g�h� �q�u�a�l�i�t�y� �e�m�b�r�y�o� �a�n�d� �a� �t�w�o�-�f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�m�b�r�y�o�s� �t�h�a�t� �s�u�r�v�i�v�e�d� 

�o�n� �t�r�a�n�s�f�e�r� �t�o� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l�,� �a�l�t�h�o�u�g�h� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� 

�r�a�t�e� �w�a�s� �s�t�i�l�l� �l�o�w�.� �W�e� �h�a�v�e� �n�o�t�i�c�e�d� �t�h�a�t� �e�m�b�r�y�o�s� �f�r�o�m� �3�5�°�C� �1�2� �h�-�3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t� 

�g�e�n�e�r�a�l�l�y� �w�e�r�e� �l�a�r�g�e�r�,� �m�o�s�t� �h�a�d� �c�o�t�y�l�e�d�o�n�s� �a�n�d� �r�o�o�t�s� �w�h�e�r�e�a�s� �e�m�b�r�y�o�s� �f�r�o�m� �c�o�n�t�r�o�l� 

�u�s�u�a�l�l�y� �w�e�r�e� �s�m�a�l�l� �a�n�d� �m�o�s�t�l�y� �g�l�o�b�u�l�a�r�.� �H�o�w�e�v�e�r�,� �t�h�e� �f�i�n�a�l� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e�s� 

�w�e�r�e� �e�q�u�i�v�a�l�e�n�t� �a�m�o�n�g� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� �a�l�t�h�o�u�g�h� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �c�o�n�t�r�o�l� 

�g�e�n�e�r�a�l�l�y� �w�e�r�e� �w�e�a�k�e�r� �a�n�d� �g�r�e�w� �s�l�o�w�e�r� �t�h�a�n� �t�h�o�s�e� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �3�5�°�C� �1�2� �h�-� 

�3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� 

�r�e�s�u�l�t�e�d� �f�r�o�m� �3�5�°�C� �1�2� �h�-�3�0�°�C�/�2�0�°�C� �t�r�e�a�t�m�e�n�t� �h�a�d� �m�u�c�h� �h�i�g�h�e�r� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� 

�t�h�a�n� �e�m�b�r�y�o�s� �f�r�o�m� �c�o�n�t�r�o�l�.� 

�P�l�o�i�d�y� �a�n�a�l�y�s�i�s� �o�f� �a�n�t�h�e�r� �d�e�r�i�v�e�d� �p�l�a�n�t�s� �r�e�v�e�a�l�e�d� �a� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �d�i�p�l�o�i�d�s�.� 

�T�h�i�s� �i�s� �b�e�c�a�u�s�e� �a�n�t�h�e�r� �d�o�n�o�r�s� �A�P�B�3�,� �A�P�M�1� �a�n�d� �A�P�C�3� �h�a�v�e� �b�e�e�n� �s�e�l�e�c�t�e�d� �f�o�r� �h�i�g�h� �2�n� 

�p�o�l�l�e�n� �f�r�e�q�u�e�n�c�y�.� �M�e�y�e�r� �e�t� �a�l�.� �(�1�9�9�3�)� �f�o�u�n�d� �t�h�a�t� �a�n�t�h�e�r�-�d�o�n�o�r� �c�l�o�n�e�s� �t�h�a�t� �g�e�n�e�r�a�t�e� 

�p�r�i�m�a�r�i�l�y� �m�o�n�o�h�a�p�l�o�i�d� �p�l�a�n�t�s� �a�l�s�o� �h�a�v�e� �l�o�w� �2�n� �p�o�l�l�e�n� �p�r�o�d�u�c�t�i�o�n�.� 

�O�u�r� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �a� �s�h�o�r�t� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �(�3�5�°�C� �1�2�h�)� �f�o�l�l�o�w�e�d� �b�y� �e�l�e�v�a�t�e�d� 

�i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d�.� �T�h�i�s� �p�r�o�v�i�d�e�s� �a� �s�i�m�p�l�e� �a�n�d� 

�e�f�f�e�c�t�i�v�e� �w�a�y� �t�o� �e�n�h�a�n�c�e� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d�.� �M�o�r�e� �s�t�u�d�i�e�s� �a�r�e� �n�e�e�d�e�d� �t�o� �e�x�a�m�i�n�e� 

�i�f� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �t�r�e�a�t�m�e�n�t� �h�a�s� �g�e�n�e�r�a�l�l�y� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s� �i�n� �o�t�h�e�r� �g�e�n�o�t�y�p�e�s� �a�n�d� 

�s�p�e�c�i�e�s�.� �I�f� �t�h�e� �m�e�c�h�a�n�i�s�m� �b�e�h�i�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �t�r�e�a�t�m�e�n�t� �i�s� �t�o� �b�l�o�c�k� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�o�s�e� �g�r�a�i�n�s� �t�h�a�t� �h�a�d� �n�o�t� �y�e�t� �e�n�t�e�r�e�d� �m�i�t�o�s�i�s�,� �i�t� �w�o�u�l�d� �b�e� �w�o�r�t�h�w�h�i�l�e� �t�o� 
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�t�e�s�t� �w�h�e�t�h�e�r� �c�o�l�d� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �o�r� �c�h�e�m�i�c�a�l� �r�e�a�g�e�n�t�s� �t�h�a�t� �b�l�o�c�k� �m�i�t�o�s�i�s� �h�a�v�e� �t�h�e� 

�s�a�m�e� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t� �o�n� �a�n�d�r�o�g�e�n�e�s�i�s�.� �M�o�r�e� �c�y�t�o�l�o�g�i�c�a�l� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�s� �a�l�s�o� �n�e�e�d�e�d� �t�o� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m� �b�e�h�i�n�d� �t�h�e�s�e� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e� �l�e�n�g�t�h� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� 

�t�r�e�a�t�m�e�n�t� �a�n�d� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �n�e�e�d� �t�o� �b�e� �f�u�r�t�h�e�r� �e�x�a�m�i�n�e�d�,� �s�i�n�c�e� 

�D�u�m�a�s� �e�t� �a�l�.� �(�1�9�8�2�)� �f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �l�e�n�g�t�h� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� 

�t�r�e�a�t�m�e�n�t� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�w�t�h� �s�u�b�s�t�a�n�c�e�s� �i�n� �t�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m�.� 

�R�e�f�e�r�e�n�c�e�s� 

�A�f�e�l�e� �J�C�,� �K�a�n�n�e�n�b�e�r�g� �L�W�,� �K�e�a�t�s� �R�,� �S�o�h�o�t�a� �S�,� �S�w�a�n�s�o�n� �E�B� �(�1�9�9�2�)� �I�n�c�r�e�a�s�e�d� �i�n�d�u�c�t�i�o�n� 
�o�f� �m�i�c�r�o�s�p�o�r�e� �e�m�b�r�y�o�s� �f�o�l�l�o�w�i�n�g� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �d�o�n�o�r� �p�l�a�n�t� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �c�u�l�t�u�r�e� 
�t�e�m�p�e�r�a�t�u�r�e� �i�n� �c�o�r�n� �(�Z�e�a� �m�a�y�s� �L�.�)�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� �2�8�:�8�7�-�9�0�.� 

�B�a�t�t�y� �N�J�P�,� �D�u�n�w�e�l�l� �H�M� �(�1�9�8�6�)� �T�h�e� �e�f�f�e�c�t�s� �o�f� �v�a�r�i�o�u�s� �p�r�e�t�r�e�a�t�m�e�n�t�s� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� 
�S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m� �c�v�.� �H�,�7�0�3� �t�o� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �J�n� �E�A�P�R�/�E�u�c�a�r�p�i�a� �B�r�e�e�d�i�n�g� �a�n�d� �V�a�r�i�e�t�y� 
�A�s�s�e�s�s�m�e�n�t� �m�e�e�t�i�n�g�,� �C�a�m�b�r�i�d�g�e�.� 

�B�u�t�e�r� �B�,� �S�c�h�m�i�d� �J�E�,� �S�t�a�m�p� �P� �(�1�9�9�1�)� �E�f�f�e�c�t�s� �o�f� �L�-�p�r�o�l�i�n�e� �a�n�d� �p�o�s�t�p�l�a�t�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� 
�t�r�e�a�t�m�e�n�t� �o�n� �m�a�i�z�e� �(�Z�e�a� �m�a�y�s� �L�.� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �1�0�:�3�2�5�-�3�2�8�.� 

�C�a�l�l�e�b�e�r�g� �E�K�,� �J�o�h�a�n�s�s�o�n� �L�B� �(�1�9�9�3�)� �T�h�e� �e�f�f�e�c�t� �o�f� �s�t�a�r�c�h� �a�n�d� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n� 
�a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �p�o�t�a�t�o�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� �3�2�:�2�7�-�3�4�.� 

�C�a�p�p�a�d�o�c�i�a� �M�,� �C�h�e�n�g� �D�S�K�,� �L�u�d�l�u�m�-�S�i�m�o�n�e�t�t�e� �R� �(�1�9�8�4�)� �P�l�a�n�t� �r�e�g�e�n�e�r�a�t�i�o�n� �f�r�o�m� �i�n� �v�i�t�r�o� 
�c�u�l�t�u�r�e� �o�f� �a�n�t�h�e�r�s� �o�f� �S�o�l�a�n�u�m� �c�h�a�c�o�e�n�s�e� �B�i�t�t�.� �a�n�d� �i�n�t�e�r�s�p�e�c�i�f�i�c� �d�i�p�l�o�i�d� �h�y�b�r�i�d�s� �S�.� 
�t�u�b�e�r�o�s�u�m� �L�.� �x� �S�.� �c�h�a�c�o�e�n�s�e� �B�i�t�t�.� �T�h�e�o�r� �A�p�p�l� �G�e�n�e�t� �6�9�:�1�3�1�-�1�4�3�.� 

�C�o�u�m�a�n�s� �M�P�,� �S�o�h�o�t�a� �S�,� �S�w�a�n�s�o�n� �E�B� �(�1�9�8�9�)� �P�l�a�n�t� �d�e�v�e�l�o�p�m�e�n�t� �f�r�o�m� �i�s�o�l�a�t�e�d� 
�m�i�c�r�o�s�p�o�r�e�s� �o�f� �Z�e�a� �m�a�y�s� �L�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �7�:�6�1�8�-�6�2�1�.� 

�D�u�n�c�a�n� �E�J�,� �H�e�b�e�r�l�e� �E� �(�1�9�7�6�)� �E�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�c�k� �o�n� �n�u�c�l�e�a�r� �p�h�e�n�o�m�e�n�a� �i�n� 
�m�i�c�r�o�s�p�o�r�e�s� �o�f� �N�i�c�o�t�i�a�n�a� �t�a�b�a�c�u�m� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �o�n� �p�l�a�n�t�l�e�t� �p�r�o�d�u�c�t�i�o�n�.� �P�r�o�t�o�p�l�a�s�m�a� 
�9�0�:�1�7�3�-�1�7�7�.� 
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�D�u�m�a�s� �d�e� �V�a�u�l�x� �R�,� �C�h�a�m�b�o�n�n�e�t� �D�,� �S�i�b�i� �M� �(�1�9�8�2�)� �S�t�i�m�u�l�a�t�i�o�n� �o�f� �i�n� �v�i�t�r�o� �a�n�d�r�o�g�e�n�e�s�i�s� 
�i�n� �p�e�p�p�e�r� �(�C�a�p�s�i�c�u�m� �a�n�n�u�u�m�)� �b�y� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �J�n� �E�a�r�l�e� �E�D�,� �D�e�m�a�r�l�y� 
�Y� �(�e�d�)� �V�a�r�i�a�b�i�l�i�t�y� �i�n� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�i�s�s�u�e� �c�u�l�t�u�r�e�.� �P�r�a�e�g�e�r�,� �N�e�w� �Y�o�r�k�,� �9�2�-�9�8�.� 

�F�e�n�g� �X�R�,� �W�o�l�y�n� �D�J� �(�1�9�9�1�)� �H�i�g�h� �f�r�e�q�u�e�n�c�y� �p�r�o�d�u�c�t�i�o�n� �o�f� �h�a�p�l�o�i�d� �e�m�b�r�y�o�s� �i�n� �a�s�p�a�r�a�g�u�s� 
�a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �1�0�:�5�7�4�-�5�7�8�.� 

�G�a�m�b�o�r�g� �O�L�,� �M�i�l�l�e�r� �R�A�,� �O�j�i�m�a� �L� �(�1�9�6�8�)� �N�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �s�u�s�p�e�n�s�i�o�n� �c�u�l�t�u�r�e� �o�f� 
�s�o�y�b�e�a�n� �r�o�o�t� �c�e�l�l�s�.� �E�x�p�t�l� �C�e�l�l� �R�e�s� �5�0�:�1�5�1�-�1�5�8�.� 

�G�e�n�o�v�e�s�i� �A�D� �(�1�9�9�0�)� �M�a�i�z�e� �(�Z�e�a� �m�a�y�s� �L�.� �)� �I�n� �v�i�t�r�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �h�a�p�l�o�i�d�s�.� �J�n� �B�a�j�a�j� �Y�P�S� 
�(�e�d�)� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �f�o�r�e�s�t�r�y� �1�2� �-�-�H�a�p�l�o�i�d�s� �i�n� �c�r�o�p� �i�m�p�r�o�v�e�m�e�n�t� �I�.� 
�S�p�r�i�n�g�e�r� �B�e�r�l�i�n�:� �1�7�6�-�2�0�3�.� 

�H�u�a�n�g� �B� �(�1�9�8�7�)� �E�f�f�e�c�t� �o�f� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �m�i�c�r�o�s�p�o�r�e� �c�a�l�l�u�s� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 
�p�l�a�n�t� �r�e�g�e�n�e�r�a�t�i�o�n� �i�n� �w�h�e�a�t� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� �9�:�4�5�-�4�8�.� 

�J�o�h�a�n�s�s�o�n� �L� �(�1�9�8�6�)� �I�m�p�r�o�v�e�d� �m�e�t�h�o�d�s� �f�o�r� �i�n�d�u�c�t�i�o�n� �o�f� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 
�o�f� �S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m�.� �P�o�t�a�t�o� �R�e�s� �2�9�:�1�7�9�-�1�9�0�.� 

�K�e�l�l�e�r� �W�A�,� �A�r�m�s�t�r�o�n�g� �K�C� �(�1�9�8�3�)� �P�r�o�d�u�c�t�i�o�n� �o�f� �B�r�a�s�s�i�c�a� �n�a�p�u�s� �h�a�p�l�o�i�d�s� �t�h�r�o�u�g�h� �a�n�t�h�e�r� 
�a�n�d� �m�i�c�r�o�s�p�o�r�e� �c�u�l�t�u�r�e�.� �P�r�o�c�.� �I�n�t�.� �R�a�p�e�s�e�e�d� �C�o�n�f�.� �6�t�h�,� �1�9�8�3� �(�p�p� �2�3�9�-�2�4�1�)�.� 

�K�e�l�l�e�r� �W�A�,� �A�r�m�s�t�o�r�n�g� �K�G� �(�1�9�7�9�)� �S�t�i�m�u�l�a�t�i�o�n� �o�f� �e�m�b�r�y�o�g�e�n�e�s�i�s� �a�n�d� �h�a�p�l�o�i�d� �p�r�o�d�u�c�t�i�o�n� 
�i�n� �B�r�a�s�s�i�c�a� �c�a�m�p�e�s�t�r�i�s� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� �b�y� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e�o�r� �A�p�p�l� 
�G�e�n�e�t� �5�5�:� �6�5�-�6�7�.� 

�K�u� �M�K�,� �C�h�e�n�g� �W�C�,� �K�u�o� �L�C�,� �K�u�a�n� �Y�L�,� �A�n� �H�P�,� �H�u�a�n�g� �C�H� �(�1�9�7�8�)� �I�n�d�u�c�t�i�o�n� �f�a�c�t�o�r�s� �a�n�d� 
�m�o�r�p�h�o�-�c�y�t�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �p�o�l�l�e�n�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �i�n� �m�a�i�z�e� �(�Z�e�a� �m�a�y�s�)�.� �I�n� �P�r�o�c�.� 
�S�y�m�p�.� �P�l�a�n�t� �T�i�s�s�u�e� �C�u�l�t�u�r�e�,� �2�5�-�3�0� �M�a�y�,� �1�9�7�8� �(�p�p� �3�5�-�4�2�)�.� �S�c�i�e�n�c�e� �P�r�e�s�s�,� �P�e�k�i�n�g�.� 

�L�o� �K�H�,� �P�a�u�l�s� �K�P� �(�1�9�9�2�)� �P�l�a�n�t� �g�r�o�w�t�h� �e�n�v�i�r�o�n�m�e�n�t� �e�f�f�e�c�t�s� �o�n� �r�a�p�e�s�e�e�d� �m�i�c�r�o�s�p�o�r�e� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �c�u�l�t�u�r�e�.� �P�l�a�n�t� �P�h�y�s�i�o�l� �9�9�:�4�6�8�-�4�7�2�.� 

�M�e�y�e�r� �R�,�.� �S�a�l�a�m�i�n�i� �F�,� �U�h�r�i�g� �H� �(�1�9�9�3�)� �I�s�o�l�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �p�o�t�a�t�o� �d�i�p�l�o�i�d� 
�c�l�o�n�e�s� �g�e�n�e�r�a�t�i�n�g� �a� �h�i�g�h� �f�r�e�q�u�e�n�c�y� �o�f� �m�o�n�o�h�a�p�l�o�i�d� �o�r� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d� �a�n�d�r�o�g�e�n�e�t�i�c� 
�p�l�a�n�t�s�.� �T�h�e�o�r� �A�p�p�l� �G�e�n�e�t� �8�5�:�9�0�5�-�9�1�2�.� 

�M�u�r�a�s�h�i�g�e� �T�,� �S�k�o�o�g� �F� �(�1�9�6�2�)� �A� �r�e�v�i�s�e�d� �m�e�d�i�u�m� �f�o�r� �r�a�p�i�d� �g�r�o�w�t�h� �a�n�d� �b�i�o�a�s�s�a�y�s� �w�i�t�h� 
�t�o�b�a�c�c�o� �t�i�s�s�u�e� �c�u�l�t�u�r�e�.� �P�h�y�s�i�o�l� �P�l�a�n�t� �1�5�:�4�7�2�-�4�9�7�.� 

�N�i�t�s�c�h� �C�,� �A�n�d�e�r�s�e�n� �S�,� �G�o�d�a�r�d� �M�,� �N�e�u�f�f�e�r� �M�G�,� �S�h�e�r�i�d�a�n� �W�F� �(�1�9�8�2�)� �P�r�o�d�u�c�t�i�o�n� �o�f� 
�h�a�p�l�o�i�d� �p�l�a�n�t�s� �o�f� �Z�e�a� �m�a�y�s� �a�n�d� �P�e�n�n�i�s�e�t�u�m� �t�h�r�o�u�g�h� �a�n�d�r�o�g�e�n�e�s�i�s�.� �/�n�:� �E�a�r�l�e� �E�D�,� �D�e�m�a�r�l�y� 
�Y� �(�e�d�)� �V�a�r�i�a�b�i�l�i�t�y� �i�n� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�i�s�s�u�e� �c�u�l�t�u�r�e�,� �P�r�a�e�g�e�r�,� �N�Y�,� �p�p� �6�6�-�9�1�.� 
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�O�w�e�n� �H�R�,� �V�e�i�l�l�e�u�x� �R�E�,� �L�e�v�y� �D�,� �O�c�h�s� �D�L� �(�1�9�8�8�)� �E�n�v�i�r�o�n�m�e�n�t�a�l�,� �g�e�n�o�t�y�p�i�c�,� �a�n�d� �p�l�o�i�d�y� 
�e�f�f�e�c�t�s� �o�n� �e�n�d�o�p�o�l�y�p�l�o�i�d�i�z�a�t�i�o�n� �w�i�t�h�i�n� �a� �g�e�n�o�t�y�p�e� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a� �a�n�d� �i�t�s� �d�e�r�i�v�a�t�i�v�e�s�.� 
�G�e�n�o�m�e� �3�0�:�5�0�6�-�5�1�0�.� 

�P�e�s�c�i�t�e�l�l�i� �S�M�,� �J�o�h�n�s�o�n� �C�D�,� �P�e�t�o�l�i�n�o� �J�F� �(�1�9�9�0�)� �I�s�o�l�a�t�e�d� �m�i�c�r�o�s�p�o�r�e� �c�u�l�t�u�r�e� �o�f� �m�a�i�z�e�:� 
�e�f�f�e�c�t�s� �o�f� �i�s�o�l�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�,� �r�e�d�u�c�e�d� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�u�c�r�o�s�e� �l�e�v�e�l�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� 
�8�:�6�2�8�-�6�3�1�.� 

�P�o�w�e�l�l� �C�,� �U�h�r�i�g� �H� �(�1�9�8�7�)� �A�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �S�o�l�a�n�u�m� �g�e�n�o�t�y�p�e�s�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� 
�C�u�l�t� �1�1�:�1�3�-�2�4�.� 

�R�e�y�n�o�l�d�s� �M�P�,� �E�w�i�n�g� �E�E� �(�1�9�8�9�)� �H�e�a�t� �t�o�l�e�r�a�n�c�e� �i�n� �t�u�b�e�r� �b�e�a�r�i�n�g� �S�o�l�a�n�u�m� �s�p�e�c�i�e�s�:� �a� 
�p�r�o�t�o�c�o�l� �f�o�r� �s�c�r�e�e�n�i�n�g�.� �A�m�e�r� �P�o�t�a�t�o� �J� �6�6�:� �6�3�-�7�4�.� 

�S�A�S� �(�1�9�8�5�)� �S�A�S� �u�s�e�r�'�s� �g�u�i�d�e�:� �s�t�a�t�i�s�t�i�c�s�.� �V�e�r�s�i�o�n� �5�.� �S�A�S� �I�n�s�t�i�t�u�t�e� �I�n�c�.�,� �C�a�r�y�,� �N�C�.� 

�S�i�n�g�s�i�t� �C�,� �V�e�i�l�l�e�u�x� �R�E� �(�1�9�8�9�)� �I�n�t�r�a�-� �a�n�d� �i�n�t�e�r�s�p�e�c�i�f�i�c� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �a�n�d�r�o�g�e�n�e�t�i�c� 
�c�o�m�p�e�t�e�n�c�e� �i�n� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �s�p�e�c�i�e�s�.� �E�u�p�h�y�t�i�c�a� �4�3�:�1�0�5�-�1�1�2�.� 

�S�i�m�m�o�n�d�s� �N�W� �(�1�9�7�1�)� �T�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �p�o�t�a�t�o�e�s� �i�n� �t�h�e� �t�r�o�p�i�c�s�.� �T�r�o�p� �A�g�r�i�c� �4�8�:�2�9�1�-�2�9�9�.� 

�S�n�i�d�e�r� �K�T�,� �V�e�i�l�l�e�u�x� �R�E� �(�1�9�9�4�)� �F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �i�n� 
�c�o�n�v�e�r�s�i�o�n� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� 
�3�6�:�3�4�5�-�3�5�4�.� 

�S�o�n�i�n�n�o� �A�,� �T�a�n�a�k�a� �S�,� �I�w�a�n�a�g�a� �M�,� �S�h�i�l�d�e�-�R�e�n�t�s�c�h�l�e�r� �L� �(�1�9�8�9�)� �G�e�n�e�t�i�c� �c�o�n�t�r�o�l� �o�f� �e�m�b�r�y�o� 
�f�o�r�m�a�t�i�o�n� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �d�i�p�l�o�i�d� �p�o�t�a�t�o�e�s�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �8�:�1�0�5�-�1�0�7�.� 

�T�e�l�m�e�r� �C�A�,� �S�i�m�m�o�n�d�s� �D�H�,� �N�e�w�c�o�m�b� �W� �(�1�9�9�2�)� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� 
�t�o� �o�b�t�a�i�n� �h�i�g�h� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �e�m�b�r�y�o�g�e�n�i�c� �m�i�c�r�o�s�p�o�r�e�s� �i�n� �B�r�a�s�s�i�c�a� �n�a�p�u�s�.� �P�h�y�s�i�o�l� �P�l�a�n�t� 
�8�4�:�4�1�7�-�4�2�4�.� 

�T�i�a�i�n�e�n� �T� �(�1�9�9�2�)� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s� �o�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�e� �o�f� 
�c�o�m�m�e�r�c�i�a�l� �v�a�r�i�e�t�i�e�s� �o�f� �S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m� �L�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �o�r�g�a�n� �C�u�l�t� �3�0�:�2�1�1�-�2�1�9�.� 

�U�h�r�i�g� �H� �(�1�9�8�5�)� �G�e�n�e�t�i�c� �s�e�l�e�c�t�i�o�n� �a�n�d� �l�i�q�u�i�d� �m�e�d�i�u�m� �c�o�n�d�i�t�i�o�n�s� �i�m�p�r�o�v�e� �t�h�e� �y�i�e�l�d� �o�f� 
�a�n�d�r�o�g�e�n�i�c� �p�l�a�n�t�s� �f�r�o�m� �d�i�p�l�o�i�d� �p�o�t�a�t�o�e�s�.� �T�h�e�o�r� �A�p�p�l� �G�e�n�e�t� �7�1�:�4�5�5�-�4�6�0�.� 

�3�5



�T�a�b�l�e� �1�.� �T�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �a�p�p�l�i�e�d� �d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �d�i�p�l�o�i�d� �p�o�t�a�t�o�.� 
� � 

� � 

�T�r�e�a�t�m�e�n�t� �P�r�e�-�i�n�c�u�b�a�t�i�o�n� �S�u�b�s�e�q�u�e�n�t� �E�x�t�e�n�d�e�d� 
�a�b�b�r�e�v�i�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�u�b�a�t�i�o�n� �c�u�l�t�u�r�e� 

�(�6� �w�e�e�k�s�)� �(�6� �w�e�e�k�s�)� 

�3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �3�5�°�C� �1�2�h� �3�0�°�C� �1�6�h�/�2�0�°�C� �8�h� �=� �3�0�°�C�:� �1�6�h�/�2�0�°�C� �8�h� 
�3�0�°�C�/�2�0�°�C� �3�0�°�C� �1�6�h�/�2�0�°�C� �8�h� �3�0�°�C� �1�6�h�/�2�0�°�C� �8�h� �3�0�°�C� �1�6�h�/�2�0�°�C� �8�h� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �3�5�°�C� �2�4�h� �3�0�°�C� �1�6�h�/�2�0�°�C� �8�h� �=� �3�0�°�C�:� �1�6�h�/�2�0�°�C� �8�h� 
�2�0�°�C� �(�c�o�n�t�r�o�l�)� �2�0�°�C� �2�0�°�C� �2�0�°�C� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �3�5�°�C� �2�4�h� �2�0�°�C� �2�0�°�C� 
� � 

�B�e�f�o�r�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �b�u�d�s� �w�e�r�e� �t�r�e�a�t�e�d� �a�t� �4�°�C� �f�o�r� �3� �d�a�y�s�.� �A�f�t�e�r� �a�n�t�h�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �m�e�d�i�u�m�,� �t�h�e�y� �w�e�r�e� 
�e�x�p�o�s�e�d� �t�o� �o�n�e� �o�f� �t�h�e� �a�b�o�v�e� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �a�n�d� �i�n�c�u�b�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� 
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�T�a�b�l�e� �2�.� �C�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �o�f� �t�w�o� �c�l�o�n�e�s� �(�A�P�B�3� �a�n�d� �A�P�M�1�)� �f�o�r� �e�m�b�r�y�o� 
�y�i�e�l�d� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� �u�n�d�e�r� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �c�u�l�t�u�r�e�d� �o�n� �t�h�r�e�e� �d�a�y�s�.� 
� � 

� � 

� � 

�S�o�u�r�c�e� �I�s�t�_�h�a�r�v�e�s�t� �2�n�d� �h�a�r�v�e�s�t� �T�o�t�a�l� �e�m�b�r�y�o�s� 
�d�f� �M�S� �p� �d�f� �M�S� �p� �d�f� �M�S� �p� 

�G�e�n�o�t�y�p�e�(�G�)� �1� �8�0�.�2� �0�.�0�0�0�1� �1� �8�.�2� �0�.�1�8�5�2� �1� �7�3�.�2� �0�.�0�0�0�1� 
�T�e�m�p�e�r�a�t�u�r�e�(�T�)� �4� �4�8�2� �0�.�0�0�0�1� �4� �1�8�.�1� �0�.�0�0�7�2� �4� �6�2�.�1� �0�.�0�0�0�1� 

�D�a�t�e�(�D�)� �2� �1�1�2�.�4� �Q�.�0�0�0�1� �2� �7�9�.�4� �°�&�0�.�0�0�0�1� �2� �2�2�5�.�9� �0�.�0�0�0�1� 
�R�e�p�(�D�a�t�e�)� �6� �2�.�8� �0�.�2�4�2�0� �6� �1�1�.�1� �0�.�0�3�8�6� �6� �9�.�5� �0�.�0�4�9�5� 
�G�x�T� �4� �1�5�4� �Q�.�0�0�0�1� �4� �4�2� �0�.�4�6�1�3� �2� �1�2�.�2� �0�.�0�2�9�4� 
�G�x�D� �2� �3�9�.�5� �0�.�0�0�0�1� �2� �1�4�.�1� �0�.�0�5�3�4� �2� �5�2�.�6� �0�.�0�0�0�1� 
�T�x�D� �8� �1�8�2� �0�.�0�0�0�1� �8�1� �1�2�.�3� �0�.�0�1�5�2� �8� �2�7�.�1� �0�.�0�0�0�1� 
�G�x�T�x�D� �8� �6�.�7� �0�.�0�0�4�4� �8� �4�1� �0�.�5�1�5�9� �8� �7�.�7� �0�.�0�9�0�6� 
� � 

�T�a�b�l�e� �3�.� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �(�3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �o�f� �t�w�o� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �A�P�B�3� 
�a�n�d� �A�P�M�1�,� �c�u�l�t�u�r�e�d� �o�n� �t�h�r�e�e� �d�a�y�s�,� �u�n�d�e�r� �f�i�v�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �(�M�e�a�n�s� �f�o�r� 
�t�r�e�a�t�m�e�n�t� �a�n�d� �d�a�t�e� �a�r�e� �c�o�m�b�i�n�e�d� �f�o�r� �t�h�e� �t�w�o� �c�l�o�n�e�s�.�)� 
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�T�r�e�a�t�m�e�n�t� �l�s�t� �h�a�r�v�e�s�t� �2�n�d� �h�a�r�v�e�s�t� �T�o�t�a�l� �e�m�b�r�y�o�s� 
�n� �m�e�a�n� �n� �m�e�a�n� �n� �m�e�a�n� 

�T�e�m�p�e�r�a�t�u�r�e� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �1�8� �4�4� �1�8� �1�8 �� �1�8� �6�2�?� 
�3�0�°�C�/�2�0�°�C� �1�7�.� �2�1�°� �1�7� �3�-�2�3�?� �1�7� �4�5�?� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �1�8� �1�0�°� �1�6� �3�°� �1�6� �1�4�°� 
�2�0�°�C� �(�c�o�n�t�r�o�l�)� �1�8� �4�°� �1�6� �1�3 �� �1�6� �1�6�°� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �1�8� �2�°� �1�7� �4�>� �1�7� �5�°� 

�G�e�n�o�t�y�p�e� �A�P�B�3� �4�5� �2�6�°� �4�3� �1�4�?� �4�3� �4�?� 
�A�P�M�I�1� �4�4� �7� �4�1� �1�1� �4�1� �1�8�°� 

�D�a�t�e� �1�1�/�2�6�/�9�2� �3�0� �3�3�?� �2�8� �2�3�°� �2�8� �5�8�?� 
�1�1�/�2�4�/�9�2� �3�0� �1�5�°� �3�0�.� �=�6�«�1�2�°� �3�0� �2�7�°� 
�1�1�/�2�3�/�9�2� �2�9� �1 �� �2�6� �=� �<�I� �2�6� �1�°� 
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�M�e�a�n� �s�e�p�a�r�a�t�i�o�n� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �A�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �e�m�b�r�y�o�s� 
�p�e�r� �f�l�a�s�k�.� �C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �w�i�t�h�i�n� �e�a�c�h� �c�o�l�u�m�n� �o�f� �e�a�c�h� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n�,� �e�.�g�.�,� �t�e�m�p�e�r�a�t�u�r�e�,� �g�e�n�o�t�y�p�e�,� 
�o�r� �d�a�t�e�.� 
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�T�a�b�l�e� �4�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� �o�f� 
�p�o�t�a�t�o� �c�l�o�n�e�s� �A�P�B�3� �a�n�d� �A�P�C�3� �u�n�d�e�r� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� �E�a�c�h� �c�l�o�n�e� 
�w�a�s� �c�u�l�t�u�r�e�d� �o�n� �t�h�r�e�e� �s�e�p�a�r�a�t�e� �d�a�y�s�.� 
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�S�o�u�r�c�e� �d�f� �M�S� �P�p� 

�G�e�n�o�t�y�p�e� �1� �2�7�.�3� �0�.�0�8�9�2� 
�T�e�m�p�e�r�a�t�u�r�e� �2� �3�2�.�6� �0�.�0�3�5�9� 
�D�a�t�e� �(�G�e�n�o�t�y�p�e�)� �4� �1�.�6� �0�.�9�4�6�4� 
�G�e�n�o�t�y�p�e� �x� �T�e�m�p�e�r�a�t�u�r�e� �2� �0�.�1� �0�.�9�8�7�0� 
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�T�a�b�l�e� �5�.� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �(�3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� 
�o�f� �A�P�B�3� �a�n�d� �A�P�C�3� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r� �t�h�r�e�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s�.� 
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�T�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t� �N� �M�e�a�n� �e�m�b�r�y�o�s�/�f�l�a�s�k� 

�3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �1�6� �3�9�%� 
�3�0�°�C�/�2�0�°�C� �1�8� �2�3�°� 
�2�0�°�C� �1�6� �1�1�°� 
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�M�e�a�n� �s�e�p�a�r�a�t�i�o�n� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �A�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �e�m�b�r�y�o�s� 
�p�e�r� �f�l�a�s�k�.� 
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�T�a�b�l�e� �6�.� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �(�3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �o�f� �t�w�o� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �(�A�P�B�3� 
�a�n�d� �A�P�M�1�)� �c�u�l�t�u�r�e�d� �u�n�d�e�r� �f�i�v�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �o�n� �t�h�r�e�e� �d�a�y�s� �i�n� �e�x�p�e�r�i�m�e�n�t� �1�.� 
�(�M�e�a�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� �c�l�o�n�e�.�)� 
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�T�r�e�a�t�m�e�n�t� �I�s�t� �h�a�r�v�e�s�t� �2�n�d� �_� �h�a�r�v�e�s�t� �T�o�t�a�l� �e�m�b�r�y�o� 
�A�P�B�3� �A�P�M�1� �A�P�B�3� �A�P�M�I�1� �A�P�B�3� �A�P�M�I� 
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�T�e�m�p�e�r�a�t�u�r�e� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �7�9�°� �1�0�°� �1�5�°� �2�1�°� �9�4�?� �3�1�?� 
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�3�0�°�C�/�2�0�°�C� �2�0�°� �2�3�*� �=� �2�6�?� �2�0�?� �4�6�°� �4�3�?� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �2�0�°� �<�1�?� �5�?� �<�1�?� �2�4�°� �1�?� 
�2�0�°�C� �6�°� �>� �«�2�1�?� �5�°� �2�7�°� �5�°� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �4�°� �<�1�°� �3�°� �4�?� �6�°� �3�°� 

�D�a�t�e� �1�1�/�2�6�/�9�2� �5�6�°� �1�0�°� �3�5�°� �1�2�°� �9�4�°� �2�2�°� 
�1�1�/�2�4�/�9�2� �2�1�°� �1�0�?� �7� �1�7�?� �2�8�°� �2�7� 
�1�1�/�2�3�/�9�2� �<�1�°� �<�I�?� �<�i�?� �<�1�?� �1�°� �<�1�?� 
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�M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �A�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �b�a�s�e�d� �o�n� �u�n�t�r�a�n�s�f�o�r�m�e�d� �d�a�t�a�.� 
�C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �w�i�t�h�i�n� �e�a�c�h� �c�o�l�u�m�n� �o�f� �e�a�c�h� �c�a�t�e�g�o�r�y�,� �e�.�g�.�,� �t�e�m�p�e�r�a�t�u�r�e�,� �d�a�t�e�.� 

�T�a�b�l�e� �7�.� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �(�3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �o�f� �t�w�o� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� 
�(�A�P�B�3� �a�n�d� �A�P�C�3�)� �c�u�l�t�u�r�e�d� �u�n�d�e�r� �t�h�r�e�e� �t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �o�n� �t�h�r�e�e� �d�a�y�s� �i�n� 
�e�x�p�e�r�i�m�e�n�t� �2�.� �(�M�e�a�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� �c�l�o�n�e�.�)� 
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�T�r�e�a�t�m�e�n�t� �A�P�B�3� �A�P�C�3� 

�T�e�m�p�e�r�a�t�u�r�e� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �4�9�?� �2�5�°� 
�3�0�°�C�/�2�0�°�C� �2�9�?� �1�6�?� 
�2�0�°�C� �1�6�°� �1�5�?� 

�D�a�t�e� �4�/�1�1�/�9�3� �2�7�°� �*�*� 
�4�/�1�4�/�9�3� �4�1�?� �*�*� 
�4�/�1�8�/�9�3� �2�7�°� �*�*� 
�6�/�2�5�/�9�3� �*�*� �1�1�?� 
�6�/�3�0�/�9�3� �x�x� �1�6�?� 
�7�/�0�2�/�9�3� �*�*� �2�1�?� 
� � 

�M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �A�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �b�a�s�e�d� �o�n� �u�n�t�r�a�n�s�f�o�r�m�e�d� �d�a�t�a�.� 
�C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �w�i�t�h�i�n� �e�a�c�h� �c�o�l�u�m�n� �o�f� �e�a�c�h� �c�a�t�e�g�o�r�y�,� �e�.�g�.�,� �t�e�m�p�e�r�a�t�u�r�e�,� �d�a�t�e�.� 
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�T�a�b�l�e� �8�.� �F�r�e�q�u�e�n�c�y� �o�f� �c�o�n�v�e�r�t�e�d� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �a�n�t�h�e�r� 
�c�u�l�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �p�l�o�i�d�y� �a�n�a�l�y�s�i�s� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s�.� 
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�H�a�r�v�e�s�t� �C�l�o�n�e� �T�r�e�a�t�m�e�n�t� �E�m�b�r�y�o�s� �C�o�n�v�e�r�t�e�d� �%�c�o�n�v�e�r�t�e�d� �N�o� �o�f� �p�l�a�n�t�s�*� 
�c�u�l�t�u�r�e�d� �e�m�b�r�y�o�s� �e�m�b�r�y�o�s� �I�x� �2�x� �4�x� 

�1� �A�P�B�3� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �7�1�1� �1�4�0� �2�0� �2� �1�2�6� �3� 
�3�0�°�C�/�2�0�°�C� �1�8�0� �2�0� �1�1� �O� �1�9� �0� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �=� �1�7�7� �3�3� �1�9� �2� �2�9� �0� 
�2�0�°�C� �5�3� �1�0� �1�9� �)� �8� �1� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �3�2� �3� �9� �0� �3� �0� 
�t�o�t�a�l� �1�1�5�3� �2�0�6� �1�8� �4� �1�8�5� �4� 

�A�P�M�1� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C�  ��s� �8�8�7� �0� �0� �0� �0� �0� 
�3�0�°�C�/�2�0�°�C� �1�8�3� �1� �0�.�5� �0� �1� �0� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �4� �0� �0� �0� �0� �0� 
�2�0�°�C� �1�0� �1� �1�0� �0� �1� �0� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �7� �0� �0� �0� �0� �0� 
�t�o�t�a�l� �2�9�1� �2� �0�.�7� �0� �2� �0� 

�2� �A�P�B�3� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �=� �1�3�2� �3�2� �2�4�.�2� �O� �2�7� �0� 
�3�0�°�C�/�2�0�°�C� �2�3�5� �5� �2�.�1� �0�)� �5� �0� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �=� �4�2� �5� �1�1�.�9� �0� �3� �0� 
�2�0�°�C� �1�2�9� �0�)� �0� �0� �0� �0� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �1�8� �0� �0� �0� �0� �0� 
�t�o�t�a�l� �5�5�6� �4�2� �7�.�6� �O� �3�5� �0� 

�A�P�M�1� �3�5�°�C� �1�2�h�-�3�0�°�C�/�2�0�°�C� �= ��-�1�8�9� �0� �0� �0� �0� �0� 
�3�0�°�C�/�2�0�°�C� �1�6�3� �0� �0� �0� �0� �0� 
�3�5�°�C� �2�4�h�-�3�0�°�C�/�2�0�°�C� �0� �)� �@� �0� �0� �0� 
�2�0�°�C� �0� �0� �0� �0� �0� �0� 
�3�5�°�C� �2�4�h�-�2�0�°�C� �0� �0� �0� �0� �0� �0� 
�t�o�t�a�l� �3�5�2� �0� �0� �0� �0� �0� 
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�*� �1�3� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �a�n�d� �7� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �w�e�r�e� �l�o�s�t� �b�e�f�o�r�e� 
�p�l�o�i�d�y� �a�n�a�l�y�s�i�s� �c�o�u�l�d� �b�e� �m�a�d�e�.� 
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�C�H�A�P�T�E�R� �3�:� �S�T�U�D�Y� �O�F� �E�X�T�E�N�D�E�D� �A�N�T�H�E�R� �C�U�L�T�U�R�E� 

�K�e�y� �w�o�r�d�s�:� �a�n�d�r�o�g�e�n�e�s�i�s�,� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �m�e�d�i�u�m� �c�o�n�d�i�t�i�o�n�,� �r�e�g�e�n�e�r�a�t�i�o�n�,� �d�i�p�l�o�i�d� 

�p�o�t�a�t�o� 

�A�b�s�t�r�a�c�t�:� �R�e�p�e�a�t�e�d� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �s�t�u�d�y� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �b�y� 

�r�e�t�u�r�n�i�n�g� �a�n�t�h�e�r�s� �i�n�t�o� �m�e�d�i�u�m� �f�o�l�l�o�w�i�n�g� �t�h�e� �u�s�u�a�l� �h�a�r�v�e�s�t� �6� �w�e�e�k�s� �a�f�t�e�r� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n�.� 

�T�h�r�e�e� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �A�P�B�3� �[�a�d�g� �x� �(�p�h�u� �x� �b�e�r�)�]�,� �A�P�M�1� �[�a�d�g� �x� �(�p�h�u� �x� �m�c�d�)�]�,� �a�n�d� 

�A�P�C�3� �[�a�d�g� �x� �(�p�h�u� �x� �c�h�a�)�]� �w�e�r�e� �u�s�e�d�.� �T�h�e� �r�e�s�u�l�t�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �a�d�d�i�t�i�o�n�a�l� �e�m�b�r�y�o�s� 

�w�e�r�e� �p�r�o�d�u�c�e�d� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�,� �a�l�t�h�o�u�g�h� �t�h�e� �e�m�b�r�y�o� �q�u�a�l�i�t�y� �a�n�d� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� 

�p�e�r�c�e�n�t�a�g�e�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �p�o�o�r�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �e�m�b�r�y�o�s� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �r�e�q�u�i�r�e�d� 

�m�o�r�e� �t�i�m�e� �t�o� �c�o�n�v�e�r�t� �i�n�t�o� �p�l�a�n�t�s� �t�h�a�n� �t�h�o�s�e� �f�r�o�m� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� �M�o�r�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� 

�o�c�c�u�r�r�e�d� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s�.� �S�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �e�m�b�r�y�o�s� �w�e�r�e� �p�r�o�d�u�c�e�d� �w�h�e�n� 

�a�n�t�h�e�r�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �s�a�m�e� �m�e�d�i�u�m� �(�1�6� �p�e�r� �f�l�a�s�k�)� �c�o�m�p�a�r�e�d� �t�o� �f�r�e�s�h� �m�e�d�i�u�m� �(�4� 

�p�e�r� �f�l�a�s�k�)� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� 

�t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� 

�(�P�<�0�.�0�1�)�.� �H�e�n�c�e�,� �p�o�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �w�a�s� �n�o�t� �c�a�u�s�e�d� 

�b�y� �a� �l�o�n�g�e�r� �l�a�g� �p�e�r�i�o�d� �b�u�t� �w�a�s� �d�u�e� �r�a�t�h�e�r� �t�o� �s�o�m�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� �f�a�c�t�o�r�,� �s�u�c�h� �a�s� �t�h�e� 

�m�i�c�r�o�s�p�o�r�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �o�r� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�s�.� �H�i�g�h�l�y� 

�r�e�s�p�o�n�s�i�v�e� �c�u�l�t�u�r�e�s� �a�r�e� �l�i�k�e�l�y� �t�o� �c�o�n�t�i�n�u�e� �y�i�e�l�d�i�n�g� �e�m�b�r�y�o�s� �e�v�e�n� �1�2� �w�e�e�k�s� �a�f�t�e�r� �c�u�l�t�u�r�e� 

�i�n�i�t�i�a�t�i�o�n�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�A�n�t�h�e�r� �c�u�l�t�u�r�e� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �t�e�c�h�n�i�q�u�e� �f�o�r� �p�r�o�d�u�c�i�n�g� �h�o�m�o�z�y�g�o�u�s� �l�i�n�e�s�.� 

�C�o�n�s�i�d�e�r�a�b�l�e� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�o�n�e� �t�o� �s�t�u�d�y� �f�a�c�t�o�r�s� �t�h�a�t� �a�f�f�e�c�t� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d�,� 

�s�u�c�h� �a�s� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �d�o�n�o�r� �p�l�a�n�t�s�,� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �o�f� �m�i�c�r�o�s�p�o�r�e�s�,� �m�e�d�i�u�m�,� 

�g�r�o�w�t�h� �r�e�g�u�l�a�t�o�r�s�,� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s�,� �e�t�c�.� �G�e�n�o�t�y�p�e� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� 

�t�h�a�t� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �r�e�s�p�o�n�s�e� �o�f� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �H�o�w�e�v�e�r�,� �e�v�e�n� �f�o�r� �t�h�e� �s�a�m�e� �g�e�n�o�t�y�p�e� �a�n�d� 

�c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s�,� �e�m�b�r�y�o� �y�i�e�l�d� �m�a�y� �v�a�r�y� �f�r�o�m� �f�l�a�s�k� �t�o� �f�l�a�s�k�.� �I�n� �m�y� �p�r�e�v�i�o�u�s� 

�e�x�p�e�r�i�m�e�n�t�s�,� �A�P�B�3� �y�i�e�l�d�e�d� �e�m�b�r�y�o�s� �f�r�o�m� �0� �t�o� �2�1�4� �p�e�r� �f�l�a�s�k� �(�3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �u�n�d�e�r� 

�i�d�e�n�t�i�c�a�l� �c�o�n�d�i�t�i�o�n�s�.� �F�o�r� �B�r�u�s�s�e�l�s� �s�p�r�o�u�t�s�,� �e�m�b�r�y�o� �y�i�e�l�d� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �O� �a�n�d� �8�0�0� 

�e�m�b�r�y�o�s� �p�e�r� �1�0�0� �a�n�t�h�e�r�s� �u�n�d�e�r� �s�i�m�i�l�a�r� �c�o�n�d�i�t�i�o�n�s� �(�B�i�d�d�i�n�g�t�o�n� �&� �R�o�b�i�n�s�o�n� �1�9�9�1�)�.� �I�n� 

�t�h�e�s�e� �s�t�u�d�i�e�s�,� �a�n�t�h�e�r�s� �h�a�v�e� �u�s�u�a�l�l�y� �b�e�e�n� �d�i�s�c�a�r�d�e�d� �a�f�t�e�r� �e�m�b�r�y�o�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d�.� �N�o� 

�o�b�s�e�r�v�a�t�i�o�n� �h�a�s� �b�e�e�n� �a�v�a�i�l�a�b�l�e� �o�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �f�o�l�l�o�w�i�n�g� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� �I�t� 

�i�s� �n�o�t� �y�e�t� �c�l�e�a�r� �w�h�e�t�h�e�r� �p�o�o�r� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �o�f� �a�n�t�h�e�r�s� �i�s� �d�u�e� �t�o� �t�h�e� �i�n�c�a�p�a�c�i�t�y� �f�o�r� 

�p�r�o�d�u�c�i�n�g� �e�m�b�r�y�o�s�,� �o�r� �b�y� �a� �l�o�n�g�e�r� �l�a�g� �p�e�r�i�o�d� �f�o�r� �s�o�m�e� �a�n�t�h�e�r�s�.� �I�f� �i�t� �i�s� �t�h�e� �l�a�t�t�e�r� �c�a�s�e�,� 

�a�n�t�h�e�r�s� �t�h�a�t� �r�e�s�p�o�n�d� �p�o�o�r�l�y� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �s�h�o�u�l�d� �p�r�o�d�u�c�e� �m�o�r�e� �e�m�b�r�y�o�s� �i�n� �e�x�t�e�n�d�e�d� 

�c�u�l�t�u�r�e� �t�h�a�n� �t�h�o�s�e� �t�h�a�t� �r�e�s�p�o�n�d� �w�e�l�l� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� 

�t�o� �d�e�t�e�r�m�i�n�e� �i�f� �e�m�b�r�y�o�s� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �b�e� �p�r�o�d�u�c�e�d� �f�r�o�m� �a�n�t�h�e�r�s� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� 

�a�n�d� �i�f� �s�o�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d�s� �o�f� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �m�e�d�i�u�m� �c�o�n�d�i�t�i�o�n� �(�f�r�e�s�h� �o�r� �o�l�d�)� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�n� �e�m�b�r�y�o� �y�i�e�l�d� 

�a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�,� �a�n�d� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �w�e�r�e� 

�a�l�s�o� �d�e�t�e�r�m�i�n�e�d�.� 
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�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� 

�D�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �A�P�B�3�,� �A�P�M�1�,� �a�n�d� �A�P�C�3� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� 

�T�h�e�y� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �A�P�B�,� �A�P�M�,� �a�n�d� �A�P�C� �p�o�p�u�l�a�t�i�o�n�s� �w�h�i�c�h� �w�e�r�e� �d�e�r�i�v�e�d� �f�r�o�m� 

�~� �c�r�o�s�s�e�s� �b�e�t�w�e�e�n� �d�i�h�a�p�l�o�i�d� �S�.� �a�n�d�i�g�e�n�a� �a�s� �f�e�m�a�l�e� �a�n�d� �F�,� �(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �b�e�r�t�h�a�u�l�t�i�i�)�,� �F�,� 

�(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �m�i�c�r�o�d�o�n�t�u�m�)� �a�n�d� �F�,� �(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �c�h�a�c�o�e�n�s�e�)� �a�s� �m�a�l�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�P�B�3�,� �A�P�M�1� �a�n�d� �A�P�C�3� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �c�o�m�p�e�t�e�n�c�e� �a�n�d� �h�i�g�h� �2�n� �p�o�l�l�e�n� 

�f�r�e�q�u�e�n�c�i�e�s�.� 

�T�e�n� �p�l�a�n�t�s� �e�a�c�h� �o�f� �A�P�B�3� �a�n�d� �A�P�M�1� �w�e�r�e� �p�l�a�n�t�e�d� �f�r�o�m� �t�u�b�e�r�s� �i�n� �t�h�e� �g�r�e�e�n�h�o�u�s�e� 

�b�e�t�w�e�e�n� �S�e�p�t�.� �1�9�9�2� �t�o� �F�e�b�.� �1�9�9�3�,� �a�n�d� �t�e�n� �p�l�a�n�t�s� �e�a�c�h� �o�f� �A�P�B�3� �a�n�d� �A�P�C�3� �w�e�r�e� �p�l�a�n�t�e�d� 

�b�e�t�w�e�e�n� �J�a�n�.� �1�9�9�2� �t�o� �S�e�p�t�.� �1�9�9�3�.� �S�i�x�t�e�e�n� �h�o�u�r� �d�a�y� �l�e�n�g�t�h� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �h�i�g�h� �p�r�e�s�s�u�r�e� 

�s�o�d�i�u�m� �v�a�p�o�r� �l�a�m�p�s� �t�o� �p�r�o�m�o�t�e� �f�l�o�w�e�r�i�n�g�.� �P�l�a�n�t�s� �w�e�r�e� �f�e�r�t�i�l�i�z�e�d� �w�e�e�k�l�y� �w�i�t�h� �s�o�l�u�b�l�e� 

�f�e�r�t�i�l�i�z�e�r� �c�o�n�t�a�i�n�i�n�g� �2�0�:�1�9�:�1�8� �(�N�:�P�,�0�,�:�K�,�O�)�.� 

�E�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�T�w�o� �s�e�p�a�r�a�t�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d�.� �I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� 

�A�P�B�3� �a�n�d� �A�P�M�1� �c�l�o�n�e�s� �w�e�r�e� �u�s�e�d�,� �a� �t�o�t�a�l� �o�f� �2�,�7�0�0� �a�n�t�h�e�r�s� �(�9� �r�e�p�l�i�c�a�t�e�s� �x� �2� �c�l�o�n�e�s� �x� �5� 

�f�l�a�s�k�s�/�r�e�p�/�c�l�o�n�e� �x� �3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �w�a�s� �c�u�l�t�u�r�e�d�.� �I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�,� �A�P�B�3� �a�n�d� 

�A�P�C�3� �c�l�o�n�e�s� �w�e�r�e� �u�s�e�d�,� �a� �t�o�t�a�l� �o�f� �2�,�1�6�0� �a�n�t�h�e�r�s� �(�9� �r�e�p�l�i�c�a�t�e�s� �x� �2� �c�l�o�n�e�s� �x� �4� 
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�f�l�a�s�k�s�/�r�e�p�/�c�l�o�n�e� �x� �3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �w�a�s� �c�u�l�t�u�r�e�d�.� �B�u�d�s� �w�i�t�h� �a�n�t�h�e�r�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �t�o� 

�4� �m�m� �i�n� �l�e�n�g�t�h� �w�e�r�e� �p�i�c�k�e�d�,� �w�r�a�p�p�e�d� �i�n� �m�o�i�s�t� �p�a�p�e�r� �t�o�w�e�l�s�,� �a�n�d� �p�l�a�c�e�d� �i�n� �c�o�l�d� �s�t�o�r�a�g�e� 

�(�4�°�C�)� �f�o�r� �3� �d�a�y�s�.� �F�o�r� �e�a�c�h� �c�l�o�n�e�,� �t�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �3� �d�i�f�f�e�r�e�n�t� �d�a�y�s�,� 

�3� �r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �d�a�y�.� �T�h�e� �b�u�d�s� �w�e�r�e� �s�u�r�f�a�c�e� �s�t�e�r�i�l�i�z�e�d� �f�o�r� �3�0� �s�e�c� �i�n� �7�0�%� �e�t�h�a�n�o�l� �a�n�d� 

�5� �m�i�n� �i�n� �f�u�l�l� �s�t�r�e�n�g�t�h� �c�o�m�m�e�r�c�i�a�l� �b�l�e�a�c�h� �[�W�o�n�d�e�r� �C�h�e�m�i�c�a�l� �C�o�r�p�.�;� �5�.�2�4�%� �(�W�/�V�)� �s�o�d�i�u�m� 

�h�y�p�o�c�h�l�o�r�i�t�e�]� �w�i�t�h� �a� �d�r�o�p� �o�f�  ��T�w�e�e�n� �2�0 ��,� �f�o�l�l�o�w�e�d� �b�y� �t�w�o� �r�i�n�s�e�s� �i�n� �s�t�e�r�i�l�e� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� 

�T�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �w�a�s� �p�r�e�p�a�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �U�h�r�i�g� �(�1�9�8�5�)�:� �M�S� �b�a�s�a�l� �m�e�d�i�u�m� 

�(�M�u�r�a�s�h�i�g�e� �&� �S�k�o�o�g� �1�9�6�2�)� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�0�0� �m�g�/�l� �m�y�o�-�i�n�o�s�i�t�o�l�,� �0�.�4� �m�g�/�l�]� �t�h�i�a�m�i�n�e�,� 

�6�0� �g�/�l� �s�u�c�r�o�s�e�,� �2�.�5� �g�/�l� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�,� �2�.�5� �m�g�/�l� �N�,�-�b�e�n�z�y�l�a�m�i�n�o�p�u�r�i�n�e� �(�B�A�)�,� �a�n�d� �0�.�1� 

�m�g�/�l� �i�n�d�o�l�e�-�3�-�a�c�e�t�i�c� �a�c�i�d� �(�I�A�A�)�.� �T�h�e� �m�e�d�i�u�m� �p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �5�.�8� �b�e�f�o�r�e� �a�d�d�i�n�g� 

�a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�.� �T�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �w�a�s� �s�t�e�r�i�l�i�z�e�d� �b�y� �a�u�t�o�c�l�a�v�i�n�g� �a�t� �1�2�1�°�C� �a�n�d� �1�.�1� 

�k�g�/�c�m�?� �f�o�r� �2�0� �m�i�n�.� �T�o� �d�i�s�t�r�i�b�u�t�e� �b�u�d�-�t�o�-�b�u�d� �v�a�r�i�a�t�i�o�n� �a�c�r�o�s�s� �t�r�e�a�t�m�e�n�t�s�,� �a�n�t�h�e�r�s� �f�r�o�m� 

�e�a�c�h� �b�u�d� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �f�i�v�e� �1�2�5� �m�l� �D�e�l�o�n�g� �c�u�l�t�u�r�e� �f�l�a�s�k�s� �(�B�e�l�l�c�o� �G�l�a�s�s� �C�o�.�,� 

�V�i�n�e�l�a�n�d�,�.� �N�J�)�,� �e�a�c�h� �w�i�t�h� �1�5� �m�l� �m�e�d�i�u�m�,� �u�n�t�i�l� �3�0� �a�n�t�h�e�r�s� �w�e�r�e� �c�o�n�t�a�i�n�e�d� �i�n� �e�a�c�h� �f�l�a�s�k�.� 

�T�h�e� �f�i�v�e� �f�l�a�s�k�s� �w�e�r�e� �c�o�v�e�r�e�d� �w�i�t�h� �a� �M�a�g�e�n�t�a� �2�-�w�a�y� �c�a�p� �a�n�d� �s�e�a�l�e�d� �w�i�t�h� �p�a�r�a�f�i�l�m�.� 

�C�u�l�t�u�r�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� �d�a�r�k� �o�n� �a� �s�h�a�k�e�r� �(�1�2�0� �r�p�m�)�.� 

�A�f�t�e�r� �6� �w�e�e�k�s�,� �e�m�b�r�y�o�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �b�y� �p�o�u�r�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �f�l�a�s�k� 

�t�h�r�o�u�g�h� �a� �s�t�e�r�i�l�i�z�e�d� �w�i�r�e� �m�e�s�h� �s�i�e�v�e�,� �r�e�c�o�v�e�r�i�n�g� �t�h�e� �m�e�d�i�u�m� �i�n� �a� �s�t�e�r�i�l�e� �b�e�a�k�e�r�,� �a�n�d� 

�t�r�a�n�s�f�e�r�r�i�n�g� �t�h�e� �e�m�b�r�y�o�s� �a�n�d� �a�n�t�h�e�r�s� �t�o� �a� �s�t�e�r�i�l�e� �p�e�t�r�i� �p�l�a�t�e�.� �T�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �p�e�r� 

�f�l�a�s�k� �w�a�s� �r�e�c�o�r�d�e�d� �(�f�i�r�s�t� �h�a�r�v�e�s�t�)� �a�n�d� �e�m�b�r�y�o�s� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�.� 

�F�o�r� �t�h�e� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �a�f�t�e�r� �t�h�e� �e�m�b�r�y�o�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d�,� �t�h�e� �a�n�t�h�e�r�s� �w�e�r�e� �p�u�t� 

�b�a�c�k� �e�i�t�h�e�r� �i�n�t�o� �t�h�e� �s�a�m�e� �m�e�d�i�u�m� �o�r� �i�n�t�o� �f�r�e�s�h� �m�e�d�i�u�m� �f�o�r� �4� �o�r� �6� �w�e�e�k�s�.� �E�m�b�r�y�o� �y�i�e�l�d� 
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�p�e�r� �f�l�a�s�k� �w�a�s� �a�g�a�i�n� �r�e�c�o�r�d�e�d� �(�s�e�c�o�n�d� �h�a�r�v�e�s�t�)�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�.� 

�o�f� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �a�n�d� �t�h�a�t� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� 

�M�e�d�i�u�m� �e�f�f�e�c�t� �o�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�N�i�n�e� �r�e�p�l�i�c�a�t�e�s� �e�a�c�h� �o�f� �A�P�B�3� �a�n�d� �A�P�C�3� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �t�o�t�a�l� �o�f� �2�,�1�6�0� �a�n�t�h�e�r�s� �(�9� 

�r�e�p�l�i�c�a�t�e�s� �x� �2� �c�l�o�n�e�s� �x� �4� �f�l�a�s�k�s�/�c�l�o�n�e�/�r�e�p� �x� �3�0� �a�n�t�h�e�r�s�/�f�l�a�s�k�)� �w�e�r�e� �c�u�l�t�u�r�e�d�.� �F�o�r� �e�a�c�h� 

�c�l�o�n�e�,� �t�h�e� �c�u�l�t�u�r�e�s� �w�e�r�e� �i�n�i�t�i�a�t�e�d� �o�n� �3� �d�i�f�f�e�r�e�n�t� �d�a�y�s�,� �3� �r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �d�a�y�.� �A�n�t�h�e�r�s� 

�f�r�o�m� �e�a�c�h� �b�u�d� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �4� �f�l�a�s�k�s�.� �A�f�t�e�r� �6� �w�e�e�k�s� �i�n� �c�u�l�t�u�r�e�,� �t�h�e� �e�m�b�r�y�o�s� 

�w�e�r�e� �h�a�r�v�e�s�t�e�d� �a�s� �a�b�o�v�e�.� �F�o�r� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �t�w�o� �f�l�a�s�k�s� �o�f� �a�n�t�h�e�r�s� �f�r�o�m� �e�a�c�h� 

�r�e�p�l�i�c�a�t�i�o�n� �w�e�r�e� �c�a�r�e�f�u�l�l�y� �p�u�t� �b�a�c�k� �t�o� �t�h�e� �s�a�m�e� �m�e�d�i�u�m�,� �w�h�e�r�e�a�s� �t�h�e� �o�t�h�e�r� �t�w�o� �f�l�a�s�k�s� �o�f� 

�a�n�t�h�e�r�s� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �f�r�e�s�h� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �o�f� �t�h�e� �s�a�m�e� �c�o�m�p�o�s�i�t�i�o�n�.� �T�h�e� 

�e�m�b�r�y�o�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �a�g�a�i�n� �a�f�t�e�r� �a�n�o�t�h�e�r� �4� �w�e�e�k�s�.� 

�R�e�g�e�n�e�r�a�t�i�o�n� �o�f� �a�n�t�h�e�r� �d�e�r�i�v�e�d� �e�m�b�r�y�o�s� 

�T�h�e� �e�m�b�r�y�o�s� �f�r�o�m� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�:� �3�.�2� �g�/�1� 

�G�a�m�b�o�r�e ��s� �B�S�5� �s�a�l�t�s� �(�G�a�m�b�o�r�g� �e�t� �a�l�.� �1�9�6�8�)� �w�i�t�h� �m�i�n�i�m�a�l� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �(�S�i�g�m�a� �G� 

�5�8�9�3�)�,� �5�0� �m�g�/�l� �C�a�H�P�O�,�,� �7�4�8� �m�g�/�l� �C�a�C�l�,�,� �2�5�0� �m�g�/�l� �N�H�,�N�O�,�,� �1�0� �g�/�l� �s�u�c�r�o�s�e�,� �6� �g�/�l� �a�g�a�r�o�s�e�,� 

�0�.�1� �m�g�/�l� �g�i�b�b�e�r�e�l�l�i�c� �a�c�i�d� �(�G�A�,�;�)�,� �p�H� �5�.�6�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �2�0�°�C� �u�n�d�e�r� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �l�i�g�h�t� 

�(�1�7�5� �m�o�l� �s�e�c ��!� �m�?�)�.� �A�t� �3� �w�e�e�k� �i�n�t�e�r�v�a�l�s�,� �t�h�e� �r�e�g�e�n�e�r�a�t�e�d� �e�m�b�r�y�o�s� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� 

�t�r�a�n�s�f�e�r�r�e�d� �t�o� �a� �2�0� �x� �1�5�0� �m�m� �g�l�a�s�s� �t�u�b�e� �c�o�n�t�a�i�n�i�n�g� �2�0� �m�l� �M�S� �b�a�s�a�l� �m�e�d�i�a� �(�M�u�r�a�s�h�i�g�e� 
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�a�n�d� �S�k�o�o�g� �1�9�6�2�)� �w�h�i�l�e� �t�h�e� �u�n�r�e�g�e�n�e�r�a�t�e�d� �e�m�b�r�y�o�s� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �f�r�e�s�h� �r�e�g�e�n�e�r�a�t�i�o�n� 

�m�e�d�i�u�m�.� �T�h�e� �r�e�g�e�n�e�r�a�n�t�s� �w�e�r�e� �k�e�p�t� �a�t� �2�0�°�C� �u�n�d�e�r� �a� �1�6� �h� �p�h�o�t�o�p�e�r�i�o�d� �a�n�d� �1�7�5� �w�m�o�l� 

�s�e�c�-�'� �m�®� �p�r�o�v�i�d�e�d� �b�y� �c�o�o�l� �w�h�i�t�e� �f�l�u�o�r�e�s�c�e�n�t� �t�u�b�e�s�.� 

�P�l�o�i�d�y� �a�n�a�l�y�s�i�s� 

�T�h�e� �p�l�o�i�d�y� �l�e�v�e�l� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y� 

�a�c�c�o�r�d�i�n�g� �t�o� �O�w�e�n� �e�t� �a�l�.� �(�1�9�8�8�)�.� �O�n�e� �g�r�a�m� �o�f� �l�e�a�v�e�s� �a�n�d� �s�t�e�m�s� �o�f� �i�n� �v�i�t�r�o� �p�l�a�n�t�l�e�t�s� �w�a�s� 

�c�h�o�p�p�e�d� �o�n� �i�c�e� �f�o�r� �3� �m�i�n� �w�i�t�h� �a� �r�a�z�o�r� �b�l�a�d�e� �i�n� �a� �6� �c�m� �d�i�a�m� �g�l�a�s�s� �P�e�t�r�i� �p�l�a�t�e� �c�o�n�t�a�i�n�i�n�g� 

�3� �m�l� �c�h�o�p�p�i�n�g� �b�u�f�f�e�r� �(�1�2� �m�M� �s�o�d�i�u�m� �c�i�t�r�a�t�e�,� �8� �m�M� �M�O�P�S�,� �3�8� �m�M� �M�g�C�l�,� �0�.�0�4� �%� 

�T�r�i�t�o�n� �X�-�1�0�0�)�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �p�o�u�r�e�d� �t�h�r�o�u�g�h� �a� �3�0�0� �p�m� �f�i�l�t�e�r� �a�n�d� �t�h�e�n� �t�h�r�o�u�g�h� �a� �6�0� 

�u�m� �f�i�l�t�e�r� �t�o� �r�e�m�o�v�e� �d�e�b�r�i�s�.� �O�n�e� �m�l� �o�f� �t�h�e� �f�i�l�t�r�a�t�e� �w�a�s� �p�l�a�c�e�d� �i�n� �a� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� 

�a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �0�.�5� �m�l� �R�N�A�a�s�e� �s�o�l�u�t�i�o�n� �(�S�i�g�m�a� �R� �5�5�0�3�)� �(�0�.�8� �m�g�/�m�l� �c�h�o�p�p�i�n�g� �b�u�f�f�e�r�)� 

�a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �3�0� �m�i�n�.� �A� �0�.�2�5� �m�l� �D�N�A� �s�t�a�i�n�i�n�g� �r�e�a�g�e�n�t� �p�r�o�p�i�d�i�u�m� �i�o�d�i�d�e� �(�P�I�)� 

�s�o�l�u�t�i�o�n� �(�0�.�4� �m�g� �/�c�h�o�p�p�i�n�g� �b�u�f�f�e�r�)� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �s�a�m�p�l�e�,� �i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �f�o�r� �a�t� �l�e�a�s�t� 

�a�n� �a�d�d�i�t�i�o�n�a�l� �3�0� �m�i�n� �a�n�d� �a�n�a�l�y�z�e�d� �w�i�t�h�i�n� �3� �h�.� �S�t�a�i�n�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� 

�3�7� �u�m� �n�y�l�o�n� �m�e�s�h�.� �P�l�o�i�d�y� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �p�r�e�p�a�r�e�d� �s�a�m�p�l�e�s� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �V�i�r�g�i�n�i�a�-� 

�M�a�r�y�l�a�n�d� �R�e�g�i�o�n�a�l� �C�o�l�l�e�g�e� �o�f� �V�e�t�e�r�i�n�a�r�y� �M�e�d�i�c�i�n�e� �u�s�i�n�g� �E�p�i�c�s� �V�,� �M�o�d�e�l� �7�5�2� �l�a�s�e�r� �f�l�o�w� 

�c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r� �(�C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�,� �H�i�a�l�e�a�h� �F�L�)�.� 
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�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �t�o�t�a�l� 

�e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k�.� �A�l�l� �o�t�h�e�r� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �b�a�s�e�d� �o�n� �u�n�t�r�a�n�s�f�o�r�m�e�d� �d�a�t�a� �u�s�i�n�g� 

�S�A�S� �G�L�M� �p�r�o�c�e�d�u�r�e� �(�S�A�S� �1�9�8�5�)�.� 

�R�e�s�u�l�t�s� 

�R�e�c�o�v�e�r�y� �o�f� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�I�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�,� �e�m�b�r�y�o�s� �c�o�n�t�i�n�u�e�d� �t�o� �b�e� �p�r�o�d�u�c�e�d� �b�y� �a�n�t�h�e�r�s� �r�e�p�l�a�c�e�d� �i�n� 

�c�u�l�t�u�r�e� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �e�m�b�r�y�o� �h�a�r�v�e�s�t�.� �G�e�n�o�t�y�p�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n� 

�(�T�a�b�l�e� �1�)�.� �I�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�,� �A�P�B�3� �y�i�e�l�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �e�m�b�r�y�o�s� �t�h�a�n� �A�P�M�1� 

�i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �(�2�0� �v�s� �9� �p�e�r� �f�l�a�s�k�)� �a�n�d� �A�P�C�3� �i�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �(�2�2� �v�s� �1�0� 

�p�e�r� �f�l�a�s�k�)� �(�T�a�b�l�e� �2�)�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �h�a�r�v�e�s�t�s� �w�a�s� �f�o�u�n�d� �i�n� �t�h�e� �s�e�c�o�n�d� 

�e�x�p�e�r�i�m�e�n�t� �w�h�e�r�e� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �a�t� �t�h�e� 

�s�e�c�o�n�d� �h�a�r�v�e�s�t� �(�2�4� �v�s� �8� �p�e�r� �f�l�a�s�k�)�.� �H�o�w�e�v�e�r� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �h�a�r�v�e�s�t�s� �w�a�s� �f�o�u�n�d� 

�i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �(�T�a�b�l�e� �2�)�.� �F�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�C�3� 

�h�a�d� �h�i�g�h�e�r� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�,� �b�u�t� �A�P�M�1� �h�a�d� �h�i�g�h�e�r� �y�i�e�l�d� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� 

�(�T�a�b�l�e� �3�)�.� �D�a�t�e� �o�f� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �f�i�r�s�t� 

�e�x�p�e�r�i�m�e�n�t� �(�2�8�,� �1�4�,� �0�.�5� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �a�t� �3� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s�)� �w�h�e�r�e�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �d�a�t�e�s� �o�f� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n� �w�a�s� �f�o�u�n�d� �i�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �(�T�a�b�l�e� �2�)�.� 
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�E�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�a�t� �a�t� �t�h�e� 

�s�e�c�o�n�d� �h�a�r�v�e�s�t�.� �I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �a�v�e�r�a�g�e�s� �o�f� �2�6� �a�n�d� �7� �e�m�b�r�y�o�s�/�f�l�a�s�k� �w�e�r�e� 

�p�r�o�d�u�c�e�d� �f�r�o�m� �A�P�B�3� �a�n�d� �A�P�M�1�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� �S�i�m�i�l�a�r�l�y�,� �a�v�e�r�a�g�e�s� 

�o�f� �1�4� �a�n�d� �1�1� �e�m�b�r�y�o�s�/�f�l�a�s�k� �w�e�r�e� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �t�w�o� �c�l�o�n�e�s� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�.� 

�R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �p�e�r� �f�l�a�s�k� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �p�o�s�i�t�i�v�e�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �(�e�m�b�r�y�o�2� �=� 

�0�.�8� �+� �0�.�5�-�e�m�b�r�y�o�l�,� �P�<�0�.�0�0�1�)�.� �I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�,� �m�e�a�n� �e�m�b�r�y�o� �y�i�e�l�d�s� �p�e�r� �f�l�a�s�k� 

�a�t� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� �w�e�r�e� �3�3� �a�n�d� �1�1� �f�o�r� �A�P�B�3� �a�n�d� �1�4� �a�n�d� �5� �f�o�r� �A�P�C�3�.� 

�R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�e� �s�a�m�e� �t�r�e�n�d� �a�s� �b�e�f�o�r�e� �(�e�m�b�r�y�o�2� �=� �0�.�6� �+� �0�.�3� �e�m�b�r�y�o�l�,� 

�P�<�0�.�0�1�)� �(�T�a�b�l�e� �3�)�.� 

�M�e�d�i�u�m� �e�f�f�e�c�t� �o�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� 

�T�w�o� �m�e�d�i�u�m� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�o�r� �t�h�e�i�r� �e�f�f�e�c�t� �o�n� �t�h�e� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n� 

�i�n� �e�x�t�e�n�d�e�d� �c�u�l�t�u�r�e� �w�h�e�r�e� �a�n�t�h�e�r�s� �w�e�r�e� �e�i�t�h�e�r� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �s�a�m�e� �u�s�e�d� �m�e�d�i�u�m� �o�r� 

�t�r�a�n�s�f�e�r�r�e�d� �t�o� �f�r�e�s�h� �m�e�d�i�u�m�.� �A�P�B�3� �a�n�d� �A�P�C�3� �w�e�r�e� �u�s�e�d� �a�s� �a�n�t�h�e�r� �d�o�n�o�r�s�.� �S�i�g�n�i�f�i�c�a�n�t�l�y� 

�m�o�r�e� �e�m�b�r�y�o�s� �w�e�r�e� �p�r�o�d�u�c�e�d� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �i�n� �t�h�e� �o�l�d� �m�e�d�i�u�m� �(�1�6� �p�e�r� �f�l�a�s�k�)� �t�h�a�n� 

�i�n� �t�h�e� �f�r�e�s�h� �m�e�d�i�u�m� �(�4� �p�e�r� �f�l�a�s�k�)� �(�T�a�b�l�e�s� �4� �a�n�d� �5�)�.� �G�e�n�o�t�y�p�e�,� �d�a�t�e� �(�G�e�n�o�t�y�p�e�)�,� �a�n�d� 

�g�e�n�o�t�y�p�e� �x� �m�e�d�i�u�m� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �(�T�a�b�l�e� �4�)�.� 
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�E�m�b�r�y�o� �q�u�a�l�i�t�y� �a�n�d� �r�e�g�e�n�e�r�a�t�i�o�n� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� 

�E�m�b�r�y�o� �q�u�a�l�i�t�y� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�y� �g�e�n�e�r�a�l� �a�p�p�e�a�r�a�n�c�e�,� �f�r�a�g�i�l�i�t�y� �o�n� �t�r�a�n�s�f�e�r�,� �a�n�d� 

�r�e�g�e�n�e�r�a�b�i�l�i�t�y�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e� �e�m�b�r�y�o� �q�u�a�l�i�t�y� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �w�a�s� �p�o�o�r�e�r� 

�t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�.� �S�o�m�e� �o�f� �t�h�e� �f�l�a�s�k�s� �o�f� �b�o�t�h� �A�P�B�3� �a�n�d� �A�P�M�1� �i�n� 

�t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �a�n�d� �A�P�B�3� �i�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �p�r�o�d�u�c�e�d� �m�a�s�s�e�s� �o�f� �t�i�n�y� �e�m�b�r�y�o�s� 

�(�F�i�g� �1�)�.� �T�h�e�s�e� �e�m�b�r�y�o�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �v�e�r�y� �p�o�o�r� �q�u�a�l�i�t�y�,� �n�o� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� 

�f�r�o�m� �t�h�e�m�.� �M�o�s�t� �o�f� �t�h�e�s�e� �e�m�b�r�y�o�s� �w�e�r�e� �t�i�n�y� �g�l�o�b�u�l�a�r� �s�t�r�u�c�t�u�r�e�s�,� �w�h�e�r�e�a�s� �o�t�h�e�r�s� �w�e�r�e� 

�l�o�o�s�e�l�y� �c�o�m�p�a�c�t�e�d� �i�n�t�o� �f�r�a�g�i�l�e� �g�l�o�b�s� �t�h�a�t� �w�e�r�e� �s�h�a�t�t�e�r�e�d� �o�n� �h�a�n�d�l�i�n�g�.� �T�h�e�s�e� �f�l�a�s�k�s� �w�e�r�e� 

�c�o�u�n�t�e�d� �a�s� �m�i�s�s�i�n�g� �v�a�l�u�e�s� �w�h�e�n� �d�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �h�e�a�l�t�h� �c�o�n�d�i�t�i�o�n� 

�o�f� �t�h�e� �p�l�a�n�t�s� �w�h�e�n� �b�u�d�s� �w�e�r�e� �p�i�c�k�e�d�,� �m�o�r�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �l�i�k�e�l�y� �t�o� �o�c�c�u�r� �i�n� �e�x�t�e�n�d�e�d� 

�a�n�t�h�e�r� �c�u�l�t�u�r�e� �t�h�a�n� �i�n� �t�h�e� �f�i�r�s�t� �6� �w�e�e�k�s� �c�u�l�t�u�r�e� �p�e�r�i�o�d�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �w�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� 

�i�n� �c�o�n�t�a�m�i�n�a�t�i�o�n� �r�a�t�e� �b�e�t�w�e�e�n� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �p�h�a�s�e� �o�f� �t�h�e� �c�u�l�t�u�r�e�d� �e�m�b�r�y�o�s� �f�r�o�m� �f�i�r�s�t� 

�a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �(�T�a�b�l�e� �6�)�.� 

�T�h�e� �c�o�n�v�e�r�s�i�o�n� �r�a�t�e� �o�f� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �w�a�s� �l�o�w�e�r� �t�h�a�n� �t�h�a�t� �o�f� �f�i�r�s�t� �h�a�r�v�e�s�t� 

�e�m�b�r�y�o�s� �(�T�a�b�l�e� �7�)�.� �I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �u�s�i�n�g� �A�P�B�3� �a�n�d� �A�P�M�]� �a�s� �a�n�t�h�e�r� �d�o�n�o�r�,� �f�o�r� 

�t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�e�d� �e�m�b�r�y�o�s�,� �a� �t�o�t�a�l� �o�f� �2�0�8� �p�l�a�n�t�s� �w�a�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �1�,�4�4�4� �e�m�b�r�y�o�s� 

�c�u�l�t�u�r�e�d�,� �y�i�e�l�d�i�n�g� �a�n� �o�v�e�r�a�l�l� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �o�f� �1�4�.�4�%�.� �F�r�o�m� �1�1�5�3� �A�P�B�3� 

�e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �2�0�6� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d�;� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �w�a�s� �1�7�.�9�%�.� 

�A�P�M�1� �h�a�d� �l�o�w�e�r� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �(�0�.�7�%�)� �t�h�a�n� �A�P�B�3�;� �o�n�l�y� �2� �p�l�a�n�t�s� �w�e�r�e� 

�r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �2�9�1� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�.� �F�o�r� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�e�d� �e�m�b�r�y�o�s�,� �t�h�e� �o�v�e�r�a�l�l� 

�r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �w�a�s� �4�.�6�%�.� �O�f� �5�5�6� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �4�2� �A�P�B�3� �p�l�a�n�t�s� �w�e�r�e� 

�4�9



�r�e�g�e�n�e�r�a�t�e�d� �(�9�.�7�%�)�.� �H�o�w�e�v�e�r�,� �f�r�o�m� �3�5�2� �A�P�M�1� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �n�o�n�e� �r�e�g�e�n�e�r�a�t�e�d� �i�n�t�o� 

�p�l�a�n�t�s� �(�T�a�b�l�e� �7�)�.� �S�i�x� �f�l�a�s�k�s� �o�f� �a�n�t�h�e�r�s� �f�r�o�m� �A�P�B�3� �a�n�d� �A�P�M�1� �w�e�r�e� �c�o�n�t�i�n�u�e�d� �i�n� �c�u�l�t�u�r�e� 

�f�o�r� �a�n�o�t�h�e�r� �6� �w�e�e�k�s� �a�f�t�e�r� �s�e�c�o�n�d� �h�a�r�v�e�s�t�;� �a�t� �t�h�e� �t�h�i�r�d� �h�a�r�v�e�s�t�,� �o�n�l�y� �1� �f�l�a�s�k� �o�f� �A�P�B�3� 

�y�i�e�l�d�e�d� �1�9�3� �e�m�b�r�y�o�s�,� �4� �o�f� �w�h�i�c�h� �f�o�r�m�e�d� �s�h�o�o�t�s� �b�u�t� �n�o�n�e� �r�e�g�e�n�e�r�a�t�e�d� �i�n�t�o� �w�h�o�l�e� �p�l�a�n�t�s� 

�(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�,� �u�s�i�n�g� �A�P�B�3� �a�n�d� �A�P�C�3� �a�s� �a�n�t�h�e�r� �d�o�n�o�r�s�,� �a� �t�o�t�a�l� �o�f� �5�1� 

�p�l�a�n�t�s� �w�a�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �8�1�0� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�;� �t�h�e� �o�v�e�r�a�l�l� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� 

�w�a�s� �6�.�3�%�.� �O�f� �6�0�0� �A�P�B�3� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �3�3� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d�,� �y�i�e�l�d�i�n�g� �a� 

�r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �o�f� �5�.�5�%�.� �S�i�m�i�l�a�r�l�y�,� �1�8� �A�P�C�3� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �2�1�0� 

�e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�;� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �w�a�s� �8�.�6�%�.� �A�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�,� �t�h�e� �o�v�e�r�a�l�l� 

�r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �w�a�s� �2�.�9�%�.� �O�n�l�y� �1� �A�P�B�3� �p�l�a�n�t� �w�a�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �1�2�0� 

�e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d�,� �a�n�d� �7� �A�P�C�3� �p�l�a�n�t�s� �w�e�r�e� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �1�5�6� �e�m�b�r�y�o�s� �c�u�l�t�u�r�e�d� �(�T�a�b�l�e� 

�7�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �a�n�d� 

�s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� �e�m�b�r�y�o�s� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �r�e�q�u�i�r�e�d� �m�o�r�e� �t�i�m�e� �t�o� 

�r�e�g�e�n�e�r�a�t�e� �i�n�t�o� �p�l�a�n�t�s� �t�h�a�n� �t�h�o�s�e� �o�f� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �(�F�i�g�s�.� �2�)�.� �I�n� �t�h�e� �c�u�l�t�u�r�e� �o�f� �f�i�r�s�t� 

�h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �f�r�o�m� �A�P�B�3�,� �3�7�.�4�%� �o�f� �t�o�t�a�l� �e�m�b�r�y�o�s� �r�e�g�e�n�e�r�a�t�e�d� �a�f�t�e�r� �6� �w�e�e�k�s� �i�n� 

�r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�,� �e�m�b�r�y�o�s� �c�o�n�t�i�n�u�e�d� �t�o� �r�e�g�e�n�e�r�a�t�e� �e�v�e�n� �a�f�t�e�r� �5� �s�u�b�c�u�l�t�u�r�e�s�,� �t�h�a�t� �i�s�,� 

�1�5� �w�e�e�k�s� �a�f�t�e�r� �e�m�b�r�y�o�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �c�u�l�t�u�r�e� 

�o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� �n�o� �e�m�b�r�y�o�s� �r�e�g�e�n�e�r�a�t�e�d� �w�i�t�h�i�n� �f�i�r�s�t� �3� �w�e�e�k�s� �o�f� �c�u�l�t�u�r�e�,� 

�a�n�d� �o�n�l�y� �1�9�%� �o�f� �t�o�t�a�l� �e�m�b�r�y�o�s� �r�e�g�e�n�e�r�a�t�e�d� �a�f�t�e�r� �6� �w�e�e�k�s� �i�n� �r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�.� 

�B�e�c�a�u�s�e� �o�f� �p�o�o�r� �q�u�a�l�i�t�y� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� �t�h�e�y� �w�e�r�e� �d�i�s�c�a�r�d�e�d� �a�f�t�e�r� �4� 
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�s�u�b�c�u�l�t�u�r�e�s� �(�F�i�g�.� �2�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �r�e�g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �e�a�c�h� �t�r�a�n�s�f�e�r� �i�s� �s�h�o�w�n� 

�i�n� �F�i�g�.� �3�.� �M�o�r�e� �e�m�b�r�y�o�s� �f�r�o�m� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �r�e�g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �9� �w�e�e�k�s� 

�c�u�l�t�u�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �(�F�i�g�.� �3�)�.� �T�h�e� �c�l�o�n�e� �A�P�M�1� �w�a�s� �n�o�t� 

�i�n�c�l�u�d�e�d� �b�e�c�a�u�s�e� �o�n�l�y� �2� �p�l�a�n�t�s� �r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �a�n�d� �n�o� �p�l�a�n�t�s� 

�r�e�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �(�s�e�e� �T�a�b�l�e� �7�)�.� �D�u�e� �t�o� �f�r�e�q�u�e�n�t� 

�c�o�n�t�a�m�i�n�a�t�i�o�n� �a�n�d� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�,� 

�t�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �u�s�i�n�g� �A�P�B�3� �a�n�d� �A�P�C�3� �a�s� �a�n�t�h�e�r� �d�o�n�o�r� �w�e�r�e� �n�o�t� 

�r�e�l�i�a�b�l�e�;� �t�h�e�r�e�f�o�r�e�,� �i�t� �w�a�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �d�a�t�a� �a�n�a�l�y�s�i�s�,� �b�u�t� �t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �d�a�t�a� �f�r�o�m� �t�h�e� 

�f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �a�p�p�e�a�r�e�d� �t�o� �e�x�h�i�b�i�t� �t�h�e� �s�a�m�e� �t�r�e�n�d� �a�s� �s�h�o�w�n� �i�n� �F�i�g�s�.� �2� �a�n�d� �3�.� 

�P�l�o�i�d�y� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �d�i�p�l�o�i�d�s� �(�T�a�b�l�e� �8�)�.� �T�h�i�s� �i�s� �e�x�p�e�c�t�e�d� 

�b�e�c�a�u�s�e� �a�n�t�h�e�r� �d�o�n�o�r�s� �A�P�B�3�,� �A�P�M�1� �a�n�d� �A�P�C�3� �h�a�v�e� �a�l�l� �b�e�e�n� �s�e�l�e�c�t�e�d� �f�o�r� �h�i�g�h� �2�n� �p�o�l�l�e�n� 

�f�r�e�q�u�e�n�c�y�.� 

�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �e�m�b�r�y�o�s� �c�a�n� �c�o�n�t�i�n�u�e� �t�o� �b�e� �p�r�o�d�u�c�e�d� �f�r�o�m� �c�u�l�t�u�r�e�d� 

�a�n�t�h�e�r�s� �a�f�t�e�r� �o�n�e� �o�r� �e�v�e�n� �t�w�o� �h�a�r�v�e�s�t�s�.� �C�o�n�s�i�d�e�r�a�b�l�y� �h�i�g�h� �e�m�b�r�y�o� �y�i�e�l�d�s� �w�e�r�e� �p�r�o�d�u�c�e�d� 

�a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �c�l�o�n�e� �A�P�M�1� �w�h�i�c�h� �p�r�o�d�u�c�e�d� �m�o�r�e� �e�m�b�r�y�o�s� �i�n� �t�h�e� 

�s�e�c�o�n�d� �h�a�r�v�e�s�t� �t�h�a�n� �i�n� �t�h�e� �f�i�r�s�t�.� �o�r� �c�l�o�n�e�s� �A�P�B�3� �a�n�d� �A�P�C�3�,� �m�o�r�e� �e�m�b�r�y�o�s� �w�e�r�e� 

�p�r�o�d�u�c�e�d� �i�n� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �t�h�a�n� �i�n� �t�h�e� �s�e�c�o�n�d�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d� 

�i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �m�a�y� �b�e� �g�e�n�o�t�y�p�e� �d�e�p�e�n�d�e�n�t�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�m�b�r�y�o� �q�u�a�l�i�t�y� �a�n�d� 

�t�h�e� �r�e�g�e�n�e�r�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �p�o�o�r�e�r� �f�o�r� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� 
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�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�.� �T�h�e� �m�i�c�r�o�s�p�o�r�e�s� �w�h�i�c�h� �a�r�e� �a�b�l�e� �t�o� �c�o�n�v�e�r�t� �i�n�t�o� 

�a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �i�n� �a� �s�h�o�r�t�e�r� �p�e�r�i�o�d� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �r�e�g�e�n�e�r�a�t�e� �i�n�t�o� �p�l�a�n�t�s� �w�h�e�r�e�a�s� 

�t�h�o�s�e� �r�e�q�u�i�r�i�n�g� �l�o�n�g�e�r� �p�e�r�i�o�d� �a�r�e� �m�o�r�e� �r�e�c�a�l�c�i�t�r�a�n�t�.� 

�A�l�t�h�o�u�g�h� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �h�a�s� �b�e�e�n� �a� �r�o�u�t�i�n�e� �t�e�c�h�n�i�q�u�e� �i�n� �b�r�e�e�d�i�n�g� �p�r�o�g�r�a�m�s� �a�n�d� 

�g�e�n�e�t�i�c� �s�t�u�d�i�e�s�,� �l�i�t�t�l�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �h�a�s� �b�e�e�n� �g�a�i�n�e�d� �a�b�o�u�t� �t�h�e� �i�n�d�u�c�t�i�o�n� �p�r�o�c�e�s�s� �i�n�v�o�l�v�e�d�.� 

�E�v�e�n� �f�o�r� �a� �h�i�g�h�l�y� �r�e�s�p�o�n�s�i�v�e� �c�l�o�n�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �e�m�b�r�y�o�s� �p�r�o�d�u�c�e�d� �p�e�r� �c�u�l�t�u�r�e�d� �a�n�t�h�e�r� 

�i�s� �g�e�n�e�r�a�l�l�y� �l�o�w�,� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �m�i�c�r�o�s�p�o�r�e�s� �w�i�t�h�i�n� �e�a�c�h� �a�n�t�h�e�r�.� �I�n� �o�u�r� 

�s�t�u�d�y�,� �s�o�m�e� �f�l�a�s�k�s� �p�r�o�d�u�c�e�d� �a� �l�a�r�g�e� �m�a�s�s� �o�f� �e�m�b�r�y�o�s� �a�t� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t�.� �H�o�w�e�v�e�r�,� 

�n�o�n�e� �o�f� �t�h�e�s�e� �t�i�n�y� �e�m�b�r�y�o�s� �w�a�s� �a�b�l�e� �t�o� �r�e�g�e�n�e�r�a�t�e� �i�n�t�o� �w�h�o�l�e� �p�l�a�n�t�s� �u�n�d�e�r� �t�h�e� 

�r�e�g�e�n�e�r�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �g�e�n�e�r�a�l�l�y� �u�s�e�d� �f�o�r� �e�m�b�r�y�o� �c�o�n�v�e�r�s�i�o�n�.� �T�h�e�s�e� �f�l�a�s�k�s� �w�e�r�e� �c�o�u�n�t�e�d� 

�a�s� �m�i�s�s�i�n�g� �v�a�l�u�e�s� �i�n� �a�l�l� �d�a�t�a� �a�n�a�l�y�s�e�s�.� �B�e�c�a�u�s�e� �o�n�l�y� �a� �f�e�w� �f�l�a�s�k�s� �p�r�o�d�u�c�e�d� �m�a�s�s�e�s� �o�f� 

�e�m�b�r�y�o�s�,� �s�o�m�e� �u�n�k�n�o�w�n� �f�a�c�t�o�r�s� �c�r�i�t�i�c�a�l� �t�o� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �m�i�c�r�o�s�p�o�r�e�s� �t�o� �a�n�d�r�o�g�e�n�i�c� 

�e�m�b�r�y�o�s� �m�a�y� �h�a�v�e� �b�e�e�n� �r�e�q�u�i�r�e�d�.� 

�A� �s�i�g�n�i�f�i�c�a�n�t� �r�e�g�r�e�s�s�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� �o�f� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s� 

�w�a�s� �f�o�u�n�d�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �a�n�t�h�e�r�s� �t�h�a�t� �p�r�o�d�u�c�e�d� �h�i�g�h� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� 

�h�a�r�v�e�s�t� �t�i�m�e� �w�e�r�e� �l�i�k�e�l�y� �t�o� �c�o�n�t�i�n�u�e� �t�o� �y�i�e�l�d� �e�m�b�r�y�o�s� �i�n� �t�h�e� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �O�n� 

�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�f� �a�n�t�h�e�r�s� �a�r�e� �u�n�a�b�l�e� �t�o� �p�r�o�d�u�c�e� �e�m�b�r�y�o�s� �o�r� �p�r�o�d�u�c�e� �o�n�l�y� �a� �f�e�w� �e�m�b�r�y�o�s�,� 

�t�h�e�y� �a�r�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �p�r�o�d�u�c�e� �e�m�b�r�y�o�s� �i�n� �t�h�e� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�s�o�m�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� �f�a�c�t�o�r�s�,� �s�u�c�h� �a�s� �m�i�c�r�o�s�p�o�r�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �o�r� �t�h�e� �g�r�o�w�t�h� 

�c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�,� �i�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�o� �t�h�e� �h�i�g�h� �y�i�e�l�d� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s�.� 

�L�o�n�g�e�r� �c�u�l�t�u�r�e� �p�e�r�i�o�d� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �r�e�g�e�n�e�r�a�b�l�e� �e�m�b�r�y�o� �y�i�e�l�d�s�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� 

�m�i�c�r�o�s�p�o�r�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �a�n�d� �t�h�e� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n� �o�f� �d�o�n�o�r� �p�l�a�n�t�s� �t�o� �t�h�e� 
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�a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �a� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s�,� �s�u�c�h� �a�s� �p�o�t�a�t�o� �(�S�n�i�d�e�r� 

�&� �V�e�i�l�l�e�u�x� �1�9�9�4�)� �a�n�d� �B�r�a�s�s�i�c�a� �n�a�p�u�s� �(�L�o� �e�t� �a�l�.� �1�9�9�2�;� �T�e�l�m�e�r� �e�t� �a�l�.� �1�9�9�2�)�.� 

�I�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�,� �g�e�n�o�t�y�p�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n�.� �T�h�i�s� 

�o�b�s�e�r�v�a�t�i�o�n� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� �r�e�p�o�r�t�s� �(�C�a�p�p�a�d�o�c�i�a� �e�t� �a�l�.� �1�9�8�4�;� �U�h�r�i�g� �1�9�8�5�;� 

�S�o�n�n�i�n�o� �e�t� �a�l�.� �1�9�8�9�;� �S�i�n�g�s�i�t� �a�n�d� �V�e�i�l�l�e�u�x� �1�9�8�9�)�.� 

�T�h�e� �d�a�t�e� �o�f� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �f�i�r�s�t� 

�e�x�p�e�r�i�m�e�n�t�,� �b�u�t� �n�o�t� �i�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �q�u�a�l�i�t�y� �o�f� �b�u�d�s� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�f� �b�u�d�s� 

�w�i�t�h� �m�i�c�r�o�s�p�o�r�e�s� �a�t� �t�h�e� �p�r�o�p�e�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� �m�a�y� �v�a�r�y� �f�r�o�m� �t�i�m�e� �t�o� �t�i�m�e�.� �O�t�h�e�r� 

�f�a�c�t�o�r�s�,� �s�u�c�h� �a�s� �t�e�m�p�e�r�a�t�u�r�e� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �d�o�n�o�r� �p�l�a�n�t�s� �o�r� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� 

�d�o�n�o�r� �p�l�a�n�t�s� �p�r�e�c�e�d�i�n�g� �b�u�d� �h�a�r�v�e�s�t� �m�a�y� �a�l�s�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d�.� �B�y� 

�c�o�n�d�u�c�t�i�n�g� �t�w�o� �o�r� �t�h�r�e�e� �r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �d�a�y�,� �t�h�e� �e�r�r�o�r� �t�e�r�m� �c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� �s�u�b�t�r�a�c�t�i�n�g� 

�d�a�y� �t�o� �d�a�y� �v�a�r�i�a�n�c�e� �a�n�d� �t�h�u�s� �a�l�l�o�w�i�n�g� �a� �m�o�r�e� �p�o�w�e�r�f�u�l� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�r�e�a�t�m�e�n�t� 

�e�f�f�e�c�t�s�.� 

�T�h�e� �o�l�d� �m�e�d�i�u�m� �a�p�p�e�a�r�e�d� �t�o� �b�e� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �f�r�e�s�h� �m�e�d�i�u�m� �f�o�r� �t�h�e� �e�x�t�e�n�d�e�d� 

�a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �T�h�i�s� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �o�l�d� �m�e�d�i�u�m� �a�c�t�e�d� �a�s� �a� �c�o�n�d�i�t�i�o�n�e�d� �m�e�d�i�u�m�.� 

�A�l�t�e�r�n�a�t�i�v�e�l�y�,� �t�h�e� �o�l�d� �m�e�d�i�u�m� �m�a�y� �a�c�t�u�a�l�l�y� �c�o�n�t�a�i�n� �m�i�n�u�t�e� �e�m�b�r�y�o�s� �t�h�a�t� �p�a�s�s�e�d� �t�h�r�o�u�g�h� 

�t�h�e� �s�i�e�v�e� �a�n�d� �d�e�v�e�l�o�p�e�d� �i�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �E�m�b�r�y�o�s� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �h�a�d� 

�l�o�w�e�r� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e�s� �a�n�d� �r�e�q�u�i�r�e�d� �m�o�r�e� �t�i�m�e� �t�o� �r�e�g�e�n�e�r�a�t�e� �i�n�t�o� �p�l�a�n�t�s� �c�o�m�p�a�r�e�d� �t�o� 

�t�h�o�s�e� �f�r�o�m� �t�h�e� �f�i�r�s�t� �h�a�r�v�e�s�t�.� �T�h�i�s� �m�a�y� �b�e� �d�u�e� �t�o� �p�o�o�r� �q�u�a�l�i�t�y� �o�f� �t�h�e� �s�e�c�o�n�d� �h�a�r�v�e�s�t� 

�e�m�b�r�y�o�s�.� 

�O�u�r� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �e�m�b�r�y�o�s� �c�a�n� �c�o�n�t�i�n�u�e� �t�o� �b�e� �p�r�o�d�u�c�e�d� �f�r�o�m� �c�u�l�t�u�r�e�d� 

�a�n�t�h�e�r�s� �a�f�t�e�r� �o�n�e� �o�r� �e�v�e�n� �t�w�o� �h�a�r�v�e�s�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�o�u�r�c�e� �o�f� �t�h�e� �e�m�b�r�y�o�s� �p�r�o�d�u�c�e�d� 
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�a�f�t�e�r� �t�h�e� �f�i�r�s�t� �o�r� �s�e�c�o�n�d� �h�a�r�v�e�s�t�,� �w�h�i�c�h� �w�a�s� �a�s� �l�a�t�e� �a�s� �1�8� �w�e�e�k�s� �a�f�t�e�r� �c�u�l�t�u�r�e� �i�n�i�t�i�a�t�i�o�n�,� 

�r�e�m�a�i�n�s� �t�o� �b�e� �s�t�u�d�i�e�d�.� �T�h�e�y� �m�i�g�h�t� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �i�n�d�i�v�i�d�u�a�l� �m�i�c�r�o�s�p�o�r�e�s� �r�e�l�e�a�s�e�d� 

�i�n� �t�h�e� �m�e�d�i�u�m� �o�r� �s�t�i�l�l� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �r�e�p�l�a�c�e�d� �a�n�t�h�e�r�s�.� �I�t� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� �t�h�a�t� 

�m�i�c�r�o�s�c�o�p�i�c� �s�e�c�o�n�d�a�r�y� �e�m�b�r�y�o�s� �p�a�s�s�e�d� �t�h�r�o�u�g�h� �w�i�r�e� �m�e�s�h� �s�i�e�v�e� �d�u�r�i�n�g� �f�i�r�s�t� �h�a�r�v�e�s�t�,� 

�r�e�m�a�i�n�e�d� �i�n� �t�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �a�n�d� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �C�h�o� �a�n�d� 

�K�a�s�h�a� �(�1�9�8�9�,� �1�9�9�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�n�d�r�o�g�e�n�i�c� �i�n�d�u�c�t�i�o�n� �o�c�c�u�r�s� �o�n�l�y� �i�n� �e�a�r�l�y� �a�n�t�h�e�r� �c�u�l�t�u�r�e� 

�s�t�a�g�e�.� �I�f� �t�h�e� �s�e�c�o�n�d� �o�r� �t�h�i�r�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s� �a�r�e� �f�r�o�m� �i�n�d�i�v�i�d�u�a�l� �m�i�c�r�o�s�p�o�r�e�s�,� �f�u�r�t�h�e�r� 

�c�y�t�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �c�l�a�r�i�f�y� �w�h�e�t�h�e�r� �t�h�e�y� �c�a�m�e� �f�r�o�m� �e�a�r�l�y� �a�n�d�r�o�g�e�n�i�c� 

�i�n�d�u�c�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� �a� �l�a�t�e�n�t� �p�e�r�i�o�d� �f�o�r� �i�n�d�u�c�e�d� �m�i�c�r�o�s�p�o�r�e� �t�o� �d�e�v�e�l�o�p� �i�n�t�o� �e�m�b�r�y�o�s�,� �o�r� 

�f�r�o�m� �a� �d�e�l�a�y�e�d� �a�n�d�r�o�g�e�n�i�c� �i�n�d�u�c�t�i�o�n�.� �S�t�u�d�i�e�s� �a�r�e� �a�l�s�o� �n�e�e�d�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �f�a�c�t�o�r�s� �t�h�a�t� 

�m�a�y� �b�e� �r�e�q�u�i�r�e�d� �i�n� �p�r�o�d�u�c�t�i�o�n� �o�f� �m�a�s�s�i�v�e� �n�u�m�b�e�r�s� �o�f� �e�m�b�r�y�o�s� �i�n� �s�o�m�e� �f�l�a�s�k�s�.� �A�l�t�h�o�u�g�h� 

�a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �e�m�b�r�y�o� �y�i�e�l�d� �w�a�s� �o�b�t�a�i�n�e�d� �d�u�r�i�n�g� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �h�i�g�h� 

�c�o�n�t�a�m�i�n�a�t�i�o�n� �a�n�d� �l�o�w� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e� �e�l�i�m�i�n�a�t�e� �a�n�y� �p�r�a�c�t�i�c�a�l� �u�s�e� �o�f� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� 

�c�u�l�t�u�r�e�.� �A� �b�e�t�t�e�r� �r�e�g�e�n�e�r�a�t�i�o�n� �p�r�o�t�o�c�o�l� �m�a�y� �b�e� �n�e�e�d�e�d� �t�o� �i�m�p�r�o�v�e� �r�e�g�e�n�e�r�a�t�i�o�n� �r�a�t�e� �o�f� 

�s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�.� 

�R�e�f�e�r�e�n�c�e�s� 

�B�i�d�d�i�n�g�t�o�n� �N�L�,� �R�o�b�i�n�s�o�n� �H�T� �(�1�9�9�1�)� �E�t�h�y�l�e�n�e� �p�r�o�d�u�c�t�i�o�n� �d�u�r�i�n�g� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� 
�B�r�u�s�s�e�l�s� �s�p�r�o�u�t�s� �(�B�r�a�s�s�i�c�a� �o�l�e�r�a�c�e�a� �v�a�r�.� �g�e�m�m�i�f�e�r�a�)� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �f�a�c�t�o�r�s� �t�h�a�t� 
�a�f�f�e�c�t� �e�m�b�r�y�o� �p�r�o�d�u�c�t�i�o�n�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� �2�5�:�1�6�9�-�1�7�7�.� 

�C�a�p�p�a�d�o�c�i�a� �H�,� �C�h�e�n�g� �D�S�K�,� �L�u�d�l�u�m�-�S�i�m�o�n�e�t�t�e� �R� �(�1�9�8�4�)� �P�l�a�n�t� �r�e�g�e�n�e�r�a�t�i�o�n� �f�o�r�m� �i�n� �v�i�t�r�o� 
�c�u�l�t�u�r�e� �o�f� �a�n�t�h�e�r�s� �o�f� �S�o�l�a�n�u�m� �c�h�a�c�o�e�n�s�e� �B�i�t�t�.� �a�n�d� �i�n�t�e�r�s�p�e�c�i�f�i�c� �d�i�p�l�o�i�d� �h�y�b�r�i�d�s� �S�.� 
�t�u�b�e�r�o�s�u�m� �L�.� �x� �S�.� �c�h�a�c�o�e�n�s�e� �b�i�t�t�.� �T�h�e�o�r� �A�p�p�l� �G�e�n�e�t� �6�9�:�1�3�1�-�1�4�3�.� 

�C�h�o� �U�H�,� �K�a�s�h�a� �K�J� �(�1�9�8�9�)� �E�t�h�y�l�e�n�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �e�m�b�r�y�o�g�e�n�e�s�i�s� �f�r�o�m� �a�n�t�h�e�r� �c�u�l�t�u�r�e�s� 
�o�f� �b�a�r�l�e�y� �(�H�o�r�d�e�u�m� �v�u�l�g�a�r�e�)�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �8�:�4�1�5�-�4�1�7�.� 
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�C�h�o� �U�H�,� �K�a�s�h�a� �K�J� �(�1�9�9�2�)� �R�e�l�a�t�i�o�n�s�h�i�p� �o�f� �s�e�n�e�s�c�e�n�c�e� �t�o� �a�n�d�r�o�g�e�n�e�s�i�s� �i�n� �b�a�r�l�e�y� 
�(�H�o�r�d�e�u�m� �v�u�l�g�a�r�e� �L�.� �c�v�.� �K�l�a�g�e�s�)�.� �J� �P�l�a�n�t� �P�h�y�s�i�o�l� �1�3�9�:�2�9�9�-�3�0�2�.� 

�G�a�m�b�o�r�g� �O�L�,� �H�i�l�l�e�r� �R�A�,� �O�j�i�m�a� �L� �(�1�9�6�8�)� �N�u�t�r�i�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �s�u�s�p�e�n�s�i�o�n� �c�u�l�t�u�r�e� �o�f� 
�s�o�y�b�e�a�n� �r�o�o�t� �c�e�l�l�s�.� �E�x�p�t�l� �C�e�l�l� �R�e�s� �5�0�:�1�5�1�1�5�8�.� 

�L�o� �K�H�,� �P�a�u�l�s� �K�P� �(�1�9�9�2�)� �P�l�a�n�t� �g�r�o�w�t�h� �e�n�v�i�r�o�n�m�e�n�t� �e�f�f�e�c�t�s� �o�n� �r�a�p�e�s�e�e�d� �m�i�c�r�o�s�p�o�r�e� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �c�u�l�t�u�r�e�.� �P�l�a�n�t� �P�h�y�s�i�o�l� �9�9�:�4�6�8�-�4�7�2�.� 

�M�u�r�a�s�h�i�g�e� �T�,� �S�k�o�o�g� �F� �(�1�9�6�2�)� �A� �r�e�v�i�s�e�d� �m�e�d�i�u�m� �f�o�r� �r�a�p�i�d� �g�r�o�w�t�h� �a�n�d� �b�i�o�a�s�s�a�y�s� �w�i�t�h� 
�t�o�b�a�c�c�o� �t�i�s�s�u�e� �c�u�l�t�u�r�e�s�.� �P�h�y�s�i�o�l�]� �P�l�a�n�t� �1�5�:�4�7�2�-�4�9�7�.� 

�O�w�e�n� �H�R�,� �V�e�i�l�l�e�u�x� �R�E�,� �L�e�v�y� �D�,� �O�c�h�s� �D�L� �(�1�9�8�8�)� �E�n�v�i�r�o�n�m�e�n�t�a�l�,� �g�e�n�o�t�y�p�i�c�,� �a�n�d� �p�l�o�i�d�y� 
�e�f�f�e�c�t�s� �o�n� �e�n�d�o�p�o�l�y�p�l�o�i�d�i�z�a�t�i�o�n� �w�i�t�h�i�n� �a� �g�e�n�o�t�y�p�e� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a� �a�n�d� �i�t�s� �d�e�r�i�v�a�t�i�v�e�s�.� 
�G�e�n�o�m�e� �3�0�:�5�0�6�-�5�1�0�.� 

�S�A�S� �(�1�9�8�5�)� �S�A�S� �u�s�e�r�'�s� �g�u�i�d�e�:� �s�t�a�t�i�s�t�i�c�s�.� �V�e�r�s�i�o�n� �5�.� �S�A�S� �I�n�s�t�i�t�u�t�e� �I�n�c�.�,� �C�a�r�y�,� �N�C�.� 

�S�n�i�d�e�r� �K�T�,� �V�e�i�l�l�e�u�x� �R�E� �(�1�9�9�4�)� �F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �i�n� 
�c�o�n�v�e�r�s�i�o�n� �o�f� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o�s� �o�f� �S�o�l�a�n�u�m� �p�h�u�r�e�j�a�.� �P�l�a�n�t� �C�e�l�l� �T�i�s�s�u�e� �O�r�g�a�n� �C�u�l�t� 
�3�6�:�3�4�5�-�3�5�4�.� 

�S�i�n�g�s�i�t� �C�,� �V�e�i�l�l�e�u�x� �R�E� �(�1�9�8�9�)� �I�n�t�r�a�-� �a�n�d� �i�n�t�e�r�s�p�e�c�i�f�i�c� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �a�n�d�r�o�g�e�n�e�t�i�c� 
�c�o�m�p�e�t�e�n�c�e� �i�n� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �s�p�e�c�i�e�s�.� �E�u�p�h�y�t�i�c�a� �4�3�:�1�0�5�-�1�1�2�.� 

�S�o�n�n�i�n�o� �A�,� �T�a�n�a�k�a� �S�,� �I�w�a�n�a�g�a� �M�,� �S�h�i�l�d�e�-�R�e�n�t�s�c�h�l�e�r� �L� �(�1�9�8�9�)� �G�e�n�e�t�i�c� �c�o�n�t�r�o�l� �o�f� �e�m�b�r�y�o� 
�f�o�r�m�a�t�i�o�n� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �d�i�p�l�o�i�d� �p�o�t�a�t�o�e�s�.� �P�l�a�n�t� �C�e�l�l� �R�e�p� �8�:�1�0�5�-�1�0�7�.� 

�T�e�l�m�e�r� �C�A�,� �S�i�m�m�o�n�d�s� �D�H�,� �N�e�w�c�o�m�b� �W� �(�1�9�9�2�)� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e� 
�t�o� �o�b�t�a�i�n� �h�i�g�h� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �e�m�b�r�y�o�g�e�n�i�c� �m�i�c�r�o�s�p�o�r�e�s� �i�n� �B�r�a�s�s�i�c�a� �n�a�p�u�s�.� �P�h�y�s�i�o�l� �P�l�a�n�t� 
�8�4�:�4�1�7�-�4�2�4�.� 

�U�h�r�i�g� �H� �(�1�9�8�5�)� �G�e�n�e�t�i�c� �s�e�l�e�c�t�i�o�n� �a�n�d� �l�i�q�u�i�d� �m�e�d�i�u�m� �c�o�n�d�i�t�i�o�n�s� �i�m�p�r�o�v�e� �t�h�e� �y�i�e�l�d� �o�f� 
�a�n�d�r�o�g�e�n�i�c� �p�l�a�n�t�s� �f�r�o�m� �d�i�p�l�o�i�d� �p�o�t�a�t�o�e�s�.� �T�h�e�o�r� �A�p�p�l� �G�e�n�e�t� �7�1�:�4�5�5�-�4�6�0�.� 
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�T�a�b�l�e� �1�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 

� � 

� � 

� � 

�E�x�p� �n�o�.�*� �S�o�u�r�c�e� �d�f� �M�S� �P�p� 

�1� �H�a�r�v�e�s�t� �1� �6�7�4�.�6� �0�.�4�0�4�3� 
�G�e�n�o�t�y�p�e� �1� �5�6�9�2�.�8� �0�.�0�1�6�2� 
�D�a�t�e� �2� �1�1�0�5�6�.�4� �0�.�0�0�0�1� 

�2� �H�a�r�v�e�s�t� �1� �7�8�8�4�.�4� �0�.�0�0�1�8� 
�G�e�n�o�t�y�p�e� �1� �5�0�9�1�.�2� �0�.�0�1�1�6� 

�D�a�t�e�(�G�e�n�o�t�y�p�e�)� �4� �2�4�6�.�5� �0�.�8�6�5�7� 
� � 

�*� �I�n� �e�x�p�e�r�i�m�e�n�t� �1�,� �c�l�o�n�e�s� �A�P�B�3� �a�n�d� �A�P�M�1� �w�e�r�e� �u�s�e�d�,� �a�n�t�h�e�r�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s�.� �I�n� 
�e�x�p�e�r�i�m�e�n�t� �2�,� �c�l�o�n�e�s� �A�P�B�3� �a�n�d� �A�P�C�3� �w�e�r�e� �u�s�e�d�,� �a�n�t�h�e�r�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� �s�i�x� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s�.� 
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�T�a�b�l�e� �2�.� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �i�n� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �d�i�p�l�o�i�d� �p�o�t�a�t�o�.� �E�a�c�h� �e�x�p�e�r�i�m�e�n�t� 
�w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�w�o� �g�e�n�o�t�y�p�e�s�,� �o�n� �t�h�r�e�e� �o�r� �s�i�x� �d�i�f�f�e�r�e�n�t� �d�a�t�e�s�,� �a�n�d� �e�m�b�r�y�o�s� �w�e�r�e� 
�h�a�r�v�e�s�t�e�d� �t�w�i�c�e�.� 
� � 

� � 

� � 

� � 

� � 

� � 

� � 

�E�x�p� �n�o�.� �T�r�e�a�t�m�e�n�t� �N� �M�e�a�n� �e�m�b�r�y�o�s�/�f�l�a�s�k�*� 

�1� �H�a�r�v�e�s�t� �1� �8�9� �1�6�°� 
�2� �8�4� �1�2�?� 

�G�e�n�o�t�y�p�e� �A�P�B�3� �8�8� �2�0�°� 
�A�P�M�1� �8�5� �9�°� 

�D�a�t�e� �1�1�/�2�6�/�9�2� �5�8� �2�8�°� 
�1�1�/�2�4�/�9�2� �6�0� �1�4�°� 
�1�1�/�2�3�/�9�2� �5�5� �<�1�*� 

�2� �H�a�r�v�e�s�t� �1� �6�8� �2�4�°� 
�2� �6�4� �8�°� 

�G�e�n�o�t�y�p�e� �A�P�B�3� �7�0� �2�2�?� 
�A�P�C�3� �6�2� �1�0�°� 

�D�a�t�e� �4�/�1�1�/�9�3� �2�4� �1�9�°� 
�4�/�1�4�/�9�3� �2�3� �2�6�°� 
�4�/�1�8�/�9�3� �2�3� �2�2�?� 
�6�/�2�5�/�9�3� �2�2� �8�?� 
�6�/�3�0�/�9�4� �2�2� �8�?� 
�7�/�0�2�/�9�3� �1�8� �1�5�?� 

� � 

�*� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �w�i�t�h�i�n� �e�a�c�h� �c�a�t�e�g�o�r�y�,� 
�e�.�g�.�,� �h�a�r�v�e�s�t�,� �g�e�n�o�t�y�p�e�,� �o�r� �d�a�t�e� �f�o�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�.� 
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�T�a�b�l�e� �3�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�i�n�g� �a� �p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �e�m�b�r�y�o� �y�i�e�l�d� 
�o�f� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 
� � 

� � � � 

�E�x�p� �C�l�o�n�e� �M�e�a�n� �e�m�b�r�y�o�s�/�f�l�a�s�k�*� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�*�*� 
�n�o�.� 

�I�s�t� �2�n�d� �p� �R�?� �E�q�u�a�t�i�o�n� 
�h�a�r�v�e�s�t� �h�a�r�v�e�s�t� 
� � 

�1� �A�P�B�3� � �2�6�+�5�.�5�°� �1�4�+�5�.�6�°� 
�0�.�0�0�0�1� �0�.�3�2� �e�m�b�2�=� �0�.�8�+�0�5� �e�m�b�l� 

�A�P�M�1 �� �7�+�3�.�2�?� �1�1�+�3�.�1�°� 
� � 

�2� �A�P�B�3� �3�3�+�5�.�6�°� �1�1�+�5�.�7�°� 
�0�.�0�0�4�8� �0�.�1�2� �e�m�b�2�=� �0�.�6�+�)�.�3� �e�m�b�l� 

�A�P�C�3� � �1�4�+�3�.�4�*� �5�+�3�.�5�°� 
� � 

�*� �M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� �C�o�m�p�a�r�i�s�o�n� �w�e�r�e� �m�a�d�e� �w�i�t�h�i�n� �e�a�c�h� �r�o�w�,� �i�.�e�.�,� 
�b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �f�o�r� �e�a�c�h� �c�l�o�n�e�.� 
�*�*� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �s�q�u�a�r�e� �r�o�o�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k�.� �E�m�b� �1� �a�n�d� 
�e�m�b� �2� �r�e�p�r�e�s�e�n�t� �e�m�b�r�y�o� �y�i�e�l�d� �a�t� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 
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�T�a�b�l�e� �4�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� �a�n�d�r�o�g�e�n�i�c� �e�m�b�r�y�o� �y�i�e�l�d� �o�f� �A�P�B�3� �a�n�d� �A�P�C�3� �o�n� 
�e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �u�s�i�n�g� �o�l�d� �o�r� �f�r�e�s�h� �m�e�d�i�u�m�.� 
� � 

� � 

�S�o�u�r�c�e� �d�f� �M�S� �P�p� 

�G�e�n�o�t�y�p�e� �1� �3�0�0�.�8� �0�.�2�4�4�8� 
�M�e�d�i�u�m� �1� �1�0�0�1�.�6� �0�.�0�4�0�5� 
�D�a�t�e�(�G�e�n�o�t�y�p�e�)� �4� �5�0�.�2� �0�.�9�1�3�3� 
�G�e�n�o�t�y�p�e�*�M�e�d�i�u�m� �]� �1�8�5�.�3� �0�.�3�5�8�3� 
� � 

�T�a�b�l�e� �5�.� �M�e�d�i�u�m� �e�f�f�e�c�t� �o�n� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �A�P�B�3� �a�n�d� �A�P�C�3�.� 
� � 

� � 

�M�e�d�i�u�m� �N� �M�e�a�n� �e�m�b�r�y�o�s�/�f�l�a�s�k� 

�O�l�d� �1�3� �1�6�+�4�.�0�°� 
�N�e�w� �1�6� �4�+�3�.�6�°� 
� � 

�M�e�a�n� �e�m�b�r�y�o�s� �p�e�r� �f�l�a�s�k� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�N�K�,� �5�%� �l�e�v�e�l�.� 
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�T�a�b�l�e� �6�. �� �C�o�m�p�a�r�i�s�o�n� �o�f� �c�o�n�t�a�m�i�n�a�t�i�o�n� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �s�i�x� �w�e�e�k�s� �c�u�l�t�u�r�e� �a�n�d� 
�e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e�;� �f�i�r�s�t� �h�a�r�v�e�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o� �c�u�l�t�u�r�e�.� 
� � 

� � � � 

� � 

� � 

�E�x�p� �C�l�o�n�e� �A�n�t�h�e�r� �c�u�l�t�u�r�e� �E�m�b�r�y�o� �c�u�l�t�u�r�e� 
�n�o�.� 

�f�i�r�s�t� �6� �e�x�t�e�n�d�e�d� �I�s�t� �h�a�r�v�e�s�t� �2�n�d� �h�a�r�v�e�s�t� 
�w�e�e�k�s� �c�u�l�t�u�r�e� �e�m�b�r�y�o�s� �e�m�b�r�y�o�s� 
�c�u�l�t�u�r�e� 

�1� �A�P�B�3� �0�/�4�5� �f�l�a�s�k� �4�/�4�5� �f�l�a�s�k� �0�/�4�9� �p�l�a�t�e� �0�/�2�0� �p�l�a�t�e� 
�A�P�M� �_� �1�0�/�4�5� �f�l�a�s�k� �4�/�4�5� �f�l�a�s�k� �0�/�1�5� �p�l�a�t�e� �0�/�1�9� �p�l�a�t�e� 

�2� �A�P�B�3� �1�/�3�6� �f�l�a�s�k� �2�/�3�5� �f�l�a�s�k� �0�/�2�1� �p�l�a�t�e� �1�/�5� �p�l�a�t�e� 
�A�P�C�3�*� �4�/�3�6� �f�l�a�s�k� �2�/�3�5� �f�l�a�s�k� �1�/�8� �p�l�a�t�e� �*�*� 
� � 

�*� �D�u�r�i�n�g� �t�h�e� �t�i�m�e� �o�f� �p�i�c�k�i�n�g� �b�u�d�s� �f�o�r� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �A�P�C�3� �p�l�a�n�t�s� �w�e�r�e� �s�u�f�f�e�r�i�n�g� �f�r�o�m� �i�n�s�e�c�t�s�;� �t�h�e�r�e�f�o�r�e�,� 
�c�o�n�t�a�m�i�n�a�t�i�o�n� �i�s� �h�i�g�h�e�r� �i�n� �t�h�e� �f�i�r�s�t� �6� �w�e�e�k�s� �c�u�l�t�u�r�e�.� 
�*�*� �N�o� �o�b�s�e�r�v�a�t�i�o�n�.� 
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�T�a�b�l�e� �7�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�e�n�e�r�a�t�i�o�n� �p�o�t�e�n�t�i�a�l� �o�f� �e�m�b�r�y�o�s� �f�r�o�m� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 
� � 

� � � � 

� � 

� � 

�E�x�p� �C�l�o�n�e� �F�i�r�s�t� �h�a�r�v�e�s�t� �S�e�c�o�n�d� �h�a�r�v�e�s�t� 
�n�o�.� 

�T�o�t�a�l� �N�o�.� �o�f� �R�e�g�e�n� �T�o�t�a�l� �N�o�.� �o�f� �R�e�g�e�n� 
�e�m�b�r�y�o�s� �_�_�_� �p�l�a�n�t�s� �%� �e�m�b�r�y�o�s� �p�l�a�n�t�s� �%� 
�c�u�l�t�u�r�e�d� �=� �r�e�g�e�n� �c�u�l�t�u�r�e�d� �r�e�g�e�n� 

�1� �A�P�B�3� �1�1�5�3� �2�0�6� �1�7�.�9� �5�5�6� �4�2� �7�.�6� 
�A�P�M�1� �2�9�1� �2� �0�.�7� �3�5�2� �0� �0� 

�T�o�t�a�l� �1�4�4�4� �2�0�8� �1�4�.�4� �9�0�8� �4�2� �4�.�6� 

�2� �A�P�B�3� �6�0�0� �3�3� �5�.�5� �1�2�0� �1� �0�.�8� 
�A�P�C�3� �2�1�0� �1�8� �8�.�6� �1�5�6� �7� �4�.�5� 
�T�o�t�a�l� �8�1�0� �5�1� �6�.�3� �2�7�6� �8� �2�.�9� 
� � 

�6�1



�T�a�b�l�e� �8�.� �P�l�o�i�d�y� �a�n�a�l�y�s�i�s� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �f�r�o�m� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �h�a�r�v�e�s�t�s�.� 
� � 

�E�x�p� �C�l�o�n�e� �F�i�r�s�t� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�(�%�)� 
� � 

�S�e�c�o�n�d� �h�a�r�v�e�s�t� �e�m�b�r�y�o�s�(�%�)� 
� � 

� � 

� � 

�n�o�.� 
�I�x� �2�x� �4�x� �1�x� �2�x� �4�x� 

�1� �A�P�B�3� �2�.�0� �9�5�.�9� �2�.�0� �0� �1�0�0� �0� 
�A�P�M�1� �0�.�0� �1�0�0�.�0� �0�.�0� �*�*� �x� �*�*� 
�T�o�t�a�l� �2�.�0� �9�5�.�9� �2�.�0� �0� �1�0�0� 

�2� �A�P�B�3� �w�*�*� �*�*� �*�x�*� �*�*� �K�*� �K�*� 

�A�P�C�3� �0� �1�0�0� �0� �0� �1�0�0� �0� 
�T�o�t�a�l� �0� �1�0�0� �0� �0� �1�0�0� �0� 
� � 

�*�*� �N�o� �o�b�s�e�r�v�a�t�i�o�n�.� 
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� � 
�F�i�g�.� �1�.� �E�m�b�r�y�o�n�i�c� �m�a�s�s� �o�c�c�a�s�i�o�n�a�l�l�y� �o�b�t�a�i�n�e�d� �f�r�o�m� �e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �o�f� �d�i�p�l�o�i�d� 
�p�o�t�a�t�o� �c�l�o�n�e� �A�P�B�3� �a�f�t�e�r� �1�2� �w�e�e�k�s� �o�f� �c�u�l�t�u�r�e�.� 
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� � 

� � � � � � � 

� � � 

� � � � � � � � 

� � � � � 

�6�0�-�7� �c�a�t�e� �|� 
�|� �|� �A�O�N� 
�|� �|� �1�s�t� �h�a�r�v�e�s�t� 

�5�0�7�7� 

�2� �2�n�d� �h�a�r�v�e�s�t� �|� 
�c�c� �S�|� �a�.� 

�o� �4�0�-�4� 
�a� �|� 
�B� �|� 

�o� �|� 
�&� �3�0�-�7� �a�s� 
�©� �|� �-� 

�=� �|� �,� �i�.� �a�y� 

�a� �2�0�7�1� �w�k� 

�u�w� �H� �w�a� 

�|� �a� �\�}� �|� 
�O� �| ��_�_�_� �~� �#� �r�a�w� �P�s� �S�N� �B�N� 

�$�1� �$�2� �$�3� �3�4� �$�5� 

�F�i�g�.� �2�.� �F�r�e�q�u�e�n�c�y� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �a�f�t�e�r� �s�e�r�i�a�l� �s�u�b�c�u�l�t�u�r�e�.� �T�h�e� �e�m�b�r�y�o�s� �w�e�r�e� 
�h�a�r�v�e�s�t�e�d� �e�i�t�h�e�r� �6� �w�e�e�k�s� �a�f�t�e�r� �a�n�t�h�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �c�u�l�t�u�r�e� �(�l�s�t� �h�a�r�v�e�s�t�)� �o�r� �f�r�o�m� 
�e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �(�2�n�d� �h�a�r�v�e�s�t�)�.� �T�h�e�y� �w�e�r�e� �s�u�b�c�u�l�t�u�r�e�d� �a�t� �3� �w�e�e�k� �i�n�t�e�r�v�a�l�s�.� �S�1�,� 
�5�2�,� �.�.�.�.� �8�5� �r�e�p�r�e�s�e�n�t�e�d� �3�,� �6�,� �.�.�.�.� �1�5� �w�e�e�k�s� �a�f�t�e�r� �e�m�b�r�y�o�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� �r�e�g�e�n�e�r�a�t�i�o�n� 
�m�e�d�i�u�m�.� 
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�W�i�e�:� �a�E�?�  �� �a�e� �w�a� �s�s� �W�W� 

�\� �S�N� �E�N� �B�Y� 
�\� �a�y� �N�e�e� �y� �N�S� 

�O�o� �S�g� �V�i�v�e� �>� �W�Y� �e�S� �S�i�a� �>�  �� �E�S�S� 

�S�i� �2� �S�3� �S�4� �S�S� 

�3� �&� � � 
�S� 

�F�i�g�.� �3�.� �N�u�m�b�e�r� �o�f� �r�e�g�e�n�e�r�a�t�e�d� �p�l�a�n�t�s� �a�f�t�e�r� �s�e�r�i�a�l� �s�u�b�c�u�l�t�u�r�e�.� �T�h�e� �e�m�b�r�y�o�s� �w�e�r�e� 
�h�a�r�v�e�s�t�e�d� �e�i�t�h�e�r� �6� �w�e�e�k�s� �a�f�t�e�r� �a�n�t�h�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �c�u�l�t�u�r�e� �(�1�s�t� �h�a�r�v�e�s�t�)� �o�r� �f�r�o�m� 
�e�x�t�e�n�d�e�d� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �(�2�n�d� �h�a�r�v�e�s�t�)�.� �T�h�e�y� �w�e�r�e� �s�u�b�c�u�l�t�u�r�e�d� �a�t� �3� �w�e�e�k� �i�n�t�e�r�v�a�l�s�.� �S�1�,� 
�S�2�,� �.�.�.�,� �5�5� �r�e�p�r�e�s�e�n�t�e�d� �3�,� �6�,� �.�.�.�,� �1�5� �w�e�e�k�s� �a�f�t�e�r� �e�m�b�r�y�o�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� 
�r�e�g�e�n�e�r�a�t�i�o�n� �m�e�d�i�u�m�.� 
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�C�H�A�P�T�E�R� �4�:� �A�N�A�L�Y�S�E�S� �O�F� �T�H�E� �G�E�N�E�T�I�C� �C�O�M�P�O�S�I�T�I�O�N� �O�F� 

�A�N�T�H�E�R�-�D�E�R�I�V�E�D� �P�L�A�N�T�S� �B�Y� 

�R�A�N�D�O�M�L�Y� �A�M�P�L�I�F�I�E�D� �P�O�L�Y�M�O�R�P�H�I�C� �D�N�A� 

�K�e�y� �w�o�r�d�s�:� �R�A�P�D� �m�a�r�k�e�r�s�,� �a�n�t�h�e�r� �c�u�l�t�u�r�e�,� �S�o�l�a�n�u�m� �s�p�.� 

�A�b�s�t�r�a�c�t�:� �A�s� �a� �n�o�v�e�l� �a�p�p�l�i�c�a�t�i�o�n�,� �R�A�P�D� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �g�e�n�e�t�i�c� 

�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �T�h�e� �p�l�o�i�d�y� �l�e�v�e�l� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �w�a�s� �f�i�r�s�t� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�y�.� �T�w�o� �s�e�t�s� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �f�r�o�m� �d�i�p�l�o�i�d� �p�o�t�a�t�o� 

�c�l�o�n�e�s� �C�P�2� �a�n�d� �A�P�B�3� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� �t�h�e�i�r� �g�e�n�e�t�i�c� �c�o�m�p�o�s�i�t�i�o�n�s�.� �A� �t�o�t�a�l� �o�f� �s�i�x�t�y� 

�d�e�c�a�m�e�r� �p�r�i�m�e�r�s� �w�a�s� �s�c�r�e�e�n�e�d� �f�o�r� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y�.� �T�h�e� �R�A�P�D� 

�f�r�a�g�m�e�n�t�s� �a�m�p�l�i�f�i�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �d�i�p�l�o�i�d� �p�l�a�n�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�o�s�e� 

�f�r�o�m� �a�n�t�h�e�r� �d�o�n�o�r� �a�n�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s�.� �T�h�e� �l�o�c�i� �w�h�i�c�h� �s�e�g�r�e�g�a�t�e�d� �w�i�t�h�i�n� �e�a�c�h� 

�f�a�m�i�l�y� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�n�d� �s�c�o�r�e�d�,� �t�h�e� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s� �h�a�v�e� �o�n�l�y� �h�a�l�f� �a�s� �m�a�n�y� 

�l�o�c�i� �c�a�r�r�y�i�n�g� �R�A�P�D� �m�a�r�k�e�r�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�.� �A� �c�l�e�a�r� �s�e�p�a�r�a�t�i�o�n� �b�e�t�w�e�e�n� 

�a�n�t�h�e�r� �d�o�n�o�r� �a�n�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s� �w�a�s� �a�l�s�o� �o�b�t�a�i�n�e�d� �b�y� �s�c�o�r�i�n�g� �t�h�e� �t�o�t�a�l� 

�n�u�m�b�e�r� �o�f� �s�c�o�r�a�b�l�e� �b�a�n�d�s� �t�h�a�t� �e�x�h�i�b�i�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y�.� �S�i�x� �a�n�t�h�e�r�-� 

�d�e�r�i�v�e�d� �d�i�p�l�o�i�d�s� �i�n� �A�P�B�3� �f�a�m�i�l�y� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �s�i�n�c�e� �t�h�e�y� 

�e�x�h�i�b�i�t�e�d� �b�a�n�d� �p�a�t�t�e�r�n�s� �m�o�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�.� �T�h�i�s� �p�r�o�v�i�d�e�s� �a� �r�a�p�i�d� �a�n�d� 

�e�f�f�i�c�i�e�n�t� �w�a�y� �o�f� �i�n�d�i�r�e�c�t� �g�e�n�e�t�i�c� �a�n�a�l�y�s�i�s� �o�f� �a�n� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�o�p�u�l�a�t�i�o�n�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�P�o�t�a�t�o� �(�S�o�l�a�n�u�m� �t�u�b�e�r�o�s�u�m� �L�.�)� �i�s� �a� �h�i�g�h�l�y� �h�e�t�e�r�o�z�y�g�o�u�s� �t�e�t�r�a�p�l�o�i�d� �a�n�d� �m�a�y� �h�a�r�b�o�r� 

�d�e�l�e�t�e�r�i�o�u�s� �r�e�c�e�s�s�i�v�e� �a�l�l�e�l�e�s� �a�t� �m�a�n�y� �l�o�c�i� �w�i�t�h�o�u�t� �a�n�y� �a�p�p�a�r�e�n�t� �e�f�f�e�c�t�s� �o�n� �g�r�o�w�t�h� �a�n�d� 

�p�e�r�f�o�r�m�a�n�c�e� �(�U�i�j�t�e�w�a�a�l� �e�t� �a�l�.� �1�9�8�7�)�.� �H�o�m�o�z�y�g�o�u�s� �l�i�n�e�s� �m�a�y� �h�a�v�e� �v�a�r�i�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� 

�i�n� �p�o�t�a�t�o� �b�r�e�e�d�i�n�g� �s�c�h�e�m�e�s� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �f�r�e�e� �o�f� �l�e�t�h�a�l� �g�e�n�e�s� �a�n�d� �p�r�e�s�u�m�a�b�l�y� �p�o�s�s�e�s�s� 

�a� �m�i�n�i�m�u�m� �o�f� �d�e�l�e�t�e�r�i�o�u�s� �g�e�n�e�s�.� �S�u�c�h� �l�i�n�e�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �o�t�h�e�r� �d�i�p�l�o�i�d� �S�o�l�a�n�u�m� 

�s�p�e�c�i�e�s� �s�o� �t�h�a�t� �t�h�e�y� �c�a�n� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �c�u�r�r�e�n�t� �c�u�l�t�i�v�a�r�s� �t�o� �c�o�n�s�t�r�u�c�t� �v�i�g�o�r�o�u�s� 

�h�y�b�r�i�d�s� �w�i�t�h� �w�i�d�e� �g�e�n�e�t�i�c� �c�o�m�p�o�n�e�n�t�s�,� �d�e�s�i�r�a�b�l�e� �t�r�a�i�t�s�,� �l�o�w� �g�e�n�e�t�i�c� �l�o�a�d� �a�n�d� �h�i�g�h� �l�e�v�e�l� 

�o�f� �h�e�t�e�r�o�s�i�s�.� 

�T�h�e� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �t�e�c�h�n�i�q�u�e� �a�l�l�o�w�s� �r�a�p�i�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �h�o�m�o�z�y�g�o�u�s� �l�i�n�e�s� 

�e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�o�s�e� �p�r�o�d�u�c�e�d� �a�f�t�e�r� �m�a�n�y� �g�e�n�e�r�a�t�i�o�n�s� �o�f� �i�n�b�r�e�e�d�i�n�g�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� 

�r�e�g�e�n�e�r�a�n�t�s� �f�r�o�m� �d�i�p�l�o�i�d� �p�l�a�n�t�s� �m�a�y� �v�a�r�y� �i�n� �p�l�o�i�d�y� �l�e�v�e�l� �(�B�a�j�a�j� �a�n�d� �S�o�p�o�r�y� �1�9�8�6�)�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �m�o�n�o�p�l�o�i�d�s�,� �d�i�p�l�o�i�d�s� �a�n�d� �t�e�t�r�a�p�l�o�i�d�s� �a�r�e� �a�l�s�o� �o�b�t�a�i�n�e�d�.� �D�i�p�l�o�i�d�s� �c�a�n� �e�i�t�h�e�r� �b�e� 

�h�o�m�o�z�y�g�o�u�s� �i�f� �d�e�r�i�v�e�d� �b�y� �s�p�o�n�t�a�n�e�o�u�s� �c�h�r�o�m�o�s�o�m�e� �d�o�u�b�l�i�n�g� �o�f� �m�o�n�o�p�l�o�i�d�s� �d�u�r�i�n�g� 

�c�u�l�t�u�r�e�,� �o�r� �h�e�t�e�r�o�z�y�g�o�u�s� �i�f� �f�r�o�m� �u�n�r�e�d�u�c�e�d� �m�i�c�r�o�s�p�o�r�e�s� �(�V�e�i�l�l�e�u�x� �1�9�8�5�)�.� �T�h�e� �s�o�u�r�c�e� �o�f� 

�t�e�t�r�a�p�l�o�i�d�s� �i�s� �e�v�e�n� �m�o�r�e� �a�m�b�i�g�u�o�u�s�.� �T�h�e� �p�r�e�c�i�s�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�e�n�e�t�i�c� �a�r�c�h�i�t�e�c�t�u�r�e� 

�o�f� �t�h�e�s�e� �p�l�a�n�t�s� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �u�s�i�n�g� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �i�n� �p�o�t�a�t�o� �b�r�e�e�d�i�n�g� �p�r�o�g�r�a�m�s�.� 

�M�o�l�e�c�u�l�a�r� �m�a�r�k�e�r�s� �a�r�e� �u�s�e�f�u�l� �t�o�o�l�s� �i�n� �a�s�s�e�s�s�i�n�g� �g�e�n�e�t�i�c� �v�a�r�i�a�t�i�o�n� �a�n�d� �d�e�t�e�r�m�i�n�i�n�g� 

�t�h�e� �g�e�n�e�t�i�c� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �R�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� 

�p�o�l�y�m�o�r�p�h�i�s�m� �(�R�F�L�P�)� �c�a�n� �i�d�e�n�t�i�f�y� �D�N�A� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �i�n�d�i�v�i�d�u�a�l� �s�a�m�p�l�e�s�.� �S�i�n�c�e� 

�R�F�L�P� �m�a�r�k�e�r�s� �a�r�e� �c�o�d�o�m�i�n�a�n�t�,� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �w�h�i�c�h� �h�a�v�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �a�l�l�e�l�e�s� �a�t� 
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�m�o�s�t� �l�o�c�i� �s�h�o�w� �t�w�o� �b�a�n�d�s� �w�h�e�r�e�a�s� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �w�h�i�c�h� �h�a�v�e� �t�w�o� �c�o�p�i�e�s� �o�f� �t�h�e� 

�s�a�m�e� �a�l�l�e�l�e� �p�e�r� �l�o�c�u�s� �s�h�o�w� �o�n�l�y� �o�n�e� �b�a�n�d�.� �T�h�e�r�e�f�o�r�e�,� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �c�a�n� �b�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �f�r�o�m� �h�o�m�o�z�y�g�o�u�s� �o�n�e�s� �w�i�t�h� �R�F�L�P�s�.� �U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �R�i�v�a�r�d� �e�t� �a�l�.� 

�(�1�9�8�9�)� �s�e�p�a�r�a�t�e�d� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d� �f�r�o�m� �h�e�t�e�r�o�z�y�g�o�u�s� �l�i�n�e�s� �o�f� �S�.� �c�h�a�c�o�e�n�s�e� �B�i�t�t�.� 

�p�r�o�d�u�c�e�d� �b�y� �a�n�t�h�e�r� �c�u�l�t�u�r�e�.� �L�a�t�e�r�,� �M�e�y�e�r� �e�t� �a�l�.� �(�1�9�9�3�)� �a�l�s�o� �i�d�e�n�t�i�f�i�e�d� �h�o�m�o�z�y�g�o�u�s� �p�l�a�n�t�s� 

�f�r�o�m� �a� �d�i�p�l�o�i�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�o�p�u�l�a�t�i�o�n� �b�y� �R�F�L�P� �m�a�r�k�e�r�s�.� 

�R�F�L�P� �a�n�a�l�y�s�i�s�,� �h�o�w�e�v�e�r�,� �r�e�q�u�i�r�e�s� �c�o�n�s�i�d�e�r�a�b�l�e� �t�e�c�h�n�i�c�a�l� �s�k�i�l�l� �a�n�d� �l�a�b�o�r�a�t�o�r�y� 

�e�q�u�i�p�m�e�n�t�.� �A�l�s�o�,� �a�p�p�r�o�p�r�i�a�t�e� �D�N�A� �p�r�o�b�e�s�,� �S�o�u�t�h�e�r�n� �b�l�o�t�t�i�n�g�,� �a�n�d� �r�a�d�i�o�i�s�o�t�o�p�i�c� �l�a�b�e�l�l�i�n�g� 

�o�f� �p�r�o�b�e�s� �a�r�e� �r�e�q�u�i�r�e�d�.� �R�a�n�d�o�m�l�y� �a�m�p�l�i�f�i�e�d� �p�o�l�y�m�o�r�p�h�i�c� �D�N�A� �(�R�A�P�D�)� �a�n�a�l�y�s�i�s� 

�(�W�i�l�l�i�a�m�s� �e�t� �a�l�.� �1�9�9�1�)� �u�s�e�s� �s�h�o�r�t� �(�1�0�-�m�e�r�)� �o�l�i�g�o�n�u�c�l�e�o�t�i�d�e� �p�r�i�m�e�r�s� �t�o� �t�a�r�g�e�t� �h�o�m�o�l�o�g�o�u�s� 

�s�i�t�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�n�t�i�r�e� �g�e�n�o�m�e� �t�o� �a�m�p�l�i�f�y� �r�a�n�d�o�m� �s�e�q�u�e�n�c�e�s�.� �P�o�l�y�m�o�r�p�h�i�s�m� �a�m�o�n�g� 

�D�N�A� �s�a�m�p�l�e�s� �i�s� �r�e�v�e�a�l�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �a�m�p�l�i�f�i�e�d� �f�r�a�g�m�e�n�t�s� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�f�r�e�q�u�e�n�c�y� �o�f� �t�a�r�g�e�t� �D�N�A� �s�e�q�u�e�n�c�e�s�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �R�A�P�D� �m�a�r�k�e�r�s� �a�r�e� 

�s�u�f�f�i�c�i�e�n�t�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �d�e�t�e�c�t� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�r�i�n�g� �p�o�l�y�m�o�r�p�h�i�s�m� �i�n� �S�o�l�a�n�u�m� �s�p�e�c�i�e�s�.� 

�R�A�P�D�s� �w�e�r�e� �u�s�e�d� �t�o� �s�e�l�e�c�t� �s�o�m�a�t�i�c� �h�y�b�r�i�d�s� �(�B�a�i�r�d� �e�t� �a�l�.� �1�9�9�2�)� �a�n�d� �d�e�t�e�c�t� �g�e�n�e�t�i�c� 

�v�a�r�i�a�t�i�o�n� �i�n� �a�n�d�r�o�g�e�n�i�c� �m�o�n�o�p�l�o�i�d�s� �o�f� �d�i�p�l�o�i�d� �S�o�l�a�n�u�m� �s�p�e�c�i�e�s� �(�S�i�n�g�s�i�t� �e�t� �a�l�.� �1�9�9�3�)�.� 

�R�A�P�D� �m�a�r�k�e�r�s� �a�r�e� �s�u�i�t�a�b�l�e�,� �a�n�d� �r�e�p�o�r�t�e�d�l�y� �r�e�l�i�a�b�l�e�,� �f�o�r� �u�s�e� �a�s� �g�e�n�e�t�i�c� �m�a�r�k�e�r�s� �t�o� �d�e�t�e�c�t� 

�s�e�g�r�e�g�a�t�i�o�n� �i�n� �F�,� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �p�o�t�a�t�o� �(�H�o�s�a�k�a� �&� �H�a�n�n�e�m�a�n� �1�9�9�4�)�,� �a�l�f�a�l�f�a� �(�E�c�h�t� �e�t� �a�l�.� 

�1�9�9�2�)�,� �a�n�d� �o�i�l�s�e�e�d� �r�a�p�e� �(�T�a�n�h�u�a�n�p�a�a� �e�t� �a�l�.� �1�9�9�4�)�.� �H�o�w�e�v�e�r�,� �a� �m�a�j�o�r� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�R�A�P�D�s� �a�n�d� �R�F�L�P�s� �i�s� �t�h�a�t� �R�A�P�D� �m�a�r�k�e�r�s� �b�e�h�a�v�e� �a�s� �d�o�m�i�n�a�n�t� �a�l�l�e�l�e�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �a� �h�e�t�e�r�o�z�y�g�o�u�s� �a�n�t�h�e�r� �d�o�n�o�r� �a�n�d� �a�n� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d� �w�o�u�l�d� 

�b�e� �t�h�a�t� �t�h�e� �m�o�n�o�p�l�o�i�d� �i�s� �e�x�p�e�c�t�e�d� �t�o� �c�a�r�r�y� �f�e�w�e�r� �R�A�P�D�s� �d�u�e� �t�o� �s�e�g�r�e�g�a�t�i�o�n� �o�f� �t�h�o�s�e� �t�h�a�t� 
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�w�e�r�e� �h�e�t�e�r�o�z�y�g�o�u�s� �i�n� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�,� �i�.�e�.�,� �m�o�n�o�p�l�o�i�d�s� �w�i�l�l� �c�a�r�r�y� �a� �n�u�m�b�e�r� �o�f� �n�u�l�l� 

�a�l�l�e�l�e�s�.� �W�h�e�r�e� �a� �R�A�P�D� �i�s� �h�o�m�o�z�y�g�o�u�s� �i�n� �a�n� �a�n�t�h�e�r� �d�o�n�o�r�,� �a�l�l� �m�o�n�o�p�l�o�i�d�s� �d�e�r�i�v�e�d� �f�r�o�m� 

�i�t� �s�h�o�u�l�d� �c�a�r�r�y� �t�h�e� �s�a�m�e� �R�A�P�D� �m�a�r�k�e�r�.� �I�f� �R�A�P�D� �m�a�r�k�e�r�s� �c�a�n� �s�e�p�a�r�a�t�e� �h�o�m�o�z�y�g�o�u�s� �f�r�o�m� 

�h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �i�n� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�o�p�u�l�a�t�i�o�n�s�,� �i�t� �w�o�u�l�d� �b�e� �t�e�c�h�n�i�c�a�l�l�y� �m�o�r�e� �e�f�f�i�c�i�e�n�t� 

�t�h�a�n� �R�F�L�P� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �i�s� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �t�h�e� �h�o�m�o�z�y�g�o�u�s� �a�n�d� �h�e�t�e�r�o�z�y�g�o�u�s� 

�d�i�p�l�o�i�d� �p�l�a�n�t�s� �p�r�o�d�u�c�e�d� �b�y� �i�n� �v�i�t�r�o� �a�n�t�h�e�r� �c�u�l�t�u�r�e� �b�y� �R�A�P�D� �a�n�a�l�y�s�i�s�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� �i�n�c�l�u�d�e�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �f�r�o�m� �t�w�o� �d�i�p�l�o�i�d� �p�o�t�a�t�o� �c�l�o�n�e�s� �C�P�2� 

�a�n�d� �A�P�B�3�.� �C�P�2� �i�s� �a� �h�y�b�r�i�d� �b�e�t�w�e�e�n� �S�.� �c�h�a�c�o�e�n�s�e� �c�l�o�n�e� �8�0�-�1� �a�s� �f�e�m�a�l�e� �p�a�r�e�n�t� �a�n�d� �S�.� 

�p�h�u�r�e�j�a� �c�l�o�n�e� �1�-�3� �a�s� �m�a�l�e� �p�a�r�e�n�t�.� �A�P�B�3� �i�s� �a� �c�l�o�n�a�l� �s�e�l�e�c�t�i�o�n� �o�f� �A�P�B� �p�o�p�u�l�a�t�i�o�n� �[�S�.� 

�a�n�d�i�g�e�n�a� �x� �(�S�.� �p�h�u�r�e�j�a� �x� �S�.� �b�e�r�t�h�a�u�l�t�i�i�)�]�.� �A�n�t�h�e�r� �c�u�l�t�u�r�e� �a�n�d� �p�l�a�n�t� �r�e�g�e�n�e�r�a�t�i�o�n� �f�o�l�l�o�w�e�d� 

�t�h�e� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �T�a�y�l�o�r� �a�n�d� �V�e�i�l�l�e�u�x� �(�1�9�9�2�)�.� �T�h�e� �p�l�o�i�d�y� �l�e�v�e�l� �o�f� �a�n�t�h�e�r�-� 

�d�e�r�i�v�e�d� �p�l�a�n�t�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �f�l�o�w� �c�y�t�o�m�e�t�r�i�c� �e�x�a�m�i�n�a�t�i�o�n� �(�E�p�i�c�s� �V�,� �M�o�d�e�l� �7�5�2� �l�a�s�e�r� 

�f�l�o�w� �c�y�t�o�m�e�t�e�r� �a�n�d� �c�e�l�l� �s�o�r�t�e�r�,� �C�o�u�l�t�e�r� �E�l�e�c�t�r�o�n�i�c�s�,� �H�i�a�l�e�a�h� �F�L�)� �o�f� �p�r�o�p�i�d�i�u�m� �i�o�d�i�d�e� 

�s�t�a�i�n�e�d� �n�u�c�l�e�i� �f�r�o�m� �i�n� �v�i�t�r�o� �l�e�a�f� �a�n�d� �s�t�e�m� �t�i�s�s�u�e� �(�O�w�e�n� �e�t� �a�l�.� �1�9�8�8�)�.� �L�a�s�e�r� �e�x�c�i�t�a�t�i�o�n� �w�a�s� 

�3�0�0� �m�W� �a�t� �4�8�8� �n�m� �f�r�o�m� �a� �5� �W� �I�n�n�o�v�a� �9�0� �A�r�g�o�n� �L�a�s�e�r� �(�C�o�h�e�r�e�n�t� �I�n�c�.�,� �P�a�l�o� �A�l�t�o�,� �C�A�)�.� 
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�T�h�e� �R�A�P�D� �p�a�t�t�e�r�n�s� �o�f� �a�n�t�h�e�r� �d�o�n�o�r�s� �a�n�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d� �p�l�a�n�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�o�s�e� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �d�i�p�l�o�i�d�s�.� 

�D�N�A� �i�s�o�l�a�t�i�o�n� 

�D�N�A� �w�a�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �i�n� �v�i�t�r�o�-�g�r�o�w�n� �a�n�t�h�e�r� �d�o�n�o�r� �a�n�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� 

�a�c�c�o�r�d�i�n�g� �t�o� �S�i�n�g�s�i�t� �e�t� �a�l�.� �(�1�9�9�3�)� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�s�.� �T�h�e� �m�a�t�e�r�i�a�l� �w�a�s� �f�r�o�z�e�n� �i�n� 

�l�i�q�u�i�d� �n�i�t�r�o�g�e�n� �a�n�d� �g�r�o�u�n�d� �t�o� �a� �f�i�n�e� �p�o�w�d�e�r� �i�n� �a� �m�o�r�t�a�r� �a�n�d� �p�e�s�t�l�e�.� �E�x�t�r�a�c�t�i�o�n� �b�u�f�f�e�r� �(�0�.�1� 

�M� �T�r�i�s�-�H�C�l�,� �1�.�4� �M� �N�a�C�l�,� �0�.�0�2� �M� �E�D�T�A�,� �2�%� �h�e�x�a�d�e�c�y�l�t�r�i�m�e�t�h�y�l�a�m�m�o�n�i�u�m�,� �1�%� �f�r�e�s�h� 

�2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�,� �p�H� �8�.�0�)� �w�a�s� �a�d�d�e�d� �a�t� �3�.�3� �m�l� �f�o�r� �e�a�c�h� �1� �g� �p�l�a�n�t� �m�a�t�e�r�i�a�l�.� �T�h�e� �s�l�u�r�r�y� 

�w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �a�n� �a�u�t�o�c�l�a�v�e�d� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �a�n�d� �i�n�c�u�b�a�t�e�d� �i�n� �a� �6�0�°�C� �w�a�t�e�r� �b�a�t�h� 

�f�o�r� �1�-�2� �h�.� �T�h�e�n� �c�h�l�o�r�o�f�o�r�m�/�i�s�o�a�m�y�]� �a�l�c�o�h�o�l� �(�2�4�:�1�)� �w�a�s� �a�d�d�e�d� �a�t� �e�q�u�a�l� �v�o�l�u�m�e� �t�o� �t�h�e� 

�s�l�u�r�r�y�,� �t�h�e� �t�u�b�e� �w�a�s� �m�i�x�e�d� �b�y� �i�n�v�e�r�t�i�n�g� �6�-�1�0� �t�i�m�e�s� �a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �1�5� �m�i�n�.� �T�h�e� 

�a�q�u�e�o�u�s� �p�h�a�s�e� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a� �n�e�w� �a�u�t�o�c�l�a�v�e�d� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �c�o�n�t�a�i�n�i�n�g� �2�0�0� 

�4�1� �o�f� �c�o�l�d� �i�s�o�p�r�o�p�a�n�o�l� �a�n�d� �t�h�e� �m�i�c�r�o�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �w�a�s� �g�e�n�t�l�y� �s�h�a�k�e�n� �t�o� �p�r�e�c�i�p�i�t�a�t�e� �t�h�e� 

�g�e�n�o�m�i�c� �D�N�A�.� �T�h�e� �t�u�b�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �a�t� �-�2�0�°�C� �o�v�e�r�n�i�g�h�t�,� �a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�5�0�0� �r�p�m� 

�f�o�r� �1�0� �m�i�n�.� �T�h�e� �p�e�l�l�e�t� �w�a�s� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �c�o�l�d� �7�5�%� �e�t�h�a�n�o�l�,� �a�i�r�-�d�r�i�e�d�,� �t�h�e�n� �d�i�s�s�o�l�v�e�d� 

�i�n� �T�E� �b�u�f�f�e�r� �(�1�0� �m�M� �T�r�i�s�-�H�C�l�,� �1� �m�M� �E�D�T�A�,� �p�H� �8�.�0�)� �a�n�d� �t�r�e�a�t�e�d� �w�i�t�h� �R�N�A�s�e� �(�1�0� 

�w�l�/�m�l�)�.� �T�h�e� �D�N�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �m�i�n�i�-�f�l�u�o�r�o�m�e�t�e�r� �(�H�o�e�f�e�r� 

�S�c�i�e�n�t�i�f�i�c� �I�n�s�t�r�u�m�e�n�t�s�)� �a�t� �t�h�e� �a�b�s�o�r�b�a�n�c�e� �o�f� �2�6�0� �n�m�.� 

�6�9



�R�A�P�D� �a�n�a�l�y�s�e�s� 

�D�N�A� �s�a�m�p�l�e�s� �i�n�c�l�u�d�e�d� �a�n�t�h�e�r� �d�o�n�o�r�s� �a�n�d� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �T�h�e� �1�0�-�m�e�r� 

�R�A�P�D� �p�r�i�m�e�r�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �O�p�e�r�o�n� �T�e�c�h�n�o�l�o�g�i�e�s�.� �T�h�r�e�e� �s�e�t�s� �o�f� �2�0� �p�r�i�m�e�r�s� �(�K�i�t� 

�O�P�A�,� �O�P�C�,� �a�n�d� �O�P�G�)� �w�e�r�e� �s�c�r�e�e�n�e�d�.� �T�h�e� �a�m�p�l�i�f�i�c�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�W�i�l�l�i�a�m�s� �e�t� �a�l�.� �(�1�9�9�1�)� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�s�:� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �(�2�5� �p�l�)� �c�o�n�t�a�i�n�e�d� 

�5�0� �n�g� �o�f� �g�e�n�o�m�i�c� �D�N�A�,� �0�.�6� �p�m� �p�r�i�m�e�r�,� �2�0�0� �u�m� �d�A�T�P�,� �d�T�T�P�,� �d�C�T�P�,� �d�G�T�P�,� �1� �u�n�i�t� �o�f� 

�T�a�q� �p�o�l�y�m�e�r�a�s�e� �(�P�e�r�k�i�n� �E�l�m�e�r� �C�e�t�u�s�)�,� �1�x� �C�e�t�u�s� �b�u�f�f�e�r� �(�g�e�l�a�t�i�n� �f�r�e�e�)� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �2�.�5� 

�m�M� �M�s�g�C�l�,�,� �5�0� �m�M� �K�C�l�,� �1�0� �m�M� �T�r�i�s�-�H�C�l�,� �p�H� �8�.�3�,� �o�v�e�r�l�a�y�e�d� �w�i�t�h� �a� �d�r�o�p� �o�f� �m�i�n�e�r�a�l� �o�i�l�.� 

�T�h�e� �a�m�p�l�i�f�i�c�a�t�i�o�n� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �u�s�i�n�g� �a� �P�e�r�k�i�n� �E�l�m�e�r� �C�e�t�u�s� �t�h�e�r�m�a�l� �c�y�c�l�e�r� 

�u�n�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s�:� �9�4�°�C� �f�o�r� �1� �m�i�n� �(�d�e�n�a�t�u�r�a�t�i�o�n�)�,� �3�7�°�C� �f�o�r� �1� �m�i�n� 

�(�a�n�n�e�a�l�i�n�g�)�,� �7�2�°�C� �f�o�r� �2� �m�i�n� �(�e�x�t�e�n�s�i�o�n�)� �f�o�r� �4�5� �c�y�c�l�e�s�,� �f�o�l�l�o�w�e�d� �b�y� �4� �m�i�n� �a�t� �7�2�°�C� �a�n�d�a� 

�4�°�C� �s�o�a�k� �u�n�t�i�l� �r�e�c�o�v�e�r�y�.� �T�h�e� �a�m�p�l�i�f�i�e�d� �p�r�o�d�u�c�t�s� �w�e�r�e� �a�s�s�a�y�e�d� �b�y� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �i�n� �1�.�4�%� 

�a�g�a�r�o�s�e�-�T�B�E� �g�e�l�s� �i�n� �s�t�a�n�d�a�r�d� �c�o�n�d�i�t�i�o�n�s� �(�S�a�m�b�r�o�o�k� �e�t� �a�l�.� �1�9�8�9�)�.� �T�h�e� �g�e�l�s� �w�e�r�e� �s�t�a�i�n�e�d� 

�w�i�t�h� �e�t�h�i�d�i�u�m� �b�r�o�m�i�d�e� �a�n�d� �p�h�o�t�o�g�r�a�p�h�e�d� �o�n� �a� �U�V� �t�r�a�n�s�i�l�l�u�m�i�n�a�t�o�r� �(�S�a�m�b�r�o�o�k� �e�t� �a�l�.� 

�1�9�8�9�)�.� 

�D�a�t�a� �a�n�a�l�y�s�i�s� 

�O�n�l�y� �t�h�o�s�e� �R�A�P�D� �m�a�r�k�e�r�s� �t�h�a�t� �r�e�v�e�a�l�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y� �w�e�r�e� 

�s�e�l�e�c�t�e�d� �f�o�r� �a�n�a�l�y�s�e�s� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �T�h�e� �R�A�P�D� �f�r�a�g�m�e�n�t�s� �a�m�p�l�i�f�i�e�d� �f�r�o�m� 

�v�a�r�i�o�u�s� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�o�s�e� �f�r�o�m� �a�n�t�h�e�r� �d�o�n�o�r� �a�n�d� �a�n�t�h�e�r�-� 
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�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d� �p�l�a�n�t�s�.� �T�w�o� �s�c�o�r�i�n�g� �m�e�t�h�o�d�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�:� �(�1�)� �s�c�o�r�i�n�g� �o�n�l�y� 

�c�l�e�a�r�l�y� �s�e�g�r�e�g�a�t�i�n�g� �b�a�n�d�s� �i�n� �e�a�c�h� �f�a�m�i�l�y�;� �(�2�)� �s�c�o�r�i�n�g� �a�l�l� �s�c�o�r�a�b�l�e� �b�a�n�d�s�,� �t�h�a�t� �i�s�,� �b�o�t�h� 

�m�o�n�o�m�o�r�p�h�i�c� �a�n�d� �s�e�g�r�e�g�a�t�i�n�g� �b�a�n�d�s�.� �I�f� �a�n�y� �b�a�n�d� �w�a�s� �u�n�c�e�r�t�a�i�n� �f�o�r� �a�n�y� �o�f� �t�h�e� �p�l�a�n�t�s� 

�w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y�,� �t�h�a�t� �b�a�n�d� �w�a�s� �n�o�t� �u�s�e�d�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�S�i�x�t�y� �d�e�c�a�m�e�r� �o�l�i�g�o�n�u�c�l�e�o�t�i�d�e�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �i�n� �R�A�P�D� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �g�e�n�o�m�i�c� 

�D�N�A� �o�f� �t�w�o� �d�i�p�l�o�i�d� �a�n�t�h�e�r� �d�o�n�o�r�s� �(�C�P�2� �a�n�d� �A�P�B�3�)� �a�n�d� �a�n� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d� 

�f�r�o�m� �e�a�c�h�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �P�C�R� �r�e�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �6�0� �p�r�i�m�e�r�s� �r�a�n�g�e�d� �f�r�o�m� �n�o� 

�a�m�p�l�i�f�i�c�a�t�i�o�n�,� �s�m�e�a�r�,� �t�o� �d�i�s�c�r�e�t�e� �b�a�n�d�s�.� �E�x�a�m�p�l�e�s� �o�f� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �b�a�n�d�i�n�g� 

�p�a�t�t�e�r�n�s� �t�h�a�t� �r�e�s�u�l�t�e�d� �f�r�o�m� �R�A�P�D� �r�e�a�c�t�i�o�n�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �1�.� �A�s�a� �r�e�s�u�l�t�,� �2�8� �d�e�c�a�m�e�r�s� 

�w�h�i�c�h� �s�h�o�w�e�d� �c�l�e�a�r� �a�n�d� �m�e�a�n�i�n�g�f�u�l� �s�e�g�r�e�g�a�t�i�o�n� �i�n� �e�a�c�h� �f�a�m�i�l�y� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �R�A�P�D� 

�a�n�a�l�y�s�e�s� �o�f� �t�h�e� �g�e�n�e�t�i�c� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �T�h�e� �s�e�q�u�e�n�c�e�s� �o�f� �t�h�e�s�e� 

�p�r�i�m�e�r�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�.� �T�w�e�n�t�y�-�t�h�r�e�e� �p�r�i�m�e�r�s� �i�n�c�l�u�d�i�n�g� �3� �f�r�o�m� �O�P�C� �K�i�t� �A�,� �1�3� 

�f�r�o�m� �K�i�t� �C�,� �a�n�d� �7� �f�r�o�m� �K�i�t� �G�,� �w�e�r�e� �u�s�e�d� �i�n� �R�A�P�D� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�i�x� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e� 

�C�P�2� �f�a�m�i�l�y�.� �F�o�r� �t�h�e� �e�i�g�h�t� �s�a�m�p�l�e�s� �f�r�o�m� �A�P�B�3� �f�a�m�i�l�y�,� �t�w�e�l�v�e� �p�r�i�m�e�r�s�,� �5� �f�r�o�m� �K�i�t� �C� �a�n�d� 

�7� �f�r�o�m� �K�i�t� �G�,� �w�e�r�e� �u�s�e�d� �i�n� �R�A�P�D� �a�n�a�l�y�s�i�s�.� �S�i�n�c�e� �e�a�c�h� �p�r�i�m�e�r� �a�m�p�l�i�f�i�e�s� �D�N�A� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �g�e�n�o�m�e� �d�u�r�i�n�g� �R�A�P�D�-�P�C�R� �r�e�a�c�t�i�o�n�,� �d�i�f�f�e�r�e�n�t� �b�a�n�d�s� �v�a�r�y�i�n�g� �i�n� �s�i�z�e� �a�r�e� 

�p�r�e�s�u�m�a�b�l�y� �a�m�p�l�i�f�i�e�d� �f�r�o�m� �t�a�r�g�e�t� �s�e�q�u�e�n�c�e�s� �a�t� �d�i�f�f�e�r�e�n�t� �l�o�c�i�.� �E�a�c�h� �a�m�p�l�i�f�i�e�d� �R�A�P�D� �b�a�n�d� 

�w�a�s� �t�h�u�s� �a�s�s�i�g�n�e�d� �a�s� �a� �l�o�c�u�s�.� �T�h�e� �n�o�m�e�n�c�l�a�t�u�r�e� �f�o�r� �a�n� �i�n�d�i�v�i�d�u�a�l� �R�A�P�D� �l�o�c�u�s� �d�e�s�c�r�i�b�e�s� 

�t�h�e� �p�r�i�m�e�r� �a�n�d� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �b�a�n�d� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �g�e�l�,� �e�.�g�.�,�  ��A�l�-�1 �� �i�n�d�i�c�a�t�e�s� �t�h�e� �f�i�r�s�t� 
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�b�a�n�d� �f�r�o�m� �t�h�e� �t�o�p�,� �o�r� �t�h�e� �l�a�r�g�e�s�t� �f�r�a�g�m�e�n�t� �a�m�p�l�i�f�i�e�d� �b�y� �t�h�e� �p�r�i�m�e�r� �O�P�A�-�O�1�.� �T�h�e� �t�o�t�a�l� 

�n�u�m�b�e�r� �o�f� �s�e�g�r�e�g�a�t�i�n�g� �b�a�n�d�s� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �s�a�m�p�l�e�s� �w�a�s� �s�c�o�r�e�d�.� �E�x�a�m�p�l�e�s� �o�f� �R�A�P�D� 

�p�o�l�y�m�o�r�p�h�i�s�m� �d�e�t�e�c�t�e�d� �i�n� �b�o�t�h� �C�P�2� �a�n�d� �A�P�B�3� �f�a�m�i�l�i�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�s�.� �2� �a�n�d� �3�.� 

�T�h�e� �R�A�P�D� �b�a�n�d�s� �o�r� �l�o�c�i� �t�h�a�t� �s�e�g�r�e�g�a�t�e�d� �i�n� �t�h�e� �C�P�2� �a�n�d� �A�P�B�3� �f�a�m�i�l�i�e�s� �a�r�e� �s�h�o�w�n� 

�i�n� �T�a�b�l�e�s� �2� �a�n�d� �3�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �R�A�P�D� �m�a�r�k�e�r�s� �s�e�g�r�e�g�a�t�e� �i�n� �a� �d�o�m�i�n�a�n�t� �f�a�s�h�i�o�n� 

�(�W�i�l�l�i�a�m�s� �e�t� �a�l�.� �1�9�9�1�)�,� �i�.�e�.�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�m�p�l�i�f�i�e�d� �b�a�n�d� �i�s� �d�o�m�i�n�a�n�t� �t�o� �i�t�s� �a�b�s�e�n�c�e�.� 

�A�l�l� �g�e�n�o�t�y�p�e�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �d�o�m�i�n�a�n�t� �a�l�l�e�l�e� �o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �R�A�P�D� �b�a�n�d� �h�a�v�e� �b�e�e�n� 

�d�e�s�i�g�n�a�t�e�d� �a�s�  ��1 ��,� �w�h�e�r�e�a�s� �t�h�o�s�e� �m�i�s�s�i�n�g� �t�h�e� �b�a�n�d� �a�t� �t�h�e� �s�a�m�e� �s�i�t�e� �i�n� �a� �g�e�l� �a�r�e� �d�e�s�i�g�n�a�t�e�d� 

�a�s�  ��0 ��.� �B�e�c�a�u�s�e� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �b�a�n�d� �(�a�l�l�e�l�e�  ��O ��)� �i�s� �r�e�c�e�s�s�i�v�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �b�a�n�d� 

�(�a�l�l�e�l�e�  ��1 ��)�,� �g�e�n�o�t�y�p�e�  ��O �� �c�o�u�l�d� �b�e� �e�i�t�h�e�r� �h�o�m�o�z�y�g�o�u�s�  ��0�0 �� �o�r� �m�o�n�o�p�l�o�i�d�  ��0 ��.� 

�I�n� �o�u�r� �e�x�p�e�r�i�m�e�n�t�,� �5� �k�n�o�w�n� �m�o�n�o�p�l�o�i�d�s� �(�C�2�-�C�6�)� �a�n�d� �1� �k�n�o�w�n� �h�e�t�e�r�o�z�y�g�o�u�s� 

�d�i�p�l�o�i�d� �(�a�n�t�h�e�r� �d�o�n�o�r� �C�1�)� �w�e�r�e� �t�e�s�t�e�d� �(�T�a�b�l�e� �2�)�.� �T�h�e� �a�n�t�h�e�r� �d�o�n�o�r� �(�C�1�)� �h�a�s� �g�e�n�o�t�y�p�e�  ��1 �� 

�a�t� �a�l�l� �o�f� �t�h�e� �4�1� �s�e�g�r�e�g�a�t�i�n�g� �l�o�c�i�,� �w�h�e�r�e�a�s� �t�h�e� �m�o�n�o�p�l�o�i�d�s� �(�C�2�-�C�6�)� �h�a�v�e� �g�e�n�o�t�y�p�e�  ��1 �� �a�t� 

�1�4� �t�o� �1�8� �(�3�4�-�4�4�%�)� �l�o�c�i� �(�T�a�b�l�e� �2�)�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �e�a�c�h� �m�o�n�o�p�l�o�i�d� �h�a�d� �g�e�n�o�t�y�p�e�  ��0 �� �a�t� 

�m�o�r�e� �t�h�a�n� �h�a�l�f� �o�f� �t�h�e� �l�o�c�i� �w�h�e�r�e� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r� �h�a�d� �"�1�"�.� �L�o�c�i� �C�5�-�3�,� �C�5�-�8�,� �C�7�-�2�,� �C�1�5�-� 

�3�,� �C�1�6�-�4�,� �C�1�7�-�1�,� �G�9�-�3�,� �G�1�4�-�7�,� �G�1�5�-�2� �a�l�l� �h�a�d� �g�e�n�o�t�y�p�e�  ��1 �� �i�n� �t�h�e� �d�i�p�l�o�i�d� �a�n�t�h�e�r� �d�o�n�o�r�,� 

�b�u�t� �h�a�d� �g�e�n�o�t�y�p�e�  ��0 �� �i�n� �a�l�l� �f�i�v�e� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s�.� �T�h�e� �c�h�a�n�c�e� �o�f� �s�u�c�h� �a�n� �e�v�e�n�t� 

�o�c�c�u�r�r�i�n�g� �r�a�n�d�o�m�l�y� �i�s� �0�.�0�3� �(�0�.�5�°�)�,� �i�n�d�i�c�a�t�i�n�g� �p�o�s�s�i�b�l�e� �l�e�t�h�a�l� �a�l�l�e�l�e�s� �a�t� �t�h�o�s�e� �l�o�c�i�.� 

�H�o�w�e�v�e�r�,� �d�u�e� �t�o� �s�m�a�l�l� �s�a�m�p�l�e� �s�i�z�e� �t�e�s�t�e�d�,� �c�o�n�c�l�u�s�i�v�e� �e�v�i�d�e�n�c�e� �o�f� �t�h�e� �l�e�t�h�a�l�i�t�y� �o�f� �t�h�e�s�e� 

�a�l�l�e�l�e�s� �w�i�l�l� �r�e�q�u�i�r�e� �f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �M�o�n�o�p�l�o�i�d�s� �C�5� �a�n�d� �C�6� �s�h�a�r�e� �t�h�e� �s�a�m�e� �b�a�n�d� 

�p�a�t�t�e�r�n� �a�t� �a�l�l� �s�e�g�r�e�g�a�t�i�n�g� �l�o�c�i�.� �T�h�e� �c�h�a�n�c�e� �o�f� �s�u�c�h� �a�n� �e�v�e�n�t� �o�c�c�u�r�r�i�n�g� �r�a�n�d�o�m�l�y� �i�s� �4�.�5�5� 

�x� �1�0�°� �(�0�.�5�%�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �b�o�t�h� �m�o�n�o�p�l�o�i�d�s� �m�a�y� �h�a�v�e� �b�e�e�n� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� 
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�m�i�c�r�o�s�p�o�r�e� �(�T�a�b�l�e� �2�)�.� 

�I�n� �t�h�e� �A�P�B�3� �f�a�m�i�l�y�,� �o�n�l�y� �a� �s�i�n�g�l�e� �m�o�n�o�p�l�o�i�d� �(�B�8�)� �w�a�s� �a�v�a�i�l�a�b�l�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�c�o�m�p�a�r�i�s�o�n� �w�a�s� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�,� �t�h�e� �m�o�n�o�p�l�o�i�d�,� �a�n�d� �6� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� 

�d�i�p�l�o�i�d�s� �(�B�2�-�B�7�)�.� �T�h�e� �a�n�t�h�e�r� �d�o�n�o�r� �(�B�1�)� �h�a�s� �g�e�n�o�t�y�p�e�  ��1 �� �a�t� �a�l�l� �o�f� �t�h�e� �2�6� �s�e�g�r�e�g�a�t�i�n�g� 

�l�o�c�i�,� �w�h�e�r�e�a�s� �t�h�e� �m�o�n�o�p�l�o�i�d� �(�B�8�)� �h�a�s� �g�e�n�o�t�y�p�e�  ��1 �� �a�t� �o�n�l�y� �6� �(�2�3�%�)� �l�o�c�i� �(�T�a�b�l�e� �3�)�.� �I�n� 

�a�n�t�h�e�r�-�d�e�r�i�v�e�d� �d�i�p�l�o�i�d�s�,� �h�o�w�e�v�e�r�,� �g�e�n�o�t�y�p�e�  ��1 �� �w�a�s� �f�o�u�n�d� �a�t� �1�8� �t�o� �2�4� �(�6�9�-�9�2�%�)� �o�f� �t�h�e� �2�6� 

�s�e�g�r�e�g�a�t�i�n�g� �l�o�c�i�.� �N�o�n�e� �h�a�d� �t�h�e� �s�a�m�e� �b�a�n�d� �p�a�t�t�e�r�n� �a�s� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e�y� �a�r�e� 

�p�a�r�t�i�a�l�l�y� �h�e�t�e�r�o�z�y�g�o�u�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�y� �a�r�e� �n�o�t� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �s�o�m�a�t�i�c� �t�i�s�s�u�e�.� �I�n�s�t�e�a�d�,� 

�t�h�e�y� �m�o�s�t� �l�i�k�e�l�y� �r�e�s�u�l�t� �f�r�o�m� �2�n� �m�i�c�r�o�s�p�o�r�e�s� �t�h�a�t� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �v�i�a� �F�D�R�,� �s�i�n�c�e� �m�o�s�t� �o�f� 

�l�o�c�i� �h�a�v�e� �g�e�n�o�t�y�p�e� �"�1�"� �(�T�a�b�l�e� �3�)�.� �T�h�e�  ��1 �� �a�l�l�e�l�e� �a�t� �l�o�c�u�s� �C�2�-�6� �a�n�d� �C�2�0�-�4� �w�a�s� �a�b�s�e�n�t� �i�n� 

�a�l�l� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �A�P�B�3� �p�l�a�n�t�s�,� �s�u�g�g�e�s�t�i�n�g� �a� �p�o�s�s�i�b�l�e� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �d�e�l�e�t�e�r�i�o�u�s� �e�f�f�e�c�t�s� 

�a�t� �t�h�e�s�e� �l�o�c�i�.� 

�A�n�o�t�h�e�r� �w�a�y� �t�o� �e�s�t�i�m�a�t�e� �g�e�n�e�t�i�c� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �a�n� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� 

�h�e�t�e�r�o�z�y�g�o�u�s� �a�n�d� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d� �i�s� �t�o� �s�c�o�r�e� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�c�o�r�a�b�l�e� �R�A�P�D� 

�b�a�n�d�s� �t�h�a�t� �e�x�h�i�b�i�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y� �(�T�a�b�l�e�s� �4� �&� �5�)�.� �A� �t�o�t�a�l� �o�f� �6�0� 

�p�r�i�m�e�r�s� �w�a�s� �s�c�r�e�e�n�e�d� �a�n�d� �t�h�o�s�e� �t�h�a�t� �s�h�o�w�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h�i�n� �e�a�c�h� �f�a�m�i�l�y� �w�e�r�e� 

�s�e�l�e�c�t�e�d�.� �T�w�e�n�t�y�-�f�o�u�r� �(�4�0�%�)� �p�r�i�m�e�r�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �o�f� �C�P�2� �f�a�m�i�l�y�,� �a�n�d� 

�e�i�g�h�t�e�e�n� �(�3�0�%�)� �p�r�i�m�e�r�s� �f�o�r� �A�P�B�3� �f�a�m�i�l�y�.� �A�s� �e�x�p�e�c�t�e�d� �f�o�r� �b�o�t�h� �C�P�2� �a�n�d� �A�P�B�3� �f�a�m�i�l�i�e�s�,� 

�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �R�A�P�D� �b�a�n�d�s� �a�m�p�l�i�f�i�e�d� �f�r�o�m� �m�o�n�o�p�l�o�i�d�s� �w�a�s� �l�e�s�s� �t�h�a�n� �f�r�o�m� �t�h�e� 

�d�i�p�l�o�i�d� �a�n�t�h�e�r� �d�o�n�o�r�.� �I�n� �t�h�e� �C�P�2� �f�a�m�i�l�y�,� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�,� �t�h�e� �n�u�m�b�e�r� �o�f� �b�a�n�d�s� �f�r�o�m� 

�a�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s� �(�C�2�-�C�6�)� �r�a�n�g�e�d� �f�r�o�m� �6�9� �t�o� �7�1� �(�7�4�-�7�6�%�)�,� �c�o�m�p�a�r�e�d� �w�i�t�h� �9�3� 

�f�r�o�m� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r� �C�P�2� �(�C�1�)�.� �I�n� �A�P�B�3� �f�a�m�i�l�y�,� �t�h�e� �s�i�n�g�l�e� �m�o�n�o�p�l�o�i�d� �(�B�8�)� �h�a�d� �t�o�t�a�l� 
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�o�f� �6�1� �(�6�9�%�)� �a�m�p�l�i�f�i�e�d� �b�a�n�d�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �8�8� �f�o�r� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�.� �T�h�e� �s�i�x� �a�n�t�h�e�r�-� 

�d�e�r�i�v�e�d� �d�i�p�l�o�i�d�s� �h�a�d� �a�m�p�l�i�f�i�e�d� �b�a�n�d�s� �r�a�n�g�i�n�g� �f�r�o�m� �7�7� �t�o� �8�4� �(�8�8�-�9�5�%�)� �w�h�i�c�h� �w�a�s� �c�l�o�s�e� 

�t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �b�a�n�d�s� �a�m�p�l�i�f�i�e�d� �f�r�o�m� �a�n�t�h�e�r� �d�o�n�o�r� �B�1� �(�T�a�b�l�e� �5�)�.� �T�h�i�s� �c�a�n� �b�e� �t�a�k�e�n� �a�s� 

�i�n�d�i�r�e�c�t� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �d�i�p�l�o�i�d�s� �w�e�r�e� �h�e�t�e�r�o�z�y�g�o�u�s� �b�e�c�a�u�s�e� �h�o�m�o�z�y�g�o�u�s� 

�d�i�p�l�o�i�d�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �e�x�h�i�b�i�t� �t�h�e� �s�a�m�e� �f�r�e�q�u�e�n�c�y� �o�f� �R�A�P�D�s� �a�s� �t�h�e� �m�o�n�o�p�l�o�i�d�s�,� 

�i�.�e�.�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�9�-�7�6�%� �o�f� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r� �a�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �t�w�o� �f�a�m�i�l�i�e�s� �i�n� �t�h�e� 

�p�r�e�s�e�n�t� �s�t�u�d�y�.� �A�n�t�h�e�r�-�d�e�r�i�v�e�d� �m�o�n�o�p�l�o�i�d�s� �C�5� �a�n�d� �C�6� �a�g�a�i�n� �a�p�p�e�a�r� �t�o� �b�e� �i�d�e�n�t�i�c�a�l� �o�n� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�c�o�r�a�b�l�e� �b�a�n�d�s� �(�T�a�b�l�e� �4�)� �p�r�o�v�i�d�i�n�g� �a�d�d�i�t�i�o�n�a�l� �e�v�i�d�e�n�c�e� �o�f� 

�t�h�e�i�r� �o�r�i�g�i�n� �f�r�o�m� �t�h�e� �s�a�m�e� �m�i�c�r�o�s�p�o�r�e�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �R�A�P�D� �m�a�r�k�e�r�s� �h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �s�e�p�a�r�a�t�e� �h�o�m�o�z�y�g�o�u�s� �d�o�u�b�l�e�d� 

�m�o�n�o�p�l�o�i�d�s� �f�r�o�m� �h�e�t�e�r�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �a�m�o�n�g� �a�n�t�h�e�r�-�d�e�r�i�v�e�d� �p�l�a�n�t�s�.� �C�a�r�e� �s�h�o�u�l�d� �b�e� 

�t�a�k�e�n� �t�h�a�t� �s�u�f�f�i�c�i�e�n�t� �m�a�r�k�e�r�s� �a�r�e� �u�s�e�d�.� �S�i�n�c�e� �R�A�P�D�s� �a�r�e� �d�o�m�i�n�a�n�t� �m�a�r�k�e�r�s�,� �t�h�e� �g�e�n�o�t�y�p�e� 
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�b�e� �t�h�e� �s�a�m�e� �a�s� �i�n� �h�o�m�o�z�y�g�o�u�s� �d�i�p�l�o�i�d�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�o�s�e� �i�n� �t�h�e� �a�n�t�h�e�r� �d�o�n�o�r�.� 
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