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Summary. The usefulness of random amplified 
polymorphic DNA (RAPD) in assessing the genetic 
stability of somatic embryogenesis-derived populations 
of black spruce [Picea mariana (Mill.)B.S.P.] was 
evaluated. Three arbitrary l l-mer primers were 
successfully used to .amplify DNA from both in-vivo 
and in-vitro material. Twenty-five embryogenic cell 
lines, additional zygotic embryos and megagame- 
tophytes from three controlled crosses involving four 
selected genotypes of black spruce were used for the 
segregation analysis of RAPD variants. Ten markers 
were genetically characterized and used to evaluate 
the genetic stability of somatic embryos derived from 
three embryogenic cell lines (one cell line per cross, 30 
somatic embryos per cell line). No variation was 
detected within clones. The utilization of RAPD 
markers both for the assessment of genetic stability of 
clonal materials and to certify genetic stability 
throughout the process of somatic embryogenesis is 
discussed. 
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Introduction 

Since somatic embryogenesis was first demonstrated 
in spruce by Hakman et al. (1985), thousands of somatic 
embryo-derived plants have been produced and are 
currently being evaluated in the field (von Arnold and 
Hakman 1988; Becwar et al. 1989; Attree et al. 1990; 
Roberts et al. 1990a, b; Webster et al. t990). Before 
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somatic embryogenesis can be exploited for clonal 
propagation in reforestation programmes, the genetic 
integrity of the somatic embryo-derived plants, or 
emblings, must be evaluated. 

Plantlets derived from in-vitro culture might 
exhibit somaclonal variation (Larkin and Scowcroft 
1981) which is often heritable (Larkin et al. 1984; 
Breiman et al. 1987) and therefore, results from genetic 
change (Karp and Bright 1985; Karp 1991). Several 
types of genetic changes associated with somaclonal 
variation have been reported, notably variation in 
chromosome number (Karp et al. 1984, 1989; Karp 
1991) or gene copy number (Landsmann and Uhrig 
1985; Brettel et al. 1986; Zheng et al. 1987), DNA 
mutations (Brown 1989; Miiller et al. 1990), trans- 
positional changes (Peschke et al. 1987; Peschke and 
Phillips 1991), rearrangements and amplification of 
minor forms of the mitochondrial genome (Rode et al. 
1988; Hartmann et al. 1989; Shirzadegan et al. 1991), 
and rearrangements of the chloroplast DNA (Zong- 
Xui et al. 1983; Day and Ellis 1985; Dunford and 
Walden 1991). In conifers, no somaclonal variation 
was observed in Norway spruce [Picea abies (L.) Karst] 
embryogenic tissue and emblings using a flow 
cytometric analysis (Mo et al. 1989), nor in Interior 
spruce (Picea glauca-engelmannii complex) using an 
abscisic acid (ABA) profile for somatic embryo matura- 
tion and 15 different isozyme assays representing a 
minimum of 25 loci (Eastman et al. 1991). However, 
variation in chromosome number was reported for 
two immature somatic embryos of Norway spruce 
(Lelu 1987). 

Several strategies can be used to assess the genetic 
integrity of in-vitro-derived clones, but most of them 
have limitations. Karyological analysis cannot reveal 
alterations in specific genes or small chromosomal 
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rearrangements .  I sozyme markers  provide  a convenient  
m e t h o d  for the de tec t ion  of genetic changes  bu t  they 
are subject  to on togen ic  var ia t ion ,  are  l imited in 
number ,  and  only  D N A  regions coding  for soluble  
p ro te ins  can be sampled.  Res t r ic t ion  f ragment  length 
po lymorph i sm (RFLP)  markers  are useful for sampl ing 
var ious  regions of  the genome and  are  po ten t ia l ly  
un l imi ted  in number .  However ,  they are  t ime- 
consuming,  costly,  and  they require  large amo un t s  of  
p lan t  tissue. Us ing  the po lymerase  chain  reac t ion  
(PCR) in con junc t ion  with shor t  p r imers  of a rb i t r a ry  
sequence (Wil l iams et al. 1990), r a n d o m l y  ampli f ied 
p o l y m o r p h i c  D N A  (RAPD)  marke r s  were recent ly  
shown to be sensitive for detect ing va r ia t ion  a m o n g  
ind iv idua ls  within tree species (Car lson  et al. 1991; 
Roy  et al. 1992). The  advan tages  of this technique  
over  o thers  are tha t  large number s  of  samples  can  
be ana lyzed  economica l ly  and  quickly,  tha t  only  
mic ro-quan t i t i e s  of  ma te r i a l  are  needed,  tha t  the 
specific D N A  f ingerpr ints  ob t a ined  are  i ndependen t  
of  on togen ic  expression,  and  tha t  mos t  of the genome 
can be sampled  with a po ten t i a l ly  un l imi ted  n u m b e r  of  
markers .  

The  pu rpose  of  the present  s tudy  was to inquire  
a b o u t  the  appl icabi l i ty ,  and  to identify the l imi ta t ions ,  
of  R A P D s  as an  a l te rna t ive  m e t h o d  for assessing the 
genet ic  in tegr i ty  of embryogen ic  tissues and  somat ic  
e mbryos  of  b lack  spruce [Picea mariana (Mill.) B.S.P.] 
p r o d u c e d  th rough  somat ic  embryogenesis .  

Materials and methods 

Plant material 

Seeds (seedlots 11977, 11996, 11990) were obtained from three 
controlled crosses between four selected genotypes [416(~), 
422(~), 430(~) and 433(~)] of black spruce [P. mariana (Mill.) 
B.S.P.]. These parents are part of a large breeding population 
maintained by the Minist6re des For~ts du Qu6bec. The crosses 
were performed with one male parent and three female parents 
using a nested design (Zobel and Talbert 1984). Therefore, within 
each cross, seeds represent a full-sib family while among crosses 
seeds represent half-sibs families having one parent in common. 
Seeds were collected in 1988 and stored at 3-5 ~ in sealed jars 
at an average seed moisture content of 5.6~o for 3 years before 
utilization. 

Embryogenic cultures 

For each cross, embryogenic cell lines were obtained from 
excised mature zygotic embryos and maintained by subculturing 
every 2 weeks on HLM-1 medium, according to previously 
published procedures (Tremblay 1990). The medium consisted 
of Litvay's salts (Litvay et al. 1985) used at half-strength, supple- 
mented with iron given as Sequestrene 330 Fe at 28 mg/1, 500 mg/1 
L-glutamine, lg/1 casein hydrolysate, 1~ (w/v) sucrose, 10 pM 
2,4-dichlorophenoxyacetic acid (2,4-D), 51xM benzylamino- 
purine (BAP), and 0.9~o (w/v) Difco Bacto-agar. The pH of the 
medium was adjusted to 5.7 before autoclaving at 121 ~ Gluta- 
mine was filter-sterilized and added to the cooled medium. 

Maturation of somatic embryos 

Seven days after subculture on maintenance medium, portions 
of embryogenic tissue were transferred onto maturation medium 
under a 16-h/day photoperiod provided by Vita-Lite (Duro-Test 
Electric Ltd., Ontario, Canada) (Tremblay and Tremblay 1991). 
After 2 weeks on maturation medium, the tissues were trans- 
ferred intact onto fresh maturation medium. The maturation 
medium was HLM basal medium supplemented with lg/1 
filter-sterilized glutamine, lg/1 casein hydrolysate, 6~ (w/v) 
filter-sterilized sucrose, 22.5 ktM ABA and 0.5~ (w/v) Gelrite 
gellan gum (Kelco, Calif., USA.). 

Sampling scheme 

For genotyping the parental generation, DNA was isolated from 
needles of each of the four parents used in the three crosses. 
For the segregation analysis of RAPD variants, DNA was 
extracted from megagametophytes and zygotic embryos 
obtained from the controlled crosses. DNA was also isolated 
from embryogenic tissue of cell lines which originated from the 
same controlled crosses. The genetic stability of somatic 
embryos was assessed on one embryogenic cell line from each 
of the three crosses: for each cell line, DNA was isolated from 
over 30 mature somatic embryos [stage 3 according to Hakman 
and yon Arnold (1988)] produced on three different pieces of 
tissue. The time between the induction of the embryogenic cul- 
tures and the maturation of the somatic embryos was approxi- 
mately 2 years. 

DNA isolation 

DNA was extracted from needles, embryogenic tissues, and 
somatic embryos using the procedure of Bousquet et al. (1990) 
modified. For needles, approximately 100mg of tissue were 
ground to a powder in liquid nitrogen using a mortar and pestle. 
The powdered tissue was transferred into a 1.5 ml sterile micro- 
centrifuge tube and resuspended in 800 I11 of CTAB buffer. 
Megagametophytes were excised from sterilized seeds under 
aseptic conditions. Each megagametophyte was ground in a 
micromortar with 100 p.1 of CTAB buffer. The homogenate was 
transferred into a 1.5 ml sterile microcentrifuge tube. The micro- 
mortar and pestle were rinsed twice with successively 300 and 
400 Ixl of CTAB buffer and the ririses were pooled with the 
homogenate. For each embryogenic cell line, DNA was isolated 
from 100 mg of embryogenic tissue, 2 weeks after subculture, 
and placed in a 1.5 ~tl sterile microcentrifuge tube with 800 p.1 of 
CTAB buffer. The tissue was squashed directly with a plastic 
pestle. Mature somatic embryos were taken aseptically from the 
embryogenic tissue and their DNA extracted as described for 
the megagametophytes. 

The extraction buffer consisted of 2~ (w/v) CTAB (cetyltri- 
methylammonium bromide, Sigma), 1.4 M NaC1, 20 mM EDTA, 
100mM Tris-HC1 pH9.5, and 0.2~o (v/v) fl-mercaptoethanol. 
The homogenate was incubated at 65 ~ for 30 rain, extracted 
with an equal volume of chloroform, and then centrifuged at 
13,000g for 15min. DNA was precipitated from the aqueous 
phase by mixing with 1/10 volume of 3M sodium acetate and 
an equal volume ofisopropanol. After centrifugation at 13,000 g 
for 30 min, the DNA pellet was rinsed with 70~o ethanol, vacuum 
dried, and resuspended in 10mM Tris pH 8.0, 0.1 mM EDTA. 

D N A amplification 

Eleven-mer primers were used for PCR amplification following 
a protocol previously described by Roy et al. (1992). Amplification 
reactions were performed in volumes of 25 ~tl containing 
1 • Cetus reaction buffer, 200 ~tM of each dNTP (Pharmacia), 
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0.25 laM of primer, 20-75 ng of genomic DNA, and 0.2 unit of 
Taq DNA polymerase (Perkin Elmer Cetus). The mixture was 
covered with 25 I~1 of mineral oil. For the DNA amplification, 
a Perkin Elmer Cetus 480 DNA Thermal Cycler was pro- 
grammed for 45 cycles, each consisting of a denaturation step 
of 1 min at 94 ~ followed by an annealing step of 1 min at 37 ~ 
and an extension step of 2 min at 72 ~ The last 25 extension 
steps were progressively extended by 5 s/cycle. The last cycle 
was followed by 10min at 72 ~ to ensure that primer extension 
reactions proceeded to completion. After amplification was 
completed, 5 gl of the samples were loaded and electrophoresed 
on 2~o agar0se gel, followed by staining with ethidium bromide. 
In all cases q~x174DNA digested with HaelII (Pharmacia) 
was used as size marker. 

Identification and selection of RAPD variants 

DNA samples isolated from the four parents were amplified 
with a set of seven arbitrary 11-mer primers. The amplification 
was repeated at least twice and only bands reproducible on 
several runs were considered for analysis. Following this 
preliminary screening, three ll-mer primers (MMULlll:  
5'-TCGATCTACGT-3', MMULll8: 5'-CGTGGTAAACT-3', 
and MMUL112: 5'-GTCAATCCGAT-3') were retained for the 
segregation studies. These primers resulted in repeatable and 
variable fragment patterns among the parents and also dis- 
played simple band patterns. 

In all tree species analyzed so far, RAPDs are usually 
expressed in a dominant fashion (Carlson et al. 1991; Roy et al. 
1992). In gymnosperms, the availability of haploid megagameto- 
phytes makes it possible to discriminate between dominant 
homozygous (AA) and dominant heterozygous (Aa) genotypes. 
For this reason, marker segregation was verified with zygotic 
embryos and embryogenic cell lines as well as with megagameto- 
phytes. After the inheritance of the markers was certified, they 
were used to assess the genetic stability of embryogenic tissues 
and somatic embryos. 

Results 

Embryogenic  cell lines 

Ten embryogenic  cell lines were obtained from the 
cross involving parents 416(d') and 433(?), six from 
the cross 416(~)x  430(~), and nine from the cross 
416(~) x 422(?). 

Parental  9eneration and their progenies 

Primer M M U L l l l .  For  this primer, three fragments 
(1.25 kb, 1.10kb, and 900 bp) were considered for seg- 
regation analysis. The 1.25-kb fragment was present 
only for parents 422 and 433, the 1.10-kb fragment was 
present for parents 422, 430, and 433, and the 900-bp 
fragment was observed for all four parents (Fig. 1). The 
1.25-kb fragment appeared in five out of nine cell lines 
of the cross 416(~) x 422(2) (Fig. 2). For  the same cross, 
the 1.10-kb fragment appeared in three out of nine cell 
lines and the 900-bp fragment in six out of nine. This 
suggested that  parent  422 was heterozygous for each 
of the three segregating fragments, while parent  416 
was heterozygous only .for the 900-bp fragment. To 

Fig. 1. Gel electrophoresis of RAPD fragments obtained with 
primers MMULll l  (lanes2 to 5), MMULll8 (lanes7 to 10), 
and MMUL112 (lanes 12 to 15) for the four black spruce parents 
416(~), 422(9), 430(~), and 433(~?), respectively. Lanes M are 
the size marker 4~x174 digested with HaeIII (1353, 1078, 
872, 603, 310, 281,271,234, 194, and 119 bp). Lanes1,6, and 11 
are the negative controls (PCR amplification without DNA). 
The size of the fragments considered is indicated on the left side 
for primers MMULll l  and MMULll8, and on the right side 
for primer MMULll2 

Fig. 2. Gel electrophoresis of RAPD fragments obtained with 
primer MMUL111. Lanes M are the size marker 4x 174 digested 
with HaeIII. Lanes 1 and 2 are parents 416 and 422, respectively. 
Lanes 3 to 11, 12 to 15, and 16 to 18 show RAPD products for 
embryogenic cell lines, zygotic embryos, and megagametophytes, 
respectively, obtained from the controlled cross 416(d) x 422(~). 
The size of the frgments considered in the segregation analysis 
is indicated on the right 

test the first hypothesis, ten zygotic embryos (Fig. 2, 
only four are shown) and ten megagametophytes  
(Fig. 2, only three are shown) derived from the cross 
416(~) x 422(?) were analyzed. Among  the zygotic 
embryos,  the 1.25-kb and 1.10-kb fragments were 
detected in five out  of  ten and the 900-bp fragment in 
six out of  ten. For  the megagametophytes ,  the 1.25-kb 
and 1.10-kb fragments were detected in four out  of 
ten and the 900-bp fragment in six out  of  ten. It was 
concluded that  each of these three fragments is 
inherited in a simple Mendelian fashion and that 
parent  422 was heterozygous for the three fragments. 

The 1.10-kb and 900-bp fragments were considered 
for the cross 416(c~)x 430(?) (data not  shown). The 
1.10-kb f r agmen tappea red  in four out  of  six cell lines 
and the 900-bp fragment in five out  of  six. As in the 
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case of parent 422, parent 430 could be considered 
heterozygous for the 1.10-kb and 900-bp fragments. 
For  the third cross, 416(d') x 433(~) (data not shown), 
the 1.25-kb fragment appeared in all cell lines. The 
1.10-kb fragment was detected in six out of ten cell 
lines and the 900-bp fragment in eight out of ten. 
Hence, parent 433 could be considered homozygous 
for the 1.25-kb fragment and heterozygous for the two 
other fragments. From these various segregation 
analyses, the male parent 416 appeared heterozygous 
for the 900-bp fragment. 

Pr imer  M M U L 1 1 8 .  RAPD patterns obtained with 
primer MMUL118 from the cell lines of the cross 
416(c~) x 430(~) are illustrated in Fig. 3. Three frag- 
ments ( lkb,  800bp, and 610bp) were considered for 
analysis. The 610-bp fragment, only present for parent 
430, was detected in all the cell lines derived from the 

Fig. 3. Gel electrophoresis of RAPD fragments obtained with 
primer MMUL118. Lanes M are the size marker qSx 174 digested 
with HaeIII. Lanes 1 and 2 are parents 416 and 430, respectively. 
Lanes 3 to 8, 9 to 15, and 16 to 18 show RAPD products for 
embryogenic cell lines, zygotic embryos, and megagametophytes, 
respectively, obtained from the controlled cross 416(d') x 430(2). 
The size of the fragments considered in the segregation analysis 
is indicated on the right 

cross 416(~)x430(~). RAPDs obtained with ten 
zygotic embryos (Fig. 3, only seven are shown) and ten 
megagametophytes (Fig. 3, only three are shown) 
derived from this cross showed all three fragments. 
This suggested that parent 430 was homozygous for 
these three fragments. The 1-kb and 800-bp fragments 
appeared monomorphic since they were detected with 
all three parents (Fig. 1) as well as in diverse mega- 
gametophytes, zygotic embryos, and cell lines derived 
from the two other crosses analyzed with MMUL118 
(data not shown). 

Pr imer  M M U L I 1 2 .  For this primer, four fragments 
were considered (1.45 kb, 872 bp, 590 bp, and 580 bp). 
The 1.45-kb and 590-bp fragments were detected for 
all four parents whereas the 872-bp fragment was 
present only for parents 416 and 422, and the 580-bp 
fragment only for parents 430 and 433 (Fig. 1). The 
1.45-kb, 872-bp, and 590-bp fragments were observed 
in all cell lines involving parents 416 and 422 (Fig. 4). 
RAPDs obtained with the zygotic embryos (Fig. 4, 
only four are shown) and the ten megagametophytes 
(Fig. 4, only three are shown) derived from this cross, 
all had the three fragments, suggesting that parent 422 
was homozygous for these fragments. 

For  the other crosses, 416(c~) x 430(~) and 416(c?) x 
433(0), the 1.45-kb, 590-bp, and 580-bp fragments 
appeared in all cell lines, zygotic embryos, and mega- 
gametophytes (data not shown). In all cases, maternal 
parents appeared homozygous for these three frag- 
ments. From all the segregation analyses, the male 
parent 416 could be considered heterozygous for the 
remaining 872-bp fragment. 

The preceding segregation analyses allowed 
parents to be genotyped for the ten RAPD markers 
characterized (Table 1). Heterozygosity ranged from 
0.20 to 0.33. With a high degree of confidence, six out 

Fig. 4. Gel electrophoresis of RAPD fragments obtained with 
primer MMUL112. Lanes M are the size marker ~bx174 digested 
with HaeIII. Lanes 1 and 2 are parents 416 and 422, respectively. 
Lanes 3 to 11, 12 to 15, and 16 to 18 show RAPD products for 
embryogenic cell lines, zygotic embryos, and megagametophytes, 
respectively, obtained from the controlled cross 416(~) x 422(9). 
The size of the fragments considered in the segregation analysis 
is indicated on the right 

Table 1. Multilocus genotypes deduced from RAPDs 

Primer Fragment Parent 
(bp) 

416 422 430 433 

MMULlll 1250 aa Aa aa AA 
1100 aa Aa Aa Aa 
900 Aa Aa Aa Aa 

MMULll8 1000 A- AA AA AA 
800 A- AA AA AA 
610 aa aa AA aa 

MMUL112 1450 A- AA AA AA 
872 Aa AA aa aa 
590 A- AA AA AA 
580 aa aa AA AA 

Heterozygosity 0.33 0.33 0.20 0.20 
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Fig. 5. Gel electrophoresis of RAPD fragments 
obtained with primers MMULlll  (lanes 1 to 6), 
MMUL118 (lanes 7 to 12), and MMUL112 (lanes 
13 to 18). Lanes M are the size marker q~x174 
digested with HaeIII. Lanes 1,7, and 13 are 
embryogenic tissue from the cell line MA-13 
Ecross 416(d') x 433(~)]. Lanes 2 to 6,8 to 12, and 
14 to 18 show RAPD products of MA-13 somatic 
embryos. The size of the fragments used to assess 
genetic stability is indicated on the left side for 
primers M MULl 11 and MMULll 8 and on .¢he 
right side for primer MMUL112 

Fig. 6. Gel electrophoresis of RAPD fragments 
obtained with primers MMUL111 (lanes 1 to 6), 
MMULll8 (lanes 7 to 12), and MMULll2 (lanes 
13 to 18). Lanes M are the size marker ~bx174 
digested with HaeIII. Lanes I, 7, and 13 are embryo- 
genic tissue from the cell line MB-2 I-cross 416(d') x 
430(~)]. Lanes 2 to 6,8 to 12, and 14 to 18 show 
RAPD products of MB-2 somatic embryos. The 
size of the fragments used to assess genetic stability 
is indicated on the left side for primers MMUL111 
and MMUL118 and on the right side for primer 
MMUL112 

Fig. 7. Gel electrophoresis of RAPD fragments 
obtained with primers MMULlll  (lanes 1 to 6), 
MMUL118 (lanes 7 to 12), and MMUL112 (lanes 
13 to 18). Lanes M are the size marker ~bx174 
digested with HaeIII. Lanes 1,7, and 13 are 
embryogenic tissue from the cell line MC-12 
[-cross 416(c~) x 422(~)]. Lanes 2 to 6,8 to 12, and 
14 to 18 show RAPD products of MC-12 
somatic embryos. The size of the fragments used 
to assess genetic stability is indicated on the left 
side for primers MMULll 1 and MMUL118 and 
on the right side for primer MMUL112 

of ten markers were shown to be polymorphic, each with 
two putative alleles, in the sample of parents analyzed. 

Genetic stabil i ty  o f  somatic  embryos  

Three embryogenic cell lines, MA-13, MB-2, and 
MC-12, derived from the crosses 416(3)x433(~), 
416(c?) x 430(~), and 416(c?) x 422(?), respectively, and 
their somatic embryos (Figs. 5,6 and 7) were tested 
with the ten RAPD markers previously characterized. 
In this preliminary study, and for the three cell lines 
used, the fragments selected as markers were easily 
detected among the somatic embryos. With primer 
M M U L l l l ,  the 1.10-kb fragment was present in all 
the somatic embryos derived from the three cell lines 
MA-13, MB-2, and MC-12. The 1.25-kb fragment was 
also observed in all the somatic embryos derived from 
MA-13 and MC-12 whereas the 900-bp fragment was 
detected in all the somatic embryos derived from 

MA-13 and MB-2. With primer MMUL118,  the 1-kb 
and 800-bp fragments were found in all the somatic 
embryos derived from MA-13, MB-2, and MC-12. The 
610-bp fragment was also detected in all somatic 
embryos derived from MB-2, Using primer MMUL112, 
the 1.45-kb, 590-bp, and 580-bp fragments were 
identified in all the somatic embryos derived from 
MA-13 and MB-2. The 1.45-kb, 872-bp, and 590-bp 
fragments were also present in all the somatic embryos 
derived from MC-12. No genetic instability among 
somatic embryos within a particular cell line could be 
detected with the ten markers used. 

Discussion 

All recent studies reporting segregation of RAPD 
variants, notably for soybean (Williams et al. 1990), 
Douglas-fir and white spruce (Carlson et al. 1991), 
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broccoli and cauliflower (Hu and Quiros 1991), lettuce 
(Michelmore et al. 1991), tomato  (Giovannoni et al. 
1991), canola (Deragon and Landry 1992), and birch 
(Roy et al. 1992), showed that the segregation in 
consistent with a biparental diploid mode of inheri- 
tance and that RAPDs are most  often expressed in a 
dominant  fashion. Similar results were obtained in this 
study for the segregation of RAPD markers in the 
megagametophytes  and the F1 progenies. Further- 
more, because of the haploid nature of the mega- 
gametophytes in gymnosperms, it was possible to 
distinguish unambiguously between dominant  homo- 
zygotes (AA) and dominant  heterozygotes (Aa) for the 
female parents. 

Although the aim of this study was not to assess 
the overall stability of in-vitro-derived clonal materials, 
no somaclonal variation could be detected among the 
somatic embryos and the embryogenic cell lines from 
which they were produced, using ten markers  (four 
monomorphic  and six polymorphic). The small sample 
size used in this study, in terms of the number of 
somatic embryos, cell lines, and markers, was designed 
to evaluate the potential and applicability of RAPD 
markers for assessing the genetic stability of somatic 
embryogenesis-derived materials. Our  results show 
that this strategy could be useful in assessing the 
genetic integrity of such materials. 

In our hands, the method appeared simple and the 
results reproducible. Because only micro-amounts  of 
material are necessary, this approach can be used to 
assess each stage of in-vitro culture. Large sample sizes 
can be treated rapidly and the technique lends itself 
to automat ion (Williams et al. 1990; Welsh et al. 1991; 
Hedrick 1992). Furthermore,  the genome is most pro- 
bably randomly sampled without any variation due to 
ontogenic expression. However, only major  fragments 
genetically characterized through segregation analysis 
should be used as markers. Minor fragments, which 
tend to be unstable in staining intensity and therefore 
not reliable, should not be considered. 

'The dominant  nature of RAPDs does not allow 
one to distinguish the dominant  homozygote from the 
heterozygote solely from the banding patterns in 
somatic embryos or young emblings. Therefore, for a 
dominant  homozygote at a particular locus, mutations 
affecting only one of the two alleles would remain 
undetected. Selection of RAPD markers for which 
male and female parents of cell lines are of different 
homozygote  classes (AA vs aa) might alleviate this 
inconvenience. These markers  would only sample for 
mutations at heterozygous loci in progeny. 

Ideally, to test the genetic integrity of somatic 
embryogenesis-derived clonal materials for a particular 
species with RAPDs, a number of markers  equal to 
or larger than the one required to obtain a saturated 
linkage map  would be desirable. For  conifers, this 

number  has been estimated to be larger than 200-300 
(Carlson et al. 1991; Neale and Williams 1991). Once 
a diagnostic of stability has been obtained with such 
a number of markers for every targetted species and 
set of production procedures, somatic embryogenesis 
could proceed with higher confidence at an industrial 
scale as part  of current tree improvement programmes. 
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