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Abstract The somatic embryogenic process was investi-
gated using immature and mature zygotic embryos origi-
nating from 13 open-pollinated seed families selected for
their embryogenic capacity from over 128 seed families of
Pinus strobus. In a first step, intact megagametophytes
with precotyledonary embryos from these families were
placed on modified Litvay medium. Embryogenic tissues
(ETs) were obtained for 12 of them, with initiation rates
varying from 2.6% to 23%. On average, 14% of the ETs
(36/258) formed stable embryogenic cell lines (ECLS) af -
ter 46 months of subculture. Mature somatic embryos
were produced for 30 out of 52 cell lines, and plants were
regenerated. Later, initiation of ETs from mature zygotic
embryos was also tested for the selected families. ECLs
were obtained for five of them, with amaximum initiation
rate of 2.7%, and plants were produced for four ECLSs.

Key words White pine - Conifers - Initiation - Open-
pollinated seed families - In vitro plant regeneration

Abbreviations ABA Abscisic acid - BA Benzyladenine -
2,4-D 2,4-Dichlorophenoxyacetic acid - ECL Embryogenic
cell line - ET Embryogenic tissue - SE Somatic embryo-
genesis

Introduction

The use of somatic embryogenesis (SE) in eastern white
pine (PinusstrobusL.) improvement programswill depend
on the capacity to apply this process to a broad range of
genotypes. Effectively, in pine species, low embryogenic
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initiation rates are generally observed which may limit the
number of genotypes that can be regenerated through SE.
However, some studies on other conifer species have
shown that the capacity of zygotic embryosto initiate SE
varies among individuals and families (Cheliak and Kli-
maszewska 1991; Isabel et al. 1997).

Another major problem with the use of SE in pine spe-
cies is that the developmental stage of zygotic embryos
seems to be critical for initiation of embryogenic tissue
(ET). Indeed, immature zygotic embryos at the precotyled-
onary stage of development in intact megagametophytes
are the most responsive type of explant (Finer et al. 1989;
Becwar et al. 1991; Klimaszewska and Smith 1997), lim-
iting the period for initiation to afew weeks per year. Fur-
thermore, the use of immature seeds as explants may re-
sult in a single embryogenic cell line (ECL) composed of
multiple genotypes, as was observed in Pinus taeda L.
using isozyme markers (Becwar et al. 1991). In conifers,
simple polyembryony resulting from fertilization of more
than one egg cell within asingle ovule may occur and lead
to initial development of multiple zygotic embryos with
different genotypes (Singh 1978). Eventually, only one
zygotic embryo becomes dominant but the subordinate em-
bryosremainviableandinitiation of ET may originatefrom
one or more subordinate zygotic embryos (Becwar et al.
1991).

In this study, the proportion of genotypes within and
among seed families of P. strobus capable of producing ET
fromimmature zygotic embryoswas determined, followed
by maturation, germination and acclimatization. Using the
more responsive seed families, we were al so successful in
initiating SE and regenerating plants from mature zygotic
embryos.

Materials and methods
Plant material

Open-pollinated cones of P. strobus L. were collected from trees
located in the clonal bank of the Canadian Forest Service in
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Cap Tourmente (Québec, Canada). These trees are part of alarge
breeding population maintained by the CFS, Laurentian Forestry
Centre.

The immature cones were collected from 128 trees between
20 July and 3 August 1994, and from 13 of them on both 24 and
28 July 1995, when zygotic embryoswereat the precotyledonary stage
of development. Cones were stored in paper bags at 4°C until dissec-
tion, for a maximum of 2 months after collection in 1994, and for a
maximum of 10 daysin 1995. Seeds were extracted and surface dis-
infected for 1 min in 70% (vol/vol) ethanol, then 15 min in 1%
(vol/vol) sodium hypochloride with one drop of Tween 20, followed
by three rinses (10 min each) in sterile deionized water. The imma-
ture seeds were dissected and intact megagametophytes were placed
onto the initiation medium.

Mature cones were collected in 1993, 1994 and 1996 from 13
trees (immature seeds were previously tested from 12 of them in
1995). Seeds were stored at —20°C for 1-4 years until the time of
dissection. Unless otherwise specified, mature seeds were imbibed
in sterile deionized water for 4-6 h. Seeds were surface disinfected
with the same procedure asimmature seeds except that a 12-min sub-
mersion in 1% (vol/vol) sodium hypochloride was used instead of a
15-min one. The mature seeds were dissected and excised zygotic
embryos were placed onto the initiation medium.

Initiation of ETs
Immature zygotic embryos

In 1994, initiation of ET was tested using intact megagametophytes
derived from 128 open-pollinated seed families. The DCR medium
(Gupta and Durzan 1985) and a modified HLM medium (Tremblay
1990), HLM-PB, were tested with 30 megagametophytes per seed
family each. Ten megagametophytes were placed per Petri dish.

In 1995, 18-420 megagametophytes were collected for 13 open-
pollinated seed families selected from the previous experiment. Ex-
cept in a few cases, ten megagametophytes were placed per Petri
dish. The HLM-PB medium consisted of Litvay’ssalts(Litvay et al.
1985) used at half-strength, supplemented with 250 mg I gluta-
mine, 1 gl casein hydrolysate, 10 g I™* sucrose, 10 um 2,4-dichlo-
rophenoxyacetic acid (2,4-D) and 5 um benzyladenine (BA), and
7 g 17 purified agar (Sigma, St. Louis, Mo.). The pH of mediawas
adjusted to 5.7 before autoclaving for 15 min at 121°C. Glutamine
was filter-sterilized and added to the cooled medium. Transfers to
fresh medium were carried out every 4 weeks. ET extruding from
the micropylar end of megagametophyteswas separated from the ex-
plant and multiplied on initiation medium with a2-week subculture.
Except for initiation of ET, which was performed in darkness at
25+1°C, cultures were maintained under a 16-h light/8-h dark
photoperiod. Multiplication was done at a light flux of 5 umol m=
s light, maturation and germination were performed at 20 pmol m™2
st and 80 umol m2 s72, respectively. The total number of zygotic
embryos producing ET was evaluated after 12 weeks. The effect of
the culturemedium on SE initiation, andinitiation frequenciesamong
seed families were compared using logistic analysis with the Cat-
mod procedure (SAS Institute, Cary, N. C.).

Mature zygotic embryos

Initiation of ET from mature zygotic embryos was performed in two
separate experiments using 13 open-pollinated seed families selected
according to their initiation rates previously obtained from immature
zygotic embryos. In the first experiment, five open-pollinated seed
families collected in 1994 were tested. Excised zygotic embryos were
placed onto modified HLM-PB medium. One hundred zygotic em-
bryoswere cultured per family with ten zygotic embryosper Petri dish.

In the second experiment, 12 seed families collected in 1993,
1994 and 1996, and three pretreatments were eval uated. Seeds were
either imbibed in sterile deionized water and zygotic embryos were
placed onto HLM-PB medium (treatment 1), or they were imbibed
inliquid growth-regul ator-free HL M-PB medium and embryoswere

placed either onto HLM-PB medium (treatment 2) or HLM-PB me-
dium supplemented with 4.5 um BA without 2,4-D (treatment 3). Af-
ter 1 week of culture, all zygotic embryos were transferred onto
HLM-PB medium. For each seed family and treatment, 30-50 zy-
gotic embryoswere cultured, with 10 zygotic embryos per Petri dish.
Transfer of explants to fresh medium was carried out every 4 weeks
during initiation. ET produced was grown on the initiation medium
by subculturing every 2 weeks. Culture medium was solidified with
4 g 17 gellan gum (Phytagel, Sigma).

The total number of zygotic embryos producing ET was evalu-
ated after 12 weeks and after 16 weeks, for the first and the second
experiment, respectively. ET was characterized by the presence of at
least one immature somatic embryo attached to a suspensor.

Maturation, germination of somatic embryos and cryopreservation

ECL s derived from immature zygotic embryos (subcultured for 1-3
months) weretested for their capacity to produce mature somatic em-
bryos. Depending on the material available per line, approximately
220-2200 mg of fresh weight ET was put on the maturation medi-
um. Two to six pieces of ET weighing 110 mg each were placed per
Petri dish. Tissues were placed onto embryo maturation medium
EMM1 (Smith 1994) containing 6 g I™* gellan gum for 2 weeks and
were then transferred to EMM2 medium containing 4.5 g I gellan
gum. Both EMM media contained 30 g I* sucrose, 80 pm abscisic
acid (ABA) and amixture of several amino acids (mg 172): 7300 glu-
tamine, 2100 asparagine, 700 arginine, 79 citrulline, 76 ornithine, 55
lysine, 40 alanine and 35 proline (Smith 1994). The pH of mediawas
adjusted to 5.7 before autoclaving for 15 min at 121°C. ABA and
amino acids were filter-sterilized and added to the cooled medium.

ECL s derived from mature zygotic embryos were tested for their
maturation capacity after 2 months of maintenance. The maturation
medium consisted of Litvay’s salts used at half strength, supple-
mented with 30 g I* sucrose, 80 um ABA, EMM amino acids and
10 g I"* gellan gum (Klimaszweska and Smith 1997).

Maturation capacity for an ECL was defined as the production of
at least one mature somatic embryo, and this was evaluated after
10 weeks of maturation. Cotyledonary somatic embryos that were
white to yellow with normal-shaped cotyledons were picked and
placed onto germination medium consisting of Litvay’s salts used at
quarter-strength, supplemented with 20 g I sucrose, 250 mg 17
casein hydrolysate, and 4 g |2 gellan gum, in magenta boxes. Plant-
lets were transferred into the substrate (peat moss: vermiculite 3:1)
in the greenhouse when epicotyls had reached at least 1 cm. The sur-
vival rate was established after 2 months under greenhouse condi-
tions.

ETs were cryopreserved after 3 months of subculture according
to the modified procedure of Klimaszewskaet al. (1992). The mod-
ifications consisted in adding the DM SO solution to the cell suspen-
sion at one time. The tissue suspension was then distributed in 1-ml
quantities in cryovials and allowed to sit on ice for 2 h. Vials were
then transferred into a prechilled freezing container (Nalgene) and
placed at -80°C for 2 h before being transferred to the liquid nitro-
gen freezer.

Results and discussion
Initiation of ET from immature zygotic embryos

In apreliminary initiation experiment from immature zy-
gotic embryosin 1994, 128 open-pollinated seed families
had been tested for their embryogenic capacity using two
initiation media, HLM-PB and DCR medium. No signifi-
cant difference between media was found (P-value
0.8179), therefore data on initiation frequency for both
types of mediawere pooled. In total, 88 seed families pro-



39

Tablel Embryogenic re-

sponse of 13 open-pollinated Maternal Seeds collected Seeds collected in 1995
seed familiesusing immature ~ ree in 1994
tic embryos in Pinus stro-

Eﬁg?—;ﬁ:ﬁur;yb%? |Onf irlr?rlrjwsatuig Number of Number of Number of Number Number of

zygotic embryos forming ET explants forming explantsforming ECLsproduc- of ECLs explantswith

from intact megagametophytes ET ET ing mature producing proliferating

after 12 weeks of initiation somatic acclimatized  ET after

(8 weeks in 1994), number of embryos plants 4-6 months

ECLs (subcultured for 1-3

ot e e ot Tagure 76509 9/60 (15.0) 17115 (14.8) 406 214 4115 (3.5)

somatic embryos, as well as 78501 3/60 (5.0) 2/33  (6.1) - - 0/33

the number of ECLs proliferat- /9901 4/60 (6.7) 0/18 - - -

ing after 4-6 months of subcul- 82531 6/60 (10.0) 5/194 (2.6) 0/1 - 1/194 (0.5)

ture are shown 84536 11/60 (18.3) 10/100 (10.0) 3/6 2/3 4/100 (4.0)
84548 3/60 (5.0) 50/240 (20.8) 3/5 2/3 5/240 (2.1)
84550 8/50 (16.0) 24/120 (19.2) 0/4 - 2/120 (1.6)
84552 4/60 (6.7) 4/30 (13.3) 1 U1 1/30 (3.3)
84553 4/60 (6.7) 21/174 (12.1) 4/8 3/4 5/174 (2.9)
84568 6/60 (10.0) 98/420 (23.3) 13/16 10/13 11/420 (2.6)
84569 15/60 (25.0) 8/50 (16.0) U1 11 1/50 (0.5)
84580 11/60 (18.3) 9/113 (8.0) 01 - 0/113
84598 8/30 (13.3) 10/75 (12.0) U3 1 2175 (2.7)
Total 92/770 258/1682 30/52 22/30 36/1682

Note: Valuesin parentheses are percentages

duced ET and initiation rates varied from 3 to 50% (data
not shown).

From this experiment, 13 seed families showing the
highest initiation rates were selected for further initiation
experiments. Thus, in 1995, intact megagametophytesorig-
inating from these seed families were placed onto HLM-
PB medium (Table 1). The majority of ETs (89.1%) were
produced during the first 6 weeks of culture. No ET was
observed for the seed family derived from maternal tree
79501. However, in this case, only 18 megagametophytes
had been tested. Significant differences in response were
observed among seed families (P-value 0.0001), aswasthe
case for the 1994 experiments. Initiation rates varied from
2.61023.3% (Table 1), with an overall mean rate of 15.3%,
which was comparable to that obtained in 1994, 11.9%.

In total, 258 ETs out of 1682 megagametophytes were
separated from theinitial explants (Table 1). A drastic de-
crease was observed in the number of ETs proliferating
after separation. Effectively 20% (52/258) of the ETs con-
tinued to proliferate after 1-3 months of subculture, and
14% (36/258) after 4—6 months. Stable ECLs were ob-
tained for 10 of the 13 families after 4-6 months of sub-
culture. After 3 months of subculture, 42 ECLswere cryo-
preserved, 40 successfully (data not shown).

The frequency of SE from immature zygotic embryos
in our study was consistent with previous reports on east-
ern white pine. Initiation rates were lower than those re-
ported by Finer et al. (1989), wherethe mean initiation rate
was 54%, and similar to that obtained by Klimaszewska
and Smith (1997), although these authors did not mention
the number of seed families or maternal trees tested nor
the initiation rates per family. On the other hand, Kaul
(1995) obtained a 6.3% initiation rate of ET, but in this
case only four open-pollinated seed families had been
tested. Since we had tested a large number of seed fami-

lies, the wider range of initiation rates (2.6—23.3%) ob-
tained here in comparison with the previous studies may
reflect thegeneticvariability for embryogenic capacity that
existsinthenatural population. Such differenceswere also
reported in spruce species (Cheliak and Klimaszewska
1991; Isabel et al. 1997) where the largest proportion of
variation was found to be among families.

A decrease in the number of ECLs that proliferated on
multiplication medium has been reported both in Pinusand
Picea species, and this rate varied among species (Finer
et al. 1989; Webb et al. 1989; Tautoruset a. 1990; Mo and
von Arnold 1991). However only a few studies reported
on the number of stable ECLs produced. In P. strobus,
higher rates of ECL establishment were observed by
Klimaszewskaand Smith (1997) compared with our study,
with 42% of ETs continuing to proliferate after 2 months
of subculture. In P. taeda, 80% of initiated ETs formed
stable ECLs (Becwar et al. 1990). In our case, alow fre-
guency of stable ECLs was observed 6 months after initi-
ation (4% for the best family) in comparison with initial
initiation rates (23% for the best family). This decrease
may reflect an inadequate formulation of the culture me-
dium. A higher growth rate of ECLs of P. strobus was
observed when purified agar was replaced by gellan gum
(K. Klimaszewska, personal communication) and this
should be used in future initiation experiments.

Production of mature somatic embryos
and recovery of plants

A maturation protocol developed for Pinusradiata (Smith
1994) was employed to investigate the capacity of somatic
embryos to mature for 52 ECLs (11 families) after 1-3
months of subculture. Development of somatic embryosto
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the cotyledonary stage was observed after 10 weeks of
maturation. Mature somatic embryos were produced for
30 ECLs (57.7%) originating from eight seed families
(Table 1). The production of mature somatic embryos var-
ied from 1 to 154 somatic embryos per gram fresh weight
(datanot shown). However, thelow amount of tissuetested
per ECL did not make it possible to directly compare the
production of mature somatic embryos among the various
ECLs. In addition, stage 2 somatic embryos (as defined by
von Arnold and Hakman 1988) were obtained for eight
other ECLs (1 cell line from an additional seed family),
suggesting that with improved culture conditions these
lines might form mature somatic embryos, since this
protocol was not developed for P. strobus.

Mature somatic embryos from the different ECLs of
P. strobuswereisolated and transferred to the germination
medium. Depending on the ECL, 1-147 mature somatic
embryosweretransferred for atotal of 819. After 1 month,
91.2% somatic embryos (747) germinated (elongation of
somatic embryos as defined by Bewley and Black 1985),
and after 3 months on germination medium, 51.4% had de-
veloped an epicotyl. However, variation in quality of the
germinants was observed among genotypes. For example,
95 somatic embryos from genotype PSS-2 germinated but
93 of them presented hyperhydricity, and did not develop
an epicotyl. For some other genotypes, the epicotyl devel-
oped but callusing of the root was observed, decreasing
further survival in the greenhouse. In total, 349 plantlets
derived from 23 ECL s and eight families were transferred
to the greenhouse and 73.5% of them grew into plants (22
ECLs). The acclimatization rates varied among genotypes
from 47.2% (17/36) to 96.0% (73/76), and this variation
was possibly due to the different rates of root callusing
among genotypes. The mean conversion rate, that is, con-
version of somatic embryosinto acclimatized plants grow-
ing under greenhouse conditions after 2 months, was ap-
proximately 31%, varying from 0 to 50% depending on the
genotype.

Up to now, most reports on conifer species have not
specified the rate at which ECLs produce mature somatic
embryosin pines, except in Pinuscaribae, wheresix ECLS
out of nine produced mature somatic embryos (Laine and
David 1990). In P. radiata, 27% of the ECLs (39 of 144)
gave rise to plants in the greenhouse (Smith et al. 1994),
whichislower than this study. However, moreindications
related to the capacity of ECLsto produce mature somatic
embryos are available in spruces. In Picea mariana, 90%
of the ECLs produced a high number of mature somatic
embryos (Cheliak and Klimaszewska 1991). However, in
this case, only one or two ECL swere tested for each of the
17 familiesavailable. Other extensive studies have shown,
in Picea abies, that 78% (47 of 60) of ECLs derived from
five full-sib families produced mature somatic embryos
(Norgaard et al. 1993), whereas in Picea glaucaxengel-
mannii, 94% (67 of 71) of ECLsoriginating from six open-
pollinated families were able to produce mature somatic
embryos (Webster et al. 1990).

In P. strobus, the conversion rate of somatic embryos
into plants was lower than in P. radiata (31% compared

with 67%) (Smith et al. 1994). With standardized condi-
tions during acclimatization, up to a 70% conversion rate
was obtai ned for some genotypes, but differenceswerestil|
noticed between genotypes (data not shown). Such differ-
ences were also reported in P. radiata (Smith et al. 1994)
and P. mariana (Khlifi and Tremblay 1995). It thus seems
important to test ECL s from maturation to acclimatization
in the greenhouse to evaluate the real potential of individ-
ual genotypes.

Recovery of ECLs from mature zygotic embryos

Thirteen seed families showing moderateto high initiation
ratesof ET fromimmature embryosin 1994 and 1995 were
selected for initiation experiments using mature zygotic
embryos as explants. Initiation was first performed using
stored mature seeds from five seed families collected in
1994 (experiment 1), and then using 12 seed families col-
lected between 1993 and 1996 (experiment 2). In both ex-
periments, callusing was observed during initiation. A
brown calluswasfirst produced intheradicle zone but rap-
idly stopped proliferating. Enlargement of cotyledons and
hypocotyls was observed during the first weeks of culture
followed by the formation of a hard creamy callus that
turned brown. A white callus composed of dissociated
spherical cellswas also produced. Formation of calluswas
observed for 39-90% of embryos after 4 weeks of culture,
and for 94-100% after 8 weeks depending on the family.
After 8 weeks of initiation, a soft translucent tissue was
observed on the surface of the callus that developed in the
hypocotyl-cotyledon region (Fig. 1LA—C). Observation of
this translucent tissue under a microscope clearly demon-
strated the presence of somatic embryos with dense meris-
tematic cells attached to a few suspensor cells (Fig. 1D).
New ET could be produced until the 16th week of culture
on initiation medium. A total of nine mature zygotic em-
bryos produced ET from five seed families, with initiation
rates varying from 0.7% to 2.7% (Table 2). No pretreat-
ment effect was observed.

From the nine zygotic embryos, four stable ECLs have
been established after 4 months of subculture. Mature so-
matic embryos were produced for the four ECLs (Fig. 1E)
and subsequent germination and development of plantlets
wasobserved for all of them (Fig. 1F). Theconversionrate
observed for genotype PSZ-22 (seed family derived from
maternal tree 84553) was 56% (44/78).

To our knowledge, thisisthefirst report of SE from ma-
ture zygotic embryosin P. strobus. Up to now, only afew
studies had explored the genetic variability of SE initia-
tion capacity and it was shown, for different species, that
this capacity may vary among genotypes and families
(Becwar et al. 1990; Cheliak and Klimaszewska 1991,
Isabel et al. 1997). In P. strobus, to increase our chances
of obtaining ET from mature zygotic embryos, seed fam-
ilies that produced ET from immature zygotic embryos
were tested. As had already been observed for P. glauca
(Park et al. 1993), P. strobus families producing ET from
mature embryos were not necessarily the ones with the
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Fig. 1A—F Somatic embryogenesis from mature zygotic embryos
in Pinus strobus. A Excised mature zygotic embryo (bar 1 mm). B
Development of embryogenic (ET) and non-embryogenic tissue
(NET) (bar 2 mm). C Group of somatic embryos with suspensors
(bar 500 um). D Staining with acetocarmine showing somatic em-
bryos consisting of densely cytoplasmic cells subtended by suspen-
sor cells (bar 150 um). E Mature somatic embryos produced from
ECL PSZ-22 (family 84553) (bar 2.5 mm). F Regenerated plants
from ECL PSZ-22 acclimatized in the greenhouse (bar 3 cm)

highest initiation rate from immature embryos. The seed
family derived from maternal tree 84553, from which an
ECL was obtained in the first experiment, did not produce
ET in the second experiment. However, seedlots used for
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these experiments were collected in two different years,
1993 and 1994, and it was shown in white spruce that year-
to-year variation may affect significantly initiation rates
when mature zygotic embryos are used as explants (I sabel
and Beaulieu, in preparation).

Initiation of ET in pineswas mostly restricted toimma-
ture zygotic embryos (Becwar et al. 1990; Tautorus et al.
1991) at the precotyledonary stage of development, while
SE was obtained from both mature and immature zygotic
embryos in spruces. In general, lower initiation rates are
observed for mature zygotic embryos compared with im-
mature zygotic embryos in Picea species (Tautorus et al.
1990; Park et al. 1993). Similarly, in Pinus lambertiana
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Table2 Somatic embryogenesis from mature zygotic embryos in
Pinus strobus.The number of zygotic embryos forming ET after
12 weeks for the first experiment and 16 weeks for the second ex-
periment, and number of ECL s that produced mature somatic em-
bryos (SE) after 4 months of subculture

Maternal Number of zygotic embryos Number of

tree forming ET ECLs produc-
ing mature SE

Experiment 1  Experiment 2

76509 0/94 0/102 -

77121 0/96 0/150 -

78501 1/143 (0.7) -

79501 0/145 -

82531 0/150 -

84536 0/99 0/125 -

84548 2/90 (2.2 2/2

84552 0/140 -

84553 1/97 (1.0) 0/120 11

84568 1/150 (0.7) 1

84569 0/100 -

84580 0/80 -

84598 4/149 (2.7) -

Mean 1/486 8/1544 4/4

Note: Valuesin parentheses are percentages

(Guptaand Durzan 1986) and Larixx|eptoeuropaea (Lelu
et al. 1994), the frequency of ET initiation was greatly re-
duced when mature zygotic embryos were used.

To date, obtaining ET from mature zygotic embryos
in Pinus species has been reported only in P. lambertiana
(Guptaand Durzan 1986), Pinus massoniana (Huang et al.
1995) and Pinus koraiensis (Bozhkov et a. 1997), and re-
generation of plants from such ECLs was reported in only
P. massoniana. Restriction of SE to immature zygotic em-
bryos in pines could be related to the origin of ET, since
in pinesit usually appears in the suspensor region (Gupta
and Durzan 1986; Becwar et al. 1991; Bercetche and P&
gues 1995). In spruces, the origin of ET is different, with
initiation originating from the hypocotyl-cotyledon region
either inimmature or mature zygotic embryos (Webb et al.
1989; Tautorus et al. 1990; Mo and von Arnold 1991). In
P. strobus, initiation of ET was observed after the forma-
tion of a callus in the hypocotyl-cotyledon region of ma-
ture zygotic embryos, which is similar to P. mariana
(Cheliak and Klimaszewska 1991) and P. massoniana
(Huang et al. 1995), whereas in P. koraiensis (Bozhkov
et a. 1997), initiation was mainly observed in the suspen-
sor region (up to 14.7%) after 3 weeks of culture. The
production of ET was observed later in P. strobus (after
8 weeks) in comparison with P. koraiensis, but was simi-
lar to the report in P. glauca (Park et al. 1993).

In conclusion, despite the genetic variability that exists
among different seed families for embryogenic capacity,
initiation rates remained low in P. strobus compared with
spruces. However, plants were regenerated from somatic
embryosfor the mgority of the familiestested. A decrease
in the proportion of genotypes able to finalize the entire
SE process occurred at each step of the process. Thiswas
particularly critical during the proliferation of ET, and to

a lesser extent during maturation of somatic embryos,
while no major limitation was observed during the germi-
nation and development of plants. Improved proliferation
protocolsfor P. strobusare expected to greatly increase the
proportion of genotypes that can be regenerated through
SE, and higher production of mature somatic embryos per
ECL should be obtained with improved maturation media.

Finally, mature zygotic embryos may be used to pro-
duce ECLs and regenerate plants in P. strobus. However,
as initiation rates using immature zygotic embryos are
higher than those observed using mature seeds, and pro-
liferation ratesare similar for both types of explant, imma-
ture zygotic embryos remain the preferred type of explant
to produce embryogenic culture linesin alarge number of
seed families. Despite this, work should still be made on
initiation using mature seeds sincethey provide several ad-
vantages over immature zygotic embryos. Stored mature
seeds are available throughout the year and from year to
year, thus allowing independence both from irregular
flowering and from the restricted competence window of
immature embryos during the year. Furthermore, excised
zygotic embryos from mature seeds avoid any risk of
multiple genotypesinindividual ECLs. Further studiesare
needed to understand and determine the degree of genetic
control of SE initiation in P. strobus, using both immature
and mature zygotic embryos. The development of a com-
plete diallel with maternal trees whose seed families have
presented high, intermediate and low initiation rates, to
enable us to determine the genetic components and their
effects on SE initiation, isin progress.
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