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ABSTRACT 

Embryonal-suspensor mass lines CESM lines) 
from mature embryos of three open-pollinated 
families of Norway spruce [P~ce~ ab~es <I..~ 
Karst. ] were stabilized on several culture 

media varying in nutrient composition. A 
pattern of relationship between parameters 
of polyemhryogenic culture performance and 
medium composi ti on was geneti cal I y 
deter n~ ned. Stabi I i zed ES~M i i nes could be 
classified into two phenovariants: C~9 lines 
of homogenous E~-qM composed entirely of son, a- 
tic proembryos, and C f " )  lines of hetero- 
geneous E~-"M composed of a mixture of non- 
embryogenic callu~ and aggregates of somatic 
pr oembr yos. The for mati on of one or the 
other phenovar i ant was independent of 
genot ype, but sir ongl y deter mi ned by the 
medium composition. 

Abbreviations: ABA: abscisic acid, BA: 8- 
benz yl adenine, Eb~M: embr yonal -suspensor 
mass, N: nitrogen, NAA: ~-naphthyl-l-acetic 
acid. 

I NTRODUCTI ON 

The developmental pathway of conifer somatic 
embryos i s general i y based on c I eavage 
processes, even though the species does not 
norm~lly reproduce by cleavage polyembryony 
< D u r z a n  I~88). That is why conifer somatic 
embryos~ develop not from the primary un- 
differ enti ated cali us, but i n the hi ghl y 
or gani zed mor phogeneti c system cal Ied the 
embryonal-suspensor mass C ESqvD. 

A question of how long a time the ESM can 
be maintained Zn ~Z tz'o in the stable dif- 
ferentiated slate is of particular im- 
portance for research on aging as well as 
for development of biotechnological cloning 
systems. A secondary question, which needs 
to be answered, concerns whether the E ~  
from the same species have an invariably 
uniform morphology and are composed entirely 
of c i eaving pr oembr yos. 

In practice, these questions are concerned 
with the recovery of stabilized E~4 li-nes. 
However, the factors regulating stabiliza- 
tion of conifer ESM lines are poorly 

examined Ce. g., Klimaszewska I~80, Tautorus 
et al. 1000; Webb et al. 10803. 

The p resen t  r epor t demonstr ales how 
genetic and non-genetic factors affect 
stabi i i zati on of the ESM i i nes i n Nor way 
spruce. 

MATERIALS AND METHODS 

Plant Material. ~ed families C500, 501, and 
50~.9 r err esent progeny of three open- 
pollinated trees of Norway spruce [ P~cea 
abZes CL. 9 Karst. ] growing on the same plot 
near St. Peter sbour g. Because the trees 
differ greatly in height, diameter of bole, 
shape of cr own, type of br ant hi ng, and 
structure of bark, it is unlikely that they 
are r el ated genet i c al I y C Dol gol i k or, per - 
sonal communication). Cones were collected 
in October I~80, and stored at 3-5~ for 2 
years, nature embryos were removed from 
s u r f a c e - s t e r i l i z e d  seeds C25 rain in a 30M 
( w/v9 hydr open per oxi de9 and placed onto 
culture medium. 

Culture Media and Conditions. Seven basal 
media varying in inorganic components (Table 
ID were compared for the induction of ESM 
and the stabilization of ESM lines. The 
first fi ve media had hal f -strength LP- 
inorganics <yon Arnold and Eriksson Ig819, 
modified to imclude the different amounts of 
total N under the constant NH~/NO~ tool ar 
ratio of O. ~.~. <Bozhkov eL al. 1003bD. The 
sixth and se~nth media contained inorganics 
of L medium (Litvay et al. 10813 at half 
strength and BM$-I ( Krogstr up I5883, 
respectively <Table ID. All the media were 
supplemented wi th hal f-strength LP-vi tami ns, 
3 mM L-glutan~[ne, O. 5 mM myo-inositol, RZ 
<w/v) sucrose, I0 MM NAA and S MM BA. 

Ten embryos were cultured in each lO0-mL 
Erlenmeyer flask. ESMs were incubated in the 
dark at ~3~ and subcul tur ed onto fresh 
medium every 3 weeks. After 7 subcultures, 
ESMs were transferred to the same media, 
except for a lower concentrations of NAA 
CS ~ulM'9 and BA C2 IAMJ. 

Thirty embryos from each seed family were 
cultured on each of the media. Experiments 
were repeated at least twice. 

Somatic embryo matur ati on was achi eyed 
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Table I. Nutrient salt composition CraM) of modified LP Ci-S), L 
( ~ ) ,  and BMG-1  C T )  media. 

Nutrient Medium 

salt 1 2. 3 4 5 8 Y 

KN03 O. 78 1 4. 2 21.3 25. 3 42.5 g. 40 23. 1 
NH4NOs O. 2~ 4. O0 ~. O0 T. 50 12.0 10. 3 3.40 
KCi 5. O0 . . . . . .  
KHzPOw, 1 . 2 . 5  1 .  ~-5 1 . 2 5  1 .  ~,5 1 ,  ;::5 1 . 2 5  O. 6 3  
MgS04,7HzO O. 75 O. 75 O. 75 O. 7~ O. 75 3.7S O. 75 
CaCI z- 2H20 O. 60 O. 60 O. 60 O. 60 O. 60 O. 0 7  i. 50 
Mi c r osal ts 
and FeEDTA I/~-LP I/aLP 1/2LP I/aLP I/~LP i/2.5 I/~MS 

Total N 1. a~. ~.~. ~. 33.3 41.3 ~. 5 30.0 20. 
NH~/NOs O. ~. O. 22 O. 2~. O. 2a O. ~.~ O. 5~ O. 13 

using a protocol developed by Bozhkov etal. 
C Ig02, 1003a). Briefly, pieces of ESM, 
approximately 400 mg fresh weight Ctwo to 
three per I O0-mh Er I enmeyer flask), were 
placed on hal f-str ength LP medium sup- 
plemented with 2~ C w/v) sucrose, IS. ,~. ~M 
ABA, and 5.0 ~M BA. After 3 weeks, ESMs were 
subcul tur e d  sever al tl mes onto the same 
medl um wi thout BA, untii no fur thor 
production of mature somatic embryos was 
visible. ~matic embryos developed under 18h 
light (30 ~mol/m2/s, cool-white fluorescent 
lamps9 at 23~ 

All media tested were solidified with 0.7~, 
(w/v) Ser va puri f ied agar. The pH was 
adjusted to cj. 8 prior to autoclaving. ABA 
and L-gi utami ne were filter sterilized 
through a O. aa-~m Millipore filter. 

Moni for i ng of Cul tur es. The for matt on of 40 
ESMs was recorded every month during the 
initial S-month period of culture. 
Morphological features of the ESM were ~ 30 
tr ansl ucent appear ante, a hi gh degree of ~.~ 

organization, and the presence of specific I~I2~ 0 
muc i I agi nous matt i x (~ Dur zan 10809. The 
establ i shment of ESM i i nes was r ec or ded 
after 5 months of culture where at least two 1 
E~4 pieces increased in size 2-4 times every 
3 week s. 

0 Th,- ee parameters were used for the 
quanti tati ve oval uati on of somatic pol y- 
embr yogenesi s capac i ty ( Bozhkov et al. 30 
1003b): (Z) the total embryogenlc activity, ~o 
e x p r e s s e d  as percentage of zygotic embryos 
revealing ESM formation during 5 months of ~ 10' 
culture, CZZ) the frequency of ESM llne 
establishment, expressed as percentage of �9 ,~ s 
zygotic embryos produced E~-%4 lines within S 
months of culture, and CZZf) the trans- ~ ~ 8 
formation of ESMs into ESM lines, calculated ~z 4 
as: (number of zygotic embryos producing E~-~ u~ 
lines within 5 months of culture / number of Q~ 
zygotic embryos revealing E~%4 formation ~ 2 
during 5 months of culture) x i00. ~ ~ 0 

RESULTS 

A pattern of relationship between the total 
embr yogeni c ac ti vi ty and concentr ati on of 
inorganic N in the modified LP (Table 13 was 
genetically determined (Fig. IA�. Decrease of 
percentage of explants inducing E~94 with 
i nor ease of i nor ganic N content was 
character i sti c for seed fami I i es SOl and 

50~-. Family 500 responded differently, with 
a maxi mum total embr yogeni c acti vi ty at 
2a. ~. mM N. Medium 5 (66.5 mM N) suppressed 
induc ti on of sonlat i c pol yembr yogenesi s f or 
all seed families tested CFig. IA). 

Considering all families, modified L 
C medium 83 was much more ef fec ti ve than 
other ones at i nducti on phase, with 25M 
total embryogenic activity Caveraged across 
three fami I i es). 

There was no clear correlation between the 
frequenc y of E~ i i ne establ i shment and 
inorganic N content (Fig. IA, B). Moreover, 
the frequency of ESM line establishment was 
not di r ectl y pr opor ti onal to the total 
embryogenic activity. For example, medium ~- 
was appropriate for the induction of the ES%4 
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1,2~: ~"~. ~: 8 9 . 9  3 0 . 0  

S e e d  f a ~ l y  

3 3 . 3  
Total N Cml~) 

1 a 7 @ 3 4 S 
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41.3 ~.5 

Fiq. l. Influence of inorganic nitrogen con ~ 
centration on induction of somatic poly- 
embryogenesis CA9 and establishment of ESM 
lines CB) in three open-pollinated families 
of Norway spruce. Bars indicate ~E. 



in family 502. if not supporting the E ~  line 
stabilization CFig. IA, B). 

Using the parameter of transformation of 
W.S~Ms into E~ lines allows consideration of 
the stabilization phase irrespective of the 
induction phase, and the assessment of the 
maintenance capacity of the culture medium. 
The best maintenance medium was modified LP 
with 41.3 mM inorganic N Cmedium 4). It. 
promoted transformation of the early E~Ms 
into the ES%4 I i nes with a ~4~ frequency 
Caveraged across three familiesf. Modified L 
and BMG-I Cmedia 6 and 73 also gave good 
r esul ts, with 40 and 4~.% tr ansfor mati on 
frequencies, respectively Cdata not shownf. 

Two-way analysis of variance showed that 
seed family effect contributed only S and ~% 
to the variation of the total embryogenic 
activity and the transformation of ES%4s into 
ES~4 lines, respectively. The larger pro- 
portions CSO-VO~9 of the observed variations 
war e at tr i butabl e to the c ul fur e medium 
effect and the interactive family x medium 
effect CTable ~:9. 

Stabilized E~M lines could be classified 
into two phenovar i ants: C .~9 lines of 
homogenous E~M Cdesignated as AomD composed 
entirely of somatic proembryos CFig. a), and 
C Z " )  lines o f  heterogeneous E~M Cdesignated 
as AeZ) composed of a mixture of globular, 
opaque cal i us and aggr agates of somatic 
proembryos CFig.~). The formation of one or 
other phenovar i ant was independent of 
genot ype, but str ongl y deter mi ned by the 
culture medium composition. The Ao~ ESM 
lines generally developed on the modified LP 
C media 1-43. On the contrary, L-macro- 
elements Cmedium 89  were required for the 
production of the Act E~M llnes. Modified 
BMG-I Cmedium 73 was equally effective for 
stabilization of both of the phenovariants. 

Two di sti ngui shi ng features should be 
stressed about the growth patterns of Aom 
and Act E~ lines. First, the proliferation 
rate of the ~%et E~4 lines was two to four 
times that of the Ao~a E~%4 lines CP<O. O01). 
~econdl y, t he fast gr owl ng Ae s ESM I i nes 
war e hi ghl y suscepti bl e to necr oti c pr o- 
cesses resulting in a tan-col outed pigmen- 
tation of the cultures CFig. 3). 

The morphological characteristics of the 
two phenovariants of Norway spruce E~4 lines 
were rather stable+ and they have now been 

Table 2 .  The effect of seed family CF) and 
culture medium CM'9 on the total embryogenic 
activity and the transformation of ESMs into 
ESM lines: analysis of variance. 

Sour ce df ~ Variance ratio P 

Total embryogenic activity 

F ~ 5 4. i 0 O. 023 
M 6 3~ O. 88 < O, 001 
FxM I~ 30 3.72 <0. 001 
Err or 42 33 

Transformation of E~-q4_~ into ESM lines 

F ~. 2 2.74 O. 070 
M 6 3:2 .10. 6 6  < O. 001 
F x M  1 2  3 6  4 . 7 1  < 0 .  0 0 1  
E r r  o r  4~ 3 0  

~ sums of squares 
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n~intained continuously for more than tw~ 
years without observable change. These are 
not, however, completely stable developmen- 
tal states, since the Act and the Aom ES~ 
lines could be fully transformed one into 
the other by subculturing onto appropriate 

media. 
Under matur ati on condi ti ons weli -for med 

somatic embryos w~re recovered from the Ao~ 
E~4 lines CFig. 4). However, this was impos- 
sible with the AeZ ESM lines which produced 
somatic embryos with abnormal morphology 
only CFig. 5). The abnormal somatic embryos 
had an adventitious bud-like appearance with 
suppressed hypocotyl development and an 
assymetrical arrangement of cotyledons. 

DI SCUSSI ON 

I n most studies on toni far somatic pol y- 
embryogenesis, it is not assumed that the 
E~4 i nducti on and stabi I i zati on processes 
may be distinct in environmental require- 
ments. The data obtained have shown that one 
and the same culture medium may be permis- 
sive for the ESM induction and suppressive 
for the stabilization of ES~4 lines Cor vice 
versa9 in mature zygotic embryos of Norway 
spruce. This r ell acts the maj or devel op- 
mental difference between these two pro- 
cesses. The E~M induction process is 
associated with a redetermination of cells 
i n the pr i mar y expl ants, whet eas the 
stabilization of ES~4 lines involves prolife- 
r at i on of somat i c pr oembr yos by c I eavage 
mechanism~ CDurzan Ig889. The genetic source 
of the seed explant was also a significant 
factor affec ti ng pol yembr yogeni c cul fur e 
per for mance as weli as the patter n of 
relationship between the quantitative para- 
meter s of pol yembr yogenesi s and the com- 
posi ti on of cul fur e medium. A1 though the 
seed family effect contributed only S and ~Y, 
to the total variation of ESM induction and 
stabi I i zati on par ameter s, r especti vel y, the 
interactive family x medium effect was much 
stronger, determining 30 and 36~ of . the 
total variation of respective parameters 
CTable 29. 

A low contribution made by the seed family 
effect to the total variation of somatlc 
polyembryogenesis parameters is attributable 
to the fact that the donor trees, chosen in 
the present study, grew on the same plot 
with the same pollen cloud. Otherwise, the 
genotype could be a more significant factor 
than the medium because of the presence of a 
pollinator effect. In conifers, chloroplast 
DNA, which has been shown to control ~n 
~ ~ Do embr yogenesi s C Sagi and Bar nabas 

1 @ 8 9 9 ,  is inherited from the paternal parent 
CDong et al. lOgS). 

The fact that the ESM lines, stabilized on 
the modified L medium, have a heterogeneous 
cellular composition and possess pronounced 
capaci ties for both pr ol i fer ati on and 
senescence, appears interesting for two 
reasons. Fir st, the L-mac r oel ements, which 
ar e r out i nel y used for c oni fer somatic 
pol yembr yogenesi s C Roberts et al. I Sg3), 
were not previously tested in Norway spruce. 
This study has shown the aberrant develop- 
ment of Norway spruce somatic embryos in the 
Act ES%4 lines stabilized on the modified {. 
medium. Second, the concurrent pattern of 
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Fiq.~. Phenovariant Aom ESM stabilized on 
modified LP Cmedium 49. Bar = 5 ram. 

F iq. 3. Phenovariant Ae~ E~%4 stabilized on 
modified L Cmedium 69. Bar = 5 mm. 

cell proliferation and senescence peculiar 
to the Ae~ E5%4 lines contradicts the pro- 
position that a clearly defined antagonism 
exists between these two processes in 
eucar yoti c celi popul ati ons C Gel rant and 
Smith 107;~) .  It is not inconceivable that 
the mucilage surrounding somatic proembryos 
of the Ae s ESM contains cel I di vi si on 
factors that promote cleavage of somatic 
pr oembr yos as well as proliferation of 
nonembryogenic callus CBraun and Meins 1070; 
Dur zan 108~9. Non-embr yogeni c cal I us of 
conifers has also been shown to accumulate 
large amount of phenolic compounds CWann et 
al. i~879. This may be responsible for the 
development of necrotic pigmentation of the 
Ae ~ ESM I i nes found i n the present 
invest i gati on. 
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