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Abstract 

Micropropagation of the actinorhizal plant Comptonia peregrina of the Myricaceae was achieved 
successfully by the induction of root buds in excised root culture with cytokinin (1.0/xM 
benzyladenine). Excised root segments with initiated root buds were subcultured in Woody Plant 
Medium (WPM) lacking growth regulators, developing extensive callus which subsequently gave rise to 
multiple adventitious buds. Shoot elongation was facilitated by transfer of calluses to more aerated 
conditions. Root initiation was induced on shoots by brief treatment with auxin (<1 /xM indolebutyric 
acid) and transfer to WPM for plantlet development. Controlled light and aeration in liquid medium 
were critical conditions for successful micropropagation. 

Introduction 

Comptonia peregrina (L) Coult. (Myricaceae) is 
a woody actinorhizal species commonly found in 
eastern and central N. America. Through its 
symbiotic root association with actinomycetous 
nitrogen-fixing bacteria of the genus Frankia, C. 
peregrina is well suited for colonizing nitrogen- 
poor sites. Our interest in C. peregrina lies in the 
study and understanding of this symbiotic rela- 
tionship. However, a large proportion of field- 
collected fruits are often populated by bacterial 
and fungal contaminants, causing difficulty in 
providing large and constant numbers of axenic 
plants for in vitro studies. Thus, axenic establish- 
ment of C. peregrina through organ and tissue 
culture was sought as an alternative method. 
Plant organ and tissue culture is currently being 
employed for producing clonally uniform axenic 
plants of various actinorhizal species for use in 
such programmes as reforestation, land reclama- 
tion and land stabilization (Barghchi 1988; Ber- 
trand & Lalonde 1985; Fessenden 1976; Mont- 
petit & Lalonde 1988; Perinet & Lalonde 1983; 

Perinet et al. 1988; Tremblay & Lalonde 1984; 
Tremblay et al. 1984). Howeyer, culture initia- 
tion through explants including apical shoot 
buds, cotyledons, leaf tissue and stem segments, 
which were successful for a variety of other 
actinorhizal species, did not prove to be effective 
with C. peregrina. 

An interesting feature of C. peregrina is the 
ability of its lateral roots to form endogenous 
root buds from which shoot sprouts are readily 
formed. These root buds enable C. peregrina to 
form large clonai populations through vegetative 
propagation that can spread extensively over 
large areas. In reporting the axenic establish- 
ment of isolated roots of C. peregrina Goforth & 
Torrey (1977), noted that root buds sponta- 
neously occurred in the basal portion of the 
cultured root systems grown in vitro. The root 
buds were shown (Goforth & Torrey 1977) to be 
endogenous, arising from the secondary cortex 
that was a pericyclic in origin. In this report we 
discuss the successful micropropagation of C. 
peregrina from its root buds. 
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Materials and methods 

Explants 

Fruits of C. peregrina were collected in July, 
when they were ripe, from plants at various sites 
around Petersham, Central Massachusetts; sepa- 
rate collections were refrigerated at 4°C until 
needed. For these studies, fruits collected in 
1985 from three different sites in Petersham were 
tested for axenic germination. The fruits were 
soaked in 500ppm gibberellic acid (GA3) for 
24 h before rinsing in distilled water as previous- 
ly described (Del Tredici & Torrey 1977). They 
were then surface-sterilized in 30% H20 2, with a 
few drops of Tween 80 (Fisher Scientific Co.), 
for 20 min with low-speed agitation provided by 
a magnetic stirrer. This treatment was followed 
by 4 successive rinses with sterile distilled water. 
The pericarp was then cut away aseptically and 
the excised seeds placed in 10 cm diam. Petri 
dishes containing 15 ml water agar (0.8%) and 
incubated at 26°C in the dark, in order to detect 
microbial contaminants. Uncontaminated seed- 
lings were transferred individually, 4 days later, 
to 20 ml culture jars with screw caps containing 
10ml Goforth & Torrey medium (1977), sup- 
plemented with 2% sucrose and 0.8% Bacto- 
agar (Difco). The jars were incubated in a 
growth chamber set with a 16 h photoperiod (60 
( ~ m o l m - 2 s  -~) from warm white fluorescent 
lamps) and constant temperature of 26°C. After 
3 weeks, seedlings with a well-developed primary 
root system (>2cm length) were selected for 
investigating root bud initiation. 

Root bud initiation, callus initiation and 
adventitious bud formation 

Root bud initiation was attempted with the pri- 
mary root, either with or without attached hypo- 
cotyl and cotyledons. Following excision from 
the seedlings, the primary roots were transferred 
to various culture media. The following media 
formulations were tested for the two stages in- 
volving 

- r o o t  bud initiation followed by 
- c a l l u s  initiation and adventitious bud forma- 

tion: MS, Murashige & Skoog (1962); GT, 

Goforth & Torrey (1977); Gamborg's B5 
(Gamborg et al. 1968) and WPM, Woody Plant 
Medium (Lloyd & McCown 1981). 

The basal culture media contained mineral salts, 
vitamins and 3% w/v sucrose (87.6mM); pH 
was adjusted to 6.0 with NaOH or HCI before 
autoclaving. Culture media were supplemented 
with different concentrations and combinations 
of 6-benzyladenine, BA (0.1, 0.5, 1.0, 2.0/~M) 
and a-naphthaleneacetic acid, NAA (0.01, 0.1, 
1.0 t~M) in order to determine the optimum 
plant growth regulator combination for tissue 
differentiation. Both liquid and solid (0.8% w/v 
Bacto-agar) media, autoclaved at 121°C for 
15 min were evaluated. Solid media (15 ml) were 
distributed in 10 cm diam. Petri dishes and liquid 
media (50 ml) in 125 ml Erlenmeyer flasks. 

For each stage, cultures were incubated for up 
to 8 weeks and within each stage there were 10 
replicates per treatment and 1 root explant per 
replication. Results were evaluated as percen- 
tage primary roots producing root buds and the 
number of root buds formed per explant. Callus 
and adventitious bud formation was categorized 
according to a rating scale, ranging from no 
callus formation to callus formation with buds. 
The new shoots that initiated from the callus are 
described here as adventitious. 

Shoot multiplication 

After 8 weeks on the optimum callus induction 
media, cultures were tested for shoot multiplica- 
tion and elongation in MS, GT and WPM. BA 
(0.1, 0.5, 1.0, 2.0 ~M) and NAA (0.01, 0.1, 
1.0/~M) were evaluated in various combina- 
tions. All the multiplication assays were carried 
out in liquid culture. Cultures were subcultured 
at 4-week intervals; they were either transferred 
as whole cultures or excised into smaller portions 
before subculturing. Callus tissues from each 
explant were maintained separately. Shoot multi- 
plication and elongation were categorized, every 
4 weeks, according to a rating scale, ranging 
from no bud formation to greater than 40 
buds g-1 fresh weight of tissue. Five replicate 
flasks per treatment and 3 shoot clusters per flask 
were analyzed. In a separate treatment, the ef- 
fect of gradually reducing the volume of media 
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by 10 ml increments per 125 mi Erlenmeyer  flask 
from 50 ml to 20 ml over 4 subculture periods, as 
opposed to maintaining a constant volume of 
50 ml or 20 ml, was investigated. 

Rooting 

After  4 months in multiplication media, rooting 
of shoots was tested in MS, G T  and WPM with 
indolebutryic acid (IBA) at levels of 0.5, 1.0, 2.5 
and 5 .0 /zM.  Shoot clusters were placed in 20 ml 
liquid media (MS, G T  or WPM) with IBA in 
125ml flasks. After  1 day and every 3 days 
thereafter ,  for up to 3 weeks, individual clusters 
of shoots were transferred to the same media 
minus IBA. At  this stage, rooting was evaluated 
in liquid and solid media (15 ml) in 20 x 150 mm 
culture tubes for up to 6 weeks and categorized 
according to a rating scale, as indicated in Table 
2. Rooted  plantlets were then transferred to fine 
sand in cuboidal, clear-plastic containers 
(Magenta GA-7 vessels, Carolina Biological Sup- 
ply Company,  Oregon,  USA), provided with 
1/4-strength Hoagland's solution and evaluated 
for establishment in vitro. 

Culture conditions 

For root  elongation, root  bud initiation and cal- 
lus initiation, the cultures were incubated in a 
growth chamber  at a constant temperature of 
26°C in the dark. For  shoot multiplication, elon- 
gation and rooting, cultures were kept in a 
growth chamber  with a 26/20°C thermoperiod 

and a 16 h phot_o2Period. Quantum flux densities 
of > 1 0 / z m o l  m -  s-  resulted in cultures turning 
dark red to burgundy and eventually becoming 
necrotic, so illumination was maintained at 

-2 -1 < 1 0 / z m o l  m s . All liquid cultures were agi- 
tated continuously on a gyratory shaker at 
120 rpm min-1 

Results 

Root  bud initiation 

Two weeks after transfer to culture media, elon- 
gation of all the primary roots was best on liquid 
G T  media, both in the absence of BA and at 
levels of 1 .0/xM and less. Higher concentrations 
of BA resulted in the swelling of tissues, espe- 
cially in the hypocotyl region just below the 
cotyledons, and reduction of root elongation. On 
all the other  liquid media and on all solid media, 
root elongation was very poor. 

Root  buds were only produced on primary 
roots from seeds collected at one of the three 
sites tested (Table 1). Furthermore,  they were 
only observed in G T  liquid media, lacking BA or 
with BA levels of < 1.0/zM. Root  buds began 
appearing 3 weeks after incubation and there 
were 3.0-4.1 buds per root system. The presence 
of cotyledons improved root elongation, but 
made no significant difference to root bud initia- 
tion. The inclusion of N A A  resulted in swelling 
and browning of tissues without any stimulating 
effect on root elongation or root bud initiation. 

Table 1. In vitro bud formation by excised primary roots of Comptonia peregrina in Goforth and Torrey liquid medium in 
response to various levels of BA. Axenic seedlings were initially established from seeds collected from 3 sites around Petersham, 
Massachusetts, in 1985. Culture duration was 6 weeks. Each treatment included 10 plants. 

Seed source BA levels (%) Explants No. of root buds 
(/~M) with root buds formed per explant 

Site 1 (Quabbin) 0 100 a 1 4.1 a 
0.1 100a 3.6a 
0.5 80 b 3.9 a 
1.0 60 c 3.0 b 
2.0 0d 0c 
4.0 0d 0c 

Site 2 0-4.0 0 0 

Site 3 0-4.0 0 0 

1Values not followed by the same letter in each vertical column are significantly different at 5%, using Duncan's Multiple Range 
Test. 
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After a total of 5 weeks, root segments with root 
buds were cut apart and each root segment with 
a developing bud was transferred individually to 
a flask containing the medium to be tested for 
callus initiation. 

Callus initiation and adventitious bud formation 

After 6 weeks, only root buds that were formed 
on primary roots in liquid GT with BA (<1/~M) 
and transferred to liquid WPM produced cal- 
luses. No callus formation occurred on root buds 
if continued in GT or MS medium. Cortical 
proliferation and differentiation of each root bud 
into calluses continued in liquid WPM medium 
as a single tissue mass. Callus differentiation 
then resulted in adventitious bud formation on 
the callus surface. The calluses were compact 
and pink in color while the shoot primordia, 
which were visible by the eight week, were light 
green or burgundy in color (Fig. 1). Root buds 
continually maintained in liquid GT without BA 
did not form calluses but developed and elon- 
gated into individual shoots. Low concentrations 
of BA and NAA (<0.5 ~M)  had no influence on 
callus initiation or adventitious bud formation, 
but increased levels (1-2 tzM) resulted in swol- 
len tissue and browning. In all the other liquid 
media, roots did not grow well and on solid 
media, root tips turned brown and senesced. At 
this stage of the research, it was decided to carry 
out all subsequent treatments in liquid culture. 

Multiplication 

The best shoot multiplication and shoot elonga- 
tion occurred in liquid WPM (Stage III, Fig. 6). 
Shoot establishment was achieved in two ways: 
by the continuous development of adventitious 
buds, which differentiated directly from the cal- 
luses (Fig. 2) or by the formation of axillary buds 
in the nodal regions of elongating shoots. After 4 
months the best yield of shoots was obtained in 
WPM without any growth regulators. Neither 
BA nor NAA had any stimulatory effect on 
shoot multiplication and growth. High growth 
regulator levels (e.g., 1 -2 /zM BA) resulted in 
tissue callusing and browning. Multiplication re- 
sulted in 1-20 elongated shoots per cluster after 
4 weeks (Fig. 3) and increased to as many as 
30-80 shoots per cluster after 12 weeks. The 
variation in numbers was related to the variable 
size of the clusters rather than their multiplica- 
tion rate. Young shoots were generally burgundy 
in color but the leaves gradually turned green as 

Fig. 1. Adventitious buds of C. peregrina initiated on callus 
maintained in Stage II for 8 weeks in liquid WPM without 
plant growth regulators. 

Fig. 2. Multiple shoot formation of C. peregrina after 12 
weeks in liquid WPM (Stage II). 
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Fig. 3, Shoot multiplication and elongation of C. peregrina 
from adventitious buds, after 4 weeks in liquid WPM (Stage 
nl). 

they expanded. It was also observed that shoot 
multiplication and elongation improved two- to 
four-fold as clusters were cut into smaller pieces 
and the volume of media in flasks was gradually 
decreased from 50 ml to 20 ml during subcultur- 
ing, over a period of 4 months. Reducing and 
maintaining the volume at 20 ml after the first 
sub-culture was just as beneficial and shoot buds 
above the level of the liquid elongated rapidly 
(Fig. 4). In contrast, tissue still submerged in the 
liquid culture continued to proliferate as cal- 
luses. Shoots have been maintained in 20ml 
WPM media for up to 6 months, with monthly 
subculture. 

Rooang 

Rooting was best induced by placing shoots that 
were >3 cm height in liquid WPM with 1/xM 
IBA for up to 24 h before transferring the shoots 
to growth regulator-free liquid WPM (Table 2). 
By 3 weeks (Stage IV), roots were induced at 
the base of the shoots and on the nodes (Fig. 5). 
The roots continued to elongate and grew well in 
liquid WPM. Rooting also occurred on solid 
WPM but to a lesser extent and the shoots 
eventually became dehydrated unless transferred 
to liquid WPM. IBA concentrations of >2.5 /zM 
caused tissue swelling, callusing and browning, 
as did longer periods of incubation in all concen- 
trations of IBA. Rooting occasionally occurred 
in the absence of IBA, but numbers were few 

Fig. 4. Shoot multiplication and elongation of C. peregrina 
from adventitious buds, after 12 weeks in 20 ml liquid WPM 
(Stage III). 

and not consistent. The rooted plantlets were 
transferred successfully and established in sand 
in vivo. However, the plantlets required a gradu- 
al exposure to increasing light intensities before 
transfer to the temperate greenhouse. Since 
these experiments were designated primarily to 
propagate plants for inoculation under axenic 
conditions, no quantitative study was made of 
plantlet establishment in pot cultures in sand or 
soil. 

Discussion 

We believe this report is the first account of 
micropropagation of a member of the 
Myricaceae. Although the genetic potential for 
organogenesis in C. peregrina may exist in all 
tissues, the expression seems to be most access- 
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Table 2. The effect of IBA treatment on in vitro root formation by micropropagated shoots of Comptonia peregrina. Shoots were 
in WPM medium for 4 months, transferred to test media + IBA for varying periods before transfer to respective IBA-free liquid 
(1) and solid (s) test media for a further 3 weeks. 

Exposure period IBA post-IBA treatment 
to IBA levels (p.M) 

GT MS WPM 

1 s 1 s 1 s 

24 h 0 . . . .  + - 
0.5 + - + - + + +  + +  
1.0 . . . .  + + + 
2.5 . . . . . .  
5.0 . . . . . .  

3 days 0 . . . .  + - 
0.5 . . . .  + + 
1.0 . . . .  + + 
2.5 . . . . . .  
5.0 . . . . . .  

6, 12 and 18 days 0 . . . .  + - 
0.5-5.0 . . . . . .  

Root formation was rated according to the following scale: - no roots; + 1-3 roots/shoot; + + 4-8 roots/shoot; + + + 9-15 
roots / shoot. 

ible via endogenous  roo t  buds since t r ea tmen t  of  
all o ther  explant  tissues including leaf, s tem, 
shoot  tip and roo t  did not  give rise to callus 
unde r  the range  of  condit ions tested. This lack of  
response  is except ional ,  especially when corn- 

Fig. S. Rooting of C. peregrina shoots after 24 h exposure to 
1.0 ~M IBA, followed by 3 weeks in liquid WPM (Stage 
IV). 

pa red  to various o ther  actinorhizal  species that  
have been  p ropaga ted  axenically f rom a variety 
of  explant  tissues. Howeve r ,  C. peregrina is t he  
only  act inorhizal  species known  to fo rm endoge-  
nous  roo t  buds  in nature  and to make  use of  this 
fo rm of  regenera t ion  to establish extensive clonal 
popula t ions  effectively in the field. 

The  init iation of  roo t  buds  in G T  media  with- 
ou t  added  cytokinin and the progressive suppres-  
sion of  bud  fo rmat ion  by increasing levels of  
cytokinin  suggest  that  the mos t  impor tan t  factor  
influencing bud  regenera t ion  in tissue culture 
may  involve host  genetic  control  of  endogenous  
h o r m o n e  product ion .  Of  the seed collections tes- 
ted,  only  excised roots  f rom seeds of  Site #1  
(Quabb in)  showed  root  bud  format ion  consis- 
tently.  Repea t ing  these studies with collections 
f rom the same sites but  f rom other  years pro-  
duced  the same results. In  the field, it is highly 
p robab le  that  plants within each site are clonal 
because  o f  vegetat ive p ropaga t ion  f rom root  
buds.  In  any case, it appears  that  an appropr ia te  
p lant  geno type  is an impor tan t  pre-requisi te  for  
effective bud regenera t ion  of  C. peregrina in 
vitro. A similar finding has been  repor ted  for  
flax, Linum usitatissimum, where  endogenous  
bud  pr imord ia  with the ability to initiate shoot  
fo rma t ion  were  only induced in the hypocotyls  of  
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axenic seedlings 

excised primary roots with cotyledon 

Stage I 

liquid GT + BA (0.5/xM) 
pH 6.0, 4 weeks 
shaker, dark, 20°C 
125 ml flasks, 50 ml vol 

root buds 

Stage II 

liquid WPM 
pH 6.0, 8-12 weeks 
shaker, <10 tzmol m 2 s l 26oC 
125 ml flasks, 50 ml vol 

callus initiation & 
adventitious bud formation 

Stage 11I 

liquid WPM 
subculture every 4 weeks 
shaker, <10/xmol  m 2 set 
125 ml flasks 
vol 50 ml to 20 ml 

shoot multiplication 

Stage IV 

shoot clusters >3 cm ht 
transfer to liquid WPM 
+0.1/ . tM 1BA for 24h 
transfer to liquid WPM 
for 3 weeks 

in vitro rooted plantlets 

Stage V 

transfer to sand 
1/4 strength Hoagland's 
gradually increase light 
intensity 

rooted ~lants 

Fig. 6. Protocol for 
peregrina. 

micropropagation of Comptonia 

certain genotypes (Gamborg & Shyluk 1976; 
Link & Eggers 1946; Zhan et al. 1989). 

The flow chart in Fig. 6 presents a protocol 
summarizing the optimum conditions for each 
stage in the sequence resulting in successful 
micropropagation of C. peregrina. Exogenous 

growth regulator requirements during micro- 
propagation were minimal, although specific low 
levels of plant growth substances were essential 
at certain critical stages during tissue differentia- 
tion. A cytokinin requirement (BA, 0.1- 
1.0 t~M) was necessary for the roots in GT 
media if the root buds were to develop sub- 
sequently into calluses when transferred to liquid 
WPM, as opposed to shoot development if the 
buds were maintained continually in GT media. 
The adventitious shoot buds produced on the 
calluses were comparable morphologically to the 
root buds. Presumably, endogenous cytokinin 
levels in the tissues at this stage were sufficient 
for shoot multiplication and elongation in WPM 
without added cytokinin. The best rooting re- 
sponse was after a 24-h exposure to <1.0/~M 
IBA followed by transfer to growth regulator- 
free WPM. Since increased levels of, or pro- 
longed exposure to, IBA disrupted tissue organi- 
zation, it appears that an exogenous auxin supply 
was only necessary for triggering root initiation. 

Of the various media tested, Woody Plant 
Medium proved to be the most suitable for all 
stages during micropropagation except initial 
root elongation and root bud formation. The 
inorganic salt concentration is considerably re- 
duced in GT medium, especially in nitrates and 
sulphates, when compared to MS medium or 
WPM and this formulation appears to meet the 
requirements for good root elongation and root 
bud formation of C. peregrina. However, WPM 
was more effective for the later stages of shoot 
development. 

A significant step during micropropagation 
was to decrease the volume of WPM so that only 
a portion of the tissues was submerged in the 
liquid culture. This procedure was especially 
effective for increasing shoot multiplication and 
elongation because a reduced volume of medium 
with increased aeration promoted shoot develop- 
ment. Continual submersion of the tissues in the 
medium, however, resulted in prolific callus for- 
mation but reduced shoot initiation and elonga- 
tion. Thus submerged culture provided a system 
whereby calluses could be maintained for long 
periods in an actively growing state, until shoots 
were required. 

Transfer to solid media at any stage was detri- 
mental to the plant tissues, leading to desicca- 
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tion. Light intensities of > 1 0 / x m o l m  -2 s -1 al- 
most always resulted in tissue browning and 
necrosis. Since the micropropagation of other 
actinorhizal plants was reported to be successful 
on solid media (Barghchi 1988; Bertrand & 
Lalonde 1985; Perinet & Lalonde 1983; Perinet 
et al. 1988; Tremblay & Lalonde 1984; Tremblay 
et al. 1984; Zhan et al. 1989), the requirement 
for agitated liquid culture and low light intensity 
by C. peregrina is exceptional and may be re- 
lated to the peculiar physiology of this plant 
species. Liquid culture has many advantages, viz. 
easy manipulation of tissues during subculturing, 
elimination of nutrient gradients and polarization 
of tissue, ease of storage of callus tissues and 
easy access for studying root morphology and 
nodulation. 

It is recognized that root bud formation is very 
effective as the basis for clonal propagation of C. 
peregrina in the field. This study has shown that 
with an appropriate host genotype, root buds are 
also an effective source for clonal propagation of 
C. peregrina in vitro (Fig. 6). This technique 
represents a valuable tool for the provision of 
large numbers of exenic and clonally uniform 
plants in culture for studying various aspects of 
the Cornptonia-Frankia symbiosis. 
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