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      Somatic Embryogenesis 
and Genetic Transformation 
in Cupressaceae Trees                     
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    Abstract  

  Coniferous trees belonging to the family Cupressaceae are distributed 
worldwide. Several species of these conifers possess high economic value 
and have been a source of important forest products and raw materials for 
the forest industry. Somatic embryogenesis is a potential tool for clonal 
propagation of superior lineages within these conifers and for molecular 
breeding by genetic transformation. In this chapter, the technologies 
developed to date for somatic embryogenesis in trees of the Cupressaceae 
family are introduced, and various factors affecting somatic embryogene-
sis are discussed. In addition, methods for improving the effi ciency of 
stable transformation via somatic embryogenesis are described.  
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13.1         Introduction 

 The tree family Cupressaceae sensu lato com-
prises 32 genera, with more than 130 species, and 
is the only family of conifers with a cosmopolitan 
distribution on all continents except Antarctica 
(Farjón  2005 ; Adams et al.  2009 ; Debreczy et al. 
 2009 ; Yang et al.  2012 ). In addition, it is the most 
diverse of all conifers and includes important 

ornamental trees and shrubs used in landscaping 
of gardens and parks, such as the genera 
 Chamaecyparis ,  Cupressus ,  Juniperus , and 
 Thuja . In particular, these genera as well as other 
genera, including  Calocedrus ,  Cryptomeria , 
 Cunninghamia ,  Sequoia , and  Taxodium , collec-
tively form the leading source of timber globally. 
Juniper (genus  Juniperus ) is widely used as 
ground cover in landscaping as well as for bonsai 
trees. Lawson’s cypress [ Chamaecyparis lawso-
niana  (A. Murray bis) Parl.] and Hinoki cypress 
( Chamaecyparis obtusa  Sieb. et Zucc.) also 
 provide a large number of dwarf and color culti-
vars for horticulture (Farjón  2008 ). 
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 Somatic embryogenesis is an effective proce-
dure for not only mass propagation of breeding 
strains showing preferred traits but also for pro-
viding target tissue for genetic transformation. 
Konar and Oberoi ( 1965 ) reported the fi rst 
embryo-like structures in conifers, termed 
“embryoids,” which were obtained from the cot-
yledons of the Chinese arborvitae ( Thuja orienta-
lis  L.). Somatic embryos capable of differentiating 
into normal plants from embryogenic tissues ini-
tiated from immature zygotic embryos were fi rst 
reported in the Norway spruce (Chalupa  1985 ; 
Hakman and von Arnold  1985 ); since then, plant 
regeneration via somatic embryogenesis has been 
reported in many conifers (reviewed by Gupta 
and Grob  1995 ; Stasolla and Yeung  2003 ). In the 
Cupressaceae, somatic embryogenesis has addi-
tionally been reported in six genera, namely, 
 Chamaecyparis ,  Cryptomeria ,  Cunninghamia , 
 Cupressus ,  Juniperus , and  Sequoia  (Table  13.1 ). 
Although reports on stable and effective proce-
dures for somatic embryogenesis and a plant 
regeneration system within Cupressaceae trees 
are limited, Hinoki cypress, Sawara cypress 
( Chamaecyparis pisifera  Sieb. et Zucc.), and 
Sugi ( Cryptomeria japonica  D. Don) have been 
studied intensively.

   Hinoki cypress, Sawara cypress, and Sugi are 
widely distributed in Japan (Farjón  2010 ). Hinoki 
cypress and Sugi are the two most important 
commercial forest species in Japan, collectively 
covering approximately 65 % of the artifi cial for-
est area. The wood quality of Sawara cypress is 
considered to be inferior to that of Hinoki 
cypress; however, Sawara cypress grows faster 
and is much more tolerant of cold conditions 
(Fukuhara  1978 ; Maruyama et al.  2002 ). 
Breeding projects for Hinoki cypress and Sugi, 
such as plus-tree selection for growth, yield, stem 
straightness, and resistance to disease and insects, 
have been conducted in the past for an extended 
time. However, allergic reactions to pollen of 
these species have become a severe public health 
concern in Japan. Therefore, the production of 
Hinoki cypress and Sugi with a  no-pollen  trait is 
an important breeding objective. 

 Genetic transformation is expected to be a 
powerful method for shortening the breeding 

period of trees that require many years for the 
production of progeny. Simply by the introduc-
tion of specifi c genes, genetic transformation can 
induce desirable traits without unnecessary 
genetic transitions. Stable transformation via 
somatic embryogenesis of conifers has been 
reported in several genera, including  Picea , 
 Larix , and  Pinus  (reviewed by Malabadi and 
Nataraja  2007 ). However, stable transformation 
of Cupressaceae has only been reported for 
Hinoki cypress and Sugi (Table  13.2 ).

   In this chapter, we will review current 
approaches for somatic embryogenesis in 
Cupressaceae trees, focusing primarily on Hinoki 
cypress and Sugi. We will also review the appli-
cation of somatic embryogenesis in genetic 
transformation.  

13.2     Culture Initiation 

 The selection of the explant is a factor that deter-
mines success in establishing an embryogenic 
system. Most examples of somatic embryogene-
sis shown in Table  13.1  used immature zygotic 
embryos as explants. Although somatic embryos 
have not been successfully obtained from imma-
ture zygotic embryos of redwood ( Sequoia sem-
pervirens ), they have been obtained from mature 
embryos, cotyledons, hypocotyls, and needles 
(Bourgkard and Favre  1989 ; Favre et al.  1995 ; 
Liu et al.  2006 ). To date, in the Cupressaceae 
family, somatic embryogenesis using somatic tis-
sues other than zygotic embryos has been 
reported several times for Hinoki cypress (Ishii 
et al.  2003 ), China fi r ( Cunninghamia lanceolata ; 
Xi and Shi  2005 ), prickly juniper ( Juniperus oxy-
cedrus ; Gomez and Segura  1996 ), and redwood 
(Favre et al.  1995 ; Liu et al.  2006 ). The effi ciency 
of somatic embryogenesis reported for the afore-
mentioned studies was very low: less than fi ve 
somatic embryos per callus. Moreover, only one 
report on the somatic embryogenesis and organo-
genesis from the in vitro needle leaves derived 
from mature trees has been published for red-
wood (Liu et al.  2006 ). However, utilizing needle 
explants to initiate embryogenic systems is effec-
tive in inducing somatic embryogenesis from the 
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clonal genotype that has revealed traits as a plus 
tree. In addition, when using needles from in vitro 
shoot cultures, the explants can be supplied all 
year round. 

 Genotype affects the ability to induce embryo-
genic tissues. In Hinoki cypress, the induction 
frequency of embryogenic tissues from open- 
pollinated immature zygotic embryos varied 
from 8 % to 48 % among ten plus-tree clones 
(Taniguchi et al.  2004a ). The induction and main-

tenance rates in Sugi differed considerably 
among 20 plus-tree clones (Taniguchi and Kondo 
 2000 ), varying from 7.5 % to 78.5 % and from 
1.2 % to 27.8 %, respectively. In addition, there 
was a positive correlation between the initiation 
and maintenance rates among these clones, thus 
indicating that clones that initiate embryogenic 
tissues at high frequency tend to maintain at a 
high frequency during subculture. Lambardi 
et al. ( 1994 , 2000) showed that embryos from 

    Table 13.1    Somatic embryogenesis of Cupressaceae trees   

 Species  Initial explants  Culture response a   Established in soil b   References 

  Chamaecyparis obtusa   Seedling shoots  SE, PL  Yes  Ishii et al. ( 2003 ) 

 Immature zygotic 
embryos 

 EMT, SE, PL  Yes  Taniguchi et al. 
( 2004a ) 

 Maruyama et al. 
( 2005 ) 

  Chamaecyparis 
pisifera  

 Immature zygotic 
embryos 

 EMT, SE, PL  Yes  Maruyama et al. 
( 2002 ) 

  Cryptomeria japonica   Immature, mature 
zygotic embryos 

 EMT, SE  –  Ogita et al. ( 1999 ) 

 Immature zygotic 
embryos 

 EMT, SE, PL  –  Igasaki et al. ( 2003a ) 

 Igasaki et al. ( 2003b ) 

 Nakagawa et al. 
( 2006 ) 

 Immature zygotic 
embryos 

 EMT, SE, PL  Yes  Maruyama et al. 
( 2000 ) 

 Igasaki et al. ( 2006 ) 

 Maruyama and Hosoi 
( 2007 ) 

  Cunninghamia 
lanceolata  

 Cotyledons, hypocotyls  SE, PL  –  Xi and Shi ( 2005 ) 

 Mature zygotic 
embryos 

 SE, PL  –  Xi and Shi ( 2006 ) 

  Cupressus 
sempervirens  

 Immature zygotic 
embryos 

 EMT  –  Lambardi et al. 
( 1995 ) 

 Immature zygotic 
embryos 

 EMT, SE, PL  –  Sallandrouze et al. 
( 1999 ) 

 Lambardi ( 2000 ) 

  Juniperus communis   Immature zygotic 
embryos 

 EMT, SE, PL  –  von Arnold and 
Helmersson ( 2009 ) 

  Juniperus oxycedrus   Needles  EMT, SE  –  Gomez and Segura 
( 1996 ) 

  Sequoia sempervirens   Mature zygotic 
embryos, cotyledons, 
hypocotyls 

 EMT, SE, PL  –  Bourgkard and Favre 
( 1988 ) 

 Bourgkard and Favre 
( 1989 ) 

 Favre et al. ( 1995 ) 

 Needles  EMT, SE, PL  –  Liu et al. ( 2006 ) 

   a Abbreviation:  EMT  embryogenic tissues,  SE  somatic embryos,  PL  plantlets 
  b –, no data  
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only fi ve of the 24 different clones of Italian 
cypress were able to initiate embryogenic tissue. 
Moreover, the optimal seed collection date to 
effi ciently induce embryogenic tissues was dif-
ferent among the clones. Similar results have 
been reported for Sugi (Maruyama et al.  2000 ). 
These results suggest different timing of the 
developmental stages of embryo among the 
clones. 

 Several reports have suggested that seed collec-
tion dates are a critical factor for effi ciently induc-
ing embryogenic tissues from zygotic embryos 
(Ogita et al.  1999 ; Lambardi  2000 ; Maruyama 
et al.  2000 ; Igasaki et al.  2003a ; Taniguchi et al. 
 2004a ). In the Italian cypress ( Cupressus semper-
virens ), embryogenic tissues have been reported to 
originate from embryos that were morphologi-

cally at the same stage of maturity, i.e., an early 
cotyledonary stage characterized by the two coty-
ledons that have just differentiated and are still 
tightly joined (Lambardi  2000 ). Taniguchi et al. 
( 2004a ) reported that embryogenic tissues of 
Hinoki cypress were induced from the immature 
seeds collected at the beginning of July containing 
pre-cotyledonary embryos (stages 6–11 as defi ned 
by Nagmani et al.  1995 ). During the middle of 
July, zygotic embryos had cotyledonary primordia 
(stage 12) or elongated cotyledons (stage 13), but 
megagametophytes containing such embryos 
could not induce embryogenic tissue. Similarly, in 
Sugi, the pre-cotyledonary embryo stage was also 
optimal (Igasaki et al.  2003a ). Therefore, it is 
important to determine the optimal development 
stages in each tree species as well as genotypes. 

   Table 13.2    Genetic transformation of Cupressaceae trees   

 Species  Explants 
 Transformation 
method  Transgene a  

 Stable 
transformation b   References 

  Chamaecyparis 
nootkatensis  

 Pollens  Particle 
bombardment 

  GUS ,  NPTII   –  Hay et al. 
( 1994 ) 

  Chamaecyparis 
obtusa  

 Shoot primordia  Particle 
bombardment 

  GUS ,  BAR   Yes  Ishii ( 2002 ) 

 Shoot primordia  Particle 
bombardment 

  GFP ,  NTPII   –  Taniguchi 
et al. 
( 2004b ) 

 Embryogenic tissues  Agrobacterium   GFP ,  NTPII   Yes  Taniguchi 
et al. ( 2005 ) 

  Cryptomeria 
japonica  

 Embryogenic tissues  Particle 
bombardment 

  GUS ,  NPTII   Yes  Maruyama 
et al. ( 2000 ) 

 Zygotic embryos  Particle 
bombardment 

  LUC   –  Mohri et al. 
( 2000 ) 

 Zygotic embryos  Particle 
bombardment 

  GFP ,  NTPII   –  Taniguchi 
et al. 
( 2004b ) 

 Embryogenic tissues  Agrobacterium   GFP ,  HPT , 
 NTPII  

 Yes  Taniguchi 
et al. ( 2008 ) 

 Embryogenic tissues  Agrobacterium   GUS   Yes  Kurita et al. 
( 2013 ) 

 Embryogenic tissues  Agrobacterium   GFP ,  GUS , 
 HPT ,  NTPII  

 Yes  Konagaya 
et al. ( 2013 ) 

  Cupressus 
sempervirens  

 Embryogenic tissues  Particle 
bombardment 

  GFP ,  GUS , 
 NTPII  

 –  Lambardi 
et al. ( 1998 ) 

  Sequoia 
sempervirens  

 Micropropagated 
shoots 

 Agrobacterium  pRi  Yes c   Mihaljević 
et al. ( 1999 ) 

   a Abbreviation:  BAR  bialaphos resistance,  GFP  green fl uorescent protein,  GUS  β-glucuronidase,  HPT  hygromycin phos-
photransferase,  LUC  luciferase,  NPTII  neomycin phosphotransferase II,  pRi  T-DNA in  Agrobacterium rhizogenes  pRi 
plasmid 
  b –, no data 
  c Gene transfer in adventitious roots only  
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13.2.1     Embryogenic Tissue Induction 
and Proliferation in Hinoki 
Cypress 

 At the beginning of July, we collected immature 
seeds of Hinoki cypress that contained pre- 
cotyledonary embryos. Immature seeds were 
extracted from the sterilized cone, and the seeds 
were again surface sterilized with 70 % ethanol 
for 1 min followed by 6 % H 2 O 2  for 5 min and 
then rinsed three times with sterilized distilled 
water. Explants (megagametophytes that con-
tained intact immature zygotic embryos) were 
removed from the seeds using tweezers and a 
scalpel under a stereomicroscope. The explants 
were placed on Smith standard embryonic tissue 
capture medium (SM1; Smith  1996 ) containing 
sucrose (sugar source) and activated charcoal, 
but no plant growth regulator. Within 2–3 weeks 
of the explant being cultured on SM1, embryo-
genic tissue was induced from the micropylar 
end of the megagametophyte (Fig.  13.1a ). After 4 
weeks of culturing on SM1, embryogenic tissues 
that had been induced from the explants were 
transferred to Smith standard embryogenesis 
medium (SM2; Smith  1996 ) containing amino 
acids, but no activated charcoal or plant growth 
regulator, and cultured for 4 weeks. Following 
this 4-week culture period, the embryogenic tis-
sues were transferred to Smith embryo develop-
ment medium (SM3; Smith  1996 ), which had the 
same composition as SM2, but contained higher 
concentrations of amino acids and was solidifi ed 
by Gelrite. The tissues were then subcultured at 
2–3-week intervals on this medium. After 10 
weeks of culture, the clumps of embryogenic tis-
sue of each cell line varied greatly in size, with 
the largest being 2 cm in diameter. The embryo-
genic tissue was able to proliferate on SM3 (Fig. 
 13.1b ), with an approximately threefold growth 
rate every 3 weeks (Taniguchi et al.  2004a ).

13.2.2        Embryogenic Tissue Induction 
and Proliferation in Sugi 

 In Sugi, we collected immature seeds early dur-
ing July, and explants were extracted from the 

seeds in the same manner as with Hinoki cypress. 
The explants were placed on initiation medium 
(IM), which consisted of half-strength MS 
medium (Murashige and Skoog  1962 ) supple-
mented with 10 μM 2,4-dichlorophenoxyacetic 
acid (2,4-D), 30 g/l sucrose, and 8 g/l agar 
(Taniguchi and Kondo  2000 ). Within 2–3 weeks 
of the explant being cultured on IM, embryo-
genic tissue was induced from the micropylar 
end of the megagametophyte (Fig.  13.2a, b ). 
After 4 weeks of culture on IM, embryogenic tis-
sues were subcultured at 2-week intervals on 
maintenance medium (MM), which had the same 
composition as IM, except that it contained 1 g/l 
casein hydrolysate, 0.5 g/l L-glutamine, 2 μM 2, 
4-D, and 50 % of the inorganic nitrate salt com-
position of IM and was gelled using 4.5 g/l 
Gelrite (Fig.  13.2c ; Taniguchi and Kondo  2000 ; 
Taniguchi et al.  2008 ).

13.3         Somatic Embryo Maturation 
and Germination 

 In general, somatic embryo maturation is acceler-
ated by adding abscisic acid (ABA) or a penetrat-
ing osmoticant (e.g., sugars, sugar alcohols) or 
nonpenetrating osmoticant [e.g., polyethylene 
glycol (PEG)] to the culture medium, which 
induces water stress (Lipavská and Konrádová 
 2004 ). Mature somatic embryos in Hinoki 
cypress were effi ciently formed on the medium 
containing a combination of 100 μM ABA, 30 g/l 
maltose as sugars, and 150 g/l PEG (Taniguchi 
et al.  2004a ). These results are consistent with 
those for other trees of Cupressaceae, such as 
Sawara cypress (Maruyama et al.  2002 ) and Sugi 
(Taniguchi  2007 ). Furthermore, the effect of vari-
ous concentrations of Gelrite as a support medium 
on somatic embryo yield was investigated in the 
Hinoki cypress, which indicated that the most 
suitable concentration was 3.0 g/l (Taniguchi 
et al.  2004a ). Although Maruyama et al. ( 2002 ) 
induced the somatic embryos of Sawara cypress 
on medium containing 5.0 g/l Gelrite, they did 
not test a lower concentration of Gelrite for 
somatic embryo induction. In  Pinus taeda , 
somatic embryos were induced on a medium 
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  Fig. 13.1    Plant regeneration via somatic embryogenesis 
from immature embryo cultures in Hinoki cypress 
( Chamaecyparis obtusa ; modifi ed after Taniguchi et al. 
 2004a ). ( a ) Embryogenic tissues induced from a megaga-
metophyte explant. ( b ) Embryogenic tissue maintained on 
SM3 medium. ( c ) Cotyledonary somatic embryos after 8 

weeks of culture on maturation medium. ( d ) Germination 
of a somatic embryo after 1 week of culture on germina-
tion medium. ( e ) Plantlets after 2 months of culture 
on germination medium. ( f ) Regenerated plant following 
acclimatization.  Bars : 2 mm ( a ); 4 mm ( b ,  c ,  d ); 2 cm 
( e ,  f )       
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  Fig. 13.2    Plant regeneration via somatic embryogenesis 
from immature embryo cultures in Sugi ( Cryptomeria 
japonica ). ( a ) Embryogenic tissues induced from the 
micropylar end of the megagametophyte. ( b ) Embryogenic 
tissues induced from an incision site in the megagameto-
phyte ( c ) Embryogenic tissue maintained on MM medium. 

( d ) Cotyledonary somatic embryos after 6 weeks of cul-
ture on maturation medium. ( e ) Plantlets after 2 months of 
culture on germination medium. ( f ) Regenerated plant fol-
lowing acclimatization.  Bars : 1 mm ( a, b ,  c ,  d ); 2 cm 
( e ,  f )       
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containing 2.5 g/l Gelrite (Pullman et al.  2003 ). A 
high concentration of Gelrite is thought to be 
unsuitable for somatic embryogenesis, as it has 
been reported that Gelrite at high concentrations 
reduces the bioavailability of magnesium, cal-
cium, zinc, and manganese in the medium (Van 
Winkle et al.  2003 ). 

 Recently, research has determined the peptide 
hormones that play an important role in plant cell 
growth and development (Ryan and Pearce  2001 ). 
An example of these hormones is phytosulfokine 
(PSK), which is a fi ve-amino-acid sulfated pep-
tide that is involved in the initial steps of cellular 
differentiation, proliferation, and redifferentia-
tion (Igasaki et al.  2003b ; Matsubayashi et al. 
 2004 ). PSK has also been shown to stimulate 
somatic embryogenesis in carrot, Sugi, Japanese 
larch, and  Daucus  species (Kobayashi et al.  1999 ; 
Igasaki et al.  2003b ; Umehara et al.  2005 ; 
Mackowska et al.  2014 ) as well as induce cell 
division in suspension and protoplast cultures 
(Matsubayashi and Sakagami  1996 ; Matsubayashi 
et al.  1997 ; Grzebelus et al.  2012 ). It has also 
been reported to improve  Agrobacterium -
mediated transformation effi ciency (Matsubayashi 
et al.  2004 ; Chen et al.  2005 ). Igasaki et al. 
( 2003b ) described how the addition of PSK to the 
medium results in not only the promotion of the 
growth and maintenance of embryogenic tissues 
in Sugi but also a dramatic stimulatory effect on 
the formation of somatic embryos. These results 
suggest the possibility of improving the effi ciency 
of the embryogenic and transformation systems 
in conifers by utilization of PSK. 

 The ability of embryogenic tissues to produce 
somatic embryos is also affected by the geno-
type. We produced somatic embryos for nine 
clones among ten open-pollinated plus-tree 
clones of Hinoki cypress, and somatic embryo- 
forming frequency varied from 4.0 % to 24 % 
(number of somatic embryo forming cell lines 
per explants). Somatic embryos of Sugi were 
produced for all clones among six open- pollinated 
plus-tree clones, and the somatic embryo- forming 
frequency varied from 4.0 % to 20 % (Taniguchi 
 2007 ). Recently, we investigated the somatic 
embryo-forming frequency for immature zygotic 
embryos yielded from artifi cial crossing among 

plus trees. As a result, a certain family formed 
between the specifi c pollen and seed parent was 
shown to effi ciently produce somatic embryos 
(unpublished data). This result suggests the pos-
sibility that this family harbors the genes to 
improve somatic embryogenesis. 

13.3.1     Somatic Embryo Maturation 
in Hinoki Cypress and Sugi 

 To facilitate the maturation of somatic embryos 
in Hinoki cypress and Sugi, the embryogenic tis-
sues subcultured on SM3 were transferred to a 
maturation medium (Taniguchi et al.  2004a ) con-
sisting of SM3 basal salts, vitamins, amino acids, 
2 g/l activated charcoal, 100 μM abscisic acid, 
150 g/l polyethylene glycol 4000, 3.0 g/l Gelrite, 
and 30 g/l maltose. The fi rst cotyledonary 
embryos appeared at approximately 5 weeks of 
culture and presented in high numbers by 7–8 
weeks of culture (Figs.  13.1c  and  13.2d ).  

13.3.2     Germination in Hinoki 
Cypress and Sugi 

 For germination in Hinoki cypress, the mature 
embryos were cultured on woody plant medium 
(Lloyd and McCown  1980 ), which contained 2 
g/l activated charcoal, 20 g/l sucrose, and 5 g/l 
Gelrite. Within 1 week of the mature embryos 
being placed on germination medium, the 
embryos rooted and elongated their hypocotyls 
and cotyledons (Fig.  13.1d ). Although the fre-
quency of germination on the medium without 
activated charcoal was comparable to that on the 
medium containing charcoal, the germinant grew 
less vigorously. This result demonstrated that 
activated charcoal is effective in facilitating the 
germination of mature somatic embryos in 
Hinoki cypress (Taniguchi et al.  2004a ). After 2 
months of culture on germination medium, the 
germinants with elongated epicotyls (approx. 
1 cm long, Fig.  13.1e ) were transferred to pots 
containing soil for acclimatization. All plantlets 
successfully acclimated and continued growing 
in the greenhouse (Fig.  13.1f ). 
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 The mature embryos of Sugi were cultured on 
germination medium, which was a modifi ed ver-
sion of the Gresshoff and Doy medium (Okamura 
and Kondo  1995 ) containing 10 g/l sucrose and 5 
g/l Gelrite. After 6 weeks of the mature embryos 
being placed on germination medium, the 
embryos rooted and elongated their hypocotyls 
and cotyledons (Fig.  13.2e ). The germinants 
were subcultured every other month on this ger-
mination medium. After approximately 3 months, 
plantlets were transferred to half-strength woody 
plant medium, which contained 20 g/l sucrose 
and 2 g/l Gelrite. Elongated plantlets (approx. 
10 cm long) were transferred to pots containing 
soil for acclimatization (Fig.  13.2f ).   

13.4     Genetic Transformation 

 Genetic transformation within Cupressaceae was 
fi rst attempted by particle bombardment using 
yellow cypress ( Chamaecyparis nootkatensis ) 
pollen (Hay et al.  1994 ) and Italian cypress 
embryogenic tissues (Lambardi et al.  1998 ). 
However, only transient expression was observed. 
By employing  Agrobacterium rhizogenes  to 
introduce T-DNA derived from Ri plasmid, 
Mihaljević et al ( 1999 ) succeeded in inducing 
adventitious roots in micropropagated shoot 
explants of redwood. However, whole plant 
regeneration of stable transformants has only 
been reported in Hinoki cypress and Sugi. 

 Gene delivery to shoot primordia of Hinoki 
cypress by particle bombardment and the subse-
quent regeneration of the transformed plantlets 
were fi rst reported by Ishii ( 2002 ). In an earlier 
investigation, Taniguchi et al. ( 2004b ) similarly 
attempted the genetic transformation of Hinoki 
cypress following this method, and although 
transiently transformed cells were obtained, they 
failed to produce transformed plants (Taniguchi 
et al.  2005 ). With regard to Sugi, there are some 
reports of particle bombardment, for example, 
transient expression of the luciferase gene (Mohri 
et al.  2000 ) and green fl uorescent protein ( GFP ) 
gene (Taniguchi et al.  2004b ) in zygotic embryos. 
Maruyama et al. ( 2000 ) reported bud formation 
from embryos after introducing the 

β-glucuronidase gene. Generally, the 
 Agrobacterium -mediated method obtains a 
higher transformation frequency of conifers than 
the particle bombardment method. Accordingly, 
we have developed  Agrobacterium tumefaciens - 
mediated transformation methods of embryo-
genic tissue in Hinoki cypress (Taniguchi et al. 
 2005 ) and Sugi (Taniguchi et al.  2008 , Konagaya 
et al.  2013 ). The highest transformation fre-
quency obtained in Hinoki cypress was 22.5 
independent transformed lines per dish (250 mg 
embryogenic tissue). Moreover, we attempted to 
improve the transformation effi ciency in Sugi 
(Konagaya et al.  2013 ). 

13.4.1     Culture Supports 
for Cocultivation 

 Unsuitable cocultivation conditions in 
 Agrobacterium -mediated transformation may 
lead to unfavorable effects, such as bacterial 
overgrowth and/or tissue necrosis, thereby reduc-
ing the transformation effi ciency. It has been sug-
gested that an optimal concentration of 
 Agrobacterium  is required for transformation. 
Recently, it was reported that the use of fi lter 
paper wicks during cocultivation contributed to 
the effi cient transformation of cucumber, kabo-
cha squash, and rice by controlling the growth of 
 Agrobacterium  (Ozawa  2009 ; Nanasato et al. 
 2011 ,  2013 ). Therefore, we attempted to deter-
mine the optimal cocultivation conditions with 
fi lter paper wicks in Sugi. After the embryogenic 
tissues and  Agrobacterium  were suspended in 
liquid medium, a fi lter paper with the embryo-
genic tissues was placed on a solid cocultured 
medium or on three sheets of fi lter paper moist-
ened with 5.5 mL of liquid cocultured medium. 
The mean number of  Agrobacterium  cells (>17- 
fold) obtained in the liquid medium conditions 
was signifi cantly lower than that obtained on the 
solid medium using the conventional method 
(Taniguchi et al.  2008 ). 

 Compared with cocultivation on the solid 
medium, culturing in the liquid medium signifi -
cantly improved the transformation effi ciency 
(>16-fold). Ozawa ( 2009 ) showed that liquid 
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medium-moistened fi lter paper wicks regulated 
the growth rate of  Agrobacterium  in an effective 
manner, which improved the cell viability in the 
transformed callus obtained from rice. Previously, 
Nanasato et al. ( 2011 ,  2013 ) showed that fi lter 
paper wicks increased the  Agrobacterium  infec-
tion effi ciency in cucumber and kabocha squash. 
These reports and our experimental results sup-
port the utility of fi lter paper wicks in cocultiva-
tion procedures.  

13.4.2     Antibiotics to Eliminate 
 Agrobacterium  

 An effi cient  Agrobacterium -mediated transfor-
mation system requires the use of antibiotics to 
eliminate bacteria; the antibiotics should have 
negligible effects on the growth potential of the 
transformed cells. Recently, it was reported that 
meropenem, a novel β-lactam antibiotic, is highly 
effective against  Agrobacterium . Also, the trans-
formation effi ciencies observed in tobacco, 
tomato, rice, and apple were higher with merope-
nem than with other β-lactam antibiotics, such as 
cefotaxime, carbenicillin, and cefbuperazone 
(Ogawa and Mii  2004 ,  2007 ; Li et al.  2011 ). In 
contrast to meropenem, it has been observed that 
cefotaxime and carbenicillin have negative 
effects on the growth of embryonic tissue, 
somatic embryogenesis, and shoot regeneration 
in woody plants such as Norway spruce, cacao, 
orange, and pomegranate (Terakami et al.  2007 ; 
Malá et al.  2009 ; Mendes et al.  2009 ; Silva et al. 
 2009 ). However, meropenem had no inhibitory 
effects on the embryogenic tissue growth in Sugi, 
even at a higher concentration of 40 mg/l. Similar 
results with meropenem have been reported using 
Norway spruce embryogenic tissue (Malá et al. 
 2009 ). Moreover, embryogenic tissue growth 
was signifi cantly higher at lower concentrations 
(5 mg/l and 10 mg/l) using medium containing 
meropenem. Based on these results, 10 mg/l was 
selected as the meropenem concentration in sub-
sequent transformation experiments. 

 Application of meropenem treatment on Sugi 
transformation indicated that the transformation 
effi ciency was increased approximately twofold 

with meropenem than with carbenicillin using the 
conventional method. In three replicate transfor-
mation experiments using our improved method 
(cocultivation on fi lter paper wicks and 
 Agrobacterium  elimination with meropenem), the 
mean transformation effi ciency (the number of 
GFP-positive colonies per gram of cocultivated 
embryogenic tissues) was 105.3 ± 9.02. By con-
trast, the mean transformation effi ciency achieved 
using the conventional method (cocultivation on 
Gelrite-solidifi ed medium and  Agrobacterium  
elimination by carbenicillin) was 3.5 ± 0.71. Thus, 
the transformation effi ciency was increased 
approximately 30-fold by the improved method 
than with the conventional method. Moreover, the 
regrowth of  Agrobacterium  was occasionally 
observed after cocultivation when using the con-
ventional method. However, no agrobacterial 
regrowth was observed with the improved 
method. Similar regrowth control using merope-
nem was reported after the transformation of 
 Phalaenopsis  (Sjahril and Mii  2006 ). These 
results suggest that the improved method prevents 
excess  Agrobacterium  growth during cocultiva-
tion, and transformed embryogenic tissues are 
effi ciently selected using meropenem, even at low 
concentrations. High transformation effi ciency 
values (colonies per gram of cocultivated embryo-
genic tissues) have been reported in conifer 
plants, such as 42 in  Larix  (Lelu and Pilate  2000 ), 
67.3 in  Pinus  (Trontin et al.  2002 ), 60–1280 in 
 Picea  (Klimaszewska et al.  2001 ), and 90 in 
Hinoki cypress (Taniguchi et al.  2005 ). Thus, the 
transformation effi ciency value that we achieved 
is one of the highest compared with those obtained 
using previously reported methods.   

13.5     Conclusions and Future 
Prospects 

 Much research into somatic embryogenesis in 
Cupressaceae indicates that factors such as 
explant types and the developmental stage, geno-
types, composition, and the supplements of the 
culture medium play an important role in improv-
ing the effi ciency of embryogenic tissue  induction 
and somatic embryogenesis. The  Agrobacterium -
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mediated transformation frequency of Sugi sig-
nifi cantly increased using the improved method 
(Fig.  13.3 ). Currently, we have succeeded in pro-
ducing the  no-pollen  Sugi by introducing a com-
bination of the male gametophyte- specifi c 
promoter (Kurita et al.  2013 ) and the cytotoxic 
gene (manuscript in preparation). Although 
reports of a stable and effective procedure for 
somatic embryogenesis and genetic transforma-
tion of Cupressaceae are limited to  Chamaecyparis  
trees and Sugi, these effective methods might be 
applied to other coniferous trees as well as other 
Cupressaceae trees. We hope that advances in 
clonal propagation and molecular breeding tech-
nology are accelerated in many coniferous trees.
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