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Summary

We have developed a rapid and simple procedure to regenerate
bird's-foot trefoil (Lotus corniculatus L.) plants from hypocotyl and
cotyledon explants of 10 to 14 days-old seedlings. Both explant types
regenerated well on the same medium with only minimal interfacing
callus formation but with different modes of morphogenesis. While
hypocotyls responded primarily by forming shoot apices, cotyledons
mostly underwent embryogenesis. Remaining on the original
explantation medium, both structures developed into rootless shoots.
The highest shoot regeneration frequency was obtained on B5-based
medium containing 0.5 mg/L 6-benzylaminopurine with approximately
80 % of all explants forming on average 19 shoots in four weeks. Only
two media were used in the entire regeneration process, the second
being the rooting medium of half-strength B5 supplemented with 0.01
mg/L a-naphthaleneacetic acid. Rooting frequency and survival rate
after potting were about 100 %.

This regeneration protocol has been successfully applied to
Agrobacterium tumefaciens-mediated transformation. Cotyledon
segments were used as acceptor tissue. The explants were co-
cultivated with A. tumefaciens strain LB4404 carrying the plasmid
vector pBI121. This vector contains the neomycin phosphotransferase
i gene (NPTII) and R-glucuronidase reporter gene (GUS), both under
the control of the CaMV 35S promoter. Kanamycin-resistant plants
regenerated within 45 days after transfer to selective media. On a
selection medium containing 100 mg/L kanamycin, shoots were
formed by 19.0 % of the explants. The histological GUS assay showed
that 7.0 % of the resistant shoots also expressed the GUS gene in a
variety of tissues. The stable integration of this gene was confirmed
by polymerase chain reaction (PCR) analysis. Using the embryogenic
cotyledon regeneration system transgenic bird's-foot trefoil plants
were obtained within 2-3 months.

Key words: Agrobacterium tumefaciens, bird's-foot trefoil,
cotyledon explant, R-glucuronidase, Lotus corniculatus, somatic
embryogenesis, transgenic plant regeneration.




Introduction

Legumes are cultivated for either food or forage and are the main
source of protein-rich plant-derived nutrients. Due to their ability to
symbiotically associate with nitrogen fixing bacteria, they can
provide rich fodder with relatively low energy input. However, there
is an urgent need for the improvement of forage legumes towards a
better balanced protein content as it is present in some food legumes
like soybean seeds (Handberg and Stougaard, 1992).

The genus Lotus consists of more than 200 legume species with
the greatest diversity of species occurring in the Mediterranean
(Swanson et al., 1990). Of this genus, tetraploid bird's-foot trefoil
(Lotus corniculatus L., 2n=4x=24) is cultivated in various areas
across the American continent, including Argentina, Brazil, Canada
and the US, throughout much of Europe, parts of Asia, including India
and Japan, as well as in Australia and New Zealand (Grant and Marten,
1985). Bird's-foot trefoil has attained considerable agronomic status
as an important grazing pasture legume with a feed value similar to
alfalfa. It can persist when heavily grazed, and it does not cause bloat
(Seaney and Henson, 1970). Conventional breeding has been only
moderately successful due to species-inherent qualities such as
polyploidy and partial self-incompatibility. Unconventional breeding
techniques, i.e., cell and tissue culture combined with genetic
engineering, should contribute to the future improvement of this crop,
especially in increasing its nutritional value. In L. corniculatus, the
full pallette of in vitro regeneration techniques is not available yet.
However, a close relative, diploid and autogamous wild type species L.
japonicus (2n=2x=12) has been quite successfully established as a
model species for developing in vitro breeding techniques in the
typically recalcitrant legume family (Handberg and Stougaard, 1992).

In tissue culture, bird's-foot trefoil can be regenerated from root
segments (Rybczynski and Badzian, 1987; Badzian and Rybczynski,
1994) as well as from callus through shoot induction (Niizeki and
Grant, 1971; Tomes, 1979; Swanson and Tomes, 1980) and
embryogenesis (Mariotti et al., 1984). Regenerable calli have been
induced from a number of tissues as well as from hypocotyl and




cotyledon-derived protoplasts (Ahuja et al, 1983; Vessabutr and
Grant, 1995). However, the modes and efficiencies of these
regeneration systems have not led to efficient transformation
protocols in which regeneration is exogenously controlled. In L.
corniculatus, transgenic plants have mostly been produced from hairy
root cultures following A. rhizogenes infection (Stougaard et al,,
1986; Petit et al.,, 1987; Tabaeizadeh, 1989; Andersson et al., 1997).
These plants contain at least a portion of unwanted tumor DNA which
frequently causes abnormalities suggestive of phytohormone
imbalance (Klee et al.,, 1987). There is only one communication on A.
tumefaciens-mediated transformation reporting transfer of
kanamycin resistance and nos genes in a caulogenic system (Yu and
Shao, 1991). Grain and pasture legume species that are amenable to
gene transfer by genetic engineering using Agrobacterium-mediated
gene delivery include soybean (Hinchee et al., 1988), pea (Puonti-
Kaerlas et al., 1990; Schroeder et al., 1993), Stylosanthes (Manners,
1988), alfalfa (Deak et al., 1986 Schroeder et al., 1991), white clover
(White and Greenwood, 1987; Christine et al. 1994), and subterranean
clover (Khan et al.,, 1994).

In this communication, we demonstrate plant regeneration from
hypocotyl and cotyledon-derived callus via embryogenesis in bird's-
foot trefoil and provide an optimized protocol for fast and efficient
plant production. The cotyledons produce somatic embryos in high
frequency, and only a single medium is needed until rooting. We have
adapted this rapid and simple procedure and used it in conjunction
with a strain of A. tumefaciens to deliver NPTl and GUS genes to this
legume species and to regenerate transgenic plants.




Materials and methods

Plant material, seed sterilization and germination .

Seeds of bird's-foot trefoil (Lotus corniculatus L.) cv. Viking
were obtained from Snow Brand Seed Company, Japan. Seeds were
surface sterilized for one minute in 70 % (v/v) ethanol followed by
2.0 % sodium hypochlorite solution for 20 minutes, then rinsed five
times with sterile distilled water and germinated on Murashige and
Skoog's (MS) basal medium (Murashige and Skoog, 1962) containing 0.3
% (w/v) gelum gum (Wako Pure Chem., Japan) at 27 °C and 16 h of
light. ‘ '

Culture procedures

Cotyledons (approximately 0.3 cml) and hypocotyls
(approximately 2 cm long) were collected from 10 to 14 days-old
seedlings. Hypocotyls were cut into up to three 0.5 cm long segments.
Only one, roughly square-shaped explant was prepared per cotyledon
by removal of both ends of the leaf. Explants were placed on B5
(Gamborg et al., 1968) based medium, containing 30 g/L sucrose, 0.3 %
gelum gum and nine different combinations of 6-benzylaminopurine
(BAP) and a-naphthaleneacetic acid (NAA). Petri dishes were secured
with sealing film and incubated under conditions identical to those
for germinating seedlings.

After 30 days, explants carrying morphogenic callus were
subcultured to plastic box containers (Tekuno-box, Sumitomo Chem.
Corp., Japan) with the same medium for continuing growth and
subcultured every month. Shoots were transferred to half-strength B5
medium (Tekuno-box) supplemented with 30 g/L sucrose, 0.3 % (w/v)
gelum gum and NAA (0.0, 0.01, 0.1, 0.5, 1.0 mg/L) for root induction.
Regenerated plants were potted, kept at room temperature for 2
weeks and subsequently transferred to a non-climatized greenhouse.

Scanning electron microscopy

Morphological features and modes of differentiation of shoot
formation were observed with scanning electron microscopy as
described previously (Akashi and Adachi, 1992).




Bacterial strain and plasmid vector

Agrobacterium tumefaciens. strain LBA4404, harboring the binary
vector pBI121 (Clontech, Palo Alto, CA), was used. Plasmid pBI121
contains the R-glucuronidase (GUS) gene linked to the cauliflower
mosaic virus (CaMV) 35S promoter and the nopaline synthase (NOS)
terminator. A neomycin phosphotransferase Il gene (NPTIl), confering
kanamycin tolerance, is linked to the NOS promoter and NOS
terminator.

Co-cultivation and regeneration of plants

Stocks of A. tumefaciens were prepared by growing the cells in
LB medium, consisting of 1.0 % tryptone, 1.0 % NaCl, 0.5 % yeast
extract with 25 mg/L kanamycin, 300 mg/L streptomycin, 100 mg/L
rifampicin and 100 mg/L acetosyringone, to maximum cell density and
diluting them with twice the volume of glycerol prior to freezing at
-80 °C. Sample cultures were made by growing the agrobacteria in LB
or modified LB  medium (with NaCl reduced to 0.1 %, acetosyringone
reduced to 4 mg/L and 10 mM D-glucose added) on a shaker for 24 h at
28 °C to a concentration of approximately 1x109 cells/ml and used
for the inoculation of primary explants.

Cotyledons were harvested and prepared as described above. -
Infection was performed by dipping the plant tissue into a bacterium
suspension (in LB or modified LB) for 30 minutes. Following the
infection, tissue pieces and adhering bacteria were co-cultured for 7
days on B5 medium with 0.5 mg/L (BAP) for callus and shoot
induction. After co-cultivation, the segments were transferred to a
B5-based selection medium containing 30 g/L sucrose, 0.3 % gelum
gum, 0.5 mg/L BAP, kanamycin (0, 100, 300, 500 mg/L) and
carbenicillin (0, 500 mg/L), and subcultured biweekly. The cultures
were kept at 26 °C and 16 h light. Explants carrying embryogenic
callus were transferred to plastic box containers (Tekuno-box)
containing the same medium for continued differentiation and
subcultured every month. Kanamycin-resistant shoots were
transferred to rooting medium.




PCR analysis

PCR analysis was carried out for confirmation of integration of
the foreign genes. DNA was extracted from leaves (50 mg) of selected
regenerants using the Isoplant isolation kit (Wako, Osaka, Japan). The
reaction mixture (20 pl) contained 10 ng DNA, 200 uM dNTPs, 1 uM of
each primer, 0.5 units Taq polymerase and Taq polymerase buffer
(Wako). Samples were heated to 94°C, kept for 5 min at this
temperature and then subjected to 45 cycles of the following
sequence: 1 min at 94°C, 2 min at 66°C and 3 min at 72°C.
Subsequently, they were subjected for 7 min to 72°C and stored at
4°C until used. PCR products were separeted by agarose gel
electrophoresis and visualized with ethidium bromide. The primers
for the GUS gene were designed for the positions 974-994 and 2054-
'2074; the sequences are 5'-AAC TGG ACA AGG CAC TAG CGG-3' and 3'-
TGC GAC CTG ACC GTA CTT GAA-5' (Jefferson et al.,, 1986),
respectively. The primers for the NPTIl gene were designed for the
positions 151-171 of the NPTIl gene and 505-525 of a 3.4 kb Hindlll
fragment that contains the NOS gene of pBI121 (NOS terminator); the
sequences are 5'-ATG ATT GAA CAA GAT GGA TTG-3' and 3'-TAA TCT
CAG GGC GTT AAT ATG-5', respectively (Kaneyoshi et al., 1994).

R-Glucuronidase assay .

The fluorometric GUS assay was performed as described by
Jefferson et al. (1986) using 4-methyl-umbelliferyl-R-D-glucuronide
(MUG) as substrate. Fluorescence was measured with a Shimazu
spectrofluorophotometer RF-540. Histochemical GUS assay of
regenerated plantlets was carried out according to Jefferson et al.
(1987). Sections (90 ym thick) were cut from different parts of the
plants and incubated in 100 mM phosphate buffer (pH 7.0) containing
1.9 mM 5-bromo-4-chloro-3-indolyl-R-D-glucuronide (X-Gluc), 0.5
mM K3Fe(CN)g, 0.5 mM K4Fe(CN)g, 0.3 % (v/v) Triton X-100 and 20 %
(v/v) methanol and kept overnight at 37 °C.




Results and discussion

Hypocotyl vs. cotyledon explants

After one week of culture, callus became visible in the center of
the cut surface of the hypocotyl segments (Fig. 1a) on all nine media
investigated. Differences in growth rate, texture and color were
visible but not recorded in detail. After three weeks shoot meristems
formed (Fig. 1b) and shoots developed on all media. Some regenerating
structures seemed to start out with embryo-like appearance (Fig. 1b),
but complete cotyledonary structures could not be identified.

The cotyledon explants showed visible callus after approximately
two weeks in culture on all nine media investigated (Fig. 1c), one
week later than hypocotyl explants. Callus grew evenly across the cut
surface. Morphogenesis started after another week on all media, but
distinctly different from regenerating hypocotyl-derived callus. Most
structures could be classified as somatic embryos (Fig. 1d) or
embryo-like structures (degenerated somatic embryogenesis).

Shoot regeneration

After one month in culture on all nine media investigated, both
explant types carried numerous shoots no longer distinguishable in
regards to their embryonic or organogenic origin (Fig. 2a). Roots never
developed on these media. Media with 0.5 mg/L BAP were clearly
superior to media with a lower BAP concentration (Fig. 3).
Surprisingly, given the distinctly different modes of shoot formation
from hypocotyls (caulogenesis) as compared to cotyledons
(embryogenesis), both explant types performed quite similar on all
media. Only at 0.1 mg/L, NAA seems to work selectively in favour of
the more embryogenic cotyledon-derived callus. Embryogenic
cotyledons paired with caulogenic hypocotyls in a single species is
not unusual, but normally, different media are required to induce
regeneration in the two tissue types (for example, Tetu et al.,, 1990,
in Pisum and Genga and Allavena, 1991, in Phaseolus). The best media
produced 70 to 80 % shoot-forming explants (Fig. 3). This number does
not significantly increase after the first month in culture and
subsequent transfer to fresh medium. ‘




For the three media best in producing morphogenic callus (0.5
mg/L BAP combined with 0.0, 0.01 or 0.1 mg/L NAA), the number of
shoots per explant was also recorded after one month in culture (Fig.
4). Here, the embryogenic cotyledon explants showed a much better
performance than the organogenic hypocotyl explants,'producing an
average of 19 shoots per explant on the best medium. NAA seems to
have an inhibitory effect. Shoot formation continued for several
months. The combined data on the production rate of regenerating
callus (Fig. 3) and the regeneration efficiency per explant (Fig. 4)
suggest that the B5 medium is best supplemented with 0.5 mg/L BAP
for both explant types, and that cotyledons show the overall better
performance.

Plant _regeneration .

After one month, shoot-bearing explants or explant parts of both
types, cultured on B5 supplemented with 0.5 mg/l BAP, were
transferred to fresh medium for the first transfer period of 30 days.
At the end of this first period and for several months thereafter,
shoots were harvested and placed into rooting medium. The five media
investigated, hormone-free and NAA-supplemented at different
concentrations, eventually yielded 100 % root formation, but a
supplement of 0.01 mg/L NAA gave the fastest results. After two
weeks on rooting medium 60 % of the shoots had rooted, after 3
weeks all of them.

One month after transfer to the rooting medium containing 0.01
mg/L NAA, the first plantlets were ready for potting. At this time,
shoots are between 4 and 5 c¢cm in length, and roots should be about
twice this size to guarantee 100 % survival in soil. Plants were
acclimatized in the laboratory at room temperature for two weeks
and then placed in non-climatized green-houses, where they survived
hot conditions. '

The regeneration protocol presented here is simple. Only B5
medium is used, at full strength supplemented with 0.5 mg/L BAP and
at half-strength supplemented with 0.07 mg/L NAA. The explant is
cultured on the former until shoots suitable for rooting on the latter
medium are formed. The callus interface is minute. When cotyledons




are used as explants, up to 30 well established and greenhouse
adapted plants can be produced per seedling within three months.
However, shoot production continues beyond that period.
Embryogenesis has also been reported in leaf-derived callus of L.
corniculatus (Mariotti et al., 1984). This technique seems to be more
genotype-sensitive than the use of young seedlings. From 20 plants of
the same cultivar (Franco), four yielded regenerating, leaf-derived
callus, with only two showing sufficient frequencies. Using much
younger explant tissue, all seedlings derived from a given cultivar
(Viking) regenerated at high frequency in our system.

Effect of antibiotics on shoot formation | |

Based on the regeneration data obtained cotyledon explants were
chosen as recipient tissue for transformation studies. In preliminary
experiments, cotyledon sections were cultured on media containing
different concentrations of kanamycin (0, 100, 300, 500 mg/L), plus
500 mg/L carbenicillin to eliminate the agrobacteria, in order to
identify the most suitable concentration for selecting transformed
shoots. Shoot formation was completely inhibited at a concentration
of 100 mg/L kanamycin (Table 1). Carbenicillin alone (500 mg/L)
inhibited shoot formation by approximately 20 %.

Transformation procedure

After seven days of co-cultivation of cotyledon explants with
agrobacteria, explants were transferred to selection medium, and
callus became visible at distinct sites on the cut surface of some
cotyledon segments 30 days after the start of the experiment. The
first kanamycin-tolerant shoots emerged after 15 additional days.
However, most explants never formed calli or shoots but turned brown
instead.

In transformation studies with Trifolium subterraneum L. (Khan
et al.,, 1994), it was reported that the transformation efficiency can
vary with the medium used for bacteria cultivation and infection.
Especially glucose and acetosyringon concentrations were shown to be
critical for efficient gene transfer. In our experiment, two infection
media were used, LB and modified LB, differing in theses critical




substances but differences in transformation rates were not found in
a comparative study with 100 explants each. In both cases, similar
numbers of GUS-positive shoots (eight and nine, respectively) were
found. While 18 % of the 200 explants produced shoots, a total of 328
shoots could be recovered and tested for GUS activity, only 17 proved
to be positive. To increase the selection pressure, the kanamycin
concentration was increased to 200 mg/L. However, transformants
could not be recovered at this concentration. In an experiment
utilizing a double selection scheme (100 mg/L kanamycin + 25 mg/L
hygromycin) the ratio of antibiotic resistance to GUS-positive shoots
was much better. From only 19 shoots, recovered from 118 cotyledon
explants on double-selective medium, as many as 16 showed GUS
activity. This is in accordance with similar data published in L.
japonicus (Handberg and Stougaard, 1992).

Shoots formed in the presence of 100 mg/L kanamycin were
excised and placed into kanamycin-free root induction medium. All
shoots transferred to this medium formed roots within two to three
weeks. Attempts to induce rooting in the presence of 100 mg/L
kanamycin were also pursued. However rooting is slow under these
conditions. Regenerated plants were potted, kept at room temperature
for two weeks and subsequently transferred to a non-climatized
greenhouse with all regenerants surviving.

Analysis of transgenic plants

Histochemical location of GUS activity in randomly selected
regenerants indicated that the gene is regularly expressed in leaves
(Fig. 5a, b), petiolules (Fig. 5c), stems, and roots including the root
tips. Petiolules showed consistantly high activity. Distinct areas
with consistent absence of GUS expression were not identified. This
is expected since the CaMV 35S promoter is active in all cell types.
Control plants did not show any GUS activity under microscopical
analysis. The specific activity of GUS in leaves, stems and roots of
transgenic plants was analyzed fluorometrically. Total activity as
well as the variation in activity between the different tissues in
different plants was considerable. Table 2 shows GUS activity in 13
selected transgenic plants. Overall, leaves showed the highest




activity, followed by stems and roots, but this ranking (found in
plants numbered 2, 3 and 5) can deviate or even be reversed in
individual plants (numbers 7, 8, 11 and 12).

Stable integration of the two foreign genes (GUS and NPTI) was
confirmed by PCR (Fig. 6). Analysis revealed that all 17 kanamycin-
tolerant and GUS-positive plants displayed a distinct band
corresponding to the relevant sequences of the GUS and the NPTII
genes. Figure 6 shows this data for plants numbered 1, 2 and 3, as in
Table 2.

The transformation of bird's-foot trefoil as reported here is
based on the simplicity and efficiency of the tissue culture procedure
utilized. The high regeneration frequency allows the use of A.
tumefaciens rather than A. rhizogenes. Plant formation through
somatic embryogenesis may limit tissue culture-derived mutations
(somaclonal variation), and the technique, based on a single culture
medium from explantation until rooting is convenient. Approximately
eight transgenic plants could be obtained from 100 cotyledons by
using this approach. The average time from co-cultivation (infection)
of the tissue explant to transfer of transgenic plants to soil is 12-16
weeks. All- transgenic plants survived the acclimatization and
produced first flowers after three to four months. After the capacity
of transgenic plants to flower was seen, they were cut back and
maintained vegetatively since seeds are not produced within the
population due to natural self-sterility.

We have used the method introduced in this report repeatedly in
attempts to transform L. corniculatus cv. Viking with consistent
results in terms of frequency and time demands. One of the foremost
aims in improving bird's-foot trefoil is to increase protein quality
(Handberg and Stougaard, 1992). We are now using genes which
products are expected to improve the nutritional quality of the
pasture.
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Legends

Figure 1. SEM of cultured hypocotyl (a, b) and cotyledon (¢, d)
segments of Lotus corniculatus. (a) Callus formation at the central
part of the cut surface after seven days of culture. (b) Shoot bud
formation after 21 days of culture. (¢) Callus formation after 14 days
of culture. (d) Regeneration from cotyledon derived callus occurs
mainly via somatic embryogenesis or degenerated somatic
embryogenesis (21 days).

Figure 2. Shoot formation on cotyledon explants of Lotus
corniculatus after 30 days of culture (a). In this explant type, shoots
develop only occasionally from shoot apices but usually from somatic
embryos. Roots are not formed under these conditions. (b) Plant
regeneration under rooting conditions.

Figure 3. Effect of different hormone supplements to B5 medium on
the frequency of shoot formation in two explant types of Lotus
corniculatus after 30 days of culture. Shoots formed either via
organogenesis (mostly in hypocotyls) or embryogenesis (mostly in
cotyledons) and are pooled for these data.

Figure 4. Effect of different hormone supplements to B5 medium on
the number of shoots per explant in two explant types of Lotus
corniculatus after 30 days of culture. Generally, cotyledons show
better performance and NAA seems to have an inhibitory effect.

Figure 5. Histochemical analysis of GUS expression in transgenic
Lotus corniculatus. (a) Distribution of GUS activity in leaflet section. (b)
Distribution of GUS activity in cross section of leaflet. (¢) High GUS
activity in petiolules.

Figure 6. PCR amplification of the NPT II and GUS genes from total
DNA isolated from kanamycin-resistant, GUS-positive plants of Lotus
corniculatus (Control = wild type; M = 1 kb DNA ladder; numbers as in
Table 2).




Table 1: Effect of antibiotics on shoot formation from cultured cotyledon

sections of
L. corniculatus. ,
ibioti / Numt f Numl f
Antibiotic (mg/L) mier o umper o % of explants
explants explants .
Kanamycin Carbenicillin ,5culated with shoots with shoots
0 0 60 49 81.7
0 500 62 38 61.3
100 500 63 0 0
300 500 41 - 0 0

500 500 63 0 0




Table 2:GUS activity in tissues of transgenic plants.

GUS Activity
- * ‘mi
Plant (4-MU pmole_:s/mln/mg
' protein)
. Leaf Stem Root
Control 1 226 105 153
; 252 104 131
3 192 179 83
Mean 223 129 122

Transformant 1 7,108 51,459 11, 540

103, 056 ©0, 765 42, 328

2

3 263, 472 223, 537 8§, 880
4 24,422 4, 140 125, 588
5 208, 008 72, 801 2,770
6 41, 073 11,945 21,947
Z 7,356 11,105 22,757
g 10, 475 15,855 16, 407

13,333 17,224 16,008
14,996 13,849 17, 840
8,672 12,485 14,094
9,659 13,0680 14,343
7,569 18,744 13, 649

* 4-methyl-umbelliferone
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7:BioGelP-6DGH T4 (15X10cm) THEE U727, DEAE Sephacel# 54 (1.6X23cm) I2&£ D20
~500mMDTris-HABRE R (pH7.5) TL0D T 57 a YIZHE Lz, B, By U7 EORIEK
{¥Bio RAD#EDProtein Assay Kit & H\W 72,

2. CADEHoHZE

=7z Y NTFAUTFTe FEREICHWT, MDPHFEE T TI7TCTI0MRIC S, 2=72 )WV
TAFE FROBLFREEIMOmTNET A LIz L7,

3. ELISA (Enzyme-Linked Immunosorbent Assay) XX AHZE

DEAE-Sephace ## T A CHBEL72K 757 a7 FCADEFMARE LI RERGICL DRI L,
WYCE492nmTRIE L 77,

4. SDS-PAGEBIU YAy > 7usr4 27

SDS-PAGEHL aemml il IC#E U THT 072, T7bb, 125%7 7 I NT I FFAMICE Y ERRKE %
TV, a=—=TVY T T —FZEREICEVRELRE L, YA TUTFA4 T
REIFSAARZTHEH LPVDFEICIEE &84, 7 FCADIUEE | Rk & LTARNVAF T ¥ —ET
EBLUIIMy S FRGERESIEE, 33" V73 /RYIVIVVH L4727 00-1-+7 =T
%@.é'&f:o

EREBIUEE] FRgliZiIN6B L UBn6HARHIZB ADEAE Sephacel iZ X A BEHDBEHBIMRE
KL, FRGEE DBHOBEABHE - PADONLLOD, a7 ) VT VT FIZHT 5
CADERIITAs HCligEARIC L 25 onMi b®kERD (757 a ¥ (F) 19~30) TR
BDENT, T, RESICBTACADEROUERRTIHEEKL F0~10, 10~208 X U%20
~30IBVTEHOY — 7 2HEHFEL, F19~300ERY -7 TIREQY -2 & —& Lk, T2, %
DIEMIIN6D FBEVEER LI (Tablel) o —FH. fHEFIIBITAELISATORIERBRTIZZD
V—2»BF19~30TOATAD LN, CADEMOE -7 LEABOERER LIz, SOZ &ML, T
DESPCADEHTHAIDEHEESINS, RIZ, 2RHKICBWTELISATY — 7 35800 & h7z H
5 %SDSPAGE L7222 A, #44kDOBEHIZBWVWTING EBmr6&E DINY ¥Ry — 9B o Tz
(Fig2) o #Z T FCADHEZHWTY 2 A¥ > /us4 /L& 2 A, N6Tidw FCADHUK
ERIST B 2D FEFELEZDIZH LTBr6iB Sk holz, 2O ERE, ZRHDON
YERCADEBHEMEBTALOLEZON, ZONY FOEEIBnr6 THOC ADHEHRDET &M
ERHLLOEHEEINE, DEOZ erb, YVFAD2ZFIIBWTCADEHZHERL, 70
BELISAZ EHA LCCADIESEATABES MBI BALRIELNTEZ, HE.CWHLDCADE
BItBWTAF oRBIu< b 7574 —ICEATEEEDTNES,
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Fig. 1. Separation of cinnamyl alcohol dehydrogenase on DEAE-sephacel.
(O—Q) Protein; (® — @) dehydrogenase activity; (& ——A) ELISA;

(0 ----0) buffer gradient.

Table 1. Purilication procedura for cinnamy! alcohol dehydrogenase from sorgum

Purification step Genotype  Protein N Specillc activity Purification
mg nkat/mg protain - fold
1. Ammonium sulfate (40-70% saturation) N6 2741 0.125 -
Bmr6 27.1 0.031 -
2. DEAE-sephacel N6 1.1 0.548 4
Bmré 0.85 0.322 10

(kD)

97 -
66 —

42E

30~

20—

Fig. 2. SDS-PAGE of fraction
containing CAD activity taken
on DEAE-sephacel.
Lane 1, NB; Lane 2, Bmr6.

>, 442 kD, >, 43.6kD

[Tris/HCH) (mM)

{Tris/HCI] (mM)



B/IEFLTENFET B Y o SEm 128+ 2 5Fse
1. 770N 7)) 9 A RN XT7y VML T34 00
T H iRk

Th 74%< L EAY nrn

HE B - WIS - mAEE I B (EFAR)

HEEFILENFELE BV AEEY O RER HIC 3 505
1. 77unNsz 7)o azH0BWiN=XT79y s L7+ A4 N0D
T H R

A B - PILEE” - JAEEE - I B (BIRKR)

[#Fw] Bk, BEOZ Y7 EOBERHMIT v F 2V ARNAENESTH S
CEFHRESNTVE, §TIZ, TOFELLIVFEDEGTFORR ZHHI XA
HWYHBBEONT WS, LIz oT, Vo VESGRBEROBEEZETHACADDT
VFRVABEEEATAILICLED Y, S UvERWMEL, HILROBWEL/E
HIaZ L2 EEEZ LN,

22T, AR TITEETF LEWFEL BO-SEEY O mER L IcB81F5 €57
WEERELTN=XT7y L7+ A NERWETZON7 7)) Y AEICLBBE
B EIT o7,

[HE B L OHE] MU AN—X7y b T7xA0ix, EMHEE»SBAL
7o0ufE (cv. Viking) TdH b, BTIE, 70% =%/ —NVIZ145H, R\WT, KR
EWF MUy A (BHEE: 2%) W2 00HBELBRELEZITo 2, Z0O,
BEATIEMESEL, ANVEVERIMOMS (3% afE, 05%5 V54 ) EX
KM L, 3000lux, 1 6 BFHIIRIAT, 25 CTHE, £FI €,
BEERIIZ, 77 a5y 71 wALBA44041Z, 75 A 3 FpBI121(pnos/NPT
II/T nos + 35S/GUS/T nos) (7 u—>7 v %) 2EAL, 25 mg/adD A F< A
v, 300mg/DA ML T I A T U BLIULI00mg/ D) 77T EELLB
WARIEH T2 C 1 Mg L -H/RE HW -, XIZ, 10~14H BOEEHEHEY KD F
EZYHED, EHICFOMET 2mBET MR 2%, BOBEIEIZ3 045 B
BL, ROZHBELZEMECTHYBE, 05mg/LBAPB LU 0.1 mg/LNAA ML
Bo&EREH#ME (3% af, 03%F VT4 ) ICBELT, 3000 lux, 1 6%
FRHET, 26 CTEE Lz, —Al%K, FEAIZ L0 IZS00ng/ nl s 77 4
SURRMUERICBELUERERTREL 2, S0l 1HEME, 29747 v8&
U"L00mg/méA < 4 ¥ ViR (FUEWERER) AL, 20k, 28HEBE
CHETAEE IR ETER,, TOBFERPLELEL-EKICONT
i, MY ANVEVERMOL/ 2B RBREMTEREZRE LERS -, ERL-H
EMWRIIEFRECET S, X-gueB L U4 MUGEREE L L THWTGUSHEAE
BIUEHOWEERIT o/, BOoNABEBRBREIZT VA VEICLD DN A 2 HH
L. PCREWXVGUSEIBZFOMER LT o7 77 4 —id, GUSHIEZTDOEER
SEIB D3 - KIMEBDIEEALY] (5-AACTGGACAAGGCACTAGCGG-3) B & U3 -k
HoOMMWEF] (5'-AAGTTCATGCCAGTCCAGCGT-3") # v, PC REIGSH
1294 C5 D%, 94T14r. 63C24, 72CT35%45% 4 7 WfTo 7=,
[BEBLUZER] 7770 -N—CBFABERIETIE, 2ORRIZT 7 ans
75 AEEERICEF TS Z LA E SN TwD (Rafiquli et al. 1994) o %
ST, AEBRIIBWTIR 2HEEOLBEM TR Lz 77 usy 71 v a2k hIBE
SRR % fTo 77, Tablelid, FIFREIML, FHA 2 BIUSH CTHE3E120H H Dshooti?
RRIZOWVTRLIZDDTH B, LBEHTIL, shootTEMEA19.0% & mLBIEEH X b
LEWER R LD LT, £ EshootBid129 X EWMEAFE L7 —F. GUS



BIZTF DD b 7shoot M TIHLBREHD F A9 ER & B, TDRFIL7.0% THo

o L7zHo Ty N=X7 v+ L7444 NV TOBEIRRSIILBEE D F 8L,
FT7 70 —N—THELNLERLERER > T,

IO DREBRED ) b IEEICERT 2EEICOVWTS / ADNAZHHL,
PCREEIC L B EABEFOMELIT o7z, FDOFER. GUSHEIET (L.1kb) & FEED
MBICHBE LY FaBB ERA (Figl) o RiZ, BHIERMK L13EEICBITS
GUSEBIEFORBEEFELA-L 24, BEEREGEICL > T, FAHEMICS
WTEHRICPZ)OERPROON, FORHERIZE, X, BONEIIHVEIC
o7 (Table2) o

BIE, EARBEFOFETHR L2720 — Y IZBWTGUSHEIZT ORI O Z
FHICHAELEDOTVD, T2, ZORFHACTTVF L ACAD BETFOEA
TRKRIZEZH, PCREIC Lo TEABGETFEMRT LI LA TEX 7,

Key wards: bird's-foot trefoil, Agrobacterium tumefaciens, pBI121, B-glucuronidase,
polymerase chain reaction (PCR)

Table 1 Effect of Agrobacterium medium on the frequency of shoot formation
and that of transtormation. ' '

Number of Number of Total number Number of

Agrobacterium segments segments of shoots Gus*
culture medium  cultured with shoots regenerated shoots
A . B(B/A%) C D(D/C%)
LB 105 - 20 (19.0) . 129 g (7.0)
mLB 94 16 (17.0) 199 8 (4.0)

DmLB: LB + 0.1%NaC! + 10mM Glucose

Table 2 GUS activitles in organs of transgenicplants.

GUS Activity

Plant (4-MU pmoles/min/mg protein)

Leaf Stem Root
Control 1 226 108 153
2 252 104 131
3 192 179 83
e Mean 223 129 122
1.1kb = Transformant 1 7,168 51,459 11,546

2 103,056 60, 765 42, 328
3 263, 472 223, 537 8, 880
4 24,422 4,146 125, 588
5 208, 008 72, 801 2,770
6 41,073 11,945 21,947
7 7,356 11,105 22,757
8 10,475 15,855 16, 407

Fig. 1 Detection of GUS gene by PCR.
Co.: non-transformant

Lane 1-7: transformants 9 13,333 17,224 16,008
M: 1kb DNA Ladder 10 14, 996 13, 849 17, 840
11 8, 672 12, 485 14, 094
12 9, 659 13, 680 14, 343
13 7, 569 18, 744 13, 649

Mean 54, 762 40, 584 25, 243




VLA LEEFRIRZESRER K (BMR-6) DR
—PLFe REY T VORI ONT —

NED B - B BT - IR B (EISASEYE)

(B#Y]
ORI RYNATLAREIIBIT2EEFRIRIRERE (Brown Midrib Mutant LI TFBMR)
XU DEEBEHEERBBENE WOIBNEMEA2FE > TE D .. HERHROEFIVEY
PLTHEEHEN TN, DBV LA LADBMR-6TIE, Vv ESEEBRICBNT, ¥V 3
WL TEREZBTTORIGEMBETE YV FIATLI—ILTFe Rusr+r—EBDiEEsETL
THEY., YV FINTLFERO—BHBZOTEERTILDLEEZSNT N D, KERTIHS
DOBMR-6D R %2, BICHBILENLEA»SREFTE 22BN E L. T TEROEYHEBLEM
RS ICHEESE L TEEST 2T, PILFE RBL Y 7 O8I ONWTIEEE

(Normal-6 LI'FN-6) & DB AT - 7=,

(Hi#%] ,

MEERELLT, 1996FESH1BIBELZYILAL (N-6BLUBMR-6) Z#EEL1 1A TH
(FLAEHR) ICEREL 720 ERICK. B TNEIRPS 2 FXT6HEOEBZHAVW . SEIZEW
T, BEEHET T SiHOBNEL BR2 FTESHERKE S L. RNT, BvrSRE
ICMED > THEF O AHER C FEAS L2 L TENFLAHERES B LUOCZHEBE L. B
DO, Tabe/NEERASUEBRERY ERBEE > Lz, 7T Ridyoas Ly
VIEBR IS E AHE T3 Garcia&latgeD HET, V7 vid7eFrravA RiETH
FL., BROEFEHELES > THAMZEEE2REFT Lz, BEICEX20 0 umDEliIFIc7 oo
TNy VIEBRIGE LUSchitt G2 BERAL . HBRENICT7LTE FOBE®IT> 7z,

(#55%]

M BOEFOMLRIIBMR-6D G BEWEE R L7 (F1) »

ZHEBESO T ILTE REEIZDNTIE. BMR-6IIN-62 FERTHER. ERER. HEHEEST

BICEWMEAZRL 2o BIR-6ICEBW T ERE S D 7L TE RBESRLEL . IR\ TRER
HS T, N BOTIHBEBESBRLE L 2L DDBMR-6DFN LT AL EER» - 12,
VI VEBEICDNTIE, BMR-6D3N-6& WRE. EEHERE. MERES TEEIEWMEATRL T
FHBESTEH I VEZ DT, BBUTZVHEDDTILTE RIZONTSH, BMR-61ZN-6
CHARTHRE, BRI, HERESTEREIEWERATL., THEEBESCIIH T V= 3L d-o
o T72N-6. BMR-6LH Y YV H =0 D7 LT RIRERES TROLSL -2 (F2)

BEUIRICcBd2 70y VEBKIEE S UShit RGOSR (£3) ISEKESO7
LT REBDRER (R2) LIZITRBOMEE AR UED, SChittRIGDF BT LT REED
FERICLDIED 5 T2,

4HBES DO ASICB T A2REBES O &1 HEEME (FEH) Oin vitroE(LER (%)
EAIZONTIE. N-6TIHERSESE S O

&4, BMR-6 TIRRFRMEEE S O EEBE Ay NDF
otz (K1) . BR-6D7 AT E Rid

HERBE DS & CRABE 7 ICHERRE < N-6 75.8 73.7
Sl (X2) . )= vz EEHEE S BMR-6 83.6 81.3

DS TBHE Do (K3) .

Key wards:Aldehyde, Brown Midrib Mutant,Histochemistry,Lignin, Sorghum internode.



K2 BEBESOIV LN BLUN &R

TIT e N RRE/e) )Ty (B e)  TATE R/ YTz

N-6 BMR-6 N-6 BMR-6 N-6 BMR-6

REZ T 23.0 (%) 44.2 25.9 (%) 18.1 0.9 () 2.5
JEEEAH oy 25.6 (%) 38.8 27.4 (%) 215 0.9 (%) 1.8
HEETR S 32.4 (%) 62.2 30.3 (%) 22.3 1.1 (+) 2.8
%ﬂ%&@é 51.7 NS  51.0 5.5 NS 4.3 10.5 NS 11,9

oipO 0L TEEEH D +«pl ITEEEH D NHEEEZL n=4

&3 MRLERIGCL 228

A R A Schif iRz
N-6 BMR- 6 N-6 BMR-6
R HES ++ ++ - ++
[EEEAH S ++~= ++~* - + 4+~
HEEHE D ++ +++ + ++
TRy + +~— +~— +

BHEDEEAE +++. E<EBLAZDP-> 3D E~-, L T

#HE (%)

100 100 ¢ 50 : NE
OELRE AL 4%
BHEE TR
80 B ALAK
80
i:d g
H e
= =
40}
20 |
0
. N-6 BMR-6
U &-HLERE 2y D s 2 FHIERE I BT BT X3 KHEER ST DY
EHERE S O RS S Ve Dt oy i

sHRIZ SO 5RIE (%)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




