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..IN THE NEWS...

Dr. Thomas Cech of the University of
Colorado and Dr. Sidney Altman of Yale
Univeraity received the Nobel Prize in Chemis-
try for independently discovering that RNA can
act as highly specific enzymes, shattering the
dogma t%at all enzymes must be proteins. Such
catalytic RNA molecules or ribozymes have the
potential of many practical applications in the
fields of diagnostics, therapeutics and agricul-
ture.

Dr. Lesley Sitch, presently at IRRI in the
Philippines working on wide hybridizations, will
join the staff of the Rockefeller Foundation in
New York this coming summer.

New studies from the U.S. Department of
Agriculture have found that rice bran could be
more effective in reducing blood cholesterol
levels than oat bran. The USDA noted that a
diet which included 10% rice bran lowered the
cholesterol level by more than 15% in labora-
tory animals. It also tastes sweeter and is less
expensive than oat bran. Results on human
testing should be available within the year.

The 2nd International Workshop on
Molecular Biology of Rice will be held on Janu-
ary 8-9, 1990 in Japan. Topics to be covered
include: gene organization, organelles, stress
response, databases, transgenics, gene structure
and expression, and enzymes. See page 16 for
more information.
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Dr. Ray Wu

Chloroplast b6 Gene Nucleo-
tide Sequence

The nucleotide se-
quence of the rice chloroplast
apocytochrome b6 (petB) gene
has been determined by Cote
et al. (1) using the dideoxynu-
cleotide chain termination
method.

Chloroplast DNA from
cv. Labelle was digested with
HindlIIl, run on agarose, and
transferred to Nytran. The
probe consisted of a radioac-
tive fragment (309 bp) contain-
ing a section of the spinach
chloroplast apocytochrome b6
gene. It hybridized to a single
2.5 kb DNA band which was
electroeluted and ligated to
HindlIII-digested pBR322 and
transformed into HB101 com-
Eetent cells. After colony

ybridization, one clone was
sequenced and found to con-
tain an 813 bp class II-like
intron between nucleotides 73
and 885.

GTGTGACTTG TTAGRRTTTG CTCCTATTGA TAATACATAG
ARAGCACCTG TTATCTCTAT CAAGATGATT CTAATTCGTC
GGATATTATT TATTCTAGTA TCTGGARCAC GAARTAGATA
GAGTGGATCA AGRARAAAAA ATGAARCTAT GATTCATATT
ARCTATTCAG ACCTCGCAAC CAGACTGAAA ARAATTCARG
TAGTTCTTAR TARAARTARR AARAGRARAT TTCTTCCTTC
CARTTTTGTT TGCCCAAAAR ACAACTTTTT TTCTCTCGAT
CATTACACCG ATTCAATARA TGATCATCAA GCGGTTCTTA
TTCGARGAAC CCTTGCCTTT TGTTTAGCTT GAGACTCART
CATCGTGGCT CTAGTATGAR TCTARGGTTT TARTTGAACT
GATTCATAGG ATCGCARCAR GATAATTTCT ACCAGAAARC

TACTCCAATT TTT6.vuw.s GGTTAGTTAC CTATCTCART
_——————

This rice intron shares
86% homology with maize and
63% with tobacco. The coding
region shares 98% and 99%
homology at the predicted amino
acid level with maize and tobacco
respectively.

Sequences of Rice Genes for
Light Harvesting Chlorophyll a/
b Binding Proteins

Luan and Bogorad (2) of
Harvard University have deter-
mined the DNA sequences of two
of the four genes that code for
the light harvesting chlorophyll a/
b binding protein (LHCP). The
coding regions (about 1000 bp) of
both these genes were very simi-
lar to each other and to the
LHCP genes of wheat and pea.
However, the flanking sequences
and the transit sequences were
very different.

800 200

2000bp 2100bp | 300 600

2600bp 200 300100800
Rice Phytochrome Gene

Sequence

Kay et al. (3) have pre-
sented the entire sequence of
phy18. This is a genomic subclone
of a rice phytochrome gene con-
sisting of almost 10,000 bp.

They found S intron se-
quences, the longest consisted of
nearly 2500 bp and the shortest
close to 200 bp.

Nucleotide Sequence and Ex-
pression of the

Quinone-Binding Protein Gene

The gene (psbA) for the
quinone-binding protein is en-
coded as a single copy in the
chloroplast DNA of higher
plants. The mRNA for this
protein has been found to be as
abundant as the mRNA of the
larger subunit of RuBisCo.
Kanno and Hirai (4) have
determined the nucleotide
sequence of this gene and lo-
cated the initiation site for
transcription.

The protein coding
regions of psbA from rice,
spinach and tobacco showed

...no evidence to indicate whether
this inverted sequence actsasa
terminator...

almost 92% homology in terms
of nucleotide sequence. In terms
of amino acid sequences, the
Eercent homology was even

igher at nearly 99% with the
same plants.

By using primer exten-
sion analysis, Kanno and Hirai
were able to determine the
location of the 5’ end of the
mRNA transcribed from the
psbA gene. It was mapped 77 bp
upstream from the ATG codon.
This is identical to the site of
this gene in tobacco but 3 bp
behind the site in spinach.

Analysis of mtDNA of Different

Subspecies of Rice

The rice genotypes used
by Chowdhury ef al. (5) were
Calrose 76 (C76) and PI353705
(AS). C76 is a japonica subspe-
cies while AS 1s an indica sub-
species and had been main-
tained in cell suspension for 7
years.

MtDNA was isolated by

RBQ page 2
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grinding etiolated 10-day-old
seedlings in a blender with a
saline extraction buffer. The
mitochondria were isolated by
differential centrifugation and
treated with DNase to remove
extraneous DNA. The mtDNA
was purified by three precipita-
tions.

MtDNA was also pre-
pared from cell suls\})ensions by
grinding in liquid N,,, differential
centrifugation and, after lysis,
purified by using a CsCl-bisben-
zamide gradient.

Chloroplast DNAs were
prepared from light-grown 12-
day-old seedlings by grinding in
liquid N, and centrifugation
through a sucrose step gradient.
After lysis, the DNA was puri-
fied by using phenol, phenol-
chloroform, and chloroform
extraction.

Restriction endonuclease
digestions were made by using
BamHI, HindlIll, Pst1, Xholl,
Aval, Bgll, EcoRl, Sall, Sacl,
Pvul, and Xbal. Various maize
gene clones were used in the
preparation of the probes.

Comparison of the re-
striction endonuclease fragment

patterns showed variation in the
ctDNA of these two subspecies
with only two (Aval and Bgll) of
the 11 endonucleases. The
mtDNA showed much more
variation when restricted by 4 of
the 11 enzymes. That is, the
chloroplast DNA appeared
more highly conserved than the
mitochondrial DNA.
Hybridization data
indicated that all the gene
clones except two were able to
distinguish these subspecies and
may be useful for genetic analy-

sis, screening cybrids, and moni-
toring protoplast fusion and
plant regeneration.

Genome-Specific Repetitive
Sequences

The genomes of most
higher plants and animals con-
tains large.amount of repetitive
DNA. Recent studies have
shown that repetitive sequences
change rapidly during evolution
and this makes them useful in
studying genome evolution at
the molecular level. The rice
genome contains about 50%
repetitive DNA in six genome
types: AA, BB, CC, DD, EE,
and FF. Zhao et al. (6) reported
the isolation and characteriza-
tion of four genome-sfpecific
repetitive sequences from O.
australiensis, O. brachyantha, O.
officianalis, and O. sativa.

Thirty seven different
rice entries were grown in pots
in greenhouses with 14 h light at
26 C. At two months, leaves
were harvested, chopped, frozen

in liquid N, powdered, and
ground in homogenization
buffer. After incubation at 65 C
for 1 h, an equal volume of
phenol (buffered at pH 8.0) was
added, mixed by inversion, and
spun at 3,000xg for 10 min. The
DNA was precipitated by a
double volume of ethanol and
again spun at 12,000xg for 10
min at 4 C. The resulting pellet
was dissolved in TE bufter and
digested with RNase A at 37 C
for 1 h. The DNA was again
extracted twice with buffered
phenol, once with
phenol:chloroform, and then
again with chloroform. Finally,

the DNA was precipitated with a
double volume of ethanol,
spooled with a glass hook,
resuspended in TE buffer, and
stored at 4 C.

To clone the repetitive
DNA, the total rice DNA
(above) was digested with
EcoRYV or Hincll, fractionated
on agarose, and stained with
ethidium bromide. A 500 bp
band was eluted from the gel
and cloned into the Hincll site
of pUC13 by blunt-end ligation.
This ligation mixture was used
to transform E. coli IM101 cells.
Four plasmids were obtained:

Oa4, pOo2, pObl, and pOs48.
e first three were from wild
rice species, the last from variety

Labelle.

Slot blot hybridization
was used to quantify the copy
numbers of repetitive DNA
sequences in the different rice
genomes. For nick translation
and genomic blot hybridization,
repetitive sequence fragments

were separated from recombi-
nant plasmids after restriction

endonuclease digestion and then
fractionated by gel electro-
phoresis.

These researchers
showed that all rice species
containing the AA genome had
the same repetitive sequence
pOs48. This confirmed the close
relationship between O. sativa,
O. glaberrima, O. meridionalis, O.
rufipogon, O. glumaepatula, O.
nivara, and O. longistaminata.
However, the other genomes
showed no hybridization to the
AA genome-specific repetitive
sequence. This indicated that
there is a clear molecular dis-
tinction between genomes AA
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and BB, CC, DD, EE, and FF.
In addition, differences in copy
number, ranging from 2,000 for
Os48 in O. safiva to 184 000
or pOb1 in O. brachyanrha were
observed.

The Complete Chloroplast
Genome Sequence

Chloroplasts and mito-
chondria both contain genomes
separate from the nucleus of the
cell. The chloroplast genome is
composed of a single circular
DNA molecule which codes for
all the rRNA and tRNA and
most of the mRNA needed for
photosynthesis. This DNA
molecule is about 120-160 kb
in length and appears divide
into one large single copy, one
small single copy, and two
inverted repeats. In order to
study the evolution of this
genome, determine the coding
potential, and compare the
sequences of chloroplast DNA
with the sequences of tobacco,
liverwort, and other plants,
Hiratsuka et al. (7) have se-
quenced the entire chloroplast
genome of rice.

DNA sequencing was
accomplished by dideoxy chain
termination using a Klenow
fragment or a modified T7 DNA
polymerase. The cv. Nipponbare
was used to produce a clone
bank of overlapping fragments.
Computer-assisted analysis
treated introduced gaps as
mismatches. This made gap
penalties proportional to gap
size. The percentage of amino
acid residue identity was calcu-

lated for proteins appearing
homologous.

Thirty tRNA genes and
four rRNA genes were found
identical in location and anti-
codon to those previously identi-
fied in tobacco. Of the 20 in-
trons found in tobacco and
liverwort chloroplast genomes,
17 were also present in rice and
most of the ORFs (open reading
frames) conserved in these two
plants were also found in rice.

However, some rear-
rangements in the rice chloro-
plast genome was evident. The
inverted sequences had ex-
panded outward, the large single

Stroma

Ribosone

Granum

copy region had undergone a
series of inversions, and a chim-
eric tRNA pseudogene had
overlapped the endpoint of the
largest inversion.

Transgenic Rice After Direct
Gene Transfer

The research team of
Toriyama et al. (8) have regen-
erated whole rice plants from
protoplasts that had been elec-
troporated with a plasmid gene
coding for aminoglycoside
phosphotransferase II
(APH(3")II).

Fragments produced by
BamHI and Bg/ll on pH1K1

which contained APH(3’)II and
CaMVT were inserted into the

promoter terminator cassette of
CaMV35SP/NosT of pUCI12.

27kb
APHO)II
~

Protoplasts were isolated
from anther-derived cell suspen-
sions of cv. Yamahoushi,
electroporated, and transferred
to BS medium supplemented
with 2,4-D and mannitol. After
two weeks, this medium was
supplemented with BS medium
without ammonium sulfate but
with G418 sulfate. One month
later, microcalli were trans-
ferred to another modified BS
medium. Finally, two weeks
later, growing calli were trans-
ferred to N6 medium containing
IAA, kinetin, and 1% agarose to
stimulate regeneration.

DNA was digested with
HindlIll and EcoR], electro-
phoresed, blotted onto nitrocel-
lulose, and hybridized with the
DNA probe.

Five rice plants were
regenerated which were not

To subscribe to the Genetics Manipulation
In Plants Newsletter, write Professor Shao
Qiquan, Managing Editor, Institute of
Genetics, Academia Sinica, Bejing, China.
Two issues per year at $12.00 (US) per sub-
scription. This journal provides a forum
where Chinese scientists may present their
work in English.
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albino and which did not bleach
in the presence of 50 ug/ml
kanamycin sulfate. APH(3’)II
activity was detected in leaf
extracts. Similar results have
been shown in maize proto-
plasts.

Dr. Tom Hodges
Genetic Analysis of Rice
Regeneration

Peng and Hodges (9)
used reciprocal crosses of four
%entoypes (IR8, IR36, IR54, and

R64) in a diallel study in an
attempt to understand the
genetic mechanism of regenera-
tion from immature embryo-
calli.

Plants were grown in the
greenhouse for 40 days and
transferred to a short-day

rowth chamber to stimulate
initiation of flowering. Crosses
were made in all possible combi-
nations of the four parents. At 7-
10 days post-anthesis, immature
seeds were collected from the
parental varieties and at 6-9
days after pollination for the F1
hyi‘::rids. Immature seeds were
sterilized, the embryos excised
and plated in callus induction
medium. After three weeks in
darkness at 26 C, the calli were
transferred to light and a regen-
eration medium similar to the
induction medium but omitting
the 2,4-D and with only 0.2 mg/
liter 6BA.

The frequency of callus
induction of the four parents

varied from 90% in IR8, to
100% in IR54 and IR64. How-
ever, the regeneration frequency
of the four parents was 0%
(IR36), 46% (IR8), 47% (IR64),
and 86% (IR54). The hybrids
that showed the highest mean
plant regeneration frequency
were IR54/IR36 and its recipro-
cal.

The highly significant
variances of the general combin-
ing ability and specific combin-
ing ability indicated that the
nuclear genes involved in plant
regeneration exhibit both domi-
nant and additive effects. A
similar situation has been noted
on wheat regenerated from
anther derived calli.

These results suggest that
the genetic background of elite
varieties with poor regeneration
response could be incorporated
into genotypes with high regen-
eration abilities. These research-
ers recommend that genetic
effects and environmental
conditions both be taken into
account to improve and increase
plant regeneration.

711— Coleoptile

—Shoot

Scutellum
Radicle

Typrcal somatic embryo

High-Frequency Embryogenesis
in Rice

Long term suspension
cultures (older than 18 months)
were established from cv.
Konansou by Ozawa and Lo-
manine (10). Subculturing
occurred every three days with

N6 medium supplemented with
2,4-D, sucrose, casein hydroly-
sate and proline. One millimeter
cell clusters were transferred to
solid N6 medium with kinetin,
NAA, sucrose, and Gelrite. The
frequency of embryogenesis was
estimated at 90%. Smaller
clusters produced lower rates
(50%) of embryogenesis from
long-term cell suspensions of
rice.

Asymmetric Protoplast Fusion
Produces Rice Cybrids

Cytoplasmic male steril-
ity in rice may be determined by

the mitochondrial genome as it
is in other plants. The transfer of

maternally inherited traits
(including the mitochondrial
genome) by protoplast fusion in
monocots has been reported
only once, between rice and
barnyard grass. By using X-
irradiation (to inactivate the
nucleus) and iodoacetamide
(IOA) (to inactivate the cyto-
plasm) Akagi ef al. (11) were
able to construct cybrid plants
between cytoplasmic male
sterile and fertile rice.

The cytoplasmic male
sterile rice strain used in this
work was MTC-9A. A mutant
line, Norin 8, which lacks the
aryl acylamidase I gene (which
breaks down propanil, a herbi-
cide) was used as a recessive
marker.

Protoplasts were isolated,
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treated with either X-irradiation
or IOA, and placed in a fusion
chamber for electrofusion. The
cell clusters were cultured for 3
weeks and transferred to callus
growth medium. Upon reaching
5 mm in diameter, they were
transferred to plant regenera-
tion medium and eventually
grown in a greenhouse.

MtDNA from regener-
ated plants exhibited PstI and
Bgll restriction patterns with
fragments specific to both
parents. Cytogenetic analysis
showed 26 plants with the nor-
mal diploid number (2n=24)
whereas 12 plants were tetra-
ploid (2n=48). These may
represent fusion between one
CMS croplast and two N8
protoplasts. Only two of 560
regenerated plants set seed at
levels similar to the N8 controls.
About 80% were completely
sterile.

Such cybrids may provide
crucial information that would
allow analysis of mtDNA from
recombinants and provide an
understanding of the causes of
male sterility in rice.

Fertile Rice from Transformed
Protoplasts
Shimamoto et al. (12)
have reported in Nature that
they have produced fertile
transgenic rice plants by trans-
ferring both the Aph gene (bac-
terial gene encoding hygromycin
B resistance) and the beta-glu-
coronidase (GUS) gene to
protoplasts by electroporation.
Southern blot analysis
and Southern hybridization
confirmed the presence of the
hph gene in the chromosomes of
the stable transformants. GUS
activity was also demonstrated
in the seed and leaf extracts.
This work showed that it

GUS activity in seed co-transformed
with pGL2.

was possible to co-transform
using both a selectable marker
and a non-selectable gene. Such
a technique appears to be a
simple alternative method for
generating transgenic plants.

Inheritance of Somatic
Embryogenesis
and
Plantlet Regeneration in Maize
Willman et al. (13) have
investigated several of the
genetic factors involved in
somatic embryogenesis and
lantlet regeneration using three

inbreds of maize: A188, Mol7,
and B73. Plants were selfed or
crossed to produce various
combinations of inbred, hybrid,
backcrossed, and hybrid-selfed
embryos. Immature embryos
were cultured on nutrient/agar
medium. Three weeks later,
calluses were scored for the
presence or absence of somatic
embryos. The calluses were
transterred to a regeneration
medium (lacking 2,4-D) and
placed in darkness at 25 C for
one week. After exposure to 16
h light and 8 h dark for two
weeks, plantlets were observed
and removed to fresh medium.

...Progress from selection for embryo-
genesis or plant regeneration can be
nmade to better understand these pro-
_cesses and improve the frequency in

Numbers of calli that
produced embryos and numbers
of embryos that regenerated
were used to calculate frequen-
cies of somatic embryogenesis
and plantlet regeneration.

The results showed that
somatic embryogenesis and
plantlet regeneration were
strongly influenced by genetic
factors. Additive gene effects
appeared more important than
dominant gene effects for per-
cent somatic embryogenesis and
number of plantlets regenerated
per embryo. These researchers
suggested that at least one gene
controls the expression of the
frequency of somatic embryo-
genesis in addition to environ-
mental, cytoplasmic, maternal,
and paternal factors.

Endosperm Segregation of In
Vitro-selected Rice

Of the 20 or so amino

-acids found in rice, lysine is the

only one in such low amounts
that the optimal nutritional
quality of the rice grain is re-
duced. Schaeffer ef al. (14) have
reported on the genetics of
lysine expression and deter-
mined the relationships between
percent lysine, seed size, and
chalkiness in progeny of crosses
with high lysine mutants ob-
tained by in vitro selection.
Anther-derived callus
(Calrose 76) was treated with
1mM or higher levels of lysine
plus threonine. After additional
treatment with S-(2-ami-
noethyl)-cysteine, surviving
calli  were regenerated,
selfed at least two times, and
crossed to the male parent M-
101. The female parent carried
the gene for increased lysine
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content, while the male con-

tained a sm%e recessive marker

Fene for glabrousness (smooth
af). Two seeds were recovered

from this cross. Subsequent

generations were grown in a
greenhouse.

! =

HHHHH
I'IIIII

NCCCCCCOOH

H HHHHH
Lyvine

The results showed that
high lysine phenotypes were
recovered in the progeny of
anther-derived callus, that this
trait was inherited as a reces-
sive, and that high lysine was as-
sociated with reduced seed
weight. All the in vitro selec-
tions produced chlorophyll
variants and exhibited extensive
infertility. In the homozygous
material, some flowers ap-
peared abnormal with multiple
stigmas which were completely
sterile. However, the
germplasm obtained from in
vitro selection had lysine levels

above the original Calrose 76
parent.

Ultrastructure of Somatic and
Zygotic Embryogenesis

Jones and Rost have
published two related papers
dealing with the rice embryo.
The first work (15) examined
the development of the embryo
from the time of fertilization to
maturity. Rice grains of cv. L-
202 were grown to flowering
gabout 75 days) and samples of

owers from the middle third of
each spikelet were harvested at
various times after anthesis.

Samples were prepared for both
light and electron microscopy.
found that within
two days ag er fertilization, the
embryo was globular and within
6 days resembled a mature
embryo but lacking the full
complement of storage reserves.
This paper contains a full
description of zygotic embryo-
genesis along with many micro-

graphs.

; Aleurone
Scutellum
Scales
Coleoptile
Plumule
Epiblast
Radicle
Coleorhyza

The second paper (35)
investigated the development of
somatic embryos derived from
tissue cultures. They observed
that the initiation of somatic em-
bryos arose from single cells of
the basal scutellar epithelium.
Once initiated, the continued
development of the somatic
embryos parallels that of zy-
gotic embyros.

Rice Phytochrome in Transgenic
Tobacco

Many of the developmen-
tal processes that occur in green
plants result from the combined
action of chromoproteins called
photoreceptors. The best known
of these is the red light photore-
ceptor, phytochrome. It is com-
posed of a large apoprotein
(about 124 kD) and a linear

e

e

[Phyto B65
(inactive)

gir=a

tetra{)yrrole It exists as a dlmer
in solution. Phytochrome can
exist in two convertible forms:
an inactive form produced by
exposure to far red light and an
active form produced by expo-
sure to red light. It acts as an on
and off switch to control many
light-activated responses in-
cluding the differentiation of
plasmids, germination of seeds,
elongation of stems, leaf initia-
tion, and even ﬂowermg Re-
cently it has been shown that
there are actually two dlstmct
kinds of phytochrome: T

and Type II. The main di er-
ences between the two is that
Type L is depleted upon expo-
sure to light whereas Type Il is
not.

tht'ﬂ'Eﬁ

To investigate the
mechanisms of gytochrome
action, in vivo, Kay et al. (16)
have overexpressed Type I rice
phytochrome in transgenic
tobacco by using the cauliflower
mosaic virus 35S promoter.

A full length c¢DNA of
rice phytochrome was fused to
the 35S promoter of cauliflower
mosaic virus and transferred to
tobacco. A 3’ polyA addition site
(from pea rbcS-E9) was placed
at the 3’ end and a 50 bp of 5’-

untranslated leader was fused to

h5S Rice Phy cDNA E9-3
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the 35S promoter.

Phytochome was partially
purified by DEAE-Sepharose
chromatography and analyzed
by immunoblots using anti-pea
Ehytochrome monoclonal anti-

ody mAPS and anti-rye phyto-
chrome monoclonal antiserum
mAR 14. This strategy allowed
discrimination between phyto-
chrome molecules of rice and
tobacco.

These workers showed
that rice phytochrome mRNA,
its polypeptide, and a photor-
eversible holoprotein was pro-
duced in the transgenic tobacco
plants. They also observed that
since Cab mRNA was cycled
longer in the transgenic plants
than in the controls, the rice
phytochrome was therefore
biologically active. This estab-
lished a biological system for the
analysis of phytochrome func-
tioning and the interaction
between the phytochromes and
Cab gene expression.

Immunoassays of Humicola
Fungus in Rice

Much post-harvest dete-
rioration of rice is due to the
presence of fungi which reduce
nutritional value, change the
color, flavor, and texture, and
even pose a health hazard
through exposure to mycotoxins.
Early detection by classical
procedures is difficult so Dewey
et al. (17) developed several
monoclonal antibody asssays
that recognized Humicola
lanuginosa in plant tissues.

The immunogen was
obtained by washing fungal
cultures with phosphate buff-
ered saline (PBS) and injected
into Balb/C mice. Their spleens
were removed 4 days after the

last booster injection and the
splenocytes fused with myeloma
cell line SP2/0O-Ag14 using
PEG.

For the DOT-BLOT
immunoassay, polyvinylidine
difluoride membranes proved
superior to nitrocellulose. Indi-
vidual grains were soaked over-
night at 4 C in PBS in Eppen-
dorf tubes to allow fungal anti-
gens to diffuse into solution.
Droplets of the diffusate were
placed onto the membrane and
air-dried. After re-wetting with
methanol, the membranes were
blocked for 30 min, washed, and
exposed to the primary antibody
for 2 h. They were then incu-
bated with goat anti-mouse IgG-
IgM gold conjugate, washed, sil-
ver enhanced, and washed again.

For the DIP-STICK
immunoassay, 2x25 mm strips of
the membrane were soaked
overnight with the grains in PBS,
air-dried, and processed as
above.

For the SQUASH-BLOT
immunoassay, rice grains from
the DIP-STICK assay were
pressed onto the surface of the
membrane and processed as
above.

The IgM antibody EC6
worked best with the DIP-
STICK assay and proved to be
simple to perform and suitable
for field use.

Cantrol Dipstick

Single- and Double-stranded
RNAs in Rice Stripe Virus

The rice stripe virus
(RSV group) replicates in plants
and in its planthopper vector.
The mechanism of replication is
still unknown. In an attempt to
characterize the RNAs of RSV,
Toriyama and Watanabe (18)
obtained a virus isolate (RSV
isolate T) which produced large
amounts of a fast sedimenting
nucleoprotein component (nB).
Four species of ssRNA and four
species of dsSRNA were detected
in extracts of isolate T.

To separate and purify
the RNAs, these researchers
electrophoresed the RNA
extract in a 1.5% low melting
temperature agarose gel at 4 C
for 16 h at 40 V. The gel was
stained with ethidium bromide,
the bands removed with a surgi-
cal blade and placed in an
Eppendorf tube. The agarose
was melted with 3 volumes of
0.5 M ammonium acetate and
SDS at 65 C with frequent
vortexing. After phenol extrac-
tion and three washes in chloro-
form-isoamyl alcohol, the RNAs
were precipitated with ethanol.
They were again electrophore-
sed, but in 1.2% LGT agarose
and purified as above.

Two types of probe were
used: one was viral RNA frag-
ments end-labelled with **P and
the other was a 3?P-labelled
c¢DNA probe produced with
random primers.

e results showed that
the nB component contained the
largest RNA and that it is the
only one that is infective. The
hybridization experiments
indicated that the four ssSRNA
do not contain common se-
quences. The ssRNA sequence
was also found in each dsDNA
of the same length. These re-
searchers suggested that the
functions of ss- and dsSRNA
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during r?lication might be
explained by work on RNA
polymerase activity in this virus.

Branched Amyloses in Rice

Starches of most plants
consist of two components:
amylose and amylopectin. Amy-
logectin is generally regarded as
a branched molecule with alpha
1-4 and alpha 1-6 linkages
between glucose molecules.
Amylose 1s generally repre-
sented as a linear polysaccharide
with only alpha 1-4 linkages.

RICE BIOTECHNOLOGY QUARTERLY 1(1) 1990

loses in rice starch were a minor
component of the storage carbo-
hydrates..

Cloning of mRNA for a
Prolamin Polypeptide
Prolamin is an alcohol-

soluble protein and along with
glutelin is one of the major
storage proteins in most cereals,
. Although other genes of cereal
prolamins (zein of maize, gliadin
of wheat, hordein of barley)
have been isolated, the rice
prolamin gene had not been

(@ N
Glucose
& molecules
Alpha-1-6 // X
//,/ bonds @
f'
- ‘?ﬁ
Alpha-1-4 bonds
\_ J

In their recent paper,
Takeda (19) et al. have reported
on the structures and amounts of
branched amyloses in several
varieties of rice including IR32,
IR36, IR42, and several others.

All varieties had
branched molecules of 7.5 to 9.7
chains except for IR36 which
had 5.7 chains. The chain length
range was from 90-155. This is
similar to the lengths from other
plants. The molar fractions of
the branched molecules (0.3 to
0.49) were roughly similar to
those of other cereals, but sig-
nificantly different from that of
sweet-potato (0.70). This sug-
gested that the branched amy-

cloned.

Masumura ef al. (20) iso-
lated a full-length cDNA encod-
ing a prolamin (10 kDa) con-
taining a large amount of sulfur-
rich amino acids.

These researchers used
cv. Nipponbare and harvested
the seeds about 10 days after
flowering. Messenger RNA was
obtained by several phenol ex-
tractions and oligo(dT)-cellulose
chromatography.

The cDNA was synthe-
sized by a reaction mixture
containing RNasin and AMV
reverse transcriptase. Incubation
was performed for 90 min at 42
C. This reaction mixture was

diluted, E. coli DNA polymerase
and E. coli RNaseH added, and
incubated for 1hat 12Cand 1 h
at 22 C. The ds-cDNA was
phenol extracted, twice precipi-
tated with ethanol, and a library
containing 30,000 recombinants
constructed using pUC9. A
second library was produced
using \gtll as a vector.

To isolate the polypep-
tides and sequence the amino
acids, 100 g of 10 day old rice
seeds were homogenized in a
Tris-HCI and EDTA buffer with
1% Triton X-100. The homoge-
nate was passed through four
layers of gauze and spun to
remove starch grains. The
supernatant was spun at 8,000xg
for 20 min to obtain a crude
protein fraction. This fraction
was separated by SDS-PAGE,
and the prolamin polypeptides
in the gel were observed by
precipitation with 1M KCI. The
gel portion containing the 10
KDa prolamin was removed and
dissolved in 1% SDS to extract
the polypeptide which was then
dialyzed and lyophylized. An
automated amino acid se-
quencer was to used to charac-
terize the prolamin.

The sequence of the
amino acids in this 134 amino
acid polypeptide was deduced
from the nucleotide sequence
and indicated high amounts of
methionine (20%), glutamine
(16%), cysteine (10%), and
proline (6%). The protein
accumulation mechanism in rice
appeared similar to that of zein
in maize: the prolamin is synthe-
sized by polysomes attached to
the protein body membrane and
accumulates in the endosperm
cells.

Sequence For signal peptide
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Restriction endeanuclease map of rice 18 Da
prolamin chba.
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Transient Expression After
Particle Bombardment

Wang et al. (21) have
described a technique for trans-
ferring foreign genes directly
into rice, wheat, and soybean
~cells. Callus of rice, cv. Taipei
309, was produced from imma-
ture embryos, developed into a
cell suspension, and cultured in
a medium using amino acids as
the nitrogen source.

e cell suspensions
were placed on a rotary shaker
at 120 RPM in the dark at 26 C.
The rice cell suspensions were
subcultured twice a week. Re-
combinant plasmids were grown
in E. coli, lysed with alkali,
phenol extracted, and purified
by CsCl/ethidium bromide
density centrifugation.

Before bombardment
with the DNA coated particles,
the cell suspension was applied
to 3 layers of filter paper and
placed in a plastic Petri dish.
After bombardment, the cells
were incubated for 48 h in the
dark at 26 C.

Intact cells of rice (and
wheat) produced detectable
levels of GUS activity. Rice cells
(and wheat, maize, and soybean)
that had been bombarded with
%articles coated with plasmid

NA containing the CAT gene
also showed expression.

This method can avoid
the difficulties encountered
during the regeneration of
plants from protoplasts. The
frequency of foreign gene trans-
fer was estimated as 1/1000.
The next step would be to obtain
a stable incorporation of the
foreign genes.

£)

—
o RS

 ..the first example of diff-

Differential Expression in a
Cloned Gene

There are many prob-
lems associated with the bio-
chemical analysis of gene ex-
pression in the anthers of rice.
Some of these problems may be
overcome by using cytological
methods for the detection of
macromolecules. Raghavan (22)
investigated the distribution of
mRNA sequences during pollen
and anther development in IR30
by in situ hybridization of radio-
active poly(U) and a cloned rice
histone gene probe.

Florets and anthers were
fixed in 70% ethanol/acetic acid
(3:1) for 24 h, dehydrated, and
embedded in glycol meth-
acrylate. Sections were attached
to slides and dried overnight at
55 C. The slides were rinsed in
hybridization buffer, treated
with 80 ul of the hybridization
mixture, sealed with a coverslip,
and incubated at 47 C for 4 h.
After incubation, the slides were
rinsed in cold tap water, hybridi-
zation buffer, and RNase diges-
tion buffer. Pancreatic RNase
was used to remove unhybr-
idized poly(U). The binding sites
wete detected by dipping the dry
slides in diluted Kodak NTB-3
liquid emulsion. After 4 weeks
in darkness, the slides were
developed and stained with

0.1% eosin Y, dried, and
mounted.

The histone gene was a
1.3 kb insert from an IR26
genomic library. This sequence
showed 80% and 92% homology
with the H3 histone genes of
sea-urchin and wheat, respec-
tively. After hybridization, the
slides were developed and
stained in Toluidine Blue, dried,
and mounted.

Results show that
poly(A)+RNA and the histone
message are not localized in the
same pattern, histone mRNA is
not necessarily found in rapidly
dividing cells. The lack of bind-
ing of the probe to the genera-
tive cell may indicate that his-
tones are not involved in the
regulation of transcription in
anther cells.

Protein Modification by Heat
Shock

Exposure of plants and
animals to temperatures much
higher than normal usually shuts
down production of most pro-
teins while inducing a new set of
proteins referred to as heat
shock proteins (hsps). A possible
role of such proteins is as a
thermoprotectant for the cellu-
lar membranes and cytoskele-
ton. Fourre and Lhoest (23) in
Belgium have reported on their
research with callus cells of
Oryza sativa L. exposed to heat
shock.

Seeds of cv. Romeo were
surface sterilized and germi-
nated for 16 h at 30 C. Callus
cultures were initiated from the
embryos and 2 months later cell
suspensions were produced. The
cells were radioactively labeled
with tritiated leucine (40-70 Ci/
mmol) for 1 h at various tem-
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peratures. The cells were har-

vested and the proteins precipi-

tated onto glass fiber discs and

counted. After electrophoresis

on a 10-20% sodium deodecyl

sulfate gel gradient, the labeled
roteins were detected on
odak X-Omat film.

Cells were also exposed
to radioactive S-adeono-
sylmethionine (a universal
methyl group donor) to detect
methylation of hsps.

Amino acid analysis was
performed by high-voltage paper
electrophoresis and descending
paper chromatography.

These researchers noted
that rice cells of calli derived
from seed embryos responded to
heat shock differently depending
upon whether the cells were
subjected to a rapid heat shock
Or a progressive increase in
temperature. At 45 C, the induc-
tion of hsps was greater when
the temperature increase was
gradual. After sudden heat
shock, hsps synthesis was almost
completely shut down.

Although a large part of
the radioactivity was found
incorporated in the nucleic
acids, about 20% was located in
the proteins, primarily associ-
ated with methionine. These
results suggested that high
temperatures (heat shock)
causes methylation during
protein synthesis. The role of
methylation of heat shock
proteins is still unknown.

Plasmid-Like Mitochondrial
DNAs in Cytoplasmic Male
Sterile Rice

Hybrid seeds of rice are
often commercially produced
using cytoplasmic male sterility
(cmsg) which is maternally inher-
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ited and appears to be located
within the mitochondrial

(BT line) were separated by gel
electrophoresis and cloned.

—~ S
Stul HaelIl Stul
B-1 f i
Xhol Xhol EcoRI
BglII BglIIl
B-2 [iiiiiiiismsmamsmisdelecs 2
Haelll HaelIl
{(Stul)
% Restriction maps of -7 and 58-2 4

genome. Earlier work indicated
that there were two plasmid-like
DNAs, B1 and B2, in the sterile
rice strain known as BT line.
These same plasmids were
absent in the fertile line Ta-
ichung 65. To determine
whether these plasmids were
associated with cms, Sakamoto
et al. (24) isolated mtDNAs
from S rice strains and investi-
gated the homology of B1 and
B2 to other plasmid-like DNAs
found in these strains.

The strains included
Chinsurah boro II, BT line,
Zhen Shan 97A, Zhen Shan 97,
and Akihikari. All were main-
tained as calluses except for
Akihikari, which was used as
week- old seedlings. The calli or
seedlings were homogenized,
filtered through 4 layers of
gauze and 2 layers of nylon
mesh, and centrifuged twice at
1,500xg at 0 C for 10 min. The
supernatants were spun at
10,000xg and the pellets sus-
pended in a buffer containing
10mM MgCl,. After treatment
with DNasel, the mixture was
incubated at 4 C for 30 min, and
washed 3 times. The DNA was
extracted with phenol-chloro-
form and precipitated with
ethanol and resuspended in TE
buffer. The B1 and B2 DNAs

Probes were prepared and
labeled with photobiotin.

B1 and B2 were analyzed
by restriction endonuclease
digestion. Digestion with Stul
showed B1 to be 2.1 kb long. It
was cloned into the Smal site of
pUC13. B2 was digested with
Bgl/ll and appeared to be 1.5 kb
in length. It was cloned into the
BgllI site of pNEO. When
mapped, these two segments
showed no common fragment.

Plasmid-like DNAs were
also isolated from the mitochon-
dria of Zhen Shan 97A and
Zhen Shan 97 by agarose gel
electrophoresis. Using the B1
and B2 probes, hybridization
analysis was performed to
determine if the mtDNAs were
identical to the B1 and B2
DNA:s.

The two plasmids of
Zhen Shan 97A were found to
be identical to B1 and B2 while
only one of the plasmids of
Zhen Shan 97 was identical to
B2. The smaller of the two
plasmids of Zhen Shan 97 was
not homologous to either B1 or
B2. It was suggested by these
authors that B2 (by itself) may
not be associated with cytoplas-
mic male sterility. And, since the
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mtDNA plasmids exist inde-
pendently of the nuclear fertil-
ity-restoring genes, they also
may not be associated with cms.

—
e e ———
—_—

Three-color Fluorescence
In Situ Hybridization

Nederlof ef al. (25) have
described a method for visualiz-
ing three nucleic acid sequences
simultaneously using three
different haptenized probes
combined with three fluoro-
chromes. Although previous
workers have used double
hybridizations, this is the first
time for triple hybridizations.
The success of this technique
was the result of the use of a
newly developed blue im-
munofluorochrome, aminom-
ethyl coumarin acetic acid
(AMCA). Metaphase prepara-
tions made from human lympho-

tes and ovarian tumor mate-
rial were air dried, washed in
PBS, dehydrated in ethanol, and
stored at 4 C.

Probes of four different
chromosomes were modified
with N-acetoxy-AFF, biotinated
with Bio-dUTP, or mercurated.
After hybridization, the probes
were detected using different
combinations of sheep, mouse,
and rabbit antisera.

The excitation and emis-
sion spectra were well separated
and the fluorochromes appeared
as three distinct colors with little
overlap. For example, chromo-
some 15 was hybridized by the
mercurated probe, chromosome
1 by the AAF labeled probe, and
chromosome 18 by the bioti-
nated probe. In triple-exposed
color photomicrographs, three
colors were observed: the cen-
tromere regions of chromosome
1 appeared as two blue dots,
chromosome 18 was labeled
with red dots, and chromosome
15 was labeled with green dots.

The interphase nuclei
also exhibited labeling. Such
simultaneous labeling by multi-

Iriple in situ hypridization on ovarian Lumor
nuclei. Numbers refer (o chromosome number.

Blue (H#1)

Green (#15)

colored probes may provide
more information than would be
observed by separate hybridiza-
tions. An obvious application of
multiple in situ hybridization
would be in those cytogenetic
studies where rapid analysis of
material precludes detailed
karyotypic analysis. In such
cases, the use of colored-coded
probes for common chromo-
somes involved in aberrations
would greatly facilitate the
analyses.

E Genome and Salt-stress
Response

In Plant, Cell and Envi-
ronment, Schachtman et al. (26)
have given the results of a study
that examined changes in salt-
stress responses due to the
addition of the E genome (Lo-
phopyrum) to the A, B, and D
genomes of hexaploid bread
wheat. They compared parents
and derivatives o?two Crosses:
wheat cv. Chinese Spring X L.
elongatum (a close relative of
wheat with a high degree of salt
tolerance) and P1178704 (fairly
salt tolerant wheat accession) X
L. ponticum.

Chromosome analyses
were performed on root tips of
seeds of the four lines and the
plants transferred to hydroponic
tanks containing half-strength
aerated Hoagland solution. Salt
stress was imposed by increasing
the sodium chloride concentra-
tion in one tank.

Plants were harvested
and divided into components;
roots, shoots, oldest leaves, and
newest leaves. The tissue was
dried and analyzed for ion
content. The wheat lines with
chromosomes from the salt
tolerant Lophopyrum showed
lower concentrations of sodium
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and chloride and accumulated
more dry weight under salt
stress than the wheat parents.
This may indicate a causal
association between low shoot
sodium and chloride accumula-
tion and salt tolerance. These
results are similar to those found
in other halophytes.

RFLPs Associated with Water
Use Efficiency

Working with a large
number of F3 and backcross
families obtained by crossing the
drought-sensitive tomato cv.
UC828 and UC204B, with the
wild drought-tolerant species
Lycopersicon pennellii, Martin et
al. (27) reported they had found
three RFLPs strongly associated
with water use efficiency. Evalu-
ation for this component of
drought-resistence had been
unreliable in field grown plants.
RFLPs had previously been
associated with insect resistance
and soluble solids in tomato.

Plants were grown in the
field and thinned to 20 plants
spaced 30 cm apart within rows.

e soil was kept moist during
seedling growth. About two
months later, irrigations were
reduced to evaluate the per-
formance of plants under
drought. Leaves were sampled
and combusted under vacuum
and the carbon dioxide formed
was released into a mass spec-
trometer to determine isotopic
carbon ratios. This ratio ha
earlier been shown to be an
excellent predictor of water use

efficiency in plants including
wheat, Eeanut, and barley.

ight families with a high
ratio and 11 with a low ratio
were selected for RFLP analysis.
Seeds were harvested from these
plants, grown for 2 months, and
their leaves lyophilized and
ground for DNA extraction. The
DNA was digested with BglII or
HindlIII, subjected to electro-
phoresis, and blotted onto nylon
membranes. Seventeen probes
were hybridized to the blotted
DNAs which covered 12 of the
19 known linkage groups in
tomato. Analysis of the data
indicated significance for all
three RFLP markers.

Each of these markers
could be associated with several
or more genes but such work
should open new ways of study-
ing water use efficiency and
other traits that are difficult to
analyze.

Ultrastructural Resolution with
In Situ Hybridization

McFadden (28) com-
pared several in situ methods for
localization of RNAs in plant
tissues. Of the isotopic probes
used on various plant tissues
gpea, barley, and tobacco), the

inest resolution was achieved
with probes labelled with tritium
which has a low beta particle
energy level causing a short path
length (0.5 um). However, it was
found that non-radioactive
probes (biotinylated) produced

even finer resolution than
isotopic labels, although with
reduced sensitivity in thin sec-
tions.

Localization of Proteins and
Enzymes by Tissue Printing
Cassab and Varner (29)

have developed a tissue printing
technique to screen for the
presence of extensin, a hydroxy
proline-rich glllyco rotein present
in the cell walls of a variety of
plants and algae. The simple

{)rocess consisted of slicing
hrough the tissue of interest

with a razor blade and pressing
the freshly cut surface onto a
piece of nitrocellulose paper for
15-20 sec which had been pre-
soaked in 0.2 M calcium chlo-
ride.

The paper was dried and
treated with extensin primary
antibody for detection of AP-
conjugated second antibody with
5-bromo-4-chloroindox-
ylphosphate and nitroblue-
tetrazolium.

Tissue prints of soybean
seeds showed that the distribu-
tion of extensin resembled that
shown by the traditional im-
munocytological localization of
proteins. Tissue printing has also
been used to follow peroxidase
activity in ethylene treated
etiolated pea epicotyls. It ap-
pears to be a simple technique
suitable for studies of proteins,
enzymes, and anatomy of im-
printed tissues.

Sesd coat Cotyledon
Hain vaina
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Enhancement of Mapping by
Digital-Imaging

In situ hybridization of
single-copy genes or DNA
sequences shorter than 10 kb is
often a matter of percentages,
that is, the hybridization on any
particular chromosome occurs a
certain percentage of the time.
By using intensified-fluores-
cence digital-imaging micros-
copy, Viegas-Pequignot et al.
(30) showed that such statistical
analysis of spot distribution was
unnecessary.

Slides of human lympho-
cytes were produced and stored
at -20 C until use. Two probes (6
and 2.3 kb) were labeled with
bio-11-dUTP. Slides were
treated with RNase and the
chromosomes were denatured
with 70% formamide in 2xSSC
at 70 C for 2 or 3 min. After
rinsing and dehydration, the
slides were flooded with the
hybridization mixture and
covered with a plastic film for
incubation overnight at 42 C.
The slides were again rinsed and
stained with propidium iodide
and mounted with p-phenylene-
diamine.

The digital-imaging
microscope enhanced the fluo-
rescence signal of the probes to
such an extent that unambiguous
visualization of the spots (hy-
bridization events) could be
observed. These probes hybrid-

ized to chromosomes 18p and
22q. In every metaphase plate
observed, no spots were found
on both chromatids of a chromo-
some other than 18 and 22.
These researchers
claimed that the best results
were obtained when probes
were denatured separately from
the chromosomes and that the
percentage of cells with labeled
chromatids increased with the
concentration of the probe.

% RS Er
Specific label at the centromeric
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Double In Situ Hybridization

In Experimental Cell
Research, Emmerich et al. (31)
have described their work
dealing with double in situ
hybridization using biotinylated
and mercurated DNA probes
which were later analyzed by the
production of digital images.

Slides were prepared of
human lymphocytes and cells
from amniotic fluids and fibrob-
lasts. Two probes were used:
one contained a tandemly
organized sequence isolated
from the human satellite DNA
fraction II/III and the second
contained a 1.8 kb Sau3A frag-
ment. Each was nick-translated
with biotin-11-dUTP or mercu-
rated with mercury acetate.

For double hybridiza-
tions, both probes were used at
about 1 ug/ml in a hybridization
mixture containing 65% forma-

mide and 2xSSC.

Camera lucida drawings
were digitized and stored in a
VAX 11-780 computer to pro-
duce 2D images. Appropriate
analyses of these images indi-
cated that, at least in this mate-
rial and with chromosomes 1
and 15, there is no distinct
association of homologous
chromosomes in somatic cells.
This technique enabled the
researchers to simultaneously
determine the positions of
heterochromatin of two differ-
ent chromosomes during inter-
phase.

Billion-Fold Amplification of
Probes

In Bio/Technology,
Lizardi et al. (32) reported the
synthesis of recombinant RNA
molecules that function both as
probes and as templates for
exponential amplification by QB
replicase. This enzyme initiates
the synthesis of a large number
of RNA strands, greater than a
million-fold increase as a result
of the exponential reaction
mechanism. That is, single-
stranded RNAs are copied into
complementary single stranded
products which in turn serve as
templates in the next round of
synthesis. As long as there is an
excess of the enzyme QB repli-

Secondary strecteres
6 predicted by compater
1 of WO¥-Fal-un(+) AW,
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case, the number of RNAs
increases exponentially.

Working with a repetitive
DNA sequence from Plasmo-
dium falciparum, these research-
ers constructed an RNA mole-
cule that served as a probe and
template. Four different RNAs
were produced: MDV-1, MDV-
fal-un, MDV-fal-st, and MDV-
poly.

Using decreasing
amounts of MDV-fal-un with a
fixed amount of QB replicase, it
was shown that by starting the
reaction mixture with as few as
1000 molecules, in just 30 min
there was a one billion-fold
increase in the amount of RNA.
Similar results were obtained
with two other probes.

In addition, each of the
newly constructed RNAs bound
specifically to denatured plas-
mids containing target se-
quences of P. falciparum.

This method may provide
an alternative to the exponential
amplification of targets by the
PCR technique (DNA pol
erase chain reaction). Suc
amplification should permit
detection at extremely low levels
of target, increase speed of
detection, and provide for
simultaneous detection by using
a mixture of different probes.

Mutation Analysis Using PCR

In the technical newslet-
ter Clontech Cruiser, Frye et al.
(33) described the methods they
used to detect ras mutations in
human tissues. There are three
1as genes that code for three
similar 21 kD proteins located in
the cell membrane and serve in
a regulatory capacity. All three
display intrinsic GTPase activity,
convertlng GTP to GDP. The
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ras gene was shown in 1982 to
be responsible for induced
transformation of mouse cells to
tumor cells.

olymerase chain
reaction (P(gR) was used to
amplify DNA segments in
reglons of the three ras gmncs
where mutations occur.

ized onto filters. Using these

techniques, it was possible to
analyze the DNA from small

numbers of cells, as few as 30
cells.

Depending on the GC
content, the temperature of
denaturation and annealing was
adjusted. The higher the GC
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Slot-blot of PCR amplifications
_ probed with a 28 base oligo.
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PCR-amplified DNA segments
were then analyzed by sequenc-
ing or Frobe hybridization.
Amplification required several
hours on an automated thermal
cycler using the heat stable Taq
DNA polymerase.

To amplify the genomic
target DNA, 0.5 ug was mixed
with amplification primers, Tag
polymerase, PCR buffer, 10X
dNTP stock solution, and water.
Mineral oil was layered over the
solution to prevent evaporation.
The first cycle of amplification
included denaturation at 94 C
for 3 min, annealing at S0 C for
30 sec, and primer extension for
another 30 sec. All forty subse-
quent cycles were run for 30 sec
at each temperature. These
researchers found the concen-
tration of Mg+ + to be critical:
less than 1.5 mM gives almost
no amplification and more than
5 mM causes increased random
priming.

After PCR amplification,
the mineral oil was removed by
extraction with chloroform.
About 80 ul of the amplified
sample was labeled and hybrid-

content, the higher the tempera-
ture needed to reduce nonspe-
cific binding. Also, the wash
conditions were monitored

carefully by measuring the
temperature in the wash con-
tainer, not the water bath, and
keeping the wash container
covered.

Efficient Transformation in
Potato

An efficient method of
obtaining transgenic potato
plants has been reported in
Plant Science by Tavazza, et al.
(34).

Leaf discs were inocu-
lated with Agrobacterium tume-
faciens LBA4404 containing a
binary vector, pGA492, in which
the tumor inducing genes had
been replaced by Neomycin
phosphotransferase, a selectable
marker.
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-
Callus farmation
in potato tissues
on kanamycin medium.

Control
Petiole
Leaf

By using a feeder layer
technitiue and selecting transfor-
mants for kanamycin resistance,
these researchers were able to
isolate transgenic plants within
just 4 weeks. Several factors
influenced the transformation
frequencies: plants were

younger than 3 weeks and
temperatures for growth were
kept below 19 C.

Since the adventitious
shoots grew rapidly with little
callus formation, it was expected
that such plants should exhibit
greater genetic stability. Other
workers have also reported
minimum variation in plants
produced by this technique.

Inverse and Microdissection
PCR

Garza et al. (35) have
developed two variations of the
polymerase chain reaction
(PCR). During microdissection
PCR, the salivary chromosomes
of Drosophila melanogaster were
squashed and a small protein,
corresponding to a specific
region, was dissected from one
of the chromosomes. The DNA
was extracted and digested to
completion with Mbol. By using
a 20-mer as a primer, the micro-
dissected DNA fragments were
amplified with 35-40 cycles of

PCR which yielded about 100 ng
of DNA. The amplified DNA
was used to probe yeast colonies
containing YAC:s (yeast artificial
chromosomes) of Drosophila
DNA. In situ hybridizations with
salivary gland chromosomes and
the largest YACs showed seven
clones that hybridized to the
microdissection probes.

Portion of the Drosophila chromosome in
the B3C-84E region.

To identify overlaps
between the YAC clones, these
researchers used inverse PCR to
create probes that corresponded
to the junctions between the
YAC vector arms and the
inserted Drosophila DNA. The
YAC DNA was first isolated by
agarose and then digested with
EcoRV and/or Hincll. The
Drosophila DNA in the resulting
junction fragments was ampli-
fied by PCR. Probes were pro-
duced which had several uses:
end points of the inserts were
cytologically detected by in situ
hybridization, Southern blots
allowed overlaps between YAC
inserts to be identified at the
molecular level, and probing the
entire YAC library allowed
chromosome walking by the
identification of additional
overlapping clones.

@nd International Workshop on )
Molecular Biology of Rice: Jan.
8-9, 1990. For more information
write: Dr. Ken-ichi Higo, Secre-
tary Organizing Commiittee. Nat-
ional Institute Of Agrobiological
Resources, 2-1-2, Kannondai,

Tsukuba, Ibaraki, 305 Japan.
\

J

In Situ Removal of RNA

Wagner et al.(36) have
developed an effective method
for the removal of RNA from
plasmid samples when screening
by electrophoresis. They report
in BioTechniques that by simply
adding RNase directly to the
agarose gel during its prepara-
tion, RNA was removed making
DNA visualization much clearer
and the bands sharper.

RNase was added, prior
to pouring, at a concentration of
10 ul/ml. It appeared that RNA
removal is a function of time
and the migration of tracking
dye of less than 2.5 ¢cm resulted
in the removal of almost all the
RNA.

Dry Iceless Nucleic Acid
Precipitation

For laboratories with
short supplies of dry ice but
access to a -70 to -80 C freezer,
Bird and Wu (37) suggested the
following. Fill an empty micro-
pipet box (rack removed) to a
depth of 4 cm with 80% iso-

ropanol and place in the

reezer till equilibrated. The
solution forms a slush
into which the microtubes can
be inserted. Return the box to
the freezer for precipitation.
This technique has been success-
ful on both DNA and RNA and
it eliminates the need to use
pre-chilled (-20 C) ethanol.
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Chromosome Doubling in
Haploid Rice

A new approach to
doubling the chromosome
number in rice plants was re-
ﬁ)rted this year by Wong (38).

aploids produced by anther
culture were mass produced by
excising nodal segments and
planting in vermiculite watered
\mfh a simple 1norgalinc nutrient
solution. At or just atter an-
thesis, nodes (about 3 cm on
either side of the node) of the
haploid plants were harvested
into plastic bags and incubated
12-18 h at 30 C.

The nodal segments were
then treated with either 0.3% or
0.4% colchicine containing 2%
DMSO at 30 C for 6-12 h. After

rinsing for 12-18 h, the cut ends
were coated with 50% Benlate
powder (DuPont) and planted in
vermiculite moistened with
nutrient solution.

Although the treated
plants were slower to sprout (10-
20 days later) and appeared
stunted, 42% survived the
doubling treatment. And 12% of
the plants that went on to pro-
duce seeds were shown to be
diploid or diploid-like.

Improved Detection of mRNA
with Sulfonated ¢cDNA Probes

Researchers at the Uni-
versity of Paris have reported an
efficient in situ hybridization
method for detection of specific
mRNAs. Perrot-Rechenmann et
al. (39) have based the system
on the use of sulfonated cDNA

RICE BIOTECHNOLOGY QUARTERLY 1(1) 1990

probes which exhibited a sensi-
tivity similar to radiolabeled
probes and were more sensitive
than biotinylated probes.

Background was almost
completely eliminated by
incubating the slides in a block-
ing solution for 1 h at room
temperature. This solution
contained: 35% dry skimmed
milk, 3.5% bovine serum albu-
min, 0.35% heparin (w/v), and
0.3% Tween 20 (w/w) in TEN
buffer.

Important steps for
successful in situ hybridization
with this material included: use
of dimethylsuberimidate or
paraformaldehyde instead of
glutaraldehyde for fixation,
incubation 1n saline solution
(2xSSC), and drying slides
overnight in a vacuum desicca-
tor.

Extraction with Sodium
Perchlorate

Johns and Paulus-Tho-
mas (40) have developed a new
method for the isolation of high
molecular weight human
genomic DNA from whole blood
samples. The final product was
suitable for restriction endonu-
clease digestion and Southern
hybridization analysis.

After lysis of the blood
cells with SDS, removal of RNA

with RNase A, and heat denatu-
ration of the proteins, SM so-

dium perchlorate was added and
gently inverted to mix. An equal
volume of chloroform/isoamyl
alcohol (24:1) was added and
extracted for 30 min at room
temperature. The mixture was

...dn situ Hybridization offers many possivilities
of application and should provide g reliable and
efficient approach o study cell specificily and
plant fissue differentialion.

spun at 10,000xg for 10 min and
the aqueous phase transferred to
another tube with the addition
of a double volume of cold
absolute ethanol. The precipi-
tated DNA was collected on a

lass rod and transferred to TE
or a 30 min incubation at 4 C.
The DNA was again precipi-
tated with 1/10 volume of 3M
sodium acetate (pH 7.0), 2
volumes of absolute ethanol,
and washed several times with
70% ethanol. After air-drying,
the DNA was dissolved in TE at
4 C overnight.

The amount of DNA
(150-250 ug/10 ml whole blood)
obtained by this method was
equivalent to that obtained with
proteinase K/phenol extraction.
The 260/280 ratio was 1.7-1.8
and indicated little RNA and/or
protein contamination.

Agarose gel electrophoresis
showed that the DNA was less
degraded by this method.

Protein-DNA Conjugates
Produced by UV Irradiation
Czichos et al. (41) have
resented a simple procedure
or joining together DNA and
roteins by low energy UV
irradiation to produce hybridiza-
tion probes. SP64 plasmid DNA

(3 kbp) was digested by EcoRI
and end-labeled with radioactive
dATP and dTTP using the
Klenow fragment. This linear-
ized DNA was mixed with
various proteins in 50 mM Na-
citrate (pH 2.0) and irradiated
for 10 min with a low-pressure
mercury lamp (254 nm-filter) at
a distance of 7 cm. The mixture
was neutralized with IN NaOH
and run on a 1% agarose gel to
detect DNA-protein coupling
expressed by the failure of the
conjugates to migrate from the
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wells.

The SP64 plasmid DNA
was sonicated to yield 300-500
bp fragments and used as the
DNA component in prepara-
tions of dot blots. After hybridi-
zation, the filters were washed
and blocked for 1 h at 20 Cin
10% non-fat dry milk, 2% BSA,
25mM NaCl, 5S0mM Tris-HCl
(pH 7.4), 1mM EDTA, and
0.3% Tween 20.

The results showed that
DNA retardation (failure to
migrate from the wells) was
observed only if the irradiated
mixture was between pH 1.5 and
2.5. That is, the protein conju-
gated to the DNA molecule only
under very acidic conditions.
The protein/DNA ratio in the
irradiation mixture varied with
different proteins, ranging from
1:1 (histone H1) to 30:1 (SSB).
Ion exchange chromatography
indicated that one molecule of
grotein (protein A, 42 kD)

ound to the DNA molecule
every 200 nucleotides.

Such probes were de-
tected immunologically, were
resistant to temperatures of 100
C, stable at pH 1-12, and could
be stored for long periods of
time.

Chemical Sequencing of Biotin
Labelled DNA

Richterich (42) has de-
scribed a method for nonradio-
active chemical sequencing of
DNA using a biotin marker
attached to an oligonucleotide
primer. The sequencing reac-
tions were performed in sili-
conized 1.5 ml Eppendorf tubes
with 250-400 ng of DNA and
adjusted to S ul volume with
water. Base modification reac-
tions were: G (2mM dimethyl
sulfate for S0 min at room

e DFfpfIn Is g aniversal aon—-radicacfive
Zapel For ONR soguencing. - -

temperature), A+G (15SmM
acetic acid for 2 min at 65 C), C
(10 parts hydrazin to S parts
sodium acetate for 10 min at
room temperature), and C+T (9
parts hydrazin to 6 parts water
for 10 min at room tempera-
ture). After treatment with
piperidine, the DNA was lyo-
philized three times and dis-
solved in a 10 ul formamide dye
mixture.

DNA was denatured at
90 C for 3 min and chilled
before loading on a direct
blotting apparatus which em-
ployed a conveyor belt moved by
a stepping motor and gear box.
Gel electrophoresis was run at
1800 V and 15 mA using a nylon
membrane as the blotting ma-
trix.

The sequence patterns
were visualized by streptavidin-
alkaline phosphatase. Briefly,
the nylon membrane was dried
at 80 C for 10 min and the DNA
crosslinked by exposure for 2
min on a UV transilluminator.
The membrane was rehydrated
with water, washed with a block-
ing buffer, incubated with strep-
tavidin for 10 min, washed with
the blocking buffer, washed with
triton buffer for 3 min, incu-
bated with biotinylated
phosphatase for 10 min, washed
several times with triton buffer
and reaction buffer and incu-
bated with BCIP and NBT for
1-4 h until the bands were
visible.

Signal Intensity is Linear

Lee and McGee (43)
have shown that the calorimetric
signal on Southern blots, with
biotinylated probes, increased
linearly with time from about 2
h to 22 h. The signal was also
directly proportional to the
quantity of DNA loaded on each
track from 12.5 pg to 100 pg.

Localization of rRNA Genes on
Rice Chromosomes
K. Fukui
Department of Molecular
Biology
National Institute of Agrobiol-
ogical Resources
Kannondai 2-1-2, Tsukuba 305,
Japan

In situ mapping of DNA
fragments is an effective method
used to localize them on the
chromosome. Combining the
cell wall-free method for the
preparation of chromosome
samples and the biotin-labeled
in situ method, we obtained
clear signals on rice chromo-
somes. As a preliminary experi-
ment, we used an rRNA se-
quence as proof. As shown in
Fig. 1, all the rice chromosomes
demonstrate uneven staining
which is useful for their identifi-
cation. According to the cyto-
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Figure 1.

logical results, it is known that
the rRNA sites are located at
the end of the short arm of
chromosome No. 12 (K12). The
signal location and condensation
pattern (Fukui and Mukai, 1988)
matched the NOR site and
characteristics of chromosome
No. 12.

Fig. 1. IRNA regions (NOR)
detected by the in situ
hybridization method.
Arrows show the signals.

Fukui, K., and Y. Mukai. 1988.
Condensation pattern as a
new image parameter for
identification of small
chromosomes in plants.
Jpn. J. Genet. 63:359-366.

Drought Resistance in Rice

Gary Toeniessen has
provided the following conclu-
sions of the recent meeting on
Drought Resistance in Rice:
Problems and Opportunities.

There is a misconception
that rice, being grown largely in
irrigated or wet environments, is
not limited by lack of water. In
reality, only about half of the
148 million hectares on which
rice is grown is irrigated. In the
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remaining half, which accounts
for one-quarter of total rice
grain production, yields are
often depressed by drought. The
area of this drought prone
rainfed rice is expanding as
populations relying on these
crops, many of them among the
poorest in the world, continue to
increase. Moreover, in many
irrigated rice areas, hard pans
develop in clay soils and prevent
water extraction by blocking
root growth.

The impact of drought on
rice production could be re-
duced by developing varieties
better adapted to water deficits.
Despite this, drought resistance
in rice has historically had a low
priority in breeding programs.
Although this is due partly to
competition for breeders’ re-
sources from other pressing
problems (disease and insect
resistance, for example), two
other factors are at work. The
first is lack of understanding of
the mechanisms of drought
injury and resistance in rice,
itself a function of lack of basic
research. The second is the want
of ready means to connect
physiological and biochemical
knowledge with rice genetics
and breeding. Stress-resistance
traits tend to be difficult and
costly to manipulate in plant-
breeding programs, thus making
development of experimental
genetic lines a daunting pros-
pect.

The limitations identified
above might be restated as
questions: What to breed for?
How best to do it? Advances in
plant biotechnology--genetic
transformation--could provide
timely new approaches to an-
swers, as emerged during a
recent workshop organized by
Andrew Hanson of the Univer-
sity of Montreal and held at the
Rockefeller Foundation’s Bella-
gio Conference Center. The

workshop reviewed major areas
of plant water research in which
progress is currently being
made, emphasizing the particu-
lar problems of rice under
drought, and the opportunities
for building on the International
Program on Rice Biotechnology.
The workshop discussion high-
lighted the following points:

(a) Especially for tropical
rices, there is an urgent need to
understand the plant better, in
relation to drought at various
stages of the life cycle and with
respect to the physiological,
biochemical and molecular
levels of organization.

(b) The genetic resources
of rice and the research exper-
tise available in the interna-
tional rice research network are
a great resource. Biotechnology
could build upon this resource in
two mutually-reinforcing ways:
by providing new tools for
breeding programs for drought
resistance, and by andvancing
basic knowledge of water stress
responses in rice.

(c) New tools for breed-
ing programs would be provided
primarily by incorporatin
selected physiological traits into
the RFLP program. An example
here would be the major genes
governing deep rooting/water
extraction and penetration of
compacted soil layers. Once
identified and mapped, these
genes (which are extremely
difficult to score in the field)
could be readily tracked in a
breeding program via the associ-
ated molecular markers.

(d) Advances in basic
knowledge of stress responses
could come first from using the
RFLP map in an analytical way
to dissect major components of
drought resistance, and second,
by creating novel genetic vari-
ation by molecular gene trans-
fer. An example of the former
would be the identification of

RBQ page 19




RICE BIOTECHNOLOGY QUARTERLY 1(1) 1990
PTG R L 0 Ve S R A T R TR P AR SR et B |

independent sets of genes con-
trolling the same complex trait,
such as genes regulating embryo
abortion or pollen infertility,
both of which cause drought
stress-induced sterility. Gene
transfer provides the power to
manipulate individual genes,
and so to probe their biochemi-
cal and physiological function.
Conceptually akin to the classi-
cal approach of comparing
isogenic lines, it is in principle
faster and more precise. Al-
though more knowledge is
needed to design and produce
agronomically useful genotypes
by gene transfer techniques,
some valuable experimental
types can be envisioned. One
case would be the transfer of
genes for betaine synthesis into
rice, as rice seems to have lost
the capacity to accumulate this
osmoprotective compound.

RFLP Training Course Held at
Cornell

Twenty-five scientists
from national rice research
institutions in developing coun-
tries and international agricul-
tural research centers partici-
pated in a training course at
Cornell University on RFLP
markers and genetic mapping.
The course included lecture and
laboratory sessions on plant
genomes and restriction frag-
ment length polymorphisms
(RFLPs), development of an
RFLP linkage map, application
of RFLPs in plant breeding,
ghysical mapping and map-

ased gene cloning, and the
setting up of an RFLP labora-
tory. The particpants were
provided with a set of rice RFLP
probes to take back to their

home institutions to begin their
own RFLP research. Thanks go
to Steve Tanksley, Gary Koch-
ert, James Price, and Susan
McCouch for preparing and
conducting the course. Copies of
the RFLP Laboratory Manual
are available from the
Rockefeller Foundation.

Repository for Rice DNA Clones

A note from Steven
Tanksley and Thresa Fulton
indicates that their lab is main-
taining DNA clones derived
from research funded by the
Rockefeller Foundation. In-
cluded in the collection are
clones corresponding to the rice
RFLP map (see attached map)
as well as clones for repetitive
elements and known genes
isolated by other researchers in
the program. They invite re-
searchers to deposit clones by
sending a small amount of
plasmid along with information
about the vector, cloning site,
insert size and any other rele-
vant information about the
clone along with any references
which describe the clone.

Those wishing to obtain
rice clones should write to the
address below. Please indicate
which clones you need. A kit is
available which covers the
genome at fairly regular inter-
vals. Clones are sent out as a
plasmid along with relevant
technical information for trans
ferring the clones back into
bacterial stocks. Also included
will be general information on
RFLP techniques. Address:

Dr. Steven D. Tanksley

Department of Plant

Breeding and Biometry

Cornell University

Ithaca, New York 14853

Patent Protection

A workshop on “Equi-
table Patent Protection for the
Developing World” was held at
Cornell University on October
2-3, 1989. Four position papers
were presented and generated
much discussion and debate.
Workshop organizer William
Lesser is synthesizing the results
into a “primer” on the subject.
The position papers listed below
are available as Cornell Agricul-
t3%ral Economics Staff Paper 89-

1) “An Economic Assess-
ment of Patent Law Applied to
Developing Countries” by
William Lesser, Agricultural
Economics, Cornell University.

2) “Patent Protection in
Developing Countries-An Over-
view” by Joseph Straus, Max
Planck Institute for Foreign and
International Patent, Copyright,
and Competition Law, Munich.

3) “Intellectual Property
Needs of Multinationals” by
William H. Duffy, General
Patent Counsel, Monsanto Co.

4) “An Overview of
Concerns Regarding the Impacts
of Patenting Life Forms in the
Third World” by Renee Vellve,
ICDA Seeds Campaign,
Barclona.
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