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Science Notes

“Sreen Genes

A new gene-splicing technique brings the heralded agricwltural revolution closer to reality

hen convenlional plant

breedimg collided head-on

with genetic engineering—
the revolutionary new lechnology of
the 1970s—newspaper headlines re-
fected the industry’s oplimistic mood:
“Green Genes!™ “The Splice of Lifet™
“The Second Green Revolution!” Gene
splicing promised to deliver a2 new
breed of super-producing. disease-
resistant cropd.

But it shortly becarmne clear that the
waorld’s hopes had been raised too
high, toa soon. The ariginal gene-splic-
ing techniques had been perfected enly
in simple, single-celled bacteria. Splic-
ing gened into plants, organisms many
times more complex, tamed oul to be

=uch mere difficull.

Cenetic engineers had first turned to

+ organisms they were familiar

Jh—bacteria. They recruited a epe-
cial gene-splicing bacterium to shuttle
genes into plant cells. Bul soon thev
found that this technigue would work
ir. only tomatoes, tobaced, and a lew
other plants.

It took a combination of elactronics
and biology to bring gene-transfer
technalogy to the major food crops:
corn, wheat, and eice, Researchers re-
cently found that by electrifving proto-
prasts—plant cells with the cell wall
remaovied—they could franster genes
ko thé calls wilhout the help of the
bactériam.  [f thev could coax these
delicale protoplasta inte forming
whale plants, the lechnique would al-
low them to engincer hardier, more
productive versions of the world’'s
most imparzant faod crops

l!ncenllr, thedr elforts Aave met with
st suocess. They have been able to
grow genctically altered rice from a

mngle cell to 2 whole plant. Their re-

"5 may point the way o new rice
e -nits bhat can reskst drought, o Bease,
andd mar-made berbickdes

In bhe early davsof pl.; nt genete en-

Agrobacterium Method

{THE BACTERIAS ]
HERE AfyAlM.
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THE'YE SEMT HIM TG
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Strrce Huz 197105, gﬂ:dmfntil'.l:lw?s Iruse relivd oir @ bacterriom o feefp theim splice genes into

whole plant cells, thase il

tan Getnet cefl worll, Buet Hats bechaaque works amly in pleets

tire bcterinnr Difects: fobacea, tometo, and a femwe athers.

gineering, scientists used Agro-
bacterium Hemefaiciens, a natural gene-
splicing bacterium alréady well known
to them. All they had to do was splice
the candidate gene inta the bacterium,
a routine procédure by thea. From
there, Agrobacteriian would lake over,
using a natural process to implant the
foreign gene in the target cell

Agrobacterinm normally infects
plants through wounds lefton the stem
by inzects and other animals. “Thesa
bacteria have a special trick,” sava De.
Fhilip Filner, cirector of molecular
brology at Sungena, aSan Jose, Califos-
nia, biotechnolagy fiem, “They take a
pieoe of their DM A and spliceitinto the
plant’a DMA The ingared piece of
DA causes the plani cells tamultiply
abnormelly, forming a wimor of cells,
The foreign DA also causes the cells
to preduce a compound the bacteria
like to eat.

To put Agrobacieriim 1o work. re-
searchers remove the piece of bacierial
DNA thatcausesthe tumortogrowand
replace it with the gene they wanl the
kactena ta splice into the plaat cell.

Imagine, for example, that resoarch-
ers at a iobaceo company decide thew
want b create o mint-flavared tobacco
plant.  Thev've already ssolited and

cloned the flavor gene from a mint
plant, How do they go about getting
the mint gene into the tobacee plant?

First, they cut a small dise frem a
tobacco leafand soakthedizcina liquid
suspension contaning millions of
Agrobacterinm cells. each carrving the
mint gene. The bacteria penetrale the
cell walls of the wounded cells on the
cut edge of the leaf disc, inserting the
mint gene into the plant cell's DNA.

The researchers them place the
treated leal disc on a gel containing a
micture of nutrients and plant
hormones. The recipe is specially for-
mitlabed o make the wounded cells
divide rapidly, forming a mass of cells
cillec a callus,

Mext, the researchers transfer the
callustoa special sequence of hormone
mikbures, and tiny plants saon form on
the surface of the callus. When the
plants get big enough, the researchers
select the mintflavored ones, grow
themn o full sizein the greenhouse, and
harvest toeds from them.

Once the mint gene is in the tobacco
plant’s DNA, the change 1 permanent
and herddilary—the menl gone (s
passed on o the next generation in the
svads  Plow the tobacco COmMPanY cin
plankthese seeds and frtewast th M-

Cinnsipng Casamii




Science Notes

Summer 1988

flavored fobacro leaves.

Using the Agrobectornem technigue,
researchers have succesded intransfer-
ring genes for both disease resistance
and herbicide resistance—traits that
are controlled by a single gene—into
petunia, tabacco, and tomate plants,
the guinea pigs of the plant world.

The first success in giving plants
hereditary resistance to virus infection
came in 1985, when a team of research-
ers at Washington University and
Monsanto Company, in 5t Louis,
| transferred a gene into tobacco and

tomato plants that made them resistant
to tobacco mosaic virus, a serious pest
in both species. Dr. Roger Beachy, of
Washington University, says that al-
though plants have poimmunesystem,
this tachnique works just like a perma-
nent, hereditary vaccination—all
plants derived from the original plant
are also protected from the virus.

The 5t. Louls researchers look an
unusual approach: they copied, or
cloned, a gene from the virus itself and
transferred itinio theplant DINA. Virus
genetic material is enclosed ina protein
coat. When the researchers used Agro-

bactericon to transfer
the coat-protein gene
froe the vinis inta
tobacco or tomato
plants, the plants

Became resistant to

infection by (he vinas,

Mo one is sure how this works, but
Dr. Beachy's theary :s that the virus
coat protein produced in the plant cefls
may black all the available spots on the
cells where aninvading virus normally
attacks and starts infection

Researchers can immunize plants
using traditional plant-breeding meth-
ods, but that can take years. The new
gene-ranster techrique produces vi-
rus-resistant plants in only six months,

Unlike disease-resistant plants,
herbicide-resistant plants can't be pro-
duced with conventional plant breed-
ing methods. Untl recently, to avaid
killing crop plants along with the
weeds, chemists had to designa special
herpicide to match the resistance of
each type of crop plani—a costly proc-
ess.  MNow, thanks to Agrabacteriim,
researchers can tailor-make many
plants o it one herbicide.

In 1985, researchers at Calgene, a
biotechnalogy firm in Davis, Califor-
nia, usad the bacterium to tansfer a
gene for resistance o Monsanto’s
glyphosale (trademaric Roundupl, a
widely used herbicide, into tobaceo
planis, Armed with this gene, isolated
from a resistant strain of bacteria, the
tabacoo plants can swevive an herbicide
spraying unharmed, while nearby
weeds are killed,

Unfortunately, the Agrebrcterium
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When the gene transfer

technotogy s perfecied, these compa-

srop plants.

technique works in only the lew , ars

that are naturally infected b
tacreriun. And these don't inelue e wee
crops thal most of the warld depernds
on far food: com, wheat, dice, and ather
cereals.

Recently, researchers have fooused
theirattention on inding an alternative
1o the Agrobacterium technique. Suzcess
camé in March of 1986, when a team of
researchers at Stanford University in-
serted foreign genss into corn cells by
zapping the cells with a jolt of electric-
ity, In the last two vears, several labs
usingthe technique, called electropora-
tion, have been able to splice genes into
cereal crop cells.

Specilically. scientists float proto-
plasts—plantcells stripped of their cell
walle—in 2 solution containing nearly
2 million copies of the foreign gene.
They then pulse 200 velts of eleceriz-
ity—almast twice the normal house-
hold vollage—through the solution for
10 millienths of a second. The elp-tvic
shock opens tiny pores in thAh I
membrana, 2nd the foreign gene
through them into the cell, when
combing with the plant"s DMA.

Once electroporated, the delizate
protoplasts are carefully cultured in a
special mixture of nutrients and
hormanes, Frotoplasts from the guine
pig plants rebuild their cell walls in a
few davs. Within a week, the healthy
cells begin to divide, and evertually
they regenerate whole plants,

catriertined on gy

Il hawe to sodwve before the first prosd.
af 1his potentialby revolutionary
catthygy appear in the marketplace, @

3o, after a decade of struggle, plant
scientists again find themselves on the

brink of a majer development in ge-
netic enginvering. The hypeand sensa-

tionalism of the 19705 have given way
to cautions confilence. But only time

will tell what new puxzles scientists

Wi

mies will be ready with an arsenal of
useful genes ta sell vo other bigtechnaol-

URYy companies,
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Timothy Powell
EDUC 300

Reflections on EDUC 300 Observational Experiences

The experiences | have gained while observing Mr. Jenkins science classrooms at
SLO HS have provided an invauable part of my education for EDUC 300. The
observational experiences provided me with an up close and persona view of the classroom
from the unique position of a neutral observer. Though | am very familiar with the
classroom setting for the point of view of a student and even have a little experience teaching
others, my observations from this experience have hel ped me to appreciate both sides of the
classroom spectrum.

Onething in particular that has stood out during my classroom observations are the
powerful dynamics between the teacher and the students in the classroom. While | had
always assumed that the teacher/student relationship always flowed from the teacher to the
student, | was quite surprised to observe just how malleable that flow was. In many cases|
directly observed how the teacher solicited feedback from his studentsin order to have them
teach the teacher. Having the students take the practical knowledge of the subject and then
reconstruct it in away that was both meaningful and applicableto their livesis what enabled
them to truly grasp the subject at hand. The final logical step was simply to have them
explainit in a concise and structured manner so asto help them and their fellow classmates
retain that knowledge

In looking back on my experiences observing Mr. Jenkins science classes, | am
filled with a sense of both intrigue and purpose. Though | have known for some years now
that | wished to teach Biology in a public high school, the experiences | have gained from
my observations have helped meto solidify my goals. | am now more resolved than ever to
pursue my career goal of teaching and will utilize some of the techniques | observed from

my experiences to motivate my studentsto achieve their very best.



