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Engineering soybean to produce B-Carotene in seed cotyledons

B.L. Joyce, W. Parrott, and P. LaFayette

A, Objectives
,

The ultimate goal 15 the creation of soybean with a value-added trait of production
of canthaxanthin. However, becausc multiple genes are required tor canthaxanthin
production, the immediate goal is to cngineer soybean for production of B-carotene, a
precurser for canthaxanthin, in its sceds.

Cell lines will be established and used for the genetic engineering process:

cngineered plants will be regenerated from these cell lines, and the resulting plants

analyzed for proper gene cxpression.

B. Abstract

Consumers associate quality of food with color and flavor. Without certain
carotenoids egg yolks, butter, and even shrimp turn white instead of their expected color.
Hence, carotenoids must be incorporated inte animal diets to obtain products that meet
consumer expectations. Such carotenoids can be one of the most expensive feed
ingredients. Soybean meal is a chief source of animal feed in the US, but is devoid of
carotenoids. If soybean feed already contained carotenoids, farming industries would
have a mote economical choice for animal feed. The goal of the project was to
genetically enginecr soybean to produce carotene, the precursor for other agriculturally
important carotenoids. Soybean embryos were shot in a gene gun with an engineered

plasmid containing the phytoene synthase (cre8) from Erwinia uredovora gene for p-




carotene production, placed behind a cotyledon specific promoter and with hygromyein
resistance as the selectable marker. Forty engineered lines were obtained.  One linc of
the forty has tumed orange denoting the suecessful expression of carctene during

ditferentiation in the seed tissues, and two have turned erange during the embryo stage.
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D. Introduction

Canthaxanthin {gfton}
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farming industry. Many of these industnies, such as shrimp
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farms as well as egg producers, spend money on both feed
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animals 1o farms cannot go out and eat different foods, they

Figure 1: Calors oF chicken epp volks.

often do not have the natural coloring that people associate The colur of the yolk changes )
depending on amounl of canlba xanthin

and lutein conaunved, PFloture courlesy
with them. To appeal to differcnt markets and quality of Dan Fletcher, Poultry Sclence, The

University of Georgia.
standards, farmers must feed coloning, usually carotenods, to their animals to achieve
different colers in their products (Figure 1}, This means feed that already posscases
coloring nutrients presents a ore economic choice.

Carotenoids are synthesized in plants, bactcria, and algae. In plants, carotenoids
act as acceszory pigments during light-harvesting (Demmig-Adams et al. 1‘:-}96], anti-

oxidants (El-Agamey et al. 2004} and color components for fruits and flowers, fi-

carotene specifically has provitamin A activity {Maynes 1996) and is converted into




retinal, vitamin A, in human intestines (Lindgvist and Andersson 2002).

[B-carotene has already been introduced into rice by Ye et al. (2000) to produce
“Golden Rice’. From this we know that it is possible to insert genes into plants to get
carotenoids in tissues that normally would not producc them. Soybean has the precursor
for phytocne, geranylgeranyl diphosphate and the enzymes to convert phytoene into B-
carotene (Figure 2}. [}-carotene, orange in color, serves as a precursor tor the production
of zeaxanthin {yellow), or canthaxanthin (pink}. The target goal, cathaxanthin, is a
coloning that has not been cost-eftectively reproduced in laboratories, and is usually the

most expensive feed component.
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Fignre 2: A disgram of the caroicoeid patbway in soyhean,

To take a normal colerless strain of soybean and modify it to produce an orange,
yellow, pink, or our target red color, requircs at least two steps. This projcet is focused
on the first step in the expression of canthaxanthin in soybean seeds: converting phytoene
and lycopene to -carotene by introducing a gene obtained from Erwinia caratova. The
trick is to associate the production of B-carotene in the seed, rather than any other part of
the plant. -

Creating a type of soybean that expresses f-carotene in its seed requires two

processes: first the genc must be engineered, and then the gene must be introduced to the




soybean, which then must be raised and tested for the presence and variance of
expression of the target gene (Figure 1), Now that the gene has been created, the second
step must be accomplished. Physically introducing the engineered gene to the sovbean
embryos requires the use of the gene gun (Hazel ¢t 2l. 1998), This instrument shoots gold
dust that has been bound to purified DNA into soybean embryos; the cmbryos are then

taken and grown on selective medium until they are old enough to test for presence and
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Figure 3: An overview of the transformation and embrya recovery process.

expression of the intended genotype and, ultimately, phenotype.

E. Materials and Mcthods

Media
Name Abbreviation [npredients per Liter | Reference
1
M5O : 7
. b g 194 ol M5 Macn: stock Wright el al. 1991
; Murashige-Skoog 1 1 MS Micro stock
: 14 ml £ siock
Thml Fe stock

2 ml By Vitamins stock
1) ml 2, 4-D stock
30 g Sucmese




2, 4-Dichlorophenoxyacetic Acid

brought to pH 3.8
MEDAD Finer & Mupasuwa L8k
100} ml M% Macro stock Modifed Irom:
I mi MS Micm stock Eomatsuda & Ohvama 1958
10 ml Ca stock Lawrer of al 1987
10 ml Fe steck
2 ml B, Vilamins siock
200 ml 2, 4-I3 stexck
30 g Sucnsse
1 g Gelrite
hroanght to pH 7.0
FXLite I} Samuoyloy et al. 1998
Finer-Nagasawa-lite 0N ml FM-Tite Macre stock Modified from:

: I mL M5 Micr stock Fimer & MNagazawd 998
with 200 “.lﬂr . L0 m] Fe stock Cho et al. 1%1:175
Iypromycin stock : AR2 mul 73 stock

2 ml By Vilamins steck
: | g Asparagine
25 ml 2, 4-D stock
L0 4 Suernse
breught to pH 5.8
200 pl of Hygromycin stock
SHAM MiodiFBied froim;
Soybean 1] ml FM-lite Macro stock Samoylov of al 1995
HistodiTerentiation and | ml M% Micro stock Finer & Napasawa F95E
- L0l Fe stk Chu et al. 19%Ht
Maturation 642 ml Ca stock Walker & Parrott 2000
2 ml B3 Vilamins stock Drver el al. 1987
0.14% ¢ Mahionine Skokut et al. 1982
g Sucmose
30 ¢ Sorbitol
brought e pl[ 5.3
116 mil Glutamioe stock
W SC3e Murashige and Skaog 1963 |
11K ml M5 dacro slack Gumborye et al. 1964
| ml M5 Micro stock
10wl Ca stock
1 mil Fe stick
2 ml BS vitamin stock
15 g Sucrose
2 p Gelrite
brought to pH 5 4
Stock Solutions
Name Ingredients per Liter References
0200pl 4.

B; Yitamins

54K g ThiaamineHCL
(.50 g Nicotinic Acid
0150 g Pyridosane: HCL
500 g Myvo-Inosital

Gamborg ot at (968

Ca stk

440 ¢ CaCly2HO




Fe stock 3.720 g Maz EDTA 2110
2780 g FeS0, THLO

Samoylov et al. 1998
s 1 o 483 £ {NHL50,

FI-lile Macro Stock 28 30 g KNDs

330 g MgSDy THA

1.85 ¢ KILPO,

N .
Hygramycm stock 100 mg mL hygrimyein

Murashipe & Skoog 1962
o 16.5 & NILNO,

ME Macro stock 19,08 KNO:

370 g MpSC, THO
1.7l g KHPO,

Mur.uihli-gc & Shoop 1963
e £.2000 g 14,540,

ME Micnr stock 16,900 & MoSOy 11,0
HETKAE g ZnS0y THD
(12500 g Maghd o kg ZH,0
0.2500 ¢ CuS0y, S14,0
BE3I00 ¢ KI

Culturing from cotyledons and then embryos

Immature seed pods were collected from a stock of “Jack™ soybean held in our
greenhouse. The peds were cleaned and then sanitized using first a bath of 70%
1sopropanol for thirty seconds. Then 20% bleach is pourcd onto the pods and left to sit
for 20 minutes. Afterwards the pods are washed three times with sterile water, and then
left to sit in the water for 10 minutes to wash away any bleach remaining. Each pod is
then split open in an sterile glass Petri dish, and each immature seed is removed from the
pod. The seed’s twe cotyledons arc separated and placed onto a MSD40 plate with what
used to be the inside of the sced, or the flat part of the cotyledons, facing up from the
medium plate. These cotyledons were placed into 5 columns with 5 rows to make plates
of 25 cotyledon halves. Once finished, the plate is sealed with Nescofilm made by the
Alfresa Pharma Corporation in Osaka, Japan in the hood and then moved to the culture
room. This room is kept at a constant 24°C, 1-6 pE m™ ™' of light, with a photoperiod of

16 hours of light and 8 hours of dark.




After six weeks, the cotyledons produce soybean embryos. The best embryos will
be green and perfectly round, signaling that they have not started to differentiate. These
cmbryos are then transferred, in the same five by five patterns, to MSD20 plates. Every
month the new green embryos must be maintained by transferring them from old MSD20
plates to new MSD20 plates and returned to the culture room.

Four days before shooting a plasmid, embryos must be taken off their old MSD20
plates and put onto new medium. Instead of arranging the embryos in their usual five by
five pattcrns, the embryos to be transformed are placed inte a tight 2.5 cm diameter circle
in the center of the plate. After four days on new medium the transferred embryos are at

their peak of growth and highly transformable (Hazel et al. 199%).

Plasmid
The soybean cmbryos were transformed with the plasmid pCEH1B. pCEHI is a
hygromycin selection vector cassette containing a seed-specific promoter and a

chloroplast transit peptide sequence designed 1o produce carotenoid pathway genes in

seed plastids (Figure 4), Addition of
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a chloroplast transit peptide (TP}
sequence of a pea rbeS geneto a

seed-specific promoter (soybean

lectin, {lef”) was done using an

» ,{; U3
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SSUTP in promoter

was digested with Xbal and ligated Figure 4: The plasmid pCEH1 eed ta ereste pCEHEB. The gene

crtH was inzerted In the Nl and Fapl sitea.




with Spel-linearized pUHU-UGA creating pLPTPUHU. pLPTPUHU was digested with
Fmel/EcoR{, treated with T4 DNA polymerase and ligated with lincarized pSMART-HC
Kan vector (Lucigen) creating pCEH LB. The Fspf and Notf sites are used to insert a
gene sequence as a translational fusion with the pea TP,

The ¢rt8 gene was PCR-amplified with 35 cycles at 60°C from Erwinia
uredovora genomic DNA (ATCC 19321D) using ¢rtB_ ATG and crtB stop as primers and
HPpol cloned into pBluescript (blunted X5ai

 LCaul
Ubl-3 Term site} creating pertB. crtB was PCR-

amplified from pertB with cnB ATG

PLTH pCEH1B

and T7 primers, digested with Noif

g
7 lectin _. 7626 bp 7

CE:Shog) prier (5430, 5408 r'/f Uhi-3 Prom
| Vd and ligated with Fip//Not!-linearized
ortH (4499.5428) A oD | ‘ |
“ﬁf‘ﬁm’f "7 et Prom pCEH1 creating pCELL18 (Fipure 5).

SSU_TP

Ptu polymerase (Stratagene) was
Figure 5. A map of the pCEHLE plasmid wsed Lo transform the
anyhean embryas,

used tor PCR.

Plasmid purification Bio-Rad

The Bio-Rad plasmid mini-prep kit was uscd on a culture of £, colf centaining the
pCEHIB plasmid. First, the cells were pelleted by centrifuging them at 14,000 x g for 30
seconds. Then, 200 pl of Cell Resuspension Solution was added along with 250 pl of
{’ell Lysis Solution. The tube was gently inverted until the solution was viscous. Next
250yl of the Neutralization Solution was added and the tube was inverted I:lntil a
precipilate formed. The tube was centrifuged at 14,000 x g for 5 minutes. The

supernatant was removed and transferred to a spin filter with 260 pl of suspended matrix.




The spin filter was then centrifuged for 30 seconds at 14,000 x g. The filtrate was
discarded, and 500 pl of Wash Buffer was added to the spin filter. The spin filter was
centrifuged again for 30 seconds, the filtrate was discarded, and the Wash Buffer process
was repeated once again. Finally, the spin filter was moved to another tube and 100 ul of
DI water were added. The tube was centrifuged at 14,000 x g for one minute. The

filtrate now contains the purified plasmid.

Binding plasmids to gold in preparation for shooting

Transtormation was carried out using metal particleshelium bombardment in the
gene gun, First the macrocarriers, Bio-Rad Cat. No. 165-2335, and the 7584 kPa rupture
disks, Biv-Rad Cat. NO. 163-2329, were placed in a sterile plastic Petr dish filled with
95% EtOH in a hood. The stop screens, Bio-Rad Cat. No. 165-23336, were put into glass
Petri dishes and sterilized in the autoclave. Then 10 my of 0.6-micrometer gold dust was
weighed out in a 1.5 ml tube. To this tube | ml of cthanol was added, and then it was
sonicated and placed on ice for 30 second. The sonication and ice treatments were
repeated twice more, and then the tubes were spun for 3 minutes at 7,000 rpm, and the
ethanol was removed leaving behind the metal pellet.

Then 169 pj of EtOH was added to the tube and vortexed for 1 minute at setting 3.
The suspension was then sonicated for 10 seconds twice. Thirty-five pl of the solution
were transferred into separate 1.5 ml tubes. Each aliquot is good for 3 shots, or 3 plates.
All of the aliquots were centnifuged at 10,000 rpm for about 10 seconds, and the

supernatant was removed.

One ml of water was added to each aliquot and spun for 5 minutes at 2,0 rpm.




The water was removed and then 25 pl of DNA at 10 ng per pl concentration were added,
and the pellet of metal was resuspended by pipetting up and down. The aliquots were
then spun for 3 seconds and sonicated for 15 seconds.

Two hundred and twenty ul of Type I sterilized water were put into cach aliquot
and again resuspend by pipetting up and down. Then they were vortexed for 3 seconds
and sonicated for 15 seconds. Two hundred and fifty ul of ice-cold 2.5 M CaCl were
added, and then the tubes were vortexed for 3 scconds and sonicated for another 15
seconds. Finally, 30 ul of ice cold 0.1 M spermidine stock, which should be no older
than tour months, were added, and again the tubes were vortexed for 3 seconds and
sonicated for 15 scconds.

‘The aliquots were capped and placed on ice for 3 minutes and then vortexed at
setting 3 for 10 minutes. Next, they were centrifuped at 1000 rpm for 5 minutes. The
supernatant was removed and then the pellet was resuspended with 600 pl of 100%
cthanol. This suspension was vortexed for 3 scconds and sonicated for 10 seconds.

Lastly, the aliquots were spun for 5 minutes at 1000 rpm and the EtOH was
removed. The pellet was resuspended in 36 pl of 100% EtOH by flicking and sonicating

for 7 seconds. The aliquots were left on ice for an hour before shooting them in the gene

gun.

Micraprofectife bombardment: Using the gene gun
The gene gun was used in a stenle hood. First, the helium lank was opened and
the vacuum pump was tumed on. Next, 10 pl of the bound plasmid solution was spread

evenly onto each of the macrocartiers, The EtOH was allowed to evaporate, and the




macrocarrier was inserted into a macrocarrier holder before use in the gene gun. For cach
shot, the rupture disk retaining cap was remaved, a rupture disk was placed into the
retaining cap, and then the cap replaced on the gas acceleration tube and screwed in until
tight. A stopping screen was placd onto the stoppang screen support and a macrocartier
was inverted and placed on top of the fixed nest of the launch assembly with the
microcarmiers facing the stopping screen. The macrocarmier cover lid was screwed down
and the assembly was inserted into the second shelf of the gene pun. The plate of
embryos was opencd and placed facing up into the gene gun 13 cm away from the
macrocarrier assembly.

The gene gun was closed and a vacuum from the pump was applied. The fire
butten was pressed when the vacuum reached 91 kPa (27 in} of Hg. When the hetium
pressure cxceeds the rupture disk’s resistance, the gene gun fired. Immediately the fire
button was released and the chamber was vented. The plate was removed from the gene
gun chamber as well as the spent macrocarrier and rupture disk. The process was
repeated for cach of the plates. The shot plates of embryos were then sealed with
Nescofilm and placed in the dark culture room for a week. The photopeniod in the dark
culture room was L6 hours of light and 8 hours of dark. The light intensity in the dark

culture room was 1-6 pE m™ 5! and the temperature was a constant 24°C.

Selection of embryos
Each cluster of embryos on a plate was split into halves ina sterilized hood. Each
half was placed into a 125 ml autoclaved baffled Erlenmeyer flask in the hood. Each

baffled flask was filled with 25 ml of antoclaved FNLH20 liguid media cooled to room




temperature and put into a dark culture room on rotating plates set at 135 rpm. Each
week the FNLH20 medium in the flasks was poured out into a beaker in the hood and

replaced with fresh FNLH2G liquid medium. This process was repeated for cight weeks,

The end of selection and DINA extraction

After eight weeks in selection on FNL medium, each flask was poured into a
sterile Petri dish in a sterile hood. The dish of embryos was placed under a sterilized
mictoscope to look for embryos that still had a green tint to them. Each fully green
embryo that survived selection was transferred to individual 125 ml autoclaved baffled
Erlenmeyer flasks with 25 ml of FNLH20 in the hood. Less green cibryos that had not
died yet were transferred to MSD20 plates with 250 pl of hygromyein L of medium on
the off chance that they would survive.

Left to grow for about three weeks, the embryos on liguid medium were then
poured out onto a plate in the hood and separated from dead tissue and other individual
forming embryos. Small pieces of the embryos, about an eighth or as small as could be
cut, were collected in 0.5 ml tubes for DNA extraction. The separated surviving embryos
were poured back inte original flasks and new FNI.H20 was added.

DNA extractions for PCR screeming was conducted on the collected embryos.
They were first ground in 50 pl of CTAB buffer, and then 150 pl of CTAR were added
after grinding was finished. The saniples were then vortexed and placed into a 65°C
water bath for 10 minutes. After the bath, 200 pl of phenol, chloroform, isi;amyl alcohol
{24:24:1) were added to cach sample in the fume hood. The samples were then inverted

about 20 times and centrifuged at 8000 rpm for 10 minutes. After the spin, the aquecus




layer on the top was removed and put inte another tube. Two hundred pl of chloroform
were added to the samples and then they were spun again for 10 minutes. Again the
aqueous layer was removed and placed into ancther labeled tube. To these tubes 500 pl
of chloroferm, iscamyl alcohol (24:1) was added. The tubes were then inverled 20 times
again and spun for 10 minutes at 8,000 rpm. The agueous layer was removed and added
to another new tube. Then 0.7 volume of isopropanol was added and then they were
mverted gently as the DNA begun to precipitate. The DNA was pelleted by spinning for
10 minutes at 12,000 rpm. The alcohol was poured off leaving the pellet of DNA in the
bottom of the tube. The pellet was washed by adding 100 pl of 70% ethanol and was

then put through a short spin. The EtOH was then removed,

Polvmerase chain reaction {PCR) testing

First, the extracted DNA was diluted to a concentration of 40 g ml'!. To test for
the presencce of the creB gene, a PCR master mix containing 10,44 pl of deionized water,
3.2 ul of 5x GoTay buffer with loading dye, 0.48 pl of each primer crtB_ATG and crtB
stop, 0.32 pl of 10mM dNTPs, and 0.08 Go Taq polymerase per reaction was created.
For all the (.2 ml PCR tubes, 15 pl of the master mix was added. Then | pl of the 40 pg
mi*! sample DNA was added to an individual tube bringing the total volume to 16 pl.
After the addition of the DNA, the tube was closcd and labeled. Three controls were set
up: two negative controls and one positive control, The first negative control was | pl of
deionized water added to 15 pl of the master mix. The second negative cun.tml was 1 ul

of extracted DNA from normal soybean added to 15 pl of the master mix. The positive

control was | wl of 10 pg pl"' pCEHIB plasmid dilution added to 15 pl of the master mix.




The samples and controls were run together in a thermocycler for 35 cycles with a middle
step of 60°C for 45 seconds.

To test for the Hygromycin resistance gene Ap#, the same PCR master mix
{Appendix) was created as before replacing the crtB_ ATG and ¢rtB stop primers with
Hyg 117F and Hyg 938R primers. The same protocol for the ortf test deseribed above
was followed.

To test for the presence of the GapC gene, the same master mix {Appendix) was
created as above replacing the two primers with GapC 598 and GapC 656R. The
thermocycler was set for 35 cycles with a middle step of 55°C for 45 seconds.

After the thermocycler finished the 35 cycles, an agarose gel was made up by
mixing 40 ml of 0.5x TBE buffer and 0.4 g of agarose. The solution was heated and 2 pl
of ethidium bromide was added just before pouring the gel into a mold. The appropriate
comb was placed inlo the liguid gel and the entire mold was lefi to cure. An
electrophoresis tank was filled with 0.5x TBE buffer and the soliditied gel was placed
inside. Next, each of the samples from PCR was loaded into the wells of the gel next to 4
pl of a 100 kb ladder. The tank was sct to run under 100 volts. When the gel had run far
enough for the bands in the ladder to separate, it was placed on an ultraviolet light and a

picture of the gel was taken.

Getting plants from embrye lines that test positive
When the individual embryos in FNL at the end of selection multiplied, each line
that tested positive was poured into a sterile Petri dish in the hood. The best embryos, the

greenest and roundest, were put back into their baffled Erlenmeyer flask with 25 ml of




new FNLH20 liquid medium. Several embryos were placed into another sterile Petri
dish. These embryos were cut into small picces with a sterilized scalpel, dipped in
ethanel and then flamed in a Bunsen burner, This mass of sliced embryos was put into a
new autoclaved baffled Erlenmcyer flask with 25 ml of SHAM liquid mediom. The
FNLH20 and SHAM flasks were placed back into the culture room on the original shake
plates. The remainders of the embryos, left over from the FNL and SHAM flasks, were
put onto back up MSD20H20 solid medium plates 10 case of contamination,

The SHAM flasks were checked at the end of every week for differentiation.
Afier the embryos in the SHAM clongated and grew cotyledons, they were removed from
their SHAM media and put into sterile Petn dishes in the hood. The Petri dishes were
sealed up with a small square of MSOlite solid media inside. These Petrl dishes were
retumed to the dark culture room for a week of desiccation.

After being desiceated for a week, the dried soybean embryos were moved, trying
to orient the cotyledons pointing up out of the media, from the Petri dishes to plates of
MBS 0Olite solid media. These plates were labeled and put into the light culture room set at
26 °C, 66-95 uEm? 57!, with a photoperiod of 23 hours of light and | hour of dark. As
the soybean plants grew roots and leaves, they were transferred to boxes with MSOlite
medium to aveid cramping them in smatl plates.

Each soybean plant was then transferred to an autoclaved box containing soil and
water 1o grow by itself. These were left for about 2 weeks until the plants were taken to
the greenhouse and replanted into larger buckets in non-sterile conditions.

Southern Blot Analvsis of PCR positive plants

First, DNA from leaf or embryo samples was exiracted.




Extraction and Thin Layer Chromatography of Caretenoids

Samples for carotenoid extractions were frozen on liquid nitrogen and then freeze
dned. They were then ground using a mortar and pestle. The extraction process used
was described by Fraser ot al. (2000}, The entire extracticn was done in a dark hood as
far away from strong direct light as possible. First, 100 pl of methanol was added to the
samples which were then vortexed for 5 minutes, Next, 100 ul of Tris-HCL (50 mM, pH
7.3 containing 1 mM NaCl) were added to the samples, which were then immediately
mixed and placed on ice for 10 minutes. The samples then had 400 pt of CHCL; added to
them. They were immediately mixed and left on ice for another 10 minutes. The orpanic
phase, or hypophase, was separated by centrifuging the samples at 3,000 g for 5 minutes
at 4°C. The organic phase was removed and put into a marked 1.5 m} centrifuge tube.
The aqueous phase of the sample was re-extracted by adding 400 pl of CHCI; and
placing the sample on ice for 10 minutes again, The samples were centrfuged again for
5 minutes at 3,000 g and 4°C. The pooled organic phases were then dried on ice under
mtrogen conditions. Then, 50 pl of CHCI3 was added to cach dried extract so they could
be applied to the silica gel plates.

The thm layer chromatography

F. Results and Discussion
Twenty-five plates of embryos have been shot.
Five plates were shot at a time on five diffcrent days:

March 4, 2005; Apnl 1, 2005; January 23, 2006; January

27, 2006; and March 3, 2006. Forty cell lines have been

Picture L: PCR tesi of cmbrvas for er28 ran at ¢)°C
for 3% cyeles. The positlve conirul (mat shaws here)
shawed a band, and the negative conirol (nol shown
here) did noL




recovered so far, Of these forty, eight have tested
positive for the c#18 insert during the embryo stage:

R1, R3, Bl (discussed later}, J2, I3, 14, W2, and W3

{Picture 1). Four cell lines did not test positive for

) H : ; Ficture It Ao untransformed soybean embrya
crtf as embryos but did survive the eight weeks of (1cft), and 3 transformed orange embrye

expressing the ot gene (right) feom the £
hygromcin selection on FNLH20. Two cell lines, J3 ¢t line

and W2, have turned orange as embryos (Picture 2). One cell line, R3, turned orange as
it differentiated (Picture 3).

Two cell lines, R1 and B1, have
survived to becomne adult plants. Leaf
tissue was tested for the ertB gene and the
hpih gene {Piclure 4). Embryos from the

R3 cell line never grew roots while on

M30Olite medium, and so did not survive

Picture 3. Embyros of the B cell live, Numbered From left 1o
right: 1, and L two embryos alter three weeks of SHANM media,
3. An embryo, R3, after & menth on MSME med]s with ¢harcoal.
4. A normul soyhean embryo.

to become plants. Four more cell lines are
undergoing histodifferentiation on SHAM
medium, and five more are expected to be put
on SHAM soon.

Seeds were taken from the adult R1 and
B1 plants. Twelve seeds trom each cell line
were planted, and leaf tissue samples from ten

of the germinated seeds in each cell line were

Fitture 4: PCE, 1esling of eagineered leal Uszue. DNA extracied
from non-engineered sovbean way wsed for the negative copirol,
and the positive control wus 14 pg of the pCEHIE plasmid, The
1op hall of the gad shaws bunde for presence of the en¥ gene in
the plant pehome. Hands in the boitom halTindlcate the
presence of the hygromyeln resistance gene.




collected. None of the ten plants tested positive for the presence of ¢r#B in the Bl cell
line progeny. Three tested positive in the R1 progeny and seven tested negative {Picture
5). This does not fit the 3:1 ratio, and so twelve more seeds will be planted and ten more
second generation plants will be tested tor the c#tB gene.

Soulhern blot analysis of PCR positive plants will also be done as final proof that
the crtB gene was inserted. The ecll lines that test positive after a Southern blot will he

grown into adult plants, and their secds will be
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cillected for further testing. First, the seeds will
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be tested for the quantity of [i-carotene produced

in the seed. Next, the seeds will be planted to

Ficture 5: FUR resting of the R1 cell tne progeny for the pmducc a second generati{m for testing
eril} pene run at $0°C for 35 cyeles. The positive and
negalive conlrols are as descrihed in Picture 4,

inheritability of the crtB gene.

. Conclusions

‘The project began with doubt that soybean could be engincered like “Golden
Rice.” The results suggest, however, that it is possible to reditect B-carotene expression
to the seed, and thus provide the substrate needed to synthesize other carotenoids of
value. Due to the successes demonstrated during this project, another project has started

working towards our ultimate goal: targeting expression of canthaxanthin in soybean.
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Appendix;
Frormilas

CTAB (200ml)

dg CTAR

sml .5 EDTA

0.1 8z ascorbic acid

20ml 1M Iris

S6ml 3M NaCl

4g PVI-40

137myg [HECA

1000l B-Mereaptoethanal

Bring to volume with water

PCR Master Mix

(per reaction)

10.44 pl H 0

3.2 pl 53x bulfer/loading dye
(.48 pl prmer 1

.43 pl primer 2

032 ul 10 dNTPs

{08 pl Go Tag Polymerase
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