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Abstract

Micronutrient malnutrition plagues over half the world’s population. Our goal is to help provide
people with necessary nutrients by enriching Japanese rice (a major food staple) with iron (one
of the most important micronutrients). Ysla is a gene in Oryza sativa japonica and is in a family
of genes involved in iron uptake from the rhizaspere and in the phloem transport of iron. TDF1 is
a gene in Oryza sativa japonica that plays an important role in developing seeds. We
hypothesized that by using TDF1’s promoter to drive the expression of Ysla, we can increase the
iron content in the seeds (the edible portion) of the plant. We successfully cloned the TDF1
promoter into a TOPO vector and the Ysla gene into a pGEX vector. These constructs can be
used to create a plant transformation vector, consisting of the Ysla gene flanked by the promoter
and terminator of TDFI.
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Introduction

Micronutrient malnutrition (MNM), also known as hidden hunger, afflicts over half the
world’s population.' Biofortification, which is the use of micronutrient dense crops to deliver
nutrients, offers the most sustainable, cost effective, and far-reaching approach to providing
necessary micronutrients to the over three billion people in need.” Iron deficiency, which is the
main cause of anemia, is the most widespread micronutrient deficiency, and around 40% of
infants in developing countries are iron deficient. There is evidence that rice can be biofortified
by the insertion of genes that assist in the transportation and absorption of iron.” The purpose of
our work is to enrich Japanese rice, a major food staple, with iron, one of the most important
micronutrients.

There were two parts to this project. The first part involved cloning the TDF1 promoter
into a TOPO vector. This construct can be used to create a plant transformation vector using the
promoter and terminator from the TDF1 (Tapetal Development and Function) gene from gDNA
from Oryza sativa japonica.* We choose TDF1 because of its role in controlling callose
dissolution and in tapetal differentiation and function.* The tapetum is a highly specialized,
transient tissue surrounding microspores and grains during their development in all land plants.”*
The importance of TDF1 proteins in developing seeds suggests that a plant transformation vector
constructed from TDF1’s promoters and terminators would help the expressed protein
accumulate in edible portions of the plant. If the gene inserted into the TDF1 plant
transformation vector increases iron content, then the seeds of the plant would contain more iron,
and people eating the rice would intake more iron.

The second goal was to create a protein expression vector using Ysla from cDNA. Ysl
(yellow stripe 1) and Ys1-like (YSL) transporters are used in iron-chelating compounds known
as mugineic family phytosiderophores.” We chose Ysla because the role of YsL homologs
suggests that Ysla genes are also involved in iron uptake from the rhizosphere and in the phloem
transport of iron.® We hypothesize that if theYsla gene was incorporated into an expression
vector constructed using TDF1’s promoters and terminators, Ysla would be expressed where the
TDF1 gene would normally be expressed, which should increase the iron content in edible
portions of the rice plant.

We successtully cloned the TDF1 promoter into a TOPO vector and the Ysla gene into a

pGEX vector. These constructs can be used to create a plant transformation vector, consisting of
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the Ysla gene flanked by the TDF1 promoter and the TDF1 terminator on either side. Using the
TDF1 promoter to direct transcription of Ysla will, hopefully, result in Ysla production around
the seeds of the plants. This will increase the iron content of the edible portion of Japanese rice,

thereby biofortifying the plant.



Gill 4

Materials and Methods

Amplification and Modification of a DNA Sequence

The promoter of TDF1 was amplified from Orzya sativa genomic DNA (O. sativya
gDNA) by polymerase chain reaction (PCR) and modified using mutagenic forward (5°-
tacttccaatcc ATCAACCCGTTTTGTTTTGG-3") and reverse (5’-tcccccgggCTCCCCCTCTCAG
CTCCTACCA-3’) primers. Mutagenic sequences are shown in blue, and the mutagenic sequence
flanking the reverse primer contains an Smal enzyme restriction site. PCR samples with a final
reaction volume of 25 ul were prepared with .52 uM forward primer, .52 uM reverse primer,
either Phusion PCR Master Mix with High-Fidelity buffer (NEB) or Phusion PCR Master Mix
with GC buffer (NEB), with or without dimethyl sulfoxide (DMSO), and 50 ng/uL O. sativa
gDNA. Touch-down thermal cycling was performing as follows: denaturation at 98°C for 2 min;
5 cycles of 15 s at 98°C, 30s at 62°C, 1 min at 72°C; 5 cycles of 15 s at 98°C, 30s at 61°C, 1 min
at 72°C; 5 cycles of 15 s at 98°C, 30s at 60°C, 1 min at 72°C; one cycle of 15 s at 72°C.

PCR amplification was used to amplify the Ysla gene from a complementary DNA
construct of Ysla in a PMB plasmid (O. sativa cDNA) by the conditions described above. The
forward primer was 5’-tacttccaattccATGGAGCACGCCGACGCGGAC -3’, and the reverse
primer was 5’tatccacctttact T TAGCTTCCAGGCGTAAACT TC-3’. Mutagenic sequences,
shown in blue, were extension sequences for ligation independent cloning. Touch-down thermal
cycling was performed as follows: denaturation at 98°C for 2 min; 5 cycles of 15 s at 98°C, 30s
at 67.5°C, 1 min at 72°C; 5 cycles of 15 s at 98°C, 30s at 66.5°C, 1 min at 72°C; 5 cycles of 15 s
at 98°C, 30s at 65.5°C; 1 min at 72°C; one cycle of 15 s at 72°C.

The PCR products were visualized through agarose gel electrophoresis (AGE) on agarose
gels (0.8%) using SYBR Safe DNA Gel Stain (Invitrogen). Then, PCR products were purified
using the Qiaquick PCR Purification Kit (QIAGEN) according to the manufacturer’s

instructions.

Cloning and Bacterial Transformation of DNA Sequences

Purified PCR product of TDF1 promoter was ligated into the pCR-BluntlI-TOPO vector
(Invitrogen) (hereby referred to as pCR-BluntlI-TOPO:: TDF1-PRO) according to the
manufacturer’s instructions.

The pCR-Blunt-TOPO::TDF1-PRO vector was cloned into One Shot TOP 10 Competent
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Cells (Invitrogen) using the pCR-BluntII-TOPO vector from the Zero Blunt TOPO PCR Cloning
Kit (Invitrogen) according to the manufacturer’s instructions. 50 ul and 150 pl of pCR-BluntlI-
TOPO:: TDF1-PRO transformed bacteria were plated onto luria broth agar with 50 ug/ml
kanamycin.

Ligation independent cloning (LIC) was used to generate a pGEX vector that contained
Ysla. 5 ng/pL of the pGEX-6-P2-LIC plasmid vector was digested with 0.3 U/uL of Bsal
restriction enzyme (NEB), NEB3 Buffer (NEB), Bovine Serum Albumun (NEB) (final reaction
volume 100uL) and was incubated for 2 hours at 50°C and 15 min at 65 °C. Digested vectors
were treated with T4 DNA polymerase by incubating final reaction volumes of 100 pL,
consisting of 50ng/uL purified vectors, T4 Buffer (NEB), 2.5mM dGTP (Invitrogen), Bovine
Serum Albumin (NEB), 5mM DDT (Molecular Probes, Inc.), and .15 U/uL T4 DDNA
polymerase (NEB) for 30 min at 22°C and at 70 °C for 20 min. Purified Ysla was treated with
T4 DNA polymerase under the same conditions, with the exception that the final reaction
volume was 10 pL and 2.5 mM dCTP (Invitrogen) replaced dGTP. Annealing occurred when the
Bsal-digested-T4-treated vectors and the T4-treated Ysla were mixed in a 2:1 ratio and
incubated for 10 min at 22 °C (hereby referred to as pGEX-6-p2-LIC::Ysla). 50 pl and 150 pl of
pGEX-6-p2-LIC::Ysla transformed bacteria were plated onto luria broth agar containing 100

ng/ml carbenicillin and 5% sucrose.

Screening Bacterial Colonies

PCR amplification was used to screen for recombinant plasmids containing the desired
pCR-Blunt-TOPO::TDF1-PRO insert. The samples contained the following: .52 uM forward
primer (5’-GCTATGACCATGATTACGCCAAG-3’), .52 uM reverse primer (5’-
ACGTTGTAAAACGACGGCCAG-3’), Phusion PCR Master Mix with High-Fidelity Buffer
(NEB), and 2% DMSO. Touch-down thermal cycling was performed as follows: one cycle of 10
min at 95°C and 30 s at 98°C; 30 cycles of 10 s at 98°C, 30s at 65°C, 45s at 72°C; one cycle of 2
min at 72°C.

To screen for recombinant plasmids containing the desired pGEX-6-p2-LIC::Ysla insert,
samples were prepared as described above, and the same thermal cycle was performed. The
forward primer was 5’~-ATGCGTTCCCAAAATTAGTTTGTT-3’, and the reverse primer was
5’-CTTACAGACAAGCTGTGACCGTCT-3".
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Isolation of Plasmid DNA
Plasmid DNA was isolated by alkaline lysis from a liquid culture of bacterial cells
containing pGEX-6-p2-LIC::Ysla or pCR-BluntlI-TOPO::TDF1-PRO from the QIAGEN

Plasmid Midi Kit (Qiagen, Inc) according to the manufacturer’s instructions.

DNA Sequencing and Analysis
Reactions containing .444 uM forward primer, .444 uM reverse primer, and 27.8 ng/ul
plasmid DNA template were sequenced at the W.M. Keck DNA Sequencing Facility. BLAST

was used to analyze the sequences.
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Results

The purpose of this experiment was to insert a gene involved in the transportation and
absorption of iron (we examined the Ysla gene) into a promoter-terminator cassette made using
the TDF1 gene. After Polymerase Chain Reaction (PCR) amplification of Oryza sativa DNA and
PCR purification of the Ysla and TDF1 promoter, we successfully cloned the TDF1 promoter
into a TOPO vector and the Ysla gene into a pGEX vector. The alignment of the virtual TDF1
promoter to the sequenced regions of the pCR-BluntlI-TOPO::TDF1-PRO (Fig. 9) and the
alignment of the virtual Ysla gene to the sequenced regions of pGEX-6-p2-LIC::Ysla (Fig. 10)
indicated that the TDF1 promoter and Ysla were present in the plasmids sent for sequencing.
BLAST analysis of the amino acid sequence generated from the sequenced regions of pGEX-6-
p2-LIC::Ysla vector revealed that the theoretical protein expressed by this construct matches the

protein produced by the Ysla gene (Fig. 11).

Amplification and Purification of TDF1 Promoter and Ysla

To obtain the TDF1 promoter, Oryza sativa gDNA was amplified using mutagenic
forward and reverse primers for the TDF1 promoter under various conditions (with HF
polymerase or with GC polymerase, and with or without DMSO.) Comparison against 1kb
ladder revealed sharp bands of 1.0 kb fragments in lanes three and nine. (Fig 1) Those two
samples were purified and run in an AGE against 1kb ladder. This AGE also revealed sharp
bands of about 1.0 kb fragments, and indicated that PCR with HF Polymerase and DMSO
amplifies the TDF1 promoter effectively. A virtual map of the TDF1 promoter shows that it is
1035 bp (Fig. 2), which matches the length of the 1.0 kb DNA fragments found in the AGE.

To obtain the Ysla gene, a cDNA construct of Ysla in a plasmid was amplified with
mutagenic forward and reverse primers for Ysla, with or without DMSO, and with HF
polymerase or GC polymerase. AGE against 1kb ladder indicated about 2.0 kb fragments lanes
three and five, which contain GC polymerase (Fig. 3). An AGE of purified DNA against 1kb
ladder also showed DNA fragments 2.0 kb long, indicating that the PCR described above with
GC Polymerase and DMSO will amplify Ysla effectively. A virtual map of Ysla shows that it is
2023 bp (Fig. 4), which matches the 2.0 kb DNA fragments found in the AGE.
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Transformation of TDF1-PRO and Ysla into Bacterial Plasmids

For the purpose of transforming the TDF1 promoter into bacterial plasmids, the TDF1
promoter was ligated to a pCR-BluntIlI-TOPO vector and then transformed into competent E. coli
host cells (Fig. 5). After bacterial colony PCR was performed, recombinant colonies were
identified by AGE. Compared to the negative control in lane one, lanes three through eight
indicate that bacterial colonies pSG-2 through pSG-8 with pCR-BluntII-TOPO:: TDF1-PRO
contain TDF1’s promoter (Fig. 6).

For the purpose of transforming Ysla into bacterial plasmids, ligation independent
cloning was performed using the prepared pGEX-6-p2 vector, and then pGEX-6-p2-LIC::Ysla
was transformed into competent E. coli host cells (Fig. 7). After bacterial colony PCR,
recombinant colonies were identified by AGE. Compared to the negative control (lane nine),
lanes three, four, six, and eight indicated that that bacterial colonies pSG-3, pSG-4, pSG 6, and
pSG-8 were transformed with pGEX-6-p2::Ysla (Fig. 8).

Sequencing DNA (both Ysla and TDF1-PRO) and Preparing DNA Sequencing Reactions
Plasmids containing pCR-Blunt-TOPO:: TDF1-PRO and plasmids containing pGEX-6-
p2::Ysla were sent to be sequenced to establish if the plasmids contained the TDF1 promoter or
Ysla, respectively. Alkine lysis was used to isolate pCR-Blunt-TOPO::TDF1-PRO and pGEX-6-
p2::Ysla plasmids, and a UV spectrophotometer was used to determine that the concentrations of
plasmid DNA templates were 0.5ug/ul and 0.35 pg/ul respectively. Sequencing reactions were
prepared, and DNA sequencing was performed. The alignment of the virtual construct of the
TDF1 Promoter (Fig.1) to the sequenced regions of the pCR-BluntlI-TOPO:: TDF1-PRO and the
alignment of the virtual Ysla construct (Fig. 3) to the sequenced regions of pGEX-6-p2::Ysla
indicated that the TDF1 promoter and Ysla were present in the plasmids of bacterial cells sent

for sequencing (Fig. 9, Fig. 10).

BLAST Analysis of Ysla

The predicted amino acid sequence was generated from the DNA sequencing results (Fig.
11). The molecular weight of this predicted protein was 72149.94 Daltons.

BLAST analysis, performed on the predicted protein generated from the DNA

sequencing results, revealed that the DNA sequence inserted in the pGEX vector codes for the
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Ysla protein. COG1297, a predicted membrane protein with an unknown function, was a
conserved domain (Fig. 12). The evolutionary relationship between Ysla’s predicted protein and
all other proteins in GenBank revealed a high degree of similarity to the Yellow Stripe 1 (Ys1)
transporter in maize and barley, and to a vacuolar iron transporter (TgVitl) in Tulipa gesneriana
(Fig. 13).

Os_gDNA - -+ -+ - o+ -+
DMSO - B - -+ o+
1kb ladder + - - - - - - - .
GC Polymerase -+ + + o+ - - - -

HF Polymerase
Lane Number

1636 bp
1018 bp
506,517 bp

FIG. 1 Agarose gel electrophoresis of TDF1-PRO. AGE of PCR amplification of Orza Sativya
gDNA, using mutagenic forward and reverse primers for the TDF1 promoter, was performed
using DMSO or no DMSO, and GC polymerase or HF polymerase. Lane one contained the 1kb
ladder. Lanes two through five contained GC polymerase. Lanes six through nine contained HF
polymerase. Lanes four, five, eight, and nine contained DMSO. Lanes three, five, seven, and
nine contained Os_gDNA, and lanes two, four, six, and eight were negative controls.
Comparison to the 1kb ladder revealed 1.0 kb fragments were present in lanes three, five, seven,
and nine. The nonspecific band in lane nine and the TDF1 promoter band in lane seven were
very faint. The small fragments at the bottom of every lane were most likely residue from
primers. PCR with HF Polymerase and DMSO amplifies the TDF1 promoter most effectively.
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FIG. 2 Virtual Linear Map of TDF1 promoter. The TDF1 promoter is 1035 bp, including its
mutagenic forward and reverse primer sequences.



Gill 11

Os_cDNA - - + -+ - + - *
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FIG. 3 Agarose gel electrophoresis of Ysla. PCR amplification of a cDNA construct of Ysla
in a plasmid, using mutagenic forward and reverse primers, was performed with GC Polymerase
or HF Polymerase, with DMSO or without DMSO, and with negative controls. Lane one
contained the 1kb ladder. Lanes two through five contained GC polymerase. Lanes six through
nine contained HF polymerase. Lanes four, five, eight, and nine contained DMSO. Lanes three,
five, seven, and nine contained Os cDNA, and lanes two, four, six, and eight were negative
controls. Comparison to the 1kb ladder indicated 2.0 kb fragments in lanes three and five. The
residue above these fragments may be from smearing of the high quantity of DNA fragments.
Lanes two, four, six, and eight were negative controls that show no bands, except for very small
fragments, which are probably residue from the primers. Lane nine contained a very faint about
1.8 kb fragment. PCR with GC polymerase and DMSO will amplify Ysla effectively.
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FIG. 4 Virtual Linear Map of Ysla. The Ysla coding region in Os_cDNA is 2023 bp. The
open reading frame (the uninterrupted red bar) between the mutagenic forward and reverse
primers for Ysla is continuous.
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FIG. 5 pCR-Blunt-TOPO::TDF1-PRO virtual clone map. Virtual clone map of recombinant
E. coli plasmid that contains the pCR-BluntII-TOPO::TDF1-PRO vector, showing the multiple
cloning site, the TDF1 promoter gene, the Smal and EcoRI restriction enzyme sites, and the
forward and reverse priming sites for this TOPO vector.

Bacterial Colony - - 1 2 3 4 5 6 7
1kb ladder + - - - - - - - -
Lane number 1 2 3 4 5 6 7 8 9
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FIG. 6 Identification of positive recombinant bacterial colonies with pCR-BluntII-
TOPO::Ysla. Compared to the 1kb ladder (lane one) and the negative control (lane two), the 1.4
kb bands in lanes three through eight indicated that bacterial colonies pSG-2 through pSG-8 were
transformed with pCR-BluntII-TOPO::TDF1-PRO .
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FIG 7 pGEX-6-p2-LIC::Ysla virtual clone map Virtual clone map of recombinant E. coli
plasmid that contains the pGEX-6-p2-LIC::Ysla vector. The Ysla gene, and the two ligation
independent cloning (LIC) sites for this pGEX vector are shown.

Bacterial Colony
1kb ladder
Lane number

2036 bp
1636 bp

1018 bp

1T HIHT

FIG. 8 Identification of positive recombinant bacterial colonies pGEX-6-p2-LIC::Ysl1a.
Compared to the negative control (lane nine) and the 1kb ladder (lane one), the about 1.5 kb
bands in lanes three, four, six, and eight indicated that that bacterial colonies pSG-3, pSG-4,
pSG-6, and pSG-8 contain the pGEX-6-p2-LIC::Ysla vector. The bands in lane three and four
were brighter than the bands in lanes six and eight. There was a very faint band about 1.5 kb

band in lane two.



Gill 14

tacttccaatccATCAACCCGTTTTGTTTTGGGGAAAATCAAAAGACTTGTCTCCCAAAAAA
GTCAGTATGGCGGATACATCATATCTATATACGTATTCCATCTAGCAAGTGCGACTG
TGCGAGTAGGATCGCTGATGTATATTCACGCCTGATGTTTGAAACTTGTGTGAAGCG
CACTACCAACAGTAAATAAATCTGCCATATCTCTATGGACAAAACCATCAGAGTGGC
GCAGCGGAAGCGTGGTGGGCCCATAACCCACAGGTCCCAGGATCGAAACCTGGCTC
TGATAAAATTTGTTGATTTTTTTTTCTCTCATTTTTGTTGCAACTGATCCTCATTTCAG
TTCTGGACAGATGCTTACAACTTTATTAATTCTCCAACTTTTAGCATCATTTCAGTTC
TGGACAGATGCTTACAATTTGATTAATCCTCCAACTTTTTATCGTAACGACATGACC
AGATGTCCAGATCGCATCTTCAGAAAGCTCGTAGCAGCGCTCGAGACCTGATAAGT
GATCACCCCCCCAACACATCTCCGAGCCTAAACTAAAACCGATTCCGCGGCGTCGA
AGTCGTGATAAATCATCACGTCGAACCCGTGAAAATTCTTAAACACCATCATCAAAT
CCCATCATTAGATTATAAGCCTTACCAACCTCCATCAGCCAGCTAAATTAACTCGAC
GCCCCCTGGTAAAACTGTTGATTTGCCGGAAGGAAGCAGTTGCAGGCGCTGGTCATT
ATAAACTTAACCAGCGCCCATAAACTAATCCTGCCCCCCCTGCATGCGTCGCTGCTG
ATCTAAAAAAAAAGAACCATTTGTGCGTGATTATTGTTACCGGGCTCACGCCTCCGT
CGCATGGCTTCGCTTCGCCTGCCTCCTGCCATGTTTTTACCATGCCTTCCTCGTCAGT
GAGATCCTGTCTATATGTGCCGTTGCTTGCTCCGGCCTTTTGCAGTGATCTCGTCAGA
GTTGGTGTTGTTGTTGTTGAGCTCACCGTGGTAGGAGCTGAGAGGGGGAGeceggggga

FIG. 9 Virtual DNA sequence of TDF1 Promoter. The sequenced regions of pCR-BluntlI-
TOPO::TDF1-PRO using the forward primer and the reverse complement of the reverse primer
for the TOPO vector aligned perfectly with the virtual TDF1 promoter.
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TACTTCCAATCCatggagcacgccgacgeggaccgeacgegggtggegeccgagatcgggagectgeacgacgaggacg
cggaggeggacceggegegggegegggagatggageggetgeageegtggegggageaggtgacggegegeggggtggtggegg
cggcgctgatcgggttcgtgttcagegtcatcgtgatgaagategegetcaccacggggetggtgcccacgetcaacatctcecgecgeget
gctegecttectcgegeteccgeggetggacgegegegetggagegecteggettetcgecgeggececttcacgeggecaggagaacace
gtcgteccagacctgegeegtecgectgetacaccatagecttcggeggtgggttcggategacattgetgggectgaacaagaggacgtac
gagctggccgggaactcaccaggeaatgtgccagggagetataaggagectgggattggetggatggtagggctectectggctattage
ttcgcgggtaacctcagettgattccectaagaaaggcetttggtcgtagactacaaattaacttatccaagtggaactgcaacagcetgttcttat
caacgggttccacacagcccaaggagataagaatgcaaaattgcaactccatgggtttctaaaatattttgggcttagettattttggagettett
ccaatggttctacacgggaggcaatgcctgtggatttgttcagttcectacttttggtctgaaagectggaaacaatcattcttetttgattttage
ctcacatatgttggtgcggggatgatttgctcacaccttgtgaacctctctacectecttggtgeggteatttcatggggaataatgtggecactt
atcagcaaacataagggggactggtaccctgcaaacatacctgaaagcageatgacaagtttgtatggttacaagtegtttttatgcattgete
tgattatggggogatggcctgtaccattttgttaaagttaccggtgtcactgctaagagtttacataatagatttaaccgaaaaagtgttagcaaca
cagcatcagaggagggtgatatggtttcattagatgatctac-aacgtgatgaggtattcaagaggggtactgtecctt-
cttggatggcatacagtggttacttcttgctaagcatcattgcggtaatcaccataccgataatgtttcgacaagtgaagtggtactacgtgate
atagcctacgegeteggeccggtgctaggattcgecaattcctacggagecagggcetcacggacatcaacatggggtacaactacggeaag
atcgctctcttegtetttgcagettgggetggcaaggacaatggegteatagecggecttgtggttggcaccetggtgaageagetggtgcte
gtctetgecgatctgatgeacgatctcaagacgggacatctcaccttgacatcgecgaggtecatgetegtgggagagetcatcgggacag
geattggetgcettcatcgegecactgacgttcatgetgttctacagggegtttgacatcgggaaccecgatggctactggaaggegecatac
gcgcetgatctaccgcaacatggegatectegggatcgagggcatctcggegetgeccaageactgectetcgeteteecgtecgggttettcge
gttcgeegtgetcacgaacgtggegagggacgecctgecggegaggtacaagaagetegtgcegetgcegacggegatggeegtgceg
ttcctegtaggggcgagcettcgecatcgacatgtgegtecgggagectggtectgtttgcttggaacaagatgaacaagaaggaggetgcectt
catggtgcctgetgttgcgtctgggctcatgtgtggegatggcatttggacctteccttcttctatecttgetctcgetaagattaagecaccgat
ctgcatgaagtttacgcctggaagctaaCAGTAAAGGTGGATA

FIG. 10 Virtual DNA sequence of Ysla. The sequenced regions of pGEX-6-p2-LIC::Ysla
using the forward primer and the reverse complement of the reverse primer for this pGEX vector
aligned perfectly with the virtual Ysla promoter.
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MEHADADRTRVAPEIGSLHDEDAEADPARAREMERLQPWREQVTARGVVAAALIGFVF
SVIVMKIALTTGLVPTLNISAALLAFLALRGWTRALERLGFSPRPFTRQENTVVQTCAVA
CYTIAFGGGFGSTLLGLNKRTYELAGNSPGNVPGSYKEPGIGWMVGLLLAISFAGNLSLI
PLRKALVVDYKLTYPSGTATAVLINGFHTAQGDKNAKLQLHGFLKYFGLSLFWSFFQW
FYTGGNACGFVQFPTFGLKAWKQSFFFDFSLTYVGAGMICSHLVNLSTLLGAVISWGIM
WPLISKHKGDWYPANIPESSMTSLYGYKSFLCIALIMGDGLYHFVKVTGVTAKSLHNRF
NRKSVSNTASEEGDMVSLDDLQRDEVFKRGTVPSWMAY SGYFLLSIIAVITIPIMFRQVK
WYYVIHAYALGPVLGFANSYGAGLTDINMGYNYGKIALFVFAAWAGKDNGVIAGLVV
GTLVKQLVLVSADLMHDLKTGHLTLTSPRSMLVGELIGTGIGCFIAPLTFMLFYRAFDIG
NPDGYWKAPYALIYRNMAILGIEGISALPKHCLSLSVGFFAFAVLTNVARDALPARYKK
LVPLPTAMAVPFLVGASFAIDMCVGSLVLFAWNKMNKKEAAFMVPAVASGLMCGDGI
WTFPSSILALAKIKPPICMKFTPGS

FIG. 11 Predicted Protein Sequence of Ysla. The virtual DNA sequence of Ysla was used to
generate the predicted protein sequence. The theoretical Ysla protein is 672 amino acids and
weighs 72149.94 Daltons. 9.114 is the isolectric point, and the charge is 16.440 at a pH of 7.0.
There are 56 strongly basic amino acids (K,R), 41 strongly acidic amino acids (D,E), 295
hydrophobic amino acids (A,ILF,W,V), and 150 polar amino acids (N,C,Q,S,T,Y).
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Fig. 12

Conserved domains revealed by BLAST analysis. A comparison of the predicted protein
sequence to other proteins in GenBank shows a conserved domain of COG1297, which is a
predicted membrane protein with an unknown function.

2 unknown [Picea sitchensis)

I monocots | 6 leawes

eudicots | & leaves
Imosses | 2 leaves
<] monocots | 15 leawes

eudicots | 9 leaves

eudicots | 26 leanves
o yellow stripe 1-like Tulipa 9esnerana)
9 < monocots | & leaves

& <Imonocots | 5 leaves

& Imonocots | 5 leaves

Fig. 13 Distance Tree of Ysla.
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The evolutionary relationship between the predicted Ysla protein sequence all other proteins in
the GenBank, according to BLAST analysis, revealed a high degree of similarity to the Yellow
Stripe 1 (Ys1) transporter in maize and barley, and to a vacuolar iron transporter (TgVitl) in

Tulipa gesneriana.
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Discussion

Our first goal was to create a promoter-terminator cassette using the promoter and
terminator of the TDF1 gene in Oryza sativa. We plan to use the TDF1 promoter to drive
expression of a gene involved in iron uptake or storage, and we hypothesis that this could
increase iron content in the edible portion of Japanese rice by producing the protein of interest
around the seeds of the plants, where TDF1 is usually produced. Our second goal was to create
an expression vector using Ysla, a gene involved in the iron uptake and phloem transport of iron.
We successtully cloned the TDF1 promoter into a TOPO vector and the Ysla gene into a pGEX
vector. The sequenced DNA from these vectors matched the virtual TDF1 promoter and Ysla
gene perfectly (Fig. 9,10). BLAST analysis of the amino acid sequence generated from the
sequenced regions of the pGEX vector revealed that the theoretical protein generated by this
construct would have the conserved domain of COG1297, a predicted membrane protein with an
unknown function (Fig. 12), and would match the protein produced by the Ysla gene (Fig. 11).

The BLAST analysis of amino acid sequence of Ysla also revealed a high degree of
similarity to a vacuolar iron transporter (TgVitl) in Tulipa gesneriana and to Yellow Stripe 1
(Ys1) transporters in maize and barley (Fig. 13). TgVitl contributes to the blue coloration and is
expressed exclusively in blue-colored epidermal cells.” In some gramineous plants, roots secrete
phytosiderophores in response to iron deficiency and take up iron through YsI transporters.® This
transporter in maize (ZmYS1) is expressed in leaf blades, sheaths, and seminal roots, while the
transporter in barley (HvYS1) is only present in roots.® Differences in the gene expression
pattern also suggest that ZmYS1 is involved in both iron acquisition and intracellular transport
metals in maize, but HvYS! is only involved in iron acquisition by barley roots.® Ysla may only
be involved in iron acquisition like HvY'S1, but it may be involved in intracellular iron storage
and transport like TgVitl and ZmYS1, and therefore capable of increasing the iron content in
edible portions of Oryza sativa.

We have shown that the vectors containing the Ysla gene and the promoter of the TDF1
gene can be used to transform bacteria. Further studies may include using affinity
chromatography analysis to determine if Ysla can be expressed in rosetta cells, creating a plant
transformation vector of a gene involved in the iron uptake or storage of iron flanked by the
promoter and terminator of TDF1, using that plant transformation vector to transform Japanese

rice plants, and testing the seeds (the edible portion) of the genetically engineered plants to
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measure the effect of increased Ysla expression on the plant’s iron content.
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