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Abstract 

The focus of this project is on the epigenetic effects of transgenic manipulation using soybean 

(Glycine max) as a model organism. Prior research discovered several phenotypic differences in 

storage protein knockout lines of the plants. Because the same phenotype changes were observed 

in knockout lines utilizing either RNAi or co-suppression, it is hypothesized that these 

differences are caused by an epigenetic methylation event, rather than an artifact resulting from 

the knockout procedure. The purpose of this section of research was to identify methylated genes 

across leaf, flower, and cotyledon tissue that could be responsible for these phenotypes, and to 

determine whether or not this methylation pattern is followed by a change is transcription levels. 

Five soybean lines were screened for each tissue: Jack (nontransgenic), SP- (RNAi glycinin and 

beta conglycinin knockout), G19 (co-suppression beta conglycinin knockout), βconα441 and 

βconα456 (genetic duplicate RNAi betaconglycinin knockouts). Using restriction enzyme digests 

with isoschizomers HpaII and MspI that cleave differentially based on methylation, followed by 

PCR amplification and agarose gel electrophoresis, several genes have been identified which 

may contain methylation events capable of producing phenotypic alterations. Transcription 

levels of the same genes were measured using poly-dT primed cDNA synthesis and RT-PCR. 

Gene product levels were measured using SDS-PAGE and Western Blot. A transcription factor, 

LEC1A, was identified as a possible gene responsible for these effects due to a shift from 

internal to external methylation in only G19, βconα441 and βconα456 lines, and across all tissue 

types. It was also discovered that the glycinin promoter is seed-specific using GFP transgenic 

lines. Because the constructs used for storage protein suppression were under the glycinin 

promoter, confirmation that this promoter is seed-specific provides confidence that alternative 
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phenotypes observed in non-seed organs of the storage protein knockout lines are the result of 

epigenetic events. 
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Introduction 

During an experiment involving elucidating the rearrangement of the proteome 

composition in developing soybean (Glycine max) seeds in storage protein knockout strains, it 

was found that there were several phenotypic alterations that accompanied the absence of certain 

storage proteins (1). The main focus of the current project involving these results is determining 

whether or not these alterations are a product of a differential epigenome. Previously produced 

lines include RNAiSP, which is phenotypically comparable to non-transgenic varieties, 

RNAiBCS and G19, both of which display altered phenotypes, such as dark hilum, white-to-

purple flower color, change in leaf morphology and dwarf stature. More specifically, there is 

significant interest in whether or not several particular genes are modified via methylation. 

Furthermore, this project will explore the repercussions of these methylation events, and their 

effect on gene expression. 

Background 

Soybean seeds are nearly 40% protein; of this, 80% is composed of two storage proteins: 

glycinin and beta-conglycinin. Several lines of soybeans have been genetically modified via 

RNA interference to lack the production of glycinin and beta-conglycinin (1). These lines are 

known as SP- (Storage Protein minus, for knockout). Several other lines have been modified in 

the same way to have only knocked out beta-conglycinin. These include αβcon441, and 

αβcon456 (2). Also, a transgenic line called G19 using the beta-conglycinin promoter has also 

been shown to suppress beta-conglycinin production via co-suppression (3). Transgenic lines 

were produced from Glycine max cv Jack soybean. Several occurrences of non-seed phenotypes 

exhibited by transgenics expressing seed-specific cassettes inferred heritable genetic events in 

many portions of the genome. Because epigenetic events were suspected to be the cause of 
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several altered phenotypes in RNAiBCS and G19 lines, as well as genome-wide epigenetic 

methylation in RNAiSP- lines (compared to nontransgenic), genome-wide methylation analysis 

was performed. This showed three-fold and six-fold increases in methylation in the RNAiBCS 

lines and RNAiSP- lines, respectively. In order to explore how genome methylation might be 

causing altered gene expression, methylation and gene analysis was performed on the 

aforementioned transgenic lines in tissues that displayed altered phenotypes, ie. mature seeds, 

flowers, and leaves. 

The study of epigenetics is a relatively new and rapidly rising division of conventional 

genetics that seeks to understand certain phenomena characterized by transgenerational heritance 

of traits linked to something other than simple nucleotide sequence. This rather Lamarkian 

occurrence has been observed in everything from mouse coat color pattern (4), to trichome 

development in Mimulus guttatus (Yellow Monkey Flower) (5). In addition, certain traits, like 

flower color, have found to be linked to seemingly irrelevant whole-plant conditions, such as 

increased protein content (6). Although not suspected to be an epigenetic event, given that this 

experiment focuses on the whole-plant effects of seed protein adjustment, knowing that these 

traits can sometimes be linked somehow is an affirmation of sound procedural development.  

Several genes were of particular interest, given their association with phenotypes that 

were observably changed. Glycinin and beta-conglycinin are both composed of several subunits, 

each with its own gene (7). Beta-conglycinin has three subunits: alpha’, alpha, and beta. For 

glycinin, Gy1 (subunit A1aB1b) and A3B4 are of interest. The gene for the production of a 

24kDa oleosin was used as a control, since lipid body proteins were unchanged. LEC1-A and 

KTF1, both transcription factors important in seed development was be analyzed as well (8,9). 
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Previous data performed on the entire “methylome” suggested that SP- lines have a 6-

fold increase over Jack in genome-wide methylation rates. The βconglycinin knockdown trio 

(G19, βconα441, and βconα456) each demonstrate a 3-fold increase over the nontransgenic 

(http://bam.genome.arizona.edu/gb2/gbrowse/Gmax/). 

Problem Development  

Since sequence information from various transgenic lines indicated differential 

methylation when compared to nontransgenic, the first objective was to confirm the existence of 

these methylated genes. Analysis consisted of the methylation profile of specific target genes, 

believed to be related to the altered phenotype. Genetically, methylation on cytosine residues can 

result in gene silencing (10). Two restriction enzymes can be used to test for cytosine 

methylation on particular DNA sequences. HpaII and MspI, isoschizomers of each other, both 

target the internal CpG of CCGG sites for cleavage. However, if this internal cytosine is 

methylated, HpaII cleavage will be blocked, but MspI cleavage will not be (11). Also, if the 

external cytosine (CCGG) is methylated, cleavage by both is blocked (11). This provides a 

method to screen for methylation on genes which have CCGG sequences. This technique has 

been utilized and compared to other methods previously (12). 

Polymerase Chain Reaction (PCR) using primers designed to flank CCGG sites was used. 

If the restriction enzyme was able to cleave the sequence, there was no amplification. But, if 

cleavage was blocked by a methylation site, polymerization should have occurred.   

Monitoring the effects of methylation on gene expression was the next objective. Reverse 

Transcriptase-PCR (RT-PCR) was used to evaluate gene expression. In this process, whole RNA 

is extracted and used as a template for bacterial Reverse Transcriptase, an enzyme used by many 

bacteria and retroviruses to synthesize DNA from RNA, to produce a complementary DNA 
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(cDNA) strand (13). Because eukaryotic genomes contain introns, the cDNA sequence often 

does not match the genomic DNA (gDNA) sequence for the same gene, and is often shorter. 

PCR primers were designed to amplify target sequences using cDNA as a template. PCR was 

used to look for the expression of target genes. Because cDNA is made from mRNA, the 

presence or absence of amplification during PCR corresponds directly with the presence or 

absence of RNA. This can be used as a proxy for detecting gene expression. 

Because proteins are frequently the actual functional products of genes (as opposed to 

mRNA), it was then investigated if proteins that are encoded by some of the genes of interested 

in the transgenic lines were actually produced . Whole protein extracts were isolated from tissue 

samples. This extremely diverse protein mixture was subjected to one-dimensional 

electrophoresis, which separates proteins by molecular weight. This takes advantage of an equal 

mass to charge ratio afforded by the “coating” of each denatured protein with negatively charged 

sodium dodecyl sulfate (SDS). They were then transferred to a stationary and sturdy membrane.  

In order to be able to visualize a particular protein, and its position on the membrane, they 

were washed with a primary antibody with specificity for the protein of interest and a secondary 

antibody with specificity for any number of primary antibodies from the same source. This 

secondary antibody contains a functional domain capable of catalyzing a reaction useful for 

performing a colorimetric assay. The substrate for this type of assay preferably has no color 

before enzymatic involvement or a different color in each of two states controlled by the 

enzymatic reaction. Under this paradigm, color (or color change) is only observed where there 

iss secondary antibody, which directly correlates with where there is protein (if at all). Whether 

or not a protein is made under a particular circumstance is powerful in understanding how 

genetic or epigenetic changes can cause functional, and downstream phenotypic, disparities. 
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General Purpose  

The overall scheme of this experiment will logically follow the basic “central dogma.” 

The first step of this process will be to analyze DNA methylation patterns to determine if 

transgenic lines have a significantly differential methylome, compared to nontransgenic lines. 

Second, transcript analysis in the form of RT-PCR will reveal if methylation patterns are result in 

altered transcription of the genes of interest. Finally, gene product analysis by way of SDS-

PAGE will elucidate whether or not these possible alterations are resulting in a loss of gene 

product, or an otherwise modified proteome.  
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Materials and Methods 

DNA extraction 

Young leaf, flower, and mature cotyledon tissues were collected from each of the five 

plant lines investigated (Jack, Sp-, G19, betacon441, betacon456) and stored at -20ºC prior to 

DNA extraction. CTAB extraction buffer was prepared with 2% hexadecyltrimethyl ammonium 

bromide (CTAB), 1.42M NaCl, 0.02M EDTA, 1% PVP-40, 5mM ascorbic acid, 4mM 

diethylthiocarbamic acid, 0.1mM Tris salts, and 0.2% 2-mercaptoethanol. Approximately one 

square centimeter of plant tissue was ground into 600µL CTAB buffer and incubated for one 

hour at 65ºC. 600µL chloroform was added to this suspension, mixed, and centrifuged at room 

temperature and 12,000rpm for 5 minutes. The top layer of the resulting supernatant was added 

to 400µL 100% isopropanol, mixed, and centrifuged at room temperature and 12,000rpm for 15 

minutes. The supernatant was discarded and the pellet was resuspended in 1mL of 70% ethanol. 

This suspension was centrifuged at room temperature and 12,000rpm for 5 minutes. The 

supernatant was discarded and the pellet was allowed to air dry completely overnight at 4ºC. 

Finally, the resulting pellet was resuspended in 50µL nanopure water.  For cotyledon samples, 

the protocol was modified slightly in order to adequately eliminate carbohydrate contamination. 

After the addition of isopropanol, the entire mixture was transferred to a Quiagen™ DNA 

miniprep microcentrifuge column, and the rest of the protocol performed on the column, with the 

addition of a two minute waiting period for water resuspension.  

Extracted DNA samples were quantified in ng/µL using a NanoDrop, blanked with DI 

water, and measured with 1µL of sample. Obtained concentrations are given in Supplemental 

Table #1S.    
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In order to determine the quality of the DNA samples extracted, a control PCR was 

performed with primers designed to flank a 500bp region of the gene for glyceraldehyde 3-

phosphate dehydrogenase (GAP). GAP primers are given in Supplemental Table #2S. All 

primers were obtained from Integrated DNA Technologies (IDT). Each PCR was performed 

using 1µL template sample, 2.5µL 10X ThermoPol Buffer, 0.5µL 10mM dNTPs, 0.5µL each 

10µM forward (5’) and backward (3’) primers, 0.125µL Taq polymerase, and 19.875µL 

nanopure water. A BioRad MyCycler thermocyler was used, under the protocol listed in 

Supplemental Table #3S. The results of this amplification were viewed using the agarose gel 

electrophoresis procedure described below. 

RNA extraction  

Total RNA was extracted using a Qiagen RNeasy mini kit from tissue samples that were 

flash frozen in liquid nitrogen immediately after collection. Approximately 30mg of frozen tissue 

was ground using a mortar and pestle while kept frozen using liquid nitrogen. This was added to 

450µL of RLT buffer and centrifuged for 3 minutes at 12,000rpm and 4ºC. The resulting 

supernatant was added to 225µL 100% ethanol and carefully mixed by pipetting. This solution 

was transferred to a spin column inside a 2mL collection tube and centrifuged for 15 seconds at 

10,000rpm and 4ºC. After discarding the flow-through, 700µL RW1 buffer was added, and the 

sealed tube was spun manually and gently lengthwise to minimize contamination with 

guanidinium thiocyanate. Then, the column was centrifuged at 10,000rpm and 4ºC for 15 

seconds. After discarding the flow-through and adding 500µL buffer RPE and manually spinning 

once more, the tube was again centrifuged at 10,000rpm and 4ºC for 15 seconds. This step was 

repeated once with a 2 minute centrifugation step. The spin column was then placed in a new 

2mL collection tube and centrifuged for 1 minute and 10,000rpm at 25ºC to dry the membrane. 
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Finally, the column was placed in a 1.5mL epitube, 40µL of RNase-free water (included in the 

kit) was added, allowed to permeate the membrane for 2 minutes, and centrifuged for 1 minute at 

10,000rpm and 25ºC to elute the RNA.  

The product was quantified using a NanoDrop and frozen at -80ºC immediately after 

extraction. Concentrations obtained are listed in Supplemental Table #1S. In order to test for 

the presence of total RNA, 2µL sample was mixed with 8µL nuclease-free water and run on an 

agarose gel as described below.     

Protein extraction 

Protein extraction buffer was prepared using 50mL 50mM Tris/1mM EDTA, and 0.1% 

sodium dodecyl sulfate (SDS). The extraction buffer was stored at 4ºC before use, and 5mL of 

buffer was added to 2g of plant tissue and ground in a falcon tube. 1mL of the resulting 

suspension was transferred to an epitube that had a hole poked in the lid for ventilation. This tube 

was boiled for five minutes, centrifuged at 10,000rpm and 4ºC for 2 minutes. 500µL of the 

supernatant was transferred to a new epitube and stored at -20ºC. 

A Bradford Assay was performed in order to quantify the protein samples. A GeneQuant 

1300 Spectrophotometer was used. First, 800 µL of nanopure water was mixed with 200µL of 

Bradford Reagent and incubated for 5 minutes. This was used as a blank. For each experimental 

reading, the same mixture of water and reagent was added to 5µL protein sample, incubated for 5 

minutes, and the absorbance was read at 595nm. Due to a previous standard program stored in 

the spectrophotometer, the concentration could be read directly, instead of from a standard plot.   

Methylation analysis 

Using DNA samples obtained via the extraction protocol described above, approximately 

1µg of DNA was mixed with 1µL restriction enzyme (either epiMspI or epiHpaII, both obtained 
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from Thermo Scientific), 2µL 10X Epi Buffer, and nanopure water up to a total volume of 20µL. 

The digest was incubated at 37ºC for 1 hour and then quenched at 90ºC for 10 minutes.     

A polymerase chain reaction amplification was performed using the protocol outlined in 

Supplemental Table #3S, using the same reaction conditions described above for the GAP 

control experiment.  

Primers used in the experimental PCR reactions are as given in Supplemental Table 

#2S. They were designed using Vector NTI software, and were created to flank approximately 

500bp regions as symmetrically as possible around CCGG sites. They were chosen to have a 

melting point (Tm) of as close to 55ºC as possible, in order to minimize annealing temperature 

modification.  

Amplified samples from the PCR reaction were submitted to electrophoresis on a 40mL 

1% agarose gel with added ethidium bromide in TAE buffer at approximately 100V for 45-60 

minutes. The results of the electrophoresis were visualized using a trans-UV box.  

Transcript analysis 

From total RNA extracted using the previously described protocol cDNA was 

synthesized using a Thermo Scientific RevertAid First Strand cDNA Synthesis Kit and the 

following protocol. First, the RNA was subjected to treatment with DNase, to eliminate genomic 

DNA (gDNA) contamination. The following components were added to a 600µL epitube: 1µg 

total RNA (volume based on concentrations obtained from the NanoDrop after extraction), 1µL 

10X Reaction buffer with magnesium chloride (MgCl2), 1µL RNase-free DNase I, and nuclease-

free water to a total volume of 10µL. This mixture was incubated at 37ºC for 30 minutes 

followed by 65ºC for 10 minutes.    



Brown 12 

The solution resulting from the DNase digest was used directly as a template in the 

cDNA synthesis reaction as follows. In the indicated order, the following components were 

added to a 1.5mL epitube: 2µL template total RNA, 1µL oligo (dT)18 primer (to target mRNA 

specifically), 9µL nuclease-free water, 4µL 5X reaction buffer, 1µL RiboLock RNase Inhibitor, 

2µL 10mM dNTP’s, 1µL RevertAid M-MuLV Reverse Transcriptase. This mixture was 

vortexed gently and centrifuged for 15 seconds at 10,000rpm and 25ºC. It was then incubated at 

42ºC for 60 minutes, and the reaction was terminated at 70ºC for 5 minutes. Two negative 

control reactions were performed simultaneously: one which did not contain template, and one 

which did not contain Reverse Transcriptase. They were subjected to the same reaction 

conditions as the experimental samples. The product of the reaction was immediately frozen at -

80ºC for storage. A 1/10 dilution of each sample was prepared for use in RT-PCR.               

A positive control PCR reaction was run using the protocol listed in Supplemental Table 

#3S, with primers optimized for RT-PCR (cDNA optimized), and which corresponded to 

ribosomal genes. Reaction conditions and volumes were identical to those previously used for 

gDNA PCR. As with the methylation analysis, results were visualized by the same gel 

electrophoresis procedure. The primer sequences used are given in Supplemental Table #2S.  

 PCR primers had to be redesigned for each previously tested gene, in order for RT-PCR 

to function. The sequences used are given in Supplemental Table #2S. They were designed 

using Vector NTI software, as before, and chosen to flank introns, such that a cDNA amplicon 

would be approximately 500bp, while a gDNA amplicon would be considerably larger (800-

1000bp), giving a great enough difference to be visible on a gel. PCR was performed using the 

protocol outlined in Supplemental Table #3S, and the same reaction conditions mentioned 

previously. The same gel electrophoresis protocol was used to obtain the results.  
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Gene product analysis  

Total protein from cotyledon tissue from Jack, SP-, G19 , and betacon441 lines obtained 

in the manner previously described was analyzed for the presence of differentially translated 

gene product for the genes of interest. Total protein samples of two different concentrations from 

each of the four lines were run on SDS-PAGE (Sodium dodecyl sulfate- polyacrylamide gel 

electrophoresis). The gels used were composed of a 4% acrylamide stacking gel and a 12% 

acrylamide resolving gel. The components listed in Supplemental Table #4S were mixed 

thoroughly and poured into a 75mm BioRad gel box. Each component was allowed to solidify 

for 20 minutes after pouring. To the resolving gel a thin layer of 100% butanol was added prior 

to solidification to prevent evaporation and allow for even and geometric solidification. This 

butanol layer was washed prior to addition of the stacking gel.  

For sample analysis, 10µL of total protein of the concentrations listed in Supplemental 

Table #1S was added to 10µL of sample buffer containing 5% β-mercaptoethanol. These 

samples were incubated at 95ºC for approximately 5 minutes and then loaded on acrylamide gels. 

The gels were subjected to electrophoresis at 200V for approximately 45 minutes. The running 

buffer used for electrophoresis contained 250mM Tris, 2M Glycine, and 0.1% SDS (v/v).  

Gels were then devoted to specific protein visualization using a Western Blot technique. 

After SDS electrophoresis, gels were placed adjacent to a sturdy membrane between two layers 

of cotton paper, and a porous sponge on one side, all of which had been soaked thoroughly in 

Western Transfer Buffer (25mM Tris, 192mM glycine, 20% methanol). Blotting conditions were 

200 mA for an hour in cold transfer buffer. The membrane was then soaked in 10mL of a 

“blocking” solution of Tris-buffered saline (TBS, 25mM Tris, 137mM NaCl, 2.7mM KCl). After 

one hour, 10µL of primary antibody was added to the blocking solution, and allowed to shake 
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overnight. The membrane was then rinsed in TBS and 0.05% Tween-20 for 7-15 minutes, three 

times. Then, another 10mL of blocking solution was poured over the membrane, and 1.5µL of 

secondary antibody was added. This solution was allowed to shake for 1 hour.  The membrane 

was again rinsed three times for 7-15 minutes in TBS+Tween. Phosphatase substrate composed 

of 5-bromo, 4-chloro, 3-indolylphosphate (BCIP) and nitroblue tetrazolium (NBT) from KPL, 

was poured over the gel (approximately 10mL), and shaken vigorously until a purple color was 

visible. This reaction was quenched with 10mL 1mM EDTA, and the membrane was promptly 

photographed.  

The primary antibodies for glycinin and βconglycinin were from rabbit, while the GFP 

primary antibody was from mouse. The secondary antibodies used in all cases were for alkaline 

phosphatase.  
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Supplemental Tables 
 
Supplemental Table #1S 

DNA, RNA, and protein concentrations, as obtained by NanoDrop, or Bradford Assay. Two 

concentrations are given for protein samples, indicated two simultaneous purifications, both used 

for analysis. Numbers in parenthesis adjacent to protein concentrations correspond to lane 

ordered numbers in SDS-PAGE analysis (TABLE #). 

Plant Line Tissue [DNA] (ng/µL)  [RNA] (ng/µL) Protein (µg/mL) 
Jack Leaf 67.3 579.8 X 
Jack Flower 67.1 209.1 X 
Jack Cotyledon  1179.3 545.2 1003 (1), 979 (2) 
SP- Leaf 41.0 382.4 X 
SP- Flower 146.6 966.1 X 
SP- Cotyledon  243.0 412.2 1032 (3), 1009 (4) 
G19 Leaf 171.8 237.3 X 
G19 Flower 196.9 302.5 X 
G19 Cotyledon  769.7 386.6 513 (5), 477 (6) 
βcon441 Leaf 793.1 147.1 X 

βcon441 Flower 186.0 312.3 X 

βcon441 Cotyledon  898.8 512.7 794 (7), 734 (8) 

βcon456 Leaf 988.3 340.9 X 

βcon456 Flower 171.1 136.4 X 

βcon456 Cotyledon  780.5 915.6 X 
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Supplemental Table #2S 

Primer sequences. Genes followed by a “c” indicate that the primers were designed for use with 

RT-PCR. Duplicate genes indicate more than one section of the gene that contained CCGG 

sequences. 

Gene  5’ sequence  3’ sequence 

βconα’1 ATGATGAGAGCGCGGTTCCC TGGTGCTTTTCCTGCTTGTG 

βconα’2 TTGTTTTGTTAATTACAGGGACTGC CCGAATTTGTTTCTTTGAGATTTCC 

βconα TACAGGAACCAAGCATGCCA CGAATGCGACCATATTGGTT 

βconβ GCCAAATGTGCATGCATACA GCTCTCCCTGTATATATGTAATTCA 

FAD2-2 CTTTTCATCTGTATCAATTTTCCCC CTCTCCGTATATTTACGAAAGGAAT 

Oleosin45 ATGACCACACAAGTACCACCAC TATCCTGCCCAACCTCCTTG 

GlyA3B4 TCTCAACACCCTGAGCTGCA CCTTCTTCCTCCTGCTGCTG 

Gy1 GTGGCTGCTGCTTCGCTTTC TGGTCTGCTGCTTTGTCCTC 

P34 TAGACTGTGTGGAAGAAAGCGA CATCATAAATTCCCTGCACAAA 

LEC1-A1 CAGCTGATTTTTTGATTGATCCG TGGTCAGTGTGAAACGCATT 

LEC1-A2 GCAGGTAGCATCATCAGATC ATGAGATGACGCAGCATTTG 

KTF1-1 ATGACGAACAAAGGCAAAGG TCCTCTTTAGGGACGACACG 

KTF1-2 CGGGAGAGGCTTTCAGCTCT CAGCCAAGGCTTGTAGATCA 

βconα’c AAAACCAATATGGCCACGTTCG AATCACACTCTCTTGCAGCCTCTC 

βconαc ACAACAACGAAAATCTCAGA GCATCTCCTTCATTAATTAC 

βconβc GAGATTCAACAAACGCTCCCC TGGCACGTCTGCTCAGTTGC 

GAP ATGTTCCAGTGGTTGATCTCAC CAAGAGACAAGTTTCACAAAGTTG 

Rib2 GCGGCCGCATGCCACCGAAGTTCGA GCGGCCGCTCACTATTTGTCATCATC 

 
 
Supplemental Table #3S 

BioRad Thermocycler protocol used in PCR reactions. Note that steps 2-4 occur in order and are 

repeated as a unit, not repeated individually.  

Step Temperature (ºC) Duration (min) Repeat 
1- Initialization 95 4 1 
2- Denaturation 95 0.5 45 
3- Reannealing 55 0.5 45 
4- Elongation 72 0.5 45 
5- Final Elongation 72 7 1 
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Supplemental Table #4S 

Acrylamide gel components and volumes for SDS-PAGE. 

Component 4% Volume (µL)  12% Volume (µL) 
1.5M Tris-0.4% SDS pH 6.8 400 ----- 
1.5M Tris-0.4% SDS pH 8.8 ----- 2600 
30% Acrylamide 330 4000 
DdH2O 1500 3350 
10% Ammonium Persulfate 25 50 
TEMED 5 5 
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Results 

Methylation Analysis 

Methylation analysis with epiHpaII and epiMspI revealed patterns that differed in several 

of the genes chosen to screen between Jack and transgenic lines. A clear example of a 

differential methylation pattern is given in Figure 1. Note the lack of amplification for Jack with 

both restriction enzymes, indicating cleavage under both methylation sensitive and insensitive 

conditions. However, under digestion with methylation sensitive HpaII, G19 shows discernible 

amplification, indicating a methylation event. Due to the nature of the restriction enzymes used, 

a methylation in the external cytosine of the targeted CCGG sequence would result in lack of 

cleavage and clear amplification under both conditions. 

Methylation patterns are presented in Figure 2. They are given in a 

positive/negative/neutral format, due to the large volume of agarose gel data compiled.  

Only two genes screened were found to have the same methylation pattern across Jack 

and all transgenics, in all tissues: oleo45 (Oleosin 24kDa) and βconα’2 (β-conglycinin, α’ 

subunit, second CCGG site in the gene).  Oleo45 was shown to be universally negative for 

methylation, while βconα’2 was shown to have an external cytosine methylation across all 

tissues and lines. Of the other ten genes screened, several are of interest.  

In leaf tissue (Figure 2A), four genes showed the same pattern in Jack and SP-, but 

differed in the other three transgenics: βconα (βconglycinin α subunit), βconβ (βconglycinin β 

subunit), FAD2-2 (microsomal omega-6 desaturase, second CCGG site), and LEC1A2 

(transcription factor, second CCGG site). For the former three genes, Jack and SP- leaf tissue 

showed no methylation, while G16, βconα441, and βconα456 showed methylation on either the 

internal or external cytosine (with the exception of a negative result on βconβ in βconα456).  
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In flower tissue (Figure 2B), of worth note is that βconα was negative for methylation 

across all lines, while in other tissues, one or more transgenic gave a positive result. Also, βconβ 

and LEC1A2 both showed patterns similar to corresponding leaf tissues, in that the three 

βconglycinin knock-down lines differed from Jack and SP-. In flower βconβ, Jack and SP- 

exhibited external methylation, G19 was negative, and the two genetically identical βconα441 

and βconα456 lines showed external and internal methylation respectively.  

In cotyledon tissue (Figure 2C), LEC1A2 was the only gene shown to exhibit the same 

methylation pattern in Jack and SP-, while differing in one or more of the other transgenic lines. 

Since this pattern was observed in all three tissues sampled, it was be analyzed across the board. 

Universally, LEC1A2 is internally methylated in Jack and SP- lines, in all three tissues. However, 

in the other three transgenics, this methylation is shifted to the external cytosine in one or more 

tissues. For G19, leaf and cotyledon showed external methylation; in βconα441, all three tissues 

have a shifted methyl group; in βconα456, only leaf tissue shows altered methylation. 

Methylation patterns in raw numbers for each tissue and line are shown in Figure 3. Of 

the genes screened, βconα441 and βconα456 were equally the most methylated, and SP- 

exhibited the least methylation events. 

 Due to how greatly the data for Gy1 (glycinin storage protein, G1 subunit) methylation 

visually differed from data obtained for all other genes screened, it is included in its entirety 

(FIGURE 4). Important to note is the presence of multiple bands in several tissues, including 

larger bands than the intended amplicon (approximately 500bp). For example, Jack leaf, Jack 

flower, and SP- flower cleaved with HpaII display four separate amplified segments of various 

sizes.  
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cDNA Analysis 

 RT-PCR analysis revealed transcript presence of the three subunits of βconglycinin. This 

is in pursuit of a rough view of a single aspect of each line’s transcriptome. The primers used in 

this case were optimized such that a cDNA (or transcript) amplicon would be approximately 

500bp, but a genomic amplicon would be 800-1000bp. Each subunit yielded different results for 

each line. Jack shows a small level of α’ subunit transcription, while all four other lines lack it 

completely (Figure 5A). A much higher level of α subunit transcription is exhibited by Jack, and 

SP- shows a very slight level. All three other transgenics lack the α subunit entirely (Figure 5B). 

Finally, in analyzing levels of β subunit transcription, Jack gives moderate expression (relatively 

in-between levels of the other two analyzed subunits) and SP- exhibits comparable expression to 

that of the α subunit. More notably, β subunit transcription in the G19 line is much higher than 

even Jack shows (Figure 5C).      

Gene Product Analysis 

 Whole protein samples from each line were run on SDS-PAGE and then transferred via 

Western blot in order to assay for the presence of the two storage proteins in question. The genes 

were chosen to test for product, as opposed to others analyzed in previous sections, due to 

antibody availability. Jack and SP- cotyledons exhibit comparable amounts of β-conglycinin, 

while G19 and βconα441 lines show no production of the same protein (Figure 6A). In 

examining glycinin, Jack and βconα441 lines showed similar and significant production, while 

SP- and G19 glycinin production was significantly decreased (Figure 6B). Also of note was the 

slightly larger than normal size of the gene product in the SP- line, when compared to Jack.   

 Finally, in order to show whether or not the glycinin promoter is seed specific, as 

opposed to expressed in non-seed tissue, a previously developed transgenic that expresses green 
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fluorescent protein (GFP) under the glycinin promoter was tested for tissue-dependent GFP 

production. The antibody used in this case was GFP specific, and the results are shown in Figure 

7. GFP production is observed exclusively in seed tissue.  
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Figure 1 

Example of a positive internal CpG methylation, indicated by the lack of cleavage under 

treatment with HpaII. Figure is given as a composite of two gels for ease of viewing, each has 

been lined up accordingly with the standard ladder. The visible band around 500bp is the 

projected amplicon, and the transgenic (G19) differs in methylation profile in this gene with the 

nontransgenic (Jack).  
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Figure 2 

Tables of methylation profile data. Each table corresponds to a different sample tissue, which is 

noted above the table. A legend is provided below: 

+ for positive internal CpG methylation 

- for negative (no) methylation 

/ for external C methylation (CCGG in targeted site) 

2A 
Leaves 
Gene Jack SP- G19  βcon 441 βcon 456

βconα’1 - + - + - 

βconα’2 / / / / / 

βconα - - + / + 

βconβ - - + / - 
FAD2-2 - - + / / 
Oleo45 - - - - - 

P34 + - / / / 

LEC1A1 / - + / + 

LEC1A2 + + / / / 

KTF1-2 + - + / / 

 
2B 
Flowers 

 

 
 
 

Gene Jack SP- G19  βcon 441 βcon 456

βconα’1 - + - - - 

βconα’2 / / / / / 

βconα - - - - - 

βconβ / / - / + 

FAD2-2 / + + / - 

Oleo45 - - - - - 

P34 - + + / + 

LEC1A1 - + + - - 

LEC1A2 + + + / + 

KTF1-2 - + + / / 
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2C 
Cotyledons 
Gene Jack SP- G19  βcon 441 βcon 456

βconα’1 - + - - + 

βconα’2 / / / / / 

βconα - - - - + 

βconβ / - - / + 

FAD2-2 / + / - / 

Oleo45 - - - - - 

P34 + - + / / 

LEC1A1 + - + + + 

LEC1A2 + + / / + 

KTF1-2 / - + + / 
 
Figure 3  

Methylation events by the numbers. The following table represents a numerical assignment for 

each line’s methylation profile, both tissue specific and in total. 

Tissue Jack SP- G19 βcon 441 βcon 456 
Leaf 5 3 8 9 7 
Flower 4 7 6 7 5 
Cotyledon 7 4 6 6 9 
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Figure 4  

Agarose gels depicting the methylation analysis for each of 15 tissue types with primers flanking 

three CCGG sites in Gy1 (glycinin). Tissue types as well as plant lines are noted below each 

lane.  
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Figure 5 

Agarose gels visualizing RT-PCR polymerization of transcript-derived cDNA. Only cotyledon 

tissue was sampled. Lines are indicated, as are genes for primers. The “+C” denotes unaltered 

genomic Jack DNA, used as a control. The lanes indicated by “-RT” and “-RNA” refer to 

negative controls during the cDNA synthesis process, where either no reverse transcriptase 

enzyme or no template RNA, respectively, was added.  

 
5A βconglycinin α’ subunit 
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5B βconglycinin α subunit 

 
 
5C βconglycinin β subunit   
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Figure 6  

Western Blot analysis. Each gel pictured represents visualization of a different antibody, the 

protein for which is indicated. Transgenic βconα456 is absent due to ineffective protein 

extraction. Note that replica lanes are indicative of two protein extractions performed 

simultaneously on portions of the same tissue sample. All samples shown are from cotyledon 

tissue. 

 
6A β-conglycinin 
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6B Glycinin 
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Figure 7 

Western blot analysis of GFP transgenic line. Note that bands in blank lanes are the product of 

spill over between lanes.  
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Discussion 

Data Interpretation 

Methylation Analysis 

Several of the genes chosen to screen did exhibit different methylation patterns in 

transgenic lines when compared to nontransgenic. Because previous data indicated that the oil 

composition of the transgenic lines did not change with the transgenic construct (1), the gene 

which codes for Oleosin was used as a control for methylation variability across unrelated genes. 

Oleosin is a transmembrane protein produced in the Endoplasmic Reticulum that “coats” plant 

oil bodies, and allows them to form properly (14). This is especially important during seed 

development, as it protects the seed from dessication. It remained unmethylated universally 

across all tissue types (Figure 2A-C), indicating that its methylation state is not responsible for 

the observed phenotypic alterations. A similar conclusion can be drawn about the second CCGG 

site in the α’ subunit of βconglycinin; its external cytosine methylation is also not responsible for 

the noted phenotypes. This is supported by the unanimous external methylation (Figure 2A-C).  

Because the main purpose of this experiment is to investigate if gene methylation is the 

underlying cause of phenotypic change, it is most useful to examine those genes that exhibit the 

same pattern in Jack and SP-, but differ in G19,  βconα441, and βconα456 (but preferably have 

the same pattern in the latter three). This is because those groupings of lines have the same 

phenotypes. As mentioned above, the LEC1A2 CCGG site is of note in this context, as Jack and 

SP- exhibit a conserved internal methylation (CCGG) that shifts to the external cytosine 

(CCGG) in some tissues of the βconglycinin transgenic lines (Figure 2A-C). The gene product 

LEC1-A is a histone-like transcription factor (9); as such, it is reasonable that even a small shift 

in methylation that results in different transcription regulation could have huge downstream 



Brown 32 

effects on the genes that LEC1-A affects. It has previously been shown that LEC1 hold important 

responsibilities in all parts of a plant’s life cycle in Arabidopsis thaliana. For example, lec1 

mutants that result in loss of function cannot withstand dessication, display round instead of 

curved cotyledons, and develop trichomes when fully mature (8). Also, ectopic expression of 

lec1 in mature somatic tissues can result in unusual root morphology (8). This change in 

methylation pattern could be the source of some phenotypic alterations, especially in leaf tissue, 

where the shift occurs in all three βconglycinin transgenic lines. It is yet unclear as to whether 

this shift results in increased or decreased expression. 

Methylation analysis for Gy1 resulted in many bands of different sizes, under digest with 

both HpaII and MspI, including several bands that were larger than the designed amplicon 

(approximately 500bp). Gy1 is a subunit of the storage protein glycinin. At first glance, it seems 

counterintuitive that the appearance of multiple bands, including those larger than the gene the 

primer is designed to flank, could be anything other than an artifact (Figure 4). However, gy1 

belongs to a family of five genes, with likely very high homology (7). A BLAST search reveals 

that the sequence used for primer design has 75-95% homology with the other subunits of 

glycinin. These larger, nonspecific bands can be explained in this way: they are amplified 

segments of the other glycinin subunits. Due to the inclusion of three separate CCGG sites in the 

cloned region of gy1, as well as the family homology, it is unclear whether or not there was 

amplification of the target sequence under any conditions.  

Although previous data suggested that SP- lines were methylated 6-fold more 

genomically than Jack, and that G19, βconα441, and βconα456 lines were 3-fold more 

methylated on a genome-wide scale (http://bam.genome.arizona.edu/gb2/gbrowse/Gmax/), the 

genes screened here did not reflect that (Figure 3). It is likely that the majority of the genome-
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wide methylation observed in previous data is elsewhere in the genome (either on different genes 

than those screened, or on sequences other than CCGG).  

βconα441 and βconα456 differ frequently in methylation pattern, despite being products 

of the same transgenic construct (Figure 2A-C). For example, they differed in 40% of genes 

screened in leaf, a slightly different 40% in flowers, and 60% in cotyledons. However, only half 

of those differences in leaves constituted a difference between methylated/unmethylated vs. 

internal/external methylation. Only 1 in 4 of the differences in flowers were dissimilar 

(methylated/unmethylated), and half in cotyledons. This serves as a reminder that the epigenome 

is fluid and differs even without mutation-based interruption, unlike the genome.  

Transcript Analysis 

As for transcript analysis, each subunit of βconglycinin able to screen will be discussed 

separately. Only cotyledon samples were tested in this case because the glycinin promoter is 

seed-specific (discussed below, Figure 7). Jack cotyledons show the only presence of the α’ 

subunit (Figure 5A). This is unsurprising, as the other four lines are all βconglycinin knockdown 

lines.  

Both Jack and SP- express the α subunit to some degree, although SP- expression is 

extremely low; the other three lines display a complete lack of expression (Figure 5B). Given 

the transgenic process, SP- utilized a knockdown of this gene, not a complete suppression (1). 

Therefore, the slight band reported is not contrary to previous data.  

For analyzing the βconglycinin β subunit, the same is true for both Jack and SP-, as well 

as for both βconα441 and βconα456, as for the α subunit: remarkable expression for Jack, a 

slight band for SP-, and no expression for either βconα clone (Figure 5C). However, G19 shows 

higher levels of transcription than the nontransgenic. Since G19 is only a knockout for the α’ and 
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α subunits, this is to be expected. Also, previous data suggests that knocking out the other two 

subunits results in huge upregulation of the β subunit, which is supported here (3). 

Protein Expression 

The GFP data supports that the glycinin promoter is seed specific (Figure 7). Because the 

glycinin promoter was used for the transgenic knock-down constructs, this supports that the 

phenotypic changes are not the result of the expression of the RNAi transgene cassette in other 

tissues. This result further reinforces the epigenetic methylation hypothesis.  

 Concerning the presence of glycinin, its nontransgenic-level translation in the βconα441 

line is predicted by the nature and construct of the transgenic. The same is true concerning the 

decreased production of glycinin in SP-, since it is a glycinin knockdown line (Figure 6B). That 

does not, however, explain why the glycinin that is being produced is smaller than the wild-type 

protein. This could be an artifact of the data, or it could be suggestive of an effect of the RNAi. 

Contrary to transgenic development, and previous data is the lack of normal glycinin production 

in the G19 line. Experimentation during the development of the transgenic suggested that 

glycinin production was increased after cosuppression of the α and α’ subunits of βconglycinin 

(3). However, this result is to be expected upon recognition that the G19 total protein samples 

used in the glycinin Western Blot were, on average, roughly half as concentrated as those used 

for any of the other three samples. This result most likely speaks to the experimental conditions, 

not the actual level of glycinin in G19 seeds.  

The lack of β-conglycinin production in G19 and βconα441 lines suggests that these are 

truly knock-out transgenics (Figure 6A). However, the presence of the same protein at 

nontransgenic levels in SP- is contrary to the nature of the transgenic. If this data was supported 

by the transgenic construction, the phenotypic differences in the other transgenics could simply 
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be attributed to the lack of β-conglycinin. But, given previous data suggesting a legitimate 

transgenic (1), a more likely explanation is that an error in sample collection occurred, and this is 

an artifact. The prevalence of error of this sort will be discussed at length below. What is 

inexplicable in the context of this experiment set alone is that the erroneous “SP-” protein sample 

behaves like the nontransgenic Jack in the β-conglycinin data, but has its own, unique profile in 

the glycinin data (Figure 6B). This would suggest either that the sample used was actually a 

combination of two or more types of transgenics, or that the seeds taken for extraction actually 

belonged to a different transgenic than those sampled in this project.  

Based on the conclusion that the glycinin promoter is seed specific, the lack of 

phenotypic change in SP- lines, and the presence of differentially methylated genes across each 

line, epigenetic variance is likely the cause of the altered phenotypes in G19 and βconα lines.  

Issues with data collection 

As briefly discussed previously, there is often an issue with accurate tissue sample 

collection from the greenhouse. Logistically, this can take a variety of forms. For example, 

occasionally a plant is moved to the greenhouse with an incorrect label, and it is incorrectly 

treated as a transgenic. This can affect data is obvious ways. Also, because soybean is a vine, it 

requires the use of support beams (usually wooden dowels are used). Sometimes, plants from 

nearby pots grow across space and begin to wrap around a neighboring beam. When these 

branches die and break off, they are included in the seed collection of the neighboring pot, which 

could be of an entirely different line. This results in seed collections that are partially of another 

line, which, when grown, are consequently incorrectly labelled. Data is affected in this case in a 

similarly detrimental way.  
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Most of the inadequacy of the methylation data came from difficulties in primer design. 

For example, some genes originally chosen for screening did not have CCGG sites, or could not 

be appropriately flanked with primers. Also, the primers that were designed for some genes 

chosen for screening proved ineffective in PCR. Later, it became necessary to redesign the 

primers for specific genes in order to optimize them for cDNA PCR.   

It is also prudent to discuss the difficulty had in attempting to synthesize cDNA in the 

RNA analysis portion of the experiment. In this pursuit, tissue collection techniques became 

important, since seed samples needed to be frozen in liquid nitrogen immediately after removal 

from the plant. Then, assuming the tissue sample was adequate, mini-prep protocols for RNA are 

also fraught with possible sources of error, resulting in “dirty” RNA. These include the length of 

steps taken out of the cold, when RNA is degraded quickly, and the possibility chemical 

contamination if the column is not properly rinsed. Any of these sources of error can negatively 

contribute to the effective synthesis of cDNA.    

Future experiments 

As always, the quality and span of the data presented could be improved in the future 

through scanning more genes. This is limited by the presence of CCGG sites in genes of interest, 

the ability to design primers that are specific to cDNA (RT-PCR), and the availability of 

antibodies for the specific gene products necessary for scanning.  

In order to increase certainty that Lec1A and its methylation state have anything to do 

with phenotype-determining processes throughout the lifecycle of Glycine max, several future 

experiments could be designed. For example, if an antibody could be made, it would be useful to 

compare relative levels of expression for different life stages, in different tissues, between lines 

with different methylation states. In such a way, whether or not the aforementioned shift in 
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methylation position had a positive or negative effect on expression, and if that effect was 

lifecycle and tissue dependent could be analyzed.  

Because so much was able to be determined about the transcription and methylation of 

the various genes involved in βconglycinin, it would be useful to investigate glycinin genes 

further as well. In particular, primers could be designed with more specificity for only the Gy1 

gene, so that its specific methylation pattern could be observed. Given the high degree of 

homology this gene has with others in its family, this may or may not be possible. If possible, 

this process could be repeated for optimizing the specific primers for RT-PCR.  
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