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ABSTRACT 
This lab research includes the studying of floral nectaries, specifically ones found in model plants 

called Arabidopsis thaliana and Brassica rapa (Figure 1.1).  The primary goal is to find what types of 
genes are expressed in necataries.  Reasons for looking into this area of study are to see what types of 
genes are important and crucial in nectar production and to see whether there are any other similar 
genes in other living organisms.  The interest that drew the researchers in is the fact that no one 
previously determined what types of genes were expressed in necataries to form nectar.   

Introduction 
Nectar is an extremely important sugar rich liquid produced by flowers, nectar attracts pollinating 

animals (hummingbirds, butterflies, bees, bats and others) (Bentley 1983). Nectar that is produced on the 
outside of the plant, known as extrafloral nectar, attracts predatory insects (Bentley 1983). The primary 
solutes found in most nectars are varying ratios of sucrose, glucose and fructose (Carter 2006). Nectar has 
some economic value due to the fact it is the primary sugar source for honey and they nectars contain 
sugar that pollinators utilize (Bentley 1983).  Nectar also contains all 20 amino acids as well as vitamins, 
oils, metals and proteins (Bentley 1983).  Flowers that attract bats, hummingbirds, and hawkmoths, 
contain more volumes of nectar than flowers that attract bees and butterflies (Bentley 1983).  With that 
being said, there are larger amounts of sugar in the flowers that attract bats versus the flowers that attract 
bees (Bentley 1983).  Nectars are produced by glands that are titled nectaries.  Nectaries consist of a mass 
of small, dense gland cells (Bentley 1983).  Nectaries are located at the bottom of the perianth, with the 
perianth being the outer, sterile whorls of a flower (Bentley 1983).  The reason for their concealed 
location is that pollinators are made to brush up against the flower's reproductive structures, the anthers 
and pistil, while accessing the nectar, as shown in figures 1.2 and 1.3 (Bentley 1983). Understanding the 
genetic mechanisms behind nectar production may allow targeted studies to improve overall pollination 
efficiency in Brassicas and unrelated species, as well as having the potential for greatly impacting 
apiculture (Carter 2006). This can be translated into increased pollination efficiency and higher overall 
yields of crop species (Carter 2006). The researcher believes the genes expressed specifically in nectaries 
are solely important and key for nectar production.  Not all genes are expressed in all tissues, some tissues 
could obtain certain genes, yet, they are not presented.  For example, a human can have the gene to have 
blonde hair, yet, if this gene is inactive, it will have other genes that will be expressed, like having brown 
hair.   The genes that will be identified should only be expressed in nectaries, which explains their part in 
nectar production, and not expressed in other tissues, like a leaf or a stem for instance. 

Figure 1.1- (A) Arabidopsis thaliana, 
(B) Brassica rapa, (C) Raphanus sativus
(Radish)
(Carter 2006)
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Figure 1.2 (Carter 2007) 

Figure 1.3 (Carter 2007)
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Figure 1.4 
 
Methods 

The central dogma of molecular biology involves DNA transcribing to RNA which translates to a 
protein (refer to figure 1.4).  This research consisted of the researchers beginning with mRNA.  Since 
mRNA is difficult to sequence and quite unstable, the researchers had to conduct reverse transcriptase to 
bring each mRNA strand to a DNA configuration, making it easier to sequence and more stable.  When 
bringing it back to DNA, it forms what is known as a cDNA.  Then a test is done with the gel 
electrophoretic to see if the DNA is able to be sequenced or not.  
A cDNA library is simply a collection of DNA derived from mRNA strands. These libraries serve as 
temporal and spatial points for the comparison of genes expressed in secretory and non-secretory organs 
(Carter 2006).  cDNA libraries have been constructed from purified nectary mRNA using the Creator 
SMART cDNA Library Construction Kit, which produces full-length normalized libraries directionally 
cloned into the plasmid pDNR-LIB (Carter 2006).  

 mRNA is extremely important in this research because a gene cannot be expressed without 
producing mRNA. The higher the concentration sequence of interest in the starting mRNA, the easier it is 
to isolate the cDNA (Sambrook 11.1).  In the process of creating cDNA, it can be achieved by preparing 
mRNA from unrelated cell lines for use in cell free translation systems (Sambrook 11.2).  On certain 
occasions, one may find it necessary to use drugs to pick up cell lines that obtain the best protein 
(Sambrook 11.3).   The first strand of DNA is synthesized by the enzyme known as reverse transcriptase 
using poly (A)+ RNA as a template and is primer by oligo (dT) (Sambrook 11.11).  There are two forms 
of reverse transcriptase, Avian reverse transcriptase (ART) and Murine reverse transcriptase (MRT) 
(Sambrook 11.11).  Some ART are contaminated with an endonuclease that cleaves DNA, yet, this is still 
the enzyme used more commonly for the synthesis of cDNA libraries even though MRT is the safer 
procedure for a successful completion of full length cDNA libraries (Sambrook 11.11).   

There are four types of primers for the creation of cDNA libraries; these are oligo (dT), primer 
adaptors, primers linked to plasmid and random plasmids.  The researcher is only concerned with the 
primers linked plasmid.  After the cDNA is created, it goes to connect with the plasmid vector, in between 
two primers.  After it is attached to the two primers, the cDNA separates from the plasmid vector and is 
evaluated for genes by sequencing.  The primary goal in studying the cDNA is to sequence it, and then 
evaluate the information to see what types of genes are expressed.   To create the second strand of cDNA 
library, the cleavage of the hairpin structure with nuclease S1 almost leads to the loss or rearrangement of 
sequences corresponding to 5’ terminus of mRNA ( Sambrook 11.14).  The second strand synthesis can 
now be catalyzed by E. Coli DNA polymerase and E. Coli RNase (Sambrook 11.14).  If the DNA 
polymerase is good and healthy, the cDNA library will be full in length.   Each library will be plated for the 
isolation of individual colonies and processed for sequencing and archiving in 96-well plates essentially, the while 
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individual clones will be submitted for plasmid isolation and sequencing at the University of Minnesota DNA 
Sequencing and Analysis Facility. 

According to Xiaoyan Tang and his research, Rather than searching for which genes are 
expressed in nectaries, the isolation of Msg (gene) is what the topic is from my second article 2.  cDNA 
libraries were needed to isolate the gene Msg, which were first RNA2.  This is exactly what will be done 
in the lab, isolating RNA to create cDNA libraries.  A cDNA library was constructed using the 
SuperscriptLambda system kit, then soybean pods was isolated by the PolyATtract mRNA isolation Kit, 
cDNA was ligated, packaged, and finally used to infect E. Coli cells2.   

Dr. Clay Carter completed research involving the same methods which consisted of the isolation 
of a gene encoding Nectarin I, which then goes on to nectaries and what they do.  This is a source that 
solely focuses on nectaries and cDNA.  The methods are similar to the methods that are performed and so 
is the isolation of the gene.  This source is helpful in getting to know how to the do the things that will 
benefit the results for future references.  

DNA isolation begins with the purifying of DNA.  First start out with multiple colonies of E. Coli 
in a Petri dish.  Each containing their own unique plasmid, inoculate a toothpick into one and place in a 
tube with other liquids in it.  After one day of waiting, you must add the detergent SDS with sodium 
hydroxide, which breaks open the cell.  Then add sodium acetate to neutralize the reaction.  After this task, 
protein precipitates as well as the unwanted genomic DNA.  After centrifuging, the supernatant was on 
top and that is what is needed.  

DNA sequencing involves biochemical methods in determining the order of nucleotide bases 
(adenine, thymine, guanine, and cytosine) in a DNA oligonucleotide (short sequences of nucleotides) 
(Hindley 1983).  One of two of the techniques to sequence is called dideoxy sequencing.  To perform this 
you must convert double stranded DNA into single stranded DNA. This can be done by denaturing the 
double stranded DNA with NaOH (Canfield 1999).  This particular reaction consists of DNA primers, a 
mixture of ddNTP, and a single strand of DNA to sequence (Canfield 1999).  When these reactions are 
completed, a polyacrylamide gel electrophoresis (PAGE) is performed (Canfield 1999).  The gel is 
transferred to a filter and autoradiography is conducted so the bands on the radioactive 5’ end will appear 
(Canfield 1999).   

The second sequence discussed is capillary gel electrophoresis.  This technique separates 
molecules as they move through a polymer network which is present as a molecular sieve. The sequence 
of DNA is made of genetic information that is held in plasmids, mitochondria, nuclei and chloroplasts 
(Hindley 1983).  Older researchers found it difficult in the lab to separate the oligonucleotides and 
displaying them as an ordered set of fragments according to their chain length (Hindley 1983).  
Homochromatography was a technique in trying to solve this problem, yet, there was a more efficient 
solution introduced entitled gel electrophoretic technique (Hindley 1983).   

Gel electrophoretic technique completely solved the issue with the separation of oligonucleotides.  
There are polyacrylamide gels that run under denaturing conditions and achieve the final separation 
(Hindley 1983).  An important obstacle in sequencing is the isolation of molecular species in a sufficient 
quantity and purity (Hindley 1983).  DNA sequencing procedures depend on radiochemical labeling to 
exhibit and relate the fractioned products, the methods sensitivity can be extremely high (Hindley 1983).  
Thus, it is necessary to employ molecular cloning methods to isolate, identify, and ultimately amplify the 
DNA fragment in question (Hindley 1983).  The soon-to-be sequenced DNA molecule and the sequence 
are deduced by the examination of autoradiographs of electrophoretic separations on polyacrylamide gels 
(Hindley 1983).  The ability to dissect DNA sequences into sequenceable sized fragments in a defined 
and specific manner, the separation and identification of these fragments and their cloning into a vector 
DNA are all techniques that are inextricably involved in the modern sequencing methods (Hindley 1983).  
After the electrophoretic gel is complete and the sequences are ready, a helpful way to identify the genes 
is to put the DNA sequences through a system entitled B.L.A.S.T.  Set up by the government, BLAST has 
no limitations in figuring out what type of gene is desired. 
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        Figure 1.5 

 
 
Place the DNA into the wells, and then place the dye in.   
There is a negative charge on where the percents are, 
Just like DNA, then the opposite side has a positive charge, 
This attracts the insert towards it if it is present. 
 
 
 
 
 
Results 
The Agarose gel electrophoresis helps researchers figure out what specific gene is being studied by the 
size of the band, shown in figure 1.5.  If the gel is healthy, there will be a streak attracted to the positively 
charged side of the picture.  After the DNA is isolated, the next step is to identify the DNA by first 
sequencing the DNA with a chromatogram (figure 1.6). Sequences will be converted to FASTA format and 
automatically trimmed of all vector sequences using Lasergene99 sequence analysis software (DNASTAR, Inc., 
Madison,WI) (Carter 2006).  The sequence was then put through a system called B.L.A.S.T.  Set up by the 
government, BLAST has no limitations in figuring out what type of gene is desired.  Sometimes, BLAST 
can be unreliable, for all it does is compare the sequence to others that have similar sequences.  All that is 
needed is the nucleotide letter sequence and BLAST will give back what is the closest related gene to 
what was entered.  This is not fully the goal, yet it is a stepping stone in the long process in trying to find 
what genes are expressed in nectaries. 

 
 
Figure 1.6-DNA Chromatogram  
 
Table 1- BLAST Search results ID Putative function of cDNAs 

Submitted Tube  Gene Expressed accession number 

500-1-1 Unknown Unkown 

500-1-2 kelch repeat-containing F-box family protein NP_191553 

500-1-3 aconitase C-terminal domain-containing protein NP_181837 
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500-1-4 xylose isomerase [Arabidopsis thaliana] CAB51938 

500-1-5 
protein kinase family protein / U-box domain-
containing protein NP_566915     

500-1-6 hypothetical protein [Vitis vinifera] CAN79984 

500-1-7 GEK1 (GEKO1) [Arabidopsis thaliana] NP_178474 

500-1-8 putative histone H2A [Arabidopsis thaliana] AAM65474  

1000-1-1 TashAT2 protein [Theileria annulata] CAB42096 

1000-1-2 
F1F0-ATPase inhibitor protein, putative 
[Arabidopsis thaliana] NP_568140 

1000-1-3 alcohol dehydrogenase [Brassica oleracea] AAF23532 

1000-1-4 TBPM2; protein binding [Arabidopsis thaliana] NP_566275 

1000-1-5 Unknown Unkown 

1000-1-6 Nitrate reductase [NADH], clone PBNBR1405 (NR) P39867  

1000-1-7 
neoxanthin cleavage enzyme nc1 [Arabidopsis 
thaliana] AAN17413 

1000-1-8 
ACX1 (ACYL-COA OXIDASE 1) [Arabidopsis 
thaliana] NP_567513 

500-2-1 Unknown Unkown 

500-2-2 
regulator of ribonuclease activity A [Haemophilus 
somnus 129PT] YP_718427  

500-2-3 
similar to serine/arginine repetitive matrix 1, 
isoform XP_001362967 

500-2-4 low-phosphate root 1 [Arabidopsis thaliana] ABG81319 

500-2-5 
Hypothetical protein CBG07415 [Caenorhabditis 
briggsae] CAE63118   

500-2-6 Unknown Unkown 

500-2-7 protein kinase, putative [Arabidopsis thaliana] AAG51266 

500-2-8 imilar to actin-related protein 2 [Equus caballus] XP_001494439 

1000-2-1 
ABC-type histidine/lysine/arginine/ornithine 
transporter, permease YP_001142441  

1000-2-2 hypothetical protein Chro.40040 XP_666077  

1000-2-3 
hypothetical protein HaurDRAFT_4646 
[Herpetosiphon aurantiacus ZP_01423400 

1000-2-4 low-phosphate root 1 [Arabidopsis thaliana] ABG81319 

1000-2-5 hypothetical protein [Monodelphis domestica] XP_001373687 

1000-2-6 
hypothetical protein DEHA0G04257g 
[Debaryomyces hansenii CBS767] XP_461704 

1000-2-7 putative reverse transcriptase [Zingiber officinale] ABK60177 
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1000-2-8 
aldose 1-epimerase subfamily protein 
[Mycobacterium smegmatis str. YP_885125 

             MC2 155]  
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