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Abstract 

Tomatoes are an important crop for many types of foods and can be easily preserved, 

making them an attractive candidate for selective genetic modification. One trait that could be 

improved upon is locule number, which can increase the practical edible mass of each tomato. 

To identify genes that may be responsible for this phenotype, we PCR-amplified, gel-imaged, 

and sequenced candidate genes in several heirloom tomato cultivars that naturally exhibit 

multiple locules. These candidate genes were selected from genes involved in the CLV-WUS 

feedback mechanism that act to control proliferation of apical meristems, which directly impact 

the characteristics of fruit. Absence of both a gel band in two cultivars and no DNA sequence 

from one of those cultivars point to mutations in SlFIN, an arabinosyltransferase involved in this 

feedback loop, as a possible source of this phenotype. These mutations are presumed to be 

large-scale deletions within this gene in two of the selected cultivars. This and future 

identification of natural variation will serve to focus future efforts to further confirm and 

describe the role that SlFIN and other genes may play in locule development during fruit 

growth. 

 

Introduction 

Increased yield of food crops will be an invaluable pursuit as global temperatures and 

populations rise in the upcoming decades. In particular, crops that contribute to a wide range of 

food products and can be preserved are desired. Tomatoes (Solanum lycopersicum) are well 

suited for this purpose, as they contribute to the bases of many food items, particularly 
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Mediterranean cuisine, and can be readily canned. Tomatoes are a model species for fleshy 

fruit development, fruits which feature an edible pericarp between the seeds and skin, had 

their genome sequence released in 2012 (Sato et al., 2012), and have been a target of genetic 

modification for the last two decades, as the first genetically modified organism released on the 

market was the FlavrSavr tomato in 1994 (Redenbaugh et al., 1994). Genetic engineering efforts 

have often gone towards increasing shelf life, firmness, and several other agronomic input 

traits. These are additive, however, to the underlying improvements made during early 

domestication of the tomato, in which indigenous Americans bred for larger tomatoes to 

improve yields while cutting down on harvest time (Lippman and Tanksley, 2001). A modern 

tomato is as much as 100 to 1000 times larger than a close wild relative, Solanum 

pimpinellifolium (Figure 1) (Lippman and Tanksley, 2001). Commensurate with this increase in 

tomato size was a change in fruit architecture, specifically an increase in the number of locules, 

or seed compartments, as these phenotypes share key genetic and morphological causes 

(Tanksley, 2009; Hernández-Bautista et al., 2015). Wild tomatoes, cherry tomatoes, and main 

commercial cultivars typically feature two, while various large and/or heirloom cultivars (those 

that breed true and are often grown on a small scale) often have upwards of five to ten locules 

(Figure 2) (Lippman and Tanksley, 2001). While locules are cavities containing filled with juice 

and seeds, new locule formation requires separation by pericarp walls and therefore somewhat 

counterintuitively increases the edible flesh of the tomato. This is analogous to a net that, when 

featuring a greater number of smaller holes divided by a finer mesh framework, is able to 

capture more and so actually has a higher practical surface area. Because increases in locule 

number correspond to larger and fleshier tomatoes, exemplified by massive cultivars called 
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“beefsteak” tomatoes in culinary terms, it would be prudent to introduce this trait into 

commercial cultivars, which are bred for industrial scale growth (Lippman and Tanksley, 2001), 

to further improve yields. This will require a greater understanding of the genetic basis of locule 

formation.  
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Fruits result from development of the fertilized ovules and gynoecium of the flower, 

which itself begins developing from the floral apical meristem (FAM) (Durbak and Tax, 2011; 

Somssich et al., 2016). This is maintained through alternating proliferation and differentiation 

of stem cells by the action of a feedback loop that involves several CLAVATA3/EMBRYO 

SURROUNDING REGION (CLE) genes and the transcription factor WUSCHEL (WUS) (Somssich et 

al., 2016). The CLAVATA3 (CLV3) peptide in Arabidopsis is expressed in the stem cells of the 

central zone (CZ) and promotes differentiation into somatic cells. It is transported out of cells 

and sensed by adjacent stem cells in the organizing center (OC) by various LRR receptor-like 

kinases, the most notable of which are CLAVATA1 (CLV1) and the CLAVATA2/CORYNE 

(CLV2/CRN) heterodimer. These induce a signaling cascade that negatively regulates WUS, 

which promotes the transcription of CLV3, causing a negative feedback loop, as well as the 

transcription of genes that maintain stem cell identity (Somssich et al., 2016). This region 

therefore promotes the production of tissue and the number and division of cells involved in 

the flower and subsequent fruit. This validates the CLV-WUS loop as a suitable pathway to 

analyze for genes that contribute to fruit architecture. This pathway has several key distinctions 

in tomato, such as a different relative histological placement of CLV3 (Somssich et al., 2016). 

Most critically for this study, research has indicated that this pathway in tomato, particularly 

CLV3, is affected by arabinosylation of key hydroxyproline residues by arabinosyltransferases. 

These genes, such as SlXEG113 and SlFIN (Xu et al., 2015), are therefore also worthwhile to 

investigate for their potential effects on locule formation.  

Fruit architecture is directly connected to the proliferation of stem cells during early 

differentiation of FAM cells, but also has endogenous components during fruit formation and 
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growth. The fruit size is largely determined by the development of the flower as a result of CLV-

WUS signaling in the meristem (Tanksley, 2009; Xiao et al., 2009; Somssich et al., 2016), 

although there is some evidence to suggest post-meristematic cell expansion, both isotropic 

and anisotropic, as contributing factors to tomato size (Musseau et al., 2017). The number of 

locules often corresponds to the number of carpels, the female reproductive organ in flowers, 

which is determined early in FAM differentiation (Figure 3) (Cong et al., 2008; Tanksley, 2009). 

Previous lab research, however, has determined that additional cell divisions in the medial 

regions of the gynoecium, the female part of the flower, lead to the development of ectopically 

formed valves in Arabidopsis fruits (Durbak and Tax, 2011). Tomato fruits, which have locule 

walls corresponding to Arabidopsis valves, have four classical stages of development, namely 

the initiation to the maturation of the flower (Figure 4), which takes two to three weeks, rapid 

cell division for another two weeks, rapid cell expansion over another week (often with mitosis 

outpacing cytokinesis and sometimes coinciding with the second stage), and ripening (Figure 5) 

(Tanksley, 2009; Xiao et al., 2009). Most growth is concluded with the third stage, as ripening is 

more biochemical than developmental (Barrero and Tanksley, 2004). The canonical basis of fruit 

structure involving meristematic activity is relegated to the first stage, while ectopic 

differentiation would take place in the second and third stages. This prior lab research thus 

broadens the scope of genes and developmental events that may be implicated in tomato 

locule development and is the inspiration of the current study in tomato. 
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As heirloom tomato cultivars breed true for certain conserved characteristics, such as 

locule number, it is our expectation that there will be detectable mutations, likely at a 

chromosomal scale, in genes implicated in this characteristic. These may differ between 

cultivars if they have acquired and maintained independent mutation events. Detection of 

mutations in a gene in one or more cultivars could therefore be indicative of a causal mutation 

for locule number, which is likewise the thinking behind early chromosomal linkage analysis and 

QTL sequencing (Huang and van der Knaap, 2011; Illa-Berenguer et al., 2015). Following this line 

of inquiry, the purpose of this present study is to inspect a sample of heirloom cultivars for 

genes of the CLV-WUS feedback loop featuring mutations detectable through gel 

electrophoresis and sequencing in order to identity a putative causal gene for additional locule 

development and thereby direct future genetic study.  
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Materials and Methods 

Tomato cultivars were obtained from Baker Creek Heirloom Seeds in Mansfield, 

Missouri, and from Burpee Seeds in Warminster, Pennsylvania. Ananas Noire (AN), Costoluto 

Florentino (CO), Costoluto Genovese (GN), Goldman’s (GD), Gezahnte (GZ), Mule Team (MT), 

and Koralik (KR) cultivars were obtained from Baker Creek Heirloom Seeds. Amana Orange (AO) 

was obtained from Burpee Seeds and Big Rainbow cultivars were obtained from Burpee Seeds 

(BR-BP) and their subsidiary, The Cook’s Garden (BR-CG). The GD, GN, GZ, CO, and KR cultivars 

were used in preliminary experiments and then the AN, AO, BR-BP, BR-CG, and MT cultivars 

were added in subsequent follow-ups. Tomato plants were grown in 4:1 soil to vermiculite and 

watered with Hoagland’s solution. Arabidopsis thaliana, Columbia ecotype, was also used as a 

reference and grown in these conditions.  

Tomato genes were found as closely related sequences in tomato compared to 

Arabidopsis thaliana gene annotations using megablast. Primers were made from these 

sequences using the NCBI Primer-Blast program and ordered through Sigma (Table 1).  

The genes analyzed in this study were tomato homologs (labeled Sl) of CLV1, CLV2, 

CLV3, CRN, WUS, XEG113, and FIN. SlCLV1 was amplified as 3 amplicons, SlCRN as 2, and 

SlWUS, SlCLV2, and SlCLV3 were all amplified as 1 amplicon. SlXEG113 was amplified as seven 

amplicons and SlFIN as three, although additional primers were added to the latter gene over 

the course of the study. Other primers were created for sequencing longer amplicons of genes 

as necessary. 
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Table 1: Sequences of Primer Pairs for each Gene in Tomato 

Gene Forward primers Reverse primers 

SlCLV1 CCACTCCATGAGGTATCTTCACT 

AGTTTTGGAGTCATGCATCTGA 

TGAATTCGGGGACGGTGTAG 

TGCTATTCTCACTCCATTCACTTAT 

AGAGTCTATTTTGCTCGGATTCT 

TCCTTGGGACGATCAATTGCG 

SlCLV2 CCCATTTCCCCTTTCCCCTT AAAAGGGCTGGTTAGTAAACAAGA 

SlCLV3 TGCACTCAACTAACACTGATCCA AGCCTAAAGCCTAAGCCCAT 

SlCRN TGGAGGTGAACTGTTGCGTT 

TGGTCACATTGTCGTCCTTG 

ACAGGTCAATCAATCCTGGCA 

CAGTCAACATGATTGCATCAACAA 

SlWUS ACACAACATAGAAGATGGTGGT TCACGTGATACGATTTGATTAGGA 

SlXEG113 TCACCCCATTCCAATCTCGC 

TGCCTTCAATTTACCTTCTGTCAAC 

TGCTGTTAAGTTGTTGACTGCATA 

TTCTCCTGAGCACATCATGGTT 

TCGGAAATATATCCTGCTTCGT 

ACTTCAACTGTGCTTTGTGCTT 

CGTAATTCTCTCCCTCTCATTCT 

TCCGGACCGAAGGGTATACTG 

AGTTTCCGAAAGACGGGTTAGT 

CTTGGAACAAACCCTACCTCCT 

GAAAAATGTGAATGCTGAGCCAC 

TCGGCTATCGCATAAAACAGT 

AGAATGAGAGGGAGAGAATTACGG 

GCATTTTCTTAACCCTTTTCCATTT 

 

SlFIN ACAAATTAGCATCCACTAAATCACT 

CATGGGGAGCCTCGATTAGT 

CCAAACAGACTCGTGGTCCT 

ATAGAGTGCACGCAGACCTT 

TGGCCACATGAAGAAAAGGAAG 

CTATTGACCATGCGCTGTGC 

SlFIN Sequencing TCGGTTGTTGCTTGTAGTTGATG AAATGACCGGCGTTTGTTAGC 

SlFIN 5kb Upstream AGTAGCTGGTGGTGATGATAATG TCAAATTGGAGTGTTTTGGTTACT 

SlFIN 5kb 

Downstream 

ACACCAAGGACATGCATGAGA CATGCCGAGTATGGGTCTCC 
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Forward and reverse primer pairs lie across from one another, and all primers are listed 5’ to 3’. 

 

DNA extraction was performed using 8% DTAB to lyse cells, chloroform to separate 

other organic components, isopropanol to precipitate DNA, and 70% ethanol to rinse the pellet. 

Extracted DNA was suspended in TE buffer. DNA was sourced from a single leaf per vial for 

general purposes.  

The PCR amplification was carried out in MJ Research PTC-100 and -200 model gradient 

cyclers. The mTAQ polymerase used was obtained from Stratagene. Each PCR regime was 

designed according to the amplicon length and primer characteristics given by NCBI Primer-

Blast.  

PCR products were visualized on 1% agarose gel using Fermentas loading dye and run at 

120 volts for one hour. The band sizes were compared to Thermo Scientific GeneRuler 1kb Plus 

DNA ladder. Ethidium bromide was used to visualize the PCR products under UV light in a 

BioRad Gel Doc 2000. 

Restriction digests were performed using the enzymes, buffers, and recommended 

protocols provided by either Fermentas or New England Biosciences. Restriction cut sites were 

found using Webcutter. 

Sequencing was done on PCR amplification products of target genes through Applied 

Biosystems 3730 DNA Analyzers at the UA Genetics Core. Primers were diluted to 2.5 µM and 5 

µL of each were added to 8 µL of template DNA in each reaction. The GD, GN, GZ, CO, and KR 

cultivars were sequenced. The PCR product was isolated from remaining dNTPs and primers 
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through ThermoFisher HT ExoSAP-IT reagent. Results were viewed through SnapGene Viewer. 

Most sequences had 2X coverage, and a few regions had 3X or 4X coverage. Sequences were 

compared to the reference sequence of Solanum lycopersicum cultivar I-3 with accession 

number CP023758.1 on GenBank.  

 

Results 

The SlCLV3 gene PCR product appeared on the gel as a consistent band of 0.8 kilobases 

across GD, GN, GZ, CO, and KR cultivars (Figure 6). Over two separate gel electrophoresis runs, 

the SlCLV2 product appeared at 2.4 kb in all five of these cultivars as well (Figure 7). One gel 

appeared to indicate that size of the SlWUS PCR product varied between cultivars, potentially 

from 1.3 to 1.6 kb (Figure 8). Restriction digests of SlWUS with NdeI and BgiII did not reveal 

differentially sized fragments. 
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Exons 1 and 3 of SlCLV1 appeared on the gel as bands at 1.2 kb and 0.9 bases, 

respectively, across all cultivars (Figure 9). Exon 2 of SlCLV1 was present at a consistent size of 

2.5 kb for cultivars GD, GN, GZ, and CO, but a band was faint or not visible for KR (Figure 9). 

Exon 1 of SlCRN showed a band for all cultivars, but slightly weaker for GZ, that generally 

appeared at 0.9 kb (Figure 10a). There appeared to be a small increase in size of the GN and GZ 

bands, perhaps to about 0.95 kb. Exon 2 was very weak for GZ and KR but appeared at slightly 

more than 1 kb consistently (Figure 10b). SlXEG113 showed a band of exon 1 at 0.950 kb for all 

five cultivars, exon 2 at 1 kb for all cultivars but GN, exon 3 at 0.4 kb for all, exons 4, 5, and 6 at 

0.9 kb for all, and exon 7 at 0.7 kb for all (Figure 1).
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SlFIN notably lacked a band for GN across all 3 amplicons within the gene, although 

others were present at 0.8 kb for the first amplicon, 1.6 kb for the second amplicon, and 0.6 kb 

for the third amplicon (Figure 12). The second amplicon could also be amplified as an amplicon 

of 1 kb and an amplicon of 0.8 kb, and these did not appear in GN either. When retested in 

additional cultivars, the SlFIN gene products were also not amplified in the BR-BP cultivar 

(Figure 12). All original cultivars showed a band for an amplicon approximately five kb 

downstream of the gene (Figure 13). All the added cultivars still showed the same band 5 kb 

downstream (Figure 13), and all new cultivars except BR-BP and GN clearly showed an amplicon 

5 kb upstream (Figure 14). The cumulative pattern of band appearance for each cultivar in SlFIN 

shows likely large gaps in BR-BP and GN (Table 2). 
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Table 2: Possible Deletions in SlFIN of Different Cultivars Inferred Through Gel Electrophoresis 

 Amplified regions of FIN  

Cultivars 
5kb 

upstream 
1 2 (First half) 2 (second half) 3 

5kb 

downstream 

AO + + + + + + 

AN + + ? + + + 

BR-BP - - ? - - + 

BR-CG + - + + + + 

CO + + + + + + 

GD  + + + + + 

GN ? + - - - + 
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GZ  + + + + + 

KR + ? - + ? ? 

MT + + ? ? + + 

(+): Present                      (-): Absent                            (?): Weakly present if at all      ( ) no data 

 

Sequences of SlCRN in the five original cultivars showed no mutations that had 2X 

coverage or more, i.e. the same mutation appearing on more than one read, and were far 

enough from the read ends to be reliable. This was the same for SlCLV1 and SlWUS. SlCLV2 

showed one 2X coverage mutation in GN, but the base pair was near the end of both sequences 

and did not appear on the third read on that position, so it was labeled a sequencing error and 

was not considered for further analysis (Figure 15). The other sequences of SlCLV2 did not show 

any such mutations. SlXEG113 also did not show any mutations with 2X coverage in any of its 

seven exons. SlFIN had a similar lack of reliable mutations for four of the cultivars and did not 

produce any sequence for the GN cultivar. Only the original five cultivars were sequenced, not 

any of the ones selected for further study (AO, AN, BR-BP, BR-CG, MT).  
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Discussion 

Early gel results implicated SlWUS as a gene that could lead to the multilocular 

phenotype of these heirloom cultivars.  The different sizes of the fragments from different 

cultivars could be due to insertion events causing a larger band in KR and CO cultivars or 

deletion events causing smaller bands in GD, GN, and GZ cultivars (see Figure 8). The latter 

scenario is perhaps easier to rationalize, as Koralik is a cherry tomato cultivar with only two 

locules and the other heirloom tomatoes would be expected to have mutations leading to the 

mutant multilocular phenotype. SlWUS has, in fact, been tentatively ascribed to the locule 

number (lc) locus of tomatoes mapped to chromosome 2, which is assigned a major causative 

role in locule formation (Li et al., 2017), and some presumed regulatory SNPs in the area linked 

to a multilocular phenotype have been identified (Muños et al., 2011). It is therefore an 

attractive choice to assign control of locule development to. However, subsequent sequencing 

in this study did not show any significant indels in the gene when mapped against the tomato 

reference genome. While this does not bar a regulatory change in the region surrounding 

SlWUS from contributing to locule number, that would be outside the scope of this study. 

Restriction digest of the gene using BghIII also failed to demonstrate different fragment sizes 

that would correspond to the loss of a section of DNA and would have helped locate the 

deletion. The observed difference in amplicon size in the gel was thereafter assumed to be an 

artifact of the gel migration, which may be due in part to or visualized by the slanted lanes of 

the gel, or perhaps a difference in the concentration loaded as a product of the amplification. 



20 
 

Many of the other investigated genes, including SlCLV 1-3, SlCRN, and SlXEG113, in this 

study failed to show detectable mutations at either a chromosomal level through gel 

electrophoresis or at a base level through sequencing. Some gel bands of these genes looked to 

have slight changes in size, like exon 1 of SlCRN for instance, or did not appear in some strains, 

but like SlWUS these were not corroborated by sequence information and were not considered 

in further analysis. The results suggested that these genes are not implicated in natural locule 

development in heirloom cultivars. They are all still very relevant in overall fruit development 

and size, however, and merit continued study in tomato as well as Arabidopsis.  

The Koralik cultivar was introduced to the study as a sort of presumed positive control, a 

cultivar that would be unlikely to have major mutations given the similarity of a cherry tomato 

to a wild tomato. Surprisingly, however, KR often diverged from the heirloom cultivars, with gel 

bands that were often weaker or not visible. No corresponding anomalies in the sequences 

were detected, however, so this difficulty is likely due to a procedural rather than inherent 

reason. It is possible that Koralik is more difficult to derive DNA from and therefore less DNA is 

available to amplify in the first place. It would be prudent to analyze the purity and 

concentration of Koralik DNA through Nanodrop and spectroscopy. Arabidopsis thaliana was 

also utilized as a positive control or reference of sorts, and often appeared just as strongly as 

the tomato bands or not at all. This is perhaps due to species sequence differences in the 

regions chosen as primers. BR-BP and BR-CG also displayed very different gel results for SlFIN 

despite being labeled as the same cultivar. It may be that they have different founder 

genotypes that lead to essentially indistinguishable, given that this is likely what has happened 

among the wide variety of multilocular tomato cultivars. Genome sequencing was not 
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performed on the BR cultivars, so it is unknown whether BR-CG expresses a mutation 

functionally equivalent to a deletion, such as a frameshift or nonsense mutation. It may also be 

possible that BR-BP has difficulties with amplification, although amplification for SlXEG113 was 

robust and consistent across the gene for both BR-BP and KR. In order to increase the certainty 

that there are no cultivar-specific amplification issues, it would be prudent to repeat genes and 

cultivars that were not represented with gel electrophoresis with redesigned primers 

possessing more stable characteristics like high %GC and guanosine or cytosine terminal 

residues, as well as changing PCR regimes like lowering melting temperatures or increasing run 

time (in the event of any large insertions preventing the product from completing within the 

elongation step) 

Continued study redirected focus to the SlFIN gene as the possible causative factor in 

locule formation. While in many of the studied cultivars there were no detectable mutations at 

either a sequence or chromosomal level, there were stark changes in the GN cultivar. Noticing 

this, SlFIN was selected for further study with other cultivars, and in those the same behavior 

was found for the BR-BP cultivar. These cultivars produced few or no amplicons within the SlFIN 

gene, suggesting large deletions in that region. This was corroborated by the lack of a sequence 

obtained from SlFIN in the GN cultivar, as the sites of primer binding may be deleted. The scale 

of potential deletion is suggested in Table 2, and a map of the gene on the chromosome reveals 

that the deletion in BR-BP could have removed as many as 25 kilobases (Figure 16). A prudent 

next step would be to sequence SlFIN in the added cultivars and determine whether it can be 

amplified in BR-BP. It would also be worthwhile to screen nearby regions upstream and 

downstream for possible regulatory mutations in the other strains. The family that FIN is in, 
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HPAT genes, in Arabidopsis are arabinosyltransferases that add arabinosyl residues to 

hydroxyproline residues, and in the case of SlFIN this is generally done to SlCLV3, which 

introduces conformational changes important for function (Xu et al., 2015). This lends it an 

important role in meristem, and therefore fruit, development that can provide credence to the 

presumed function as a locule number regulator. SlFIN is located approximately 6000 kb 

upstream from one end of chromosome 11, which is near the fasciated (fas) locus, named after 

the grooved appearance that many multilocular tomatoes display, that is also genetically 

implicated with locule number (Lippman and Tanksley, 2001; Huang and van der Knaap, 2011). 

This has been generally ascribed to the YABBY transcription factor, which is involved in leaf 

development, (Cong et al., 2008; Huang and van der Knaap, 2011), but the placement is curious 

and warrants further refinement and investigation. It is possible there is an epistatic 

relationship between the loci given their involvement in the same pathways, and perhaps even 

with SlWUS for the same reason (Xu et al., 2015; Somssich et al., 2016).  
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Next Steps 

The immediate next step in this continued study is to perform a southern blot on the 

SlFIN region in several of the cultivars in order to bypass any potential difficulties with 

amplification, such as what may be causing problems with KR or BR-BP bands appearing weakly 

or inconsistently, and directly analyze the DNA rather than amplicons, which may be why the 

GN SlFIN amplicon (if there was one) could not be sequenced. The DNA isolation procedure is 

currently being optimized to obtain high concentrations of DNA from flash-frozen large samples 

of tissue that are suitable for southern blots. It is suspected that a more robust surfactant than 

DTAB may be necessary to open cells from the stems of tomato, which are notably harder than 

in Arabidopsis. Lack of hybridization in the BR-BP and GN cultivars would further corroborate a 

large deletion in the SlFIN gene.  

To analyze if the increase in locule number is polygenic or can be attributed to a single 

locus, it may be interesting to perform complementation tests on the cultivars by crossing them 

and analyzing the fruit of the resulting progeny. Persistence of a multilocular phenotype may 

suggest both cultivars have mutations affecting the same gene or else dominant or 

semidominant mutations (which are suggested in some studies to be the case with quantitative 

small size alleles over large alleles (Lippman and Tanksley, 2001)), while reverting to bilocular 

fruit would suggest the cultivars have different genes leading to similar phenotypes. I suspect, 

however, that the genetics of the different cultivars, which are diverged by many generations, 

would be too complicated to fully address in this way. In that case, it may be wise to perform 

QTL-seq in order to find a rough estimate of the number of genes with polymorphisms that may 

be involved in these particular cultivars, which has been done several times in the literature 
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(Lippman and Tanksley, 2001; Van Der Knaap and Tanksley, 2003; Muños et al., 2011; 

Hernández-Bautista et al., 2015; Illa-Berenguer et al., 2015) 

It was the intent of this study to analyze in tandem the morphological component of 

increased locule formation, and that would be an excellent addition to this research. As the 

creation of pericarp walls requires increased cell division, this can be detected through an EdU 

assay that fluorescently labels cells in S-phase, necessary for and heralding cell division, and 

uses microscopy and flow cytometry rather than radioactivity (Kotogány et al., 2010). This 

fluorescent pattern could be compared to the pattern of gene expression by making 

transcriptional reporter fusions of the suspect gene and those that it regulates, as these should 

ideally overlap in the dividing pericarp cells that are poised to form walls between locules. The 

transcriptional fusion should also reveal at what stages of fruit development the putative causal 

gene is more actively expressed, which may reveal whether it acts predominately in 

meristematic or ectopic growth. According to past lab research done in the lab on the floral 

meristem of Arabidopsis, extra locules that exceed the amount corresponding to the number of 

carpels form ectopically during gynoecium development (Durbak and Tax, 2011) rather than 

during FAM differentiation (Somssich et al., 2016). It could then be expected that the involved 

gene or its targets would be transcriptionally altered in these medial cells during the second 

and third stages of fruit development and that they should also be seen rapidly dividing through 

EdU assay.  

Once a candidate gene is selected based on these screens, the logical next step would 

be traditional genetic methods such as gene knockout and recovery. The target gene can be 

knocked out of a bilocular tomato, either a cherry tomato or one of the main commercial 
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cultivars, to see if it develops multiple locules. It would be especially significant to locally alter 

the target gene through locally expressed RNAi or Cre-lox recombination to see if the plant 

would develop its normal fruit along with fruit modified to have multiple locules. Once a total 

knockout is obtained, an insertion of the wild type copy of the gene should be inserted to see if 

the bilocular phenotype is recovered. This would be more robust genetic evidence of the role of 

the gene in the phenotype, rather than analysis of natural variation as was the focus of this 

study.  

If further study in this direction confirms a responsible mutant gene for increased locule 

development, this can help direct future efforts to analyze and mutate the gene in order to 

connect it to the phenotype and provide an opportunity for commercial genetic engineering. 

Knockout mutants of the gene could be crossed with standard commercial cultivars for several 

generations and marketed. The most heavily used varieties have selected for uniform red 

ripening color to be more consistently appealing to consumers and firmness so that tomatoes 

can be easily harvested by machine (Tanksley, 2009). A previous study that crossed a beefsteak 

cultivar with a wild tomato found that those crosses tended towards smaller progeny tomatoes 

with relatively few locules under a normal distribution (Lippman and Tanksley, 2001), so several 

rounds of backcrossing and firm knowledge of the underlying genetics will be necessary for 

preserving the best traits of both parents. The carefully planned addition of more locules to 

these traits, especially in so-called “processing” tomatoes used for pastes, would increase the 

edible yield in these fruits while retaining the ease of harvesting. This is desirable for procuring 

more food in a world for which population and temperatures will be increasing in the 

foreseeable future.  
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