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Characterizing background-dependent effects of zfl1;zfl2 double mutants in maize 

development 

 

Emma L. Pakulniewicz 

 

Department of Biology, East Carolina University, Greenville N.C. 27858-4353, U.S.A. 

 

ABSTRACT - Reproduction in flowering plants is reliant on the correct function of 

the genes that regulate meristems, which are stem cell populations that give rise to specific 

tissues. Maize is a monoecious grass species that develops two inflorescences: the tassel, 

producing male flowers, and the ear, producing female flowers. In early development, tassel 

and ear primordia follow similar growth patterns that rely on shared regulators, but their 

meristems differentiate into their respective floral organs based on transcription factors 

(Thompson, 2014). Redundant genes zfl1 and zfl2 are upstream regulators of floral organ 

identity genes, and individuals with transposon insertion mutations in both zfls have defective 

floral meristems and severely altered phenotypes (Bomblies et al., 2003). However, these 

genes have only been studied in one inbred line (W22). Due to the highly diverse genetic 

background of maize, there is an abundance of family lines, each possessing a variable 

genetic makeup that manifests in a distinct presentation of mutations. The Thompson Lab has 

introgressed zfl1 and zfl2 mutations into the A619 background and has observed some 

enhanced phenotypic effects. We are characterizing the double mutant zfl1;zfl2 phenotype of 

maize with an A619 background by rearing individuals with varying numbers of mutated zfl 

alleles in a greenhouse, extracting DNA from their leaf tissues, identifying presence of zfl 

mutations through PCR and gel electrophoresis, and imaging early tassels and ears with 

scanning electron microscopy. In our investigation we have observed that zfl gene mutations 
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have a dosage effect of severity, causing non-double mutants to exhibit mild floral defects. 

Evidence shows that zfl1;zfl2 double mutants demonstrate derepressed bracts, indeterminate  

floral meristems, and reduced tassel branching. These SEM micrographs have provided 

modern imagery of maize with zfl mutant defects and may aid in establishing the functions of 

zfl1 and zfl2, increasing understanding of maize development, and exploring the function of 

zfl homologs in other cereal crops. 
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Introduction 

Floral development 

Flowers contain the structures that allow angiosperms to reproduce. Most flowers 

contain the same four floral organs: sepals, petals, stamens, and carpels. Stamens, which 

produce pollen, and carpels, which contain the ovules, are of particular reproductive 

importance. For flowers to be functional, floral organs like stamens and carpels must develop 

in the right place at the right time. The development of floral organs has been most 

extensively studied in Arabidopsis thaliana, a species with small white flowers. While some 

gene functions are conserved across plant species, maize and Arabadopsis are relatively 

distant in evolutionary time. More genetic changes have occurred since their shared common 

ancestors than say, Arabidopsis and another dicotyledonous flower, or maize and another 

monocotyledonous grass. Because of this, what is understood about floral development in 

Arabidopsis may not always be applicable in maize. Research specific to maize is valuable in 

closing this research gap and is especially valuable in agricultural contexts.  

Maize bears its flowers on two separate inflorescences: the tassel, containing the male 

flowers, and the ear, containing the female flowers (Cheng et al., 1983) (Fig. 1B, 1C). Flower 

sex determination occurs through abortion of carpels on tassels and arresting of stamens on 

ears (Cheng et al., 1983). Despite contrasting appearances in maturity (Fig. 1B, 1C), the 

inflorescences are strikingly similar during early development, differing only in the branches 

initiated at the base of tassels at this stage of development (Fig. 1D, 1E). The production of 

inflorescences and their associated flowers is controlled by meristems, populations of plant 

stem cells necessary for development. These inflorescences begin as the shoot apical 

meristem (SAM) transitions into the inflorescence meristem (IM) in tassels and as vegetative 
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axillary meristems transition into the IM in ears. The IM gives rise to ordered rows of SPMs 

that then initiate two spikelet meristems (SM) each, which will in turn develop the upper and 

lower floral meristems (FM) (Thompson, 2014). This study focuses on FMs, specifically 

their initiation and differentiation into floral organs. Unlike other meristem types, FMs are 

determinate and terminate their stem cells in production of floral organs (Chuck et al., 2008). 

Organogenesis and timing of FM termination are controlled by strict gene regulation, without 

which the reproductive success of maize flowers may become compromised. 

 

Figure 1. Maize inflorescences at maturity and as primordia. Adapted from Thompson, 2015. 

 

(A) Mature maize plant. (B) Tassel at maturity. (C) Ear at maturity. (D) Tassel primordia. 

(E) Ear primordia. 
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Mutants as a tool to study genes 

Floral development is dependent on the activity of many genes. To understand the 

genetic regulation of maize floral development, we study mutants that perturb floral 

development. By observing the flowers of individuals with mutations in genes that regulate 

floral development, we can determine the function a gene of interest has in the 

developmental process. For example, mutations in MADS box transcription factor bearded-

ear (bde) cause tassel spikelets to contain extra florets that produce excess organs and silks; 

the same occurs in ear spikelets, but with even greater excess silk production (Thompson et 

al., 2009). The phenotype of the bde mutants indicated that the normal function of bde is 

involved in LFM identity and specifying floral organ number (Thompson et al., 2009). 

In this study, we took advantage of mutant lines that contain transposon insertions in 

zfl1 and zfl2 to further elucidate their functions in maize development. In zfl1, we used the 

transposon insertion that occur at the end the second exon (referred to as zfl-mum1); in zfl2, 

the insertion we used is at the end of the first exon (referred to as zfl2-mum1). Individuals 

with both zfl1-mum1 and zfl2-mum2 alleles show no hybridization signal in northern blot 

analysis, indicating that the mutant alleles are null and will lead to loss of function in the 

genes (Bomblies et al., 2003).  

LFY and the zfls are homologous 

Though not closely related, maize and Arabidopsis still have conserved gene content 

(Vandepoele et al., 2002). For example, the LEAFY (LFY) gene in Arabidopsis is a pioneer 

transcription factor in specification of floral fate (Yamaguchi, 2021). LFY is crucial in 

regulating the ABC genes of Arabidopsis. The ABC model describes the cooperative 

interactions and independent activity of three classes of genes in floral organ development 
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(Bowman & Moyroud, 2024), and their expression is controlled by transcription factors 

(Yamaguchi, 2021). zfl1 and zfl2 have not been connected to the ABC model in maize, but 

are thought to play a similar role in the expression of floral organ development. 

A previous report identified zfl1 and zfl2 as redundant homologs of LFY in 

Arabidopsis and observed evidence of a conserved function in meristem identity (Bomblies 

et al., 2003). zfl1;zfl2 double mutants (referred to as zfl mutants hereafter) showed signs of 

FM determinacy loss and organ identity defects, such as production of excess 

undifferentiated organ structures in female florets (Bomblies et al., 2003). This 

characterization occurred in 2003, and imagery of zfl mutants has not been updated since. It 

primarily examined late-stage defects in the plants; FM defects were reported in early stages, 

but not defects in any earlier steps of inflorescence development (such as SPM and SM). 

Additionally, the zfl mutants were characterized in the W22 inbred line and have not been 

studied in alternative backgrounds. This study aims to advance our limited knowledge of the 

zfls by taking modern micrographs of zfl mutants, observing early development stages of zfl 

mutants, and doing so in inbred line A619 instead of W22. 

Genetic backgrounds & background-dependent effects 

Maize is an incredibly genetically diverse organism (Hufford et al., 2021). It has 

thousands of inbred lines, these lines have an average difference in nucleotides between each 

other similar to the average difference between human and chimpanzee genomes (Buckler et 

al., 2009). Most genetic backgrounds have distinct gene expression and mutant phenotypes, 

so mutants in different backgrounds may present defects that others do not present. This can 

lead to discovery of novel gene functions. For example, the knotted1 (kn1) loss of function 

mutant was characterized in the B73, Mo17, W22, and W23 inbred backgrounds. In 
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permissive backgrounds like B73, kn1 mutants show normal vegetative development and 

minor floral defects; however, in non-permissive backgrounds like W22, kn1 mutants cannot 

maintain their shoot apical meristems and their growth arrested as seedlings (Vollbrecht et 

al., 2000). Had kn1 only been studied in permissive backgrounds, the gene’s full involvement 

in meristem maintenance may not have been uncovered. To fully understand the function and 

effects of the zfl genes, it is necessary to introgress these mutations into alternate genetic 

backgrounds and analyze the phenotypes. Preliminary data collected by the Thompson Lab 

has indicated that zfl mutants exhibit enhanced phenotypic effects in the A619 background, 

which can give greater insight into the role of zfl genes in floral development. 

It is also important for the zfl mutants to be studied in A619 so that they can continue 

to be investigated alongside other floral mutants, which are also in the A619 genetic 

background. A common background will also allow us to study interactions between the zfl 

genes and other key transcriptional regulators of floral development genes, such as bde and 

zea-agamous1 (zag1). Numerous studies have discovered that floral development genes have 

novel interactions by observing individuals with multiple mutant genes, something that is 

made possible by a shared background. For instance, common backgrounds allowed for the 

discovery of the collaborative functions of bde and zag1 on FM determinacy (Thompson et 

al., 2009) and of the synergistic interactions between indeterminate floral apex1 (ifa1) and 

zag1 on regulating FM determinacy (Laudencia-Chingcuanco & Hake, 2002). Given that the 

zfls have also been linked to FM determinacy, future research should examine zfl mutants in 

combination with other gene mutants to establish zfl gene interactions in floral development. 
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Methods 

Plant growth and genotyping 

Prior to the initiation of this project, zfl1-mum1 and zfl2-mum1 were introgressed a 

minimum of three times in the A619 inbred background. Because zfl mutants are sterile, we 

analyze progeny from segregating populations. In these studies, I analyzed progeny from the 

following lines (Table 1).  

Table 1. Seed lines used in this study and expected frequency of select genotypes  

Line Parental 

Genotype 

Expected 

frequency of 

zfl1/+; zfl2/+ 

Expected 

frequency 

of zfl1/zfl1; 

zfl2/+ 

Expected 

frequency 

of zfl1/+; 

zfl2/zfl2 

Expected 

frequency of 

zfl1/zfl1; 

zfl2/zfl2 

4838-1@ zfl1/+ ; zfl2/+ 25% 12.5% 12.5% 6.25% 

5381-6@ zfl1/+ ; 

zfl2/zfl2 

0% 0% 50% 25% 

5384-7@ zfl1/zfl1; 

zfl2/+ 

0% 50% 0% 25% 

 

Plants were grown in the ECU greenhouse attached to the Howell building. The seeds 

were started in 1-pint pots with Fafard ® 3B soil. When the plants were one week old, they 

were labelled with industrial permanent marker and about two square centimeters of leaf 

tissue was collected from each plant. At two-weeks old, the maize plants were transplanted in 

pairs into 5-gallon pots, which were filled with a 1-1, thoroughly mixed and water-saturated 

combination of Fafard ® 3B soil and Turface ® calcined clay. The pots were attached to an 

automatic irrigation system that distributes a continuous trickle of fertilizer water, and 

preventative pesticides were applied by greenhouse staff approximately once a week. Growth 
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lamps were on above the plants on a cycle of sixteen hours on and 8 hours off. These 

conditions were maintained throughout the lifespan of the plants, which ranged from four 

weeks to eight weeks. Alongside the 4838-1@, 5381-6@, and 5384-7@ maize, wild-type 

A619 maize were grown as my controls. 

DNA was extracted from the leaf tissues sampled from the greenhouse plants. Then, 

the DNA preps were processed in four polymerase chain reactions (PCR): a wildtype 

reaction and a mutant reaction for each zfl gene. To identify wildtype zfl alleles, gene-specific 

forward and reverse primers that flank the transposon insertion were used in a PCR reaction. 

Because the primers cannot amplify across the transposon, a product is only generated from 

the WT allele. Wildtype zfl1 alleles were identified with forward primer zfl1-R5 (5’ 

AGAAGGTACGGCGTATAGGAGTAT  3’) and reverse primer zfl1-R6 (5’ 

AGTTTAGCTCGGGTCACATCAAG 3’), and wildtype zfl2 alleles were identified with 

forward primer zfl2-mu1 (5 'GGATCTCGGAGCTCGGGTTCAC 3') and reverse primer 

zfl2-muR2 (5’ GCACTGCCAGTTGCGATATG 3’). Gene-specific primers cannot amplify 

across the transposon insertion mutations, so a primer called TUSC (5' 

AGAGAAGCCAACGCCAWCGCCTCYATTTCGTC 3') was used to anneal to the 

transposons and allow for detection mutant gene copies. TUSC was used in combination with 

zfl1-mu1 (5' TGTGTGTTTTGCCTCTGCGAGCAATGTG 3') for the zfl1 mutant reaction 

and with zfl2-muR2 for the zfl1 mutant reaction. Similar to how gene-specific primers can’t 

amplify across the transposon, the TUSC primer will not amplify a normal gene (Fig. 2). 

Both normal and mutant zfl1 reactions were run on the Mu-2step-long PCR procedure and 

both normal and mutant zfl2 reactions were run on the Mu-2step long PCR procedure (Table 

2). 
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Figure 2. PCR diagram.  

The lines represent a zfl gene, and positive PCR reaction result is indicated with the check 

mark. Wt illustrates how the zfl specific primers (visualized with the F and R arrows) anneal 

to normal zfl genes. Similarly, mutant illustrates how the transposon insertion mutation in zfl 

mutants (visualized with the blue inverted triangles) can only be amplified with TUSC 

primer. 

 

Table 2. PCR Procedures for Mu-2step (zfl2 reactions) and Mu-2step-long (zfl1 reactions). 

Mu-2step Mu-2step-long 

1. 94˚ C                   2 min  

2. 94˚ C                   30 sec 

3. 62˚ C                   30 sec 

4. 72˚ C                   1 min 

9 cycles of steps 2-4 

5. 94˚ C                   30 sec 

6. 56˚ C                   30 sec 

7. 72˚ C                   45 sec 

27 cycles of steps 5-7 

8. 72˚ C                   7 min 

9. Pause at 12˚ C 

1. 94˚ C                   1 min  

2. 94˚ C                   25 sec 

3. 62˚ C                   30 sec 

4. 72˚ C                   1 min 30 sec 

9 cycles of steps 2-4 

5. 94˚ C                   25 sec 

6. 56˚ C                   30 sec 

7. 72˚ C                   1 min 

27 cycles of steps 5-7 

8. 72˚ C                   5 min 

9. Pause at 12˚ C 

 

After running the PCR reactions in the thermal cycler, a 1.5% agarose gel box was 

made with ethidium bromide and enough wells for my PCR samples. The gel box was placed 

into the buffer tank, filled with 1X SB buffer, and 12 ul of sample was pipetted into the 

individual wells. DNA from two known wildtype individuals, DNA from a known zfl1 

mutant homozygous; zfl2 mutant heterozygous individual, and DNA from a known zfl1 

mutant heterozygous; zfl2 mutant homozygous individual were used. To determine band 

fragment size, 6 ul of 100 base pair DNA ladder was pipetted into the first well as a 

mutant wt 

PCR Product 

PCR Product 

mutant wt 

PCR Product 

PCR Product 
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reference. The gels ran for about 30 minutes at 120 volts and were visualized under a gel 

imager, which revealed the positive bands of DNA through the ethidium bromide staining. 

The presence or absence of a band was then analyzed for each reaction and each individual to 

determine the full zfl genotypes of the plants (Table 3). 

Table 3. DNA size for each PCR reaction. 

Reaction: zfl1-F5 + 

zfl1-R6 

zfl1-mu1 + 

TUSC 

zfl2-mu1 + 

zfl2-muR2 

zfl2-muR2 + 

TUSC 

DNA size 

(bp): 

~934 ~700-800 ~400 ~300 

 

Scanning electron microscopy 

 Tassel primordia are ready for observation when the maize plant is 4-5 weeks old, 

when FMs begin developing floral organs. For ear primordia, it takes 7-8 weeks to reach this 

stage. Once the plants reached the target age for the inflorescence intended to study, they 

were cut down by its base and placed it in a large plastic beaker with about two inches of 

water. This kept the plants from dying and desiccating before imaging. Once the plant stalks 

were transported to the scanning electron microscope (SEM), the inflorescence(s) were 

dissected out. When dissecting for ears, both first and second ear primordial were considered 

for study. The inflorescences were directly mounted for image on SEM stubs with sticky 

carbon tabs and black nail polish. They were imaged under low-vacuum conditions on an FEI 

Quanta 200 Mark 1 scanning electron microscope at an accelerating voltage of 15 kV. The 

resulting high-definition micrographs were then analyzed for patterns of defective 

development across genotypes. This analysis aimed to connect mutant genotypes to 

developmental defects, revealing the normal function of zfl genes. 
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Results 

zfl1; zfl2 double mutants have overlapping defects in the A619 and w22 inbred 

backgrounds.  

zfl1;zfl2 double mutant ears have indeterminate floral meristems 

FMs are determinate meristems and the stem cells are consumed in the process of 

organogenesis. In normal ears, the FM terminates when the meristematic cells differentiate 

into three carpel primordia (Fig. 3A) (Li et al., 2016). The initial characterization of zfl 

mutants showed that ear floral meristems are indeterminate and produce extra carpels 

(Bomblies et al., 2003). I also examined FM determinacy in zfl mutant ears in the A619 

genetic background and observed similar defects to those reported previously. The FMs on 

zfl mutant ears persisted after the production of three carpels, then continued to give rise to 

carpel structures (Fig. 3B). At maturity, all FMs on zfl mutant ears exhibit this indeterminacy, 

rendering the florets sterile. Other meristems appear to lose determinacy as well, but not with 

100% penetrance of phenotype as the FMs do (Fig. 3D). These defects support that the zfls 

have a role in regulating floral meristem determinacy in maize ears.  
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Figure 3. FM indeterminacy on ears. 

(A, C, and E) Ear FMs on partially-dosed mutants exhibiting normal development at same 

stages as mutant counterparts. (B) Full zfl1;zfl2 double mutant ear FMs exhibiting 

indeterminacy. (D) zfl mutant ear SM initiating extra FM. (F) zfl mutant ear aberrant FMs. 
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In W22, FMs on zfl mutant tassels are also indeterminate, usually failing to produce 

normal stamens and lodicules and initiating extra palea and lemma-like structures (Bomblies 

et al., 2003). The lack of functional stamens on the tassels causes sterility as well, impacting 

the florets’ ability to produce and shed pollen (Bomblies et al., 2003). My study of zfl mutant 

tassels in A619 did not investigate late-stage tassel florets, and instead focused on early-stage 

meristem effects and tassel branching. Because of this, there is insufficient data to confirm 

the developmental behavior of zfl mutant tassel FMs in A619. Observation of late-stage tassel 

florets of zfl mutants in A619 will be necessary in the future and will reveal if tassel FMs in 

this genetic background exhibit indeterminacy. 

Tassels are unbranched in zfl mutants 

In addition to FM determinacy defects, a dramatic defect in tassel branching was 

reported (Bomblies et al., 2003). Typically, a tassel forms about 4-10 long branches from the 

bottom of the inflorescence (Fig. 4A). However, the previous characterization reported that 

the zfl mutants grew only 0.64 ± 0.9 branches per tassel (Bomblies et al., 2003). We also 

observed severe tassel branching defects in the A619 genetic background and our preliminary 

data suggests that the branching defect is more severe than in A619. While it has not been 

carefully quantified, most zfl [A619] double mutant tassels are completely unbranched (Fig. 

4B); we occasionally observe a single branch (Fig. 4C). We conclude that the zfl genes are 

important regulators in production of tassel branches. 
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Figure 4. Tassel branching effects. 

(A) A tassel with normal branching. (B) A zfl mutant tassel with the severe branchless 

phenotype. (C) A zfl mutant tassel with one tassel branch. 

 

 

zfl also affects SPM and SM meristem function  

Spikelet pair meristems and spikelet meristems on zfl mutant tassels and ears show defects 

Though the zfls were only reported to regulate FMs (Bomblies et al., 2003), I 

observed defects in both SPM and SMs of zfl mutant ears and tassels. SPMs give rise to the 

SMs, which in turn give rise to the FMs (Thompson, 2014). On normal ears, ordered rows of 

SPM initiate on the flank of the inflorescence meristem (IM), and each SPM then gives rise 

to two SMs. However, the zfl mutants sometimes developed enlarged single SMs or SMs in 

triples (Fig. 5). The previous characterization of zfl mutants only reported FM defects, and at 

this point it remains unclear if SM and SPM defects are present in A619 and absent in W22, 

or if subtle SM and SPM defects were simply undetected in W22 at the time. These data call 

for more investigation into the effects of zfl mutations on alternate meristem types in early 

floral development. 
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Figure 5. Spikelet pair meristem and spikelet meristem defects. 

(A) SMs in orderly pairs on a wildtype tassel. (B) Fusing of SMs and growth of a SM singlet 

on a zfl mutant tassel. (C) Fusing of SMs and growth of SM singlets (marked by arrowheads) 

on a zfl mutant ear. (D) Growth of SM singlets (marked by arrowheads) on a zfl mutant ear. 

(E) FMs in a triplet (marked by circling) on a zfl mutant ear. Triplets in FMs are initially 

caused by initiation of an extra SM by a SPM. 

 

SPM on zfl mutant ears have derepressed bracts  

Bracts are leaf structures that subtend meristems in inflorescences. In SPM, growth of 

bracts is repressed, possibly to redirect growth, cells, and space to the adjacent developing 

meristem (Xiao et al., 2022). In Arabadopsis, LFY plays a major role in bract suppression, 

but the zfls and other LFY orthologs have not previously indicated a conserved role in bract 
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suppression in maize and other grasses (Xiao et al., 2022). However, zfl [A169] mutant ears 

consistently presented derepressed bracts (Fig. 6B). Most commonly, derepressed bracts 

were persistent over SPMs localized near the tip of the ear (Fig. 6B). This indicates that the 

zfl genes play a role in the bract repression pathway. 

 

 

Figure 6. Derepressed bracts. 

(A) A zfl1 mutant ear tip exhibiting normal development and bract suppression. (B) A zfl 

mutant ear tip where the bracts have been derepressed. 

 

zfl meristem defects are dose-dependent 

zfl1 and zfl2 are redundant genes and both copies of each gene need to be knocked out 

to observe the severe mutant phenotype. zfl dose-dependency has been reported in tassel 

branching and flowering time, but not in any FM defects (Bomblies et al., 2003). However, I 

observed mild meristem defects in inflorescences that were not from double mutants 

(zfl1/zfl1; zfl2/+, zfl1/zfl ; +/+, and zfl1/+; zfl2/zfl2 individuals). In tassels, SMs would 

become enlarged (Fig. 7B) and SPMs would produce extra SMs (Fig. 7D). The SM defects 
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were less widespread among the partial zfl mutants than in true double mutants, but were 

observed in many plants.  

 

Figure 7. Dose-dependent meristem defects on tassels. 

(A) SMs in orderly pairs on a wildtype tassel. (B) An enlarged SM on a zfl1/zfl1 ; zfl2/+ 

mutant tassel. (C) A wildtype tassel tip showing normal SPM development. (D) A zfl1 

mutant tassel with a SM triplet (marked by circling). 

 

Ears that were not full double mutants showed developmental defects resembling 

common double-mutant defects. Ears of individuals with two to three mutant zfl genes, 
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although with less frequency and intensity, would display unusual bract growth (Fig. 8D) and 

had aberrant meristems (Fig. 8B). The indicates that zfl dose-dependency is not constrained 

to the tassels, with effects in both male and female inflorescences. This dose-dependency 

may make A619 a useful background for determining the slight differences between the 

functions of zfl1 and zfl2.  

 

Figure 8. Dose-dependent defects on ears. 

(A) A partially dosed mutant ear showing normal organ development. (B) A partially dosed 

mutant ear with aberrant FMs. (C) A zfl1 mutant ear tip exhibiting normal development and 

bract suppression. (D) A partially dosed mutant ear tip with unusual bract growth (marked by 

arrowheads). 
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Discussion 

Progress on characterizing zfl mutants 

 zfl [A619] mutants had reproductive defects that aligned with the previous 

characterization in W22 but also revealed new phenotypes that had not been reported. Based 

on the phenotypes of the zfl [A619] mutants, we conclude that the zfl genes are key 

transcription factors involved in meristem determinacy, branch numbering, and bract 

suppression. Despite the redundancy of the zfl genes, we collected evidence that indicates a 

dose-dependency in zfl mutants on meristem growth, which had not been observed 

previously. 

 This project has established modern imagery of zfl mutants during early floral 

development, updating micrographs taken over 20 years ago. We now have greater insight 

into the functions of the zfl genes as transcription factors, increasing our understanding of 

maize floral development. Due to the conserved nature of genes, it’s possible that the results 

of this study can also provide insight into the functions of LFY homologs in other cereal 

crops. Findings of a LFY homolog in maize would be more relevant to understanding LFY 

homologs in cereal crops because of greater similarities in genetic background and floral 

development than what we see in Arabidopsis. Additionally, the zfls can now continue to be 

studied in comparison to and in combination with other key transcription factors in floral 

development, such as bde and zag1, now that it has been introgressed and characterized in a 

common background.  

Reproductive defects of zfl mutants informs zfl functions 

 This investigation of zfl1;zfl2 [A619] double mutants had results that were consistent 

with the zfl mutant study published by Bomblies et al. in 2003. Most notably, the FMs on zfl 
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mutants [A619] ears exhibited indeterminacy, which occurs in zfl [W22] mutants as well. 

When FMs fail to terminate, excess floral organs are produced (Chuck et al., 2008). zfl 

mutants create extra carpelloid structures, causing sterility in the female flowers. Thus, the zfl 

genes play a part in the determinacy of FMs, a function conserved from LFY. Because late-

stage tassel florets weren’t examined in this study, the zfl genes can only be associated with 

indeterminacy of FMs on ears at this time. 

 zfl [A619] mutants also shared a dramatic tassel branching effect with its W22 

counterparts. Where normal tassels grow 4-10 long branches from the base, we only 

observed zfl [A619] mutant tassels with no or occasionally 1 branches. This zfl [A619] 

mutant phenotype was even more severe than in the first reports, with no branches on most 

tassels in comparison to approximately one branch observed for every two tassels in zfl 

[W22] mutants (Bomblies et al., 2003). Tassel morphology is directly related to pollen 

production and dispersal efficiency (Xu et al., 2023), and fewer branches statistically leads to 

lower yields (Geraldi et al., 1985). This phenotype strongly indicates that the zfl genes have 

an important role in the production of tassel branches. The zfls may be involved in the 

production or maintenance of branch meristems (BM) or in activating growth pathways for 

tassel branches. 

 In previous reports, meristem defects in zfl mutants were limited to the FMs. 

However, both tassels and ears of zfl [A619] mutants demonstrated unusual activity in SPMs 

and SMs. Instead of regular pairs of SMs arising from SPMs, there were instances of 

oversized SMs and SMs in triples. Mutants with disordered rows tend to make fewer seeds, 

which decreases the chance of reproduction in those individuals. The defects illustrate that 

the zfl genes have potential functions in regulating SPM activity and thus SM identity. There 
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could also be slight ramifications in overcrowding FMs, because it could make pollination 

more difficult or result in smaller, competing flowers. Although SPM and SM defects were 

not reported in zfl mutants before, it is possible that they went by unnoticed due to their 

relative subtlety and low frequency. Until early stage zfl mutants are looked at in W22, we 

cannot confirm that the SPM and SM defects are completely A619 background-dependent. 

 The derepression of bracts on zfl mutant ears was also unique to this study. The 

normal development of maize includes the initiation of these leafy structures below SPMs, 

but suppresses their growth shortly after. zfl [A619] mutant ears outgrow some of these 

bracts, possibly decreasing reproductive viability. Though bract derepression near ear tips 

was frequent in zfl [A619] mutants, the growth of these structures was not highly 

pronounced, as shown in mutants like tasselsheath (tsh) (Whipple et al., 2010). The zfl genes 

are likely important regulators of the signal for bract suppression, without which unperturbed 

growth of these structures ensues. This function is conserved in LFY. 

 Bomblies et al. recognized dose-dependency of zfl genes on tassel branch number and 

flowering time, but did not report any dose-dependency in meristem defects. This could 

mean that dose-dependency in meristems is active in A619 and not W22, or it simply could 

have been missed, given that the study focused on late-stage inflorescence defects. Dose-

dependency in redundant genes may inform the fitness advantages of retaining gene 

duplications in the genome and elucidating the minute function differences between copies. 

Economic relevance of zfl research 

Maize is one of the most agriculturally and economically valuable crops. Between human 

consumption, animal feed, oils and syrups, and biofuel products, 94.6 million acres are 

dedicated to corn growth and the industry generates billions of dollars in economic output 
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(Association, n.d.). It is essential for food security, accounting for about 30% of people’s 

caloric intake across 9.4 million populations worldwide (Kaushal et al., 2023). Because corn 

farming continues to be profitable and necessary to fuel several industries, research on maize 

reproduction is in the interest of the economy. Due to the zfl genes’ implications on floral 

development, they may be significant in optimizing the sexual health of crop corn. The 

timing and execution of FM termination and the branching of tassels (both associated with 

zfl) can impact yield, a top priority in crop growth. 

Plant stress 

 A caveat of some of the findings of this study is that greenhouse conditions were not 

always consistent, and on several occasions lead to stressed plants. In different instances, 

stress was induced by greenhouse difficulties such as over fertilization, under-watering, over-

heating, growth light inconsistencies, herbivory by pests, and pesticide effects. There is a 

possibility that stressful conditions may have enhanced the mutant phenotype, perhaps 

leading to the meristem defects in partially-dosed mutants. Some of the zfl mutant 

phenotypes align with phenotypes associated with heat and drought stress; for example, 

stunted tassel growth and sterile female flowers (Shao et al., 2021). However, the phenotypes 

did not closely align—for instance, heat stress usually leads to increased tassel branching and 

elongated silks (Liu et al., 2023), with no mention of FM indeterminacy or derepressed 

bracts. Additionally, many of the observed zfl defects were consistent with previous 

characterizations of zfl or LFY and the controls did not show defects, leading me to believe 

that the findings are reliable and not confounded by stress.  

Future directions 
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 Moving forward, quantitative analyses will need to be performed to assess frequency 

of defects associated with zfl mutants and the significance of the associations. To confirm 

reliability of the results of these experiments, they should be replicated under normal, healthy 

growth conditions. Future studies of zfl mutants in A619 should look at tassel FMs for 

indeterminacy, and dissect glumes off FMs in both tassels and ears so that the lower floral 

meristem can be observed as well. It would be beneficial for further investigation collected 

data of zfl mutants at maturity to determine late-stage effects of zfl mutations. Lastly, 

preliminary experiments have demonstrated the zfl;bde mutants display a severe phenotype—

research on the phenotype of these mixed mutants can reveal how the two transcription 

factors interact and ascertain more exact functions of the zfl genes. 
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