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ecent advancements in agriculture have heightened the importance of orphan genes

as a crucial tool for addressing the evolving demands and sustainability imperatives

of contemporary food production. The urgency of modern agriculture arises from
the need to sustainably feed a burgeoning global population while mitigating the
environmental impacts of intensive farming practices. Orphan genes, with their unique
attributes, play a pivotal role in addressing these challenges. They provide crop breeders with
the means to develop varieties capable of thriving in changing climates, resisting emerging
pests and diseases, and enhancing nutritional content. These genes contribute to the creation
of resilient crops with reduced ecological footprints and lower chemical input requirements as
environmental pressures escalate. Moreover, the conservation of orphan genes in wild crop
relatives ensures the adaptability and sustainability of agriculture in the face of habitat loss

and climate-induced disruptions.
Orphan Genes: A Mystery Unveiled

Orphan genes encompass a subset of taxonomically restricted or lineage-specific
genes that are exclusive to a particular species. These genes possess coding sequences entirely
unique to the species, resulting in the production of novel proteins that have not been
previously observed in other organisms. They earn the "orphan” classification when their
coding sequences exhibit no similarity to genes found beyond their specific species. This
classification encompasses both genes that have newly emerged from non-genic sequences
and descendants of ancient genes whose coding sequences have undergone such significant

changes that they are no longer recognizable.
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A Historical Odyssey: Unearthing Orphan Genes

The discovery of orphan genes began with the initiation of the yeast genome-
sequencing project in 1996, where these unique genes accounted for approximately 26% of
the yeast genome. Initially, it was hypothesized that as more genomes were sequenced, these
genes would find homologous counterparts. This was a time when gene duplication was the
prevailing model for gene evolution, and the limited availability of sequenced genomes was
considered the likely reason for the absence of detectable homologues. However, as more
genomes were sequenced over time, orphan genes persisted, leading to the realization that
they are widespread across all genomes. Estimates of the percentage of orphan genes in
different species vary widely in various studies, with figures ranging from 10% to 30%

commonly cited (Domazet et al., 2007).
Novel Gene Formation from Ancestral Genes

1. Duplication and Divergence: After a gene duplication event, one of the copies
gradually accumulates mutations and experiences relaxed selective pressure, leading to

the acquisition of novel functions.

2. Gene Fusion: Gene fusion involves the merging of two previously separate genes to
form a hybrid gene. Various mechanisms can lead to gene fusions, including

interstitial deletions.

3. Gene Fission: In the process of gene fission, a single gene splits into two distinct
genes. This separation occurs through gene duplication followed by the differential

degeneration of the two copies.

4. Horizontal Gene Transfer: Genes acquired from other species via horizontal gene
transfer undergo genetic divergence and neofunctionalization as they become
integrated into the recipient organism's genome.

5. Retro position: During retro position, transcripts are reverse transcribed and
subsequently integrated into the genome as intron less genes located elsewhere. These

new genes may then undergo divergence.
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Fig 1: Novel gene formation from ancestral genes
How to Identify Orphan Genes?

BLAST(Basic Local Alignment Search Tool) is a computational algorithm employed for
the comparison of fundamental biological sequence data, including protein amino acid
sequences and DNA/RNA nucleotide sequences. BLAST identifies areas of localized
similarity within these sequences and stands as the primary choice for detecting homologous

genes in other species.

Phylostratigraphy is a technique used to categorize genes by their age, tracing their origins
back to their ancestral founders. The general method involves selecting taxonomic groups in a
hierarchical manner, moving up from the focal species, and for each gene, identifying the

oldest taxon in which a homolog is found(Tautz and Loso, 2011).
The Evolutionary Tapestry of Orphan Genes
Duplication—divergence

A newly formed gene typically originates from a gene duplication or transposition
event, followed by a rapid phase of adaptive evolution. This phase leads to the gene diverging
significantly, ultimately resulting in the loss of any similarity to the original gene from which

it was duplicated.
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Fig 2: Gene duplication and divergence
De novo evolution

Protogenes, which encompass noncoding RNAs containing open reading frames
(ORFs), overlapping gene ORFs, and regions found between genes, undergo transcription that
leads to ribosomal association and message translation. The resulting peptides may offer a
selective advantage due to potential but modest promiscuous activities. The mechanism
outlined in the innovation-amplification-divergence (IAD) model operates to enhance the
efficiency of protogenes through positive selection, facilitating the emergence of new genes.
However, certain protogenes fail to ultimately gain long-term selective advantages and

instead become pseudogenized.
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Fig 3: De novo gene evolution
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Distinctive Traits of De Novo Genes:

I.  Short Open Reading Frames (ORFs): De novo genes often have relatively short coding
sequences compared to well-established genes. These short ORFs may initially encode

small peptides with limited functions.

Il. Low Expression Level: De novo genes typically exhibit low expression levels,
meaning they are not actively transcribed and translated at high rates in the cell. This

low expression may be due to their recent emergence and limited regulatory elements.

[1l.  Higher Tissue Specificity: These genes are often expressed in a highly tissue-specific
manner, meaning they are active only in specific cell types or under particular
conditions. This tissue specificity may reflect their specialized or context-dependent

roles.

IV. High Divergence Rates: De novo genes tend to evolve rapidly and have high
divergence rates. Their sequences change relatively quickly compared to more

conserved genes, which can result in functional diversity among different species.

V. Low GC Content: De novo genes often have a lower GC content (guanine-cytosine
base pairs) compared to older genes. This lower GC content can affect the stability of

the gene and its regulatory elements.
Orphan Genes in Action: Applications in Agriculture

The agricultural arena has witnessed a paradigm shift in recent years, with orphan
genes playing a pivotal role in meeting the industry's evolving needs. Orphan genes offer a
unique source of untapped genetic diversity, empowering crop breeders to develop resilient
varieties capable of thriving in shifting climates and resisting emerging pests and diseases.
These genes have the potential to confer traits like disease resistance, drought tolerance, and
improved nutritional content, while simultaneously reducing ecological footprints and
chemical inputs. Furthermore, the preservation of orphan genes in wild crop relatives ensures
the long-term adaptability and sustainability of agriculture in the face of habitat loss and

climate-induced disruptions.
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Conclusion

As we navigate the intricate landscape of modern agriculture, orphan genes stand as
indispensable tools for achieving increased food production, reduced environmental impact,
and a more secure global food supply. Their role extends beyond the laboratory,
encompassing marker-assisted and quality breeding, enhancing resistance, boosting economic
yields, and fortifying crops against abiotic stresses. The study of orphan genes holds promise
not only for agricultural innovation but also for our understanding of the dynamic

mechanisms that underpin genetic diversity and evolution.
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