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	Abstract

	Sheep Adaptation to Climate: A Genomic Landscape and Nutritional Perspectives

The sources collectively examine the impact of climate change and environmental pressures on the body size and genetic adaptation of various organisms, particularly focusing on the widespread phenomenon of declining body size in response to warming. The first source proposes that declining body size is a potential third universal response to climate warming, alongside changes in species phenology and distribution, emphasizing the need for integrative analyses using historical data and theoretical models to understand the underlying physiological mechanisms and consequences for species resilience. The second source applies landscape genomics and selection signature analyses to diverse sheep breeds to identify specific genes and biological pathways, such as those related to energy metabolism, heat response, and endocrine regulation, that illustrate genetic adaptation to varied climatic conditions globally. This research proposal highlight the importance of understanding the genetic and physiological factors that determine how species respond to both gradual and extreme climatic shifts.

Another aim of this project is to investigate the effects of different roughage ratios and fat levels used in ruminant diets on rumen fermentation processes and microbial structure under in vitro conditions through a multilayered analytical approach. In this study, fermentation outputs such as gas production and methane formation, along with compositional changes in the rumen microbiome, will constitute the main components of the experimental dataset. Experimentally, rations will be formulated with nine different roughage ratios and five different fat levels and subjected to in vitro incubation to determine gas and methane production quantitatively. In parallel, microbial community changes will be analyzed at the taxonomic level. The physiological data (gas production, methane emission) and microbial data (abundance and distribution of microbial taxa) obtained will be analyzed using state-of-the-art machine learning algorithms. By modeling the relationships between feed composition and ruminal responses, an artificial intelligence–supported analytical framework capable of producing highly accurate predictive outcomes will be developed. Through this approach, the effects of different feed compositions on the ruminal ecosystem will be addressed from a holistic and predictive perspective, surpassing the limitations of conventional statistical methods. The project outcomes are expected to contribute both scientifically and practically to environmental sustainability (through methane mitigation) and to improved efficiency in feed formulation.



	Problem Statement (Why/what for)

	· Explain why this proposal is needed at European and/or national level by referring to the current situation and to the issues/problems the proposal will address;

This proposal is timely and necessary at both the European and national levels due to the intersecting challenges of climate change, environmental sustainability, and food security. Livestock production, particularly from ruminants, is under increasing scrutiny for its contribution to greenhouse gas emissions—especially methane—while remaining a vital component of agricultural economies across Europe and Türkiye. The European Green Deal and Farm to Fork Strategy both emphasize reducing the environmental footprint of livestock systems, improving feed efficiency, and promoting data-driven, sustainable animal production.

At the same time, climate change is driving physiological and genetic adaptations in livestock species, influencing body size, productivity, and resilience to heat stress. However, current knowledge remains fragmented, and there is a lack of integrative approaches combining genomic, physiological, and microbial perspectives. This gap hinders the development of predictive models that could guide both breeding and feeding strategies under changing climatic conditions.

The proposed research directly addresses these issues by integrating in vitro rumen fermentation analyses with advanced machine learning and genomic interpretation. At the European level, the project aligns with the Horizon Europe objectives for sustainable food systems, climate adaptation, and digital transformation of agriculture. Nationally, it supports Türkiye’s goals for reducing agricultural emissions and enhancing feed efficiency through scientific innovation.

By generating high-resolution, predictive insights into how dietary composition affects rumen fermentation, microbial ecology, and methane output, the project will contribute to both environmental policy and agricultural practice. The outcomes will provide actionable data for breeders, nutritionists, and policymakers, reinforcing Europe’s transition toward climate-smart and resource-efficient livestock production systems.

· Explain why your organisation is interested in this proposal
Our organization has a strong scientific and strategic interest in this proposal because it aligns directly with our research priorities in animal science, sustainable agriculture, and environmental resilience. The project offers an opportunity to integrate our existing expertise in ruminant nutrition, molecular genetics, and microbial ecology with cutting-edge analytical tools such as machine learning and in vitro fermentation technologies.
The outcomes of this research will strengthen our institution’s position as a leader in climate-resilient livestock research by contributing to both national and European sustainability goals. Specifically, it will provide novel insights into methane mitigation, feed efficiency optimization, and the genetic and microbial mechanisms underlying adaptation to environmental stressors—all of which are priority areas in current EU and national research agendas.
Furthermore, participation in this project will enhance our international collaboration capacity and visibility in interdisciplinary research networks. It will also foster training opportunities for young researchers and graduate students, contributing to capacity building in computational biology and sustainable livestock systems.
Overall, the proposal presents a unique opportunity for our organization to combine fundamental and applied research to address urgent challenges in climate-smart animal production and to contribute to evidence-based policy and innovation in the agri-food sector.




	Objectives/solutions (what)

	· Explain in one sentence the proposal’s general objective. The general objective should address to the objective of the call

The general objective of the proposal is to integrate physiological, microbial, and genetic analyses with machine learning to understand how environmental and nutritional factors influence adaptation, fermentation efficiency, and methane emissions in ruminants.


· Explain in 4-6 bullet points the specific objectives and specific actions for each to address the problems mentioned in the rationale section.
· Assess climate-driven adaptive mechanisms: Identify genes and physiological traits associated with heat tolerance, energy metabolism, and body size variation in sheep using landscape genomics and selection signature analyses.
· Evaluate dietary effects on rumen fermentation: Investigate how varying roughage ratios and fat levels influence gas production, methane emission, and fermentation efficiency under controlled in vitro conditions.
· Characterize microbial community dynamics: Determine compositional and functional changes in the rumen microbiome across dietary treatments through taxonomic and bioinformatics analyses.
· Develop predictive machine learning models: Integrate physiological, microbial, and nutritional data using artificial intelligence to predict fermentation outcomes and methane emissions with high accuracy.
· Promote sustainable feeding strategies: Use model outputs to identify feed compositions that optimize rumen function while minimizing methane production, contributing to climate-resilient livestock systems.




	Main outcomes of the project

	· Explain in bullet points the outcomes of the project. Each outcome should address to the expected impacts of the call. 
· Enhanced understanding of climate adaptation mechanisms: Identification of key genes and physiological pathways involved in ruminant adaptation to heat and environmental stress, contributing to climate-resilient livestock breeding strategies.
· Reduction of environmental footprint: Development of feeding models that minimize methane emissions and improve nutrient utilization, directly supporting global goals for greenhouse gas mitigation and sustainable agriculture.
· Innovation in data-driven livestock science: Establishment of an AI-based predictive framework integrating genomics, microbiomics, and nutrition data, advancing digital transformation in animal research and precision feeding.
· Improved animal productivity and welfare: Optimization of feed formulations that enhance rumen efficiency and health, leading to better growth performance and overall animal well-being.
· Capacity building and interdisciplinary collaboration: Strengthening research expertise at the intersection of animal genetics, microbiology, and computational modeling, fostering international scientific cooperation and knowledge transfer.



	Workplan (How, overview)

	· Identify 5-6 main activities/Work packages necessary to fulfil the objectives of the project.

Example: 

· WP1 – Project coordination and experimental design: Define objectives, experimental setup, and data management plans; coordinate activities among research partners and ensure ethical and methodological compliance.
· WP2 – Climate adaptation and genomic analysis: Perform selection signature and landscape genomics analyses on sheep populations to identify genes and pathways associated with climate resilience and adaptive traits.
· WP3 – In vitro fermentation experiments: Formulate rations with varying roughage and fat levels; conduct in vitro incubation trials to measure gas and methane production, fermentation kinetics, and nutrient utilization.
· WP4 – Microbial community profiling: Analyze rumen samples to characterize microbial diversity and abundance using sequencing and bioinformatics approaches, linking microbial changes to dietary treatments.
· WP5 – Data integration and machine learning modeling: Combine genomic, physiological, and microbial datasets; apply machine learning algorithms to develop predictive models for rumen fermentation efficiency and methane output.
· WP6 – Dissemination, exploitation, and capacity building: Communicate results through scientific publications, workshops, and training; promote data sharing and collaboration to enhance the impact and application of project findings.




	Consortium or Complimentary Expertise Needed (By Whom)

	· Provide a short summary of the partner profiles and the expected roles from each partner;
Partner 1 – Lead Institution (Animal Science and Genomics Laboratory):
Responsible for overall project coordination, experimental design, and data integration. Leads genomic analyses, interpretation of adaptive gene functions, and oversees scientific reporting and dissemination.
Partner 2 – Rumen Microbiology and Fermentation Research Center:
Conducts in vitro fermentation trials, measures gas and methane production, and performs microbial community analyses. Provides expertise in microbial ecology and fermentation physiology.
Partner 3 – Computational Biology and Machine Learning Group:
Develops and applies machine learning models to integrate physiological, microbial, and genomic data. Creates predictive algorithms for rumen fermentation efficiency and methane emission outcomes.
Partner 4 – Animal Nutrition and Feed Technology Department:
Designs and prepares experimental rations with varying roughage and fat levels. Contributes to nutritional data interpretation and development of sustainable feeding recommendations.
Partner 5 – International Collaborating Institution:
Provides comparative genomic and environmental datasets for validation, supports knowledge exchange, and contributes to training, dissemination, and scaling the project outcomes to broader livestock systems.
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