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Promotionsverfahren von Frau M.Sc. Yanrong Gao
Auslage der Dissertation und Gutachten sowie Termin der mindlichen Prifung
Anlage: Einseitige Zusammenfassung der Dissertation

Sehr geehrte Damen und Herren,
in dem oben genannten Promotionsverfahren wird die Annahme der Dissertation

The genetics and association of photosynthesis parameters and flag leaf morphology in barley and
their use for breeding

von den Berichterstattenden Prof. Dr. B. Stich und PD Dr. S. Matsubara beantragt. Sie kann zusammen mit
den Gutachten in der Zeit
vom 27.05.2026 bis 07.06.2026

eingesehen werden. Bitte wenden Sie sich zur Einsicht an das Promotionsburo (promotionmnf@hhu.de).

Einspriiche gegen diese Dissertation kdnnen nur zwei Tage nach der vorgenannten Frist
geltend gemacht werden. Erfolgt kein Einspruch, so gilt die Dissertation als angenommen
(§ 7 Ziffer (5) PO).

Sofern die Dissertation angenommen wird, findet die miindliche Priifung am

10.06.2026 um 13:00 Uhr

im Raum 22.07.U1.23 statt. Als Priferinnen bzw. Prufer sind vorgesehen:
Prof. Dr. P. Bauer, Prof. Dr. O. Ebenhdh und Prof. Dr. A. Weber.

Die Offentlichkeit ist bei der Befragung zugelassen.

Mit freundlichen Griiften
im Auftrag

Silke Krispin



Summary

Meeting the demands of a growing global population requires substantial increases in crop yield,
with optimization of photosynthesis recognized as a key strategy. However, natural genetic
variation in photosynthesis and its integration into breeding remain underexplored, constrained by
difficulties in high-throughput field phenotyping, strong environmental sensitivity, and complex
genetic control. Leaf morphology, particularly flag leaf size, is also a major determinant of
photosynthetic capacity and assimilate supply to grains, yet its genetic architecture in barley is not
well understood.

This thesis addresses these gaps by combining physiological phenotyping, quantitative genetics,
and genomic prediction to assess the potential of incorporating photosynthesis-related parameters
into barley breeding for yield. First, we compared gas exchange-based and chlorophyll
fluorescence-based techniques and showed that chlorophyll fluorescence reliably detects genetic
variation in Photosystem II (PSII) parameters under controlled conditions. In the field, chlorophyll
fluorescence of barley inbred lines reflected variation in carbon assimilation observed in climate
chambers, confirming its value as a proxy for photosynthetic performance. Strong genotype
environment interactions and developmental stage effects indicated that single time-point
measurements are insufficient, underscoring the need for time-series, high-throughput
phenotyping to robustly characterize photosynthesis (Chapter 2).

Using both a diverse panel of barley inbred lines and a large recombinant inbred line (RIL)
population, we found significant, developmentally dynamic correlations between photosynthesis
parameters (e.g. Fv'/Fm’, NPQt) and yield-related traits, highlighting the temporal nature of the
photosynthesis—yield relationship (Chapters 2—-3). Heritabilities of photosynthesis traits ranged
from low to moderate, and dynamic QTL across development revealed a highly polygenic and
complex genetic architecture. Genomic prediction outperformed QTL-based approaches, and
prediction ability for yield improved when photosynthesis parameters were integrated into
genomic prediction models (Chapter 3).

In parallel, genetic analysis of flag leaf size in a double round-robin barley population (HvDRR)
revealed substantial heritability for flag leaf length and width and identified 24 consensus QTL,
including 17 novel loci. Fine mapping of qHvDRR-FLS-8 indicated shared effects on multiple
leaves, and cellular analysis showed that variation in epidermal cell number primarily underlies
differences in leaf size (Chapter 4).

Overall, this thesis demonstrates considerable exploitable variation in photosynthesis-related traits
and flag leaf morphology in barley and proposes a framework for integrating these traits into
genomic prediction pipelines, offering a promising avenue to support future crop yield
improvement and food security.



