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Abstract

Abstract

The Grasslands Il perennial ryegrass (Lolium perenne L.) mapping population
comprising F; progeny with the two parents (one plant each from the cultivars Samson
and Impact) (Crush et al., 2007) was used to detect putative quantitative trait loci (QTL)
for leaf Rubisco turnover and herbage yield traits. Rubisco turnover was described by
three mathematical parameters: d (maximum Rubisco content), g (time of d) and f (a
measure of curve width). All three parameters exhibited continuous variation among the
F1 progeny. Sixteen QTL were detected, seven for Rubisco turnover and nine for
herbage yield traits. Support interval overlap on linkage group (LG) 1 and close location
on LG2 for plant dry weight (DW) QTL in this study and in a previous analysis (Sartie,
2007) of the same mapping population suggests DW QTL stability across environments.
Some QTL identified by Sartie (2007) were not re-confirmed in this study, but new QTL
were identified. This suggests genotype X environment interaction generated by variable
expression of genes in different environments. Clusters of QTL with overlapping support
intervals were found on LG2 and LG5. The cluster on LG2 included QTL for herbage yield
traits leaf lamina length (LL), tiller number (TN), productivity index (PI) and DW. The
cluster on LG5 included QTL for DW, PI, TN, and d. These two regions offer potential for
plant breeding applications. Apart from the QTL for d on LG5, there was no co-location of
Rubisco turnover and herbage yield QTL. However, principal component analysis indicated
plants with lower d tended to have higher DW; thus Rubisco turnover effects on plant
productivity may relate to energy cost of Rubisco synthesis rather than photosynthetic
capacity. DW was generally unrelated to f and g; therefore, hypothesised nitrogen use
inefficiencies arising from premature Rubisco degradation, or retention of Rubisco at leaf
senescence, were not confirmed. LG5 and LG7 on which QTL for d were located have
conserved syntenic regions with rice chromosomes 8 and 9 where QTL for Rubisco
content at different stages during heading were mapped by Ishimaru et al (2001a).
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Glossary of Abbreviations

AFLP Amplified fragment length polymorphism
ANOVA Analysis of variance

C Carbon

CAPS Cleaved amplified polymorphic sequences
CBB Coomassie Brilliant Blue

CIM Composite interval mapping

cM Centimorgan

CO, Carbon dioxide

DH Doubled haploid

DM Dry matter

DMY Dry matter yield

DNA De-oxyribonucleic acid

DW Dry weight

EST Expressed sequence tags

FCC Fluorescent chlorophyll catabolite

Fd Ferredoxin

GDH Glutamate dehydrogenase

GISH Genomic in situ hybridization

GOGAT Glutamate synthetase

GS Glutamine synthetase

LHCII Light harvesting complex of photo-system 11
LD Linkage disequilibrium

LDS Lithium dodecyl-sulphate

LRS Likelihood ratio statistic

LOD Logarithm-of-odds

LPSSR Lolium perenne simple sequence repeats
LSU Large subunit

MAS Marker assisted selection

MIM Multiple interval mapping

MQM Multiple QTL mapping

MRNA Messenger RNA

N Nitrogen
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NADH Nicotinamide adenine dinucleotide
NCC Non-fluorescent chlorophyll catabolite
NH; Ammonia

NH4" Ammonium

NIL Near-isogenic line

NiR Nitrite reductase

NIRS Near infra-red spectrometry

NO3 Nitrate

NR Nitrate reductase

NRE Nitrogen remobilisation efficiency
NUE Nitrogen use efficiency

PC Principal component

PCA Principal component analysis

PCR Polymerase chain reaction

PS Photo-system

PVE Phenotypic variation explained

QTL Quantitative trait loci/locus

RAPD Randomly amplified polymorphic DNA
RBC Rubisco containing bodies

RCBD Randomised complete block design
RFLP Restriction fragment length polymorphism
RIL Recombinant inbred line

RCC Red chlorophyll catabolite

RCCR Red chlorophyll catabolite reductase
ROS Reactive oxygen species

SAG Senescence-associated genes

SCAR Sequence characterised amplified region
SDC Size/density compensation

SDS-PAGE Sodium dodecyl-sulphate polyacrylamide gel electrophoresis
SIM Simple interval mapping

SNP Single nucleotide polymorphism

SSR Simple sequence repeats

SSuU Small subunit

STS Sequence tagged site
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uUb Ubiquitin
UVv-B Ultraviolet B
WSC Water soluble carbohydrate
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Trait Abbreviations

Alf
Alg
CP

DW

LED
LER
LL
Pl
T™W
TN

Trait Abbreviations

Leaf appearance interval (days)
Ligule appearance interval (days)
Crude protein content

Rubisco peak (mg/leaf, mg/g leaf dry weight, mg/cm?)
Plant dry weight (g)

Rubisco curve width (log of days)
Time of Rubisco peak (days)
Leaf elongation duration (days)
Leaf elongation rate (cm/day)
Leaf length (cm)

Productivity index

Tiller weight (mg, g)

Tiller number
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Definition of Terms

Allele

Epistasis

Gene

Heritability

Linkage

Locus

Pleiotropy

Polymorphism

Recombination

Trait

Definition of Terms

An alternative form of a gene (one member of a pair) that is
located at a specific position on a specific chromosome.

An interaction between nonallelic genes, especially an interaction
in which one gene suppresses the expression of another.

A hereditary unit consisting of a sequence of DNA that occupies a
specific location on a chromosome and determines a particular
characteristic in an organism.

The proportion of phenotypic variance accounted for by additive
genetic effects.

The tendency of two or more genes to remain together in the
original combination in the same chromosome during the process
of inheritance for a number of generations.

The specific site/place of a gene on a chromosome.

The control of more than one phenotypic characteristic by a single
gene or set of genes.

A difference in DNA sequence among individuals, groups, or
populations.

The process by which new combinations of parental genes or
characters arise by independent segregation of unlinked loci or

by cross-over between loci that are linked.

A genetically determined characteristic or condition.

xxiii



