HORTICULTURE 101 READING GUIDE
BREEDING – PLANT GENETICS (Chapter 4 pp. 64-78)
1) Nucleic acids (DNA, RNA) are polymers (chains) of nucleotides.  Each nucleotide consists of a sugar molecule with a phosphate group and an organic base.  What are the five types of bases recognized?  Indicate whether each is purine or a pyrimidine?
Adenine - Purine
Guanine - Purine

Cytosine - Pyrimidine

Thymine – Pyrimidine (found only in DNA)
Uracil - Pyrimidine (found only in RNA)
2) Plants are said to contain three genomes since there are three distinct organelles in a plant cell that contain DNA.  What are the three organelles?

Nucleus
Plastids (Chloroplasts, Chromoplasts, etc.)

Mitochondria

* The DNA of plastids and mitochondria is not organized as linear chromosomes, as is typical of higher organisms, but rather as a single circular chromosome, as is typical of bacteria.  Perhaps not surprisingly, plastids and mitochondria are thought to have evolved from formerly free-living bacterial cells which were engulfed by a larger single-celled organisms and stably maintained throughout evolution.  Other data that supports this hypothesis includes the fact that plastids and mitochondria and surrounded by double membranes, they divide by ‘fission’ as is typical of bacteria, and the protein synthesis that occurs in plastids and mitochondria is sensitivity to antibiotics that are effective against bacteria.  Also, the genes and protein synthesis machinery (ribosomes, etc.) of mitochondria and bacteria resembles that of bacteria.   

3) The relationship between an organism’s genotype, as contained in its DNA sequences, and its phenotype (appearance), as determined by its protein complement, is explained by the ‘Central Dogma of Molecular Biology’ as outlined below.  The flow of information is from DNA to the proteins with the amino acid sequence of the proteins being determined by the sequence of bases in the RNA, which is a reflection of the DNA sequence.  What terms are used to refer to the processes of information transfer indicated by the arrows in the diagram.  Also, indicate the cellular location of each type of molecule (DNA, RNA, and protein) in the diagram:

Transcription



Translation

DNA  -----------------------------> RNA ---------------------------------------> Protein

(Nucleus)                

(Nucleus ( Cytoplasm, mRNA)
         (Cytoplasm)

4) The sequences of bases on a strand of DNA are shown below.  If this strand of DNA served as a template for the synthesis of second strand of DNA or RNA, what would be the corresponding base sequences of the complementary DNA or RNA?

DNA template:  

AGGACTTCTGCGTAT – Template (Antisense) Strand
DNA (complementary):
TCCTGAAGACGCATA – Coding (Sense) Strand 

RNA:    


UCCUGAAGACGCAUA
5) What are codons?  What is the maximal number of codons contained in the DNA sequence from Question 5?
Codons are groups of three nucleotides that code for a specific amino acid during protein synthesis (translation).  The maximal number of codons in the DNA sequence from Question 4 is five.  These codons would specify a polypeptide containing the following sequence of amino acids: Arginine-Threonine-Serine-Alanine-Tyrosine
6) Define the following terms:

a) Chromatin – a filamentous complex of DNA and proteins.  The DNA is condensed, in some cases literally spooled around the proteins.  The amount of DNA in a cell is so extensive that those regions that are not being actively copied or transcribed need to be condensed.
b) Chromosome – distinct linear granular bodies composed of chromatin that bear hereditary factors and are located in the plant cell nucleus.  NOTE:  The DNA of the mitochondria and plastids is organized as a single circular chromosome.  
c) Homologous chromosomes – “matching” chromosomes in a diploid or polyploid cell.  Homologous chromosomes contain genes coding for similar traits, with the genes occupying the same positions (loci) in each chromosome. However, the specific forms (alleles) of the genes may vary between homologous chromosomes.  In humans, for each pair of homologous chromosomes, one chromosome is inherited from the maternal parent (mom) and its homolog is inherited from the paternal parent (dad). 
d) Gene – Specific sequences of nucleotides on a DNA molecule that code for a polypeptide (protein).  Genes are the individual units of inheritance in a chromosome.  A genome is a single complete set of chromosomes.  
e) Locus – the physical location of a gene on a chromosome.
f) Alleles – alternative forms of the same gene.  Alleles are found at the same locus on homologous chromosomes.  Ultimately, all alleles are generated through mutation.  
7) Polyploid plants contain three or more sets of chromosomes per cell?  What are some of the advantages and disadvantages of polyploidy in terms of horticultural crop production as outlined in your textbook?

Advantages: Polyploid plants are generally more vigorous and productive than diploids and thus grow larger; i.e., larger flowers and leaves, etc.  For most horticultural crops such changes would be considered advantageous.
Disadvantages:  Polyploid plants frequently exhibit reduced fertility, especially those with odd numbers of chromosome sets (3, 5, 7, etc).  In such cases, the polyploidy would be expected to interfere with seed propagation and crop improvement via conventional breeding.  However, for plant species that are normally diploid, polyploidy, especially triploidy, can be induced for the purpose of producing sterile (seedless) plants.  In fact, the seedless cultivars of watermelon and banana are triploids. 
8) In flowering plants upon arriving at the ovule (future seed) a pollen tube releases two sperm cells.  Each sperm is involved in a separate fertilization event (double fertilization)  What are the two components (cells) of the embryo sac that are fertilized and what are the products of each fertilization event and the ploidy levels of each product?
One sperm cell fertilizes the egg cell producing a diploid cell termed the zygote.  The zygote develops as the embryo/seedlings.  The second sperm cell fertilizes the central cell of the female gametophyte (embryo sac).  Since the central cell contains two haploid nuclei the product of this second fertilization is a triploid cell that gives rise to the nutritive tissue of the seed, termed the endosperm. 
9) Assume that a cross is made between plants that are true breeding for red vs. white flower color, that the plants are diploid, and that the allele conferring red color (R) is completely dominant over the allele conferring white flower color (r).  The genotypes of the parents for the flower color gene would be are homozygous dominant (RR) and homozygous recessive (rr).   
A) What would be the genotypes and phenotypes of the F1 progeny? 
F1 genotype:  Rr

F1 phenotype: Red
B) Also, prepare a Punnet square to calculate the phenotypes and proportions of F2 progeny that would be expected if the F1 plants were self-crossed.  Use the back side of this sheet for your work if necessary.
	
	                                                           Female Parent

	Male Parent
	
	½ R
	½ r

	
	½ R


	¼ RR (Red)
	¼ Rr (Red)

	
	½ r


	¼ rR (Red)
	¼ rr (White)


10) For dihybrid crosses involving two traits that exhibit complete dominance in their inheritance, how many classes (phenotypes) of offspring would be observed in the F2 generation and what ratios (proportions) would the offspring be observed in?

There would be four classes of offspring in the ratio of 9:3:3:1, meaning that 9/16 would exhibit the dominant trait for both genes, 1/16 would exhibit the recessive trait for both genes, and 6/16 (3/16 + 3/16) would exhibit one dominant and one recessive trait each.

11) Several horticultural and agronomic cultivars that are propagated from seed.  The seeds used are frequently F1 seeds.  However, why are few or no cultivars sold as F2 seeds?
In general the parents used for crossing are inbreed and thus homozygous for all genes (at least in theory).  Since inbreed parents produce a single genotype of gamete, the F1 progeny should be uniform in genotype and phenotype.  However, for several traits (genes) the F1 progeny will be heterozygous and will produce multiple types of gametes.  Accordingly, the F2 progeny will be variable in both genotype and phenotype.   This lack of uniformity is undesirable for most horticultural crops, both from a production perspective and also in terms of product quality.
