Question and Answer Key  


Pre-Investigation Questions


1. What are homologous chromosomes?

Answer: Homologous chromosomes are a pair of chromosomes that resemble each other and have nearly the same DNA sequence. In diploid organisms, one chromosome in the pair is inherited from the maternal parent and one chromosome in the pair is inherited from the paternal parent.


2. Are human males and females genetically different? If yes, in what way?

Answer: Yes, human males and females are different genetically with respect to their sex chromosome composition. A normal human female would have 22 homologous autosomal chromosome pairs and two homologous X sex chromosomes. A normal human male would have have 22 homologous autosomal chromosome pairs and one X sex chromosome and one Y sex chromosome for their 23rd chromosome pair.


3. Are the human X and Y chromosomes the same size?

Answer: No; the human X chromosome is much larger than the human Y chromosome.


4. Do the human X and Y chromosomes each have the same number of genes?

Answer: No; the human X chromosome contains many more genes than the human Y chromosome.

5. How is sex determined in humans?

Answer: Humans have a genetic (or chromosomal) system of sex determination. That is, sex determination depends on the presence of sex chromosomes: a normal human female would have 22 homologous autosomal chromosome pairs and two homologous X sex chromosomes.  A normal human male would have have 22 homologous autosomal chromosome pairs and one X sex chromosome and one Y sex chromosome for their 23rd chromosome pair.


6. Can the human X and Y chromosomes participate in crossing over during meiosis?

Answer: Yes, but only to a limited extent in regions that still exhibit similarity in sequence, known as “pseudoautosomal regions” or “PARs.” Non-homologous regions of the X and Y chromosomes (i.e. regions that contain different genetic information) do NOT participate in crossing over. Synapsis and the formation of synaptonemal complexes between duplicated X and Y chromosomes contributes to the even distribution of chromosomes into gametes during meiosis in males.


Investigation #1: Homologous Chromosomes?
Question 1-1 : How many megabases (M bp) long is chromosome 1? 

Answer 1-1: The human chromosome 1 is 250 Mbp.


Question 1-2 : How many genes are located on the chromosome (Total genes on chromosome)?

Answer 1-2: There are 3958 genes on chromosome 1.


Question 1-3: Why do you think there are so many more transcripts that align on the chromosome compared to the number of genes on the chromosome? 

Answer 1-3: Though the process of alternative splicing, many different transcripts can be produced from a single genomic locus. Thus, the number of transcript alignments for the chromosome is much greater than the number of total genes because the majority of human genes produce transcripts that are alternatively spliced. In addition, non-protein coding regions of the genome can also produce transcripts.


Question 1-4: What would you expect to find if you were to compare the number of genes present on the maternally and paternally inherited chromosomes for this autosomal chromosome pair in a normal individual? Explain.

Answer 1-4: The maternal and paternal chromosomes inherited by each human individual are homologous: they encode the same array (order and number) of genes along their length. However, many genes have alternative forms, called alleles, that differ at the level of their nucleotide sequence and hence produce different proteins and phenotypes.



Question 1-5 : How many megabases (M bp) long is chromosome 21? 

Answer 1-5 : Human chromosome 21 is 47 Mbp.


Question 1-6 : How many genes are located on the chromosome (Total genes on chromosome)?

Answer: 1-6 : There are 584 genes on chromosome 21.


Question 1-7: Would you expect to observe the same genes in the same order on the maternally and paternally inherited chromosomes for this autosomal chromosome pair in a normal individual? Explain.

Answer 1-7: Like the other autosomes, chromosome 21 has a homologous relationship with its partner chromosome, sharing the same array of genes.


Question 1-8 : How many megabases (M bp) is the Y chromosome?

Answer 1-8: The human Y chromosome is 57 Mbp.


Question 1-9: How many genes are located on the Y chromosome (Total genes on chromosome)?

Answer 1-9: There are 458 genes on the Y chromosome.


Question 1-10 : How many megabases is the X chromosome?

Answer 1-10: The human X chromosome is 165 Mbp.


Question 1-11: How many genes are located on the X chromosome?

Answer 1-11: There are 1805 genes on the human X chromosome.


Question 1-12: Given the gene maps you have just observed, would you consider the X and Y human chromosomes homologous?


Answer 1-12: The human X and Y chromosomes are not truly homologous because they do not share complete sequence similarity like other homologous pairs. 


Question 1-13: Given what you know about DNA replication, why do all eukaryotic (linear) chromosomes have telomeres? What purpose do telomeres serve?

Question 1-13: Telomeres are a shared feature of linear chromosomes that function to preserve chromosomal integrity. Additionally, there are several genes located at the ends of the X and Y chromosomes that are homologous and do participate in recombination during meiosis. These regions are known as pseudoautosomal regions (PARs).



Investigation 2: Non-homologous Elements
Question 2-1: According to the Nucleotide database sequence record, how many base pairs (bp) is the human SRY transcript?
Answer 2-1: The Nucleotide record reports the SRY gene has 887 bp.

Question 2-2: According to the record, how many amino acids long is the SRY protein? 
Answer 2-2: The protein is 204 amino acids long.

Question 2-3: Why do you think the amino acid sequence length is NOT the same number that you would get by simply dividing the number of nucleotides in the SRY nucleotide sequence by 3?
[bookmark: _GoBack]Answer 2-3: The sequence given in the Nucleotide database and linked as the Reference Sequence from the Gene database entry for a given is the sequence for the entire mRNA transcript, which would include elements such as the 5’ untranslated region, which would not be included in the final protein produced from the transcript. Thus, the mRNA nucleotide sequence contains nucleotides that are not protein-coding codons.



Investigation 3: Mapping Mutations

Question 3-1: According to the Description and Genotype, what is the function of the protein produced by SRY?

Answer 3-1: SRY encodes a transcription factor. The presence of this transcription factor in a developing human embryo triggers gene expression that gives rise to a male phenotype. 


Question 3-2: In Mapping, how was the TDF/SRY gene ultimately mapped to the Y chromosome?

Answer 3-2: SRY (aka TDF) was mapped to the human Y chromosome by molecular examination of sex-reversed patients. XX males who had portions of the Y chromosome translocated on to their X chromosome provided evidence that this small region of the Y chromosome was involved with male sex determination.



Question 3-3: Using the information provided in the Allelic Variants section, explain how an individual with an XY genotype can have a female phenotype.

Answer 3-3: A genotypically XY individual can have a female phenotype if they have a mutated or absent SRY gene on their Y chromosome. If an individual lacks a functional SRY gene, the SRY transcription factor is not present, and the male-determining developmental pathway will not be triggered.
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