Genetics Lecture 2
Chromosome Structure and Cell Cycles
Chromosome basics

chromosome is bundled DNA & proteins



*gene, locus – same spot on same chromosome across individuals


unreplicated vs. replicated



terms to know:  sister chromatids, centromere, kinetochores, homologous pairs



how many copies of genes & alleles


cells – *diploid=pairs of homologous chromosomes


chromosomes located in nucleus




*review cell structure
Cell Cycle

*90% of time in Interphase



G1, S, G2


10% of time dividing (Mitosis & Cytokinesis)


exceptions? – neurons in brain permanently in G1, muscle cells
mitosis – replication of chromosomes, asexual reproduction

meiosis – halving the chromosomes, later to be recombined for sexual reproduction

*Mitosis – focus on the chromosomes


DNA is in chromatin form during Interphase


at the beginning of mitosis, how many copies of the DNA? How total copies of each gene?  How many 



copies of mom’s version of each gene?  How man copies of dad’s?

stages:



Prophase, Prometaphase – chromatin condenses into chromosomes



other things going on:  nuclear envelope, nucleolus, centrioles, spindle fibers


Metaphase – chromosomes line up single file along the equator 




spindle fibers attach to kinetochores




sister chromatid cohesion, separase not activated until spindle fibers attached


Anaphase – spindle fibers shorten, pulling apart sister chromatids at centromere


Telophase – chromosomes reach poles and decondense into chromatin




other things:  nuclear envelope, nucleolus, etc. 


Cytokinesis – division of cytoplasm, cleavage furrow, cell plate

what’s the result?



begin with duplicated diploid



end with nonduplicated diploid – all the same genetic information

**Draw G1 for AABb cell and have volunteers draw G2, P, M, A, T
Some circumstances need to decrease # of chromosomes – sexual reproduction

46 + 46 = 92  92 + 92 = 184 etc.
*Meiosis


whole point is to halve the genetic information


happens in germ cells that lead to gametes (or spores in some species)

fusion of gametes then restores original #


2 divisions, but only 1 replication


DNA duplicated in S phase


Prophase I – same as Prophase except homologous chromosomes pair up together


Metaphase I – chromosomes align along equatorial plate, but homologous chromosomes pair up



spindle fibers from one pole attach to kinetochores of both sister chromatids of one 




chromosome while the fibers from the other side take the other homolog


kinetochore location differs from mitosis 



independent assortment – maternal and paternal can arrange any way


Anaphase I – homologous chromosomes pulled towards opposite poles


Telophase I – some decondensation


Interkinesis – cytoplasm may or may not completely divide


at this point, what do we have left?



2 cells, each haploid, but with duplicated chromosomes


Meiosis II – stages same as Mitosis except that we start with haploid cells



Prophase II, Metaphase II, Anaphase II, Telophase II, Cytokinesis



4 cells, haploid, unduplicated DNA

**Draw G1 for AABb cell and have volunteers draw G2, MI, MII, daughter cells

*A closer look at Prophase I


synapsis – nucleotide sequences align gene to gene across chromosomes



results in crossing-over (nonsister chromatid exchange)



how it happens: 5 stages




1.  leptonema – chromosomes begin condensing and “search” for homologs; 





sister chromatids still closely associated and appear threadlike





association likely due to unreplicated DNA (zygDNA)




2.  zygonema – chromosomes condense further





rough pairing, usually at telomeres; 2m space for synaptonemal complex(  





remember, non-sister chromatids




3.  pachynema – synapsis extends from one telomere to other, tetrads





crossing over occurs – chiasma where non-sister chromatids bind tightly





genetic material from one chromatid swaps with that from another






recombination doesn’t always occur






involves enzymes again




4.  diplonema – chromosomes decondense a little 





paired chromosomes separate slightly except at chiasmata





some transcription occurs – oocytes make yolk biomolecules





can last for years as in mammal females – start while a fetus, ends for ovulation




5.  diakinesis – recondensation, chiasmata terminalized to telomeres





keeps chromosomes from being attached at centromeres which would interfere 






with separation
because of crossing over, none are genetically identical


without crossing over? two pairs of genetically identical cells, only during this division




# possible combinations = 2n = 223 in humans = over 8 million

A broader look at haploid vs. diploid – life cycles


sexually reproducing eukaryotes have haploid and diploid stages


Animals – most only haploid as gametes



*spermatogenesis, oogenesis, fertilization restores 2n


*Flowering plants – gametophyte (n) is small and short-lived, sporophyte (2n) is dominant


similar to animals but more mitotic divisions during haploid phase


*Fungi and some protists (esp. algae) spend a lot more time in haploid stage



alternation of generations 


gametophyte and/or sporophyte may be the predominant structure



spores and gametes both haploid for algae



spores from meiosis through sporophyte, form gametophyte by mitosis




gametes from mitosis through gametophyte, fertilization, form sporophyte




gametophyte and sporophyte sometimes look identical



fungi reproduce both sexually and asexually




spores generally diploid from asexual/mitosis




gametes haploid from sexual/meiosis




sometimes 2n dominant, sometimes n (mushrooms vs. mold)
Prokaryotes (bacteria)


only have one circular chromosome – always haploid


we’ll discuss these later

























