11.3

· chromosomes are stable structures
· could sometimes be altered by 
· 1- breaks in DNA [generated by agents such as radiation or certain chemicals]
· 2- enzymes [encoded in some infecting viruses]
· the broken chromosome fragments may be 
· 1- lost 
· OR
· 2- reattach to the same or different chromosomes 
· resulting changes in chromosome structure may have genetic consequences if alleles are 
· 1- eliminated
· 2- mixed in new combination 
· 3- duplicated
· 4- placed in new locations [by alteration in cell lines that lead to the formation of gametes]
· genetic changes may occur through changes in chromosome #
· Both chromosomal alteration & changes in chromosome number can be a source of 
· 1- disease 
· 2-  disability, 
· 3- a source of variability during evolution 

11.3a

· chromosomal alteration after breakages occur in 4 major forms
· 1- deletion:- occurs if a broken segment is lost from a chromosome
· 2- duplication:- occurs if a segment is broken from 1 chromosome and inserted into its homologue
· 3- translocation:- occurs if a broken segment is attached to a different nonhomologous chromosome 
· 4- inversion:- occurs if a broken segment reattaches to the same chromosome from which it was lost but in reversed orientation so that the order of genes is reversed. 

Deletion and Duplication

· deletion could cause severe problems if the missing segment contain genes that are essential for normal development or cellular function
· duplication may have effects that vary from harmful to beneficial depending on the genes and alleles contained in the duplicated region 
· some duplication are IMP sources of evolutionary change
· there are some duplicated genes that have one copy that can mutate into new forms without seriously affecting the basic functions of the organism 
· duplication sometimes arise during recombination in meiosis if crossing over occurs unequally so that a segment is deleted from one chromosome of a homologous pair and inserted into the other

Translocation and Inversions

· many cases translocation is reciprocal meaning that 2 non homologous chromosomes exchange segments
· reciprocal translocation resemble genetic recombination except that the 2 chromosomes involved in the exchange do not contain the same genes 
· inversion have the same effect as translocation 
· genes may be broken internally by 
· 1- the inversion [with loss of function]
· OR
· 2- transferred intact to a new location [within the same chromosome producing effects that range from beneficial to harmful]
· inversions and translocation have been important factors in the evolution of 
· 1- plants 
· 2- some animals 

11.3b

· whole single chromosomes are lost or gained from cells entering or undergoing meiosis resulting in a change of chromosomes #
· these changes occur through 
· 1- nondisjunction:- the failure of homologous pairs to separate during  the first 
· meiotic division  
· OR
· 2- misdivision:- the failure of chromatids to separate during the second meiotic division 
· as a result products of meiosis are produced that lack 1 or more chromosomes or contain extra copies of the chromosomes 
· fertilization by such gametes produces
· 1- aneuploids:- an individual with extra or missing chromosomes 
· euploids:- individuals with a normal set of chromosomes are called 
· changes in chromosomes can also occur through 
· 1- duplication of entire sets [meaning individuals may receive 1 or more extra copies of the entire haploid complement of chromosomes]
· such individuals are called polyploids
· Triploids:- have 3 copies of each chromosome
· Tetraploids have 4 copies of each chromosome 
· multiples higher than tetraploids could also occur

Aneuploids

·  the effect of addition or loss of whole chromosomes vary depending on the chromosome and the species
· in animal aneuploids of autosomes usually produce debilitating or lethal developmental abnormalities 
· these abnormalities also occur in humans
· addition or loss of an autosomal chromosome causes embryos to develop  abnormally that they are aborted naturally
· aneuploidy is as much as 10 times as frequent in humans as in other mammals 
· human embryos that have been miscarried and examined about 70% are aneuploids
· in some cases autosomal aneuploidy survive. this is the case with humans who receive an extra copy of chromosome 21 [which is one of the smallest chromosomes] 
· many of these individuals survive well into adulthood. the conditions produced by the extra chromosomes called Down syndrome or trisomy 21 is characterized by short height and some degree of mental retardation 
· about 40% of individuals with Down syndrome have heart defects and skeletal development is slower than normal most do not mature sexually and remain sterile 
· most Down Syndrome arises from nondisjunction or misdivision of chromosome 21 during meiosis primarily in women
· Down syndrome is one of the most common serious human genetic defects
· Aneuploidy of sex chromosomes can also arise by nondisjunction or misdivision during meiosis 
· altered # of X & Y chromosomes often aren’t associated with survival
· individuals who have this are able to pass through embryonic stage and on the adulthood
· in case of multiple X chromosomes the X-chromosome inactivation mechanism converts all but one of the X-chromosomes to a Barr body so that dosage of active X-chromosome genes is the same as in normal XX females and XY males
· sexual development in humans is pushed towards male or female reproductive organs primarily by the presence or absence of the SRY gene on the Y chromosome people with a Y chromosome are externally man like no matter how many X chromosomes are present 
· if no Y chromosome is present X chromosomes in various numbers give rise to female like individuals

polyploids:-

· polyploidy often originates from failure of the spindle to function normally during mitosis in cell lines leading to germ line cells 
· in the division the spindle fails to separate the duplicated chromosomes [which are therefore incorporated into a single nucleus with twice the usual number of chromosomes]
· eventually meiosis takes place and produces products with 2 copies of each chromosome instead of 1
· fusion of 1 such gamete with a normal haploid gamete produces a triploid zygote
·  fusion of 2 such gametes produces a tetraploid zygote
· the effects of polyploids vary widely between 
· 1- plants 
· 2- animal. 
· in plants polyploids are often strong and more successful in growth and reproduction than the diploid plants from which they were derived 
· as a  result polyploidy is common and has been an important source of variability in plant evolution 
· half of all flowering plant species are polyploids
·  triploid plants have difficulty disjoining homologues properly in meiosis they are often sterile or seedless 
· polyploidy is uncommon among animals because it usually has lethal effects during embryonic development 

