
 

 

THE CHROMOSOME SHUFFLE Activity   by Thomas Mueller - RHS (with reference to several articles) 

 
“Creation Scientists” (an oxymoron if ever there was one) suggest that 

Evolution cannot be correct according to their naive understanding of 

Genetics.  When comparing a karyotype of a chimpanzee (or gorilla) and a 

karyotype of a human side by side it looks like two ancestral ape 

chromosomes fused to produce a human total of 46 chromosomes; where 

gorillas and chimpanzees still have the ancestral 48 chromosomes. 

 

A Partial Karyotype: 

Human Chromosomes 1-4 compared to Chimpanzee  chromosomes. 

(Chromosome on left of each pair is Human; while chromosome(s) on right is/are 

Chimpanzee) 

“Creation Scientists” remain unconvinced and argue there could never have been a 

fusion of two ape-ancestor chromosomes.  They argue the karyotypes must have been 

established this way from the moment of creation. 

Your task is to understand both arguments by reading the following article: 

THE CHROMOSOME SHUFFLE (Adapted from Carl Zimmer as posted on his science blog at Discover Magazine) 

http://blogs.discovermagazine.com/loom/2005/08/29/the-chromosome-shuffle/ 
 

 Our genes are arrayed along 23 pairs of chromosomes. On rare occasion, a mutation can change their order.  
 
If we picture the genes on a chromosome as 
ABCDEFGHIJKLMNOPQRSTUVWXYZ 

...a mutation might flip a segment of the chromosome, so that it now reads   ABCDEFGHISRQPONMLKJTUVWXYZ  -   

...or it might move one segment somewhere else like this:    ABCDLMNOPQRSTUEFGHIJKVWXYZ  -   

In some cases, these changes can spread into the genome of an entire species, and be passed down to its descendant 
species. By comparing the genomes of other mammals to our own, scientists have discovered how the order of our 
genes has been shuffled over the past 100 million years.  

One of the most interesting features of our chromosomes is that we’re one pair short. In other words, we humans have 

23 pairs of chromosomes, while other apes have 24. Creationists bring this discrepancy up a lot. They claim that it 

represents a fatal blow to evolution. Here’s one account, from Apologetics Press: 

If the blueprint of DNA locked inside the chromosomes codes for only 46 chromosomes, then how can evolution 

account for the loss of two entire chromosomes? The task of DNA is to continually reproduce itself. If we infer 

that this change in chromosome number occurred through evolution, then we are asserting that the DNA locked 

in the original number of chromosomes did not do its job correctly or efficiently. Considering that each 

chromosome carries a number of genes, losing chromosomes does not make sense physiologically, and probably 

would prove deadly for new species. No respectable biologist would suggest that by removing one (or more) 

chromosomes, a new species likely would be produced. To remove even one chromosome would potentially 

http://blogs.discovermagazine.com/loom/2005/08/29/the-chromosome-shuffle/


 

 

remove the DNA codes for millions of vital body factors. Eldon Gardner summed it up as follows: “Chromosome 

number is probably more constant, however, than any other single morphological characteristic that is available 

for species identification” (1968, p. 211). To put it another way, humans always have had 46 chromosomes, 

whereas chimps always have had 48. 

There’s a lot that’s wrong here, and it can be summed up with one number: 1968.  

Why would someone quote from a 37-year-old genetics textbook in an article about the science of chromosomes? It’s 

not as if scientists have been just sitting around their labs since then with their feet up on the benches. They’ve been 

working pretty hard, and they’ve learned a lot. And what they’ve learned doesn’t agree with what Apologetics Press 

wants to claim. 

The first big discovery came in 1982, when scientists looked at the patterns of bands on human and ape chromosomes. 

Chromosomes have a distinctive structure in their middle, called a centromere, and their tips are called telomeres. The 

scientists reported that the banding pattern surrounding the centromere on human chromosome 2 bore a striking 

resemblance to the telomeres at the ends of two separate chromosomes in chimpanzees and gorillas. They proposed 

that in the hominid lineage, the ancestral forms of those two chromosomes had fused together to produce one 

chromosome. The chromosomes weren’t lost, just combined. 

Other researchers followed up on this hypothesis with experiments of their own. In 1991, a team of scientists managed 

to sequence the genetic material in a small portion of the centromere region of chromosome 2. They found a distinctive 

stretches of DNA that is common in telomeres, supporting the fusion hypothesis. Since then, scientists have been able to 

study the chromosome in far more detail, and everything they’ve found supports the idea that the chromosomes fused. 

In this 2002 paper, for example, scientists at the Fred Hutchinson Cancer Research Center reported discovering 

duplicates of DNA from around the fusion site in other chromosomes. Millions of years before chromosome 2 was born, 

portions of the ancestral chromosomes were accidentally duplicated and then relocated to other places in the genome 

of our ancestors. And this past April, scientists published the entire sequence of chromosome 2 and were able to 

pinpoint the vestiges of the centromeres of the ancestral chromosomes–which are similar, as predicted, to the 

centromeres of the corresponding chromosomes in chimpanzees.  

Today geneticists sometimes encounter people with fused chromosomes, which are often associated with serious 

disorders like Down’s syndrome. But that doesn’t mean that every fusion is harmful. Many perfectly healthy populations 

of house mice, for example, can be distinguished from other house mice by fused chromosomes. The fusion of 

chromosome 2 millions of years ago may not have caused any big change in hominid biology–except, perhaps, by 

making it difficult for populations of hominids with 23 pairs of chromosomes to mate with populations who still had 24. 

As a result, it may have helped produce a new species of hominid that would give rise to our own. 

Just goes to show what 37 years of scientific research can turn up. 

Carl Zimmer – 2005 

 

 

 

 



 

 

The CHROMOSOME SHUFFLE: Discussion 

Let’s take it a little further than Zimmer did with chromosome rearrangements: 
 
Starting with the original chromosome ABCDEF⃝GHIJKLMNOP     (⃝ = centromere) 
ABCDEF⃝GHLKJIMNOP = _________________________________________________________________________ 

ABCDIHG⃝FEJKLMNOP = _________________________________________________________________________ 

ABCF⃝GHIJKLMNOP = ____________________________________________________________________________ 

ABCDEF⃝GHIJIJKLMNOP = _________________________________________________________________________ 

ABCDEF⃝GHKLCDMIJNOP =  _______________________________________________________________________ 

ABCDEF⃝GHIJKLMNOPWXYZ = _____________________________________________________________ ________ 

 

Summarize the “creation scientist” point of view as outlined in the excerpt from Apologetics Press.  According to them, 
why must chromosome number remain constant? 
__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

What is Carl Zimmer’s first complaint with the Apologetics Press’ rebuttal?  

__________________________________________________________________________________________________ 

 

How did Carl Zimmer contradict the “constant chromosome number” criticism found in Apologetics Press?  

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 
What is a centromere? ______________________________________________________________________________ 
 
What is a telomere?  _________________________________________________________________________________ 
 
Recent studies indicate other peculiarities to chromosome #2.  Elaborate?   

__________________________________________________________________________________________________ 

 

Scientists suggest something else happened before the suggested fusion took place.  Why is this important?  

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

Do chromosomal abnormalities always result in serious defects? Explain with reference to article and class info 

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 
Remember that Down ’s syndrome can occur by non-disjunction.  Explain 

_________________________________________________________________________________________________ 
 
Note:  The extra chromosome 21 material that causes Down syndrome may ALSO be due to a Robertsonian 

translocation in the karyotype of one of the parents.  A parent with such a Chromosome 21 translocation has a normal 

diploid complement of genetic information and is phenotypically normal.  Unfortunately, some of their offspring may 

aquire Down’s by receiving an extra compliment of the genetic information contained in Chromosome 21. Translocation 

Down syndrome is often referred to as familial Down syndrome. 



 

 

 

When horses and donkeys interbreed, male mules are produced or female hinnies: 
The diploid numbers of chromosomes found are: horse sixty-four, donkey sixty-two, 
mule sixty-three, hinny sixty-three. 
 
 
 
 

If we remember what is supposed to happen during Metaphase I of meiosis, why is it not surprising that interspecies’ 
hybrids such as mules and hinnies are infertile?   
__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

In fact, Mule/Hinny problems arise during Prophase and not Metaphase I.  In view of the horse/donkey interbreeding 

story, Apologetics Press could have come up with a better rebuttal.  Elaborate:  

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

 The karyotype of the domestic horse (2n = 64) differs from that of Przewalski's horse 
(2n = 66) by an extra chromosome pair either because of the fission of domestic horse 
chromosome 5 in Przewalski's horse or fusion of Przewalski's horse chromosomes 23 and 
24 in the domestic horse. 
 

This is the clincher!  Przewalski's Wild Horse and the domesticated horse can be crossed 
and do produce fertile offspring, with varying karyotypes!   Why is this important for 
Evolutionary theory?  

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

 

 

 

 

 

OK – so clearly chromosomes do not segregate randomly at the metaphase I plate.  Instead 

of a tetrad – the Przewalski/Wild Horse hybrid form trivalents during meiosis.  

Chromosome rearrangements may perhaps reduce fertility but do not constitute an 

immediate barrier to interbreeding. 

 

This stylized diagram may be misleading.  Let’s review... 

 

Do Trivalents occur during Metaphse I?  ________Metaphase II? ________  Explain: 

__________________________________________________________________________________________________ 

 

How many chromosomes and how many chromatids are present in a trivalent?  Explain 

___  chromosomes because  __________________________________________________________________________ 

___  chromatids   because  ____________________________________________________________________________ 



 

 

Even presuming some inherited translocation prevented interbreeding.  Another possibility still exists.  Inbreeding could 

generate successful progeny provided individuals inbred with other family members that shared the same translocation 

(Mother-son, for example, YUCK)!    Consider the genetic diversity of Chimpanzees and Bonobos, our nearest relatives. 

The number of these animals is small compared to ours, but their genetic diversity is much larger than that of our 

species. In fact, the entire 6 billion member human species has a level of genetic diversity which is on the order of a 

large chimpanzee population.   Genetically, humans appear to be an inbred subset of the chimpanzee species.  

 

This begs the obvious question!  Human/Chimpanzee hybrids?  Viable?  Almost certainly!  

Fertile?  Rumors abound that such experiments have been attempted. 

 

Are Humanzees possible?  http://en.wikipedia.org/wiki/Humanzee   

(Remember human & chimps are genetically more similar than horses are to donkeys) 

 
Let’s just say that such “Planet of the Apes” conjectures are so unethical they would never be 
attempted in a bona fide lab today.  
 
  

Other ethical concerns are also arising; for example Human/Chimpanzee Stem-Cell research:   

http://au.ibtimes.com/articles/186708/20110726/british-researcher-planet-of-the-apes-human-animals.htm 
 
Explain why "Category Three" Research involving experiments with great apes is illegal in the UK: 
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 

In our opinion, should such experiments be banned even if they promise to cure many human diseases?  
__________________________________________________________________________________________
__________________________________________________________________________________________ 
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 
 

In summary, the differences between many species correlate with accumulated chromosomal rearrangements that 

eventually result in reproductive isolation.  In the case of kangaroos, Robertsonian Translocations can account for much 

of the variation that exists between the different kangaroo species. 

 

The Bottom Line:  The story of Przewalski's Wild Horse and the domesticated horse hybrids indicate that chromosome 
rearrangements may perhaps reduce fertility but do not constitute an immediate barrier to interbreeding.  However, 
accumulated chromosome rearrangements would eventually constitute a   reproductive barrier to inter-breeding.   
 
 
Now, would not these insights concur with Darwin’s view of evolution?  Hint: “Natura non facit saltum” 
__________________________________________________________________________________________
__________________________________________________________________________________________ 
 
Tom Mueller RHS - 2012 

http://en.wikipedia.org/wiki/Humanzee
http://au.ibtimes.com/articles/186708/20110726/british-researcher-planet-of-the-apes-human-animals.htm

