\00p> oso“‘es

< -
(\\)u\i:@\o*{“’ N AOCUFIOTIC STAGES and Their EVENTS
Q) *

STAGE: YRopiAse T

Events: CWi(ommosomes condense

spndle fbers born (ifotic spndle)

certrioles wove 4o o\\?{‘)os'v\o"‘)o\e's

nuclent einvelope clisa?peofs

\r\omo\ogous c\yopos ov\\ﬂes line ug > (RoSSING oNER
STAGE: ME SE
Events: Fdxreo\ homo\ogous chmosomes move 40
the equator of Yhe call, sgndle fipets
ottach fo centromere  there will be

afeas on He womatids e crossing
ovex occarved. ’

sTAGE: _ANAPRASE T

Events: homolod ous Chromoseme¢ pull
a»UOOxﬁ Lrom each o‘{’he(‘) sister chy o\nad—io\g
ace s¥ill o:ﬁacheo\,. each side of the
celd has 2 chonosomes instead of

b,

STAGE: TELOPHASE T
Events: 5\9\ nale £ bere di Sa\\?loea( N

Nuclear evxw,\ope/ boief l‘ﬁ reat\vPears)
cel ‘Dmc\nes into 2 cells) %bkim3s

OCCUNS

5% 1 cell (d\p\o'\d) -y Zeells Chaploid\>geae
eock INTERPHASE in between phases of MEI0S1S




MEl051S T ¢ Z cells (roploid ) > s Uhapiid

STAGE: PROVPWASE 1L
Events: GymiloX 4p mitesiS = nuclear envels

centrioles
| d\S&ODew(S s\')lno\le (Gloets Qovw\
Move, c\womosomes coné.ense

stace: METAPRASE TL

" Bvets nm_hgmglo_ggwgmgm
move to the widdle of the cell

T S{\J’\m\\a Bbers atradh Yo Hhe ceptromere .

STAGE: ANRPRASELL

Events: :mmo\\e Bers wl\ siskey
N\ v'o\nfoma—hcls oLOaH omo\ move them
|k 00009!\'6 OOlCG of the cell.

‘stace:_TELOPHASE T
Events: CWfomosomes at each Dole
Aecono\euSe (chromats ﬂ\ nuctear
gHVeloPe reforms : cell mcmbfane
v-\\o'mo\ncs in 5o you have U new
cells .
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Period Date Given Due Date

Mitosis Verses Meiosis

Directions: Write answers next to the question. Draw pictures on the back of this page, in order.
ot

e N A S i e

N NN NN N NN e e e el e el e e
~] N b s W N e W0~ Oy W e O

. Draw a pic¢ture of what a cell looks like durmg cytokinesis. Draw o

Describe the purpose of mitosis 4o Proa\uge, A idewhcal cells ( C! j iﬂ’ Oia( )

How many times does the cell divide during mitosis? __oénce

What kind of cells are p‘fédu‘ced‘ at the end of mitosis? __ So 1 bod

What are sister chromatids? :H\e Cgmdgﬂyd &Pl icated clhyomosemes { X >

Bneﬂy describe what happens dunng prophase +he DNA coy\de/nses Ml“'b’hc SP\\(DH-C %W’\S
Draw and label p1cture of what a-cell looks like durmg prophase. Draw on the. back of page. '

Brleﬂy descnbe What happens dlmng metaphase -Hl\e che omotf'\ds llﬂe UJD in ‘H\e V\Mddle O+ 'Hr\e,
ced

Draw and label a picture of what a cell looks like during metaphase. Draw on the back of page.

Brieﬂy describe what happens during anaphase sister d uwd (-t

. Draw and label a picture of what a cell looks like during anaphase. Draw on the back of page.

. Briefly describe what happens dunng telophase -\-‘\/\-e cel s—(—aﬁ's SDll ﬂ-mﬁ \)\,‘('0 02

. Draw and label a picture of what a cell Jooks like during telophase. Draw on the back of page.-

.Is cytokmesm part ofm1t081s l'l" 1S (‘|qH {X,'[ ‘Hk\e M / \\AS'r a'(:{’fr J
. Briefly describe what happens dunng cytokmes1s e ("\fl"DOlaSM O(q a,n(/( les ({J SFergf

- onmd | s 7
e 6X the %ackhc}gaé%

. Describe the purpose of meiosis ‘/’O 77}1‘)6{ Jdc€ 17/ Aﬂﬂ/ o/ d G Ca S -

. How many times does the cell divide dunng Meiosis? 02 7L Mes /

. What kind of cells are produced at the end of meiosis? @ amete S ‘
- Briefly describe the difference of prophase I1&1. homoloqau SC h fbrnasomcg pa: r wla VS ﬁrm”l'
. Draw and label a plctu.re of prophase 1 & II. Draw on the back of page. Cllrvlt’ﬁj

. Briefly descnbe the difference of metaphase I & II. l‘lomclmaqs d‘]rom mgg ¥S. Cé[ /7T 47L,'0/§

. Draw and label a p1cture of ‘metaphase I & II. Draw on thq %,a kpf page. ’ /I,klf "‘/9

. Bneﬂy descrlbe the difference of anaphase I & II _@WMAMH?Q‘HJ}
Sseparate @m

. Draw arid label a picture of anaphase'1 & II. Draw on the back of page . S e

- Briefly describe the difference of telophase [ & IL. S emm—fc into  vs. Separate nfo

cells "o ced/S

. Draw and label a picture of telophase I & IL. Draw on th'?Back of page.

. What would happen to eell division if a chemical was put in the cell that did not allow for cell division to occur?

www.cstephenmurray.com/dnewsom Copyright 2008, Denece R. Newsom
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Phases of Meiosis

Meiosis - Name the Phases

Name:

kd

Name of Phase

Description

1. :P‘PP“PSE' T Homologous chromosomes pair up and form tetrad

2. ANAW AsE 'I Spindle ﬁb:ars move homologous chromosomes to opposite sides

3. TELD-:PH"R.SE ‘Ir' Nuclear membrane reforms, cytoplasm divides, 4 daughter cells formed
4. ME\_A“P\’(’%E T Chromosomes line up along equator, notin homologous pairs

5. (‘PRO PUASE 'I Crossing-over occurs

6. ANR?M%E J: Chromatids separate

7. ME’TAP!‘\'AsE i Homologs line up alone equator

8 Cytoplasm divides, 2 daughter cells are formed

- TELoPrtAse T

0 3
Anprerase T Proeuase T

. ,
Metazrase TC

http:/Amwww biclogycorner.com/worksheets/meicsis2.html
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4. Explain the genettc szgnxfzcance of croscmg over:

Crossing Over Problems

The diagram below.shows a pair of homologous chromosomes

- about to undergo chiasma forma’uon during the first cell

division in the process of meiosis, There are known crossover

. points-along the length of the chromatids (same on alf four

chromatids shown in the diagram). In the prepared spaces

'(a bodefyg,

Homologous
chromosomes

1. Crossing over occurs at a single point

between the chromosomes above.

below, draw the gene sequences after crossing over has
occurred on three unrelated and separate occasions (it would
be useful to use different colored pensfo represent the genes
from the two different chromosomes). See the diagrams on
the previous page as a guide:

(a bodef \//h

lm n o p}— Chromatid 1

Chromatid 2

Possible known
crossover points
" on the chromatid.

Chromatid 3

Chromatid 4

{a) Draw the gene sequences for the four <

chromatids {on the right), after crossing
over has occurred at crossovér point: 2 - - ==

C_bCD &'Po\

{b) List which genes have been exchanged
with those on its hermologue (peighbor (

S WN

chromosome):

Cond D

2. Crossirig over occurs at two points between

the chromosomes ghové.

{a} Draw ihie gene sed.uences for the four

chrofmatids (oh the right), after crossing
over has occurred between crossover

poinis: 6 and7

/\H (;\ KQMNOP)

{b} List which genes have been exchanged

OO

with those on its homologue (neighbor
chromosomey:

Tand T .kané\ M

3. Crossing over occurs at four points between

the chromosomes above.

~‘-t>" [

)

(a) Draw the gene sequences for the four (

chromatids {on the right), after crossing
over has occurred between crossover

(AB < DE @a

HiJk LM ﬂoo)

points: Tand3,and5and 7.

bl de r:c—:;:h TIK Lo NOP)

-hb)l\"’

{b) List which genes have been exchanged ' (

with those on its homologue (neighbor
chromesome);

A"MR DWAE B9 Land )
' Qile

-~ )

lee gt Lx

be ond J&&o{ew en_of a &t Lerent I)\Acmme e

So there mmq
A Nows

Lor %wv‘nc, vou'i et
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Crossing over refers o the mutual exchange of pieces of  can upset expected frequencies of offspring in dihybrid ¢rosses..

chromosome and Tnvolves the swapping of whole groups of geries  The frequency of Crossing over {COVY for different genes (as
between the homologous chromosomes. This process can gogur  followed by inherited, observable traits) can be used fo determine
only during the first diviston of meiosis. Erors in crossing ovetcan  the relative positions of genes on a chromasome and provide &
result in block mutations (see activity Chromosome Mutations), genstic map. Thare has been a recent suggestion that crossing

which ¢an be very damagiig to development. Crossing over  over may be necessary 1o ensure accurate cell division.

.Centromete  Maternal chromosoime

Pairing of Homologous Chromosomes
Every somatic cell has a palr of each type of
chromosome in fts nucleus: Thesé chromosome pairs,
one from esch parent, are called hamologous paifs
or homologues. In prophase of the first division of
meiosis, the horclogues pair up to form bivalents
in a process balled synapsis. THis allows the
chromatids of the homologous chromosomes 1o coine
in very close coniact B ’

> ¥ chromatids

2 chromtatids

Chiasma Formation and Crossing Gver |
The peiring of the homologues allows chiasmata to
forrn between the chromatids of homolagous’
chromosomes. These are places where the

i g ? Chlasma in
chromatids become criss-crossed and the - {he process:
chromosomes exchange segments. In e diagrarm, of forming

the chiasma are in the process of forming and the
exchange of pieces of chromosome have not yst
taken place. Every point where ihe chromafids have
crossed is achiasma.

Separation Chromatid of
New cornbinations of genes arisé from trossing over, maternal odgin
resulting in what Is called recombination. When the
hgmoicgues separafe a't anaphase of meiosis I, eac)h- Mixed types
of the chromosomes piciured will have new genetio " (recarbination)
material {mixed types) that will be passed into the S
gametes soon fo be formed. This process of Ghromatid of

recombination is an important source of variation for
ihe gere pool of & population.

paternal ongin

Gamete Formation

Once the final division of meiosis is.complete, the two chromatids  different (genetically) are produced. If no crossing over had
‘that made up each replicated chromosome become separated - occurred, there would have been only tivo types (twe copies of
‘and are now referred to as chromosomes. Becausé chromatid  each). Each of these chrarsomes will end-up in 2 different
ségments were exchanged, four chromosemes:that are.quite - gar'ﬁété (spefm or egg).

E - Each, eséﬁi/o“;:"

~ chromosomes will end
“up in a separate gamele "
‘ ' Chromoesome of
maiérnal origin

Chromaosomes are a
mixture of matemal
”" and pateinal origin -

D! i ;Chrornosomé of

paternal origirl

Each of thesé iwo ~. .
chromosomes will end up
" . In a separate gamete

1. B-r§eﬂy explain how the process of crossing over is going to alter the genotype of gameles: W»\ an \H’\&

~aomakids g\?\‘rk there WeN he o Aifferent ollele.

5. Describe the importance of crossing over in the process of evolution: pmutoftons W\QUJ{ Ihave.

been Plockad & on_ncrease in ﬁene/-Hc, Var et o

e

,0 :
-
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%
o
s
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Meiosis Quiz
Answer Section

MULTIPLE CHOICE ,

1. ANS: D PTS: 1 DIF: Average OBJ: Section 5.1
LOC: LS-R-01 TOP: The Cell Cycle and Mitosis KEY: mitosis

2. ANS: C PTS: 1 DIF: Average OBJ: Section 5.1
LOC: LS-R-01 TOP: The Cell Cycle and Mitosis KEY: mitosis

3. ANS: A PTS: 1 DIF: Average OBJ: Section 5.1
LOC: LS-R-01 TOP: The Cell Cycle and Mitosis KEY: mitosis

4. ANS: D PTS: 1 DIF: Average OBJ: Section 5.1
LOC: LS-R-01 TOP: The Cell Cycle and Mitosis KEY: mitosis

5. ANS: B PTS: 1 DIF: Easy OBJ: Section 5.1
LOC: LS-R-01 TOP: The Cell Cycle and Mitosis KEY: growth | interphase

6. ANS: C PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: inherit | genes

7. ANS: A PTS: 1 DIF: Average OBIJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: replication | mitosis

8. ANS: C PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: meiosis

9. ANS: B PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01. TOP: Meiosis KEY: chromosomes

10. ANS: A PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: gametes | meiosis "

11. ANS: C PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: chromosomes | sperm

12. ANS: D PIS: 1 DIF: Average OBJ: Section 6.2
LOC: LS-R-03 TOP: Sexual Reproduction
KEY: sexual reproduction | gamete | chromosome ,

13. ANS: B PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: gamete | sperm

14. ANS: A PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: meiosis | chromosomes

15. ANS: C PTS: 1 DIF: Easy OBJ: Section 6.1
- LOC: LS-R-01 TOP: Meiosis KEY: meiosis | sperm | egg

16. ANS: D PTS: 1 DIF: Difficult OBJ: Section 6.1
LOC: LS-R-01 "TOP: Meiosis KEY: meiosis | chromosomes

17. ANS: C PTS: 1 DIF: Difficult OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: meiosis | chromosomes

18. ANS: D PTS: 1 DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: mitosis

19. ANS: C PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: mitosis

20. ANS: B PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: meiosis | cross over




21. ANS: B PTS: 1~ DIF: Average OBJ: Section 6.1

LOC: LS-R-01 TOP: Meiosis KEY:" meiosis | diploid | chromosomes

22. ANS: D PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: meiosis | haploid | chromosomes

23. ANS: B PTS: 1, DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meéiosis KEY: egg| sperm | fertilization

24. ANS: A PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: fertilization | chromosomes | homologous

MATCHING

25. ANS: L PTS: 1 "~ DIF: Easy OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: telophase I

26. ANS: C PTS: 1 DIF: Easy OBlJ: Section 6.1
LOC: LS-R-01- TOP: Meiosis KEY: cytokinesis

27. ANS: B . PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: anaphase I

28. ANS: G PTS: 1 DIF: Difficult OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: metaphase II

29. ANS: I PTS: 1 DIF: Difficult OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: prophase I :

30. ANS: F PTS: 1 DIF: Average OBJ: Section 6.1
LOC: LS-R-01 TOP: Meiosis KEY: metaphase I
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