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17) Homologous genes are genes with common ancestry. There are two classes of
homologous genes: orthologs, which are pairs of genes that started diverging via
evolutionary speciation, and paralogs, which are pairs of genes that started diverging via
gene duplication. The picture below shows a genetic phylogenetic tree for 5 genes (Human
genes yl and y2, dog genes x1 and x2 and frog gene z1) the S1 and S2 are two speciation
events and the star symbol shows a gene duplication event.

14



@sampaadia amoozz.ir O axlpo Loy o003 olSijgel Colung 41 Egite b 0,90 4y caw yiwd (5lp

V¥ waau;f eolid G ) aluall Cpeady 5 Cuan

5

Indicate if each of the following statements is true or false.

l. Similar Genes with respect to DNA sequence are necessarily homologues.

2. Unlike orthologous genes, paralogous genes tend to have similar function.

3. Duplication of an essential gene result in a paralog pair that one of them can evolve
with less selection pressure than the other.

4. In the above picture, the x2 and z1 are orthologous to each other.

5. In the above picture, the x1 and y1 are paralogous to each other.
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By weight, the average male is approximately 60% water, and the average adult female is approximately
55% water.

Of the total body potassium content, 90% is within cells.

Normal serum potassium levels are considered to be between 3.6 and 5.0 mmol/L.

The symptoms of potassium depletion only appears when the ratio between intra and extracellular fluid
potassium levels gets disturbed.

Intracellular fluid (2/3 of body water) is fluid contained within cells.

Extracellular fluid (1/3 of body water) is fluid contained in areas outside of cells.

Plasma volume is 20% of extracellular fluid.

Interstitial fluid volume is 80% of extracellular fluid.
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Which of the following process(es)decribe(s) a nonspecefic internalization of dissolved
substances outside the cell? Indicate if each of the following statements is true or false.

A) Receptor-mediated endocytosis

B) Phagocytosis

C) Lysosome degradation

D) Exocytosis

E) Pinocytosis
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y+. The syndrome of inappropriate secretion of antidiuretic hormone
(SIADH) is a disorder of impaired water excretion caused by the inability to
suppress the secretion of antidiuretic hormone (ADH). Which of the
conditions below do you predict to be seen in a patient suffering from
SIADH: (¢ points)

a)  The urine sodium concentration is usually above normal range.

b)  The urine volume is less than normal range.

¢) Reducing the number of aquaporin water channels in the renal

collecting duct will help the patient.
d) brain cells will probably shrink.
e)  Water intake restriction will help the patient.
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10. The syndrome of inappropriate secretion of antidiuretic hormone (SIADH)
is a disorder of impaired water excretion caused by the inability to suppress the
secretion of antidiuretic hormone (ADH). Which of the conditions below do
you predict to be seen in a patient suffering from SIADH: (4 points)

a)  The urine sodium concentration is usually above normal range.

b)  The urine volume is less than normal range.

¢)  Reducing the number of aquaporin water channels in the renal collecting

5%

duct will help the patient.
d)  brain cells will probably shrink.
Water intake restriction will help the patient.
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Nutrition Facts

Serving size 1 cup (200g)

— Ingredients: Gelatin (beef origin), Sugar, Starch,
Amount per serving L
Calories: 183 Artificial sweeteners, Flavor, Colors.
%Daily Value’
Total Fat 0g 0%
Saturated Fat 0Og
Trans Fat Og Gelatin is a mixture of peptides and proteins produced
Cholesterol 0mg 0% by partial hydrolysis of collagen extracted from the
Sodium 3mg OZA, skin, bones, and connective tissues of animals such as
Total Carbqhydrate 399 % domesticated cattle, chicken, and fish. Gelatin is an
Dietary fiber 1g 4% . . . .
Sugars 10g animal protein unlike many other gelling agents used
Proteins 8g by the food industry.
P ——— ]

*Percent Daily Values are based ona 2,000 calorie diet. Your daily values
may be higher or lower depending on your calorie needs
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8. (10.5 points) Which one of the following statements about enzymes is TRUE (T) or FALSE (F)?

Show True answers with “T” and False answers with “F” in the Box(Each wrong answer has 1.5 negative mark).

a. They increase the rate of a reaction by increasing the rate only in the forward direction.

b. Vg =k[E]

c. Enzymes decrease the required activation energy of a reaction.

d. They increase the number of substrate molecules that reach the transition state per unit of time.

e. An enzyme catalyzes the chemical conversion of substrate to product, using its active site.

f. They are always protein.

g. The mitochondrial electron transport chain contains or utilizes enzymes.
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11- (12 points) Demographic processes such as births, deaths, immigration, and emigration, are
those that affect the size and composition of population. The timing of these processes also plays
a critical role; a population with high juvenile mortality will have a very different structure from
a population with high mortality in the post-reproductive years. Life tables are of data on
survivorship and fecundity of individuals within a population. A standard method is to collect
data on a cohort, or group of individuals all born in the same "time period". Life tables constructed
this way are called cohort life tables. They can then be used to determine age- or stage-specific
fecundity and morality rates, survivorship, and basic reproductive rates, which in turn can be
compared from cohort to cohort enabling an analysis of their annual variation. Understanding
these demographic processes and how they affect populations is a central concern of population
and conservation biologists. Here are parts of a cohort life table from a hypothetical population.
Please note that this table is totally based on the number of females in the population. Therefore,
data is collected during 14 years of counting the number of female organisms born at a specific
time and number of them within 2 years intervals. In this table, column x represents the age
(year), a, shows the number of living organisms at each age. Column A, B, C and D are calculated

by the data in column a..

X a, A B C D
0 44000 0.784 0.608 0.784 1.000
2 9513 0.136 0.148 0.329 0.216
4 3529 0.014 0.073 0.172 0.080
6 2922 0.010 0.061 0.158 0.066
8 2461 0.004 0.054 0.065 0.056
10 2300 0.001 0.052 0.022 0.052

A. Match each of the following definitions to a column by putting A, B, C or D in the related
parenthesis at the beginning of each sentence. (Negative points will be considered for wrong
answers.)

() Proportion of original cohort surviving to each age

() Proportion of original cohort dying in each age

() The fraction of cohort population dying at each age
()

Average proportion alive at each age
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B. Here are some conclusions from the table above. Put A to D in the parentheses to show which
column directly represents each conclusion. (Negative points will be considered for wrong answers.)
() Approximately 5% of the original population reach the age of 8.

() The number of cohort organism dying decrease by the age.

() The probability of a cohort organism to die decrease till the age of 10.

() Abort 7% of individuals in original cohort reach the age of 5.

C. Put T or F in the parenthese to show whether each statement is true or false? (Negative points
will be considered for wrong answers.)

() The values of each box in a life table, can never excess the values of the box just above it.
() The probability of an eight year old cohort organism to survive in-crease about three times
when he gets 2 years older.

() If all remaining ten-year old cohort individuals die at the age of 11, the data of column C
when x is 12 would be 0.51.

() About 21% of newborn cohort individuals were alive after 2 years.
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4- (10 points) A predatory spider sits in its web waiting for prey to pass by. There are four
types of potential prey in the environment:
o | wem | Mndmime |t
Gnats 10 1 1.0
Flies 60 3 5.0
Beetle larvae 100 2 5.0
Bees 20 4 3.0
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In a modeling of foraging behavior, profitability for a captured prey to be eaten is calculated by
division of its Energy gain (E) to its handling time (h). By considering the weight of the prey for
measuring its energy gain, rank from low to high the set of prey items by profitability. (Item 4 is

the most profitable.)

1. 2. 3. 4.

Show your calculations:
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U C A G
Uuuu Phe CucC Ser UAU Tyr UGU Cys U
U UuC Phe ucc Ser UAC Tyr UGC Cys C
UUA Len UCA Ser UAA Stop UGA Stop A
UuuG Len UucG Ser UAG Stop UGG Typ G
CuuU Leu CCU Pro CAU His CGU Arg U
:;; . cuC Leu coc Pro CAC His CGC Arg c | ¢
N CUA Leu CCA Pro CAA Gln CGA Arg A &
ﬂ CUG Leu CCG Pro CAG Gln CGG Arg G £
j’ AUU  Lle | ACU  Thr | AAU  Asn | AGU  Ser | U ;&
3 L | AvC Lle ACC Thr AAC Asn AGC Ser C 9
AUA Lle ACA Thr AAA Lys AGA Arg A ‘£
AUG Met* ACG Thr AAG Lys AGG Arg G
GUU Val GCU Ala GAU Asp GGU Gly U
G GUC Val GCC Ala GAC Asp GGC Gly C
GUA Val GCA Ala GAA Glu GGA Gly A
GUG Val GCG Ala GAG Glu GGG Gly G
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12- ’Dlﬂ (15 points) KLP61F is a microtubule-based motor protein involved in spindle assembly and
C}\lTOIl’lOSOIIle segregation during mitosis.
(A) Microinjection of an anti-KLP61F antibody results in a gradient of antibody concentration
and produces a gradient in the KLP61F content of different spindles. Images from time-lapse
movie of an embryo ex-pressing KLP61F-GFP and injected with rhodamine tubulin and anti-
KLP6IF is shown. Time in each frame is given in seconds from the time of nuclear break-down
in prophase. Bar is 10 pum. The injection site was close to the top of the embryo. Some spindles
collapse, as seen at 247 s. toward the bottom of the embryo, some spindles assemble, though
they may exhibit defects.
(B) Graph of pole-pole distance as a function of time (left) and quantification of KLP61F
remaining on these spindles (right). The normalized ratio of KLP61F-GFP to rhodamine tubulin
is used to compare the amount of motor remaining on each spindle at different time points. Put
T or F in the parentheses to show whether each statement is true or false? (Negative points will
be considered for wrong answers.)
() Injection of the antibody results in activation of the motor protein. ( ) The antibody depletes
motor proteins from the spindles.

() Spindle morphology is not dependent on presence or absence of the antibody.
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() Higher KLP61F-GFP to rhodamine tubulin ratio correlates with shorter spindles.
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() Spindles that collapse have practically no motor on them, whereas spindles that do not

collapse or recover from partial collapse have at least 40% remaining.
() Spindles that collapse have at least 50% motor protein remaining on them, whereas spindles

that do not collapse or recover from partial collapse have a maximum of 20% .
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13- 8 The following diagram represents an area of leaf litter from a forest floor with resident
population organisms. The distribution of three animal species as well as the arrangement of leaf

litter is illustrated.

A. Only a small proportion of the possible quadrate positions are going to be sampled. It is
necessary to select the quadrates in a random manner. To do that, create a numbering system for
the grid pattern. Starting at the top left hand corner, number the column and rows from 1 to 6

on each axis.

B. Choose 6 quadrates from the total of36 using table of random numbers. To do that, choose one
of the columns (A to D) from the table of random numbers (below) and use the numbers in that
column as an index to a grid. The first digit refers to the row number and the second digit refers
to the column number. Highlight each selected quadrate with your pen. Which column of random

numbers did you choose? The Table of random numbers.
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C. Carefully examione each selected quadrate and count the number of individual of each species

present Record your data in the space pro-vided below.

Wood louse Centipede Earth worm Leaf

Coordinakes for

each quadrate

Total

D. Use the totals for the sampled quadrates to estimate the average density for each species. (each

quadrate is 3 x 3 cm.)

a. Density for woodlouse is ....... m™
b. Density for centipede is ....... m™
c. Density for earth worm is ....... m™

d. Density for leaf is ....... m’
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Panthera tigris (Linnaeus, 1758) ssp. Virgate (Illiger, 1815)
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6- 9 Persian Lion (Panthera leo persica) is a subspecies of lion which survives today only in India,

g phin a population of 359 loins (as of April 2006). But the biggest threat faced by their narrow
habitat is the presence of a vegetarian pastoralist community with overgrazed areas around the
settlements. This habitat destruction by the cattle and the firewood requirements of the populace

reduces the natural prey base and endangers the lions. The lions are in turn targeted by the people.
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One way to save the last Persian lions form extinction in the wild is to reintroduce some of them
into its natural habitat, including some forestall areas in Iran. To do that, you need some data
concerning the food web and pyramids in order to successfully reintroduce the lion. Make at least

2 questions in order to collect concerned data. Write your answer in Persian.
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