AP® BIOLOGY
2008 SCORING GUIDELINES

Question 4
4. Flowering plants have evolved various strategies for fertilization.

(a) Describe the process of fertilization in flowering plants. (3 points maximum)
Double fertilization (2 points maximum)
e Sperm + egg — zygote (2n)/fertilized egg
e Sperm (n) + 2 polar nuclei (n+n) — endosperm food source (3n)
Pollen tube formation (1 point maximum)

e Pollen grain adheres to stigma, absorbs water and germinates; growth of pollen tube (tube
nucleus)

e Generative nucleus divides into two sperm nuclei (or pollen grain has two sperm nuclei)
e Development of embryo sac (female gametophyte)

(b) Discuss TWO mechanisms of pollen transfer and the adaptations that facilitate each mechanism.
(4 points maximum)

Mechanism Adaptations
(1 point for each mechanism (1 point for each adaptation appropriate to the
discussed with action verb; mechanism(s) discussed; 2 points maximum)
2 points maximum)
Wind Pollen shape (pits)
(e.g., blows, carries) Lightweight pollen

Feather-like, sticky stigma

High pollen:ovule ratio

Male flowers elevated/exposed anther
Stem/stamen modification for pollen release

Animal vectors Barbs, spikes on pollen (attaches)

(e.g., transfer, carry) Nectar/fragrance/color/UV patterns
Coevolution of animals (specific example)
Shape of flower/position of pollen

Water Lightweight pollen floats on water
(e.g., transfers, carries)

Gravity (self-pollination) Anther/stigma mature at same time
(e.g., falls, drops) Anthers above stigma

Some species of flowering plants have evolved mechanisms to prevent self-fertilization.

(c) Discuss an evolutionary advantage of preventing self-fertilization. (2 points maximum)
e Maintains/increases genetic variability of the population (not at individual level)
e Variability in action—explain or give an example
(e.g., more material for natural selection, avoids effects of inbreeding, allows population to
cope with changing environment)
e Hybrid vigor
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Question 4 (continued)

(d) Describe TWO mechanisms that prevent self-fertilization. (3 points maximum)
1 point for a description of each mechanism as suggested by the bullets below
(2 points maximum); 1 point for an appropriate specific example or detailed
description

Self-incompatibility
e Pollen fails to germinate (stigma epidermal cells prevent germination of pollen through
signal transduction pathway).
e Pollen tube does not complete development (due to destruction by RNAses).
e Sperm fails to unite with egg.
e S-genes must be different (allele incompatibility).
0 If pollen grain and stigma have matching alleles at the S-locus then the
male gametophyte fails to begin process of fertilization.
Structural adaptations
e Stigmas are higher than anthers or vice-versa (pin and thrum) (heterostylous).
e Separate male/female flowers (monoecious)/separate sexes/stamens OR carpels
(dioecious).
e Temporal separation of maturation of male/female parts (dichogamy/protogyny/
protandry).
e Nectar production at different times.
e Mechanical isolation: difference in size of pollen grains and stigma papillae.
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4. Flowering plants have evolved various strategies for fertilization.
(a) Describe the procéss of fertilization in flowering plants. "‘I\
(b) Discuss TWO mechanisms of pollen transfer and the adaptations that facilitate each mechanism.

Some species of flowering plants have evolved mechanisms to prevent self-fertilization.
(c) Discuss an evolutionary advantage of preventing self-fertilization.

(d) Describe TWO mechanisms that prevent self-fertilization.

E\l({um{. Knows _What o fleweana  pland is . but how do H\w
oxtse ? !hc_r_‘g arc__fwo 17w/+5 h a »ﬂjv“\rcnnn nﬂlx e male

r 1
and ;&mgl;c ﬂ:m(j]mgs, ihf fomal< ﬂT\L(,h)rt s the carpel.

s w e ‘ izat
‘ 0
Pollen fam e other D\an’r came from P mmale shimen, When

ﬁ&_,pu\kn__lnm&_m_ﬂz_ﬂgm_{:h_p_unm_ﬂhe forms _as i+
‘_);95135 h «d‘gciﬁd“ The. polien havels  down  the hbe of

‘H's( s’m\( mn(i intv ‘H’k o\raru \ﬂﬂft ane hun\oid m/(l{uS

is fer hlmA o ﬂ:c (mbﬂ‘g sgh\f ‘H~e other hume( the

4- ho(ohres a. Saul W\C ova(u‘ Wil dwflu as e Hf.shu

J ) ! C aMs  aadin
J (74 -

Pllen _ fronske  can ocovr e bwis ways: The frst and
\ | Way 5 b I Flaweny
lm’ﬂ providt o fned seurce for animals Lice  bees, 1.,bm
(}Y\ Wwd' hy\ds ’N\lfn s stk h 14‘ l)oCm T‘navv\.na

G.Yt(\\'\\'\'g( *ﬂuw«rr ms\\m Vbs oﬂ— %n)m Qﬂ)ic {:lwufr,) !ﬁ blgmg

e valuX anactl envir
\ A £
N : € ' bl P o\leny
GO ON TO THE NEXT PAGE.
-16-

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



ADDITIONAL PAGE FOR ANSWERING QUESTION 4 4 A 2

wahr, The watyr anorh palon  fa athe
Hem.  dne enl»huhmu\ adcohhon that
Nt g ?u\hn lacation .lhh‘rn of stird
the d‘h"‘h(r, ta.n'lt{ accrssible

Howvels  well  in

_ﬂuu.mm.‘ }m\\mo\h'ng
[}

_inside a  awrer, 0l odgske  an

-\au\ Gomal o wdbr,

I o flower  self ~hvhlizes, ail %msh‘c pforma b on
wWill wmaim the savae. T g evaoly Nonary smic  this
no SL\GA. Gene N vaviahon i3 what —NO\UHUV\ 5 based-
it o vartahen  existrd | evoluMon  cauld nat seleof

sef — #vh\’l?mﬁdn, %Nh'(_
i< o

OY\'.

[{
_ngbJ_Lermmm Qu \mewﬁ ny

(i\\ur&ﬂu 15 1>rtsfwf\l£d Gen-eh T c\Nfrs\kJ (N 81\1(
-?ombl( (‘/\nm(hmh Fhat may )umﬂ’r‘ an_organism, Pu

inhduding  view ks natuen) glechon  con advance o
N’Y\Mnﬂu a _popubahin__ vnchangin g
J LB g0

. J
—spedty vabhe Hran

In ordey +o prcvevﬁ Je\(—*&\/ﬁ\na%'Un, a'hhuﬁ(ﬁ‘
ﬂ_(LLpinHun and o chremical  wmcess  are fmnlo\,l-f’({ The
first mechanim o Prfvwﬁ wlf —G«h\nah(m r$ G
mlmmcm inhibvHon.  Tn sume plants the Jvcatton  of
Oo\\{n n yrelabion fo the shoma is hod (onducive h
((YH!JMH(M' h  other wards ﬂ’\w yallenn i85 in g Jecahun
Winst ¢ %\(nn7 Hre Shmm/a The ﬂmn\% employ oent of %mwk{
lssens Mo dhane  of s —Qd—ﬂnmg bu deor walat an.
A scond  medhaniom b prvent s 55 g cemical  reachom

Much b the n«Aru\rcmu o _an aqd by adding a base,

.H;\e combinohim o £ sehf pollen and hmjﬂufd nvcler  cendyee
the  msvibing embryy o nan —viable Certnin ﬂhmH hoe

J
rak rreioms thad  ocwr vpun setf ~1CrrHl.zahdn that
it yopessible dfoc 4 vable offpring T e

male
pn&uw&

GO ON TO THE NEXT PAGE.
-17-

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



4. Flowering plants have evolved various strategies for fertilization. l* B

(a) Describe the process of fertilization in flowering plants.

(b) Discuss TWO mechanisms of pollen transfer and the adaptations that facilitate each mechanism.

Some species of flowering plants have evolved mechanisms to prevent self-fertilization.
‘(c) Discuss an evolutionary advantage of preventing self-fertilization.

(d) Describe TWO mechanisms that prevent self-fertilization.
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4. Flowering plants have evolved various strategies for fertilization.

4C,

(b) Discuss TWO mechanisms of polien transfer and the adaptations that facilitate each mechanism.

(a) Describe the process of fertilization in flowering plants.

Some species of flowering plants have evolved mechanisms to prevent self-fertilization.
(c) Discuss an evolutionary advantage of preventing self-fertilization.

(d) Describe TWO mechanisms that prevent self-fertilization.

in Aowcring lans ?Mﬁ[ |
Ot MLV\M flo
l.
0 Qi Fonciar, ﬁ\mmre g py
- ik, warttr light, emrg;y,@m_

ling.. Also % \ded

Wh ghw

Bl zadio
PnradHon. Wi
mHoh lﬁ

Yﬂ

’wmd BRES ne

flowes o
0f4tn Fe\(s bl
10 dh ¥ph

&3
&t /
~\_

\
ONz SraliRnarf m\mn

&,

{- ﬂﬁrﬂ JZQ\‘HQH

i

10

Vi

=

%

50,

O Diertipg

|{

,|r ae ndny 0@

[

A whidl hat® 1.
hm(éml? Qs

\ing

d(’nfld' K (hﬁir’

tkﬂv t

it FE WL fidf SUrPTie

anﬁmf (g

Hyll 1 1o di

emtv hote mill

fo

(hird_H.

mnn(z on' g w Hutlg

Visit the College Board on the Web: www.collegeboard.com.

Ay,
o

<and.
v a4 dlg o thy

GO ON TO THE NEXT PAGE.

-16-

©2008 The College Board. All rights reserved.



AP® BIOLOGY
2008 SCORING COMMENTARY

Question 4
Overview

The biological theme of this question was evolution. First, the question asked students to describe the
process of fertilization in flowering plants. The second part of the question asked students to discuss two
mechanisms of pollen transfer and the adaptations (evolution) that facilitate each mechanism. The third
part of the question required students to discuss an evolutionary advantage of preventing self-fertilization.
Finally, the fourth part of the question asked students to describe two mechanisms that prevent self-
fertilization.

Sample: 4A
Score: 9

Two points were earned in part (a). One point was earned for describing how a haploid nucleus travels and “is
fertilized [to form] the embryo.” Another point was earned for stating that the other haploid nucleus “becomes
[part of] the endosperm.”

For part (b) the student earned all 4 points. One point was earned for discussing the adaptation that facilitates
the mechanism of pollen transfer by animals when the student describes how “[f]lowering plants provide a
food source for animals.” The pollen transfer occurs when the animals come to feed on the plant and pollen
“rubs off” onto their bodies, and then they carry the pollen as they travel from one flower to another. This
earned a second point. Another point was earned with the discussion of how “pollen travels well in water.’
The last point from this section was earned for discussing the adaptation that facilitates this type of pollen

transfer (pollen is “readily accessible” and “exists on the anther”).

1

In part (c) a point was earned for discussing how “genetic diversity is preserved” by preventing self-
fertilization by “introducing new traits” into the population.

In part (d) the student describes two mechanisms that prevent self-fertilization. One point was earned for
describing how “the pollen [can be] in a location lower than the stigma.” A second point was earned for a
chemical (self-incompatibility) mechanism where “the combination of self pollen and haploid nuclei renders
the resulting embryo non-viable.”

Sample: 4B
Score: 6

No points were earned for the response in part (a) of this question.

For part (b) the student earned a point for discussing how insects get “coated in pollen by the anthers” of the
flower and then fly “to another flower spreading the pollen.” A point was earned for the discussion of how
“flowers are usually brightly colored . . . to attract insects.” A third point was earned for discussing the
adaptation of “sweet smelling” flowers that could also attract the insects. A final point was earned for
discussing wind as a mechanism to carry the pollen.

No points were earned in part (c) since an evolutionary advantage that prevents self-fertilization is not clearly
discussed.

In part (d) the student received a point for describing how flowers that “only exhibit one sex cannot self
pollinate” as a mechanism to prevent self-fertilization. A final point was earned for noting that plants “avoid
self-fertilization . . . through the male and female parts being fertile at different times.”
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Question 4 (continued)

Sample: 4C
Score: 3

No points were earned for part (a) since the response does not contain a description of the process of
flowering plant fertilization.

In part (b) 1 point was earned for the discussion of how “[blees help flowers transfer pollen everywhere.”
Another point was earned for the discussion of how “the wind often helps blow pollen to different places.”

One point was earned in part (c) for the discussion of an evolutionary advantage of preventing self-
fertilization, which allows for “more diversity.” The student discusses how having plants with the same genes
might make it harder for them to "survive . . . if something happens” to the population.

No points were earned in part (d) of this question since the student does not describe any of the mechanisms
that prevent self-fertilization.

© 2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



