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Chapter 39: Plant Responses to Internal and External Signals

Concept 39.1 Signal transduction pathways link signal reception to response

This concept brings together the general ideas on cell communication from Chapter 11 with specific
examples of signal transduction in plants. As with animals, plants have receptors that trigger signal
transduction pathways when activated. Let’s begin with a review of three steps in signal transduction.

Step 1: Reception. Cell signals are detected by receptors that undergo changes in shape in response
to a specific stimulus.

Step 2: Transduction. Transduction is a multistep pathway that amplifies the signal. This effect
allows a small number of signal molecules to produce a large cellular response.

Step 3: Response. Cellular response is primarily accomplished by two mechanisms:
a. increasing or decreasing mRNA production
b. activating existing enzyme molecules

1. Have you ever seen a shriveled potato sending out skinny, pale sprouts? What is this called?
Erclation
2 If you move the potato into the light, the sprout will respond by forming short, sturdy stems and

broad, green leaves. What is this response to light called?
De -cholatioN
3 The figure below gives a specific example of a signal transduction in plants for the greening or
de-etiolation response described above Label these parts of the figure: rerepﬂnn tra»sdue!mz
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4.

Return to the figure and explain how the light signal causes the greening response. Y ou may
choose to number the steps, as shown in the figure in your text.

Arst,+nt phyrochzm e (eccives the V'er\'f Saqr‘(’l’ which can Hen
achvate signal fransyduchon pathways . Second messengcers ke
c6MP and incirease in cyfosolic (@* achvate protein kinases .
™NC signal is amplihed and leads 13 eXpPression O0F genes

for proteins Hhat funchon in de-efolabor +hro vgn def\SCﬂPhcm
factors

What are the two second messengers in this pathway?

EEHP ond Ca*

Concept 39.2 Plant hormones help coordinate growth, development, and responses to stimuli

6.

Both plants and animals have hormones. The definition of a hormone has three parts. What are
they? Signal ngmalccUt produced in iny amounts

Transported 1o vancus parts of erganism

ginds o receptor and Mggers responses in target cells
Plant physiologists think the term hormone as defined above doesn’t quite fit plants. What term
do they use instead?

Flant g,zu'f"/q regi lafor

What is a tropism? _ " i
A growHh response 1C shimouli cesy (b ﬂc) N plom cuuv .’\,q

towards or away hom i+
The sketch below describes early experiments on phototropism conducted by Charles and

Francis Darwin. What can be concluded from these experiments?

CONCLUSION "his oq;cnm% Squ(.‘Yf” Hot Cf\kj +Hhe hp oFHNE
plant wll sensc light-and causc Hhe plant fo curve. T+ also

31)«\.’_)(3€g+5 +ha+ s S'Ci,l"Cl' f'v’\')m WC hp 'h’O\/C'S Clnd (GUSCS

b‘C‘"Cl-’f‘L} lower N L{"C P'C“ﬂ*‘-
bC
coledphle, %
qc,' W

Tip Tip coveredr/ Tip Site of
removed( by opaque )j covered curvature
\‘) cap by trans- )f covered by
\ parent opaque
cap shield
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10.  Here is a sketch of the Boysen-Jensen experiment. What conclusions can be drawn from it?

CONCLUSION The 8-J expenment suggeits +Hhat +he bencin g

signal is g light ~achvated mobil€ chemical -
RESULTS :

Boysen-Jensen: phototropic response when tip separated
by permeable barrier, but not with impermeable barrier

Light

| Tip separated  Tip separated
| by gelatin Q by mica

/! (permeable) ' (impermeable)

11.  Boysen-Jensen’s work was published in 1913. In 1926, Frits Went modified the experiment
using agar cubes with a chemical from the coleoptile tips. Explain the results of this

experiment.
Tis expenment showed Hja# s, - Slted o saced
growth chemical was disthbubed st i
cqually. T+ it was vnequal, , e
the plCAﬁ* L\;CL,i’d cuve ClLa‘ng “,/ -b:::m
fom the concentrote d ' (agarcube | gtimulates growth
chemical . Expehrmentwas hasno ' Case curveture
‘ o Control effect =5 £

performed in Hhe 0ark.
Went concluded +hat +he J )
Cuving happens elue 0 B A i ol e

‘ , = (o o Y b
a growtrn- promoting \ ’{ S8 e
chemical concentxaben

whith he called auxin
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12.  What name did Went give to this chemical messenger? What was its chemical structure found
to be? _ _
He called i+ auxin. (themical sfructu—e was found to
be indeleacehc acid (TA). _
13.  In jest, we tell our students that when in doubt about which plant hormone causes which plant
response, just answer awxin. Auxin has so many functions, this answer often works. List and
describe four functions of auxin.

Auxin Functions Description
0 Auxin sPmulates stem elongabion an d prmote;
brow+h formabicn 0 oTS '
Develcpmcrw Regulahon of dewvelopment of Frui+
Tropism Ppchons in pnoto- and groviTepism
v
Leat abscission AVXIN cGn s \ow/sSTOp I€at abscissioN

14.  Did you catch the discussion of auxins as herbicides? Perhaps you have used Weed-B-Gone to
kill dandelions in your lawn. Explain how this product kills dandelions without killing the
grass.
MONOCot an inachvate +he avxin herbicide (gmass)

Eudicots (broadleak wceds) can not do +his
15.  How did cytokinins get their name?
They shmulate wytokinesis and were mamed after i+
16.  List and describe three functions of cytokinins.

Cytokinin Functions Description

R Cyfokinins simul ate grwth by cell dinsion
(ell DinsIioN Nolk together wi+h auxins

' i snhalling axillany eud inhbi i buds on sides oFplanT
Ar?j(a‘ Dc.m'ncln(c (,L’\hﬂ“ p\_j AX I(, j D | hb on ( S Of s p )

Ay - Q(J"ng 5lans aging by sPPING profein breakdoun , slow s

apoptosiS mabilizes nun ents | stimulale prtein synthes (5

17.  Gibberellins occur naturally in plants, and like the previous two hormones, they have several
effects. Describe three of them.

Gibberellin Functions Description

dtem E;cngaﬁor“ Growth in skems and leave S (ell ckngwhcn+d;»fs.m)
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Frui+ Growth

erouth in Brui s ,sbmulahon of dtvelopr end-

GerminabonN

Embiyc of seec! has aibberellins +Hhat release b/c oF
H:0 + signal seed fo breplk dorrancyy
J

18. Abscisic acid (ABA) is misnamed. Why?
ABA is no langer +ho vght fo play a mlc in leaf agbscission,
wNich reseagrchersin #he b0Os Hhought i+ didl-

19. Describe three effects of abscisic acid.

Abscisic Acid Functions

Description

GrowHh

B A actually inhibrts growtHh hormmonT s
oM sbhulabng growth

Seed Dorma ncyY)

inhibi$s Germinathan ard allows seed 1o
withs tang dehydmbon

Drought Tolerance

ABA closes stomate © prevent water koss and
can funchon as warning for W,Iﬁn(}

20.
produced?

Ethylene is the only hormone in our group that is a gas. Under what conditions is ethylene

Droug Nk, H00diNg, mechanical pressu—c, inyuy ,infechon,
PYui+ ripening ,apopioss, exteral auxin
21.  The effects of ethylene are many and varied. Describe them here.

Ethylene Functions

Description

Triplt Response

sheot can avoid ebstacles haugh ethylene (siow
stem elangabon, +hicken steM, non zontal growth )

senescence

Ethylene is> associaked wi+h apoplesis afcells
duwng senesen@ (Prgrammed dea+h)

Lea ¥ Abscis sion

Rahe cF avxin o cthylene cavse s lecaves © Rl
ofF e free. EthyNe cavses aging .

Frui + Ripening

Ethylene Mggess apening which mggers more
ebhlene (aeid fCS“uc:pr)

22.  You have just finished a very complex look at plant hormones. Let’s try to summarize it by
completing the following chart.

Hormone

Action

EHhylere gas

leaf abscission
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? breaking seed dormancy
eiboerellins
. maintaining apical dominance
CutokiniNs e
5 : making internodes of grape bunches elongate to obtain larger fruit
bibberellins
gravitropism
A'u XN
AB A drought tolerance
EHhylene gas senescence
y hototropism
AUXIN P P
, D cell elongation
(;mnerfl\u“)/m)xn) R
increased cell division
Cylokinins

Concept 39.3 Responses to light are critical for plant success

23.  Researchers have determined that plants have two major classes of light receptors. List each

lass.
oz Bluc -liah+ photoreceptors

Phyto chromes

24.  What wavelengths of light are absorbed by phytochromes?

MosHy red light

25.  What are three different responses initiated by blue light?
PhetohopisMm

Cpening of stomata

Stewing cF h\,,pccct,l e[gng‘ahom
(When seed ling breaks ground)

26.  Read carefully the discussion of phytochromes and how they work. Pay attention to the two

types of red light. What is the wavelength of red light? Cnm Of far-red

light? __120nm

M ariwinkt @ 204N D CA i Tl L
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27.  Phytochromes are photoreceptors that have two isomer forms, P, and Pj. Sketch the conversion
of P, to P, on this figure. Label all of the boxes, and also chromophore, phytochrome.

chromophorc
nNses’
seed germinahon
== onhol of

Howenng, efc.
\ Phytochrome,
Slow Cmvcn;mj k’
N darkness ENnzymahc
destruchon

28.  What is the active form of phytochrome, P, or Pj?

Per is the achve form

(far -red light exposue cavses Pr Fcrm\
29.  Look again at the effect of light exposure on lettuce seed germination. What determines the
seed’s response?
A darke enwronment leaves the seed in Pr form, but

when exposed to sinlight, raho of Per 1o Pr Changes

and accumvlohon of per will tMgger germinathon.

30. To make sense of all this, you will want to read carefully the “Phytochromes and Shade
Avoidance” section. Which type of red light is more common in a shaded area? Why?

A Forest canopy will screen cut more red light,

causing for-red light to come throvgh to +nc

shacled cxreo,sh'nnu\ahhg Pr ,whichinhibits qmwﬁy
31.  What is a circadian rhythm? Give one plant example and one human example.

A circadian rhythm is a cycle not+ direcHy

contolled by any envienmental vanable. plants

go+hroug *sleep movement” even in light. Humans go
32.  Whatis the photoperiod? ~ +"rovgh €+ (ag.

The photo pen'od is the relatve lengths o f

day and nign+,

M ariwinkt A AN4n D, CAcnati T ~
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33,

.

Plants detect photoperiod, and in many species it affects their time of flowering. Explain each
of the following, and give an example of a plant that is in the group.

short-day plant * 707 oL exceed a enhcal dark penod (sit.'(?crdacj)
(chrysanhemums) . ,

long-day plant ; nign+ snid be sher ¢ +han en hcal darle penod (lcr\c__\dag)
(spinach)

day-neutral plant: .0 Ffec ied by phetepenods
(rice)

The plant in the sketch below is a short-day plant. Label R, FR, and critical dark period. For
each line, explain why flowering occurs or does not occur.

4 The night is not lang enough and

"& does not mee+ cnh ca | dallk Peo"“c‘/(_.‘/ .

e lengtn of dafeness exceed s

;,;g’ enhical dafke pened causing Fowenng

% A flashof red light is efRechve in

e interuphng night

Far -red light is not defected cuan

"" INeMmuphon

“2!\ Red light was defected las,
W meaning night was interropted |

0 inteMUphoN de tecled becavse

TRl = o i vos Fahed lask

I g reefFf
enhcal dark penod
What is florigen?

A signaling malecule for flowenng
(macromoelecule)

Concept 394 Plants respond to a wide variety of stimuli other than light

36.  What is gravitropism? How may a plant detect gravity?

Gravihopism is a response fo gravihy.The sheot contnue)

to grow fowards light, regardless of onentahon sngmand.
37.  What is thigmotropism? How is it adaptive?

Tigmotropism s direchonal growthin response o fouch .

The plant grows straight uink | i+ Puches something,

uhr(hmrﬁa#;;a coitling response. Mlows plant1o
talce advantage of available mechanicy | SUPPOrts,
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38.  Describe an example of a rapid leaf movement. What do these action potentials resemble? -,/
AN examplic of "C\(’id leat movement wald be (0!'0?3”‘?9643' |
folding of (eaf in responee fofouch, Achon pokenhals in plants

resembie nerve impulses inanimals . — iniema) commuiCahan

39. List six different ways in which a plant responds to water deficit.

Closing of skoMmatq |
6vard cells lose tuwgor (wilbng) |
Incaease oF ABA |
Shedding < Fleaves '
Less mot growHn |
40. Se.::ctmla.my orzh(:ras:; situation besides water deficit, and explain plant mechanisms for dealing ;

wi S.

Excess of sal+ can alse harm g plont. Plants can

respond by poducing solues +hat balance wafer potentig |

ok cells with that of He sal. Mostly, plants die b
Of sal+ stress. i il

Concept 39.5 Plants respond to attacks by herbivores and pathogens
41.  What are the two ways in which a plants combat excess herbivory?
Thoms! Qudhnh

Toxic mpands! Zeeww
42.  Describe two examples of a plant producing chemicals to deal with herbivory.
Produchon of pratein +hat takes place of anotherin an
insect ancl then kills +hat+ bug. Also, releasc o+ wmpand s
indamaged leaf can athact oHrer insects Hhot keill +he o+bher

Testing Your Knowledge:
Now you should be ready to test your
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