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Dear Participants,

® In this test, you have been given the following 3 tasks:

Task I: Reconstruct the phylogenetic tree of six plant species using parsimony method
(25 points) J& F &5t MR G 40A SR BRI 7 N REAE M O 4 o (A

Task 11: Reconstruct the phylogenetic tree of six insect species using the UPGMA method
(18 points) F[F UPGMA JEEE f /T B2 s e eI 4 ol (At

Task I11: Co-evolution between plants and insects (7 points) 18 %788 £ &2 AV [E] (b

® Write down your results and answers in the Answer Sheet. Answers written in the

Question Paper will not be evaluated fF & E4 FEE » /8 FEERB AR P14 -

® Please make sure that you have received all the materials listed for each task. If any of

the listed items is missing, please raise your hand. FEERFAE IR S8 = HN e E

MHFEER » AN X -

® Stop answering and put down your pencil immediately after the end bell rings. The

supervisor will collect the Question Paper and the Answer Sheet. $$88%80s » T ZHEILEE - B

FEAT SRR A -

Good Luck!! BhfiR#FiE
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PLANT AND ANIMAL SYSTEMATICS

TEVIELENY) 28t
This practical test is composed of 3 tasks.
AEFEFE3ERY

TASK 1. (25 points) Reconstruct the phylogenetic tree of six plant species

using parsimony method
FE—Hr(2547) ¢ FER RS A AR E T R R SR YRR 4R B (4t
This task is composed of 4 parts.

F—ERr R4
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Plant taxa (species) Tﬁ%%@ﬁ%ﬁﬂ—l‘—

A, B,C,D,E,andF.

Each set consists of the following materials:
R ERE T YR
1) The flowers of six species preserved in 70% ethanol (Flowers A-F).
INTEIEAIPIRERYTE(Flowers A-F) > {RIFAETO%ERH -
2) The fruits of six species preserved in 70% ethanol (Fruits A-F).
INTEFEYIPITEA TSR E (Fruits A-F) > ORIFAETO%PHE T -
3) Six dried flowering specimens (Flowering specimens A-F).
NI YIYIRE BE T GRS (FRAVRZ RS A (Flowering specimens A-F)
4) Six dried fruiting specimens (Fruiting specimens A-F).
FNTEFE PR A SR B R PRAYFZ R IZE A (Fruiting specimens A-F)
5) Three prepared pollen slides (Each slide contains the pollen grains of two species,
labeled A-B, C-D and E-F.).
=R AR A (FHER R A R YRER e - 2RI RsA-B, C-D and

E-F)
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Instrumentsg&t4

Stereomicroscope (20X), microscope (400X), razor blade, dissecting forceps, dissecting

needles(2), petri-dishes (2), 20-cm ruler.
i HI A (20X) ~ SEEERATRER(400X) ~ TIf/ ~ S~ AT 2(E - BEEm2(E - 20-cm

IN

il

Part I-1. (9 points) Using the suggested materials and methods in Table 1, observe the
following 10 characters. Enter each character state in the Data Matrix 1. Each
character state should be recorded as the appropriate number (0, 1, or 2) based
on the following descriptions. Figure 1 is provided as a reference of the

descriptive terminology.

F—E -1 (9 77) MR 1 FrdsdavsrilEE  BlE T30 10 (@R - fEB0siEm 1
(Data Matrix 1)HE A SHERHERVEI o SHERHEEIEIERTS N FIHiEC sk Fy il & 8
(0,1, 0r2) > i 1 BRI A2 -
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Table 1. Character descriptions for plants (See Figure 1 for illustration of the character states for
the character 1, 2, 4, 7, 8, 9 and 10.)

T LAY e G e 1 PR 1, 2, 4,7, 8, 9 and 10 AR RIE)

No Character Character state Materials Methods
R R = P ik
1. Flower petal 0: Sympetalous Flowers Naked eye
fCHE fEHHR & 1t AIHRER 22
1: Polypetalous
1CH B
2. Inflorescence 0: Corymb or umbel Flowering specimens  Naked eye
{tF EEE PATCRCIRAVEZRRERE  PNHRERZR
1: Raceme PN
N
2:  Axillary or terminal
{AIAEBTRAE
3. Fruit stalk 0: Longer than 1 cm Fruiting specimens Naked eye
e £ 1em REMGRAVEZREE  AIREE
1. Shorter than 1 cm /N
Rt Lem
4. Ovary position  0: Superior Flowers Dissect with
THRIE Afir 1t razor blade,
1. Half-inferior Stereomicro-
HRfL scope (20X)
2: Inferior F 1R fiee]
Toir i E A 5
(20X)
5. Habit 0: Shrub Given answer Given answer
B R EfRHtEE CHRtEE
1: Tree
EIEN
6. Trichomes on 0: Hairless Fruiting specimens Naked eye
the fruit surface fiEF FERGIEZEE AIREZE
RERHEAIE  1: Densely haired Vi
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7. Fruit shape and Cylindrical or circular Fruits and Fruiting Naked eye
size at maturity with emarginated tip specimens AIIRE 2L
R EHIIE (Dia.<1cm) RE PR EARAY
IREEAR /N EIFIREETE HIEmM] a7
b - (Ef€<1cm)
Circular with pointed tip
(Dia.<1cm)
Bl B AR ZE
(Ef€<1cm)
Circular-elliptic with
pointed tip (Dia.> 1 cm)
Bl -HE[EIE H IRNmSRZE
(Ef&>1cm)
8.  Fruit types Pome or capsule Fruits =Dissect with
REEA (AR EGHR RE razor blade,
Drupe Naked eye
T *F TR ]
LS STES
=9 Pollen grains Tetrad Pollen slides Microscope
Py vag sy TERI B R A (400X)
Monad NS
HorAG (400X)
10. Leaf margin at Entire or undulate Fruiting specimens Naked eye
maturity E R RIR RERGRIVEZRE  RIREZ
FICATER B 4% PN

Serrate or dentate

=|f the endocarp is hard, carefully remove exocarp and mesocarp to identify the fruit type.

G IR ECREE - /IO ERINR B IR ET - DS e R E RUAE

== Search pollen grains within a red circle of each specimen.

IR ERERE R REAR_ERVAT B P SO -
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1.
Sympetalous Polypetalous
=t E
2 <
Q
@)
Corymb Umbel Raceme Axillary Terminal
g = B AR AR £ BE
4.
Superior Half-inferior Inferior
- B _fiI FEXTA &= MiI
Cylindrical Circular / pﬁ)ﬂlﬁntevdu tip
EER A
B Circular/ emagmated tip 7 Circular elhptlc / pointed tip
ER IR B — BETER AR

Figure 1. lllustration of character states for the character 1, 2, 4, 7, 8, 9 and 10.

11, 2, 4,7, 8,9 and 10 {1 ZAEEHEUIREE > T~ [E]
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8. Mesocarp Exocarp
PRE SR
Endocarp
AR
Seed
B
Pome Capsule Drupe
L R TR
9.
Monad %ﬁ}ﬂ% Tetrad lﬂlﬂﬁ.%
10.
Entire Undulate Serrate Dentate

FiE  BR&Z A 2 A B AZ

Figure 1. continued
1(%)
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Q1. (9 points) Fill the empty cells of Data Matrix 1 on your Answer Sheet. The sheet consists of

6 x 10 cells. Taxon F and character 5 are already filled for your reference.
EEFR LAVEIRER LS » FEZER P E B E B - RSP ERE6 x 102288 - Hgy

JHEFFEARF G EIEA -

Character

Taxa

(o8]
-

g O
o

Part I-2. (4 points) Refer to your completed Data Matrix 1 to answer the following questions.
Part 1-2. (4 points)fR4E 56 sRAYEHR AR 124 0] T H1f R
Q2.1. (1 point) Indicate with checkmarks(\) which of the characters are synapomorphic
(=phylogenetically informative).

R R ST (ST IR THY) > (EBEZER T AI() -

Q2.2. (1 point) Indicate with checkmarks(\) which of the characters are polymorphic (= more

than two states).

bR R RV (SR 2ME DA _EAVRFBOIREE) - TEEHEZE R T A () -

ar

10
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Q2.3. (2 points = 1 x 2) Use the following numerical formulae to define the number of
possible trees for a given number of taxa (n).
M NYEEARBI A EHAE TR R E () T > FrsZ Al RefbikE A %
o
The number of possible unrooted trees = (2n-5)1/2"3(n-3)!
AIRERISEIR = (2n-5)12"(n-3)!
The number of possible rooted trees = (2n-3)1/2"?(n-2)!
AIRERTAIRE= (2n-3)12(n-2)!
The symbol ‘!” in the formulae indicate the factorial.
ANECPHIRFSE Y TR -
What is the numbers of rooted and unrooted trees in this case?

BT T - AR R R Al %0 2

11
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Part 1-3. (8 points) Cladistic analysis can be used to construct a phylogenetic tree of this
species group. The primitive character state (plesiomorphy) is hypothesized to be
the same as the state found in the outgroup F. Therefore, the character state 0
represents the primitive state for all given characters. Any change in state from
that primitive trait is considered to be a derived character state, representing an
evolutionary event (apomorphy). The character states of 1 and 2 represent
derived condition. In this analysis, all characters are given equal weight. Tree
construction is done in a step-by-step process. Place the appropriate character

numbers and group members on the tree at each step.

Pt e EREERYBRRGI AN » R EIREGERDEINEEF
FrEAEME - RESERRORERATA R EHRGIRER © (B REREURRE
BB R - BERITERERE - RF B LEGFZZEETE) - FER
SRLRAARITERGREG - IO > FrARE—EEFER - BHiKEERRE
— P BRE—DERIM ST Ry - ARTED BRAETT - FERHRE LB IH I E R R Rt
JREFRKR -

12
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Q3.1. (1 point) The initial Tree 1 can be created if we separate the ingroup (A, B, C, D, E)
from the outgroup (F) using the two characters that distinguish all members of the

ingroup (shared derived traits) from the outgroup F.

EAGRIEE(A, B, C, D, E)ERSNEE(F) 7 BRAIHEAGHE 1 For - o] A RA(ERAZAE 7 A
EEATA R R (BAHETTEDESMEE F -

Identify these two characters (a and b) shown in Tree 1 and write them in the Answer

Sheet. Character state should be given in parenthesis if the character is a polymorphic

one.
FHiE 1 o R ERFEda and b) Ry 2 WREZ R EEVAARB TS AEEER E - 5%
FAEUE MUY FERHRF IR LRI R R o 2 1R -

F A’B!C.JDQE

Tree 1

13
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Q3.2. (2 points) The step-by-step method to create the final tree from this initial tree can be
illustrated by the concept of membership. Analysis proceeds to progressively less
inclusive groupings supported by other derived characters. A less inclusive group(s) can
be separated from the more inclusive group by the supported character change(s) on the
tree. In the second step, the five ingroup taxa can be further divided into two subgroups

(Gl and GII) based on three synapomorphic characters.

Se—F B — P BRHY T A I AR B AR R i IR B R e > AT
BRI S AT - AT LR 7 A Rk & 70 HR GO FHAT IR ©
S AR AT B P RS ER AR AhIR ]SS SRR R RO T B AT & 0 B © 1

FVERT > S{EPIEFYINEL P ARIR (B O TR — D 4 o /N (G1 and Gl

Identify the subdivided species group members of Gl and Gll and the three character
numbers (c, d and e) shown on Tree 2 and write them in the Answer Sheet. Character

state should be given in parenthesis if the character is a polymorphic one.

SrHIES NG K GHAYREE - SIRHMsHRE 2 _EAY 3 {EFR#2 (c, d and €) HYHHER 4R
PHEAABZFRR L - B EEZ MR - BRI B A N EEIRE LTS IR
MERFEERIEZ 1% -

F GI GII

Tree 2

14
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Q3.3. (3 points) The group Il (GII) can be further divided into two less inclusive subgroups
(GI11 and Gl12) by four and one synapomorphic character(s), respectively.
F/NEERGN) AT FFHE—25 Sy BT EE (G L and GH2) » 73 I 4 DU E AT -
Identify the members of GlI1 and G112 and write the corresponding character numbers
(shown in locations f-j in Tree 3) in the Answer Sheet. Character state should be given in

parenthesis if the character is a polymorphic one.

SRR GIIL K GN2 HYRRE - ARHEHIRE 3 ERVFRHE () AV R EERIHELE

EREE - EHFEE SN - FERR R B AT ER G DR IR e R
ECTIvat
F GI GII1 GII2

Tree 3

15
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Q3.4. (2 points) At the final stage of tree construction, all autapomorphic (singly derived)
characters should be located on the tree, and any conflicting characters should be
adjusted using the parsimony principle. There are two autapomorphic characters (I and
m) and only a single conflicting character (k) in this case.

EEEHRER &% — T A BEEEBIT B0 A ERNRE L - 0F (R
HIRF R AR - ZHDLRGSYIR AP EGEREE - FEREEN - A28 E0(1 and m)EA(E A 1{E
FEZERHEK) -

List the taxon name for each of the five ingroup species on the fully resolved Tree 4, and
give the character numbers that correspond to k, | and m, respectively, in the Answer
Sheet. List the taxon name for each of the five ingroup species on the fully resolved Tree

4. Character state should be given in parenthesis if the character is a polymorphic one.
FRIZ &GS RASHIREN4 - B N BRAYS(EPRERY 4T - W55 Rk, | and mAYHIE
FHEERSHEAE B R L - Bz AN - FER 2 BT A ATV EIRRE DA

FEIMFR NMERH RS 1%

F GI GlIl1a GII1b GlI2a GII2b
k m
k
/
Tree 4

16



IBO 2010 KOREA
PRACTICAL TEST 1
PLANT AND ANIMAL SYSTEMATICS

Part 1-4. (4 points) Use the complete phylogenetic tree to answer the following questions.

FRIZ e FEH A Rl (el 2 [0 E MY -

Q4.1. (1 point) What is the number of character changes (steps) on the maximum parsimonious
tree?
FGLENIFENESRE G A SERL ok 2l e

Q4.2. (1 point) The consistency index (CI) is defined as the minimum number of character
state changes required in an absolutely consistent tree (all character states changed only
once) divided by the observed number of character state changes in the final tree.
What is the CI of the final Tree 4?
—EMEGE(C)ERR © FEH —EHIEHRE (BT AR iR E IR E —X

o HRMEIRRE S Y By IME PREL SR 1S E Z iR IE P 22 2R VR EDIRRE X
B - ERBHRE4RICIZES /D ?

N

Q4.3. (1 point) What is the maximum number of genera that can be recognized from the final

tree if taxa C and D are congeneric species?
3 EEEC and D2 [E— @It - RS A& ehikE 52 A &0 ©
Q4.4. (1 point) How many monophyletic groups can be recognized from the final tree?

A AR B T ] 5 2% (6 BE 2B 7

17
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TASK 1. (18 points) Reconstruct the phylogenetic tree of six insect species
using the Unweighted Pair Group Method with Arithmetic mean
(UPGMA) method

FERor ~ MIHUPGMAGK B f 75 fil BE an VI A RA S BRI A -

This task is composed of 3 parts.

AER T EFEE

Insect taxa: Six beetles (Coleoptera)
P | NEFEGREE)

T1,T2, T3, T4, T5and T6

Insect materials

EREa et

Pinned and dried specimens of six beetles, labeled T1~T6.

NEFERHVEZAREA > PR R T1~T6

18
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Experiment tools

BEgests

Insect stage, ruler, stereomicroscope (20X)

ceaafRE o~ BR - AREEIEEE(20X)

Note: Please be careful. Do not break the legs or antennae of the beetle specimens. There will
be three point deduction penalty if you break the parts of any specimen.
Most insect specimens and their parts can be observed directly from the plastic case
after removing the cover.

AR E/ING . IS s AR S | E R R RT3 R RERET |
RE T B A R LBl i AE S s T 2 1% - BRI Sl -

19
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Part 11-1. (8 points) The character states are defined in Table 2. Carefully observe the

morphological characters of the beetle specimens using the naked eye and the

stereomicroscope. Then, complete the Data Matrix 2. Figure 2 is provided as a

reference for the Coleoptera body parts.
R2UTRFRURETR - (741 R B S RE U 2R B 2 FH B AR IO R B 1R
BRI - E2RBIE S E2E -

Table 2. Character descriptions for Coleoptera

% 2 B H R

Character Character state Methods
FHE FHEuIRRE Jivk
1. Longitudinal Present A& Stereomicroscope
discontinuous A | BRI

ridges on elytra
B A
FEENER

Absent it

2. Horns on head
and pronotum

FEBHED S HH e

PREF

Absent 4t

Present 75

Naked eye
53 STES

3. Compound eye
EIR

Does not surround
antennal socket
FESGEAE
Surrounds about half of
antennal socket

BB — A

Stereomicroscope

B B R

4.  Mandible length

Shorter than prothorax

Naked eye, stereomicroscope if the

KEAEE length part is small
FEIA HiTH R 8
Longer than prothorax PRI AR 22 B P e B B s o D
length AT
RIRHINRE
5. Antennae length Shorter than body length Naked eye
R R EiGRE AR 22
Longer than body length
ERGRERE
6. Antennae shape Filiform or serrate Naked eye, stereomicroscope if the
& FE TR A B FEE IR part is small
Distal segments clubbed PRI 22 B P e B B s o D
or lamellated AT

e 2 PERECE AR

20
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7. Antennae 0: Not elbowed Naked eye
& e 53 STES
1. Elbowed
A
8. Hind tarsi 0: 5segments Stereomicroscope
EEIEG] 5 /N f A
1: 4 segments or less
4 /e /D
=9.  Notopleural 0: Fused Given answer
sutures of the wa C&aEE
prothorax
Ay R {4
1: Not fused
S =
=10. 1ststernumand 0: Separated Given answer
hind coxa Sy BE&4EE
BN R E
0]
1: Not separated
RITBE
=11. Food preference 0: Zoophagy or Given answer
BRYMREF saprophagy B4EEE
AREER
1: Phytophagy
R

* Character states are provided in the Answer Sheet.

FHEORREESIMEE Fak -

21
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Mandible
. KL
Antenna —f ( [ o i
mAa | e Compound eye iE
H _
Pronotum ol i
R A

Prothorax Fijffy

Elytra #538

Hind tarsi #&§i&n

Figure 2. The body parts of Coleoptera to be observed.
2 43l 5 B ie S Eh AL Y AT

22
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Q5. (8 points) Complete the Data Matrix 2 in your answer sheet. The sheet consists of 6 x 11

cells. Characters 9, 10, and 11 are already filled in.

FEE Y LR BB AER2 - AHES x 118% - EPREE9, 10, and LIEMEAEE -
Data matrix 2. g4 E?2

Character
R
Cl|C2 | C3|C4| G|C6 | C7T | C8 C9 C10|C11
Taxa
paE hits
T1 0 0 0
T2 1 1 0
T3 1 1 1
T4 1 1 1
T5 1 1 1
T6 1 1 1

23
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Part 11-2. (3 points) Create a character difference matrix between all possible pair-wise
taxa from the completed Data Matrix 2. The difference value (Dij) between
taxon i and j is the sum of the character (C) numbers for which C; # C;.
Calculate the difference values, and fill the table below (Difference Matrix 1).
The values of three pair-wise comparisons (T1/T2, T3/T4, and T5/T6) are
already provided as examples.
TERUBIEE2 T - AR 7 B R R OB LR - T — (SR = BB - 1)
T and jZ fEjHY 7= BE(DI)VERVER  BFHE(C) 2B AFRHCi# C) » M= REE
IAAREE T 4870 - sHRZERE - WEA NRGGRERER DY -
Q6. (3 points) Complete the following Difference Matrix 1 on your answer sheet.
TEE AR ESER T Y R B e 1
Difference Matrix 1. The pair-wise difference matrix calculation.

REBGERIERE | P R 5

Dij Tl T2 T3 T4 T5 T6

T1 - - - - - -

T2 4 - - - - -

T3 : - - :

T4 2 - - -

T5 - -

T6 2 -

24
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Part 11-3. (7 points) Construct a phylogenetic tree based on the UPGMA algorithm using
the pair-wise difference matrix that you created in Part 2. During the procedure,
you will create nested clusters of taxa (smaller clusters into larger clusters) using
successive difference matrices and phenograms until you construct a single
cluster. The order for clustering is: 1) Pick the smallest entry Dij. 2) Join those
two species into a cluster, 3) Compute new distances from that cluster to the
other taxon k, using the Unweighted Pair Group Method with Arithmetic mean
(UPGMA). A new distance between a new species k and a cluster (i and j) is
defined as D(k(ij)) = (1/2)((D(ki)+D(kj)). Repeat the clustering process 1) ~ 3) to
create the next cluster. This process should be continued to construct a single

cluster for the entire group.

F LT HISERAY O 2 EAER - iRBUPCGMAE R B — G A - i
B o IR SR EREECluster (F/NERREMTEEREREE) » HITTARAMERZEE
o e R ] - ELEISCRE—ERET - RATREMIEFR DIREIDISvIME « 2 RYIiE s —
BT ~ S ILEREE 2 55—V T EHTHIEERE - HOTARAUPGMA » FEJREKEA( and )&
BFARTEEREFRYD(K(i))) = (L2)(D(ki)+D(kj) - E#ELL L) ~ 3BBRLARIL ™ —{EEREF - B
FISERRPTR VIR Z BREE -

25
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Q7.1. (1 point) Two alternate initial trees (a and b) can be constructed from the Difference
Matrix 1 as shown below. Combine the two alternative trees and draw as a single tree

(Tree 1). Draw Tree 1 on your Answer Sheet.

TR IR R nTREAVREAEEHIRE < AU BIE A0 MR « AR R {E
FABRHIRE S0 - WK —FFEEE (Tree 1) - (FEREFE (Tree BTG E -
Initial Treesa and b: (T1, T2, T3, T4, (T5, T6)) or (T1, T2, (T3, T4), T5, T6)
a b

T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 TG

]

or

26
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Q7.2. (2 points) Complete the Difference Matrix 2. Calculate new difference values
between cluster and taxon (or between cluster and cluster) using UPGMA algorithm and
fill the cells in the answer sheet. Find the taxon pair(s) that shows the lowest difference

values and make a newly clustered tree (Tree 2). Draw the tree in the answer sheet.

SERREF S FLAENE 2 o FEFT Bty UPGMAE B A AR B T B B fa L (S B B Bl
BEZ DAY A2 RE - MEAZERNZERT - IR B AREERENYERY - 0F
Hi—HETEER] (Tree 2)  RHFEERI(Tree 2)BIEE AL L -

Difference Matrix 2:

P FLEH 2
Dij or DK(ij) T1 T2 T(3.4) T(5.6)
T1 - . - .
T2 4 i - .
T(3.4) - :
T(5.6) .

27
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Q7.3. (2 points) Complete the Difference Matrix 3. Again calculate the new difference
values between cluster and taxon (or between cluster and cluster) using UPGMA
algorithm and fill the cells in the answer sheet. Find the taxon pair that shows the lowest
difference values and make a newly clustered tree (Tree 3). Draw the tree in the answer
sheet.
SERCFHEE BEAERE 3 o [EREHE - JER] Y UPGMAGE B A 2K G T 5 A B e e (3
B REEAGREE Y AR 2 B - WS AR R - PR R 2 B T

#f o AR —HHIERELIE (Tree 3) - REERELE](Tree )EAEE AL -

Difference Matrix 3:

FHEoE FLHE 3 -

Dij or DK(ij)

28
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Q7.4. (2 points) Complete the Difference Matrix 4. Calculate the new difference values
between cluster and cluster using UPGMA algorithm and fill the cells in the answer
sheet. Make a complete clustered tree (Tree 4) and draw it in the answer sheet.
TR S FAEME 4 o FEF E AT UPGMAGE BE AR S E b B B s B A s 72 3

B > WIEABZERAVZER T o WIEH—FrHIEREEE (Tree 4) - REEFEEE(Tree )BEEEK

= 2N

Kl -

Difference Matrix 4:

FHEGE SO 4

Dij or Dk(ij)

29
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TASK I1I. (7 points) Co-evolution between plants and insects
F=80 (7o) EYHE R aaryIERREAL

Plant-herbivore relationships are one of the core explanations for the rapid diversification of
insects and flowering plants. For this task, use the final plant phylogeny (Task 1) and beetle

phylogeny (Task 2). Under the assumption that the larvae of each insect species feed on a single

plant species, compare the insect and plant phylogenies and answer the following questions.
Y- B EYIRI R (RS BB LY < Fr A A R 7 B3R R E Sk 2 — - 1R
R RTE IR 3 FTiS BHHR KRR (el (Task 1) 8 A B2 R RH (il (Task 2) - (B
TR a4 e R — YV R & - EhE R & S AE YR G R (BN T2 -
Q8. (3 points) If the insect species T2, T3, and T5 feed on the plant species E, D, and A,
respectively, what kinds of plant species are fed upon by insect species T1, T4, and T6,
respectively?
HEeaRY)TET2, T3, and TS73 BILIMEYIE, D, and ARy & - URLLIEYYIEE 2 R ETL, T4,
and TEHYEE ?
Q9. (2 points) Which plant and insect species pair shows different phylogenetic positions in the

trees?

UIRAEAE 7 L s iR O B E HOR S R (el EBUR A RIRRG AL E ?
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Q10. (2 points) Which are the two best possible reasons to explain the differences between the
insect and plant phylogenies? (Select the two best answers).

B0 (L R B AR LR VR 4 A (A 2 A (Rl e A R RE B 2
A. Host shift of insect species

Eeaat/fEm TS TS
B. Adaptive radiation of plant species

TR R
C. Genetic bottleneck during the insect species evolution

Fe e o { A A o 3 AR A (Y TR SR
D. Different tree reconstruction methods

EAEEHIREIRY 777 AR [E
E. Genetic drift of plant species

UERUEZIE RS
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	PLANT AND ANIMAL SYSTEMATICS
	TASK I. (25 points) Reconstruct the phylogenetic tree of six plant species using parsimony method
	第一部分(25 分)： 應用系統分類簡約法來重新建構六種植物的親緣關係樹
	This task is composed of 4 parts.
	第一部分包括4題
	Q1. (9 points) Fill the empty cells of Data Matrix 1 on your Answer Sheet. The sheet consists of 6 x 10 cells. Taxon F and character 5 are already filled for your reference.
	在答案紙上的數據矩陣1中，在空格中填入適當數字。表格中包括6 x 10空格，其中分類群F與特徵5已填入。
	Part I-4. (4 points) Use the complete phylogenetic tree to answer the following questions.
	Q4.1. (1 point) What is the number of character changes (steps) on the maximum parsimonious tree?
	Q4.2. (1 point) The consistency index (CI) is defined as the minimum number of character state changes required in an absolutely consistent tree (all character states changed only once) divided by the observed number of character state changes in the ...
	What is the CI of the final Tree 4?
	Q4.3.  (1 point)  What is the maximum number of genera that can be recognized from the final tree if taxa C and D are congeneric species?
	Q4.4.  (1 point)  How many monophyletic groups can be recognized from the final tree?
	最後樹狀圖中可有幾個單系群？
	Figure 2. The body parts of Coleoptera to be observed.
	圖2 鞘翅目身體各部位的名稱
	Q5.  (8 points) Complete the Data Matrix 2 in your answer sheet. The sheet consists of 6 x 11 cells. Characters 9, 10, and 11 are already filled in.
	在答案紙上完成數據矩陣2，包括6 x 11格，其中特徵9, 10, and 11已填入答案。
	Data matrix 2. 數據矩陣2
	從數據矩陣2中，將所有物種分別兩兩配對比較，建立一個特徵差異矩陣。兩物種i and j之間的差異值(Dij)的算法是：當特徵(C)之數字不同時(CRi R≠ CRjR) ，兩物種差異值等於不同數字之總和。計算差異值，並填入下表(特徵差異矩陣 1)中。
	Q6. (3 points)  Complete the following Difference Matrix 1 on your answer sheet.
	Difference Matrix 1. The pair-wise difference matrix calculation.
	特徵差異矩陣 1 、配對差異矩陣計算
	TASK III. (7 points) Co-evolution between plants and insects
	第三部分(7分)植物與昆蟲的共同演化
	Plant-herbivore relationships are one of the core explanations for the rapid diversification of insects and flowering plants. For this task, use the final plant phylogeny (Task 1) and beetle phylogeny (Task 2). Under the assumption that the larvae of ...

