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Phyllestachys consists of high and fast growing trees and is a genus in the family Gramineae. The ge-
nus has many species in Asia, with main distribution being in India and China. One of the most pop-
ular sequences for phylogenetic inference at the generic and infrageneric levels in plants is the internal
transcribed spacer (ITS) region of the 185-5.85-26S nuclear ribosomal cistron. We evaluated four taxa
with the ITS region to estimate phenotypic relationships within the genus Phyllostachys in Korea.
Alignment of the DNA sequences required the addition of numerous gaps. Sequence variation within
the Phyllostachys was mostly due to natural selection, although several indels and inserts were found.
Within the genus Phyllostachys, P. nigra and P, nigra var. henonis were the relatives in the three phylo-
genetic analyses (MP, ML, and NJ). However, some external nodes were poorly supported.
Morphological traits and simple repeats (ISSR) represented the result of a relationship similar to the
that of ITS sequences in the genus FPhyllostachys. This suggests that ITS sequences are very informative

for identification of these taxa.
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Nuclear ribosomal DNA internal transcribed spacer se-
quences (ITS)= Baldwin et al [2]9] 9]3l| ITS1-5.85-1TS2 -4
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Table 1. Taxa used in the molecular study of the genus FPhyllostachys including population locations

Code Scientific name

Geographic origin

1 Phyllostachys bambusoides Siebold et Zuccarini
2 Phyllostachys nigra Munro

3 Phyllostachys nigra (Lodd.) Munro var. hAenonis

(Bean) Stapf
4 Phyllostachys pubescens Mazel

Hwangjeon-ri, Masan-myeon, Gurye-gun, Jeollanam-do
Jukheon-dong, Gangneung-si, Gangwon-do

Cheonbyeon-ri, Damyang-eup, Damyang-gun, Jeollanam-do

Hyanggyo-ri, Damyang-eup, Damyang-gun, Jeollanam-do
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TERYS &
Ak ( able 1).
7t 4 EAZ5EH DNAE F3317] 913t Plant DNA Zol
Reagent (Life Technologies Inc., Grand Island, New York,
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Rtk $E7 DNAE ole& 5 o1oj2] A7 93] XLJ;_ 29
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BasAt. &dE AlE= DyNA 200 fluorometer
(Amersham Pharmacia Biotech, USA)E ©]-§-3}4) DNA & %
S A28+ TER DNA F=7t 728t 2435 2 &4
S Y8 AHESAY 20T WEad ®Zasdoh

ITS 24
A=A ITS F9& White S[18]0] et AlHA)
(primer)Z PCR (polymerase chain reaction)& ©]-§3}4] &

Al Z t}(Table 2).

PCR W3S 9)3ke] 328 21 2579 7% DNA 50 ng,
Z} ANTP 100 uM, Al'ZA ZF 0.2 uM, 1x enzyme buffer, Tag
polymerase 2 units ¥al SFTE A 50 ul volumeo] ¥%
£ Fletd o SEWSE 7] 94T A 90 sec7t HAS
%, 28 ALo]EE 94 C Al A 30 sec, 42Tl A 60 sec, 72°C ol A
60 sectt AAEG L, F7k2 72ToA 583 A48T

PCR AHE2 1.5% agarose gelol| Al &8 3tH=H oo &
AEY AUy a71E vxsdty] $38) 100 bp ladder DNA
markerg 20| loadingAl At A7|9F & A2 ethldlum
bromideZ @Hjste] WE=S dAeGT. FdE A
Alpha Image TM (Alpha Innotech Co, San Leandro, CA,
USA)S AH&ste] Wl s AT o] F AdA

Table 2. Synthetic primer sequencing (5'-3") used for the ITS
analysis in this study

Name Sequence 5'-3 Code

ITS1  5-TCCGTAGGTGAACCTGCGG-3  White (1990)
ITS2  5-GCTGCGTTCTTCATCGATGC-3'  White (1990)
ITS3 5-GCATCGATGAAGAACGCAGC-3' White (1990)
ITS4 5-TCCTCCGCTTATTGATATGC-3*  White (1990)

DNAE QIAquick Gel Extraction Kit (QIAGEN)Z &3}
Aot SZH DHEL bluescript vectorZ 231931, ABI
Prism 377 Sequencer (Applied Biosystem, Foster City, CA,
USA)= MEsgtetiltt. Z4ze] FollM Ha 10704 285
& Bas9n,

S 24
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A g ME A7) 24 Al LA AFE AS 8T
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Table 4. The sequence pair distances of sites between two se-
quences in a multiple alignment among species of ge-
nus Phyllostachys using 1TS analysis
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Table 5. The disparity index (below diagonal) per site and index
test (upper diagonal) for all sequence pairs in genus
Phyllostachys using ITS analysis

Taxa 1 2 3 4
1 - 1.000 0.066 0.170
2 0.000 - 0.026 1.000
3 0.518 0.581 - 0.000
4 0.268 0.000 1.924 -

The taxon codes of first line are the same as those of first
column.
The taxon codes from 1 to 4 are the same as Table 1.

Table 6. Maximum likelihood estimate of the pattern of nucleo-
tide sequences

Base A T C G
A - 6.22 778 1047
T 6.24 - 1431 6.94
C 6.24 1144 - 6.94
G 9.41 6.23 778 -

Each entry shows the probability of substitution (r) from one
base (row) to another base (column). For simplicity, the sum
of r values is made equal to 100. Rates of different transitional
substitutions are shown in bold and those of transversionsal
substitutions are shown in sfalics. Codon positions included
were 1st+2nd+3rd+Noncoding. All positions containing gaps
and missing data were eliminated. There were a total of 751
positions in the final dataset. Evolutionary analyses were
conducted in MEGAS. The taxon codes from 1 to 4 are the
same as Table 1.

Aol & YER|A "tk 005 o 25 7

El o
Taxa 1 2 3 4 = o= E
h ; e I APk AR 55T 5 ged BF
2 1.251 - =34 o=, o3 g wudA 1d A7t yeigt
3 1.196 0.269 - DNA Ao 97] 2go] & seloz g s gitte
4 1.222 0.461 0.356 - e 2ygizs Eﬂ./l,E_(l 000 E‘l——“_ﬁ—) A=) E‘r(Table
”Cl";i I;er:on codes of first line are the same as those of first 6). TolH C2 3ho] 14312 714 Egtom wiojel A$E
The taxon codes from 1 to 4 are the same as Table 1. N2 it =3 A\ekol] th 24 33 (& RS g3t
Table 3. The chi-square test of homogeneity of base frequencies across taxa of genus Fhyllostachys using ITS analysis
Taxa A e C X G X T X
Obs. 164 218 183 156
! Exp. 165.68 0.017 204.62 0875 185.02 0.022 165.68 0.566
Obs. 145 182 171 155
2 Exp. 150.06 0171 185.32 0.060 167.57 0.071 150.06 0.163
Obs. 143 193 185 133
3 Exp. 150.29 0.354 185.6 0.2%6 167.82 L1759 150.29 1.989
Obs. 165 169 150 173
4 Exp. 150.98 1.302 186.46 1.635 168.59 2,050 150.98 3212

The taxon codes are the same as Table 1.



1284 A 38+3] %] 2011, Vol. 21. No. 9

Table 7. Maximum Likelihood fits of 24 different nucleotide substitution models

Model Parameters BIC AICc InL (+) +G R

K2+1 7 5266.1 5225.7 -2605.8 0.13 n/a 0.93
T92+1 8 5267.9 5221.7 -2602.8 0.12 n/a 0.93
K2 6 5268.1 52334 -2610.7 n/a n/a 0.85
K2+G 7 5268.7 52283 -2607.1 n/a 441 0.89
T92 7 5269.4 52289 26074 n/a n/a 0.86
T92+G 8 5270.3 52241 -2604.0 n/a 4.49 0.89
K2+G+1 8 5272.3 5226.1 -2605.0 0.01 1.51 0.96
T92+G+I 9 5274.0 52221 -2601.9 0.00 148 0.96
JC+I 6 5277.9 52432 -2615.6 0.12 n/a 0.50
]C 5 5278.4 5249.6 -2619.7 n/a n/a 0.50
HKY+I 10 5278.7 52209 -2600.4 0.12 n/a 0.93
JC+G 6 5279.7 52451 -2616.5 n/a 439 0.50
HKY 9 5280.6 5228.6 -2605.3 n/a n/a 0.86
HKY+G 10 5281.3 52235 -2601.7 n/a 4.42 0.89
JC+GHI 7 5284.1 52437 -2614.8 0.00 1.43 0.50
HKY+G+I 11 5284.7 52212 -2599.6 0.00 1.44 0.96
TN93+1 11 5285.9 52224 -2600.1 0.12 n/a 0.93
TN93 10 5287.5 5229.7 -2604.8 n/a n/a 0.86
TN93+G 11 5288.2 52247 -2601.3 n/a 4.37 0.90
TN93+G+1 12 52919 52226 -2599.2 0.01 1.46 0.97
GTR+1 14 5306.3 5225.5 -2598.6 0.12 n/a 0.93
GIR 13 5307.7 5232.6 -2603.3 n/a n/a 0.86
GTR+G 14 5308.5 5227.6 -2599.7 n/a 4.48 0.89
GTR+G+I 15 5313.5 5226.9 -2598.3 0.11 11.59 0.94

Models with the lowest BIC scores (Bayesian Information Criterion) are considered to describe the substitution pattern the best.
For each model, AICc value (Akaike Information Criterion, corrected), Maximum Likelihood value (/nf), and the number of
parameters (including branch lengths) are also presented. Non-uniformity of evolutionary rates among sites may be modeled by
using a discrete Gamma distribution (+G) with 5 rate categories and by assuming that a certain fraction of sites are evolutionarily
invariable (+J). Whenever applicable, estimates of gamma shape parameter and/or the estimated fraction of invariant sites are shown.
Assumed or estimated values of transition/transversion bias (X) are shown for each model, as well. GTR: General Time Reversible;
HKY: Hasegawa-Kishino-Yano; TN93: Tamura-Nei; T92: Tamura 3-parameter; K2: Kimura 2-parameter; JC: Jukes-Cantor.

ATHTable 7). Ho] At FH 71F-& 7] F8 H = 5266100 4] FTH/HE AW ETHD=1349).

gk AI7F 719 531352 YElGeH dvtolA AR VER MP treed| A 53} 50| 22 cladeE ©|F3oH o]
5057014 524512 FANSHATH Q71X8ke] dol/ A v & WEZT sister?HA o] ThFig. 1). Gz} o] SHT} WA
= 050914 09602 =dl 7+ & AolE e A g AR E F Slth ML tree 9A] 253 E£50] 2

E}A mHTajima) 9] 5 H4 7&%“ A Al FE 4909 E claded o] F oY WFFo] obd Y} sister 15 S

s 2] e 430019109 o]59 HlE 071593, Y EE St th(Fig. 2). NL treew 94| 253} §£50] 22 clade
0440°.2 =9tth(Table 8). THA Y AF Ade= 055 2 o] 2 th(Fig. 3). NL treew= 253} £30] WF=o] ojdd
e Y22 f4d7 ¥olE F7HA7E o] Ad= o o} sister 155 ¥ /93H] MP tree®th ML treed]] T A
=, AT 24 o Ao d e T o3 FEE eIt o] Al treed] YAThH= Ao® 053 5
of o FAWAZE ZATS Uitk AR A 2 WFF0|

rsL' oo it ox rlo Mz

Table 8. Results from Tajima’s neutrality test for ITS sequences U oA &3 EFo] EXFo] =& Aoz duFr)
of genus Phyllostachys BE2Z3 g FAAE o= AHo] © 24 23 A=
M S ps o T D AT wtel 2ng B Agvto 2= Add 4+ ¢lol
4 430 0.715 0.390 0.440 1.349
M=number of sites, S=Number of segregating sites, ps=S/M, LR

©=ps/al, and m=nucleotide diversity. D is the Tajima test

statistic. ] BESE G AR ATAE 2L A Y FAE
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Phyllostachys nigro

Phyllostachys nigro var. henocnis

Phyllostachys pubescens

Phyllostachys bamusoides

Fig. 1. The maximum parsimonious tree for genus Phyllostachys based on ITS analysis using PAUP 4b10, exhaustive search, un-
weighted parsimony analysis, gaps=fifth state) from the 751 aligned positions of the initial matrix. The values of bootstrap

were shown in side of vertical lines.

P. nigra

F. pubescens

P. nigra var. henonis

P. bamusoides

Fig. 2. The maximum likelihood tree for genus FPhyllostachys based on ITS analysis using MEGAS. The value of bootstrap was

shown in side of lines.
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Ao} YA shek(Figs. 1~3). TYF = (Phyllostachys nigra)<
02 8kal, 5 (Phyllostachys nigra var. henoni< HE 2.

& FAashe v 247 38 Ak AA, 25E 550
= 279 7HA, o 5 ot Flele deds 7 g
UehtA el SA2 oJvIshe ‘nigd 7t S4B OE S0
7b 9 25 A% A dle Hao] kAR 21d0] At
s Hedog wateg ZAS ovshs ‘nigrd 7t T4%
S8 Sol7k Ae Aol ARG A, REA S BN
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F. nigra var. henonis

P. nigra

\ P. bamusoides

P. pubescens

Fig. 3. The neighbor-joining tree for genus Fhyllostachys based
on ITS analysis using MEGAS. The value of bootstrap
was shown in side of line.
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