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7 P ESTLE T R
mAEE AR 7 M AHE
(1. WAL 5 R . 2. WD AR BRAT BT STFT, WHIN% 3113000

B B AEP LA EA (Indocalamus) W9 FAFPE, )R ot S R AR E T RIEKE
LR EMTHRER AL T, £REAN: EMFAPSLEGFRAMEFEETTF 8 L
(Yield) AR ZIEAL “W &, " HREM Indocalamus. guangdongensis PSILALZF &
(Fv/Fm). PS I 44 5& M (Fy/Fo) A= Yield S A8 8 3948 TF 58 Z45FF; oot 45 L pumilus
ERHREHHMEERA (Fo). BRRRNL (Fn) 18; BLEEH L barbatus #) Fv/Fm. Fm/Fo
EHFHTHEC I EHN, S AEHREHETIREME, REKE, Rl T EAFRRL
EHRIAIRR A RIR; TL, FIATEERASHHEARENEHFERELATITH.
REF: £45; THRERA; RBMHE

&4 Indocalamus ssp. ZEELREFUREEEY, EAKEZ. R,
K ST E I R BSRBZB AN I ER, EAMEN. ENY " "SRR S,
KTFEMHARED, BHEITEMTRF—PFARAE. BTN THRFNMERTHE, 258
BT HEEE KB SR S ZEEME . 2T ARBREIHE E R AR E
WS HARBREREM, EREEEE, BB oDy FEFREY, S ER N,
RIRHMEE MO e & T M, B RE0TH), HE STOLMEIMN K E R A VIR IR™.

Frachebound 25\ AR E R SR EATA EEFTIRG, HRERASTEARE
FERARZ Hu B P THT SR g™ & ¥, (B84 R X T EM T EE TR LIRE.
g AT ST i A HEIE A T -EFh B M R RS ST, VIRETFhERtE, LU
AL EETHSIF. BEENARM—EEIRKE.

1 #REhE
L1 SERHE

XA ETERHMEAEMEN, B BYEN . pedalis) . |- REN
(I. guangdongensis) . /NM-EEAT (I pumilus) . BBENT (I. barbatus) « BEFIETT
(1. victorialis). EY (1. tessellatus) RAWEYT (1. latifolius). EATT 2004
4 3 A FREERTYO AR S B AR R X A A O 8 [, %S0 X B B E P AR IR, HhR B,
HEE, MRE - EMNEREEERS.
1.2 SERIHE

FBMEMTMHEFE KB MEREITERF DR, SHEE 3 ARt —EHet
K, B3R EFHE EMThEEr, AT, DESRRMEEHESH A, ERE 3R RS
B FEE WALZ A r= pE 1 s 4 9% )6 PAM-2100 i 5e , B aKiR, R EBBIER
112006 4F 1 H 7 HIHTHEARE, /EAZREMESENEREHTOE. FRNEERLS
¥H :Fo (FHE#E). Fm (BKHF ). Fv (Fv=Fm-Fo) (PR F). Fv/Fo HEH TR E
Yyuk i PS I ZETEE . Fv/Fm (PSIL B4R )) LR @PSIT (CHERRA B FREBEME TE)
. ZBBWEIALM 7:00-17:00, FABRIIE—K; 21:00 WE— K4 BRMER T iH

HEWH WITEABETIME (2004C3205); EFRHE R EEERESYEB)INH (2004527)
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HPREBGHFRE, SRAREMIEH A 528 F B EHERR, M ATETERS4
MEREERR: REZEMHAKHRRRSET 2006 4 4 5N EH LR HTE.
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Figure 1 The diurnal changes of PAR Figure 2 The diurnal changes of temperature

MBE3FRTUE N, YieldHILIEMIE “W” B, &FYieldEEEMERNHILET 00
M17:00L4, Bk A HHBLAES 1 00-9:002.18), 7:00-8:00Yield {HE T FEA JE B2 T, 7:00
ETPARIRAG, AR AFIEPS I FOREER, QA TEMRE, PSIRNFLOAEZETLAT
FFBRES, U FERNLEAF, o ABREREDLEEEEURFERAH SRR AR,
Fl7: 000 YieldEE &, TBEEPARKIF R, PSI RN FOZHETE, Q. BEWBEE, X
ERMNME, YieldERHE TR, HERFE—EKFE, 10:00YieldERHE EF, XEPAR
AR BRA R B, AR, BHEN. BRET. MHES. BEEMTRT REMYield
EEFF12:00£46 X HILT FEidadh, 15:00 X REAF, REWEERFNEE —R R EHE
BRI 00{RE —HRE, MTHEZAEREMKENNE, HREg Kt FrkEREs T8k
SRR K, 10:00-12:008FEMFLEA R, FHSEMEEIMNAEFKRE, PSIIhAE
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B, AR RE T, MNYieldEREFA RUMESRIEEE. JLITAHEELE, T
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2. LR EN ETEHFRIS RO

Hd LR ENE B RBEN TSRS (mRD, HArEN AH R KFo.
P, TOEATAA B/ HIFo. Ffl, FofE 7T LLRBGEEPS I FHE FAEBIESL, BLE3 N EEAT
PSII Y HE FAE IR OUAL T AT -

#® 1 ERZIEETH R RIS SRR

Table 1 The compare of chlorophyll fluorescence parameters in
seven Indocalamus under stress

(e Fo Fv/Fm Fm Fv/Fo Yield
SBHEM 0,2040+0.007 0.435740.013 0.3620+0.004 0.7745+0.042 0.4183+0. 242
FHREST  0.347340.055 0.3013+0.042 0.5050+0.097 0.4549=+0.097 0.3253+0.188
INHEEAT 0. 74674+0. 575 0. 341040, 046 1. 0340-4-0. 767 0.3848=0. 767 0.4697+0.271
EREM  0.2613+0.082 0.4420-+0.081 0.5143+0.189 0.9681+0.189 0.4057+0. 234
BRIEST  0.260340.015 0.435340.032 0.4663+0.053 0.7913+0.053 0. 3583+0. 207
&  Fr 0.1790+0.093 0.3670+0.019 0.289040. 148 0.6145+0.148 0.3660+0. 211
BEHEEST  0.191740.096  0.3133+0.089 0.3227+0. 171 0.6835-0.171 0.43173-0. 249

R 2 LRRZIHABETHRRERNASHILE
Table 2 The compare of chlorophyll fluorescence parameters in
seven Indocalamus under no stress

Prkp Fo Fv/Fm Fm Fv/Fo Yield
sEnbgerr  0.6600+0.084 0.6610+0.017 1.9270+0. 152 1.9710+0. 154 0. 1526-0. 018
I #R&4Hr  0.7340+0.032 0.6490£0.030 2.1105+0.090 1.9066+0.246 0.1050=0. 007
ANmFEER  0.6615+0.049 0. 6380+0. 054 1.8615+0. 187 1.8898+0.421 0.2011+0.024
B 0.7070£0.029 0.6165+0.058 1.9905+0.351 1.79680.428 0.1283+0. 014
BRI 0.7650+0.081 0. 6145+0. 084 1.98900.393 1.6007+0.350 0.1303+0. 019
%  fr 0.7455+0.086 0.6325%0.018 2.0580+0.322 1.731240.129 0.108720.017
FEMSET 0.7360+0.099 0.6350+0.092 2. 0154+0.433 1.7378=40.399 0.184040. 041

Fv/FnfRERPS I B, RBRPS I B G RER BN R, RbE &M THAAE. 844
A, WNRFRAEFEE, EafMFTZSHEAE TR, CHETRFY/FrER/NT0.5,



U BA 32 B R R IR DI, TFv/FolB % sk E EPS I M ZEiE 1, BEE4TMFv/Fn. Fv/Fo
EWRETHEIURES, T KEMFv/Fn. Fv/FolEMXN S, #HEBREN AGRENPS
LRI R APS [ ¥ AEVEYE, T ZREEPTPS 11 NI REREAL R DA RIS 2EVE 3
1%,

MRIFW UUF B AHET AT EYieldl, | REMBIK. FEED REFF/Fu,
Fv/Fo. Yield#&H T JLAMK, XYL REMPS [ W6 C 22 FIRBIA s 405, IEEMIG)E,
REBRTE; TAAHENFo. Fu. YieldH, EEEMNFv/Fn. Fv/FolEE, /NS
MEEEMKEMESE, ZEBRR.

XS ZENER T -LRHETHFRRASE, RZREVENESEEET 3 (X 2,
BAER PSI A #3 MR PS I 7RG S M B T2 REMERE. RESH,
J"ZREAT Fv/Fm BT ERAL B R, A 0.3477, MEBENTUEN, RHE0.1745, Mix—
MEFTLLEY, T ARETRIEEMEIRE, KREMEE, PSIHRGTE, MEBEMEK
PURR BRI BR, (REMNESE, PSIIHGEE.
2.4 LRHENZERA
A THRARRBREBOEMME, TRE S HX-ERHEN#T TREGERAAEE dng 3).
RWERA, STHAZEERRKR ZREGERLUSREMAE, 24k 60%-70%H F2E
PR, RER A 90%-100%Z FAEH; MEEBEMHENNZERERE, 2FERFE 3%-5%HmH 5%
PUREGE, ZEMFERE 15 2%5MM IR, HATHhZEEGEREERME 3
Bz o -LHEMZBGF N EMRA S TR BRI REYE R, WARIREMSES
FAMERF R EEELTITH.

x 3 LHENMZEEGERA

Table 3 The chilling stress situation of seven Indocalamus

e BMEN TREN MES BEET MRAES E M @AYEN
SBREHmEL (%) 10 60-70 20-30 3-5 20 20-30 8-10
MR D 30-50 90-100  50-60 1-2 40-60 40-60 25-30

3 g5t

HYMGFERB R REERR BN —MEHE. Yok, FiE. M. THRA0NHRNE
Yt EERARAEMFTNER. BAERET H49EENLEERTERLNER, #H
AV SRS X ROAERE, VEPABEETRE®THFE™ . MI¥FEE
R AE T I B AP A R RASEM R U e ENINTIAE R ZHERIER . 1984
4F Smille $RL A S EFHRORIE ZE FR 45 0 SRR B A0I64R ", T AE LL BR R
KA GURHEYITIA M _ B T, 18R T [F R 00 & b Va4 50 Bt DU LRI . AR SEIG
WLEH, FAMFRERIEFITERENFEFIEERTITH.

MEEEATDEH, EMRRANENEFERIER. EMM PST XL EET
& (Yield) HAR{LHERIEM “W” B, BEEIH Fv/Fn. Fv/Fo H¥aTHEJLENH,
REBITFH PSRV AR M= PS I #7675 1, RILHBIFHOLA AR, IKMIKEM
BB BR: [THRES PSIL %8 (Fv/Fm). PSI#ZEIETE (Fv/Fo) FYield &2
BEHRTHEENN, FHEZEEME, JIENEE.
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Comparative Study the Characteristics on Chilling

Resistance of Seven Bamboos(Indocalamus ssp .)

TIAN Hai-tao', WEN Guo-sheng’, FANG Wei*”, GAO Pei-jun’
(1 School of Forestry and Biotechnology ,2 Bamboo academic institution, Zhejiang Forestry
College, Lin’an 311300,Zhejiang,China)

Abstract: In order to research the chilling resistance of seven Indocalamus ssp ., the diurnal
changes of the chlorophyll fluorescence were studied by the technique of chlorophyll fluorescence
after the whole night low temperature, the result indicated that the diurnal changes of the actual
photochemistry quantum yield of the PSII (Yield) to assume "W" approximately, the parameter of
the photochemistry efficiency of PSII (Fv/Fm), latent activeness of PSII (Fv/Fo) and Yield of
1. guangdongensis are lower than other Indocalamuses; I.pumilus has the biggest numbers of the
initial fluorescence (Fo) and the maximal fluorescence (Fm); the Fv/Fm and Fv/Fo value of
I. barbatus are higher than other several indocalamuses, all this suggested that I. guangdongensis
is easiest to suffer the chilling stress, and its characters on Chilling resistance is weak , but the
ability on chilling resistance of I pumilus and I. barbatus is strong,.

Key Words: indocalamus; chlorophyl! fluorescence; chilling resistance



Isolation and characterization of TB1 homologs in bamboo

HUA-ZHENG PENG", ER-PEI LIN, QUN-YING JIN', XI-QI HUA? KUI-HONG WANG!,

QI-JIANG HE', MUYUAN ZHU?

1 Zhejiang Forestry Academy, Hangzhou 310023, Zhejiang, China

2 State Key Laboratory of Plant Physiology and Biochemistry, College of Life Sciences, Zhejiang
University, Hangzhou 310058, Zhejiang, China

ABSTRACT: Bamboo (Bambusoideae) is by far the largest member of grass family Poaceae.
The study on mechanism of rhizome branching especially the bamboo shoot development is one
of the most important fields in bamboo research. Previous studies reveal some anatomic and
physiological mechanism about the complicated process of bamboo shoot development. But little
is known about the molecular mechanism of bamboo shoot development. In this paper, two
transcript similar to maize TBI, called Pp7B1-1 and PpTB1-2 respectively, were cloned from
Phyllostachys praecox, a good model to study the mechanism of rhizome branching. In situ
hybridization indicated that PpTB1 was closely related to the apical dominance of bamboo shoot
development. Cloning of TB1 homologies from different types of bamboo species and their
phylogenetic analysis showed they were probably valuable to bamboo taxonomy.

Keywords: TB1, apical dominance, bamboo taxonomy

1F TB1 [F ¥R ZE R 5 70 ke Fgs s 247
HHE' &8E' SEEF EEER AT KT’ kBT’
(1. WL AWML R BT TR, #IVCALIN 310023; 2. #iVT KA A RISe2, BIYIHM
310029)

#H B N TFRRAAMEDFRRORN, AHRREEHGARTR., HFRTE (4¥) 8
A RFEBAARERNTRESHRFEI —, ik FH X RAENBHHFELRSFAERL T
TG E, A GIAERPERFRAFYATAADE XY EHRME, HLB bt bEAE
HFEBSTIERANZARABNEGHRL, A THAHTFHEAFEAARGATR
F. AXAFHFHLET 2K TBL 494 EE, @i RT-PCR Fo /RIL L RAAM T iZ A B A4
FHRILF G EREH S, BFEARSHFH AL PHTRLL B HEIA, bk,
RAZEARTRAMN T HFALIRFAESTEERA. F4b, BLARS FHAEH4F o5 L3t
A E B LG ERNE.

X4 F45; HERAR; TBlL, #rFa%

Introduction

Bamboo (Bambusoideae) is by far the largest member of grass family Poaceae, which has
been put to over 1,000 practical uses ranging from paper making, food and handicrafts to
construction in the tropics and subtropics. Most cultured bamboos are perennial woody evergreens
and basically reproduced by rhizome branching, which are quite different from other poaceous
plants. Based on forms of rhizome branching, bamboo is usually divided into three types, termed



scattered bamboos with monopodial rhizome, caespitose bamboos with sympodial rhizome, and
pluricaespitose bamboos with monopodial and sympodial rhizome (Li et al., 2003). The
complexity of rhizome branching is also exhibited in the development of bamboo shoot which
generally grows to their full height in a single season, making it the fastest growing plant in the
world. Thus, the study on mechanism of rhizome branching especially the bamboo shoot
development is one of the most important fields in bamboo research.

Previous studies reveal some anatomic and physiological mechanism about bamboo shoot
development. According to the morphological and structural changes, the bamboo shoot
development of Phyllostachys praecox is divided into six stages: dormancy, germination,
development stage I, II, IIT and shoot stage (Zhang et al. 1996). The high concentrations of GAs-
ZT 1 IAA are detected in the rhizome bud before the formation of bamboo shoot in Phyllostachys
praecox (Hu et al. 1996). In Phyllostachys pubescens, the high concentrations of IAA and GA; are
found mainly at the apical part of bamboo shoot during the growth of bamboo shoot (Ding 1997).
More precise detection by ELISA shows that the high IAA is correlative to the outgrowth of
rhizome bud before the formation of new rhizome and bamboo shoot in Phyllostachys praecox
while high ZT is only corresponding with the formation of bamboo shoot from rhizome bud
(Huang et al. 2002). Although they have improved our understandings on the mechanism of
bamboo shoot development, the previous studies fail to elucidate whether the phytohormones
work efficiently as we now know the phenotype of plant is not only influenced by the
phytohormone concentration but also related to the sensitivity of receptor and interference from
other signal pathways. So, it is very limited only from phytohormone detection to explain the
rhizome development Besides, the previous studies by mixing several samples may counteract the
difference of phytohormone concentration in different individuals, and obviously can’t reveal the
spatial distribution of signal or regulator in single sample, which is profoundly important to organ
development.

The anatomic study indicates the bamboo shoot development is a process of shoot branching
which has been widely investigated in model plant such as Arabidopsis, rice and so on. Some
shoot branching related genes have been described, which fall into three classes on the basis of
whether they affect meristem initiation (e.g. REVOLUTA, MOC1), meristem outgrowth (e.g. MAX)
or both (e.g. TBI) (Ward et al. 2004). But little is known about the gene regulation of shoot
branching in bamboo, especially the complicated process of bamboo shoot development.

In our bamboo research project, we consider that Phyllostachys praecox is an excellent model
to study rhizome development. Phyllostachys praecox, a typical scattered bamboo with high
economical value in east China, is named after the characteristic that it produces edible bamboo
shoots earlier than any other bamboo in spring. It is also a fit system to explore the molecular
mechanism of rhizome development since numerous physiological studies has been carried out in
China in recent ten years. In this paper a TB1 homolog was cloned from Phyllostachys praecox. In
situ hybridization indicated that the gene was highly related to the apical dominance of bamboo
shoot development. Cloning of TB1 homologs from two other bamboo species and phylogenetic
analysis showed they were probably very important to bamboo taxonomy.

Materials and Methods
Materials
All samples of bamboo were collected from Bamboo Botanical Garden of Zhejiang Forestry Academy.

RNA isolation



Tissues were ground in liquid nitrogen and RNA was extracted with TRIZOL Reagent (BBI) according to the
manufacturer’s instructions and was then treated with proportional DNase I (Promega) at 37°C for 30 minutes. The
quality of total RNA was measured by both electrophoresis and optical absorbency. Only RNA samples with the
A260/280 >2.0 were used for RT-PCR.

Histological analysis and in situ hybridization

The apical parts of bamboo shoots were fixed in 4% paraformaldehyde in phosphate buffer, pH 7.0,
overnight at 4°C. The fixed tissue was dehydrated in graded ethanol series, replaced with xylene, embedded in
paraffin, and sectioned at 10um on rotary microtome (Leica RM2135). After being checked in microscope, the
selected slides were treated as described (Braissant and Wahli 1998). The template for riboprobe synthesis was
constructed by cloning the CDS of the PpTB1 cDNA into pBluescript (Invitrogen). The antisense and sense RNA
probes were generated by T3 and T7 RNA polymerase separately after the linearization of plasmid. Some sections
were stained with Ehrlich's hematoxylin for histological analysis.

Gene cloning and sequence analyzing

The 3’ RACE was fulfilled with gene specific primer tb1f1: 5>GGAGTCCCATCAGTAAAGC3’ using BD
SMART™ RACE cDNA Amplification Kit (Clontech) according to the manufacturer’s instructions. The amplified
fragment was ligated into pBluescript and three clones were then sequenced by ABI 377. The cloning of TB1
homologs from bamboo genomic DNA was carried out by PCR with primers tblfl and tblrl:
5’ CGCATCCGGTTCTTCTCCTTGGT3’. The amplification was performed 4min at 94°C; for 30 cycles 30s 94°C,

60s 58°C, 72°C 1min; and Smin at 72°C. The fragments were also cloned and sequenced as the above. Sequence
alignments were conducted using AlignX of Vector NTI suite9.0 with the multiple alignment parameters gap
opening penalty 4, gap extension penalty 0.2 and PAM protein weight matrix and the Dayhoff amino acids distance
matrix. The phylogenetic tree of homologous genes was constructed employing the Minimum Evolution of
MEGA3.1.

Result
Gene cloning and sequence analysis

Two cDNAs, 1296bp and 1185bp respectively, were cloned by 3’ RACE with upstream gene
specific primer designed according to the identity of known TB1 homologs in 5’ untranslated
region (5’UTR). They almost shared the same cds except two mismatches leading to minus
difference in their putative amino acids. Besides all 3°UTR of the shorter one, the longer cDNA
increased over 100bp before the poly (A) sequence of 3°UTR which might be related to the
translation of transcript. BLAST search showed that they were similar to 7BI gene from maize
and thus named as PpTB1-1 (1296bp) and PpTBI-2 (1185bp) respectively. PpTB1 was a member
of TCP gene family, encoding 349 amino acids with SP, TCP and R conserved domain (Figure 1).
PpTB1-1 shared the highest identity in Genbank with DdTB1 (71.7%) from Danthoniopsis dinteri,
and only 64.7% and 62.6% identity with maize TB1 and rice OsTB1 respectively based on the
alignment of SP, TCP, R domain. The sequence of PpTBI was also cloned from genomic DNA
with gene specific primers , which showed it contained no introns just like any other known TB1
homologous genes.



Figure 1. The alignment of some known TB1(ZmTB1) homologs. Sequence alignment of the deduced amino acids
of Phyllostachys praecox PpTB1-1(DQ842222), PpTB1-2(DQ842223), rice OsTB1 (AY286002), ZmTB1(U94494)
was conducted with AlignX. Regions of identity (white letter with black background), conservation (gray letter
with black background), similarity (white letter with gray background) and differences (white) are indicated. The
SP, TCP and R domains were predicted according to the ZmTB1.Two mismatches between PpTB1-1 and PpTB1-2
were indicated with triangle.

Gene expression analysis

RT-PCR showed that PpTB1 was not only expressed in all kinds of bud but also expressed
weakly in young floral organs. Bamboo shoot contains plenty of lateral bud, which is like a
microminiature of bamboo (Figure 2 A, B). In situ hybridization indicated that PpTB1 was
expressed strongly in the tip of bamboo shoot and rarely in other regions, which was consistent to
that of rice, maize and sorghum (Figure 2 C, D).

Figure 2. The anatomical analysis of
bamboo shoot development and in situ
PpTB] expression in Phyllostachys praecox.
a. bamboo shoot, bar=2cm; b. the
microsection of apical part of bamboo shoot;
c, d. the expression of PpTB1 in bamboo
shoot (indicated by white arrow). bar = 100
pm.

2.3 phylogeny analysis
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Figure 3. The phylogeny of TB1-like sequences from different genus of Poaceae. Phylogeny was reconstructed
using SP, TCP and R domain by Minimum Evolution method with Dayhoff Matrix Model and 500 bootstrap
replicates. DeTB1 and PfTB1 had been deposited in GenBank (Accession numbers DQ842224, DQ842225). Other
sequences referred to Lukens L and Doebley (2001).

Using gene specific primers from Phyllostachys praecox, TB1 homologs were further cloned
from genomic DNA of Dendrocalamopsis edulis, a typical caespitose bamboo and Pleioblastus
fortunei, a typical pluricaespitose bamboo, respectively. The phylogeny of updated TB1 homologs
from different genus was reconstructed (Figure 3), which showed the comparatively high
confidence rate with only one lower than 50%. Although OsTB1 and PpTB1 didn’t share the
highest identity, the phylogeny showed they probably evolved from the nearest common ancestor.
The TB1 phylogeny was also used to explain the evolution of bamboo since it had been applied to
the evolution analysis of maize and related grasses successfully. According to it, bamboo was
comparatively primitive in Poaceae and caespitose phenotype might appear early than scattered
one, which were consistent with classical taxonomy. But it also suggested that Phyllostachys
praecox was more primitive than Dendrocalamopsis edulis, which seemed contrary to the classical
bamboo taxonomy. In classical bamboo taxonomy, caespitose bamboos are thought to be more
primitive than the scattered ones. However, no molecular evidence has ever been reported yet to
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support this theory. Contrarily, the molecular phylogeny here suggested the scattered
Phyllostachys praecox might be more primitive although the phenotype of monopodial rhizome
probably evolved later according to the topology of phylogeny tree. But more evidence should be
collected to support this conclusion.

Discussion
The function of PpTB1 and the apical dominance of bamboo
TB1 is a member of TCP transcription factor family which usually shows important roles in
meristem growth: snapdragon CYC controls the growth of the floral meristems and primordia;
maize TB1 affects axillary meristem growth; rice PCF1 and PCF2 bind to the promoter of a gene
(PCNA) involved in meristematic cell division (Cubas et al., 1999; Kosugi et al., 2002).
Researches on the maize mutant teosinte branchedl (tbI) have identified the TBI gene as a major
contributor to the evolutionary change of maize from teosinte (Doebley et al., 1995; Doebley et
al., 1997) . RNA in situ hybridization showed that TBI was expressed in maize axillary meristems
and in stamens of ear primordia, consistent with a function of suppressing growth of these tissues
(Hubbard et al., 2002) . The analysis of genetic locus and genome synteny suggests that OsTBI
is a real counterpart of maize TBI. Transgenic rice plants overexpressing OsTBI exhibit markedly
reduced lateral branching without the propagation of axillary buds being affected. Expression of
OsTBI1, as examined with a putative promoter—glucuronidase (GUS) gene fusion, is observed
throughout the axillary bud, as well as the basal part of the shoot apical meristem, vascular tissues
in the pith and the lamina joint (Takeda et al., 2003). The expression and function of SHTB! in
sorghum are very close to those of the homologs and further proved to be regulated by
Phytochrome B (Kebrom et al. 2006).

Although it is much more complex, the shoot branching of bamboo is somewhat like tillering of
poaceous plant, e.g., thizome development of caespitose bamboo and pluricaespitose bamboo. The
preliminary research on bamboo chromosome has revealed that the chromosome size and
complexity of bamboo genome are comparable to those of rice with the restriction that bamboos
are polyploids (Gielis et al. 1997) . According to the recent analysis on eight full length mRNA
sequences of bamboos (Dendrocalamus latiflorus, Dendrocalamopsis edulis, Phyllostachys
pubescens) and cereal (rice, maize, wheat and barley) in the public nucleotides databases, bamboo
probably has more shorter phylogenetic distance and similar sequence composition (GC content
and codon usage) with rice than with other cereals (Fan et al. 2006). The molecular phylogeny in
this paper showed that the TB1 homologs of bamboo tended to be grouped with OsTB1 instead of
others even if they didn’t share the highest sequence identity. Although plenty of axillary bud
forms simultancously during the formation of bamboo shoot, the buds don’t outgrow until the
bamboo shoot almost grows to its full length in a short time, indicating a strong apical dominance
in the process. The expression of PpTBI in the tip of axillary bud coincided with the stages of
bamboo shoot and was consistent with other homologs, suggesting that PpTBI probably played an
important role in the suppression of bud outgrowth. In fact, the outgrowth of bamboo shoot from
rhizome bud is also influenced by apical dominance, which determine the output of bamboo shoot
and bamboo culm. Furthermore, the high concentration of IAA found in the rhizome bud and
bamboo shoot is also an important signal of apical dominance in bamboo shoot (Huang et al.,
2002) since apical dominance is thought to be caused by the apical bud producing IAA (auxin) in
abundance. In addition, it should be further verified whether the aforementioned two transcripts of
PpTBI have same expression patterns, translational efficiency and functions. Studies on maize
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TB1 indicated that the change of TB1 transcriptional element instead of TB1 itself contributes
greatly to the evolution of maize (Doebley et al. 1997; Wang et al. 1999; Clark et al. 2006). Since
longer 3’UTR has been found to decrease markedly the translation of transcript (Mbongolo
Mbella et al. 2000),the different transcripts found here might suggest another way to regulate the
function of TB1 homologs, i.c., regulation of translational efficiency. Thus, further studies on the
expression and functions of different PpTBI transcripts, and their relation to auxin in bamboo are
helpful to elucidate molecular mechanism of bamboo shoot development, which are extremely
significant to the production of bamboo.

Bamboo taxonomy

Another problem in bamboo research is the taxonomy of bamboo species. As we know, flower
and fruit are the basis of generic taxonomy in most plants including Bambuseae. But most bamboo
seldom flowers and when they does, they often flower without breeding. So the vegetative organs
especially the structure of rhizome are often used in bamboo taxonomy, which are easily changed
by environment and probably lead to misclassification. For example, the positions of Sinobambusa,
Indosasa, Acidosasa, Arundinaria, Pseudosasa, Oligostachyum and Pleioblastus in bamboo
taxonomy are still elusive since they have close branching type but are different in many other
structures (Li et al. 2002). With the development of molecular biology in bamboo, molecular
markers have been used to differentiate the bamboo genus. The molecular evolution of conserved
genes is one of the most effective ways to elucidate the phylogeny. But few homologs genes have
been applied to the taxonomy of genus since little is known about the genetic background of
bamboo. TB1 homologs were used in this paper to analyze the evolution of three distant bamboo
species representing scattered bamboo, caespitose bamboo and pluricaespitose bamboo
respectively. It showed the phenotype of sympodial rthizome probably was more primitive than
that of monopodial rhizome, which was consistent with the so-called conclusion that the
development of bamboo individual from seed replayed the systematic evolution. However, the
phylogeny also indicated Phyllostachys praecox might be more primitive than Dendrocalamopsis
edulis, which was contrary to classical taxonomy. In our bamboo research program, the molecular
phylogeny was also investigated in rice MOC1 homologs from 12 bamboo species belonging to
Phyllostachys, Pleioblastus, Indocalamus and Bambusa, which basically supported the
aforementioned viewpoint (unpublished). Thus, the molecular evidence here showed that the
traditional taxonomy only based on the difference of phenotype couldn’t reflect the real evolution
progresses. Like many other genus in bamboo, Phyllostachys and Dendrocalamaopsis are separated
based on rhizome branching, which means shoot branching related genes are very significant to
explain the bamboo taxonomy. But due to the unbalance of evolution, it should be further proved
whether the molecular evidences from floral development are consistent with those from shoot
branching.
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