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What makes a grass a grass?

Flagellariaceae

— Joinvilleaceae

Ecdeiocoleaceae

Poaceae
(11,000+ species)

Micro-canals in the tectum

| trnT inversion

Grass-type embryo in in the LSC region of
lateral position and the chloroplast
caryopsis fruit type Crepet & Feldman 1991




Ancestral
grasses

Origin of the

grasses AI
70-80 mya
in forests
of the S

hemisphere —_—

Silica bodies
(phytoliths)

Prasad et al. 2005



Anomochlooideae

Pharoideae
/ Puelioideae
- . Bambusoideae
Origin of the (bamboos)
grass-type .
spikelet Pooideae
and lodicules (bluegrasses, wheat)
(petals) Ehrhartoideae
= Spikelet (rices and allies)
clade Aristidoideae

(wiregrasses)

Panicoideae
(maize, panic grasses)

Chloridoideae
(love grasses)

Danthonioideae
(pampas grasses)

Micrairoideae

Arundinoideae
(reeds)



e

Loss of a
stigma (3 to 2);
spikelets with
multiple

florets

Anomochlooideae
Pharoideae
Puelioideae

Bambusoideae
(bamboos)

Pooideae
(bluegrasses, wheat)

Ehrhartoideae
(rices and allies)
Aristidoideae
(wiregrasses)

Panicoideae
(maize, panic grasses)

Chloridoideae
(love grasses)
Danthonioideae
(pampas grasses)

Micrairoideae

Arundinoideae
(reeds)



Ancestral or early-diverging grasses

(Anomochlooideae, Pharoideae, Puelioideae)

Clayton 1969




BEP Clade

wo| AT

o

Stamens

reduced to 3;

+ 55 mya /—

PACMAD Clade

Oldest grass macrofossil

ca. 55 mya
gy Crepet & Feldman 1991

1

L

Anomochlooideae
Pharoideae
Puelioideae

Bambusoideae
(bamboos)

Pooideae
(bluegrasses, wheat)

Ehrhartoideae
(rices and allies)
Aristidoideae
(wiregrasses)

Panicoideae
(maize, panic grasses)

Chloridoideae
(love grasses)

Danthonioideae
(pampas grasses)

Micrairoideae

Arundinoideae
(reeds)



BEP Clade

Initial
diversification
55-35 mya
(Eocene)

in forests and
then open
habitats

y A

(5000 species)

~\

Initial diversification

35-28 mya
(Oligocene-
Miocene)

in open habitats

T

PACMAD Clade
(5500 species);

1

C, photosynthesis*

L

Ancestral

grasses
(30)

Bambusoideae
(1400)

Pooideae
(3300)

Ehrhartoideae
(120)
Aristidoideae*
(350)

Panicoideae*
(3300)

Chloridoideae*
(1400)
Danthonioideae
(250)

Micrairoideae®
(155)
Arundinoideae
(40)



Ancestral

grasses
(30)

Initial
diversification
55-35 mya
(Eocene)

in forests and
then open
habitats

y A

Initial diversification

35-28 mya
(Oligocene-
Miocene)

in open habitats

BEP Clade ca. 30 mya (Bouchenak-Khelladi et al. 2010)
(5000 species) — Bambusoideae
(1400)
A\ Pooideae
I ' (3300)
Ehrhartoideae
(120)
Aristidoideae*
(350)
Panicoideae*
\YVi (3300)
/ Chloridoideae*
4| (1400)
Danthonioideae
i (250)
PACMAD Clade L.
(5500 species); Micrairoideae*
C, photosynthesis* AI (155)

Arundinoideae
(40)




ideae

Anomochloo

Pharoideae

fusoid cell

Bambusoideae




Y. niitakayamensis

P, aurea

2¢cm

SHADE SUN

March & Clark 2011



-
Olyra ciliatifolia in the forest understory



Brachyelytrum,
temperate
forests

BEP Clade

Ancestral

grasses
(30)

ca. 30 mya (Bouchenak-Khelladi et al. 2010)

Streptogyna, |
tropical
forests

1

L

Bambusoideae
(bamboos)

Pooideae
(wheat, bluegrasses)

Ehrhartoideae
(rices and allies)
Aristidoideae
(350)

Panicoideae
(3300)

Chloridoideae
(1400)
Danthonioideae
(250)

Micrairoideae
(155)
Arundinoideae
(40)






Bamboos £
(subf. Bambusoideae) .«

(>1,400 species)

sclerenchyma girder
arm cell

fusoid cell

GPWG 2001

The only major grass lineage to diversify in forests



Bambuseae &E

(tropical woody ‘r Jj
bamboos, 784)

Olyreae
(herbaceous
bamboos, 122)

Arundinarieae

(temperate woody
bamboos, 533)

Three principal lineages of Bambusoideae



Olyreae—herbaceous bamboos

- .‘d

@’! ‘mjgﬁ;i,é»

Patricia
de Oliveira

21 genera, ca. 122 described species,
primarily Latin American




crenate (olyroid)

Olyreae, lower leaf surface | _.. ~ body

veins

stomate

cruciform
silica body




Olyreae have unisexual spikelets and
unusual adaptations in some

Pariana
.\ s

/

/ ma standl

gregarious monocarpy
insect pollination?

Raddiella

vanessae,

smallest “hidden”
bamboo inflorescences



Olyreae distribution

Latitudinal
diversity

rest of tribe Olyra latifolia Buergersiochloa (1 species)



Arundinarieae
(temperate woody bamboos)
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Temperate woody bamboos:
28 genera, 533 species

s b BN b L

gt ]
¥ *'u

= De-Zhu Li,
- Chris Stapleton

Major defining characters:
Leptomorph, monopodial

rhizomes (but pachymorph in
some)
*Tetraploidy (2n=48)

*Basipetal vegetative branch
development

*Molecular evidence



Temperate woody bamboos

E North America Afro-Indian montane E Asia

3 species ~20 species ~510 species




Diversity within Arundinarieae

.‘"‘-'.‘/ A {

B A R i ]

Phylldstac-hys

Indosasa

L Attigala

\ -
. Sarocalamus
A. densifolia Fargesia



single species
|

Major lineages of the temperate clade

Summary phylogenetic tree based

on up to 12 cpDNA regions

Zeng et al., 2010
Triplett & Clark, 2010
Attigala et al., unpubl.

|~ IV. Shibataea clade

V. Phyllostachys clade

i N Hich t
I |ll. Chimonocalamus '8h suppor
= Moderate support
Low support or

VIII. Indocalamus wilsonii

IX. Gaoligonshania

X. Indocalamus sinicus

(——smmm ||, African alpine bamboos 2 fﬂ, =

EEEEEEEs—————  X|. Sri Lankan alpine bamboos Lakshmi Attigala



Hibanobambusa

Chloroplast

phylogeny
(5 markers)

99

Pleioblastus argenteostriatus
Pleioblastus chino
Pleioblastus kiushianus
Pleioblastus simonii

99 Pseudosasa owatarii
Sasaella masamuneana

Semiarund. fastuosa
Semiarund. fortis
Semiarund. kagamiana

Maternally

inherited
99

Semiarund. okuboi
Semiarund. yashadake
Pleioblastus gramineus

100 Pleioblastus hindsii
Pleioblastus linearis
Pseudosasa japonica

— Hibanobambusa tranquillans

Sasa oshidensis

91

Sasa palmata
Sasa veitchii
Sasaella ramosa

Pleioblastus amarus
96 I-E Pseudosasa cantorii

Pseudosasa amabilis
|— Pleioblastus maculatus
100 r~ Arundinaria appalanchiana

L Arundinaria tecta

Arundinaria gigantea

100

100
96

98

Sasamorpha borealis
Phyllostachys aurea
Sinobambusa tootsik
Oligostachyum sp.
Yushania niitakayamensis

E Indocalamus latifolius

Indocalamus solidus

p————— Indocalamus tessellatus
Indocal. tessellatus ssp. hamadae

99

100

Ampelocalamus scandens
Chimonobambusa marmorea
Chimonobambusa quadrangularis
Gelidocalamus kunishii
Himalayacalamus falconeri
Thamnocalamus spathiflorus

r Shibataea chinensis

L Shibataea kumasaca
r~ Bambusa vulgaris

- Chusquea coronalis

Streptogyna americana

Brachyelytrum erectum

Data from J. Triplett

AFLPs—from both parents




GOI8 gigantea (A1) Macon Co., NC
G187 gigantea (A1) Monroe Co.. TN
— G181 gigantea (A2) Buncombe Co., NC L] ]
G183 giganiea (A1) Swain Co., NC
G186 gigantea (A1) Swain Co., NC I I
- G167 gigantea (A1) Bartow Co., (
{ G177 gigantea (A2) Cherokee Co., SC

G180 gigantea (A2) Buncombe Co., NC L]

[ G189 gigantea (A2) Scolt Co, TN data rom J I rl plett
G198 gigamtea (A1) Gibson Co., IN [ ]

G169 gigantea (A1) Oconee Co., GA

G174 gigantea (A1) Greenwood Co., SC
G002 gigamtea (A1) Gadsden Co., FL
G006 gigantea (A1) Taylor Co.. GA
G110 gigantea (A2) Marshall Co., KY
GOBO gigantea (A2) Marion Co., AR
G108 gigantea (A2) Jackson Co., I
G095 gigantea (A2) Clay Co., MS
GOBI1 gigantea (A2) Pope Co., AR =
G109 gigantea (A2) Alexander Co., 11 b
GO82 gigantea (A2) Perry Co., AR 2 i
G093 gigantea (A1) Grenada Co., MS A g’gan tea 5 . A
GOS8 gigantea (A1) St Martin Par. LA .

G111 gigantea (A2) Hickman Co.. TN e
GO83 giganmtea (A2) Grant Co., AR

s A2 L . A (River cane)

E:mm giganea (A1) Gadsden Co. FL ™ ] A r u n d | n a.r I a. AF LP analys is

>

antea (A1) Evangeline Par. |
G091 wwmm (A2) Rankin Co., MS
G0% gigantea (A2) Carroll Co., MS

G092 gigantea (A1) Hinds Co., MS i
G101 gigantea (A1) Macon Co., GA I X
GO8S gigantea (A1) Columbia Co.. AR .
GO8G6 gigantea (A1) Bienville Par. LA ]
GOO3 gigaitea (Al) Jackson Co., FL.
G096 gigantea (A2) Tuscaloosa Co., AL
G112 gigamea (A2) McNairy Co., TN ~A [
G195 gigantea (A2) Fayette Co., KY 3 %

Jimmy Triplett
with A. gigantea

100

G196 gigantea (A2) Fayette Co., KY \
GOOS gigantea (A2) Gadsden Co., FI 4 4
G191 gigantea (A2) Garrard Co., KY Arundinaria gigantea (River or Giant Cane) — 4
G192 gigantea (A2) Jessamine Co., KY o« T
G197 gigantea (A1) Switzerland Co., IN

E G164 gigantea (A1) Hamilton Co., TN
G190 gigantea (A1) Adair Co., KY
ganted (A2) Decatur Co., GA
gantea (A2) Lee Co.. AL
X090 hybrid (C) Forrest Co., MS
X171 hybrid (C) Jenkins Co., G
X175 hybrid (A2) Laurens Co.
x176 hybrid (A2) Laurens Co., SC

x168 hiybrid (C) Greene Co., GA e
x178 hybrid (C) Greenville Co., SC
"""" X172 hybrid (C) Screven Co., GA
X097 hybrid (A1) Lee Co., AL
X008 hybrid (B) Macon Co., SC
1022 tecta (C) Wayne Co.. NC .
1026 tecta (C) Dismal Swamp, VA
o2 (C) Dismal Swamp. VA \ 4
1024 fecta (C) Craven Co., NC
\H]*’v..tl(‘\’(||\cn(w N( A, tecta v
73 tecta (C) Aiken Co., SC g
27 tecta (C) Chatham Co., GA - il )
Tl ta (C) McDuffie Co., GA p—
S e (Switch cane) \
A019 appalachiana (B) Macon C3., NC

A020 appalachiana (B) Rabun Co., GA

AD021 appalachiana (B) Jackson Co., NC
A 102 appalachiana (B) Avery Co., NC
A 103 appalachiana (By Gréenwood Co.. SC
A165 appalachiana (B) Polk Co., TN &

A166 appalachiana (B) Bartow Co., GA A_ appa IaCh ana
A179 appalachiana (B) Greenville Co., SC
A099 appalachiana (B) Dekalb Co., A
A100 appalachiana (B) Dekalb Co., AL

A184 appalachiana (B) Swain Co., NC H
A182 appalachiana (B) Buncombe Co., NC I ca n e
Al8S m-wam hiana (By Graham Co., NC

AI188 appalachiana (B) Rhea Co., NC

SK223 Sasa kurilensis

SP113 Sasa palmata

4"—?‘ SP228 Sasa palmata = - -

S$5146 Sasa senanensis

Outgroup (Sasa) riagization
_‘:'— STI3 Sasa tuboiana

SV 126 Sasa veitchii

S — also occurs!

100




Bambuseae (tropical woody bamboos)




Tropical woody bamboos:
66 genera, 784 species

Ximena Londoio,
Emmet Judziewicz

state 1

Major defining characters:
Pachymorph rhizomes

*Tetraploidy or hexaploidy

eAcropetal or bidirectional
vegetative branch development

*Molecular evidence



Bambuseae distribution

Woody bamboo diversity is
strongly associated with mountains




Major lineages of the tropical woody bamboos

Paleotropical
woody bamboos

: ‘ Neotropical
Chusqueinae clade



Major lineages of the tropical woody bamboos

Paleotropical
woody bamboos

Neotropical
Chusqueinae clade




Evolutionary relationships within Chusqueinae

Euchusquea clade

Chusquea coronalis
. . . Chusquea serpens

*Multiple, dimorphic \ Chusguea scalrjldens*

Chusquea tessellata
buds Chusquea oligophylla E
Chusquea bambusoides
Chusquea bradei 138 spp
Chusquea bahiana
Chusquea arachniformis
Chusquea oxylepis
Chusquea urelytra
Neurolepis villosa
Neurolepis asymmetrica
Neurolepis aristata
Neurolepis nana N1
Neurolepis nobilis 11
Neurolepis elata®* SPP
Neurolepis rigida
Neurolepis stuebelii

=l Neurolepis aperta
Neurolepis virgata N2
Neurolepis pittieri
Neurolepis weberbaueri 10 spp
Rhipidocladum pittieri
ﬁ Otatea acuminata
Guadua angustifolia

Bambusa vulgaris
Arundinaria gigantea

sConnate lemma
tips

Al L

=Spikelet structure -
-Papillate "

subsidiary cells

Amanda
Fisher




single buds but no ' ‘
multiple, dimorphic
——— buds in the

branch development  Euchusquea clade
in “Neurolepis” (21spp) (138 SPP)

single bud
in most bamboos
giving rise to
complex branching
patterns




Branching patterns in Chusquea (the Euchusquea clade)




The Euchusquea clade shows high species diversity

yet low genetic variation

Low variation (>5K nucleotides, 260 PICs)

Data from
A. Fisher

Recent origin of Euchusquea clade?

37

C. costaricensis
C. talamancensis
C. tonduzii
C. paludicola
C. vulcanalis
C. foliosa
C. longifalia
C. subtilis
C. tomentosa
C. subtessellata
C. scandens
C. tessellata
C. antisquensis
C. lehmannii
C. lorgntziana
C. perligulata
= mnesm
. SpENCE|
C. fendleni
C. leonardiorum
C. loxensis

C. patens
C. gracilis
C. juergensii
C. leptophylla
. mimosa australis
C. pclmfull:l
. nudiram
C. wlndu# I amed
C. microphylla
C, albilanata
C. uniflora
C. exasperata
C. maclurei
C. scahbr
C. abietitolia
C. ramosissima
C. tenella
C. longispiculata
4 C. coronalis
C. pittieri

19

C. liebmannii
C. virgata
C. mueller

. glauca

ECI‘UI.EHSIS
ilimekil

27 2— C_ oxylepis
2 C. urelytra
8 C. arachnifgrmis
30 22 C. bambusoides

C. oligophylla
C. bradei C. aristata

19 [ Guadua angustifolia

Otatea acuminata

C. spectabilis

Rhipidocladum harmonicum



Presenter
Presentation Notes
A reasonable conclusion from this kind of data is that there was a recent origin of Euchusquea.
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BEAST software
Bayesian framework
chloroplast sequence data

1. Secondary calibration from a
molecular dating analysis of
Poaceae

14 — 24.8 mya

(Kelchner & Fisher unpublished)
2. Neotropical woody bamboo
fossil

3.6 - 11.8 mya

(Brea & Zucol 2007)
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Rapid uplift of
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v
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Presenter
Presentation Notes
I tested for further evidence for a recent origin of the Euchusquea by conducting a molecular dating analysis. 

BEAST software 

Used two calibrations, including a fossil of a closely related neotropical woody bamboo. 



 








Molecular dating analysis of

2019 18 17 16 15 14 13 12 1110 9 8 7 &6 5 4 3 2 1

Estimated divergence of the Euchusquea
clade in the late Miocene to Pliocene

(3.9-9.16 mya)

Estimated divergence of Chusquea

In the Miocene (10.8-21 mya) \

Meoiropical woody bambm;

—

.
(= . fal
[T A e
e ————Sbll
i 2
i © g ¥
iy

—

oty
.

.........
........
R
—
e
e
bamne o
- @
------ 8
[ 3
Cadnmatans | D
e @
[ i
el
* F— ©
€
R
Camiw
[
[ ——
e g
...... n|E
[T '3- B8
E it E E
© i ke
- —ﬁ IIIIIIII g
........ -
e by
g
ll“
s
1l & §
- =
—?'E. o |§ 2
C 3
[pre— &
-
= o)
= ®
[ g
L - 3
[ 3
€ g -]
i
c

it
nfsaquay Hons

Data from
A. Fisher

il
I 1
L
1
1
: g
= g
| - &
4 F]
24 -
| 1
ll‘almmplcal woody bambogs L z
+ . |P.|Iemp|(al
20 19 18 17 16 15 14 13 12 1110 9 & 7 6 413 2 1
R Ok e nsiisovess ||
L 4 v l "
Rapid uplift of Rapid uplift of Rapid uplift of  Closing of the
the Austral Andes  Central Andean the Northem  Panama Isthmus
15-8 miya eastern and Andean eastern

wiestem cordilleras  cordillera in
10.8-2 mya

Colombia and formation of parame 5-2 mya


Presenter
Presentation Notes
Results in highest posterior density ranges of the age of the node. These were rather large ranges, but…








Major lineages of the tropical woody bamboos

Paleotropical
woody bamboos

Neotropical
Chusqueinae clade




Summary phylogeny of the
Arthrostylidiinae (molecular)

Leaf anatomy/
morphology

Actinocladum

Merostachys
Filgueirasia
Alvimia
Atractantha

Aulonemia

Colanthelia

Arthrostylidium/
Rhipidocladum
Elytrostachys

Arthro/Rhip

R. geminatum

Glaziophyton

Guaduinae



What did the ancestor of
Arthrostylidiinae look like
and where in South America
did the subtribe originate?

Glaziophyton

Tom
Soderstrom



Leaf anatomy and micromorphology
in Arthrostylidiinae




Describing bamboo diversity

1999: 3 species of Otatea (Guaduinae)
(Judziewicz et al. 1999)

COLOMBIA

Ecological niche modeling Population genetic analysis
;" H; " E
2011: 8 species of Otatea (Guaduinae) ) }i'.ft |
(Ruiz & Sosa 2010; Ruiz et al. 2011; Ruiz, in press) ),:‘, - \: 44
Y SO W
A - %N N
L, M
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Major lineages of the tropical woody bamboos

Paleotropical
woody bamboos

hexaploidy
Neotropical
% Arthrostylidiinae +
T Guaduinae clade

? tetraploidy

: l ‘ Neotropical
Chusqueinae clade




Paleotropical woody bamboos

bes,

4 subtr

H

1eS

47 genera
407 spec

ina

Racemobambos

Hickeliinae | .

Bambusinae

Jatmi Dransfield

Melocanninae



Relationships within paleotropical
woody bamboos

a Melocanninae

<

Bambusinae
& other PWB?

Analyses with broader sampling are ongoing (by
Chokthaweepanich et al.)...but natural hybridization
iIs documented within Bambusinae (Goh et al., in press).












\ Jf]d:]j e
HErbac
2/ c)o)c)

i{rms
o)




am

-,r , _T‘ Mo . - 1T\ . ) b' ~ \JIJ'O a SJ
3 . AL _I_..'_I ¥ ‘. ‘-.‘_:._.._ - _ . -. { 3 : | I*':' : ; * : X L4 =
].-L}J.-L'jj‘o U t?‘

N

<
i{yﬂ : ‘ﬁq;l

. “-“..




AR S I

[ —b -
R ST
LY\ s

W « 8
~n

ISR AS ¥
4! dMPUNT0

' ]

.} . & "
|~ ST "] (@) ¥ "
Acertain
- T, : - .

ol oz J‘?ZQQ 93 S0 Ur]
o U SRR NN B AR Eo i

INCEertans R 4

\ s
-~
D2

i)




. i N

B
T4l

adeEesr DUl
eagesibut




SinNG \)Imﬂ b0
rnr{sl &“ oodye 7

ac 5 {iﬁww B .

G nr-\mu'rﬁuf _
\ xx "F?‘

«NJJfJ‘/ r); 005}
aUGTIBhI JJJ , Ul L




chan J 1N Q«JHJUJJ f‘JEJSS’]‘f]g:gj.';;__jpfj



. SU mm.aryo'f most iImportant
changes in OfJHJUJJ f‘JEJSS’J"f]g;E;;FLQIJ
di

* lhree "tr’]b;s rec gnuacJJ r\rl hdinarie 3@,_
Bambuseae, 'Olj yreae. - I’ [, A,



- |

e Sum ’nmr‘]: of most important
;;Jpn

changesiin OfJHJUJJ PJ«J??’JJ‘J

’ﬁa"fs‘;\ "M.

. Ihﬂea"tf'],b;s rec nguacJJ r\flJmJJn arie 3;
Vi v il 3 "‘r\ “7}
Bambuseae, Olyreae I 2N

_ g |
.= Many generic changesgbased on IIJJJ

)

?“'

CUlle M‘




- |

Im m,Jr'j'Jf mJ"f im Oorfﬁant

~t

ch «JJU N J“"n Q)JJ f‘J«Jf: Gduiont
£l o ‘ _ “__, "”. et : . J:u %1::*::::,‘._ ;_\ ...-'-\r
Im trik e,a fecogmzagh r\mme m»g: w3
~JIIJO|JE) ae ,'Q@*jﬁ&‘i{'z‘ 2% { L Jﬁfaink‘r‘*‘*’“* .
sl \JJ any generic changesgbasedon IIJJJ culaK
c anetic results 'f | &
JIJ/JJJ netic're J,JL{ | : (N
**Numbgered JJJJA«JQ SHUSedin tempenatens EILJQJJJ'
traditional subtribesWiscardedibecause m—ﬁ/ |
donitireflectknownielationships N



L0 7 n..u.].}e‘l..

Bamb

O roj

|

U







Woody habit I. Resolving relationships
& culm leaves

Complex branching

. v ~ .
Gregarious \ =~ Tropical
monocarpy

woody bamboos

Olyreae

Temperate
woody bamboos




Il. Flowering behavior in woody bamboos

Cycles vary from a few years to several
decades to as much as 120 years.

How do the plants count?

What are the genetic mechanisms
controlling flowering?

What selective pressures led to
the evolution of gregarious
monocarpy in bamboos?



lll. Evolution of development

Genes related to rhizome

bud development in bamboos
(Wang et al. 2010)

monocot ancestor

Genes affecting floral

] development in grasses
Development of fusoid cells (Preston et al. 2009)



SR

Bt .

Bamboos & forest dynamics, nutrient
cycles, erosion control, carbon fixation,

rodent outbreaks, etc.

IV. Bamboo ecology

Bamboos &
other organisms




Bambuseae

Tropical bamboos

Francisca Ely \ Bambuseae
Bambusoideae I

V. Bamboo ecology

Arundinarieae

AN

l— Olyreae

Cold tolerance
in the BEP Clade

Ehrhartoideae

100s of genes known
to affect cold tolerance
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