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Escalloniales
Apiales
Paracryphiales
Dipsacales
Bruniales
Aquifoliales
Ericales
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Cucurbitales
Fagales
Rosales
Fabales

Celastrales
Fabidae _|; Oxalidales :|-CO|V|3'Z (COM clade)
— Malpighiales

Zygophyllalest I .
— Malvales ot
— Brassicales . 1) ==
Huertealest . 4{23[{20@%;?%
Sapindales - 8708
Picramnialest « 19105
Crossosomatales

— Myrtales

— (Geraniales

Vitalest
. Endress & Matthew, 2006
Saxifragales APG I11, 2009
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Nr Character-state weighting/— rbcL 499 - Chase et al. 1993

Parsimony/52% JK;

COM + Fabidae BI/10 PP matK 374 16 Hilu et al. 2003
o s Faigae  STSICKNIGTINNG Lol gy g S
COM + Fabidae ML/100% BS; MP/79% BS; BI/L.OPP 8lcp 64 3 Jansen et al. 2007

|:|-|- rbcL, atpB, matK,

ﬁ COM + Fabidae ML/89% BS 18S rDNA, 567 59 Burleigh et al. 2009

14( 26S rDNA

% COM + Fabidae ML/100% BS 10cp,2nu 117 33 Wang et al. 2009
COM + Fabidae ML/53% BS 83 ¢p 86 5 Moore et al. 2010
COM + Fabidae ML/99% BS IR 244 14 Moore et al. 2011
COM + Fabidae ML/57% BS 11cp, 2 nu, 4 mt 640 154 Soltis et al. 2011
COM + Fabida ML/81% BS, 70% BS, 82% BS, 78 cp 360 9 Ruhfel et al. 2014

69% BS (ntAll, ntNo3rd, RY, AA)
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Asterids
Lamiids Campanulids

Malvids

Rosids

Fabids
-fixing clade COM clade

Endress & Matthew, 2006
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BMC Evolutionary Biology BioMed Cena
Research article

Mitochondrial matR sequences help to resolve deep phylogenetic
relationships in rosids

Xin-Yu Zhu'2, Mark W Chase3, Yin-Long Qiu4, Hong-Zhi Kong!,

David L Dilcher®, Jian-Hua Li® and Zhi-Duan Chen*!

Abstract

Background: Rosids are a major clade in the angiosperms containing |3 orders and about one-third of
angiosperm species. Recent molecular analyses recognized two major groups (i.e., fabids with seven orders
and malvids with three orders). However, phylogenetic relationships within the two groups and among
fabids, malvids, and potentially basal rosids including Geraniales, Myrtales, and Crossosomatales remain to
be resolved with more data and a broader taxon sampling. In this study, we obtained DNA sequences of
the mitochondrial matR gene from 174 species representing 72 families of putative rosids and examined
hylogonetin relat e o red. phylogenatic
relationships within the "rosid clade" based on a combined data set of 9| taxa and four genes including
matR, two plastid genes (rbcL, atpB), and one nuclear gene (18S rDNA).

Results: Comparison of mitochondrial matR and two plastid genes (rbcl and atpB) showed that the
synonymous substitution rate in matR was approximately four times slower than those of rbel and atpB;
however, the nonsynonymous substitution rate in matR was relatively high, close to its synonymous
substitution rate, indicating that the matR has experienced a relaxed evolutionary history. Analyses of our

matR sequences supported the monophyly of malvids and most orders of the rosids. However, fabids did

not form a clade; instead, the COM clade of fabids (Celastrales, Oxalidales, Malpighiales, and Huaceae) was
sister to _malvids. Analyses of the four-gene data set suggested that Geraniales an yrtales were
IR ISR RS MO

successively sister to other rosids, and that Crossosomatales were sister to malvids.

Conclusion: Compared to plastid genes such as rbcl and atpB, slowly evolving matR produced less
homoplasious but not less informative substitutions. Thus, matR appears useful in higher-level angiosperm
phylogenetics. Analysis of matR alone identified a novel deep relationship within rosids, the grouping of the
COM clade of fabids and malvids, which was not resolved by any previous molecular analyses but recently
suggested by floral structural features. Our four-gene analysis supported the placements of Geraniales,
Myrtales at basal nodes of the rosid clade and placed Crossosomatales as sister to malvids. We also suggest
that the core part of rosids should include fabids, malvids and Crossosomatales.

Zhu et al., 2007
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Angiosperm phylogeny inferred from sequences
of four mitochondrial genes

o

Yin-Long QIU* 'Libo LI 'Bin WANG '?Jia-Yu XUE !'Tory A. HENDRY 'Rui-Qi LI
'Joseph W. BROWN 'Yang LIU 'Geordan T. HUDSON 3Zhi-Duan CHEN

Abstract  An angiosperm phylogeny was reconstructed in a maximum likelihood analysis of sequences of four
mitochondrial genes, atpl, matR, nad3, and rps3, from 380 species that represent 376 genera and 296 families
of seed plants. It is largely congruent with the phylogeny of angiosperms reconstructed%from chloroplast genes
atpB, matK, and rbcL, and nuclear 18S rDNA. The basalmost lineage consists of Amborella and Nymphaeales
(including Hydatellaceae). Austrobaileyales tollow this clade and are sister to the mesangiosperms, which include
Chloranthaceae, Ceratophyllum, magnoliids, monocots, and eudicots. With the exception of Chloranthaceae being
sister to Ceratophyllum, relationships among these five lineages are not well supported. In eudicots, Ranunculales,
Sabiales, Proteales, Trochodendrales, Buxales, Gunnerales, Saxifragales, Vitales, Berberidopsidales, and Dilleniales
form a basal grade of lines that diverged before the diversification of rosids and asterids. Within rosids, the COM
(Celastrales—Oxalidales—Malpighiales) clade is sister to malvids (or rosid II), instead of to the nitrogen-fixin

clade as found 1n all previous large-scale molecular analyses of angiosperms. santalales and E?aryophyliales are
T 7 s D TR i g ey R g s
for resolving relationships among genera, families, or higher rank taxa across angiosperms. The low substitution
rates and low homoplasy levels of the mitochondrial genes relative to the chloroplast genes, as found in this
study, make them particularly useful for reconstructing ancient phylogenetic relationships. A mitochondrial gene-
based angiosperm phylogeny provides an independent and essential reference for comparison with hypotheses
of angiosperm phylogeny based on chloroplast genes, nuclear genes, and non-molecular data to reconstruct the
underlying organismal phylogeny.

Qiuetal., 2010
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Highly conserved low-copy nuclear genes as effective markers

for phylogenetic analyses in angiosperms
Ning Zhang', Liping Zeng', Hongyan Shan? and Hong Ma'*?
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Zhang et al., 2012
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Banihot esculenta
icinus communis
inum usitatissimum
opulus trichocarpa
r Vledicago truncatula
haseolus vulgaris
Glycine max
J_.Cucum."s sativus
. runus persica
Vilus domestica
ragaria vesca
Arabidopsis thaliana

] L:r~.=rAmb.r'dopsis lyrata
,FL.'*apse‘ia rubella
1 rassica rapa Chiifu-401 v1.2
Thellungiella halophika
Carica papaya
Gossypium raimondii
Theobroma cacao
Citrus sinensis
Citrus clementina
Fucalyptus grandis
Vitis vinifera
JSO lanum tuberosum
4 ,C{%So lanum lycopersicum
Y Wimulus guttatus v1.1
| [JAquilegia coerulea
= B |:135-‘orgh um bicolor v14

Rosidae
S

—Zea mays

J: Setaria italica
] —Panicum virgatum v0.0
*“1()IV Za sativa
,Brachypndmm distachyon
mge laginella moellendorffii
rﬁlPhy scomitrella patens v1.6
-IChlamydomonas reinhardtii
—Volvox carteri
—|Coccomyxa subellipsoidea C-169
{ ] Wiicromonas pusiila CCMP1545
—WMicromonas pusilla RCC299
1Ostreococcus lucimarinus
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MRk | 82 | 78E[EA Ruhfel et al. 2014
LRI 79 |atpl, matR, nad5, rps3 Qiu et al. 2010
%> 92 |SMC1, SMC2, MCM5, MSH1, MLH1 | Zhang etal. 2012
BEFEE | 101 | 8,445 M BN ERRIFRZEER Lee et al. 2011
WMEREE | 22 | 3,748 NZER Chen et al. 2006
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Y RETHENZFRAIEEZESFCantino etal.  (2007) F1 APG 111 (2009)
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