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Molecular phylogenetic analysis of the
urophyllum group in the genus Fagopyrum by
the maximum likelihood method.

T & #HHE SR IES
£ AN B
Bh#ix BE B

2603 K& EIL GRERKRTE)




(BLHRXDES)
Molecular phylogenetic analysis of the urophyllum group in the genus Fagopyrum by the
maximum likelihood method

Molecular phylogenetic analyses using multiple sequence data were performed by
maximum likelihood (ML) methods for attempts to reach a consensus on tree topology in order
to reconstruct a reliable tree and to estimate divergence dates for the urophyllum group in the
genus Fagopyrum (Polygonaceae). In Chapter 1, nucleotide sequences of rbcL-accD, trnK
intron, and trrnC-rpoB spacer region in chloroplast DNA (cpDNA) and the internal transcribed
spacer (ITS) region of nuclear ribosomal DNA (nrDNA) available from GenBank database were
re-examined for phylogenetic inference and tree topologies estimated from these different genes
were compared. A statistical analysis by the Kishino-Hasegawa (KH) test indicated that the
tree topologies might be different between the nuclear and chloroplast DNA phylogenies,
although insufficient taxon sampling in the ntDNA ITS sequence data did not allow me to
decide whether the topological incongruence is real. Topological incongruence among gene
trees may include important issues on evolution, and therefore confirmation by the other
evidence is needed. For this purpose, in Chapter 2, two novel nuclear genes:
FLORICAULA/LEAFY (FLO/LFY) and AGAMOUS (AG) were isolated from all the Fagopyrum
species. The FLO/LFY and AG sequences turned out to be phylogenetically more informative
at the intrageneric level than the cpDNA sequences. Congruence among these gene trees,
inferred by the KH-test, demonstrated that topologies were partially incongruent between the
nuclear and chloroplast DNA phylogenies. The nuclear DNA sequence data supported a
monophyletic relation of F. statice, F. leptopodum, F. gilesii, and F. jinshaense, whereas the
former two species formed another monophyletic relation with the F. capillatum-F. gracilipes-F.
gracilipedoides-F. rubifolium clade excluding F. jinshaense in the synthetic cpDNA phylogeny.
In addition, two divergent sequences of FLO/LFY were found in F. rubifolium (tetraploid).

One of these was sister to F. gracilipedoides and another was sister to F. statice, and a
monophyletic relation of these two genes was rejected by a bootstrap analysis. These results
suggest that hybridization may have occurred during diversification of Fagopyrum species in
the urophyllum group, and that F. rubifolium is possibly allotetraploid species. In Chapter 3
and Chapter 4, molecular dating was performed in order to have another insight into Fagopyrum
evolution. Because conflict over time scale has been explained by potential sources of error
and bias in estimations based on molecular clock methods, these factors that affect dating should
be considered accurately. In Chapter 3, [ performed date estimation by a Bayesian approach
that can evaluate heterogeneity in the evolutionary rate among lineages in the framework of land
plants, using fossil data to yield constraints on some node times. Dates estimated from
different genes (afpB, rbcL, and 18S rDNA) were fairly consistent but they were sensitive to the
number of calibrations involved. The best estimate derived from rbcL calibrated with five
fossil dates showed a reasonable time scale for angiosperm evolution, suggesting that the
improved technique of molecular date estimation may provide evolutionary implications,
especially for lineages for which sufficient fossil information is not available, such as
Fagopyrum. The date for divergence between Polygonum and Fagopyrum was estimated to be
30 MYA. The date for separation between the two Fagopyrum subgroups was estimated to be
20 MYA. In Chapter 4, using the 20 MYA date for the Fagopyrum subgroup separation as a
reference, divergence dates among Fagopyrum species were estimated with FLO/LFY and AG
by the ML method that assumed local molecular clocks. Divergence dates of each Fagopyrum
subgroup were estimated to be 9.6 MYA for the cymosum group and 8.2 MYA for the
urophyllum group.

The primary object of this thesis is to reconstruct phylogenetic trees, in which various
phylogenetic and evolutionary questions should be addressed by using multiple sequence data.
In alternative methods of maximum parsimony (MP), neighbor joining (NJ), and maximum
likelihood (ML), the ML method is the most helpful to deal with a number of sequence data for



investigating topological differences among the gene trees and for synthesizing these results into
total evidence. By comparing likelihood scores, the ML method provides comprehensive ways
for testing specific hypotheses. Therefore, I mainly used the ML method in order to elucidate
hypothetical issues on topological incongruence. The second object of my study is to estimate
divergence date of Fagopyrum. Because the molecular clock assumption for the land plant
lineages was rejected by the ML method (the KH test), I used the Bayesian approach that
explicitly models molecular evolution. This method has advantages of putting several
constraints on node times at once and of estimating confidence interval. Additionally, I used
the ML method with assuming local molecular clocks for date estimation in Fagopyrum. In
this thesis, I discussed Fagopyrum evolution particularly for the urophyllum group, highlighting
the occurrence of hybridization and allopolyploidization and the time scale of evolution
potentially related to the uplift of the Tibetan plateau on the basis of the multiple gene analysis.
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