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Taxonomic research on Epimedium L. (Berberidaceae)

Yanjun Zhang, Guanwan Hu, Jiangiang Li, Ying Wang, Qiong Liang
Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074

Epimedium L. is the largest herbaceous genus of Berberidaceae. Due to the medicinal and
horticultural values, the plants of the genus have obtained increasing attention. However,
Epimedium is intractable in taxonomy with many controversies. Based on our extensive studies
on Epimedium plants in herbaria, the field, and cultivation, we recognized that the genus of
Epimedium comprises ca. 61 species, ca. 51 species of which were distributed in China. Four new
Epimedium species, E. shennongjiaense, E. jinchengshanense, E. xichangense and E.
zhaotongense were published. Five Epimedium species with unifoliolate leaves, E. simplicifolium,
E. baojingensis, E. zhushanense, E. glandulosopilosum and E. elachyphyllum, were revised. The
Epimedium wushanense species complex were clarified. Three Epimedium species controversial
on their flower characters were also revised, and five species and one variation of Epimedium
were reduced into synonym. Furthermore, molecular phylogenetic studies based on AFLP
demonstrated that the relationships of Chinese Epimedium species were closely related with floral
characters. In addition, the phylogenetic studies based on AFLP and the complete chloroplast
genome sequences showed accordance with the updated system of the genus on the whole, but
remaindered that the evolutionary relationships and the divisions of the genus need further
investigation applying more evidences.

11



2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

BT 5T RESHMSHIEROBMILE S 22155T

BRE B
RN P BAF AR &R R 518004
giuzhijing@foxmail.com

ARER R TEE SR, ARTDvIEC2BITd 2 It (1985 458 —iizil), 230 £
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22 J\&¢)% (Pohlia Hedwig) & RTHINEZ —, HTAEGIEEEDE, 2)NiE
HHAETHERA, & NoRELp 7 2R, ERTTHENRGKE WD
FORW, 22 NEE &S5 R L H A RAT BERL LS SRIGEERL R R N ), i H 22 ) 6¢ R
AR —ANALH) B IRERE E T AT IR A S0 22 NG R 34T 5 1T 70 7 R G0
o BT R T BORMRE B E A, BIREE FIOFA RGN uiRk /. R DL22 K
B 31 Ah, G EEERL 4 B, ST EER} 6 FRANERIGEERL 5 M, DU 4 NSRRI OV LS
PR R 1AM B BE (ITS) i 4 A2 R BE R B (atpB-rbel. rpsé4. trnG. trnL-F)
KHT MP, Bl, ML =R 58047 @R br. G005k, 3RIIEMEN ARG RK EMA
AP IR, B2 NEE R R G R ERARIEAE B, LG BB R RS
Bracgymenium nepalense. Anomobryum julaceum. Bryum caespiticium #1 Bryum dichotomum
REFHIRN— D RRSL, 22)NEEJE . SAEE R AN EE S R B SRR — N AR
SRR K4y S, 3T EE AL Plagionium intrgrum, Plagionium rostratum, Mnium
heterophyllum, Mnium thomsonii, Rhiomnium striatulum F1 Trachycystis ussuriensis 58 il—1
RRN, 5 ERE A ST BHAR . X —85RIR: (DX T HeER}, 2 688
AT 8L DL LSRG EE R R R E ) Q2 NEE B AL — 1R, 31 Frez NEEEHEY)
W B =X Bginkd e T ) NeE)g) HafH ¥ Pohlia tapintzense, Pohlia
melanodon, Pohlia ludwigii A1 Pohlia wahlenbergii 5 Epipterygium tozeri 1 Epipterygium
wrightii 274 Clade A 4732 1547725 @ T E 41 1) Pohlia andalusica. Pohlia andrewsii.
Pohlia annotina. Pohlia camptotrachela. Pohlia drummondii. Pohlia flexuosa. Pohlia proligera.
Pohlia leucostoma. Pohlia bulbifera 2 Pohlia gracilis 5 —/> 8. %4> 32 Clade B; Clade C
B TG KT R T 2L NG AL YR, H X 734 Clade C1 Al C2 PN SZ, 793¢ Clade
C1 t4% Pohlia elongata. Pohlia lescuriana. Pohlia gedeana. Pohlia minor. Pohlia crudoides.
Pohlia revolvens. Pohlia nutans /% Pohlia sphagnicola, H.&iA#E & T =AM B %S 0,
YL BN BE R 5 22 TN R BSR4 R R, /03¢ Clade C2 i Pohlia timmioides. Pohlia
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longicolla. Pohlia oerstediana. Pohlia macrocarpa. Pohlia hyaloperistoma /& Pohlia bolanderi
AR SRR — 3 GRERERD T RAKBEM M ENAGHEN T TREKE
PPN, % T Clade C1 7332 1 22 e & A M 22 V&£ Pohlia elongata, 7t
FEVK Clade C 702 /REEASETINIE, HHoR )8 A AN HIRSAE v s T~ 4L AL 3
VUK Clade A H ORI /040 1)) D EEH YA 5 /it J& Epipterygium & JF, # Clade B 43
SCHAH B B HRTT NS . AW TR I 2 JNEE & 1) R G s AL PR A 1 E AR,
S e R BN 22 TG Jas Jo F SRR M B RE AT EEIR AN R GEE T, i ARk
HEEH, Rl 2 BT BERR) FR G R 7y S 5 i) i B4 E BEAil o
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R Maddenia hypoleuca F1ESRK Pygeum topengii (E##l) AT

E&XE AR FAER R ER

ERVE AR
1 /AL RMAH KRS, £9f5F%, Bk, 712100
2 HALRAATHE K, HARLAIE, HiE, 712100

R} Rosaceae fHY) B A EE AT EAM HE M A, %R K 2 Y # B A B &
SIS RN . SRR AR R & ) E A SR F R e v AN, SR HAE AR B
IR B FEAIAGE R . BRATFI AR X % Maddenia hypoleuca A1 A Pygeum
topengii L8 B K E R B FERHT TOEC. 45K, 3810 10 MUEd F IREE AT Loy
5 AT A B0 SR AN S MBI UAER R S B RAEXUIRER, SRR, R R
ZRKA . RPEHES ) 23-30 M, HERSJFIE S =50 LL 10 + x+x WU O BT,
BB RE I JEm ) . BRIy 30-40 #L, W TAEFEEE, MK ERA, O
P BB, MERTCM A M. RARFVE RORM 2 FE I E I T RERRE, &
T TEH BTG SR FLARL o« AT FTAE B 1 SRR AN AR IITE M Fr S b b ar 101,
FLRGAR G A S HAb 2 B YA F AT R 58 B BRI 3B b oG . AT
W T AEI AL )L, SRR RARJE Maddenia FIUE R KR Pygeum FEHE T U2 JE
Prunus L.7.

=
=}

n)lfn
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MR (BEH) 8BRS

I, RN
HALR A K, £ Er, B, 712100;
2. AL RMAAE K FARANE, Mk, 712100

T PRRHEI AR BA NS v MM . s e B iR 46 /s BLICTE A,
PE R =R DU R, AR Ky . AHEE T35 PR JLAh 2T, MU LR AE 38 B K BB
B RBNEZ . ASCRIHARME T EME, WEE T HME Sanguisorba /)N [ 16 Huk
S. tenuifolia var. alba. i S. officinalis A1 S. hakusanensis ¢ I &K B it f2. 45 R K H,
=ANYIRh b RS 2 BRSO /ANAEZEL R, /NE FH AR B 301 THES & A2, B/ AR
AR HIR (4 /N A6 B B 9 B TVER ) 2340, 1T S, hakusanensis JU) HH 25 5 [ TH 6 e . 48
WEWIMORE, ABEER T kA . S. tenuifolia var. alba #1 S. officinalis ¥ 4 F
BT FERE HEEPAE, EREEREFZEE R —4HE%], 1 S. hakusanensis 7£
BREESKE RS RS . ERE IR EA WEREM RN R . — b
G RA, HRERE L FERIE BN UG, B 2 FEMET R HE REIR G M TERE ABDIR 451
oot . O R MER—H, BEA, Bk, CEY . HmEEMIET e E
AR R R E R 2R, S8 1 JAT 8 AR A A 754 R Ay 2 ) 3L
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Reconstructing the phylogenetic history of the pteridophyte flora of
Kenya
Hong Mei Liu*, Tao Wan?, Harald Schneider

1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun, Yunnan 666303, China
2 Shenzhen Key Laboratory of Southern Subtropical Plant Diversity, Fairylake Botanical Garden, Shenzhen
and Chinese Academy of Sciences,

Shenzhen 518004, China
3 Centre for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences, Menglun, Yunnan 666303, China

Compared to the Greater Cape Region and Madagascar, relatively little attention was given
to the plant of the Eastern Afromontane Biodiversity hotspot (EAB) except the sky-islands
formed by volcanic activity. Here, we explore the phylogenetic-spatial history of the fern and
lycophyte diversity of this biodiversity hotspot with special emphasis on the flora of Kenya. To
assess alternative hypotheses we aim to establish a spatial-temporal model that is based on
existing observations of the spatial structuring of the pteridophyte floras of Afromadagascar that
incorporates both geological and climatic evidence. By reconstructing the phylogenetic history of
ferns and lycophytes occurring in this region, we aimed to test the fitting of three hypotheses. The
first hypothesis—arguably the 0-hypothesis—the EAB is considered as a sink of biodiversity
with assembling via migration and local survival as the main process. The second
hypothesis—Ilocal cradle of biodiversity—considers local adaptive radiations as a second major
process, whereas the third hypothesis—aglobal cradle of biodiversity—proposes the EAB as a
cradle of not only local but also regional and global diversity. These hypotheses are discussed
based on the phylogenetic history of pteridophyte lineages contributing different proportions to
the EAB pteridophyte floras. Finally, we aim to establish a generalized hypothesis explaining the
diversification of land plants in the EAB by comparing the results obtained for ferns and

lycophytes with reports on selected lineages of angiosperms and bryophytes.

18



2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

Phylogeny of Spiraea (Rosaceae) based on plastid and nuclear
molecular data: implications for morphological character evolution
and systematics

T A
¥ B AR A AT L, AL, 100093

Spiraea (Rosaceae) is a plant genus of great horticultural value, comprising 50-80 species
distributed throughout the northern hemisphere, seemingly with particular affinity to eastern Asia.
Phylogenetic relationships within the genus have not been well studied and patterns of evolution
of morphological characters remain unclear. Here, we present the first comprehensive
phylogenetic analysis of the genus based on one nuclear and two plastid markers. Phylogenetic
analysis was done using maximum parsimony, maximum likelihood, and Bayesian inference on
the plastid DNA sequences (2446 bp), composed of the contiguous trnL-F region and matK, the
nuclear internal transcribed spacer (727 bp), and the concatenated datasets (3173 bp). Separate
analyses of the plastid, nuclear and concatenated datasets yielded five well-supported major
clades within Spiraea that also received high support from morphological characters. Our results
suggest that reliance on a few morphological characters in past classifications failed to recover
monophyletic infrageneric taxa. All previous sections are recognized as paraphyletic or
polyphyletic except section Spiraea which is nested within section Calospira. Character
evolution analyses indicate that the trait, inflorescence type, was over-emphasized in earlier
taxonomic treatments, which artificially divided the genus into three groups. Our analyses
indicate that characters such as leaf blade margin, development of reproductive shoots, and
flower color are valuable for infrageneric classification, while others, such as number of bud

scales, shape of branchlets, and leaf blade shapes are of limited value.
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Phylogenetic positions of Cyrtandromoea and Wightia revisited: a
new tribe in Phrymaceae and a new family in Lamiales

Bing Liu', Yun-Hong Tan?, Su Liu®, Richard G. Olmstead*, Bo Li°
1 State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of
Sciences, Beijing 100093, P. R. China.
2 Center for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences, Mengla 666303, Yunnan, P. R. China.
3 Shanghai Chenshan Botanical Garden, Shanghai 201602, P. R. China.
4 Department of Biology and Burke Museum, University of Washington, Seattle, Washington 98195-5325,
USA.
5 College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, P. R. China
*Corresponding Author: Tel:(+86)13732968608, Email: hanbolijx@163.com

The familial placement of Cyrtandromoea and Wightia, two small and enigmatic Southeast
Asian genera, have long been controversial in Lamiales. Here we adopt a two-step approach to
resolve their phylogenetic positions. We initially reconstructed a large-scale phylogeny of
Lamiales using six plastid markers (atpB, matK, ndhF, psbBTNH, rbcL, and rps4). The results
showed that both Cyrtandromoea and Wightia emerged in the LMPO clade, comprising of
Lamiaceae, Mazaceae, Phrymaceae, Paulowniaceae, and Orobanchaceae. Based on a second set
of six chloroplast markers (atpB, matK, ndhF, rbcL, rpsl6, and trnL-F) and two nuclear regions
(ETS and ITS), the second analyses focusing on the LMPO clade revealed that Cyrtandromoea
consistently nested within Phrymaceae, while Wightia was supported as sister to Phrymaceae by
cpDNA data or sister to Paulowniaceae by nrDNA data. Morphological and anatomical evidence
fully support the inclusion of Cyrtandromoea in Phrymaceae, and an updated tribal classification
for Phrymaceae was proposed with five tribes recognized, viz., Cyrtandromoeé&e Bo Li, Bing Liu,
Su Liu & Y. H. Tan, trib. nov., Diplaceae Bo Li, Bing Liu, Su Liu & Y. H. Tan, trib. nov.,
Leucocarpeae, Mimuleae, and Phrymeae. The conflicting phylogenetic position of Wightia
indicated by different genome markers results in difficulty placing the genus in either
Phrymaceae or Paulowniaceae. Considering the distinct differences among Wightia and other
families in the LMPO clade, we here propose a new family, Wightiaceae Bo Li, Bing Liu, Su Liu
& Y. H. Tan, fam. nov., to accommodate it. It is the 26th family recognized in Lamiales, the third

largest orders in flowering plants.
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Different species or genetically divergent populations? Integrative
species delimitation of the Primulina hochiensis complex from
isolated karst habitats
Lihua Yang"*?, Hanghui Kong™?, Jen-Pan Huang?, Ming Kang" "~

1 Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden,
Chinese Academy of Sciences, Guangzhou 510650, China
2 Integrative Research Center, The Field Museum, Chicago, IL 60605-2496, USA
3 University of Chinese Academy of Sciences, Beijing 100049, China
*Corresponding Author: Tel: +86-20-37082193;E-mail: mingkang@scbg.ac.cn
a These authors contributed equally.

To consistently and objectively delineate species-level divergence from population
subdivision has been a challenge in systematics. This is particularly evident in naturally
fragmented and allopatric systems in which small population size often leads to extreme
population structuring. Here we evaluated the robustness of the species delimitation methods
implemented in BEAST, BPP, and iBPP in the Primulina hochiensis complex comprising four
described and one candidate species (five taxa in total) distributed in karst landscapes of southern
China. We analyzed levels of molecular and morphological divergence among species using
multilocus sequence data (nine chloroplast loci and 10 nuclear loci), and morphological data (16
quantitative and 12 qualitative traits), for 124 individuals from 25 populations of the complex.
Independent analyses of cpDNA and nDNA sequence data revealed high levels of genetic
differentiation among the five taxa. Both BPP and iBPP delimited five candidate species, which
correspond to the five genetic clusters recovered with population structure analysis. In contrast,
morphological differences among populations were more limited, so that results from principal
component analysis (PCA) recovered only three distinct clusters. We ruled out the possibility of
morphologically cryptic species because reciprocally monophyletic groups were not supported
among the morphologically un-differentiated taxa. Our results represent a case where extreme
population genetic structuring leads to oversplit of species diversity by molecular data using the
multispecies coalescent (MSC) methods. The observed congruence across multiple analyses
corroborates the recognition of a new species P. lianpingensis and indicates its sister species
relationship with P. yingdeensis. This study highlights the dangers of violating model assumption
and the importance of incorporating multiple evidence into species delimitation of a particular

system.
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HUENX /2 E T FENED SR S RATE. BEE SRR, REY
Fofre) v 443 P B MG HACH X A% o v 1l EH T 52 2 ) S B A 52 4 TR AU A3 i 52 Wi g K ) X 33
B AR X RAE R RS BRI SRR AE R . | R 1E)E (Anemone s.l.) 04
200 RFf, BEA A ATAREER YR, A A e R, HARRRAS K e B35 )
Mo Bk, e RN T LY X RS T — MR . FRATER T 178 4~
Yok, R 4 Sk (atpB-rbel. trnL-F. matK £ rbcl) 1 1 ™% (ITS) Y DNA 73]
N RER R EE T EEERERRGEREN. | ERER RS A SR RHAY
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Anemonastrum 5 — 3¢, Ak AR EAE & 5 8k 42 3% J& (Clematis ) F1%% 554 1€ J& (Anemoclema)
R — N RATE. BERGRE . WS ASEAMAEY ST, FATRI R
HEALJBAIE 31 Ma 2R TR, FEEIEA R - BHAEE T ot R ARG AL 5%
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POk B e R b, JESEARESE s POUIRETE R T R AR e AR a4k, BEE ST
Jee B FoAt i X o ) SR A & 1 B SE R Se W B TR L g A e, B A IR,
Z/KRAT 35 NAEENLAES B m L AEB R T K R 5 R, FHEim R 5 G dBIE 7 k.
BRI 6 7k, J63E 5 I, FEFE 4 Ik PN 1 k. I 2 k&5 FRATTAAF 78 2 B A Bk e L A4
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A iz ik REAARFE T EHEN 7L BKJE Hypodematium Kunze (Ji 2 Bk B
Hypodematiaceae). £ =3 J& Pyrrosia Mirbel (7K & %} Polypodiaceae) F1/)N i 470 Lygodium
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Tk Je R YDA R T B A UOAR I 2220, DA O P 2 R B A AR IR R oA 1 85 B BCa X
PRIRANBE AR X v 895 AR AP S50 AR, B 0 2 Bk S R P AR S8 R B X v A A 855 ) i
PP T, R e R R o T i ) B RN A A B B R R T Rl 2 B AR BB i
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Floristic composition and endemism pattern of seed plants in
Ethiopia and Eritrea

Shengwei Wang*?$ Biyansa H. Boru™?2 Antony W. Njogu?, Anne C. Ochola'?,

Guangwan Hu?, Yadong Zhou'*”, Qingfeng Wang™*
! Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan, Hubei, 430074, PR China
2 University of Chinese Academy of Sciences, Beijing 100049, PR China
¥ Sino-Africa Joint Research Center, Chinese Academy of Sciences, Wuhan, Hubei, 430074, PR China
SThese authors contributed equally to this work
* Corresponding authors: Yadong Zhou (zhouyd@whgcas.cn)

Traditional attempts to delineate floristic regions typically based on the qualitative analysis
of species distribution, often ignoring the phylogenetic relationship among their taxa have been
frequently employed. Ethiopia and Eritrea are among the horn of Africa, known as one of the
biodiversity hotspots. Here, we quantitatively classified the flora of Ethiopia and Eritrea into
meaningful geographical units by analyzing the taxonomic and phylogenetic B-diversity at genera,
total species and endemic species levels at a scale of 0.5°>=0.5<grid cells. Hierarchical clustering
was used to quantitatively delimitate the flora and ANOSIM was used to test the significant
difference between the derived groups in taxonomic composition and phylogenetic relatedness. In
total, two floristic sub-provinces, five floristic districts and thirteen floristic sub-districts, as well
as three centers of species endemism associated with three floristic sub-districts were identified.
Our results also showed that the species diversity, endemism and turnover of the highlands in
Ethiopia and Eritrea were much higher than the lowlands, so that the floristic differences may
closely relate to the topography especially the East African Rift. In this study, we provided a
scientific framework for the composition and relationships of the floristic units in the horn of
Africa, and similarly provided a scientific basis for a better conservation of the diversity in this

region.
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AT, BT 7. BRATE R R TR RO S TR B AT B 3
Ao SO AT TR WL X RIS B4 (Sect. Phylicoides), 43 AiEHH i H L
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Differential quaternary dynamics of evergreen broadleaved forests
in subtropical China revealed by phylogeography of Lindera

aggregata (Lauraceae)
Jun-Wei Ye" 2, Arndt Hampe®, De-Zhu Li*"

1. Germplasm Bank of Wild Species, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming,
Yunnan, China
2. Natural History Research Centre of Shanghai Natural History Museum, Shanghai Science & Technology
Museum, Shanghai, China
3. BioGeCo, INRA, University of Bordeaux, Cestas, France
*Corresponding author: D-Z L, dzl@mail.kib.ac.cn

Palaeo-biome reconstructions have inferred that the subtropical evergreen broadleaved
forests (EBLFs) in East Asia contracted to a narrow belt south of 24N during the Last Glacial
Maximum (LGM), whereas various phylogeographical studies of subtropical plants have inferred
glacial refugia north of this area. Here, we aim to elucidate the historical dynamics of EBLFs
during the Quaternary, using Lindera aggregata as a model. Phylogeographic history of L.
aggregata were investigated based on 19 sampled populations using four chloroplast DNA
(cpDNA) fragments, 15 low-copy nuclear genes (LCGs) and ecological niche modelling. We
observed a shallow and star-like cpDNA network with one dominant haplotype. The time to the
most recent common ancestor (TMRCA) was estimated to be 1.78 Myr by secondary calibrations
using four calibration points. The LCGs revealed three distinct genetic clusters that reflected
contrasting historical population dynamics. The most ancient cluster was located south of the
Nanling and Wuyi Mountain belts and experienced long-term in-situ persistence. The area further
north was occupied by two disjunct clusters that dated back to the LGM and showed signatures of
a rapid northward expansion. We detected pollen-mediated secondary admixture between all
three clusters including somewhat preferential southward gene flow. Our study fully supports and
further refines the emerging view that many EBLF taxa could maintain populations in southern
subtropical China during the LGM but not further north. The evidence suggests a marked
latitudinal gradient in the historical conservation and postglacial re-establishment of EBLFs,
which would have benefitted from local sources in the south while depending more strongly on

long-distance colonisation further north.

28


mailto:dzl@mail.kib.ac.cn

2018 A H A 4 St F T2 EF+ = B HFFRAFiT 4

Lz BRI R G 4 B R LR % R A YIRS 5
i+

iy

B, A, mik, BFE, FRE, GRS, HL9)
¥ E A IR AL AT AT, 9, 650201

2R B H A2 5 70 SCI BB 2R, XA BAEXT B, B35 10 B} 42 J&4) 605 Fh, (HIEA
ARG . DLATEIREFCCN, 1% H e ReE AL A | s st . ABF T T 81 A
MR AR IE R4, RLE 67 ASBTF MK, FIH RGK G BB 507 BRI IEIX — . FRA
R AR B Fe 5 gafit 07 AN i 760 &, IEER P S AR R FP 51, MO R PP 5%
RGKE I R FeTrERRGKFER, FATHERT 1 L5 H 870 A Al A
AP ER, AN T AR L 2R E B AR S (R ) b SR AL s o BE T 79 NIRRT
MR EIERF, ZHR 1, 2 6%, FHIFAZTRRFS, B &R RAIREA
P A [ = S R | -7 A B S N
((Cornaceae-Alangiaceae)-(Curtisiaceae-Grubbiaceae))-(((Nyssaceae-Davidiaceae)-Mastixiaceae
)-((Hydrostachyaceae-(Hydrangeaceae-Loasaceae)))iX —% & . B 1 BHE % R 15 BRI (g vk,
WRBKHBER N OB MK R K REE D 7RGk H R K E R
Hydrostachyaceae WIS B AEANIFRI T LA bR, BT =A% aegmed X r 51,
IKARE RS HZEIE R Loasaceae ZJRAE T, 1HJ& SCHFHA & o AHIEFE S HF LI 2R B8 H &2 s T
FEL R AL R, JF HAE 10My shugde S e 5 M EE . W, SR E
R fE dE W 4 X Curtisiaceae-Grubbiaceae b R # N [ , i 1F
Hydrangeaceae-Loasaceae-Hydrostachyaceae 73 3 HilViE 7+, #8)51E Fendlera-Jamesia 733
H B, {E Philadelphus 73 3CH BJte A2, TEAHIMBT A AT REMERE 1 (L 2k B8 H 1) 539
.

29



2018 4 H A s Gt tidh it 2B %+ = B HFF KT 4

HRHRFERFEESUNMIERERIEGMARAGZLEXR

AP EMi R FRF ORI AR
B8 XFAEGHFARITABESFAR, 8 330031
*i@ i A4 : E-mail: rong_jun@hotmail.com

il A (Camellia oleifera) 52 522 () ARAEMEY),  H AR AR ANGE 7 il & 48 Ji 3K
AR ASHOEMEDD B AL o I ZRF I ) S AN R IS 7 e —— T R 25 B =08 80% LA b, B dR
JiE i, AL A R B R . KR M R SR AR E 7, AT AR i
FE fr HIAEL I R ol R U ot e e AR g k2, A B2 WL X AR R B, A
A E A OE Hl Jh R EF AR A R T S AR TR, (B i o B A A
IR R SOE G R G R B R RIATERE, IR 1l il e B AR T G pagt A BRI
BRIz S

AW T HE T AT T B A i 2R VA AT, 0 e B AR E AT T
WA JPR 7 HET mIEENF )2 A AR R R, 7Sl 2 gk 17 1 ik
BBE 0 AL T 36 X LA 7 ThRic, 2 1 17 AN @R R A e R K 65 £ Ak
eI R A AR 2RI A B AR A R A Yo R I U R AL R S SR A A i )
7 00 BT e sl dr, ik T 450 N E R FEVRIER, XHLZSEMmA. mis
. LR HANZRA R 22 DMFBEAT T RGO B s b 7Bk S LR AR I G AR
PRI AR R S R 2 AR

WFFCEE A, 3yl o B A JE R A AE W S B 5k o iy B e ) Lol B 2
JEAES FAR A R 1) A W2 A% A FIIE A< 350 5 10 350 F) B0 A J A 1) 7 W) S g A% 7
oo B AR SRR IR AL SRR VEAE, WA BIUNE AL N oS 3SRl i 2R A
WAL T 5t 5 R B B A SR REARARL,  HEDN P Be 2R F B AR RS R SR B AR Y
SWESGEEREIML, EAMNBIREE, AR EMNKERTESAHERS
AR

WEFLa R o, R AR R R 7 52 CRARARIE gl e . /NSRS « EE IR
PR m MR A ), TR A, IR AR IR AR AT LUR IR R (B
EMRIRESR . VEIRRIAESR . RS ) HARBAE R AR A BE R B 7032, ASBEMAT AL
4, EaM (LA DREAEZ SR AYMRE —&. HiEm ey
Pl 22 AEPE A B DX 08 LUK P L bk, R Llbk R ks X e, 3t B A
I MR B S AR X, ] RE S T R A LB AR I A AR AR R A2 A, T REZ S
= AL 2R

AW TN @M R B AL G A B2 I 5 A SRt TR AR .

30


mailto:rong_jun@hotmail.com

2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

ET MAn R £ E B AR LR RS R ERFFE L7 R
¥ % %o
Lidg K5 KR 030006

KA BOKLLEEA S R AR R, A BN F 7%, WS =HROK LB AR
ST (B ) Compsopogon caeruleus. 5 & Bk s Batrachospermum arcuatum F i)
£ 2% Thorea hispida 1) 58 B -SRI R A4 R PR 4. o 255 23 e vh O R 3 1V 4 i o8 5 R 41
Holls, AR 2R B K LM N A 5 R AR AR BEAT 1 BB AT, [RIIN 2 T R A
FIUSEFF AN LB RGK B R RHATELE

SERBIREATE CR KM Z AL SRR AL, SRR SETEEE (B H ) C. caeruleus
WA BRI AREE R AL, KA NS Tz BRidizfhsh, BEES R R4, 4
BEAN AR EE R B R /A GC & B BIR et KIS 4a/ N R . T 40 i 3 2= R 4H K
/N GC BE. RGEKE A BN TR G SEEE R, oKL EEAN R WS R B A AN E B2,
AR KRR LTI (B R C. caeruleus FIYATZE il i Hildenbrandia rivularis 332
PTG KA A2 Fe iR T 4k, T e VR /KRB S8 41 5% Bangia atropurpurea. 5 £ 2k
% Batrachospermum arcuatum A1 1.2 3% Thorea hispida & M FEUT 2R N A2 P Bl K A4 75
ke . oK 407 R AL Fh 2K B Bk H Batrachospermales F141%#: H Thoreales #)7E
415-484 T J3 EE T NI PEIE 5 P B0IR 21 9% Palmaria palmata 2 JE T, o AL S 7 s AL AE
SRR LG bR AR T 3B X IR EEHE, T 2o A I DRI 2H 25 4 UL AR KT DR ST o BE G B ) V2 IR
A RN 22 120 B 25 25 DR ZE 00 43 DA S B, V3 7K 38 P RS SR 2R G s A I S SE M T o

31



2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

A ERSREELSX B LLEIE R MEF 5
B ¥ 5

R RFAEPHFFE, LK 100871

XF 5 78 e R R AR B e SR, A e R DK I E 5 e SR P B RENE T
o3 — SeY R T e s SR AL G T UK S T R ST b & AN R R A P s 2 R
JRR AN . T IRFTEA R AR 52 S B R R s, JATESE 1 e
JR FE SRR A PP AP L 5 R B A (DUFR 415K Rhodiola prainii FIFG{E4L 5K R. stapfii) #F
A7 AT BRI AT T BB AT AR, P9 T e SR r 2 5 6 T P S TR 20 A
ERASAR, HADURLLFRAM T AR, AN FEA B, MRS R Mt
RSN o

AW TR 19 DN ERERIREAS . BT 2R 6 el v Br. iR A B
KIEREX (TS FAH 13 3% H 4 SSR AL B R, FATKBIVR AT REEERS
PN T S FEATAE A BRI T8 A2 (R W s 5 T P 08 ) DO 0 0 55 R o A A IR DK e 1 8 i A1 L o
WA REAE, IFAEVKIEE R A YK, ERITCERBIIAE B R % . FEIELA SR B R
[T S (R A 2 fhs FEAR AT S R AR VR UK B U P A VL PP i) 43 8 R s ) o b [X
A REXE, VKIS 5K I 1) P4 B 7 R3S 22 75 ek e R %

I DU R AL TR SFEAE AL R AR BB P s, ATARI: 1, PIE AR IRUK I 1k
HEPT R FEAAL, X PTRES N 1 3 R SRAR A S HIERISEm s 2, W DKV Ja 3D 4% g Se AN
A, SIS AR BB R, XA RER AN A A S B .

32



2018 4 H A s Gt tidh it 2B %+ = B HFF KT 4

% BN R B RER TR PHEM R R 5 572K

AR LR A A RS, B, 201602

B R BHEYI R AT O Z KIS L —, RGALEAE . VIR A .
FERHE I, BERN FOEE KR s Ly, R Rk AL (5 i o 1
BRI RGN B, JFEFAE TR NS R GUR B4 MRS ITH, B
NGCRH —ARMr T B, B T Wi AHERE . BiniE AR ERR, FEEGHER
fib, EE TS EERITEIREAL R & AEMN IR BARAR AR R b, WFFUN BRd e g A 2 DR 40
Fr, WRRE TR A SRR N B ARSI 3. BTAUARR M (1) BEERR AN KR
FREH K e BA AR B MRIE SR () BiRAH AR 5 AR TR BRIERA
B B VS S =Nk (3) B BB R K ARG B IR AR R A5k A A S ik o A 3
PR OB s (4) B VI AR RE RS ERR, KILG B A EBRE M
T T R B, TR S 0 5 R R TS ZE R LR A s 1 U I BB L 6 R K
B Bk A KRR N R R IR R AL (5D ALk PR SR o, U R
i kAT T SR 5 ot k-5 T Bk 1Y) AR 2 SR AR

33



2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

ETHEREEFAEZEREYEREIREANRZLBE XA

w3l Mrak %, B 3 Silvia Pressel*, % 3% ! Harald Schneider®
1 A4 53EALER, HMNITERS, M T ir$mer 16 5, 311121

2 T i) B £ A AT TR AL AY R R B, BA S I R AR AT T AT T, R B AR
132 %, 650201

3ATMMEHMEEMHIEEE SRR E, FEAFEL ST LRV BT T, BHRLE
132 5, 650201

4 A AR, B AR LEmiE, REAK, SW75BD
5 AP, b EAFREHIRMAFEME, HIVRMENE, 666303

ERMEY), 2IRAL 7,000 Fh, R A EEAR . WEE BN
RYGUR B R RZATHET T A 2SS A EER AN —. DML, &
FAEMRT TR N TR AR AR S RGP BN BT IR AR SRR R A A
i RUE UL, 75 T SR RGAELE T, 5 0 R G O8 RAFAEER G, 1 Ptilidiales
MIRGHAT . ABIEFE R, FRATTO R A & 248 3 44 12 H 30 BHE 32 ANy FREATET T 8K
AT . GG ORRIEAE FEWRI AR IE R, 52T 83 NS 1 g fidh B &
B RSRIER DU e, B T BN R G R BHESL . [F 0 it 7oA B IR 2H R i
ORI, T EIERR T AIAERE GE R ARG R FERE T T RERE
IriT. WEFLAE AR E FEY = RH 5 AR IR, SCRRIT IR R I KB 70 1 3 254
YT 245 %, HilJy Ptilidiales 1 Jungermanniales L Rk FR . WFFEHE—HIR T
T B R S AR R H A AR AT RE A AL, JRRAES TR RA K B KR
SR B B R RS AY B S 1 R R DL DA R 4 B e o e Y

34



2018 4 B A L LM F AT 2B H T Z B HFE Rt 4

HE U LI T 55 R O AR ER AL 5%

ISR, WM Y, REY VL ZHE DL ARS DL BERYY, 24
2y 1, 2%
#
1 m#@JFERTF, £oHFFR; 2 Z@MEXS, EVWRRAFLETRAAARKFTIIALFLF S, =
@ %9 650500

W 5LJE (Silene LD EE T AR, &EKZH 600 Fh, HHEAA 110 Fh, AWl XA
49 Ffro [E AT 5L & I A SE R AU T SRR, B SE A AR T B A o T [ A
[¥) 84.49%, ifi B Y UAECHHE G, XA 11 ARG IS, T i R A T L DX (R 92 B A
IS, ASHE TSR T AT L R J I Al 20 B 29 JEEHEM AL AT, o
A 16 MBS T, RIS FE TR ) A JE B R A A PR AL . P e K
Hhasg, #9x = 12; FERLEERN b, AR - AR Y S5 45 SRR DT TR A Ak S A%
AR, RIEZTEAE, H Mcas CVeL M THL 55 CVe #8131 AR FRIE R B HIAE S
Mo SERAI, W75 Jm ST GRAEH Mca 5 CVel A IR RIARSSME, 1 THL 5 CVe
RYE VA IR IRAE . W ITS IRIR, 256 AR s iR g (o AR 5o, HEvEAH
FeVM Gt AR R R, DLRCTRINER S b i) G AR H o [RS8 72 i - 5 J@ 40 1) 4
PR o AT A, A5 AT R T L (X H B AT I T A5 PR A . W T T
MWL R R AN ) AR 34.48%, Z AR LU Y 21 65.52%, A UUfiHik Y 37.93%,
INFEAR L 27.59%, 1T EBYIMEA R A0 G FEMAERIR . &E, EdlECh
[ AR 1 2 S IR G M g RIS, S0 T RGMEL, MR T R, A)
MR Z R 1 P AR AL 5 R B R, 79 HH 12 i B A A et R R i
TFBRIER.

35



2018 A B AL L MM FAITAEFE T =B HFF AT 4

5 UAEA B HE SIS S BRI 2 5

PR TR 3 SRR
AT K F A G E I, R AILE A SRR E, M, 310058

o [ - H AR R Y XA T 5 b e IR A, A 2 REPETE L — B2
A S SR F R R R SRR R G H s R BE T DR T R
B B A A 32 AR A S DX (R 0 oA B TR M X TR R R 5 A A8 i 7 A 7 LR
KH & & Cardiocrinum (Liliaceae) [HWrJp A b [H 3 b it 2= H AL IFE, (NE& =12
FERARRN, HAdhKE4S (Cogiganteum) FEMEE SR MEREPHX, FEHRES
(C. cathayanum) A T AR HLIX, HAKH A (C. cordatum) 4rAifE H AL .
ik, FETTZ R BERFE, SHZRRFIT RGUK BRI % B 14 2 DL o4k
Pi oy b, AR X WIFh o4k . KA 2 RE TR L B A B 2R 5

AWrged, JATESRXN KA S8 24 N ME#EAT T REER A (RAD-seq) M, JFil
i ipyrad #f0iE T 3,750 MRS SNP I T RGK BT, SRR, KEG. FEM
KEE. HEAKAEGSERN 8, SCFFTHCCRHAL, HAKESEMFZTKEAN
THIRISHE o BEAN, HET- 19 AN R Aric IR AR IEA% 22 0 BT R B K B & st 2 1 B Ce .
Hs = 0.505). STRUCTURE A1 DAPC 73 #r# K E &)@ 3 M., W3 1 izs 3 MY
SRFHAL. PIRIEFIR AT RAFEH KA G5 KEE, HEHKREES5HAREEGZ
(L] 59 A7 6 X0 o) R 5 7 20 0 ) 1) 24 AR RT3t 43 A B« 56T~ SSR Al RAD #(#fzi 1) DIY-ABC
ST SRR T H A R I BE TG R T K E R R, i AR IR R T FR
K E A5 HAKE A Z A

36



2018 4 H A s Gt tidh it 2B %+ = B HFF KT 4

W RBJE Z R A R4 Fh 1L
AT MEAS F 4t

BRITES R AeAFEE &M 471022

JelHJE (Gentiana L) A T4t SR A L X ()& iy, DA -5 S h HEL X A4y
At Mt . JERHBZ 4 (Sect. Kudoa) AR H PRI, thrlfFE 9i B ke
P E A . 2RISR, ARG I VM4 S Ak a) @ i AN TS 2
b, BAWEZFATFR TN TR (1) F2F 284 8 MR ik i 4 R R 240 Fp 51K 2 &
GUREN, KMZHEHIARERZEE, BHRSZHARRKFHNR GEMAMETR) N
FERAHE, HAEM R RIERGRKEM P TVES T iS4 FE R 2 450 LE BRI,
BT R ANER I R PR BER T BT 6 ndh BEK, (B RFATH K ndh BERIYGFAE. (2
FT—/> cpDNA J7 B 12 % nSSR, X HE1H 28 7301 i) H IS M — 2 g IR % e JiE
3t 63 NMEBEHHT T BHAUE S RO S AR LS. BRI, LR RRRAE 4
A XK B 2 AR TR G MR AR A B B AR 0k o 38 BOX — 23 A i SR 1 i A
FEAET, LM IR R 5 AR UG Ta AL S 5 G A Ok B, K3 5 B
SETFRIE R T A4 B A kg Jei o RS I BB IS St e I AR ik A SR R A vh 2= S B,
E AN A B A7 AE I S 1 3844 04K, ELRR IR (E R B BRI o [FII, 5 cpDNA Fr
BOH nSSR WIRHAIBRARDT 78R, KE I 5k G &M e IR o e 04k, Iz AL
A bR L AR, KRR PR BE & 0E . (3) JT-—> cpDNA J7 BRIl ITS
JFPF, o R IR AR KRR R AL 38 AN JEBEREAT T BEAR AL S5k . FRAEDT SE . ik
SRS AT o BT R DL AP AR LE 235 (A 204k, 7E cpDNA R ITS HrS A EFEIL S i
&7, (4) FF—4 cpDNA JyBoHEemt & 4 Mrkh O, =mJefe., PR ia s £
MR 3t 14 DN EREET T RAKE KRR BRI S M AEAL 6 b, KIZERE)
Vi -S4k BB X 4y, M A AN B R

37



2018 2 H A L Gt F T 28 F T B FFFERKHFiT4

The phytogeographic history of Juglans and phylogenomics of
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Genomic data are a powerful tool for elucidating the processes involved in the evolution and
divergence of species. Phylogenetic relationships in the Juglandaceae are problematic, and their
historical diversification has not been clarified, in part because of frequent hybridization. Based
on analysis of six of the eight genera representing all clades of Juglandoideae and fifteen
members of five families as outgroups, we analyzed plastomes attempt to reconstruct deep
relationships and reveal temporal diversification of this family. Our results identified and
characterized the genetic variation in plastomes of the Juglandoidea, including pseudogenes and
divergence hotspots. Six clades representing genera were strongly supported as monophyletic,
and their deep relationships were fully resolved at all nodes. Juglandaceae were estimated to have
originated during the late Cretaceous, while Juglandoideae were estimated to have originated
during the Paleocene, with evidence for rapid diversification events during several glacial and
geological periods. The major lineages rapidly diversified in warm and dry habitats during the
mid Paleocene and early Eocene. Rapid species diversification within Juglans occurred in warm
and dry environments during the Miocene and later. The robust phylogenetic backbone and time
estimates we provide establish a framework for future comparative studies of evolution in
Juglandaceae and Fagales. The speciation among Juglans species in the world remain unclear.
Here, we used results from phylogenomic and population genetic analyses, transcriptomics,
Genotyping-By-Sequencing (GBS), whole chloroplast genomes (Cp genome), whole genome
resequencing, and microsatellites (SSRs) data to infer processes of lineage formation among the
most important species of the walnut genus (Juglans, Juglandaceae), a widespread, economically

important group. Our study has clarified previously unresolved phylogenetic relationships among
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species of Juglans and show a close relationship between J. cinerea and to sect. Rhysocaryon,
and whole chloroplast genome data promise to generate adequate variation for phylogenetic
reconstruction among species. We found that the processes of isolation generated diversity during
glaciations, but that the recent range expansion of J. regia, probably from multiple refugia, led to
hybrid formation both within and between sections of the genus. In southern China, human
dispersal of J. regia brought it into contact with J. sigillata, which we determined to be an
ecotype of J. regia that is now maintained as a landrace. In northern China, walnut hybridized
with a distinct lineage of J. mandshurica to form J. hopeiensis, a controversial taxon (considered
threatened) that our data indicate is a horticultural variety. Comparisons among whole chloroplast
genomes and nuclear data analyses provided conflicting evidence for the timing of the divergence
of Chinese Juglans taxa. J. cathayensis and J. mandshurica are poorly differentiated based our
genomic data. Reconstruction of Juglans evolutionary history indicate that episodes of climatic
variation over the past 4.5 to 33.80 million years, associated with glacial advances and retreats
and population isolation, have shaped Chinese walnut demography and evolution, even in the

presence of gene flow and introgression.
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Sympatric speciation of Ricotia lunaria at “Evolution Canyon”
Mount Carmel, Israel
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As one of the most important modes of biodiversity origin, sympatric speciation attracts
numerous insights as the reproductive barriers occurred in situ between the contiguous
populations, which was extraordinary hard to be proved in plant species. “Evolution Canyon”
(EC 1) (Lower Nahal Oren, Mount Carmel, Israel), as one of the most promising models to
address the sympatric speciation, is an ideal place for its high level of micro-climatic divergence
between interslopes. In EC 1, major adaptive complexes on the tropical “African” slope [(AS),
also called south-facing slope (SFS)] are related to solar radiation, heat, and drought, whereas
those on the temperate “European” slope [(ES), also called north-facing slope (NFS)] are related
to shade stress for photosynthesis, and interslope species divergence further led to the incipient
sympatric speciation in a diversity of organisms, such as rat and drosophila flies. Unfortunately,
little is known about how the microclimatic heterogeneity affected the phenotypic differentiation
and even the genomic divergence between plant ecotypes from the two slopes of EC 1. Previous
studies showed that Ricotia lunaria, inhabits both contrasting slopes of EC |, differed
significantly between interslope ecotypes for both the genetic diversity and transcriptome
expression pattern, suggesting that the expression patterns diverged between interslopes due to
the interslope environmental heterogeneity. Based on the investigation of both flowering time
phenology and transcriptomes of two ecotypes of R. lunaria, which inhabited on the opposite
slopes of EC | (Lower Nahal Oren, Mt. Carmel, Israel) separated with only 100 meters, we
further investigated the phenotypic and genomic divergence between the two ecotypes from the
opposite slopes of EC 1. Results that flowering time of the ecotype from the dry tropical slope
population #3 (SFS3) was significantly three months ahead of the temperate slope #5 (NFS5) .
On the other hand, comparative transcriptomes analysis showed that 1,064 unigenes were
differentially expressed between the two ecotypes, which mostly enriched in four pathways
involved in multiple stresses responses, as flavonoid biosynthesis, a-linolenic acid metabolism,
plant-pathogen interaction and linoleic acid metabolism. Furthermore, based on Ka/Ks analysis,

nine up-stream regulation genes were proved to be involved in the ecological divergence between
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the two ecotypes, whose homologs functioned in RNA editing, ABA signaling, photoprotective
response, chloroplasts protein-conducting channel, and carbohydrate metabolism in Arabidopsis
thaliana. Among them, four genes, namely, SPDS1, FCLY, Tic21 and BGLU25, also showed
adaptive divergence between R. lunaria and A. thaliana, suggesting that these genes could play
an important role in plant speciation, at least in the family of Brassicaceae. Based on the results
of both the flowering time phenology and comparative transcriptome analysis, we hypothesized
that after long-time local adaptation to the micro-climatic environments between the opposite
slopes, molecular functions of those nine adaptive genes could have been diverged,which might
differentially regulate the expression patterns the genes involved into multiple stresses, and
further induced the differentiation of the flowering time between the ecotypes. Thus, we believed
that sympatric speciation could be a byproduct of the local adaptation to the micro-environment
heterogeneity.
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Spatial phylogenetics of the angiosperm flora of Yunnan, China

Rong Li
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Understanding spatial patterns of floristic diversity is critical for conservation planning,
particularly given rapid habitat loss and global climatic change. Floristic studies typically use
taxa (e.g., families, genera, and species) or more recently phylogenetic diversity as their analysis
unit and produce a single map of observed diversity. However, observed floristic diversity is not
necessarily an indicator of significant diversity and therefore is inadequate to fully understand the
patterns of floristic diversity. In this study, using a genus-level phylogeny of the Yunnan
angiosperm flora and their geographic distributions, we calculated phylogenetic diversity (PD)
and relative phylogenetic diversity (RPD). Also, a spatial randomization test was performed to
assess statistical significance of phylogenetic diversity and relative phylogenetic diversity across
the Yunnan area. The results indicated that observed PD patterns were almost concordant with
known patterns of taxon richness. However, when considering statistically significant departures
from the expected correlation, different patterns are apparent. The northwestern Yunnan showed
significantly low PD, suggesting phylogenetic clustering, an indication of phylogenetic
conservation in niche preference. RPD was also significantly low, indicating that shorter
phylogenetic branches are present than expected, and suggesting recent radiations have occurred
in this area. The southern Yunnan showed significantly high PD and RPD, meaning that the area

has an over-representation of long branches, indicating the presence of relictual taxa.
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Out of South China: phylogeny and biogeography of the East Asian
genus Atractylodes (Asteraceae) revealed by RAD-seq
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Atractylodes DC. (tribe Cardueae, Asteraceae) is a small genus endemic to temperate East
Asia. Previous studies showed a complex and unresolved phylogeny in this genus. To revisit the
molecular phylogeny and historical biogeography of Atractylodes with RAD-seq, we sampled all
the extant species, including 78 samples from 37 localities across their entire geographical ranges.
The phylogeny of Atractylodes was fully resolved, with a topology of (A. carlinoides + (A.
macrocephala + (A. japonica + (A. koreana + (A. chinensis + A. lancea))))). Atractylodes ovata
was clearly nested within the A. japonica clade, and thus should be treat as a synonym of A.
japonica. The genus originated in South China during the Late Miocene (c. 8.66 Ma), where
acted as the source area for dispersals to other areas of East Asia. With multiple dispersal and
vicariance events, Atractylodes expanded into the peninsulas around the Bohai Sea and Yellow
Sea (c. 5.86 Ma) and into North China (c. 3.27 Ma), then to the Japanese archipelago (c. 2.73 Ma)
and eventually to Northeast China (c. 1.62 Ma) from the peninsulas. Extensive introgressions
were detected between A. chinensis and A. lancea, as well as between A. chinensis and A.
koreana. Frequent introgression among them may account for the difficulty in resolving the
phylogeny within the so-called ‘A. lancea complex’ in previous studies. However, the large
number of SNPs from RAD-seq overwhelms the discordant phylogenetic signals in the data and

allowed us to generate a fully resolved phylogeny for the genus.
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Spatial-temporal dimension and underlying mechanism of lineage
divergence of wild radish in East Asia

Qingxiang Han"" , Hiroaki Setoguchi?
! Zaozhuang University, Shandong, 277160, China; 2 Kyoto University, Kyoto, Japan

Abstract: The distribution range and genetic pattern of species are deeply affected by
geological history events and environmental changes. The role of the East China Sea land bridge
in species migration in glacial period is still controversial. East Asian wild radish (Raphanus
sativus var. raphanistroides Makino) distributed across the East China Sea, represents a short life
cycle and high sensitivity to environmental changes, and shows a unique evolutionary pattern in
Japan, thus it is an ideal material to study the East Asian flora species formation and evolutionary
history. In this study, Mig-seq techniques was used to detect the genetic diversity and lineage
divergence of wild radish, to identify the population dynamics history, and to reveal the migration
route and refugia during the glacial period. In addition, ecological niche model and landscape
genetic methods was combined to simulate and analyse the potential distribution of wild radish in
each period (LGM, current and future), to address the driving factors for adaptive genetic
variation of species, to reveal the effects of geological history events and ecological factors on the
speciation and evolution of wild radish, and to clarify the role of the East China Sea land bridge
in the migration of wild radish in glacial period. This study will provide new insights into
underlying mechanism of speciation and adaptive evolution of plants in East Asia.
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Tropical Asian origin, boreotropical migration and long-distance
dispersal in the Nettles (Urticaceae tribe Urticeae)

Xian-Han Huang
Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, Yunnan, China

Nettles (Urticaceae tribe Urticeae) are a diverse, globally distributed group (12 genera and
approximately 200 species) centered mainly in the tropics, including tropical Asia, Africa and
South America. It is an ideal group to test hypotheses regarding the processes underlying tropical
intercontinental disjunctions (recent transoceanic long-distance dispersal versus ancient dispersal
across landmasses at high northern latitudes-i.e. the boreotropics hypothesis). Phylogenetic
relationships were reconstructed based on nuclear ITS and four plastid DNA regions (rbcL,
trnL-F, matK and rpl14-rpl36) using Bayesian inference and maximum parsimony approaches.
Divergence times were inferred by Bayesian uncorrelated lognormal relaxed molecular clock
model and ancestral areas were estimated using the divergence-extinction-cladogenesis (DEC)
model. Our results indicated a tropical sian origin of the tribe during late Paleocene. Subsequently,
dispersal events to Eurasia, South America and Africa occurred mainly during the Oligocene and
Miocene. However, several long-distance dispersal events, including dispersals from Asia to
Hawaii or Australasia, were inferred to have occurred from the Miocene onwards. The fleshy

fruits and winged diaspores of several taxa would enable such long-distance events in Urticeae.
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/NEERL (Berberidaceae) YA F1 R} (Podophylloideae) &5 /\fi5EJE (Dysosma, 7
MO, @rtEJE (Podophyllum, 1 M. #kJL-EJ& (Sinopodophyllum, 1 AMFf) HTiLifif
-J& (Diphylleia, 3 M) 4 J& 12 By — AN, R ERT—IEE R E (EA—ENAD
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New insights to the origin of land plants

Harald Schneider

Centre for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences,
Menglun, Yunnan 666303, China

Resolving the origin of land plants is crucial not only to improve the calibration of
diversification time estimates of more recently diverging land plant lineages but also to inform
studies aiming to elucidate the impact of land plants on the geochemical processes such as the
carbon- and nitrogen cycles. Traditionally, the fossil record was used as the main source to obtain
information about the early history of terrestrial life, but more recently the access to genomic
evidence—especially DNA sequence based divergence time estimates—expanded the
information used to reconstruct the early history of land plants. Here, we report new insights on
two key-issues namely the phylogenetic relationships of the four main lineages of land plants and
new estimates of the age of land plants generated by state-of-the-art integration of the fossil
record into DNA-based divergence time estimates. Based on a brief summary of our current
understanding of the early divergences of land plants, the presentation will stress out the
challenges and perspectives of these results to future studies on the origin of land plants, the
divergence of land plant through time, and the impact of land plants on the establishment of
terrestrial environments including the geochemical processes shaping the response of global
ecosystems to human activities in the anthropocene. Special emphasis will be taken to explore the
consequences of the new understanding of the early divergence of land plants to studies aiming to
reconstruct the evolution of plant genomes and plant body plans through time.
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Phylogenomics and comparative population genomics of Dipteronia
(Sapindaceae)

Yu Feng?, Hans Peter Comes®, Xin-Peng Zhou?, Ying-Xiong Qiu®
Key Laboratory of Conservation Biology for Endangered Wildlife of the Ministry of Education, and College of
Life Sciences, Zhejiang University, Hangzhou, Zhejiang 310058, China
®Department of Biosciences, Salzburg University, A-5020 Salzburg, Austria
*Authors for correspondence:
Ying-Xiong Qiu, E-mail: qyxhero@zju.edu.cn

Dipteronia Oliv. is an ancient relict woody genus endemic to Southwestern and Central
China with two extant species. As sharing numerous morphological characters, Dipteronia and
Acer have long been considered as sister group forming the traditional family Aceraceae.
However, molecular phylogenies have generally not resolved the phylogenetic placement of
Dipteronia, especially not in its expected position as sister to Acer. In this study, we present a
large-scale, phylogenomic perspective to resolving the phylogenetic relationship of Dipteronia
and Acer using complete chloroplast (cp) genome sequences and a large amount of
co-orthologous genes predicted from transcriptomes of 13 Sapindaceae species. Corroborating
classical morphology-based classifications, both cp genome and nuclear datasets (2,466
co-orthologous genes and 273 co-SCNGs) recovered Dipteronia and Acer as mutually
monophyletic groups. In addition, our fossil-calibrated molecular phylogenies suggest that the
origin of the two extant Dipteronia species dates back to the Paleocene/Eocene boundary,
implying that these morphologically highly similar taxa are amongst the oldest ‘living fossils’ of
the East Asian Flora. Restriction site-associated DNA sequencing (RADseq) loci generated from
22 populations (n =107) of Dipteronia throughout its range and three Acer species as outgroups
confirmed the ancient origin of the two Dipteronia species, but much more recent intraspecific
lineage diversification. Within each species, STRUCTURE clustering identified three clades for D.
dyeriana and two for D. sinensis. To design effective conservation actions for the two narrow
palaeoendemics, our future work will focus on the comparative analyses of the evolutionary

processes and drivers that lead to population divergence of both Dipteronia species.
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Exon junction complex (EJC) core genes play multiple

developmental roles in Physalis floridana

Pichang Gong*, Jing Li'% Chaoying He"*”
! State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of
Sciences, Beijing 100093 China;
2 University of Chinese Academy of Sciences, Beijing 100049 China

The exon junction complex (EJC) plays significant roles in posttranscriptional regulation of
genes in eukaryotes. However, its developmental roles in plants are poorly known. We
characterized four EJC core genes from Physalis floridana that were named PFMAGO, PFY14,
PFelF4Alll and PFBTZ. They shared a similar phylogenetic topology and were expressed in all
examined organs. PFMAGO, PFY14 and PFelF4Alll were localized in both the nucleus and
cytoplasm while PFBTZ was mainly localized in the cytoplasm. No protein homodimerization
was observed, but they could form heterodimers excluding the PFY14-PFBTZ heterodimerization.
Virus-induced gene silencing (VIGS) of PFMAGO or PFY14 aborted pollen development and
resulted in low plant survival due to a leaf-blight-like phenotype in the shoot apex. Carpel
functionality was also impaired in the PFY14 knockdowns, whereas pollen maturation was
uniquely affected in PFBTZ-VIGS plants. Once PFelF4Alll was strongly downregulated, plant
survival was reduced via a decomposing root collar after flowering and Chinese lantern
morphology was distorted. The expression of Physalis orthologous genes in the
DYT1-TDF1-AMS-bHLH91 regulatory cascade that is associated with pollen maturation was
significantly downregulated in PFMAGO-, PFY14- and PFBTZ-VIGS flowers. Intron-retention in
the transcripts of P. floridana dysfunctional tapetuml (PFDYT1) occurred in these mutated
flowers. Additionally, the expression level of WRKY genes in defense-related pathways in the
shoot apex of PFMAGO- or PFY14-VIGS plants and in the root collar of PFelF4AIII-VIGS
plants was significantly downregulated. Taken together, the Physalis EJC core genes play
multiple roles including a conserved role in male fertility and newly discovered roles in Chinese
lantern development, carpel functionality and defense-related processes. These! data increase our

understanding of the evolution and functions of EJC core genes in plants.
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Transcriptome-derived evidence supports two well-differentiated
lineages and their recent reunion (“allopolyploidization”) within the

Holly mangrove Acanthus ilicifolius

Wauxia Guo', Yelin Huang"*

1. State Key Laboratory of Biocontrol and Guangdong Provincial Key Laboratory of Plant Resources, School
of Life Sciences, Sun Yat-sen University, Guangzhou, Guangdong, 510275, China
*Corresponding Author: Tel: (+8620) 84111164; Email: Isshyl@mail.sysu.edu.cn

Mangrove plants constitute an important ecosystem in the tropical coastal areas globally, the
origin and diversification of which are of great ecological and scientific significance. As an
important evolutionary force driving plant diversification, polyploidy has also been related to the
diversification and adaptation of mangroves in ancient times. However, the underlying
mechanisms and evolutionary processes remain largely unexplored and no investigations on
extant polyploid mangroves have been reported. Different from other studied mangroves, based
on our preliminary investigation, Acanthus ilicifolius not only showed a major phylogeographic
division in its diploid populations but also had recently-formed polyploid individuals/populations,
providing an ideal system to investigate the processes and mechanisms that polyploidization
might have influenced the mangroves’ origin and evolution. In this study, we began with the
molecular examination of three morphologically defined Acanthus mangrove species (i.e., A.
ilicifolius, A. ebracteatus and A. volubilis) and the test of cryptic speciation under morphological
stasis in A. ilicifolius. Sequence comparison at genomic level verified two well-differentiated
lineages in A. ilicifolius (i.e., Ail-ED and Ail-WD), which was estimated to be diverged
approximately 12.3 (9.8-15) million years ago and exhibited greater inter-lineage divergence than
interspecific divergence with A. ilicifolius and A. ebracteatus. Multi-loci Bayesian species
delimitation with BP&P yielded the highest posterior probability for the four-specie model, again
supporting the two deep lineages in A. ilicifolius. Based on individual whole transcriptomes, high
similarity were found in nucleotide sequences and homeologous polymorphisms between
tetraploid A. ilicifolius and the two diploid parents Ail-ED and Ail-WD, supporting the recent
formation of tetraploid A. ilicofolius from these two lineages. Further comparison found different
patterns of parents-versus-homeologs nucleotide differences between tetraploids from the
southern and northern areas (i.e. Ail-ST and Ail-NT), probably indicating different substitution
rates of homeologs or independent origins of the tetraploid A. ilicifolius from different areas.
Besides, although significant homeolog expression bias were found in both Ail-ST and Ail-NT,
differences in homeolog expression rewiring patterns were also observed between these two
tetrapoloids.
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FELR R AE P RFA 1) AP2/ERF K K JHh DREB WE K H R — A48 3¢, o gmfidh (1% s Rl 7
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ST UL B R RS 25 oAl (PSMC, Fastsimeoal2) (R4 %W, Fgrith i 0 (0 T4 38 853
PRI EF RSB DA AL, TR A A b S AR AR AR S A A )
A E - BT I A 0 SR ARG, R A SR A E AR R AR T &

JRIRIRDEE 40 . R IEBEE R AT e 2 72 N2 IE g R IR, NG E S48 R R
XA IR Z S SHEYE RN T ARG LA Y- R A B4R . 28I
RIRI A R AT 21 AN DR 50 B2 i B /K S 35 A 5K, TR IR AT B A 52 e a7 o PR
Sk s 7 EEAER . TS AE RN TR R I RLA [ PR A R A A I R
T PR AR AR A5 = 20 AR AT ) S SRR 4 IR AAB AR A LA G xS R A AR A
A% BERRFAER .
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ETHRANERRERIECERAR
w5
W RF AEGHFFE MmA 610064

B AL SR ARSI, B MY B B R RE R AT, RER 518
WA (BRAREAEE) SEIR S IME A # 25 ThRE, PR INAEMPIRE Fr o ERIRE A AR I 1 1)
XSGR N, AR — B R RIRE) TR Ak, BT R 2 BRI T BUR A R
NEBERE S AWFTTIEE 7 AT YA R 2 0 DY 24 B A AR AR A ) S R SR A
TR S, BFE: ZHkPY AL Cornus multinervosa FIELA Davidia involucrata, #MH-225
Pinellia pedatisecta 111 i34 Zantedeschia aethiopica, — /4L Euphorbia pulcherrima F1 5% 4]
Euphorbia milii, PLMHhiF4:3% Musella lasiocarpa F1##£ Musa acuminata, {# f Eb#i#%
SKHFMRG KB F I TTEN AT TR FATRI: ASE ISR AL IR B A 1AL
BEAHIR R Z R . DYRELEANBENR 8y P2 BRI DR T B, B s RIEE &R
YR SE R 1 Ka/Ks S =T F, 1 KalKs Z RS iE RiL s mnE gy K. mfE
FoAth JLHH, & B2 B BE R I3/ TR, R EEGESFRI 74 T 708 1Ak,
PAVRIAEA R R R &5 T, XM )i 2 57 B — @ i, AT
SEE AR R ST TP R, DU AR SRIR P R B AE IR BB AL AT P R
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B R AR S L R B R R S F IR

BR 2, A2en T, A, Lkl dLEm
Y AR R GRS F AR ESERE, L%, 100093;
2 EAFR K, L, 100049; PHEHIFE RS, EeFFEFEn, M, 510631
*iB MAE# : hzkong@ibcas.ac.cn

PRIV 24 T HEE A IR, R sMEmE . REBHEYMIEIES (st
(BEEH B, X ARRy B B PR SRk . SR, (E S A —SetE b, BRI S5 A AEH B A
P, TERLT FHER “HE 2496 (elaborate petals)”. FEUE 2248 I & 244011 J&E AT L1 i
ANELE, (B SR Z AN IS 21 A O¢ . B E R (Ranunculaceae ) 22 F1 & J& (Nigella)
VRN 8%, HAEW. LB, TE. RERMNEE BEFERRIZEM, 10 HI
EAERBNAELR, RIS R R AL EAR R AT 5T R 2 F
SNSRI T B, AN BT AN CRE T PN T TN IZ R AR B A R T
PURIREAT THEFE, S5 RRI: 1 B REAEN R 210 K AR, B A EF
YRR SOE RS, I8 MR IIMCRERE; 2) R E BB SHNESEHEHNRE, L
FECXEHEMEA R E 240 3D ZBHEM N ZE AL E R —ANERLN, FIE
(7= A S AR R 6 I R I R DR 2 A Y Bl B HE S UIAR OC o X S8 45 ST T B A ke A
Ve B SN GA 2 2RA S B 2R AR AL AL B B R
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Resequencing 545 ginkgo genomes across the world reveals

evolutionary history of the living fossil Ginkgo biloba

2,3,11%
)
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Ya-Jun Hao1,5, Qiwu Xu?, Xianwei Yang?, Wenjie Xia?, Wenbin Chen’, Han-Yang
Lin*®, Rui Zhang?, Jiang Chen?, Xiao-Ming Zheng"®, Simon Ming-Yuen Lee®,
Joongku Lee’, Koichi Uehara®, Jian Wang*, Huanming Yang*, Cheng-Xin Fu'", Xin
Liu*®", Xun Xu***", Song Ge*™”
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Center for Gene Resources of Endangered Wildlife, Zhejiang University, Hangzhou 310058, China
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" Department of Environment and Forest Resources, Chungnam National University, Daejeon 34134, Korea
8 College of Liberal Arts and Sciences, Chiba University, Yayoi-cho, Inage-ku, Chiba 263-8522, Japan
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e-mails: gesong@ibcas.ac.cn; xuxun@genomics.cn; liuxin@genomics.cn; cxfu@zju.edu.cn

Living fossils provide, as Darwin anticipated, an excellent opportunity to study major
questions involving extinction, competition and adaptation. Ginkgo (Ginkgo biloba L.) is one of
the oldest living plants and a fascinating example of how people saved a species from extinction
and helped its resurgence. Here, we resequenced 545 genomes of ginkgo trees sampled from 51
populations across the world and identified four ancient genetic components and three refugia in
China. We detected expansion rather than reduction of the ginkgo populations since the last
glaciation, and confirmed the glacial admixture of relict populations. Our analysis found
human-mediated dispersal of ginkgo populations out of refugia and demonstrates multiple
introductions of ginkgo into different continents. We finally characterized bioclimatic variables
that affected the geographic distribution of ginkgo and investigated the role of natural selection in

ginkgo’s adaptation and resilience.
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(REMEIS LKZEE) 1B

422
b EAF R LGRS FES P, L RS E, 201602
BRFA: jinshuangma@gmail.com

AU FELFRTT I 08 T A E Y AR L (R R e A
Yowtseh. BWEYIWI ST erElE . mPUEYIE . PR IlE . PO AR RS
WEFCHT PHAbR R AR TR SRR AR ST RS B AR SR ST, AN
s e F R AR L R e, DL R PE AR ST A, L
LRSI 5, EEMEW D IER (RS AR, 5 AR s =&,
CARASHIER A 0 2R 225 Ho, BN R S L E N2 N, eI
WA WIGEH 18 S EER DB AR, WY R i B R, SRR (EX
UL RSN EHXEERET UL EFOMHEYE . A mRR. BE. B T
LA RT AN WIH ChEATBGER A P2 Epra B 2 BRI, B
SAFTI; T EITLEA R mEE ). EERE (U E PR 6y 2050 L SR e
SChR S RRAEE D, el (e 2 EMEEY) A2 R HEEE LT N, EH FFETHT
o BEELLRORESE L T2 ) 5 E BRI O Ja B R Ko bR o EACER R I O
o PR R WA B 65 M R EAR W, ULEENEDFZRE (DA
HEMRENERE RS, MEPRRER TR 5.

GGG ]2y 1753 48, AR Ay 2017 45 7 F 31 H G+ Jum E b~
R EBIAE =AM hESER, TEBEY) S EAET I fahEE
S BRI AE: FAEBIAANNRG]: R SCANA . i SCEP A AT SCHRY A4
PESCNA S AEPD A B APE SO R4 . P AR S SCX0E X s A4 5, FFECATI 200 1R
B, Z2EONEORE. iRz +, it 2019 535 Wi .
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LRI TF AT S0 R ML RS

Fwmt srEmt? FEEEY? w2 2B e
1 PEHRFRAGATH, 2A5#HEHFERELERE, L%, 100093
2 FEHAFIR KRS, dLw, 100049
* i@fE4EH: Tel: (+8610) 62836298; E-mail: yalong.guo@ibcas.ac.cn

T U] 3 S22 B AR ) 2 AU — A EE KR 2 s P R A A BRI R AR A K
Hx N, XA R AT EEME Y], MR T A G A R G,
TG A A 5 TR A T — et e . AU T 557 SRR R AL UG, BT ik
FEX AR TR B AR IEFE T AR A T W A AR, TR FE T AR Lg% 2
VERORFF AR OQHE, [ XA G N VEREA AR B, R BRI L 04, o 1R
YOO rE 77 RE 8 DI 3 B BT i 8 5 T AEI TR A5Gk (K] SVP 32 3 IRk # s U AH K . ik
WAEA A A B 5 ] DL B — NEA R AR A 1, 8l R G b, i
o 1A — e R B A AT SR .

64


mailto:yalong.guo@ibcas.ac.cn

2018 4 H A s Gt tidh it 2B %+ = B HFF KT 4

LR 73 F AL

ek JURA
b EAFE RS R A ESFE R T E5BE, %, 100093

TER Y A AR AL E ) e B A, RIIDOR & 32 RiE . IR, 2T &
giogs R B A RTE DR A S 1 XA 2 A e NN AE IR BT FE At K 1 O R
1y ELEEET AT A AR o TR S U R Tt g, ANATTAMY A I 1 A AAE R iR AN
FRAL R R R T ATRRE R E, 1 RS T AE R B MADS-box J [ [F R TE S
PRI TR SR, AT R BEIE SR Dy — N B AT kg IR 1, A e LAz
HRTEAE a8 BRI AR AL o« JATE B 45 HAEANTERS BRI KB AME U A L £
I ENATRAC PR )T HA . RATAERIELE R R 2, 8 R AE IR ZE A ZE 4 1)
NI g% N REEIEIR R . FECA DRI REERE B, JRATHEN E SREED 5 1
RE/TIRIBRAG AT RERE O “RE G777 FH IR EAERS IR I — A E B RER, 179 R PR AR A AR
P EHER] e SHESSAL B AR IRAT 50, PO A XHE AT E & B RS P R rp OB IR e 22
K15 FHLFIREAT O I, A RER IR AEEE IR B N AR SR A
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KALBIAH SRR B R BN F AR RS & L E VIR
i KA R FR
AR K% L@ R 210037

BEEAYE B SEARMFEARR R, AT AR R H BB RARIRA . N
1986 414 VK315 5 (Nicotiana tabacum L.)Fl1HiEk (Marchantia polymorpha L.)MH- %544 3[R 21
e B P LK, 2B PR AH 2504 el g n, 224 CA I 1000 e 47) (1 - R A 5 [
HPLMFF o LR TR 20 (B FR R R i S A& DNA (851 508 Y5> 7hric. YIRhsE
GRAFAARERE R . WHEERE, MR R FE n] DHES S T E M. 3t
B A ST SRR IR TR T 7 T A T 1R

/KAl (Narcissus tazetta var. chinensis Roem.) FJ& T K[ 1&H (Asparagales) £t}
(Amaryllidaceae). KALTEHEA —TZFEAHREEPI L, RPERMEg4HEL —, AFE
TR ME . AFTFTAEM Mumina I FF-F G SRAFKAL B SRR SE R 20, 855 7K Al 25
PREERI AL S5 R Re i REIR 2 S LS E B P SIS BAT O L 0T, B IR AL LA
B EWPUE. SRS BRI E SR G 0% 2R 46 77 TH R R SR Rl i AL 15 2
RN A FRRHEA R R . BA . BRI ES: . FFR DNA KTERS . IR 2 AR PR 7
BL5E it

Besh, FIHD T RGEFE R RAK T RRCEBN LRI R G F 2T
B, SR, HRTISR R M S DR 2 B B AR FE T T A mn B R ) (2% 2 5% 22 DA KON
FKANFTAL R R 1] 4 B HE B EBEAS 7 I R G OC RBATIRYT . TR R Fh g i
AR I RA D, AN 7 SR BEE SE R AT A BT R o
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K EEBEIFERAEEY ICL EEThEERIV] SR

gHBL2 RAR 2 iR
2HMKFRFZIEG DA RN AFH TR E L TR T LA RFEARER T SERTELLL
T AR BRI LR BB R # P, TR, 225009
LEBRYKRFREGIF ST EEREMFRCFHEL AEEERE, LA F15 266109
WAEMEE: HiEd% . zfyang@yzu.edu.cn

Bl AR B R RE R, BN ER . MR, AP RS R KR
WIThEEEED, JE3kMG TX 2. it SRS AEYPHa sz, PUEH IR B E
AR A% LIS B R M A A BR85S . ICL DR it () S5 by TR 2L AR I e 0 0 S A i IR A A
R CTERR, & TR S5 M P N OREERG . CRERRIEIASCIN T M Wi BIRE 6 AE, A A=
KR BERERERENIEM. N7 HEEY ICL LR FRIFAE B, JF R KR ICL 2L
TEKTEEFLR B R IVER, AT SRERI MG RS E. WS A %S
WFCHENE, BRI ICL B AR AT E AR, AT ICLL ik DR R 4 7Rl = A0 ot o R 1 gt
P BRI

Bl AR R ) B R A A s B A ICL JE Y, IF PR A m R ORI, SRR AR A
A Je gt AR B ICL [MUEE I, A5 RVEMEE 2, A ICL BE5F
Aot i i T B 1 U7 SR T 40 . R & B P A FIE R, (REEEGEs
I et A A A v S8 LA R DR o AR (R DR AR AR A, R G0 8 W AR S A S
BT, RINZBE D@ AP AR 07 SRR T BB . ASHI F R I BE R AE KRS i A 28
FFRIB ERAL, EMIL PRI B A RS RN R R R 2RI R s JER
ROVZER AR KIE. ABA. NaCl. H202. PEG % it AbHH 354 AN [F) A2 B AR i o
BE— DA TIZFE K Crispr/CAS9 FRASKMAMR I FIE MR, FXpRMBEAT T 285E, K
A2 5L TR () SR R R AR R I A e 7= B T MR S 2 4R vy, T o R A AR AR U 2 PRI

Bt 70 285 SEANS $8 7 i AR AP RS U A BEAL ¥ 23 F WL B BT SR BRI E, I X itk —
AARAR IR DI ReSAE T 5% .
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TRAHIGRBNRELET . MRS DEXZEEMN

Bk 123 TR 2, B, B
1 RAERFIRACEAMFIR, RiF 300384;2 F EAF AT IR LS NAMDFARERERE,
AL 100093; 3 ALkl KF EAF 2, dLx 100083
* BRAEH E-mail: B41: gesong@ibcas.ac.cn
T A IR L v A ) B R DA RORE A W 3 AN AR A P Al i) D05 S T 4 O
LR B AR E A BB . (HAERT AR, 2R R 5 H R SRR 280
FRIREL, SRR 22 M AL AL P S B IR A AR AT T8 AE TSR N R
BT W S SO 2R B AR R MERE A, FIF 14 26k DNA B BELL K ITS. FLO/LFY-like
A Ahd1 ZE40 1% DNA Fr B, 34T 1 e SO SRR R G0 B A 22 7. K
WEFRS SAREAR IS T R G AE . RA MRS AN EBIEEAT T 4G, DU
ST E ML GIRE AT 5L, IFXHZSR R S E A 0 R KRG B R
TR N A FEL R, PIMRERARIE R LSRR R S ARt AW 5T
SERRH, O SR SRS T o EORR AR m A L g 1 R 2R IR EEAL , B S ROREM X
RPN ANSE I ) R A SRR ) 70 AT A% Sy e A Je 4 A B B 9 B bR 2 1 AL S R R - 2
TULERT A R, A TR T R A i, BILR A2 & S 70 SO€ SON TS @ it 7y
T, R JEA VAT R AL T HAR o SCH S (0L 360 . XIS FHE Uk
J&
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IEHE SN TREFMR

@A FAE L g R
1 EAERLEME, b BASF R LERLESAFH TP, EE 201602
2B RIEMEKRE, BALE LB EFIREMAEMSTELEIRET, B /RIE 150025

W% J& (Hypolepis) JeMififl (Dennstaedtiaceae) K@, Wik E & BEAE AR &
Y EES L, HIRFIR—BERONREL. NEEERE AN KRGS KAE, K
SCIREL T 2 ANHERARIE R A B rbel AN rpsd SHER E S RS R E W, TR
BER AR ARG R R, S5 RRW: B (Hypolepis glandulosopilosa) .
T R0 % ( Hypolepis polypodioides) . MV )¢ 4 % ( Hypolepis glabrescens ) Flk -4 5% (Hypolepis
tenera) Sk (Hypolepis punctata) E— MR, KGR RBL, € E &8 R
DU R R B R « TC R W8 B« VG BR B -4 i A K 7 4 Bk (Hypolepis malesiana),
HH RIS ST AR I A0 AT AR 5 44 . AP AL B . ASHIE S O A TR R 0 25
] B T — 58 I FUESE, R AT 2 KBTI R Btk — P AL .
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Resolving phylogeny and polyploid parentage using genus-wide

genome-wide sequence data from birch trees

Nian Wang"?, Jasmin Zohren®, Richard J. A. Buggs"®"

!School of Biological and Chemical Sciences, Queen Mary University of London, Mile End Road, London E1
4ANS, UK.
2School of Forestry, Shandong Agricultural University, Taian 271018, Shandong province, China.
3Royal Botanic Gardens Kew, Richmond, Surrey TW9 3AB, UK.
*Corresponding author: Richard Buggs, Email: r.ouggs@kew.org or r.buggs@gmul.ac.uk

Resolving the evolutionary histories of genera containing multiple polyploid species remains
a huge challenge for phylogenetics. Polyploid species can have single or multiple origins, can
arise from multiple parental species, and can contain multiple ploidy levels within them. The
genus Betula (birches) contains several polyploid species and until now its phylogeny has been
poorly resolved and the parentage of its polyploids unknown. Here, we seek to resolve these
issues by using genome-wide assembled sequence data from 27 diploid and 31 polyploid Betula
species or sub-species. We sequenced restriction-site associated DNA (RAD) libraries with 250
base pair paired-end reads, and assembled the data into contigs of 300bp. We used 50,870 loci to
construct the evolutionary relationships among diploid Betula species using both supermatrix and
supertree methods (ASTIAL-IIl and ASTRID). We then made a mapping-reference containing
homologous contigs from all diploid Betula species, and mapped trimmed reads from each
polyploid species to this reference. We identified the putative diploid progenitors of each
polyploid species by comparing the rates of read-mapping success of each polyploid to each
diploid. We then used the putative diploid parent sequences to sort the polyploid reads into
different sub-genomes. We assembled these and used the contigs to build new phylogenies
containing polyploid sub-genomes. The topology of these phylogenies enabled us to estimate
which polyploid species had shared versus multiple origins. These approaches yielded a
well-resolved history for the genus Betula, including its polyploid taxa.
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ETITS, matk # trnL-F Z2EHNEEBEM R FH LR
R AR
1w R K FRF BWFR, AAr 6111305 W R L KA LA, AAR 611130

SRR B MGHEY . R, ARG K E M AL IRAEAE 5
Wo LAER 7> 2 o R P A AR RZ 0 A P % 3¢ ) B (X (ITS) R SRR i 24l K(matK) AT trnL-F
B A B, SRR KELNEHAT RGER B /i, NS REEHEYMIE S RRZME ST
I . 45 SRR () EIE S (lris lactea var. chrysantha Y. T. Zhao) A1 55 Clris lactea
var. chinensis Koidz.) - NEA1ED# ClIris lactea Pall.) fZ8Fh; (2) ¥AEHE (lris uniflora
Pallas ex Link.) A48 (Iris ruthenica Ker Gawler) B #CNMAIFl, BEGSE (ris
ruthenica var. nana Maxim. )& %6155 J& (1. ruthenica) [ 5% 4% ; (3) w17 2% (Iris confusa Sealy)
BIESE (lris wattii Baker) FUBIESL (Iris japonica Thunb.) AN F, (4) LFPEK
B )E (Iris goniocarpa var. grossa Y. T. Zhao) MR BIFI AL E, 4080 RS E (lris
goniocarpa var. tenella Y.T.Zhao) & #iH & & (lris goniocarpa Baker) M[AI¥)F4. (5) K
HEE (ris collettii var. acaulis Noltie) FixW\EFIEFABIFIIAE; (60 PU)IERE (ris
sichuanensis Y. T. Zhao) FI7#IE5EE (Iris leptophylla Lingelsheim) 52tk R, HWEH
BEg Xy, NS, (7) 7R % 2 (Iris pandurate Maxim.) FEFHAR % & (Iris tigridia Bunge
ex Ledebour) IR, WHE MIZRFEMAIMIIALE; (8) MH/NE & (ris proantha
var. valida Y. T. Zhao) HI/NESSE (lris speculatrix  Hance) MERZE4E R KE A5 LR
V0@ ISR S 8 R B IT, AH P AN AR T b 10 e DR 28 1 47 S5 %6 S R B Jes 4 I J AL AL,
DN E AT AT RE X 91T Ja 1) B85 9 A
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BRBEYNENM S UERIIR
B, RAE, BT, mnde
Pk FAEGHFFRAFEDENETRANBRE LERE, S M, 510275
LIRS 358 (Sonneratia) SERF AP L BB IFARL . Mg S B4 KAE TR
TR A, KGR RN R S5IR R .. =R AR E R B 50,
PR S R A KRR, AR AR AR IR EA KR, BT
% ESRERMNNTHE LR, MAERRAPE, HAAREERE. =& 000
(R4 X AP ) A A2 4R T RT R AR A RADBIIE i — Fh B 27 3. A BRI 7T s AR
G I SO 7 R ATE 3% A
AT 5 S0 I LA A S5 20 53 T 5ot S S AL 6T T AN [R) AR 28 PR 100 368 I 234 B P S ol
BEAT TR . FRATT0 IR B 2R 280 B AR ORI AL B AR SR AU S . MR SR DL 2D
HEEIE O NMEBEAT R AL . 85T TopHaT-DESeq2 73 Hrift i 5 & i op i s s (2%
B, AR ZE R RIBHER . BAVMSREER SRS IBRAE 2R WERA 334 /.
iHid WEGO Lhfeit®e, KEGG & A7 ek K B 2 B R AE A it g A2 . sl iz
DI SE R AR PE R . AR A il s . AR SR i s
Ve HEBURIE K98 8 2 R A DS A AL 38 I P05 R P E B P o AN [ B Vi /K RS [
Vol Rt A A A (I N T B 5 B0 S BN B D T8 . ARHIE T g R A 1 5 )
IV B 3 R (AR R L 1 e s AL AP HRIE B
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KEBHEERHKRE B RGHIRR
TR AR,
AR K% L@ R 210037

HEWEE RFR A5 A AR RGR L —, B4 HRRRPYE 2 HEE R KR
Pist. RGURE AYERFHLELR G E A L B ORI HE0E . AEPD 0B E R G AT B P
SRR R RIAR, AT NI R RMEEIRE . MEA IR, HEAFIRR. M
AR MERRAREE T K. Hrh, HEARMRKIEYINRE 7 KEH RGPS LRI

e FEARAERE TR A ZE L, A8 R — i 4 vh BEAT A I AR S PV R 1 X
B RG. i HFEAE AT b 04 5 MR ) S5 Dl e 1R e e S Ak SO [ R
T CAThREPE I e 4 AR IR S N L. M RAREME R G MERA L T T B A
Rk . HATEZEA 2 Mok, —Fi SRR SRR E T RS FARE S
KRG A SEA, 55— RO R R LRI E T R G B R R BT R AL
{OpOR/;E LIt

S M4 FEPRAE R TR T BT o B BB ), (BAERJRRHALZ5 & (Chionanthus) . #%
J& (Fraxinus). Phillyrea 55 ) 1A & A IIEAAAE, JUHAEKRREE (Osmanthus) HifE4: 7
PRI SR L. KRB ME (Osmanthus fragrans) 23R E+ KIEG 462 —,
HABBENSGMMERIENE, 759 B & AR ES D7 s A & IR 28, 20t ol
PR EE RGN B I8 I EEAE A A R R T LS IR Y X R RN
AL, GETHEERBRBULBANRGEKERR: EERrKX—EFRENE
A S E B EAT KR, HARMEDT T E2RUE 2 SEY S &0 # 0 AR
M EE RGEHHESNER . A E5E 2 77 H RS R T2 R R E B RGN TE R
JE R 7 T
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Pl Ak FER M ENI N B EER N ARG A Gt EFLE S
Kist e 2T HE e
LLARFERS AafFFE, LAk FdH, 250014

g R 1E H a5 ™ R AR A AR E IR I 5 e AL
HS W T HOGAE AR m P B R S AR, RATE SR S 2R
# (robust rank aggregation method, RRA)¥& 1 23 N/KAEER A LSS, St 17 497 A B
H1 600 AT 1 ) 7K 128 i B AE D RE R R o I 55 I A S B 40 T T A 2 e Y 2 A S
PR R AT 1 LT, 45 AR 84 AL SRAE /KRG AN TG 7+ b R~y 1tk 3 Rk,
196/313 AHE K SR A AR 40N B I+ K Fg b e S et B R RIA o gk — B a0 DR M AR S 1
RIEEHFR IR GR B HZ 2 (Phylostratigraphy) /08T & 8L : (1) ARV T 7 2 B Rk
PR T RS T I 6 Fol 3B PR 7 1 1R 1 2, 45 v S 25 P T i 2 4% 72 I (brassinosteroid
sulfotransferase) 7% g 1l 2.1 Bt & i (aldehyde dehydrogenase) K i : (2)TEMYIEREL T T 21K
H R A HI SR AT 2 (K] (orphan - genes) ZX R DTk 1 51 I AX1~ I AQSR AR A2 0 6 Jolh 1 i
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Phylogeny and spatio-temporal diversification of Prunus subgenus

Laurocerasus section Mesopygeum (Rosaceae) in the Malesian region
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Jun Wen®*

'College of Life Sciences, Northwest A&F University, Yangling, 712100, China
*Herbarium of Northwest A&F University, Yangling, 712100, China
*Department of Plant Sciences, MS2, University of California, Davis, CA 95616, USA
*Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South
China Botanical Garden, Chinese Academy of Sciences, Guangzhou, 510650, China
*Department of Botany, National Museum of Natural History, MRC 1686,
Smithsonian Institution, Washington, DC 20013-7012, USA
Author for correspondence, e-mail: wenj@si.edu

The goals of this study were to reconstruct the phylogeny of Prunus subgenus Laurocerasus
section Mesopygeum and to provide a preliminary assessment of its spatio-temporal diversificatio
in the Malesian region. We inferred the phylogeny using nuclear ITS, ETS, and the plastid
psbA-trnH, rps16, rpll6, and trnC-petN sequences. Our analyses support the monophyly of sect.
Mesopygeum. Within sect. Mesopygeum, we identified four major subclades: (1) a subclade
comprising species from areas centered on the Sunda shelf and also a few species from
continental Asia and Wallacea; (2) a small subclade of species from the Malayan region; (3) a
small subclade of species from continental Asia; and (4) a subclade composed of species from
areas of the Sahul shelf, with a small number of taxa also from areas of the Sunda shelf,
continental Asia, and the Philippines. We estimated that sect. Mesopygeum originated in western
Malesia at c. 43.22 Mya (95% HPD: 34.39-51.46). Eight dispersals were inferred in total: Four
dispersals were inferred from the Sunda shelf region: two to continental Asia, in the late Eocene
and early Oligocene, respectively, one to the Sahul shelf region in the Oligocene, and one to
Wallacea in the Miocene. There were four dispersals from the Sahul shelf: two back to the Sunda
shelf in the mid-Miocene, one to the Philippines at the Oligocene/Miocene border, and one to
continental Asia in the early Miocene. The diversification in sect. Mesopygeum was likely driven

by active geologic events and orogenies in the Neogene in the Malesian region.
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Genetic connectivity and bidirectional gene flow of Nelumbo nucifera
(Nelumbonaceae) populations from Yangtze River: the roles of dams

and flooding events
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1. Population connectivity determines gene flow, genetic diversity and genetic structure of
aquatic plants. It is difficult to predict the genetic structure of aquatic plants across the rivers
when the competing factors (e.g. dams or floods) might work together to influence the dispersal
of plants.

2. Wild lotus (Nelumbo nucifera) is an important genetic resource and it plays a vital role in
maintaining the ecological functions of the aquatic ecosystem. Here, we analyzed the genetic
structure of N. nucifera based on 22 microsatellite markers and 10 populations from 10 different
lakes in the mid-lower reaches of Yangtze River. The study lakes were formerly interconnected
with the Yangtze River. During the past several decades (1950s-1970s), there were many
floodgates or dams built across the Yangtze River.

3. A high genetic differentiation (Fst = 0.403; G"st = 0.593; @, = 0.406) and genetic
discontinuity were found among populations. The historical gene flow among populations was
much higher (4.802-9.923) than that of the contemporary gene flow (0.122-1.668). The results
suggested that the recent habitat fragmentation is accompanied with a greatly decreased gene
flow among N. nucifera populations, and the seasonal floods were not an effective path of
dispersal for the plant. Both historical and contemporary gene flow were bi-directional, and the
level of upward gene flow is comparable to that of downward gene flow, suggesting that both
river flow and zoochory (or mankind) are the major contributors for the gene exchange.

4. The results of low level of genetic variation (He = 0.273) and high genetic divergence
were due to the decreased gene flow, an inbreeding system and repeated genetic bottlenecks. A
conservation strategy for protecting as many populations as possible to maximize genomic
representation of the species is proposed.
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Resolution of intergeneric relationships within the early-diverging
angiosperm family Nymphaeaceae based on chloroplast
phylogenomics
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You-Hao Guo®, Qing-Feng Wang™®, Jin-Ming Chen®"
'Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan Botanical Garden, Chinese Academy of
Sciences, Wuhan, China
2 School of Biological and Pharmaceutical Engineering, Xinyang Agriculture and Forestry University, Xinyang,
China
3Laboratory of Plant Systematics and Evolutionary Biology, College of Life Sciences, Wuhan University,
Wuhan, China
*University of Chinese Academy of Sciences, Beijing, China
> Sino-Africa Joint Research Center, Chinese Academy of Sciences, Wuhan, China
"These authors contributed equally to this work

The order Nymphaeales, consisting of three families with a record of eight genera, has
gained significant interest from botanists probably due to its position as a basal-angiosperm. The
phylogenetic relationships within the order have well been studied and resolved; however, a few
controversial nodes still remain in the Nymphaeaceae including the position of the genus Nuphar.
The position of the genus Nuphar and the monophyly of the Nymphaeaceae family remain
uncertain. This study adds to the increasing number of completely sequenced plastid genomes of
the Nymphaeales and applies large chloroplast gene data set in reconstructing the intergeneric
relationships within the Nymphaeaceae. Five complete chloroplast genomes were newly
generated, including a first one for the monotypic genus Euryale. Using a set of 66 protein coding
genes from the chloroplast genomes of 17 taxa, the phylogenetic position of Nuphar was
determined and a monophyletic Nymphaeaceae family was obtained with a convincing statistical
support from both partitioned and unpartitioned data schemes. Although genomic comparative
analyses revealed a high degree of synteny among the chloroplast genomes of the ancient
angiosperms, key minor variations were evident particularly in the contraction/expansion of the
Inverted Repeat regions and in RNA editing events. Genome structure, gene content and
arrangement were highly conserved among the chloroplast genomes.
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A taxonomic revision of Smilacaceae in Asia based on molecular

systematics, DNA barcoding and morphological traits

Xinjie Jin'  Pan Li' Zhechen Qi**  Chengxin Fu®"
1. Laboratory of Systematic & Evolutionary Botany and Biodiversity, College of Life Sciences, Zhejiang
University, Hangzhou, China
2. Zhejiang Sci-Tech University, Hangzhou, China *, E-mail:cxfu@zju.edu.cn

On the basis of more than twenty years’ research on morphology, molecular systematics and
DNA barcoding, we present here a taxonomic revision of Smilacaceae in Asia, where is the
diversification center of the family. Following the molecular phylogeny tree of eight DNA
fragments, we sequenced and analyzed 310 accessions comprising 2-3 individuals of 85 species
from Asia based on standard DNA Barcoding method. The combination of rbcL + matK + ITS
provides the highest discrimination success (80.86%) in Smilacaceae. Therefore, DNA barcoding
using rbcL + matK + ITS can be employed as a supplementary means to make taxonomic
revision in Asian Smilacaceae with combining morphological traits. Our revision is as
follows: (1) The genus Heterosmilax is reduced to be a section of Smilax, which makes Smilax be
a only genus in Smilacaceae; (2) A new taxonomic system of Smilax is proposed, which
recognizes five subgenera and 22 sections, with about 129 species, 3 subspecies and 5 varieties in
Asia; (3) Five new species are proposed: S. ligneoriparia, S. amamiana, S. microdonta, S.
hirtellicaulis, S. fui; (4) A new name, S. binchuanensis, is used for H. yunnanensis; (5) Six names
are treated as synonyms: S. hypoglauca as the synonym of S. corbularia, S. jiankunii as the
synonym of S. pottingeri, S. tsinchengshanensis as the synonym of S. minutiflora, S. munita as
the synonym of S. myrtillus, S. nigrescens as the synonym of S. castaneiflora; (6) Two status are
changed: S. luei is reduced to be a subspecies of S. nervo-marginata, and S. umbrosa is raised as
an independent species; (7) Five species complexes are revealed: a) S. ferox complex (S.
chingii, S. ferox, S. lebrunii, S. ploycolea and S. outanscianensis); b) S. lanceifolia complex (S.
lanceifolia, S. chapaensis, S. hemsleyana and S. densibarbata); c)S. aberrans complex (S.
aberrans and S. retroflexa), d) S. vaginata complex (S. stans, S. trachypoda and S. vaginata), and
e) S. china complex (S. china, S. davidiana and S. nantouensis). Although the phylogenetic
relationships within the complexes have not been resolved, their taxonomic position is proposed

based on the statistical analysis of morphological characters.
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Molecular phylogeography of Scrophularia incisa complex
(Scrophulariaece): revealing the evolutionary history of desert plants

in Northwestern China

Ruihong Wang'?, Zhaoping Yang?, Pan Li', Chengxin Fu'
1. Laboratory of Systematic & Evolutionary Botany and Biodiversity, College of Life Sciences, Zhejiang
University, Hangzhou 310058, China, email: cxfu@zju.edu.cn
2. Zhejiang Province Key Laboratory of Plant Secondary Metabolism and Regulation, College of Life Sciences,
Zhejiang Sci-Tech University, Hangzhou 310018, China
3. College of Life Sciences, Talimu University, Alaer, Xinjiang, China

Since the Himalayan orogeny in the late Tertiary, declining sea-levels of Tethyan sea
gradually and uplift of the Qinghai-Tibet Plateau (QTP) rapidly in early Pleistocene, promoted
the drying and desert expansion of the QTP and adjacent regions and certainly affected the plant
geographic distribution and evolutionary history. Most studies focus on the QTP-Hengduan
mountains region, but phylogeographic pattern of species widely distributed across Pamirs
plateau-Tianshan mountains-QTP-Mongolia plateau remains largely unknown. To understand the
population relationship and evolutionary history, phylogeographic analysis were examined from S.
incisa complex, comprising S. dentata, S. incisa, and S. kiriloviana, dominated in Pamirs
plateau-Tianshan mountains-QTP-Mongolia plateau. Thirty-two populations of the three closet
relatives were genotyped using chloroplast and ribosomal DNA sequences and microsatellite loci
to assess molecular structure and diversity, supplemented by phylogenetic dating, ancestral area
reconstructions. Lineages Pamirs vs Tianshan mountains-QTP-Inner Mongolia plateau diverged
through vicariance during the middle Pliocene, subsequently lineages Tianshan mountains,
Qinghai-Gansu-Inner Mongolia and Tibet diverged respectively during Pleistocene. Our
phylogeographic analysis supported the importance of Quaternary climate change, in this case the
increase of climate/tectonic vicariance, as a cause of divergence in Scrophularia incisa complex
as a result of allopatric speciation, hybridization and introgression. These findings highlight the
complexity of closest relatives evolution and the importance of the Quaternary climate change in

shaping the genetic diversity.
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Phylogenetic and comparative analyses of chloroplast genomes of

five species of Wisteria (Fabaceae)

Maoqging Xia  Yunpeng Zhao  Chengxin Fu
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University, Hangzhou 310058, China

Wisteria Nutt. (Fabaceae) is a genus of deciduous woody liana disjunct distribute between
eastern North America and eastern Asia. Some species are popular as ornament. In this study, we
used sequences from whole chloroplast to compare the differences between five species (Wisteria
sinensis, W. villosa, W. floribunda, W. brachybotrys and W. frutescens) and to enhance Wisteria
phylogenetic resolution. The chloroplast genomes size of the five species ranged from 130,116 to
131,179 bp in length, and lacked inverted repeat (IR) in structures as those of the Fabaceae
reported in IRLC before. Each chloroplast genome contained 110 genes, consisting of 76
protein-coding genes, 30 transfer RNA genes, and 4 ribosomal RNA genes. 13 chloroplast hotspot
regions (trnL-trnF, trnN-ycfl, rpl33-rpsl8, trnS-trnG, clpP-psbB, ndhF-trnH, rps8-rpll4,
ndhl-ndhG, rpsl18, ndhD-ccsA, ycfl, trnP-psaJ and trnR-trnN) with the nucleotide variability (Pi)
values more than 0.02 were identified.

The phylogenetic analyses supported Wisteria is monophyletic, and Wisteria frutescens of
North America is the sister group of Asian Wisteria. According to divergence time analyses, the
divergence time of Wisteria from Glycyrrhiza is 21.17 (20.16-22.3) Mya, and the separation of
American wisteria from Asian species at 9.41 (8.18-10.86) Mya in the late Miocene. Our study
will provide valuable genetic resources for further phylogeographic studies and population

genetics on Wisteria.
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Population structure and genetic connectivity for a critically
endangered tree Manglietia patungensis in fragmented forests:

implications for conservation
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Analysis of genetic variation and population connectivity plays an important role in
protecting endangered species. Manglietia patungensis is an endangered tree that is endemic to
the mountainous areas East Sichuan-West Hubei in China and is an important horticultural plant.
Here, we analyzed the genetic variation and gene flow of M. patungensis based on 18
microsatellite markers and the four extant populations. M. patungensis exhibited low to moderate
level of intra-population microsatellite variations (HE = 0.247-0.465), which might be explained
by inbreeding, genetic bottlenecks and genetic drift. The FST and AMOVA indicated consistently
the gene differentiation among populations accounted for 20 % of the total genetic diversity.
When the small number of populations was considered, the measurement G"ST showed that 34.8%
of the genetic variation among populations. The results that historical gene flow (Nm = 1.006 and
0.468) was much higher than the first-generation gene flow (Nm = 0.064) might infer that recent
habitat fragmentation resulted in decreased gene flow. A conservation strategy for protecting as
many populations as possible to maximize genomic representation of the species is proposed. In
addition, the artificial pollination was recommended in natural populations in case of inbreeding

and low rate of seed setting in populations.
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In Saxifragaceae, the Heuchera group contains nine herbaceous genera, which presents a
particularly valuable model for the analysis of chloroplast capture and its impact on phylogeny
reconstruction. In this study, seven species (11 individuals) were selected for genome skimming
to assembly their chloroplast (cp) genomes, and investigate the phylogeny of Tiarella and
chloroplast capture between Tiarella and Heuchera. These 11 chloroplast genomes exhibited
highly similar in overall size (narrowly from 154,407 bp to 155,400 bp), structure, gene order and
content (encoding 119 identical genes including 79 protein coding genes, 30 tRNA genes and
four rRNA genes). Comparative analysis of chloroplast genomes from twelve representative
Saxifragaceae species revealed that size variations of the cp genomes are purely ascribed to the
length differences of LSC, SSC, and IRs regions. Using nuclear ETS + ITS and the complete
plastid genome, we fully resolved the species relationships of Tiarella (BS=100%, PP=1.00),
finding that the genus is monophyletic and the Asian species is most closely related to the
western North American species. Comparisons of nuclear and plastid phylogenies revealed
multiple chloroplast capture events have occurred between Tiarella and Heuchera through
ancient hybridization. We additionally developed numerous molecular markers for Tiarella (eg.
cp hotspot and nuclear polymorphic SSRs) for population genetics and phylogeography of this

disjunct genus.
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