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Abstract

Eriobotrya shanense, a new species from the karst region of Shan State, eastern Myanmar, is described and illustrated.
This evergreen tree is similar to the autumn and winter-flowering, large-leaved species E. malipoensis and E. japonica by
having tomentose hairs on the abaxial leaf surface, but can be distinguished by its obovate, widely obelliptic or oval blade
shape, leaf length-width ratio of 2:1 (vs. 3:1), and rounded or obtuse apex (vs. acute). The species also resembles less-
known, undercollected Myanmar broad-leaved species E. wardii and E. platyphylla in leaf shape and length-width ratio,
but can be easily differentiated by the presence of tomentose hairs on the leaves, and inflorescence. Phylogenetic analysis
based on ntDNA ITS region supported its close affinity with E. malipoensis and E. japonica. Molecular data also generally
grouped the 17 congeneric taxa accessions in congruence to their leaf morphology, with the entire Eriobotrya clade strongly
supported to be monophyletic and separate from Rhaphiolepis.

Keywords: ITS, limestone karst, Panlaung Pyadalin Cave Wildlife Sanctuary, phylogeny, Shan State

Introduction

Eriobotrya Lindley (1821: 96, 102) is a small genus of the economically valuable flowering plant family Rosaceae.
The name is derived from the Greek erio (wool) and botrys (cluster), referring to its tomentose paniculate inflorescence
(Huxley 1992). It is composed of ca. 25 taxa, including the widely cultivated and commercially important fruit tree
loquat (E. japonica (Thunb.) Lindley (1821: 102)). Members of this genus naturally occur in many floristic regions of
Asia: Malesia (Indonesia, Malaysia), Indochina (Vietnam, Laos, Cambodia, Thailand, and Myanmar), the Himalayas
(Bhutan, Nepal, and northeast India), and East Asia, with southwestern China being considered as the center of diversity
(Yang et al. 2005, Li et al. 2011). Taxonomically, Eriobotrya belongs to the apple tribe Maleae in the subfamily
Amygdaloideae (Xiang et al. 2017). Most molecular phylogenetic studies established the position of the genus as sister
to Rhaphiolepis Lindley (1820: 468) (Li et al. 2009, Lo & Donoghue 2012, Yang et al. 2012, Xiang et al. 2017), while
some circumscribed the genus to Pyrus Linnaeus (1753: 479, 480) (Christenhusz et al. 2018), and more recently to
Rhaphiolepis (Liu et al. 2020a).

Within Eriobotrya, members are traditionally classified according to leaf morphology, alongside characterizing
the flowering period, especially for species found in temperate and subtropical areas (Zhang et al. 1990, Zhang et
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al. 2017). Over the past decade, numerous studies have attempted to elucidate the (phylo)genetic relationships of
members of Eriobotrya based on ntDNA ITS (Li et al. 2009, Yang et al. 2011, Zhao et al. 2011, Idrees et al. 2020),
Adh gene (Yang et al. 2012), ISSR (Xie et al. 2007, Wang et al. 2010), AFLP (Yang et al. 2009), SSR (Wu et al. 2015),
and even SNP markers (Yang et al. 2017), but mostly with incongruent results.

In this study, we report a putative new species discovered during our floristic work in Myanmar, and attempt to
determine its phylogenetic position in the genus. We first came across several flowering individuals in January 2017
in Ywangan Township, southern Shan State, near the border of the Panlaung Pyadalin Cave Wildlife Sanctuary, a
protected limestone area well-known for its cave and rock formations. The tree did not appear similar to its congeneric
taxon E. bengalensis var. angustifolia Cardot (1918: 371), which occurs in the same locality (Kang et al. 2018). Its
features rather resembled those of the karst-loving large-leaved species occurring in the adjacent Yunnan Province of
southwestern China, in particular £. malipoensis Kuan in Y1 & Kuan (1963: 231), as well as those of another autumn-
winter flowering tree E. japonica. The species also appeared similar to broad-leaved loquat species known only from
specimens last collected from northern Myanmar more than half a century ago, specifically E. wardii Fischer (1929:
205) and E. platyphylla Merrill (1941: 80).

After subsequent collections of fruiting specimens, detailed morphological examination, and comparison with
herbarium specimens gathered from the region, we report this remarkable tree as a new species, adding to the growing
number of loquat species occurring in karst topographies (Chen et al. 2020). Here, we formally describe the new
species following the widely accepted taxonomic treatment for the genus (i.e. Eriobotrya), as in the most recently
published loquat species (Chen et al. 2020), while noting the controversial transfer of the genus to Rhaphiolepis (Liu et
al. 2020a). To support our nomenclatural decision, and to determine the taxonomic position of the new species within
the genus, we carried out phylogenetic analyses using the ITS region as molecular marker.

Materials and methods

Plant habit and macro-morphological features were recorded and photographed in the field. Morphological characters
were measured by examining fresh plant materials and dried herbarium specimens. The characters and measurements
were compared with those of its sister species naturally occurring in China (i.e. E. malipoensis and E. japonica) as
described in the Flora of China (Gu & Spongberg 2003a), and its close relatives reported in Myanmar (i.e. E. wardii
and E. platyphylia) as found in related taxonomic literature (Fischer 1929, Merrill 1941, Vidal 1965). Major flora
containing descriptions of other Eriobotrya taxa were also consulted (Kurz 1877, Hooker 1879, Vidal 1968, Vidal
1970, Kalkman 1993, Pendry & King 2012). Voucher specimens were deposited at the Hallym University (HHU) and
the National Institute of Biological Resources (KB) herbaria in South Korea, and at the Forest Department Herbarium
(RAF) in Myanmar.

The total DNA of the new species was extracted from fresh and/or silica gel-dried leaves using DNeasy plant
mini kit according to manufacturer protocol (Qiagen, Germany). We selected the ntDNA ITS region (ITS1, 5.8S,
and ITS2) as marker in order to maximize the use of available GenBank accessions that can represent a significant
number of Eriobotrya taxa for our analyses. The ITS region was amplified using ITS5 and ITS4 primers (White et al.
1990). Polymerase chain reactions (PCR) were performed in a total reaction volume of 25 pL, containing 2.5 pL of
10x Ex Taq buffer (TaKaRa Bio Inc., Japan), 2 pL of 2.5 mM dNTPs, 0.01 uM each of a forward and reverse primer,
0.1 pL of TaKaRa Ex Taq DNA polymerase (5 units/puL) (TaKaRa Bio Inc., Japan), 5-10 ng of template DNA, and
distilled water to the final volume. Conditions for amplification consisted of initial denaturation (95°C for 5 min),
followed by 35 denaturation cycles (95°C for 1 min), annealing (59°C for 1 min), extension (72°C for 1 min), and
final extension (72°C for 10 min). All PCRs were performed in a GeneAmp PCR System 9700 thermocycler (Applied
Biosystems, USA). PCR products were purified with a QIAqiuck PCR purification kit according to manufacturer
protocol (Qiagen, Germany). Purified double-stranded PCR products were determined using 3730x]1 DNA analyzer
(Automatic Biosystems), and automatically sequenced using ABI PRISM 3730XL (PE Applied Biosystems).

A total of three ITS sequences of the new species were generated and deposited at the NCBI GenBank. For
phylogenetic analysis, 30 ntDNA sequence accessions were retrieved from the same database, including and prioritizing
all accessions of Eriobotrya and Rhaphiolepis used in the phylogenomic study by Liu e al. (2020a). Our final data set
was composed of 33 accessions sampled from 17 (ca. 60%) taxa of Eriobotrya and 7 (ca. 70%) of Rhaphiolepis (POWO
2019), representing more than half the total species diversity of each genus. The outgroup represented taxa from Pyrus,
Malus Miller (1754: unpaged), and Photinia Lindley (1820: 491), with a single accession for each retrieved.
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Phylogenetic analyses were carried out using Bayesian Inference (BI) and Maximum Likelihood (ML) methods.
The best-fit model was determined using jModelTest v.2.1.3 (Guindon & Gascuel 2003, Darriba et al. 2012). For all
partitions, the GTR + I + G model was selected under the Akaike information criterion (Akaike 1974). BI analysis was
performed with MrBayes v.3.2.7 (Ronquist et al. 2012) and was run with the Markov Chain Monte Carlo (MCMC)
analyses for 1,200,000 generations. Stationarity was considered to be reached when the average standard deviation
of split frequencies was less than 0.01. Trees were sampled every 200 generations, with the first 25% of samples
discarded as burn-in. The remaining trees were utilized to build a 50% majority-rule consensus tree. ML analysis was
performed using RAXML (Stamatakis 2014) implemented in Geneious Prime (Kearse ef al. 2012), with gaps treated
as missing data and set using the bootstrap option with 1,000 replicates. All sequence alignment and tree visualization
were performed using Geneious Prime (Kearse et al. 2012).

Results
Taxonomic treatment
Eriobotrya shanense D.H. Kang, H.G. Ong & Y.D. Kim, sp. nov. (Figs. 1 & 2)

Type:—MYANMAR. Southern Shan State, Ywangan Township, N21° 14’ 59.9” E96° 25’ 43.7”, elev. 1,422 m, 01 Jan. 2017, Kim et
al. MM-6026 (holotype HHU barcode 880000016009; isotypes HHU barcode 880000016016, KB barcode 880000016023, RAF
barcode 880000016030).

Diagnosis:—Leaf morphology of Eriobotrya shanense is similar to that of E. malipoensis and E. japonica by having
tomentose hairs on the abaxial surface of its blade but can be differentiated by its obovate, widely obelliptic or oval
blade shape, its length-width ratio of 2:1 (vs. 3:1), and rounded or obtuse apex (vs. acute). The species also resembles
less-known, undercollected Myanmar broad-leaved species E. wardii and E. platyphylla in leaf shape and length-width
ratio, but can be easily differentiated by the presence of tomentose hairs on the leaves and inflorescence. See Table 1
for a detailed comparison.

Description:—Trees to 8 m tall, evergreen, much-branched. Branchlets terete, stout, grayish to dark gray,
roughened and marked by leaf scars, glabrous. Leaves simple, helically alternate, clustered at tips of branchlets; stipules
paired, connate from base to below apex, adnate to petiole, triangular-hastate or subulate, 5-8 x 4—6 mm, apex shortly
notched, margin incised-serrate or entire, rustic brown tomentose abaxially, caducous; petiole short, 3—5 mm long,
brown tomentose, becoming glabrescent; leaf blades obovate, widely obelliptic or oval, 10-26 x 5-13 cm, dark green
and leathery, base cuneate, margin remotely obtusely serrate, apex rounded or obtuse, midvein prominent, raised
abaxially, lateral veins 1420 pairs, usually branching before terminating at margin, abaxial surface grayish tomentose,
brownish tomentose along veins, adaxial surface glabrescent to glabrous at maturity, lustrous. Inflorescence in terminal
panicles, 30 to 80-flowered, ca. 16 x 12 cm; peduncle densely rustic brown tomentose; bracts lanceolate, 810 mm
long, densely rustic brown tomentose abaxially; bracteoles narrowly lanceolate, 5-8 mm long, densely rustic brown
tomentose abaxially; pedicels 2—8 mm long, brown tomentose, becoming gray and glabrescent at fruit. Flowers bisexual,
actinomorphic, 1.5-2 c¢cm in diam., fragrant; hypanthium shallowly cupular, ca. 2 mm long, slightly 5-ribbed, brown
tomentose abaxially; sepals 5, connate and continuous with the hypanthium; sepal lobes ovate, 3—4 mm long, greenish,
brown tomentose abaxially, spreading at anthesis, becoming strongly reflexed, persistent; petals 5, distinct, white,
asymmetrically orbicular or obovate, 6-9 x 5—7 mm, base not clawed, apex obtuse or emarginate, glabrous; stamens
20, connate at base forming a ring, exserted; filaments ca. 4 mm long, white, glabrous; anthers dorsifixed, dithecal, ca.
I mm long, light yellow with whitish connective, dehiscing longitudinally; pistil 1, syncarpous; ovary half-inferior,
3-5 locular, rhomboid, exposed portion less than 1 mm long, placentation axile, densely woolly apically; ovules 2
per locule; styles 3—5, connate at base, erect, 3—4 mm long, glabrous, densely woolly basally; stigma truncate. Fruit
a pome, asymmetrically obovoid or ellipsoid, 1-2.5 x 1-2 cm, green and brown tomentose when young, becoming
yellow and glabrescent at maturity, crowned with persistent sepals. Seeds 1-3(4) per fruit.

Phenology:—The species was observed to be flowering from December to February, and fruiting until May or
June.

Etymology:—Eriobotrya shanense is named after its type locality, Shan State in eastern Myanmar.
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FIGURE 1. Eriobotrya shanense D.H. Kang, H.G. Ong & Y.D. Kim A. Flowering branch B. Leaf blade C-D. Stipules E. Bract F-G.
Flower abaxial and adaxial view H-I. Petals J. Flower longitudinal section showing the androecium and gynoecium K. Stamen L. Styles
and exposed ovary M. Ovary cross section N. Fruiting branch O—P. Fruit cross and longitudinal section. A-M. from Kim et al. MM-6026
(holotype HHU). Illustration by Ye-Seul Jang.
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FIGURE 2. Eriobotrya shanense D.H. Kang, H.G. Ong & Y.D. Kim. A. Habitat B. Stipule and petiole C. Inflorescence D. Flower E.

Petals (base not clawed) F. Fruiting branch.

Distribution and habitat:—FEriobotrya shanense is known to be narrowly distributed in its type locality, Y wangan
Township in southern Shan State. So far, two populations have been found, one consisting of not less than 10 full-
grown trees, and the other of ca. 20 mature and juvenile individuals. The tree grows on slopes of irregularly rocky
limestone karst hills, along with Firmiana kerri (Craib) Kostermans (1961: 389), Sterculia villosa Roxburgh (1832:
153, 154), Wightia speciosissima (D. Don) Merrill (1938: 67), Bauhinia variegata Linnaeus (1753: 375), Ceratostigma
asperrimum Stapf ex Prain (1906: 6, 7), and Trichodesma calycosum Collett & Hemsley (1890: 92, 93).
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Conservation status:—The species can be seen thriving along a trail up a Buddhist pagoda/stupa and can (still)
be observed growing near a hillside village and farm area, despite having no apparent economic value, except maybe
as firewood. It may, therefore, be categorized as Vulnerable (VU) according to the IUCN category (IUCN 2019).

Additional specimens examined (paratypes) :—MYANMAR, Southern Shan State, Ywangan Township, N21°
157 13.5” E96° 25° 50.8”, elev. 1,517 m, 02 Feb. 2018, Kim et al. MM-6665 (4 sheets, HHU); N21° 15 14.7” E96° 25’
49.9” 1,530 m, 02 Feb. 2018, Kim et al. MM-6671 (4 sheets, HHU); N21° 15 12.8” E96° 25* 51.7” 1,513 m, 26 Jun.
2019, Kim et al. MM-7165 (2 sheets, HHU); N21° 15° 12.8” E96° 25’ 51.7” 1,513 m, 26 Jun. 2019, Kim et al. MM-
7170 (7 sheets, HHU); N21° 14’ 28.5” E96° 26” 11.8” 1,469 m, 01 Jul. 2019, Kim et al. MM-7352 (2 sheets, HHU);
N21° 14°28.5” E96° 26’ 11.8” 1,469 m, 01 Jul. 2019, Kim et al. MM-7353 (3 sheets, HHU); N21° 14’ 28.5” E96° 26’
11.8” 1,469 m, 01 Jul. 2019, Kim et al. MM-7365 (1 sheet, HHU); N21° 14” 28.5” E96° 26° 11.8” 1,469 m, 01 Jul.
2019, Kim et al. MM-7366 (1 sheet, HHU); N21° 14°27.1” E96° 26” 15.6” 1,493 m, 02 Jul. 2019, Kim et al. MM-7385
(1 sheet, HHU)

Phylogenetic analysis

The concatenated ITS region generated an aligned matrix of 602 bp in length. Phylogenetic analyses resulted in
identical Bl and ML tree topology (Fig. 3), showing a well-supported Eriobotrya that is divided into three clades. The
new species E. shanense was placed in a strongly supported group with accessions of E. malipoensis and E. japonica,
two large-leaved congeners with a very close affinity (Xie et al. 2007, Li et al. 2009, Yang et al. 2009, Yang et al. 2017,
Zhang et al. 2017, Chen et al. 2020). The three species finally formed a moderately robust Clade A (PP = 0.82, BS =
52) with E. prinoides Rehder & Wilson (1913: 194, 195), another autumn-winter flowering species shown to putatively
hybridize with E. japonica (Tang 1997, Yang et al. 2007, Ding et al. 2015).
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FIGURE 3. Phylogenetic tree based on ITS sequences showing the position of the new species (bold) in the genus Eriobotrya. Numbers
above/below branches are BI posterior probabilities (PP) and ML bootstrap value (BS). PP and BS with less than 0.5 and 50, respectively,
are not reported (-). Branch lengths are scaled to the number of nucleotide substitutions per site. Accessions are those used in * This study,
"Liu et al. 2020a, © Zhao et al. 2011, 9 Li et al. 2012, © Idrees et al. 2018, ‘Liu et al. 2015, ¢ Idrees et al. 2020, "Unpublished study.
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Clade B on the other hand resulted in a rather weakly supported, if not unresolved group (PP = 0.59). This clade
comprised the most number of taxa that clustered into three polytomous subclades but can be generally classified as
a group with medium-sized leaves (Yang et al. 2017). Previous studies revealed that members of this clade clustered
inconsistently, often depending on the molecular marker of choice (Xie et al. 2007, Li et al. 2009, Yang et al. 2009,
Yang et al. 2011, Yang et al. 2012, Yang et al. 2017), except for E. cavaleriei (H. Lév.) Rehder (1932: 307, 308) and E.
fragrans Champion ex Bentham (1852: 80), two taxa with very close interspecies or even infraspecies relation (Yang
2005, Li 2009). Further analyses based on molecular and morphological data would hopefully resolve the phylogenetic
placements of species in this group.

Clade C was also shown to be less robust (PP = 0.68), forming the basal group for Eriobotrya and comprising
accessions of E. henryi Nakai (1924: 70), E. seguinii (H. Lév.) Cardot ex Guillaumin (1924: 287) and E. condaoensis
Gao, Idrees & Do in Idrees et al. (2018: 290). The first two small-leaved species were previously shown to consistently
group based on molecular data (Xie et al. 2007, Li et al. 2009, Yang et al. 2009, Yang et al. 2017, Idrees et al. 2020).
It was, however, the first time for the recently described species E. condaoensis to group with other loquats, a result
not observed in previous work by its authors (Idrees et al. 2018, Idrees et al. 2020), and could aid in understanding the
evolution of Eriobotrya and its relationship with Rhaphiolepis. For instance, a shared morphological character of the
members of Clade C could be their camptodromous venation (Idrees et al. 2018: Fig. 2 & 3, Liu et al. 2020a: Fig. 6B
& 6C), a leaf character not found among taxa in Clade A, nor in Clade B (except E. tengyuehensis). More interestingly,
the camptodromous venation of this basal Eriobotrya clade is its synapomorphy with Rhaphiolepis (Robertson et al.
1991, Gu & Spongberg 2003b).

Overall, the identical BI and ML tree (Fig. 3) showed a very robust monophyly of Eriobotrya (PP = 0.99, BS =
82), separate and distinct from Rhaphiolepis (PP = 1.00, BS = 99), which were results not found to agree with those
of Liu et al. (2020a) in their proposal to reduce Eriobotrya to synonymy under Rhaphiolepis. In the same paper, the
authors argued the lack of stability of two distinguishing morphological characters of Eriobotrya versus Rhaphiolepis:
(1) the camptodromous leaf venation in some loquat species, as in E. henryi and E. seguinii (Liu ef al. 2020a: Fig. 6B
& 6C), and (2) the (im)persistent calyx in fruit in E. henryi (Liu et al. 2020a: Fig. 6A). Taxonomic studies, however,
were clear that both the camptodromous and craspedodromous venation can be observed in Eriobotrya (Robertson et
al. 1991, Gu & Spongberg 2003a). Also, although the impersistence of the fragile fruit calyx in E. henryi (Liu et al.
2020a: Fig. 6A) can be debated (see Biotracks website http://www.biotracks.cn/search/list/f/3/t/1/id/68659 (Kunming
Institute of Botany, Chinese Academy of Sciences 2020) for the same image, and other photos of E. henryi fruits with
calyx intact), the (circular) annular ring mark after early fruit sepal senescence can only be observed in Rhaphiolepis
(Robertson ef al. 1991, Gu & Spongberg 2003b).

With the above conflicting issues, we agree with the proposal to conserve the name Eriobotrya against Rhaphiolepis
(Shaw 2020). In this proposition, Shaw (2020) stressed the importance of maintaining nomenclatural stability of
Eriobotrya species with horticultural and agricultural value, in particular E. japonica, which just months after the
publication by Liu et al. (2020a), received another name combination (i.e. E. japonica to R. loquata Liu & Wen in Liu
etal. (2020a: 11) to R. bibas (Lour.) Galasso & Banfi in Galasso et al. (2020: 66), along with E. latifolia Hooker (1878:
370) that underwent another name change from the same original transfer proponents (i.e. E. latifolia to R. herae
(M.F.Fay & Christenh.) Liu & Wen in Liu et al. (2020a: 11) to R. latifolia (Hook.f.) Liu & Wen in Liu et al. (2020b:
39). The phylogenetic evidence of the monophyly of the loquat genus, which more or less showed congruence with
leaf morphological characters, as shown in this study, thus convinced us to formally describe the new species following
Eriobotrya.
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