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CAMELLIA HAINANICA (THEACEAE) A NEW SPECIES FROM HAINAN, SUPPORTED
FROM MORPHOLOGICAL CHARACTERS AND PHYLOGENETIC ANALYSIS
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Abstract

An unusualCamellia specimen was noticed during field investigations in Hainan Island. In order to identify the
phylogenetic position, the complete chloroplast genome sequences and the DNA barcouetenfthe new species and
closely related species were employed. Témults confirmed that the new species belonge@amelliasection and had
close genetic relationship wit@. gauchowensj<C. crapnelliana C. viethamensisThe general morphology characters of
the new plant specie§amellia hainanica¥L Zhao et ZG Xy sp. nov. were described. The pollen microstructure was
studied by scanning electron microscope, then above features were compared with closely phylogenet@aneddliad
species. Although morphological details were most simil&Z.toleiferg the newspecies have larger fruit and brown rough
pericarp. At the same time, the new species can be differentiated by its morphological charactersbgnthlass,
bracteoles, stamens affidiit from other related sgwies. All evidences from the charactefsmorphology, pollen and
molecular phylogeny indicated that the plant was a new species and beloGgedatitiasect.Oleifera
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Introduction new taxon based on evidences from morphological
characters andhylogenetic analysis.

Camellia L. is the largest genus in the family
Theaceae. It is predominantly distributed in eastern anaterial and Methods
southern Asia, from the Himalayas east to Japan and
Indonesia(Chang & Ren1998, Ming & Bartholomew Complete chloroplast genome sequencing and
2007, Van Theet al, 2019. China is the center of phylogenetic analysis:Chloroplast genomean supply
diversity of Camelliawith more than 80% of the known important information during the plant classification
species occurring ther€Chang 1961, Chang &Ren process (Dogamet al, 2017). The seeds o€. hainanica
1998) The plants ofCamelliaare shrubs or small trees YL Zhao etZG Xu, sp. nov.were collected from object
and generally occur in subtropical and tropical mountairspecies in Chengmai, Hainan Province, and fresh leaves
evergreen broatkaved forests. Furthermore, many were obtained from the plants grown through seed
species of Camellia are economically important for germination. Methods for extraction of whole genomic
supplying tea, oil and ornamentehmellia (Gao et al, DNA, sequencing, filtration and annotatiorlléwed
2005, Vijayaret al., 2009) Zhang et al, (2017). Then the complete chloroplast

Hainan Island, as the region forms part of the indosequence ofC. hainanica with annotation has been
Burma biodiversity hespd, is one of the largesslandin ~ submitted to NCBI (https://www.ncbi.nlm.nih.gov/) and
China. (Myers et al, 2000) Biodiversity of the suite is was deposited with the accession number of MF541730.
ecologically significant and a lot of new speciess were  Complete chloroplast genome sequence O©f
found in past yearfGuo et al, 2018) At the same time, hainanicawas uploaded onto the NCBI website and the
due to an invasion of alien species, urbanization, tourisnsimilar sequences species were identifigdang et al,
deforestation, and the pollution, many plant species ared000) Complete sequences @f2 species, which all
under threat. I'tés very Dbelomedrtd Ahedceaet vath Bamellia speciesh) wesel o gi ¢
resources and evaluate survival sta@specailly for the employed during the process of phylogenetic analysis
new species. It is the high time for new species finding irwith maximum likelihood method in MEGA?7 to identify
Hainan Island. phylogenetic position of the new specigaumar et al,

In 2016, during field investigations in the Chengmai2016) At the same time, the recommend plant DNA
County of the Hainan Province, we noticed an unusuabarcode genematK of 30 Camellia species were
Camellia specimen. The specimen was similar tocollected and phylogentic analysiseere done to further
Camellia oleiferaAbel., however, it had larger and brown confirm whether the species was different from others.
fruits, so they could be distinguished from each other
immediately in the wild. Later, more materials including aTaxon sampling and morphological studiesThe new
range of specimens with flowers and fruits were collectedaxon, C. hainanicaYL Zhao et ZG Xu sp. nov, was
when we revisited the lotity in 2017. After a critical found during theCamellia species survey process in
morphological comparison, we confirmed that the plantChengmai County. Severglopulations of this species
represents an undescribed new species belonging teere found near the finding sites in Chengmai. Specimens
Camelliasect.Oleifera This study aimed to comfirm the have been deposited at SYS and IBSC.
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The related species were identified based on theased on complete chloroplast genome sequence of 42
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above phylogenetic analysis and ten morphologicabpecies also proves the credabilitiytbe analysis and

characters, branchlets, leaf shafeaf size, flower size,

the near sourcespecies are almost clusted in same

bracteoles and sepals, petals, stamens, ovary, styles arldde (Fig. 1).C. hainanicawas groupedCamelliaand
fruit were obtained and compared with each other. Pollefocated in an ancient evolutionary position according
were collected from the flowers of above specimen anavith Hainan Island sepration geographicdbcation
were studied by scanning electron microscope. Th&enetic relationship beeen C. hainanica and C.

pretreatmenand devi ce par amet e
method at 25 k\(Xie et al, 2016) The morphological
detals were compared with the related species.
Results and Discussion

Relationships between C. hainanica and closely

r crapmebidna is eclose e ldowexér@. hainanicaliso e
different speciesmatK gene is alwayls recommended
as the reference DNA barcoding for distict genetic loci
(Jiang et al, 2018) Based on thematK with more
rigorous phylogenetic analysis, the plant was further
confirmed as anew species and could not be clustered
into onegroup with other species (Fig. 2). The result

related taxa: Phylogenetic analysis is a useful tool to also indicated that the new species ltholse relative
confirm the new species and evolutionary positionrelationship with C. oleiferg C. gauchowensjsC.
(Pedrazapefialosat al., 2015) The phylogenetic result vietnamensis

Tree scale: 0.0001 +—
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E Pyrenaria jonquieriana subsp.multisepala KY406772
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—47 Polyspora longicarpa KY406768

Polyspora speciosa KY406754
Polyspora hainanensis KY406776
Polyspora axillaris KY406760
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Camellia hainanica MFS41730
Camellia crapnelliana KF753632

—

Camellia chekiangoleosa MG431968
Camellia japonica KU931523

Camellia petelotii KJ806276
Camellia szechuanensis KY406778

Camellia oleifera JQ975031

Camellia grandibracteata KJ806274

—:amellia pubicosta KJ§06277

Camellia leptophylla KJ806275
t Camellia sinensis var.dehungensis KJ§06279
Camellia sinensis KC143082

—

Camellia yunnanensis KF156838

Camellia liberofilamenta KY626041

Camellia imp

, I

vis KF156835

Camellia huana KY626040

Camellia tachangensis var.remotiserrata KY406759

Camellia elongata KY406791

[

L

Camellia cuspidata KF156833

{a}neﬂia mairei KY406767
Camellia reticulata KJ806278

Camellia pitardii KF156837
Camellia danzaiensis KF156834

Fig. 1. Phylogenetic relationships betwegamellia hainanicawithin other 42 related species resulting from maximum likelihood

analysis basing on complete chloroplast genome sequence.
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Fig. 2. Phylogenetic relationships betwe€amellia hainanicawithin 29 Camellia species based omatK gene using maximum
likelihood method.

Based on above phylogenetic analysis and morphology Pollen morphology character is an important
survey, C. oleiferg C. gauchowensisC. crapnelliana, C. feather for plant classification with considerable

vietnamensisvere selected to compare with the new speciesyStematic - significance. The difference of pollen
betweenC. hainanicaand some most closely related

C. hainanica Camellia hainanicais quite similar toC. , ani . )
oleiferain gross morphology. HoweveE. hainanicadiffers specl:es W?“ta S|?fncarl1lt_. t@amtel_:lei pollen grgmtsh are
from the latter by the following combination of characters:>N 12" Prolate, -longliptic, triete rounde ree
fruit larger ca. ¥ cm in diameter and pericarp brown and colpate (Fig. 3). AIthoggh _the trend of contour Is the

. same, pollen ofC. hainanica C. gauchowensijsC.
rough. In addition, the new spesiealso resemble€.  \joinamensis are  bigger than C. oleifera The
gauchowensi€hang morphologically, but the latter can begjgnificantly different irreqularly striated exine also
distinguished from the new species by the followingshowed thaC. hainanicawas a new species.
characters: current year branchlets glabrous, styles 5 distinct, Thus, the critical morphological comparison suggests
fruit pericarp green and glosgfhang 1961) A detailed that the plant represents an undescribed new species

comparison oéll the species is summarized in Table 1. belonging toC. sect.Oleifera
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Table 1. Morphological comparison amongCamellia hainanicaand similar species.

| Camelliavietnamensis

Camellia crapnelliana
reddish brown, yong glabrou

Camellia gauchowensis |

| Camellia oleifera

Camellia hainanica

Characters

grayish brown, yong
pubescent, old glabrous

old pubescent
elliptic or oblongelliptic

elliptic or oblongelliptic

grayish brown, glabrous

reddish brownpubescent

reddish brown, pubescent

Branchlets

elliptic
5i8x 34.5cm

elliptic, oblongelliptic, or obovate

elliptic or oblongelliptic

Leaf shape
Leaf size

5-10x 25 cm
6i 10 cm in diam

7-13x 35cm
7-10 cm in diam

3i10x24cm
4i6 cm in diam.

5i8x 23 cm
6i9.3 cm in diam.

6i 7.5cm in diam.

Flower size
Bracteoles and sepa

1020
7-8, 33.8x 1.52.6 cm
1-1.2 cm, glabrougistinct

8i1l
517,2535x%x1525cm

10-12 or more

5i7,3i4.5x 1.53 cm
1.211.5 cm, glabrous; outer filamer 1.5 cm, glabrous; outer filament

9,4.56x 34.5cm
1.2-1.7 cm, glabrous, outer
filament whorl basally conna

6-8, 35.51.5x 3.5cm

Petals

filaments

1-1.8 cm, glabrous, outer
tomentose, -locular

whorl basally connate
tomentose3-loculed

whorl basally connate
tomentose, ¥-loculed

3i 4, apically 34-partedor distinct

Stamens

tomentose, &-locular

tomentose, %B-loculed

Ovary

5, distinct nearly to base, 3-4, few 5, free to the base ( apically 3lobed to 3parted,

apically 3lobed to 3parted,

nearly to baselabrous or base

Styles

glabrous slight pilose at the base  glabrous or basmentose

glabrous or base tomentose

tomentose

4i6 cmin diam., pericarp
green, surface rough and
brownish fufuraceous

8-12 cm in diam, surface
rough and brownish
furfuraceous

green, glossy

4-7 cm in diam., pericarp

2i4 cmin diam., pericarp green
glossy

3i6 cm in diam., pericarp brown,
rough

Fruit
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Camellia hainanicaYL Zhao et ZG Xu, sp. nov. (Figs. 4
and 5)

Type: China. Hainan Province: Chengmai County,
Changshu Village, elev. 80 m, 19°38' 25.56" N, 110°0'
56.02" E, 26 Aug 2017, YL Zhao & ZG Xu
170801(holotype: SYS! isotype: IBSC!).

Diagnosis: Species affinis C. oleiferae Abel., sed
capsulis majorius % cm in diametric, pericarpio
brunneo aspero differt.

Description: Small trees, #8 m tall. Young branches
grayish brown; current year branchlets reddish brown,
pubescent. Petiole i3 mm, pubescent; leaf blade
elliptic or oblongelliptic, 518x 213 cm, leathery,
abaxially pale green and glabrous, adaxially dark green
and hirtellous along midvein or glabrescent, midvein
raised on both surfaces, secondary vein8 6n each
side of midvein, abaxially slightly raised or invisible,
and adaxially slightly impressed, base broadly cuneate
or cuneate, margin serrulate, apex acute shortly
acuminate and with an obtuse tip. Flowers solitary or
paired, axillary or subterminal,i8.3 cm in diam.,
subsessile. Bracteoles and sepalsi 120 or more,
caducous, margin ciliolate; outer bracteoles and sepals
semiorbicular, 13 mm, glabrous; iner bracteoles and
sepals sepaloid, ovate to suborbicular, 0.8 to 1 cm,
outside tomentose, inside glabrous, margin ciliolate.
Petals 57, white, distinct, obovate,i3.5x 1.53 cm,
apically 2parted or emarginate. Stamensill®d cm,
glabrous; outer filam@ whorl basally connate for-2
mm. Ovary tomentose,id-loculed; styles B4, 1i 1.5

cm, glabrous or base tomentose, apical§-Barted or
distinct nearly to base. Capsule globose or compressed
globose, 86 cm in diam., B4-loculed with 1 3 seeds
per locue; pericarp 35 mm thick when dry, woody,
brown, rough, splitting into 1% valves, Seeds brown,
semiglobose, 22.5cm in diam.

Phenology:Flowering Nov Dec; Fruiting Aug Oct.

Etymology: Th e s pec i fainanicae pmé &a e s
species is collected from Hainan Island, China.

Distribution and habitat: So far,Camellia hainanicas
known from its type locality, Chengmai County in Hainan,
China. It occurs in evergreen broadleaved forests edges or
along village. Accordig to our field survey, three
populations are found from two towns (Jinjiang Town and
Honggang Town) of Chengmai County, respectively.

Paratypes: China. Hainan Province: Chengmai County,
Changshu Village, elev. 80 m, 19° 38' 25.56" N, 110° 0'
56.02" E, 15Nov. 2016, YL Zhao & XG Shi 161131

" SYS ; Chengmai County, Beifang Village, elev. 83 m,
19°38' 11.20" N, 109°59' 20.40" E, 21 Oct. 2016, YC
Tang & L Wu 161021 (ZNL); Chengmai County,
Honggang Village, elev. 85 m, 19°34' 00" N, 110°03' 20"
E, 30 Oct. 2016l Wu & W Zhang 161030 (ZNL).
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Fig. 3. SEM photographs of pollen grains showing the morphological differences beBaesgllia hainanica(A) and related
Camelliaspp,Camellia oleifera(B), Camellia gauchowensi€), Camelliaviethamensig¢D).
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Fig. 4. Camellia hainanic&Zhao et Shsp.novA. Flowering branch; B. Fruiting branch; C. petals; D. pistil, showing tomentose ovary
and 34 styles; E. Partial stamens, showing outer filament whorl basally connate; F. Partial ésaateblsepals; G. Loculicidal
capsule, apical view(left) and bottom view(right) ; H. Seed; I. Two distinct stamens; J. Leaf. (Drawn by NSy lwiu.).
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Fig. 5.Camellia hainanicaZhao et Shi. A. Habitat, in forest edges; B. Fruiting branch; C. Flagidnianch; D. Anatomical structure
of a flower, showing petals, stamens, pistil, and partial sepals; E.Capsule; F. Loculicidal capsule and three seeds.



