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Plants in the genus Erythrina belong to the family FABACEAE. There are six species distributed in Thailand
(Erythrina fusca Lour., Erythrina stricta Roxb., Erythrina crista-galli L., Erythrina subumbrans (Hassk) Merr., Erythrina
variegata L., and Erythrina indica Lam.). Due to the similarity of the morphological characters and synonym in a
vernacular name, the identification of these species is ambiguous. Therefore, an accurate investigation of their
identities is essential. This research aimed to distinguish six Erythrina spp. through the macroscopic, microscopic,
and molecular genetic analyses. The anatomical characteristics of each species (cross section of midrib) and the
constant values of leaves including stomatal number, epidermal cell number, stomatal index, epidermal cell area,
vein islet number and palisade ratio were investigated. The macroscopic characters and anatomical characteristics
of the midrib of six investigated Erythrina species were illustrated. The stomatal type of all six species was paracytic
type which was consistent with unique characteristics of plants in this family. In terms of microscopic leaf constant
numbers, the stomatal number and stomatal indices in lower epidermis among these six species were overlapping,
whereas the stomata in the upper epidermis were found only in E. crista-galli, E. subumbrans and E. variegata (60-
136, 12-44 and 4-28 stoma/mm? respectively). E. crista-galli demonstrated the highest number of upper stomata
which could be used as an indicator for the identification. In addition, E. subumbrans and E. variegata exhibited
distinct upper epidermal cell number (1080-1820 and 404-532 cell/mm? respectively). This study revealed the
overlapping of the palisade ratio among six Erythrina species. Nevertheless, vein islet number could be used to
identify £. subumbrans from other species (12.75-20.75 and 3.50-11.00 cell/mm? respectively). Moreover, the cross
sections of the midrib of six investisated Erythrina species revealed the distinguished arrangement of tissue
especially the vascular bundle. None of the trichome was found in these species. Additionally, the nucleotide
sequences of five regions; ITS, matK, psbA_trnH, rpoC and ycf1 gene, were evaluated and compared among these
species and 2 outgroups. The sequence lengths of gene among six Erythrina species were 650, 790, 375, 416 and
634 base pairs in length, respectively. The genetic relationship was demonstrated as phylogenetic tree constructed
from each gene region. All studied of Erythrina were classified into 6 groups. E. stricta and E. subumbrans were
close related these other species. In conclusion, leaf macroscopic and microscopic characteristics of six Erythrina
species distributed in Thailand, both qualitative and quantitative, could be used as a tool for these plants
authentication. Molecular genetic characteristics using ITS, matK, psbA_trnH, rpoC and ycfl gene sequences

provided valuable information to evidently support the identification of six Erythrina species.
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CHAPTER |
INTRODUCTION

Background and rationale

Up to now, the World Health Organization (WHO) estimates that 80 percent of
the world's population still uses traditional remedies, including plants, as their primary
health care tools. Medicinal plants have been consumed as food and used as
medicinal remedies for a long time, and they are world-widely known for their
medicinal significance over the past decades. Therefore, the identification of plant

materials is the first priority for ensuring the standardization of herbal medicine.

The genus Erythrina belongs to the FABACEAE family. The origin of the name
Erythrina comes from the Greek word “erythros” which means red, alluding to the
bright red flowers of the trees in the genus [1]. The genus Erythrina consists of 110
species of trees, shrubs, and herbs. This genus is indigenous to the tropics and possibly
originated from India and Malaysia [2]. There are six species of the genus Erythrina
which have been recorded in Thailand [3]. Five of them are considered to be native to
Thailand including E. fusca Lour. (= E. glauca and E. ovalifolia), E. stricta Roxb. (= E.
suberosa), E. subumbrans (Hassk) Merr., E. variegata L., E. indica Lam., whereas the

other one, E. crista-galli L., is exotic [3, 4].

Plants in Erythrina species have been used in the traditional system for the
treatment of various ailments and found to have high medicinal values such as anti-
inflammatory, antipyretic, neurosedative, anti-asthmatic, broken bones healing,
antiepileptic, hypotensive, uterine stimulant, diuretic, antibacterial, antifungal,
antiyeast and antimalarial activities [1, 5]. Because of the similarity in morphology and
synonym in vernacular name of plants in this genus in Thailand, the identification of

the Erythrina species is still a problem.
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Macroscopic and microscopic examinations together with a genetic analysis
have played a key role in medicinal plant identification. These are important
parameters for plant authentication for the sake of standardization and quality
assurance purposes, which are used for authenticity of plants. Macroscopic identities
are based on the authentication of their gross morphological characters and
organoleptic properties such as size, shape, colour, flowers or fruit that are visible with
naked eyes. The microscopic examination is a conventional, rapid and inexpensive
method to identify plant anatomical structures under a microscope based on midrib
cross section of mature leaf, and to indicate histological characters of powdered crude
drugs. The microscopic leaf constant numbers is one of the quantitative microscopic
evaluations, which could be effectively used to distinguish some closely related

species unclearly characterized by qualitative microscopic evaluations.

Recently, DNA technology is widely used because of the unique of genetic at
genus and species levels. The identification using molecular markers has been widely
applied in medicinal plant variation. Molecular based on polymerase chain reaction
(PCR) has been extensively used because they are a powerful tool to evaluate genetic
diversity and to provide a genetic relationship of plants [6]. Molecular markers are less
affected by age, physiological and environmental conditions [7]. Moreover, a
complementary with other analytical molecular methods provide important
supporting evidence [8]. Plant genomes are more complex than other eukaryotic
organisms due to the presence of multiple chromosome, nuclear genome, chloroplast
genome and mitochondrial genome. A specific region of DNA sequence in plant
genome has been used as a modern genomic tool for herbal plant identification. The
sequence resulted from DNA markers such as TS, matK, rpoC, psbA trnH and ycf1 are
mostly used for plant identification. Chloroplast as well as mitochondrial and nuclear

genes have been utilized for sequence variation study.

The quantitative microscopic evaluation of E. fusca, E. stricta, E. crista-galli, E.
subumbrans, E. variegata and E. indica have never been established. Therefore, this

research aimed to study the anatomical characteristics of each species using cross
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section of midrib and to investigate the constant values of leaves including stomatal
number, stomatal index, epidermal cell number, epidermal cell area, vein islet number
and palisade ratio, for the identification and molecular evaluation of five DNA markers
(ITS, matK, rpoC, psbA trnH and ycfl), which is this phylogenetic relationship

investigation among Erythrina species distributed in Thailand.

Research gap

1. The identification based on midrib cross section and the microscopic leaf
constant numbers: stomatal number, stomatal index, palisade ratio, vein islet
number and epidermal cell area of E. fusca, E. stricta, E. crista-galli, E.

subumbrans, E. variegata and E. indica have never been established.

2. The molecular evaluation of E. fusca, E. stricta, E. crista-galli, E. subumbrans,
E. variegata and E. indica using phylogenetic relationship regarding DNA
sequencing data of the ITS, matK, rpoC, psbA trnH and ycf1 have never been

investigated.

Objectives of the study

1. To establish leaf anatomical characteristics and microscopic leaf constant
numbers of E. fusca, E. stricta, E. crista-galli, E. subumbrans, E. variegata and

E. indica.

2. To distinguish Erythrina species using phylogenetic relationship regarding DNA
sequencing data of the ITS, matK, rpoC, psbA trnH and ycfl.
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Benefit of the study

1. This study provides the leaf characteristics among E. fusca, E. stricta, E. crista-

galli, E. subumbrans, E. variegata and E. indica.

2. This study provides specific molecular markers for E. fusca, E. stricta, E. crista-

galli, E. subumbrans, E. variegata and E. indica.
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The conceptual framework

Erythrina fusca, E. stricta, E. crista-galli, E. subumbrans,

E. variegata and E. indica distributed in Thailand

N \

[ Molecular evaluation

J

[ Macroscopic and Microscopic characterization

7

—[ Macroscopic characterization ] ( )
DNA Extraction by DNeasy®

Mini Kit
—[ Whole plant ] - J

[ PCR amplification ]

*[ Microscopic characterization ]

7

DNA sequencing of ITS, matK,

Transverse section of midrib ]
rpoC, psbA trnH and ycf1

\.

7’

Microscopic leaf constant numbers ]

.

Two outgroup plants of

7

Stomatal number ] Millingtonia hortensis and

Pterocarpus indicus
Stomatal index ] |

[ Phylogenetic tree ]

Epidermal cell number ]

Epidermal cell area ]

Palisade ratio ]

Vein islets number ]




CHAPTER Il
LITERATURE REVIEW

The taxonomic hierarchy of the genus Erythrina can be classified as follows;

Scientific classification [9]

Kingdom: Plantae
Subkingdom: Viridiplantae
Superdivision: Embryophyta
Division: Tracheophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae

Genus: Erythrina

The genus Erythrina

Erythrina is the genus of trees, shrubs and herbs. Erythrina species are
distributed throughout the tropics and extended into warm temperate areas such as
South Africa, the Himalayas, southern China, the Rio de la Plata region of Argentina and
southern United States. Most species are trees or shrubs, but about ten species which
occur in climates with pronounced dry and cool seasons are perennial herbs with large

and woody rootstocks [10].

Morphology of the genus Erythrina

Because of their characteristic trifoliate leaves, Erythrina has been placed
traditionally in the subtribe Erythrininae of the tribe Phaseoleae [11]. The trunk, young
branches, petioles and petiolules are often armed with blunt, conical thorns or

recurved prickles. Leaves are pinnately trifoliate, often clustered at the ends of


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=954898
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=954900
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846496
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18063
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=500022
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=500059
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branches; leaflets are broad-ovate, elliptic, often deltoid or rhomboid, entire, lateral
leaflets often asymmetric, terminal leaflet largest, symmetric; stipels are fleshy,
glandlike, turning black upon drying, usually one at base of lateral leaflets, paired
stipels at base of terminal leaflet; stipels are small, ovate, or linear, caducous or
persistent. Erythrina species exhibit great diversity in floral structure, inflorescence
orientation, fruit morphology, seed coat coloration, and vestiture and epidermal
ornamentation of foliage and calyces. Flowers appear before or with the first leaves,
very showy, mostly red, some salmon, pink, orange or yellow, solitary, paired or

fasicled in erect, terminal racemes leafy at the base or in axillary racemes [12].

The diversity of floral structure reflects adaptation to different pollination
mechanisms. All Erythrina species have red or orange flowers with copious nectar and
are adapted to pollination by nectivorous birds. All 42 paleotropical and some 15 of
the neotropical species are pollinated by perching birds of the order Passeriformes;
inflorescences of passerine-pollinated species are oriented in such a way that the birds
can perch while feeding on the floral nectar. The corolla standard is usually broad,
and the flowers are open with exposed reproductive parts. Pollen is deposited on the
feeding bird's breast. The diversity of size, form and orientation of passerine-
pollinated Erythrina flowers would appear to reflect variation in the size, morphology
and behaviour of the pollinators [11]. The remaining 55 neotropical species are
pollinated by hummingbirds. The corolla standard of hummingbird-
pollinated Erythrina is narrow and conduplicately folded to form a pseudotube
concealing the wing and keel petals as well as the reproductive parts. The flower
resembles the tubular corollas of many gametopetalous hummingbird-pollinated
plants, but the pseudotube is not sealed on the ventral side where the margins of the
corolla standard meet. The inflorescence of the hummingbird-pollinated species is
erect, and the flowers are oriented outward, providing no perch for the hummingbirds,

which are the only nectivorous birds which hover while feeding [13].
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Plant description of Erythrina species distributed in Thailand

Scientific name: Erythrina fusca Lour.
Synonyms: Erythrina caffra, Erythrina glauca, Erythrina viarum

English names: purple coraltree, gallito, bois immortelle, bucayo, and the more

ambiguous "bucare" and "coral bean"

Thai Name: Thong long (na4l#as), Thong lang nam (Vlawam‘nfﬂ), Thong lang ban

(Noansuu) [4]

Description:  “E. fusca is a free-growing tree that can reach 20 m in height. The stems
of young E. fusca have sharp thorns that become warts or very thick thorns in adult
trees. Its leaves are trifoliate with green folioles on the front and whitish-green folioles
on the back, coriaceous or semicoriaceous, ovate with a maximum width of 10 cm and
a maximum length of 17 cm. Some authors cite that the tree is deciduous. In Colombia
it is considered an evergreen species. In droughts a slight defoliation can be observed,

but as soon as flowering begins new leaves appear [14].”

Location found in Thailand: All over the country, often planted as an ornamental

Distribution: Neotropics, Asia, Oceania, Madagascar, Mascarene and Africa

Figure 1 E. fusca Lour; (A) inflorescences, (B) leaves, (C) stem and (D) habitat
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Scientific name: Erythrina stricta Roxb.
Synonyms: Erythrina suberosa, Erythrina maxima
English names: Indian coral tree, Corky coral tree

Thai Name: Thong duean ha (n@4tfiaun), Thong lang pa (Meswmansd), Chao (147),
Thong ki (1947), Thong khae (Ma3uA), Thong bok (Masun), Thong nam (MasnwIw), Thong

lueang (MouLaBY) [4]

Description:  “E. stricta is a deciduous tree, to 10 m high, bark grey, corky, deeply
cracked; branchlets tomentose, armed. Leaves trifoliate, alternate; stipules about 5
mm long, lateral, lanceolate; rachis 7.5-12.5 cm long, stout, puberulent, pulvinate;
petiolule upto 10 mm; stipels gland like, leaflets 5.5-12 cm, rhomboid-ovate, base
deltoid or truncate, apex acute or obtuse, margin entire or sinuate, glabrous above
and wooly pubescent beneath, coriaceous; 3 ribbed from the base, lateral nerves 4-5
pairs, pinnate, prominent, intercostae reticulate, faint. Flowers bisexual, about 4 cm
long, bright scarlet, in axillary and terminal racemes; bracts lanceolate, cauducous;
calyx tube about 5 mm long, campanulate, splitting to become bilabiate, glabrous;
corolla exserted; petals 5, standard oblong, 3.8 cm, sessile, the wings minute, keels
about 1.8 cm long, connate; stamens 10, monadelphous, the vexillary filament free in
the upper two thirds; filaments 6 and 8 mm; anthers uniform; ovary inferior, oblong,
downy-pubescent, stipitate, 1 celled, ovules many; style to 1 cm, curved, subulate at
apex, not bearded, stigma capitate. Fruit a pod, to 15 cm long, linear-falcate, torulose,
follicular, with spongy packing between seeds; seeds 2-5, dark reddish-brown,

subreniform [15].”

Location found in Thailand: Kanchanaburi, Loei, Chiang Mai, Nakhon Ratchasima,

Prachin Buri, Saraburi

Distribution: China, India, Nepal, Bhutan, Myanmar, Cambodia, Laos, Thailand and

Vietnam



Figure 2 E. stricta Roxb; (A) inflorescences, (B) leaves, (C) stem and (D) habitat
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Scientific name: Erythrina crista-galli L.
Synonyms: Erythrina speciosa, Corallodendron crista-galli, Erythrina fasciculata

English names: Brazilian coral tree, cock's comb coral tree, cockspur coral tree, coral

tree, crybaby tree, fireman's cap tree
Thai Name: Thong lang hong kong (n1841a19884n4) [4]

Description: “Coral tree is a spiny, deciduous shrub or small tree that can grow 10 m
tall. The older stems are brown or greyish in colour and have moderately rough bark.
Younger stems are greenish in colour, shiny, and hairless (i.e. glabrous). The stems and
leaf stalks (petioles) are sparsely covered with sharp thorns or prickles that
are occasionally hooked (recurved). The alternately arranged leaves are borne on stalks
(petioles) 10 cm long and are trifoliate. These leaflets are egg-shaped in outline (ovate)
or oval (elliptic) in shape. They are hairless (glabrous), with entire margins and pointed
tips (acute apices). The two side leaflets are borne on thin stalks that are 5-10 mm
long, while the end leaflet has a stalk that is significantly longer (30-40 mm long). The
flowers are scarlet red to dark red in colour and pea-shaped in appearance (5 cm long).
They are borne in large, loose, elongated clusters (8-30 cm long). The largest and
uppermost petal of each flower is bent upwards or backwards when the flowers are
fully open. Flowers also have two inconspicuous side petals (laterals or wings), that
are about 10 mm long, and a folded lower petal about 3.5 cm long. These flowers
also have five sepals that are fused into a tube (calyx tube) about 10 mm long, and
ten long stamens. The filaments of nine of these stamens are fused together into a
tube, while the stamens are diadelphous. The ovary is very elongated in shape and is
topped with a style and a small stigma. Flowering occurs mostly during spring and
early summer. The fruit are large elongated pods (8-22 cm long) that turn from green
to dark brown or blackish in colour as they mature. These pods are sometimes
somewhat curved and gradually taper to a pointed tip (acute apex). They contain
several seeds, with slight constrictions between each of the seeds, but are otherwise

cylindrical in shape. The large and hard seeds (about 15 mm long) are slightly kidney-
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shaped (reniform), dark brown or blackish in colour, and often with a somewhat

mottled appearance [16].”

Location found in Thailand: All over the country, especially Bangkok.
Distribution: South America (i.e. eastern Brazil, Bolivia, Peru, Paraguay, Uruguay and

northern Argentina), Asia (Hong Kong, Thailand)

Figure 3 E. crista-galli L.; (A) Inflorescences, (B) leaves and (C) habitat
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Scientific name: Erythrina subumbrans (Hassk.) Merr.
Synonyms: Erythrina lithosperma, Erythrina holoserica, Erythrina sumatrana
English names: December-tree, Dadap of Malaysia

Thai Name: Thong lang bai mon (naaiansluyy), Thong mit khut (ﬂna&ﬁmyfﬂ), Thong

lang (Mo9nana) [4]

Description: “E. subumbrans is a deciduous, medium-sized tree which can reach 10-
20 m tall. The crow spreads and the bark is whitish. The trunk and branches are armed
with stout prickles while in cultivation. It is mostly unarmed. The leaves are arranged
alternate and with three leaflets. The leaflets are ovate-triangular-rhomboid, with
terminal one belong largest and measuring 8-16 cm. The base is rounded or cordate,
acuminate at apex and hairless. The inflorescence is a racemes at the upper leaf axils.
It is 5-23 cm long and brown-hairy. There are many flowers arranged in groups of 3.
The peduncle is cylindrical, robust, measures 3-15 cm long and pubescent. The pedicel
is 3 mm long, where in fruit it is up to 6 mm long. The sepal is bell-shaped. Measure
1-1.5 cm long, splits open halfway down, hairy and yellow green. The 5 petals are red
where the upper part is broadly elliptical, shortly clawed, measure 3 cm, scarlet and
with numerous white stripes at the base inside. The wings are as long as the keel or
slightly longer. They are about 1.5 cm long, and pale red with a blackish at the upper
margin. There are 10 stamens which are 3.5 cm long, monadelphous but with vexillary
stamen slightly shorter than the other ones. The pistil is with a hairy ovary. The pod is
flat, curved, measure 10-15 cm long and on a slender stalk 4.5 cm long. The lower
part is seed and it 2-2.5 cm wide. While the upper part is thicker which is 1.5 cm wide
and 1-5 seeded. It is septate between the seeds and dehiscent. The seed is ellipsoid,

measuring 7.18 mm x 5-11 mm, smooth and dull black [17].”
Location found in Thailand: Chiang Mai, especially Bangkok

Distribution: Tropical Asia; Thailand, China, India, Sri Lanka, Myanmar, Laos, Vietnam,

Malaysia, Indonesia, Philippines



Figure 4 E. subumbrans (Hassk.) Merr; (A) inflorescences, (B) leaves and (C) stem
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Scientific name: Erythrina variegata L.

Synonyms: Erythrina variegata var. orientalis, Corallodendron orientale, Chirocalyx

candolleanus Walp., Chirocalyx divaricatus Walp.

English names: Indian coral tree, Tiger’s claw, Variegata coral tree, Variegata tiger’s

claw

Thai Name: Thong lang lai (nawa19a18), Thong lang dang (MaI%a19914), Thong ban

(1N99U7U), Thong phueak (MasLiien) [4]

Description:  “E. variegata is a thorny deciduous tree growing up to 27 m in height.
The dense, oblong to rounded crown is low-branching with many ascending branches.
Inflorescence of many flowered fascicles occurs in terminal or axillary racemes up to
20 cm or more long. Calyx is top-shaped, deeply split along one side, 1-1.8 cm long,
on a pedicel 2-5 mm long. Corolla is papilionaceous; standard is short-clawed, ovate
to subelliptic, 3-4 cm long, red-orange with longitudinal white lines; wings are about
half as long as the standard, greenish to pale red; keel is as long as the wings, greenish
to pale red. Ovary is superior, stamens 10, diadelphous, with 9 fused together at the
base, enclosed within the keel. Leaves are trifoliate, alternate, bright emerald-green;
rachis is mostly 20 cm petiole and three leaflets, each leaflet up to 20 cm long and
broad. Fruit a compressed, narrowly oblong pod 10-14 cm long, sterile in the basal
portion, and not constricted between the 5-10 dark brown seeds. Seeds are kidney-

shaped, dark purple to red, and 1-1.5 cm in length [2].”

Location found in Thailand: All over the country, often planted as an ornamental

tree

Distribution: Distributed worldwide, especially in Africa, China, Japan, Taiwan, India,

Thailand and Myanmar



Figure 5 E. variegata L.; (A) inflorescences, (B) leaves, (C) stem and (D) habitat
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Scientific name: Erythrina indica Lam.

Synonyms: Erythrina variegata orientalis, Erythrina variegata parcelli, Erythrina

variegata picta
English names: Indian Coral Tree
Thai Name: Thong lang bai mon (nasanslusu) [18]

Description:  “E. indiica is a medium-sized, spiny, deciduous tree normally growing to
6-9 m (occasionally 28 m) tall and 60 cm. Young stems and branches are thickly armed
with stout conical spines up to 8 mm long, which fall off after 2-4 years; rarely, a few
spines persist and are retained with the corky bark. Bark smooth and green when young,
exfoliating in papery flakes, becoming thick, corky and deeply fissured with age. Leaves
trifoliate, alternate, Leaflets are green in colour [19], on long petioles 6-15 cm, rachis
5-30 cm long, prickly; leaflets smooth, shiny, broader than long, 5-15 cm, ovate to
acuminate with an obtusely pointed end. Leaf petiole and rachis are spiny. Flowers in
bright red to scarlet erect terminal racemes 15-20 cm long; stamens slightly protruding
from the flower. Fruit a cylindrical torulose pod, green, turning black and wrinkly as
they ripen, thin-walled and constricted around the seeds. There are 1-8 smooth,

oblong, dark red to almost black seeds per pod [20].”

Location found in Thailand: All over the country, often planted as an ornamental
tree
Distribution: Native to Asia such as Taiwan, southern China, Philippines, Indonesia,

Malaysia, Thailand, India, as well as eastern Africa



Figure 6 E. indica Lam; (A) leaves
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Ethnomedicinal uses of Erythrina species distributed in Thailand

Plants of the genus Erythrina have long been widely used as ethnomedicine
in worldwide. This plants in Eryhtrina genus are utilized for a wide array of human

diseases. The ethnomedicinal uses of selected Erythrina plants are summarized in

Table 1.
Table 1 Ethnopharmacological uses of Erythrina
Species Part utilized Uses Locality Reference
E. fusca Bark Migraine Peru [21]
Bark Infection
Bark wounds
Flowers antifungal Thailand [22]
Bark and Leaves  Anti-inflammatory
Food
Leaves (miang kham)
Seeds Skin infections Indonesia [23]
Seeds ltching
E. stricta Bark Epilepsy India [24]
Bark Leprosy
Stem bark Edema Thailand [25]
E. crista-galli Leaves Anti-hemorrhoids  Argentina (26, 27]
Bark Diarrhea
Bark Respiratory tract
Bark Infection
Stalk Urinary tract
Stalk infection
Antiseptic

Narcotic




Stalk and leaves Antimicrobial Brazil [28]
Astringent in
wound healing
Throat infections
Leaves Milk of Ascaris Thailand [29]
lumbricoides
Leaves Analgesic
E. Leaves Menorrhagia East [30]
subumbrans Indian
Leaves Headache Thailand [25]
Leaves Broken bone [31]
healing [32]
Leaves Abscess
Leaves Tuberculosis
E. variegata Bark Antipyretic Andaman [33]
s Islands
Bark Epilepsy India [34]
Bark Stomachache
Bark Swelling New [35]
Guinea
Bark Amenorrhea Rotuma [36]
Bark Conception
Bark Dysmenorrhea
Flowers Antipyretic Brazil [37]
Flowers Sedative
Flowers Antiasthmatic
Leaves Induce India [38]
menstruation [39]
Febrifuge
Bark Anti-inflammatory  Thailand [40]

41



E. indica Roots and bark Menstrual India [41]
Bark regulator
Bark and Antipyretic
leaves Anthelmintic
Bark Astringent [42]
Bark Expectorant [43]
Bark Eye drops [34]
Bark Antibilious
Leaves Stomach upset
Leaves Stimulation of
Leaves milk Laxative
Leaves Diuretic
Aphrodisiac
All plant part Drugs solution Thailand [44]
Stem bark Sedative
Root Apthous ulcer
Erythrina Leaves Antipyretic Solomon [45]
species Leaves Analgesic Islands [46]

a2
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Chemical constituents of Erythrina species distributed in Thailand

The phytochemical data analysis allowed the verification of a predominance
of alkaloids, flavonoids and pterocarpan in the Erythrina genus. Erythrina alkaloids are
characteristic of this genus with over one hundred structural derivatives described to
date [47]. Some important alkaloids, flavonoids and pterocarpan that are distributed
within plants from the Erythrina genus are erytharbine, erythrartine, erysotramidine,
erysotrine [1] erythratidinone, erythrabyssinll [48] and new pterocarpan [49],
respectively shown in Figure 7. It is noteworthy that a characteristic feature of these

alkaloids is the spiro structure in the rings bearing the nitrogen atom.

Chemical Name: Erytharbine
Molecular Formula: C;gH;gNO,4

IUPAC Name: (9bS,11R)-10,11-dihydro-7,8,11-trimethoxy-2H-Indolo[7a,1-a]

isoquinolin-2-one

Molecular Weight: 325.36




aq

H CO
3

H CO
3

Chemical Name: Erythrartine
Molecular Formula: CygH,3NO4

IUPAC Name: (2R,9R,13b5)-2,6,8,9-tetrahydro-2,11,12-trimethoxy-1H-Indolo[7a,1-a]

isoquinolin-9-ol

Molecular Weight: 329.39

Chemical Name: Erysotramidine
Molecular Formula: CygH,;NO,4
IUPAC Name: (3f3)-1,2,6,7-tetradehydro-3,15,16-trimethoxy-,Erythrinan-8-one

Molecular Weight: 327.37




a5

H CO
3

H CO
3

Chemical Name: Erysotrine
Molecular Formula: C;gH»3NO5
IUPAC Name: (3f3)-1,2,6,7-tetradehydro-3,15,16-trimethoxy-Erythrinan

Molecular Weight: 313.39

H CO
3

H CO

Chemical Name: Erythratidinone
Molecular Formula: CygH,3NO,4
IUPAC Name: (3R)-(9CI)1,6-didehydro-3,15,16-trimethoxy-Erythrinan-2-one

Molecular Weight: 329.39
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Chemical Name: Erythrabyssin lI
Molecular Formula: Cy5Hp50,
IUPAC Name: 3,9-dihydroxy-2,10-diprenylpterocarpan

Molecular Weight: 392.495

OCH
3

Molecular Formula: Cy;H,405

IUPAC Name: 3-hydroxy-10-(3-hydroxy-3-methylbutyl)-9-methoxypterocarpan

Molecular Weight: 379.15

Figure 7 The structure of alkaloid, flavonoid and pterocarpan


https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C25H28O4&sort=mw&sort_dir=asc

Pharmacological investigations of Erythrina genus

Analysis of biological activity shows the wide variety of biological activity of

plants from selected Erythrina genus are shown in Table 2.

Table 2 Biological activity of Erythrina genus

Species Part of the

plant

Uses Location

Reference

E. fusca Leaves

Hypotensive Thailand
Uterine stimulant

Diuretic

(50]

Seeds

Central Nervous Indonesia
System

depressor

E. stricta Stem

Leaves

Spasmolytic India
Hypotermic
Diuretic
Anticonvulsant
Analgesic
Antiviral
Anti-fungal
Anti-yeast

Anti-protozoan

Cytotoxic

Leaves and

seed oil

Anti-bacterial Thailand

Anti-fungal

E. crista-galli Bark

Anti-inflammatory  Argentina
Anti-bacterial

Anti-fungal

Flowers

Anti-mutagenic  Unspecified
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Fresh fruit, Anti-phagocytic Greece [56]
leaves and
stem
Leaves Anti-fungal Egypt [57]
Anti-bacterial
Leaves and Cytotoxic Brazil (28]
stem Antiviral
Leaves and Animal repellent Germany (58]
stem
Root and stem Anti-bacterial Bolivia [59]
Bark Anti- [60]
mycobacterial
Seeds Trypsin inhibition Uruguay [61]
E. All plant part Fetal anti- India [62]
subumbrans implantation
Uterine stimulant
Anti-tumoral
Abortive effect
E. variegata Bark Anti-gastric ulcer Japan [63]
Bark and leaves Inhibition of plant India [64]
Seeds oil germination and [65]
growing [66]
Stem Anti-bacterial [67]
Anti-fungal
Juvenile hormone
activity
Bark Phospholipase A2 Samoa [68]
Inhibitor
Stem bark [69]
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Prostaglandin

synthesis
inhibitor
Central Nervous [70]
System effects
Spasmolytic
Flowers Anti-yeast Thailand [71]
Anti-bacteria
Fresh fruit Anxiolytic Brazil [72]
Flowers Anti-inflammatory  Vietnam [73]
Leaves Skeletal muscle [74]
relaxing
Roots Inhibitor of Taiwan [75]
glutamate
pyruvate
transaminase
Leaves Antispasmodic India [52]
Cytotoxic [76]
Anti-yeast [52]
Roots Anti-bacterial
Anti-
mycobacterial
Stem bark Cytotoxic
Antispasmodic
Leaves Anti-tumoral Philippines [77]
E. indica Leaves Anti-fungal Egypt [57]
Leaves Anti-bacterial
Central Nervous Sri Lanka [78]

System




50

Depressor

Unspecified Stimulant and India
inhibitor of
lymphocyte

blastogenesis

Root bark Anti- Nigeria
mycobacterial

Stem bark Anti-bacterial

Cytotoxic
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Plant identification

The first step to categorize the herbal plant materials is the determination
according to their macroscopic and microscopic characteristics for establishing the
identity and the degree of purity of herbal plant materials. Visual by eyes based on
the appearance of morphological characteristic provides the simplest and quickest
inspection. However, macroscopic examination is sometime inadequate. It is often
necessary to combine with other methods such as microscopic, chemical constituents

or molecular analyses as shown in Figure 8.

<
Physical&Chemical authentication

A -

i

Blonser ~.

Molecular biology identification

Figure 8 The medicinal plants authentication methods
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Macroscopic and microscopic examinations

An examination to determine these characteristics is the first step towards
establishing the identity and the degree of purity of such materials and should be
carried out before undertaking any further tests. Wherever possible, authentic
specimens of the material in question and samples of pharmacopoeia quality should

be available to serve as a reference [82].

Macroscopic identity of medicinal plant materials is based on shape, size,
colour, surface, for example as shown in Figure 9 characteristics, texture, fracture

characteristics and appearance of the cut surface.

However, since these characteristics are judged subjectively and substitutes or
adulterants may closely resemble the genuine material, it is often necessary to
substantiate the findings by microscopic analysis [82]. Furthermore, microscopic
inspection of medicinal plant materials is indispensable for the identification of broken
or powdered materials. Both macroscopic and microscopic evaluations are acceptable

to be the first step for identification of plants.

Figure 9 Leaf pattern of Erythrina species
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Photomicroscope

Microscope evaluation is commonly conducted using a digital camera attached
above the microscope. The photograph is recorded with an attached digital camera
and examined under the photomicroscope using appropriated objective lens (5X, 10X,
20X and 40X magnifications) and eyepiece lens of a 10X magnification. The images are
recorded using AxioVision Release 4.8.2 program. The photomicrography is uniquely
qualified to be used for routine and advanced microscopic investigation of medicinal

plant materials [83].

Figure 10 The photomicroscope (Zeiss Axioskop, Germany) with an attached digital

camera (Cannon Power shot A640)
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Reagents for microscopic examination

The presence of various contents within the cell such as starch grain, plastid
and oil etc., may result in non-translucent section and obscure certain characteristics.
There are some reagents that can dissolve these contents and have been used to
make an infiltrating effect. Some of the most frequently used reagents are sodium

hypochlorite and chloral hydrate as described below [84].

Sodium hypochlorite solution

Sodium hypochlorite is used for bleaching deeply colored sections for
removing chlorophyll from the leaves [85]. The sections are immersed in sodium
hypochlorite solution for a few minutes until sufficiently bleached, then washed with

water and mounted with glycerol on the glass slide.

Chloral hydrate solution

Chloral hydrate is used as an aqueous solution, often added to glycerol to
prevent crystallization of the reagent when used as a temporary mounting reagent for
examination a variety of plant structures [86]. Chloral hydrate solution is gently heat.
Chloral hydrate dissolves starch grains, plastids and volatile oils and expands collapsed
and delicate tissue without causing any undue swelling of cell walls or distortion of

the tissues.
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Leaf microscopic characteristics
Transverses section of midrib

Regarding the qualitative microscopic evaluation, the transverse section of
midribs, veins vascular tissues and particular surface cytomorphological characters (i.e.,
trichomes, palisade cells, stomata, etc) can be used to distinguish the identity for plant
authentication based on each cell type, form, size and its distribution within midrib
cross section. Moreover, midrib anatomical character enables to detect the

contamination or adulteration in plant materials [87].

Types of stomata

In the mature leaves, five stomatal classification are consider the different types
which are distinguished by their forms and arrangement in the surrounding cells, [82]

as follows in Table 3.

Table 3 Type of stomata in plants are often available for mature leaves that are

distinguished by their forms and arrangement in the surrounding cells [88]

Types of The arrangement of  Surface view of epidermis
stomata the surrounding cells
Anomocytic or The stoma is

ranunculaceous  surrounded by a
(irregular-celled)  varying number of
type cells, generally not

different from those

of the epidermis.




Anisocytic or
cruciferous

(unequal-celled)

type

The stoma is usually
surrounded by three
or four subsidiary
cells, one of which is
markedly smaller than

the others.

Diacytic or

caryophyllaceous

(cross-celled)

type

The stoma is
accompanied by two
subsidiary cells, the
common wall of
which is at right angles

to the stoma.

<

Paracytic or
rubiaceous

(parallel-celled)
type

The stoma has two
subsidiary cells, of
which the long axes
are parallel to the axis

of the stoma.

56
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Microscopic leaf constant numbers

Microscopic leaf constant numbers used to identify between some closely
related species. It has great value for a quality of the medicinal plants based on their
specific characters. Microscopic leaf constant numbers can be measured by as the
stomatal number, stomatal index, cicatrix number, cicatrix index, trichome number,
vein-islet number, vein termination number and palisade ratio [89].

The pieces of plant are mounted onto a slide in water for observing cells, tissue
structures and microscopic leaf constant numbers under microscope with 10X, 20X

and 40X objective lens magnifications.

() Stomatal number and stomatal index

The average stomatal number is the number of stomata per square millimeter
of epidermis, midway between midrib of the leaf and its margin, while the stomatal
index is a percentage ratio of stomata number (S) to the epidermal cell numbers (E) in
the same unit area of leaf. The stomatal index (S) is calculated by using formula: SI =
(S/E+S)x 100. In recording results the range as well as the average value should be
recorded for each surface of the leaf and the ratio of values for the two surfaces [90].
However, previous study reported that the stomatal density on the upper surface of
E. velutina in Brazil was (264.60+16.83) whereas on the lower surface was (46.60 +

8.82) [91].

an Upper epidermal cell area

The epidermal cell number per square millimeter of upper epidermis, midway
between midrib of the leaf and its margin is counted. The epidermal cell area is
calculated by using formula: EA = (1 / E + S) x 10° um?. Epidermal cell area = 1 mm?/
E the surface of epidermal cells per square of leaf, where, E = number of epidermal
cells per square millimeter (mm?) in a given area of leaf, S = the number of stomata
in a given area of leaf. The number of epidermal cell on upper surface of leaf in 1
square millimeter (mm?) in each field is counted. The numbers of epidermal cells are
counted as the epidermal cell number, and epidermal cell area using the above

formula is calculated [88].
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() Palisade ratio

Palisade cells contain most of the chloroplasts which are subjected to the
photosynthesis. This is a type of photosynthetic cells in the mesophyll of leaves,
mostly just beneath the upper epidermal surface layer. The cell are elongated and
more cylindrical and arranged in one or more rather regular, relatively compact layer
near the ventral, or upper side of the leaf with the long axis of the cells perpendicular
to the leaf surface. Palisade ratio is the average number of palisade cells beneath one
epidermal cell of a leaf by counting the palisade cell beneath four continuous

epidermal cells [92].

Figure 11 Four upper contiguous epidermal cells with underlying palisade cells in

surface view

(IV)  Vein islet number
A vein-islet is the small area of green tissue surrounded by the veinlets. The
vein-islet number is the average number of vein-islet per square millimeter of a leaf

surface midway between midrib of the leaf and its margin [88].
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Molecular identification

The molecular method or DNA-based techniques have been wildly used for
herbal medicine technology and authentication of medicinal plant species. These
methods useful in case of medicinal plants are frequently substituted or adulterated
with other species or their morphological or phytochemically indistinguishable because
of their variable sources and chemical complexity. These techniques have been found
to be useful and accurate for determination of genetic variation in plants. DNA
methods are suitable for identifying medicinal materials because genetic composition
is unique for each individual irrespective of the physical forms of samples and are less
affected by age, physiological conditions, environmental factors, harvest, storage and
processing [93].

DNA (deoxyribonucleic acid) encode the genetic information of all known living
organisms including viruses. Eukaryotic organisms keep most DNA inside nucleus and
some DNA in organelles such as chloroplast genome, mitochondria genome, while
prokaryotes keep their DNA only in the cytoplasm [94].

Plant genomes are all the genetic materials in plant cell consist of nuclear
genome and organelle genome. The nuclear genome consists of inherited information:
it is crowed with nongenomic DNA. The organelle genome can be divided into two
parts; the mitochondrial genome which lacks inherited information, and the
chloroplast genome which is crowed with gene [95].

Currently, sequence comparison analysis with universal primers for organelle
DNA has been widely used in species identification, genetic diversity and phylogenetic

studies in many different plant species.


http://www.thaibiotech.info/what-is-dna.php
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DNA extraction

There are many alternative protocols for DNA extraction and the selected

protocol affects the quality and quantity of DNA.

CTAB method

DNA isolation by CTAB method is one of the most popular protocols. Many
different methods and technologies are available for the isolation of genomic DNA. In
general, all methods involve disruption and lysis of the start material followed by the
removal of proteins and other contaminants and finally recovery of DNA. This method
is modified from Doyle [96, 97]. Fresh young leaves are rapidly frozen in liquid nitrogen
and grounded into powder then lysed with the ionic detergent CTAB
(cetyltrimetylammonium bromide), which form an insoluble complex with nucleic acid
in a low-salt environment. Under these conditions, polysaccharides, phenolic
compounds and other contaminants remain in the supernatant and can be washed
away. Removal of proteins is typically achieved by organic solvent extraction. The DNA
complex is solubilized by raising the salt concentration and precipitated with ethanol

or isopropanol.

DNA extraction kit

One alternative to the DNA extraction kit method has been developed by
Qiagen. Beside DNA isolation by CTAB method, the commercial instant DNA extraction
kit is considered to be a widely isolation method. The technology makes use of spin
columns, which contain a silica-gel-based membrane that binds the DNA. The DNA
while bound to the membrane can be washed and cleaned from contaminants and
then eluted from the column (membrane) using water. This method is relatively
simple, saves time, does not contain harmful chemicals such as phenol or chloroform,
involves minimal handling, higher percent yields and the high quality of DNA, but this

method is expensive.
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Determination of DNA quantity and purity

DNA quantity and purity is also checked by spectrophotometer analysis and
agarose gel electrophoresis from the absorbance data of the sample DNA at 260 nm
and 280 nm. The purity of DNA sample is calculated from OD260/0D280, and its ratio

ranged from 1.8-2.0.

Agarose gel electrophoresis is a method to separate DNA or RNA molecules by
size. This is achieved by moving negatively charge nucleic acid molecules and agarose
matrix with an electric field electrophoresis. Shorter molecules move faster and

migrate faster than longer ones.

The obtained genomic DNA is then used as a DNA template for amplification.
There are several regions in the DNA from various origins that are used for studying the
divergence or identity of plants, such as nuclear genome, chloroplast genome, and

mitochondrial genome.

Nuclear genome

Nuclear genome is simply a DNA on the chromosome which has higsh capacity
in the nucleus. It contains genetic information given directly from parents; for that
reason, it is very useful, especially in forensic investigation. In terms of herbal drug, it
is widely used in DNA fingerprinting. The commonly used regions of the nuclear

genome is ITS [98].

Ribosomal DNA (rDNA)

Ribosomal DNA codes for ribosomal RNA (rRNA). The ribosome plays a role in
protein synthesis or polypeptide chain production. It consists of a tandem repeat of a
unit segment including non-transcribed spacer (NTS), external transcribed spacer (ETS),
18S, ITS1, 5.8S, ITS2, and 28S tract (Figure 12). rDNA tandem arrays are concerted
evolution because it has low rate of polymorphism. Therefore, the comparison of the
rDNA segments such as ITS region of the related species and phylogenetic analysis are

applicable [99].
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Internal transcribed spacers (ITS)

Internal transcribed spacers (ITS) contain two regions: 185-5.85 rDNA coding
regions (ITS1) and 5.85-28S rDNA coding regions (ITS2) [100]. The sequences of ITS
regions may vary because they are fast evolving. As a consequence, universal PCR
primers are designed to make the amplification of ITS region easier by having highly
conserved regions flanking the ITS and its relatively small size (600-700 base pairs),
resulting in the high copy of rDNA repeats. The ITS, therefore, becomes the most widely
used technique for evolutionary phylogenetic examination, as well as molecular

systematics at the species level [101].

Apart from that, phy gene (phytochrome), ¢apA gene (glyceraldehydes-3-
phosphate dehydrogenase), adh gene (alcohol dehydrogenase) and pgi gene
(phosphoglucose isomerase) are other regions in the nuclear genome that can be
applied in plant evolution analysis; however, they are not widely used in DNA

fingerprinting of medicinal plants.

Ribosomal DNA array
5 3
Repeat Repeat

Ribosomal genes

ETS* 18S 58S 288  IGS*
S SE—
4 ITS1*1TS2*

Figure 12 Structure of internal transcribed spacers (ITS) region of the nuclear

ribosomal DNA
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Chloroplast genome

The chloroplast DNA (cpDNA) are large in size (around 140 kb in higher plant)
and code for rRNA and transfer RNA (tRNA) necessary for producing protein. The
chloroplast genome is usually used to deduce plant phylogenies at various taxonomic
levels. This allows the direct sequencing of polymerase chain reaction (PCR) products
to be popularly used for plant systematics and evolution [102]. The cpDNA is
uniparental inheritance, allowing the exact copies to be repeatedly produced.

Examples of cpDNA are matK, rpoC, psbA trnH, and ycf1.

yOgrEua
— .-13.@,:

Dioscorea
elephantipes

*trnk-LRIU
malk fa

Chlaroplast DMA
152,609 bp

Figure 13 Gene map of Dioscorea elephantipes chloroplast genome illustrate

location of many of the chloroplast regions [103].


http://www.thaibiotech.info/what-is-dna.php
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The matK gene

The maturase K (matK) gene is within the intron of the chloroplast trnK gene
(Figure 13) with approximately 1500 base pairs in size (Figure 14). The matK gene
encodes an enzyme maturase, folding the intron RNA into the catalytically-active
structure. The 3’ end of the matK is composed of a conserved region of about 100
amino. Because of its two flanking coding trnK genes, the matK gene is interestingly
found to have practical size, high substitution rate, evenly distributed codon position
variation, low transition and transversion ratio, and the simplicity of amplification.

Thereby, it can generate fast evolution only using the universal primer [104].

rps16 trnkK5’ matK trnK3’ psbA

Figure 14 Structure of matK gene which flanking between trnK gene regions.

The rpoC gene

The 3" subunit of RNA polymerase in E. coli K12, which encode the 3 ' subunits
of RNA polymerase in bacteria. In most plastid genomes rpoC is split into rpoC1 and
rpoC2, which code for 3" and (3" subunits [105]. rpoC gene is approximately ~840 base
pairs [106] in size. The chloroplast rpoA, rpoB, ropoCl, and rpoC2 genes are all
transcribed. The spinach chloroplast rpoA gene is expressed as determined by Northern
hybridization and in vitro translation of chloroplast RNA. Transcripts of the tobacco
genes were also reported [107]. The genes that encode the 3' and (3" subunits of RNA
polymerase (rpoB and rpoC) are found in a large transcription unit which also contains
the genes for the ribosomal proteins L10 and L7/12 (rpl and rps(). This unit is preceded

by another transcription unit containing genes for ribosomal proteins L11 and L1 (rp/K

rooC I > rpl > rpsl > rooB

and rplA) [108].

Figure 15 Structure of rpoC gene
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The psbA_trnH intergenic spacer region

The chloroplast trnH gene has been sequenced in different plant species, and
was found to be well conserved during cpDNA evolution. This gene is usually found
located near the LSC/IRA junction in higher plant chloroplast genome, (Figure 13 and
Figure 16) such as in common bean, soybean, spinach and tobacco. It is, however,
located within the inverted repeats of the rice cpDNA and at the center of the LSC of
the liverwort cpDNA. In pea and broad bean, the trnH gene is found downstream of
the psbA gene. The length of the intergenic spacer between the psbA gene and the

trnH gene varies from one plant to the other [109].

The psbA gene, along with three other chloroplast (cp) genes, namely psbB,
psbC and psbD, encodes the core proteins complex in the chloroplasts. psbA trnH
intergenic spacer, tested on 99 species in 80 genera from 53 plant families, was
exhibited high divergence levels and easy amplified [109, 110]. This spacer can also be

used to test Ephedra in dietary supplement that sold in commercial markets [111].

trnH rps19 rpl22 psbA

Figure 16 Structure of psbA trnH gene

The ycf1 region

The chloroplast ycfl gene has been sequenced in different plant species. The
chloroplast genomes of higher plants contain two giant open reading frames
designated ycf1 and ycf2. Although the function of Ycfl is unknown, it is known to be
an essential gene [112]. The yeast cadmium factor (YCF1) gene from Saccharomyces
cerevisiae encodes a 1,515 aminos [113]. Ycf1 gene is approximately 6000 base pairs

in size [114].

ycfl

Figure 17 Structure of Ycflb gene
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Mitochondrial genome

Mitochondrial genome (mMtDNA) is the DNA in mitochondria that synthesizes
adenosine triphosphate (ATP). mtDNA is large and has variation in size. The substitution
rate of the nucleotide in plant mtDNA is lower than that of animal, nuclear genome
and cpDNA by 40-100, 12 and 3-4 times, respectively. Hence, the mtDNA is not

commonly used in authentication of herbal drugs [115].

Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR) or in vitro enzymatic gene amplification is the
technique that increases DNA fragments. It is quick and easy method to characterize,
analyze, and generate unlimited copies of any DNA or RNA pieces. The components of
the PCR reaction consist of DNA template, thermostable DNA polymerase,
deoxyribonucleotide triphosphates (dNTPs), oligonucleotide primers, suitable buffers

and magnesium or manganese ions (Mg2+) [116].

To obtain the copying method start, DNA template and two primers are
required. The primers are short chain of four different chemical constituents to build
the strand of genetic materials. These consist of the 3’ ends of each of the sense and

anti-sense strand of DNA target.

The efficacy of PCR can be stimulated from three causes. There are specificity,
efficiency or yield and fidelity. There are three steps for cycle. First of all, the first step
is denaturation. In this step, the target genetic material must be denatured. The strands
of its helix should be splitted by heating around 90-96° C. Secondly, it is called
annealing step; the primers bind to their target sequences on the template DNA. This
step, the temperature is decreased to about 35 to 65° C (depend on primer sequence
and technique). Lastly, it is elongation step; DNA is synthesized by polymerase. The
temperature is chosen at which the activity of the thermostable polymerase is optimal
(usually 65 to 72° C). To gain more DNA, repeating the three steps cycle 25 to 50 times

resulting in the exponential amplification.
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Although, there are some problems that can present with PCR technique such
as the plant sample contamination. It might be contaminated with the external genetic
material which can make many copies of unrelated DNA. For the reason, it may present
an error result, but there are also have many applications of PCR such as cloning,

genetic engineering, etc.
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Figure 18 The polymerase chain reaction [117]
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DNA sequencing

DNA sequencing is a technique used to determine the order of nucleotides in
DNA. Polymorphism at the DNA level can be examined in various ways, but the direct
method is to identify the nucleotide sequences of a defined region. Currently, DNA
sequencing is a routine technique in molecular biological laboratory. DNA sequences
can be applied in many fields such as diagnostic, biotechnology, forensic biology,
botanical and biological systematics. For decades, the knowledge of DNA sequences
have triggered many biological research, leading to invaluable discoveries [118]. Two

major methods are described below;

Chemical method

Chemical method (also known as Maxam-Gilbert sequencing) requires
radioactive labeling at one 5' end of the DNA by a kinase reaction using gamma-32P
ATP and purification of the DNA fragment. Chemical treatment generates breaks at a
small proportion of one or two of the four nucleotide bases in each of four reactions
(G, A+G, C, and C+T). For example, the purines (A+G) are depurinated using formic acid,
the guanines (and to some extent the adenines) are methylated by dimethyl sulfate,
and the pyrimidine) C+T) are methylated using hydrazine. Sodium chloride or salt is
added to the hydrazine reaction to restrain the methylation of thymine for the C-only
reaction. The modified DNAs are then cleaved by hot piperidine at the position of the
modified base. The concentration of the modifying chemicals is controlled to introduce
on average one modification per DNA molecule. Thus, a series of labeled fragments is
generated from the radiolabeled end to the first "cut" site in each molecule. The
fragments in the four reactions are electrophoresed side by side in denaturing
acrylamide gels for size separation. To detect the fragment, the gel is exposed to X-
ray film for autoradiography, resulting in dark bands each corresponding to a
radiolabeled DNA fragment, from which the sequence may be inferred [102]. Another
non-radioactive labeling strategy which is stable during the chemical reactions uses a
biotin marker molecule chemically or enzymatically attached to an oligonucleotide

primer or an end-filling reaction of restriction enzymes sites [119]. After fragment
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separation by direct northern blot electrophoresis, the membrane-bound sequence

pattern can be visualized by a streptavidin-bridged enzyme colour reaction [120].
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Figure 19 Chemical method Maxam-Gilbert sequencing [121]
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Chain termination method (Sanger’s method)

In this method, dideoxynucleotide triphosphates (ddNTPs) is applied as DNA
chain terminators. Compared to the chemical method, this technique has a
competitive advantage due to less hazardous materials and radioactivity. The method
requires a single-stranded DNA template, a DNA primer, a DNA polymerase, normal
deoxynucleotidetriphosphates (dNTPs; dATP, dGTP, dCTP and dTTP), and modified
nucleotides (dideoxyNTPs; (ddATP, ddGTP, ddCTP, or ddTTP), lacking a 3-OH group
required for the formation of a phosphodiester bond between two nucleotides, thus
terminating DNA strand extension and resulting in DNA fragments of varying length. For
the detection to be at ease, these ddNTPs are labelled fluorescently. The DNA sample
is divided into four separate sequencing reactions, containing all four of the standard
deoxynucleotides and the DNA polymerase. Only one of the four dideoxynucleotides
is added to each reaction. The newly synthesized and labelled DNA fragments are
heated, denatured and separated by size on a denaturing polyacrylamide gel
electrophoresis with each of the four reactions run in individual lanes (lanes A, T, G,
C); the DNA bands are then visualized by autoradiography or UV light, and the DNA
sequence can be directly read off the X-ray film or gel image. In the image on the right,
X-ray film is exposed to the gel, and the dark bands correspond to DNA fragments of
different lengths. A dark band in a lane indicates a DNA fragment that is the result of
chain termination after incorporation of a dideoxynucleotide (ddATP, ddGTP, ddCTP,
or ddTTP). The relative positions of the different bands among the four lanes are then

used to read (from bottom to top) the DNA sequence.
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Figure 20 Chain termination method [122]
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MALDI-TOF mass spectrometry method

MALDI-TOF mass spectrometry is also known as matrix-assisted laser desorption
ionization time of flight .MALDI-TOF MS is to ionize a sample before the analysis by
mixing the sample with matrices containing an acid or alkaline component, such as Ol
cyano-4-hydroxycinnamic acid (CHCA) and 2, 5 dihydroxybenzoic acid (DHB). Mass
spectrometry is an experimental technique used to identify the components of a
heterogeneous collection of biomolecules. By sensitive discrimination of their
molecular mass, the sample to be analyzed is placed in a UV-absorbing matrix pad
and exposed to a short laser pulse. The ionized molecules are accelerated off the
matrix pad (desorption) and moved in an electric field towards a detector. The "time
of flight" required to reach the detector depends on the mass/charge (m/ z) ratio of

the individual molecules.

To use MALDI-TOF for DNA sequencing, for instance, the fragment
ACGTACGATACGACT is considered to be sequenced. A PCR-derived DNA product is
transcribed to RNA in vitro [ACGUACGAUACGACU] in four separate reactions, each with
three rNTP bases and one specific dNTP. In the example, use of dC prevents cleavage
of C positions by RNAse, which cleaves only after rU and produces three fragments of
4, 5, or 6 nucleotides. Each fragment has a characteristic m/z ratio, as indicated by a
peak in the MALDI-TOF spectrum. Analogous reactions occur for each of the other
three letters. The MALDI-TOF mass signal pattern obtained for any experimental DNA
sequence is compared with the expected m/z spectrum for the reference sequence
under consideration, which includes the products of all four cleavage reactions. Any
SNP differences between the experimental and reference DNA sequences produced
predictable shifts in the spectrum, and their exact nature can be deduced. In greater
detail, four transcription reactions are done with two forward and two reverse primers.
In each pair, either a dC or a dT is used along with the other three rNTPs. Since RNAse
cleaves only after rC and rU, incorporation of dC protects those bases, and cleavage
occurs only after rU. Use of dT allows cleavage only after rC. The same process on the
complementary strand in the reverse reactions produces two fragment sets cleaved

after rC and rU on the reverse strand, which corresponds to cleavage before rA and rG
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bases on the forward strand. The four reactions taken together include a collection of

fragments terminated adjacent to every base in the sequence, as in the example [123].

Advantages of MALDI method are very rapid, high sensitivity, fast and low dosage. The
substance that is examined does not need to be very pure and this technique can
analyze many substances at the same time. However, disadvantages are its

expensiveness and difficulty of quantitative analysis [124].

In addition, the MALDI-TOF technique can be applied to proteins as well.
Protein study using the powerful mass spectrometry technique consists of several
stages. Apart from good protein preparation, protein separation is one of the most
important factors. There are two main methods used in the research: gel based and

gel free [125].

T7 tagged primer
_____ PCR
= )
L gt L | T Result (spectrum) dCl In vitro
vetector _ N transcription
- T Detaction AdCGUAJCGAUAICGAdCU
N
°S 0.’ ! RNAse
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) o O Separation: TOF AJCGAU v
Flight tube gve (no electric field) AJCGACU
! MALDI-TOF MS
3 =) =)
Lase! 1 Q § 2
Acceleration 4 =] 9] miz
(electrostatic field) | L < b4 spectrum
N !
foocenn LA LLL*,.“_JA
Crystallised matrix tontzadion, Voop 1o 2oer 3 100 4tom wors B0t S 00 e Toom T P00
with analytes (MALDI) |

Figure 21 (A) Principle of MALDI-TOF and (B) DNA analysis by MALDI-TOF mass
spectrometry [123]
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Phylogenetic tree

Phylogenetic tree, also called Dendrogram, is a diagram showing the
evolutionary interrelations of a group of organisms derived from a common ancestral
form. The ancestor is in the tree “trunk”; organisms that have arisen from it are placed
at the ends of tree “branches.” The distance of one group from the other groups
indicates the degree of relationship; i.e., closely related groups are located on branches
close to one another. Phylogenetic trees, although speculative, provide a convenient

method for studying phylogenetic relationships [126].

In a phylogenetic tree, the species or groups of interest are found at the tips
of lines referred to as the tree's branches. For example, the phylogenetic tree below
represents relationships between seven species, A, B, C, D, E, F, and G which are

positioned at the ends of the branches [127].

47 A

100 8
C

D

76 ma——
100 F

G

Figure 22 Modified from taxonomy and phylogeny [128]
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Maximum parsimony method

Maximum parsimony predicts the evolutionary tree or trees that minimize the
number of steps required to generate the observed variation in the sequences from
common ancestral sequences. For this reason, the method is also sometimes referred
to as the minimum evolution method. A multiple sequence alignment is required to
predict which sequence positions are likely to correspond. These positions appeared
in vertical columns in the MSA. For each aligned position, phylogenetic trees that
require the smallest number of evolutionary changes to produce the observed
sequence changes from ancestral sequences are identified. This analysis is continued
for every position in the sequence alignment. Finally, those trees that produce the
smallest number of changes overall for all sequence positions are identified. This
method is best suited for sequences that are quite similar and is limited to small

numbers of sequences [129].

Bootstrap analysis

Bootstrap analysis is a world-widely accepted tool, with computer based
program, used to measure the accuracy of the species after being separated into clades
in the phylogenetic tree. The value of bootstrap represents the % confidence of being
repeatedly grouped into the same clade. The higher the bootstrap value, the greater
the accuracy of the clade species in the tree. Apart from measuring the confidence
level of the tree, the bootstrap value can be used to reasonably prove the errors of

the estimated tree [130, 131].



CHAPTER IlI
MATERIALS AND METHODS

Chemicals and reagents

Agarose

Boric acid

Bromophenol blue loading dye
Chloral hydrate

DNA marker

DNeasy® plant mini kit

dNTPs

Ethylenediaminetetraacetic acid
GeneRuler 100 bp, 1 Kb DNA ladder
Haiter” solution

(containing 6% sodium hypochlorite)
Magnesium chloride

PCR buffer

Primers

SYBR safe DNA gel stain

Tag DNA polymerase

Tris (hydroxymethly) aminomethane

Vivantis Inc., U.S.A

Merck, Daemstadt, Germany
Invitrogen, U.S.A

Ajax Finechem Pty. Ltd., New Zealand
Thermo Fisher Scientific Inc., U.S.A
QIAGEN, U.S.A

Eurofins, Thailand

Ajax Finechem Pty. Ltd., New Zealand
Thermo Fisher Scientific Inc., U.S.A

Kao Corp., Japan

Eurofins, Thailand
Eurofins, Thailand
Eurofins, Thailand
Invitrogen, U.S.A

Eurofins, Thailand

Fluka, Biochemika, Germany
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Instruments and equipments

-20°C Freezer Sharp, Japan

AxioVisiond0 software (V 4.6.3.0) Zeiss Inc., Germany

Centrifugation machine Sigma, Germany

Dark Reader (DR22A Transilluminator) Clare Chemical Research, Inc., U.S.A
Digital camera (Canon PowerShot A640) Canon Inc., Japan

Gel electrophoresis apparatus and power supply

Image Quant LAS4010 GE Healthcare Bio-Sciences AB., Sweden
Microscope (Axio image A2) Zeiss Inc., Germany
PCR system C1000™ Thermocycler Bio-Rad Laboratories, Inc., U.S.A

Ultrapure water NW20VF, Heal Force, Chaina
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Plant materials

Fresh mature leaves and fresh young leaves of E. fusca, E. stricta, E. crista-galli,

E. subumbrans, E. variegata and E. indica, as well as fresh young leaves of two

outgroups, Pterocarpus indicus (Family FABACEAE) and Millingtonia hortensis (Family

BIGNONIACEAE), were collected from 3 different locations in Thailand. Plant specimens

were authenticated by Associate Professor Nijsiri Ruangrungsi, Ph.D., The voucher

specimens were deposited at College of Public Health Sciences, Chulalongkorn

University, Thailand. Their locations and collecting data of Erythrina species are shown

in Table 4.

Table 4 List of six distributed Erythrina species and their different collecting localities

Sample Species Places of Collecting date
no. collection (Month, Year) Voucher ID
(Thailand)
1. Chaiyaphum®  September, 2015  KEFCU.02092015
2. E. fusca Nakhon pathom  February, 2016 ~ KEFCU.04022016
> Rayong February, 2016 KEFCU.15022016
4. Nakhon April, 2016 KESTCU.06042016
5. E. stricta Ratchasima*
6. Prachinburi April, 2016 KESTCU.06042016
Saraburi April, 2016 KESTCU.06042016
7. Bangkok* November,2015  KECCU.25112015
8. Ecrista-galli  Nakhon pathom1 December, 2015  KECCU.25112015
7 Nakhon pathom2 December, 2015 KECCU.25112015
10. Chiang mai1* February, 2016  KESUCU.19022016
11.  E subumbrans  Chiang mai2 February, 2016 ~ KESUCU.19022016
12. Chiang rai February, 2016 ~ KESUCU.19022016
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13. Chiang rai* November,2015 KECCU.06112015

14. E. indica Chaiyaphum KECCU.04022016

15. Nakhon February, 2016 ~ KECCU.09022016
Ratchasima February, 2016

16. Bangkok* September, 2015 KEVCU.28092015

17. E. variegata Pathumthani October, 2015 KEVCU.06102015

18. Prachinburi August, 2015 KEVCU.15092015

* Selected fresh young leaves for DNA sequencing

Part | Morphological characteristics

Macroscopic analysis of the leaves of Erythrina species

For macroscopic identity of characteristics and appearance of herbal drugs,

visual characters of six Erythrina species were observed, and the whole plant was

illustrated by hand drawing for its shape, size, and botanical morphology.

Microscopic analysis of the leaves of Erythrina species

Transverse section of the midrib

The fresh mature leaves from six Erythrina species were cleaned. Cross section

was prepared by cutting the leaves in parallel including the midrib and lamina into

pieces as thin as possible and transferred these tissue sections by a brush moistened

with water. Selected satisfactory sections were prepared and mounted onto a slide in

water for microscopic examination under photomicroscope observation with objective

lens of 10X, 20X and 40X magnifications and eyepiece lens of 10X magnification by

digital camera, scaled for labeling size of each character. Cross sections of midrib were

drawn in the proportion size related to the original in drawing paper.
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Determination of microscopic leaf constant numbers

Microscopic leaf constant numbers including stomatal number, stomatal index,
epidermal cell number, epidermal cell area, vein islet number and palisade ratio were

examined according to Mukherjee PK [83].

Fresh mature leaves were cleaned, cut into small pieces (1 cm x 1 cm), midway
between midrib of the leaf and its margin, and the cut leaves were immersed in sodium
hypochlorite solution for 24 hours, prepared by Haiter  (containing 6% sodium
hypochlorite) dilution with water 1: 1, to remove chlorophyll. The chlorophyll-less
leaves were gently warmed with chloral hydrate solution until transparent [83]. After
being washed with water 2-3 times, leaf samples were mounted in H,O and the leaves
were observed under a light microscope attached to a digital camera. Thirty fields of

each species from 3 different locations were examined using AxioVision program.
Stomatal number and stomatal index

Both sides of leaf sample were observed under a microscope with a 20X
objective lens magnification. The stomatal number is the number of stomata per
square millimeter of epidermis. The stomatal index is a percentage ratio of stomatal
number (S) to the epidermal cell numbers (E) in the same unit area of leaf. The

stomatal index was calculated using formula:

SI=(S/E+S)x 100

Upper epidermal cell area

The upper side of leaf sample was observed under a microscope with a 20X

objective lens magnification. The epidermal cell area was calculated using formula:
FA=(1/E+S) x 10®um?
Where, E = number of epidermal cells per square millimeter (mm?) of leaf.

S = the number of stomata in a given area of leaf
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Palisade ratio

Group of four epidermal cells was traced under a microscope with a 40x
objective lens magnification and 10x eyepiece lens. The palisade cells lying under the
four epidermal cells were counted. The number of palisade cells obtained in each

group divided by 4 gives the palisade ratio.

Vein islet number

The lower side of leaf sample was observed under a microscope with a 20X
objective lens magnification. The number of vein islet were counted in 2 square

millimeters of the leaf surface.

Data analysis

AUl microscopic leaf constant numbers were determined in thirty fields of each
species from 3 different locations (ninety fields per each species) and the results were

expressed as mean + SD.
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Part Il Molecular identification
Extraction of genomic DNA
Preparation of DNeasy® Mini Kit

Genomic DNA was individually extracted from the fresh young leaves sample
using DNeasy® plant Mini Kit. There are twelve steps involved in DNA extraction. Firstly,
sample was disrupted using mortar and pestle. Secondly, 400 ul buffer AP1 and 4pl
RNaseA were added and vortex further to remove clumps. The mixture was incubated
to 65°C for 10 minutes. The tube was inverted for 2-3 times during incubation. Thirdly,
130 pl buffer P3 was added, mixed and incubated for 5 minutes on ice. Next, the
sample the lysate is centrifuged for 5 minutes at 20,000 x g (14,000 rpm). After
centrifugation, the lysate is transferred to the QlAshredder spin column placed in 2 ml
collection tube. The sample is centrifuged for 2 minutes at 20,000 x ¢ before
transferred the flow-through into a new tube without disturbing the cell pellet. Buffer
AW1 1.5 volumes were added to the sample and mixed by pipetting. Then, 650 pl of
the mixture was transferred into a DNeasy Mini spin column placed in a 2 ml collection
tube. The tube was centrifuged for 1 minute at 8000 x g (8000 rpm), and discarded
the flow-through. This steps were repeated with the remaining sample. Moreover, the
spin column was placed into a new 2 ml collection tube. 500 pl Buffer AW2 was added
into and centrifuged at 8000 x g for 1 minutes. The flow-through was discarded. Next,
another 500 ul buffer AW2 was added and centrifuged at 20,000 x ¢ for 2 minutes.
After that, the spin column was transferred to new microcentrifuge tube at 1.5 ml or
2 ml tube. Then, 100 pl Buffer AE is added into the tube for the elution. To incubate
and for 5 minutes at the room temperature (15-25°C). The tube is centrifuged at 8000
x g for 1 minute. The last step is elution that 100 pl Buffer AE was added. The tube
was incubated at the room temperature (15-25°C) for 5 minutes, and centrifuged at

8000 x ¢ for 1 minute.
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Determination of genomic DNA quantity

Five microliters genomic DNA were then analyzed by 1% agarose gel
electrophoresis and compared with 100 bp and 1 Kb marker. Stained by SYBR safe and

visualized under UV transilluminator.

PCR amplification

The universal primers of ITS [132, 133], matK [134], rpoC [132, 133], psbA trnH
[135, 136], ycf1 [137] regions chosen for PCR amplification are listed in Table 5.

Table 5 Detail of the universal primers used in this PCR

Primer  Direction Sequencing (5’-3) Length Tm
(bp) (O
TS5 Forward GGAAGTAAAAGTCGTAACAAGG 22 55
1S4 Reverse TCCTCCGCTTATTGAGC 20 56
matK 3f  Forward CGTACAGTACTTTTGTGTTTACGAG 25 52

matK 1r ~ Reverse =~ ACCCAGTCCATCTGGAAATCTTGGTTC 27 52

rpoC 2f  Forward GGCAAAGAGGGAAGATTTCG 20 57
rooC 4r  Reverse CCATAAGCATATCTTGAGTTGG 22 57
psbA3’ f  Forward GTTATGCATGAACGTAATGCTC 24 55
trnHf 05  Reverse CGCGCATGGTGGATTCACAATCC 23 55

ycflb Forward  TCTCGACGAAAATCAGATTGTTGTGAAT 28 60.7

ycflb Reverse ATACATGTCAAAGTGATGGAAAA 23 535
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Genomic DNA was extracted from the fresh young leaf tissues following a

DNeasy® Kit method. The obtained DNA was amplified using five primers Table 6, with

various PCR conditions for each primer as listed in Table 7.

Table 6 Detail of the PCR reaction used in this PCR amplification

Primer
PCR reaction ITS matK rpoC psbA trnH ycfl
PCR buffer 2.5 pul 2.5 ul 2.5 pul 2.5 ul 2.5 pul
MgCL, 250 2.5 pl 2.5 pul 2.5 ul 2.5 pul
dNTP, 0.5 ul 0.5 pul 0.5 pul 0.5 pl 0.5 pl
Forward primer 0.8 ul 0.8 ul 0.8 ul 0.8 ul 0.8 ul
Reverse primer 0.8 pl 0.8 pl 0.8 pl 0.8 pl 0.8 pl
Tag polymerase 0.2 pl 0.2 pl 0.2 pl 0.2 pl 0.2 pl
H,O 16.7 pl 16.7 pl 16.7 pl 16.7 ul 16.7 ul
DNA template 1l 1l 1l 1 ul 1l
Total 25 ul

Table 7 Detail of the PCR reaction for each primer used in this PCR amplification

Primer
PCR reaction ITS matK rpoC psbA trnH ycfl
Pre denaturing | 95°C/300S | 95°C/300S 95°C/180S 95°C/240S | 94°C/240S
Denaturing 95°C/60S 95°C/60S 95°C/30S 95°C/30S 94°C/30S
Annealing 50°C/60S 53°C/40S 50°C/45S 55°C/30S 52°C/40S
Extension 72°C/60S 72°C/60S 72°C/60S 72°C/60S 72°C/60S
Final extension | 72°C/300S | 72°C/300S 72°C/600S 72°C/300S | 72°C/600S
Hold 4°C/forever | 4°C/forever | 4°C/forever | 4°C/forever | 4°C/forever
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The success of each PCR reaction was verified by electrophoresis of 5 ul of the
reaction products on 1% agarose gels in 1X TBE buffer and stained with SYBR safe DNA
stain. Fragment patterns were analyzed under UV transilluminator and photographed,

and size was also estimated using GeneRuler 1 Kb DNA ladder.

1 % identity agarose gel electrophoresis

1 % agarose was prepared by adding 1 ¢ of agarose to 100 ml of 1X TBE buffer
and solubilized by heating in microwave. The medium warm gel solution was poured
into a plastic tray. After the gel become solid, removed the comb and put the tray
into a gel electrophoresis apparatus fulfilled with 1x TBE buffer in chamber. Five pl of
each amplified PCR products were analyzed in 1% agarose gel electrophoresis
compared with 1 Kb molecular weight marker. Electrophoresis was performed at
constant voltage of 100 volts until the faster migration dye (bromophenol blue).
Agarose gels in 1XTBE buffer and stained with SYBR safe DNA stain. The agarose gel

was visualized under UV transilluminator and photographed.

DNA sequencing analysis

The PCR products of the ITS, matK, rpoC, psbA trnH and ycf1 region sequences
from both sense and antisense stand were analyzed using chain termination method
with ABI378 detector (U2Bio, Thailand), following with Multiple sequence alignment by

Florence Corpet software sequence alignment version 5.4.1 for Windows.

Data analysis

Several methods have been used for the analysis of data and species
resolution. Then the sequence was analyzed with the NCBI database. Based on the
complete alignment with Multiple sequence alignment software and Phylogenetic tree

constructed. Maximum parsimony (MP) method with the MEGAT7 program analysis was
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performed using a branch and bound searching method with a number of bootstrap

1000 replications.



CHAPTER IV
RESULTS

This study was performed on 2 parts including macroscopic, microscopic
characterizations and molecular evaluation of six Erythrina species distributed in

Thailand. The results were described as follows:

Part | Macroscopic and microscopic characterizations
Macroscopic characteristics

Total six Erythrina species as E. fusca, E. stricta, E. crista-galli, E. subumbrans,
E. variegata and E. indlica distributed in Thailand were collected from Bangkok, Pathum
Thani, Prachin Buri, Nakhon Pathom, Rayong, Chaiyaphum, Saraburi, Nakhon
Ratchasima, Chiang Rai and Chiang Mai provinces, during September 2015 to April 2016.
The macroscopic characteristics of Erythrina species were shown in Table 8 and hand

drawing representing botanical characters were shown in Figure 23-28.

Table 8 Macroscopic characters of Erythrina species

Plants Leaves Stem Fruit

E. fusca Leaves are ovate, Stems have sharp | A podis 10 cm
acute or acuminate | thick thorns in long, linear-falcate,
apex. Margins are adult trees. Stems | torulose, follicular,
entire and rounded | and branch are with spongy
at the base. green to brown in | packing between

colour. seeds.

E. stricta Leaves are trifoliate, | Young stems have | A pod is linear-
alternate; stipules sharp thorns that falcate, torulose,
about 5 mm long, become warts or follicular, with
rhomboid-ovate,



https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=502440
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base deltoid or
truncate, apex
acute or obtuse,
margin entire or

sinuate

very thick thorns

in adult trees.

spongy packing

between seeds.

E. crista-galli

The alternately
arranged leaves are
petioles and are
made up of
trifoliate. The shape

is ovate or elliptic.

Adult stems are
brown or greyish in
colour and have
moderately rough
bark. Younger
stems are greenish

in color.

A pod is linear-
falcate, torulose,
follicular, with
spongy packing

between seeds.

E. subumbrans

Leaves are arranged
alternate and
trifoliate. The
leaflets are ovate-
triangular-rhomboid,
with terminal one
belong largest. The
base is rounded or
cordate, acuminate

at apex.

Young stems have
sharp thorns that
become very thick
thorns in adult
trees. Stems and
branch are brown
or greyish in

colour.

A pod is flat,
curved, linear-
falcate, torulose,
follicular, with
spongy packing

between seeds.

E. variegata

Leaves are trifoliate,
alternate, cordate,
caudate apex.
Margins are entire.
Cordate at the base
are bright emerald-

green.

Stems of adult
trees become low
thick thorns. Stems
and branch are
brown or greyish in

colour.

A compressed
narrowly oblong
pod is 10-14 cm
long, sterile in the
basal portion, and

not constricted
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between the 5-10

dark brown seeds.

E. indica

Leaves are cordate,
caudate apex.
Margins are entire
and cordate at
base. The leaflets

are green in colour.

Stems have sharp
thick thorns in
adult trees. Stems
and branch are
green to brown

colour.

A pod is linear-
falcate, torulose,
follicular, with
spongy packing

between seeds.




Figure 23 Erythrina fusca with flower (A), petal (B), pod (C) and seed (D)
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0.1CM

Figure 24 Erythrina stricta with flower (A), petal (B), pod (C) and seed (D)
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Figure 25 Erythrina crista-galli with flower (A), petal (B), pod (C)
and seed (D)
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Figure 26 Erythrina subumbrans with flower (A), petal (B), pod (C)
and seed (D)
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Figure 27 Erythrina variegata with flower (A), pod (B) and seed (C)
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Figure 28 Erythrina indica with flower (A), petal (B), pod (C) and seed (D)
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Microscopic characteristics
Transverse section of the midrib

The anatomical characteristics of the midrib of six investicated Erythrina species
were illustrated (Figure 29-34). The results revealed the distinguished arrangement of
tissue especially the vascular bundle (xylem and phloem tissues). None of the

trichome was found in these species.
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Type of stomata

The type of stomata in six Erythrina species was classified as a paracytic type
which the stoma was surrounded by two subsidiary cells parallel to the long axis of

guard cells (Figure 35).

B o\ A
ey e o 5 -
IO, W

) G,

WRIASE

(A) E. fusca, (B) E. stricta, (C) E. crista-galli, (D) E. subumbrans, (E) E. variegata and
(F) E. indica
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Microscopic leaf constant numbers

The results of microscopic leaf constant numbers consisted of stomatal
number, epidermal cell number, stomatal index, epidermal cell area, vein islet number
and palisade ratio of six Erythrina species from three different locations were shown
in Table 9-12 and Figure 36-38, respectively.

The raw data of each parameter of microscopic leaf constant numbers from

the microscopic analysis were shown in appendix A.

Stomatal number and stomatal index

The result of stomatal number and stomatal index of six Erythrina species from
three different locations were shown in Table 10. Upper stomata were found only in
E. crista-galli, E. subumbrans, and E. variegata especially E. crista-galli showed clearly

distinct upper stomatal number and stomatal index.

Table 9 The stomatal number and stomatal index of six Erythrina species

Stomatal number” Stomatal index
mean * SD mean * SD
Erythrina species (min - max) (min - max)
Upper Lower Upper Lower
epidermis epidermis

E. fusca - 159+19 - 10.80 + 1.83
(116-200) (6.22-14.29)
E. stricta - 149+21 - 18.50 + 2.23
(84-192) (11.29-23.33)
E. crista-galli 92.44 + 14.60 159+17 7.82 £ 1.26 10.47 + 1.35
(60-136) (112-184) (5.38-11.63) (6.62-13.68)
E. subumbrans 24.53 + 6.76 135+18 1.74 + 0.51 793 + 1.88
(12-44) (104-176) (0.78-3.06) (4.68-11.93)
E. variegata 10.13+ 4.95 140+19 2.09 +£0.94 14.37 + 1.64
(4-28) (88-180) (0.76-5.30) (10.90-19.72)
E. indica - 178+46 - 2241 + 828
(108-269) (13.74-39.87)

- = absent, " = number per mm?
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Epidermal cell number and epidermal cell area

The epidermal cell number and epidermal cell area of six Erythrina species

from three different locations were shown in Table 10, and the epidermal cell

characteristics were shown in Figure 36. E. stricta, E. variegata, and E. indica showed

the area of upper epidermal cell over than 1200 pm?.

Table 10 The epidermal cell number and epidermal cell area of six Erythrina species

Erythrina species

Epidermal cell number”

mean + SD Upper epidermal cell area (um?)
(min - max) mean + SD
Upper Lower (min - max)
epidermis epidermis

E. fusca 1213.78 + 166.32 1336.98 + 198.41 839.99 + 112.52
(880-1604) (1000-1808) (623.44-1136.36)
693.82 + 37.97 657.73 + 64.51 144552 + 78.32 (1262.63-
E. stricta (624-792) (540-776) 1602.56)

E. crista-galli

1095.38 + 105.24

(792-1432)

1369.16 + 152.06

(1060-1820)

849.13+81.98

(652.74-1152.07)

E. subumbrans

1405.25 + 171.81

(1080-1820)

1636.18 + 336.37

(1060-2340)

711.94 + 89.08

(538.79-915.75)

468.18 + 30.80

839.16 + 86.80

2100.57+145.41

E. variegata (404-532) (496-952) (1824.82-2118.64)
553.82 + 76.30 648.75 + 143.99 1841.99 + 269.36
E. indica (404-708) (376-876) (1412.43-2475.25)

" = number per mm?
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Figure 36 The photograph of upper epidermal cells from six Erythrina species

E. variegata and

(E)

)

(D) E. subumbrans

i,

(F) E. indlica

(A) E. fusca, (B) E. stricta, (C) E. crista-gal
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Palisade ratio

The Palisade ratio of six Erythrina species from three different locations were
shown in Table 11, and the palisade cells characteristics were shown in Figure 37. The

study revealed the overlapping palisade ratio among these six Erythrina species.

Table 11 The palisade ratio of six Erythrina species

Palisade ratio

Erythrina species mean = SD
(min - max)

7.69 + 1.11

E. fusca (4.00-10.00)
6.21 + 6.21

E. stricta (3.50-8.75)
6.00 = 1.15

E. crista-galli (3.75-9.25)
5.13 + 0.85

E. subumbrans (3.50-7.25)
9.74 + 1.34

E. variegata (7.25-13.50)
8.02 + 1.68

E. indica (4.50-12.50)
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Figure 37 The photograph of palisade cells from six Erythrina species

E. variegata and

(E)

(D) E. subumbrans,

i,

_ga

(A) E. fusca, (B) E. stricta, (C) E. crista

(F) E. indica


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=502440
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Vein islet number

Vein islet numbers of six Erythrina species from three different locations were
shown in Table 12, and the vein islet characteristics were shown in Figure 38. Vein islet
number of E. subumbrans (12.75-20.75 cell/mm?) were clearly separated from other

species (3.50-11.00 cell/mm?).

Table 12 The vein islet numbers of six Erythrina species

Vein islet number”
Erythrina species mean % SD

(min - max)

E. fusca 6.24 + 0.77 (4.00-7.75)

E. stricta 6.45 + 0.76 (4.50-8.25)

E. crista-galli 6.57 £ 0.94 (5.00-8.50)
E. subumbrans 16.58 + 1.82 (12.75-20.75)

E. variegata 6.68 + 1.17 (3.80-11.00)

E. indica 6.16 + 1.61 (3.50-9.75)

= number per mm?
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Part Il Molecular identification
DNA isolation

Genomic DNA was isolated from whole fresh young leaves of 6 Erythrina
species and 2 outeroup plants, Millingtonia hortensis and Pterocarpus indicus, which
were collected from different location in Thailand (Table 4). The detection of genomic

DNA was on 1% agarode gel shown in Figure 39-40.

10000

2000
1500

1000
500

Figure 39 The detection of genomic DNA of 6 Erythrina species in 1% agarose gel
electrophoresis
Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca
Lane 2 = E. stricta
Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = £. variegata

Lane 6 = E. indica
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Figure 40 Genomic DNA of 2 outgroup plants in 1% agarose gel electrophoresis
Lane M = 1 kb DNA ladder
Lane 1 = M. hortensis

Lane 2 = P. indicus

PCR amplification

DNA amplification of six Erythrina species and two outgroups were performed
using 5 pairs of primers for ITS, matK, rpoC, psbA trnH and ycf1 region. The success of
each PCR reaction was verified by electrophoresis of 5 ul of the reaction products
which mix with bromophenol blue on 1% agarose gels and stained with SYBR safe DNA
stain. Fragment patterns were analyzed under UV transilluminator and photographed.
The fragment size was also estimated using GeneRuler 1 Kb DNA ladder. PCR product
of six Erythrina species obtained by each primer were shown in Figure 41-45
respectively. The total of the nucleotide fragments was about 750, 1300, 500, 750,
1000 bp in length, respectively.



Figure 41 ITS amplification product in 1% agarose gels electrophoresis
Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca
Lane 2 = E. stricta
Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = E£. variegata
Lane 6 = E. indica
Lane 7 = M. hortensis

Lane 8 = P. indicus
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Figure 42 matK amplification product in 1% agarose gels electrophoresis
Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca
Lane 2 = E. stricta
Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = E. variegata
Lane 6 = E. indica
Lane 7 = M. hortensis

Lane 8 = P. indicus



250

Figure 43 rpoC amplification product in 1% agarose gels electrophoresis

Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca

Lane 2 = E. stricta

Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = E. variegata
Lane 6 = E. indica

Lane 7 = M. hortensis

Lane 8 = P. indicus
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Figure 44 psbA trnH amplification product in 1% agarose gels electrophoresis
Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca
Lane 2 = E. stricta
Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = E. variegata
Lane 6 = E. indica
Lane 7 = M. hortensis

Lane 8 = P. indicus



117

10000

2000
1500
1000

750

500

Figure 45 ycf1 amplification product in 1% agarose gels electrophoresis
Lane M = 1 Kb DNA ladder
Lane 1 = E. fusca
Lane 2 = E. stricta
Lane 3 = E. crista-galli
Lane 4 = E. subumbrams
Lane 5 = E. variegata
Lane 6 = E. indica
Lane 7 = M. hortensis

Lane 8 = P. indicus
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DNA sequencing analysis

The sequence was assembled and analyzed using the Multalin program. The
raw data of DNA sequences of ITS, matK, psbA trnH, rpoC and ycf1 from E. fusca, E.
stricta, E. crista-galli, E. subumbrans, E. variegata, E. indica, M. hortensis and P. indicus
were shown in Figure 46-50. The ITS, matK, psbA trnH, rpoC and ycfl sequences
among six Erythrina species were about 677, 794, 278, 375 and 656 bp in length,

respectively.



E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.subumbra
E.crista-g
E.variegat
E.indica
P.indicus
M.hortensi
Consensus

1

CTGAAGTT
GTCGATGCCT
GTCGATGCCT
GTCAATGCCT
GTCGATGCCT
GTCGATGCCT
ATTGTCGAAT
ATTGTCGAAT
.7Cg..G..T

CTCGCTATGA
CACGACCAGT
CACGACCAGT
CACAATCAGT
CACAATCAGA
CACAATCAGT
CCCTGCANAG
CC-TGCAMAG
C.C..taAG.

AACTCCGTCG
CCGACCGTCG
CCGACCGTCG
TTGACCGTTG
TTGACCGTTG
TTGATCGTTG
TAGACCG-CG
TAGACCG-CG
£aGACCGTCG

101

AACTCATCCA
G~AGAGGGL -
G-AGGGGGC -
G-ACGGGGC-
GGAGGGGGC -
G-AGGGGGT -
GGCGCGAGCG
GGCGCGAGLG
G.cgeG.GC.

CTGACCCCCC
C-TTCTAGTC
T-GTCLTGGC
T-GTCCTGGC
TTGTCCTGGC
TC-TCCTGGC
CCGTGCGGGC
CCGTGLGGGL
C.GTCC.GGC

CCATTTTAAC
GGTGCCTTCC
CGTGCCTTCC
CATGCCTTCC
CATGCCTTCT
CGTGCTTTCT
CGAGCTGGLG
CGAGLTGGLG
C.aGCtT.CC

201

CGTTCG--GA
CAGGAA--AG
CAGGTA--CG
CGGTGACTTG

AAACGTCTTA
GGGCCTATCC
GGACCGCTCG
GGGCGGTTCA
CAGGGA--TG GCGLTTCTCA
CAGAGA--TG GCGCCTCTCA
CGTTCGCGGA GTGC-GLGG6
CGTTCGCGGA GTGC-GCGGG
CGtTcg ga G.GC.tCT.a

CGACATTTGC
GGGGCCTGTC
GCGCTGGGET
TCGGTAAGCC
AGGGTTAGTC
CGOGTTAGTC
CGGATTGGGC
CGGATTGGGC
€GG.TT.GGC

301

AACTTGCGTT
AAAATGGAAT
GAAACGAAAT

ACTCGATGGT
AATTGGATAA
AAGTGCATTG

CCTTGGGGTG
GCTTGGTTTG

AAGTGTGTGT
AATC-TGTCT
AATC-TGTCT
AATT-TGTTT
AATT-TGTTT
AATT-TGTTT
CACT-CGTTC
CACT-CGTTC
AA.T TGTtT

TTATGGGTCA
GCTCACGAGA
GCTCACGAGA
ACCTACTACA
ACCTACGAAA
ACTTACGAAL
TCAATCTCGC
TCAATCTCGC
tCat.(G..A

CAACTGCAAA CTCAATTTTC
CTGGCGAAAA CCCCAGCC-C
CAAAACTCAA CCCAACCC-C
TCAACTCCCA CCCCGELG-C
AAAACTCAAA CCCCGGLG-C
AAAACTCAAA CCCCGGCA-C
CTTAACCAAA CCC-GGCG-C
CTTAACCAAA CCC-GGCG-C
CalA. .CAAA CCC.gGC. C

ATGAGGCAGG AGGGTAACAA
ATGATGCACT ATG--CAAAA
CAGTCGTGAT ATG--CAATA
ACAAGGCAAA ATG--CTCTA
ATGACGCATA ATG--CAAAA
ATGATGCATA ATG--CAAAA
GCCTCCTGAA ATG-TCACAA
GCCTCCTGAA ATG-TCACAA
AtGA.GCA.a ATG tCACAA

TCACGGGATT CTGCAATTC-
GCCCGTGAAA CTCCCCGTCT
CCTAGTCCCC TGTCCCGTCT

TCACCCACAA
TCCTTCCTTT
TCCTTCCTTT
GCGTCTTCTG
TC-TGTGTTT
TT-TGTCTTT
AACCCCCCGC
AACCCCC-GC
TC.cCC.c..

CGAGTCAAAC
GGATGGAGGG
GGATGGAAGG
AGAGGAAAGA
GGAAAGAAAA
GGAAGGAAGA
GGGGCAAAGG
GGGECAAAGG
BGAG. .AAG.

ACAGGGTGAG
AAGATCTGTT
AAGATCTETT

Ac..gg.G..

TC---ATGGG
ATTGAATTGA
AATGAATTGT
ATTCATCTAT
AAACTTTTAT
AAACTTTTAT
ACTGAACGAA
ACTGAACGAA
Act.aATga.

AGCCAACCAC
CGCGCGTTGL
CGCGCCTGGL
TTITCTGTGCC
TTTGTGTGCC
TTTGTGTGCC
GGCATGCGCC
GGCATGCGCC
JGC.tGeGel

CAGACAATGC
CTTGCATTGA
CTGGCATGGA

AAGGAATTGA
AAGGAATTGA
AAGGAA---A
AAGGAA---A
aAGg.A.TGA

TGTGTGACAC
TGAATCTAAT
CGACTCGACT
TGACTCTGAT
TGACTCTCGG
TGACTCTCGG
CGACTCTCGG
CGACTCTCGG
TGACTCTCa.

C--CAGGCAG
CTACGGATAT
CTACGCATAG
ATTCGGACTT
CAACGGATAT
CAACGGATAT
CAACGGATAT
CAACGGATAT
C.aCGGAtAT

GCGTGCCCTC
CAAGGCTCTT
GACATCTCTT
CTGGGCTCTT
CTCGGLTCTT
CTCGGCTCTT
CTCGGLTCTC
CTCGGLTCTC
Ct.GGCTCTe

GTATCGCATT
TTTGCGCCCE
CTCGAGTTGG

TCGCTACGTT
ATTCCAT-TC
ACCCCAT-GC

---ACACCAA
TTTTCCTGAA
ATTCATTGAA

119

100
CAACCCACCA
CTGTTGAGTC
CTGTTGAGAG
CTGTTGGGAT
CTGTTAGGAG
TTGTCAGGAG
[ddlddd<dq
CCGLCCCGLC
C.Gecce.Ge.

TCCGGLCC--
COTTTCCTTT
CCTTTCCTTT
TCTCTCCTTT
TGTTTCCTTT

CGTTACC---
CGTTACC--~
tCT..CC...

200
CCACCTACTC
TGCGAAAGC -
AGCCCTGGC-
AGACTAGAAG
TGAGAAGTT -
TGAGAAGGT -
CCCGTTGLCC
CCCGTTGLCC
ccac.TGe.c

AAGCCAACTT
TTATTATTTC
GTTTGATCTG
TTTTGATCCT
GTGTGATCCT
GTGTGATCCT
GCGCCGGLCC
GCGLCGGLCC
..GeeA.Cet

300
AACCTAATGG CATCGGGCGC
GCCTGGCTTA AGAACGAAAC
GTCTTGCTTA GAAACATAAC
GAATAAATTA ACAAAGTGCC
GCATCGATGA AGAACGTAGC
GCATCGATGA AGAACGTAGC
GCATCGATGA AGAACGTAGC
GCATCGATGA AGAACGTAGC
G.aT.gATGA A.AACGTaGC

400
CTTCATCGAT GCAAGAGCCG
CGTTGAGGTC ACGCCTGCGT
GGTTGAGGTG AGGGCAGGCC

AAAATTGGAT
GAAATGCGAT

TCTTGTTGTG
ACTTGGTGTG

AATTCCATAA
AATTGCAGAA

TCCCTTGAAT
TCCCGTGAAC

CTTTGAATCC
CATCGAGTCT

TTGTTGGLCC
TTGAACGCAA

CTATCCCCTT
GTTGCGLCTG

ATGCTAT-TG GGTTGACGGC
ATGCCAT-TA GGTTGAGGGC

CCGGRTGLCT
ACGCCTGLCT

AATTGCAGAA
AATTGCAGAA
AATTGCAGAA
AATTGCAGAA

GAAATGCGAT
GAAATGCGAT
GAAATGCGAT
AAAATGCGAT

ACTTGGTGTG
ACTTGGTGTG
ACTTGGTGTG
.CTTGETGTG

TGCCGAGAGT
CTTCCCTCCT
CTCCTCTCCT
cecceerecc
CATCGTTACC
CATCGTTACT

TGTCGTTACC
GCTCGTTTCA

TCCCGTGAAC
TCCCGTGAAC
TCCCGTGAAC
TCCCGTGAA.

CATCGAGTCT
CATCGAGTCT
CATCGAGTCT
CtTCgAgTCE

CATTT-TGCA
CTCCTCTGLC
CTCCTCTGCC
CTCTTG--CC
CTCTTG--CC
CTCTTGTGLC

TTGTGCATCA
TCGCCCTGGC
TCGCGCAAAC
ACGTCCAAAC
TCGTGCARAT
TCGTGCAAAT

TTGAACGCAA

TTGAACGCAA GTTGCGCCCG AAGCCGT-TA
TTgA..gCAA GT.gCGCCtg A.GCCAT T.

TGACTAACCC
GTAAAAATAG GATAACGTAA GGGAATG---
GTCGGAAGAC GTTTGGGGAA CGGAATG---
ATCTCAGTAT GTTGGTCGAA GTGAGTG---
GTCAAAAGAT GTTTGCCGAA TGGAGCAAGC
ATCAGAAGAT GTTTGCCAAA TGGGGTA---

GTTGCGCCCG ATGCCAT-TA GGTTGAGGGC
TTGAACGCAA GTTGCGCCCG AAGCCGT-TA GGCCGAGGGC

ACGCCTGCCT
ACGTCTGCCT
ACGTCTGCCT
aCG.cTGCCT

GGCCGAGGGL
GGTcCGAgGgl

500
GACCTTCCCA
TGACTTCGCC
TGGCTTCCCA
TGGCATCCCG
TGGCTTCCCA
TGGCTTCCTA

---CATCTCT
~GGAGGGGGT
-GGTGGAAGT
=TTGGCTTCC
AGGTGCAAGT
~GGTGCAAGT

-TCTTG
---------- €116
g,

501

AGGATCACAC
TCCCCAGCAT
CGAGCAGCAT
TTATCA---T
TGAGCA-CAT
TGAGCT-~--T
TGCACGCCCG
TGCACGCCCG
76.aC. .Ca.

ATAAMAGTTT
CGCCTTGETGC
CGTCTTETGG
TGTCTTGTGG
TGTCTTGTGE
TGTCTTGTGE
TGCAC---GG
TGCAC---GG
tG.a..G766

601

AGARAGGAAA
AGCCCGGLCC
AGCGTGTCTC
TGCGCCTGTG
TAAGGTTGTC
TGLGCGTCTC
GACGCCGCAT
GACGCCGCAT
.GCGegG.a.

GACACGGATC
GGCCCGGELT
GTCCCETGET
AACCTGTCTT
AACTGGCGTA
AACCTGTGTT
CGCCGTCTCG
CGLCGTCTCG
.aCC.G..t.

CATCGCGTCG
CATCGCGTCG
C.cCGeg.Ct

TCAATTCCTT
TTGGGTTAGA
TGGGCTTATA
TTGGATGAAA
TTGGCTGAAA
TTGGCTGAAA
CCGGCCCAAA
CCGGCCCAAA
TeGG. Tchal

TTTCCCTTICG
CGAGTCCAAT
CGACTCGCGA
TGACTCTTGA
TCAATCGTGG
TGACTCGTGA
GGGACCATCA
GGGACCATCA
tG.CcC.Tca

CCCCTCT-CC
CCCCTET-CC
C.CAT.TgCC

GGCACGCAMA
TTTAAAGT -~
TTCAAGGT - -
ATTGAGGT-T
ATTGAGTTCT
TTTGAGTT-T
TGACTGCC--
TGACTGCC-~
2. G -

TCAGTA---A
CCCCAA---C
CCCATA---A
CCCGTACTCA
CCGATG---G
CCCATA---A
CCGACCC--A
CCGACCC--A
CC..TA A

CCGCCCATCG
CCGCCCATCG
TCGtglate,

GCGCCGGGGT
-CAAGGTCCA
-CACGGTCCT
GCACTGGACC
GTCGTTGAGC
GTGGTTGAGC
-CGCGACGGT
-CGCGACGGT

8CgC.GggGT

ACAAATTCAA
ACAAAACCAG
ACAAATCCCC
ACAGTTTGAC
ACACGTCCAC
ACACGTCCAC
ACGGGCTCCT
ACGGGCTCCT
ACA..TTCA.

CGLGCGGGA-
CGLGCGGGA-
.gC..AA.A,

TTGAGT-TTT
GCCCGACCCC
TTYCATCACT
TGGCGCCACG
-~GTGTCACG
-=GTGTCCTG
GCACGTCACT
GCACGTCACT
t.gcGTCalT

CGGTCAMAC-
GCACCTCT--
TGACGTCT -~
GGATGTATGT
GTACGATT -~
GGATGTTT--
GCATGCACG-
GCATGCACG-
GGATG.A..

----GCCAAG
----GCCANG
....6.CGAg

GCCAGGACGA
TCCACGAGAC
ACAACGTEET
ATGAAATGGT
ATABAATGET
ATABAATGGT
ACCA-GTGGT
ACCA-GTGET
ACCA.GTGGT

-=TGATTGTG
--CGT-TATG
--CGT-AAGG
CTCGT-CGCG
--CGT-AGCG
--CAT-AGCG
- -CATGCACG
--CATGCACG

CGT..gcG

----GGAAAT TGGCCTCLCG
TGGECCTCCCG

TGGCTTCCCa

600
GAAAGCATGG CCACCTCCT- ---CCCGA-C
GGGACGAGGA CAAGCCCTAG G--CCAGGCC
GGGACGAGCC CTTGCTTTAG G--CCAGTCA
GGATGA-TTT TTTGCACTAG A--CCAGTTC
GAATGAGCAT TT-GCTCGAG A--CCAGTTG
GGATGGGTAT TTTGCTCGAG AGACCAGTTG
GGTTGAACGT CAACTCTCAT GCTGCGGTGT
GGTTGAACGT CAACTCTCAT GCTGCGGTGT
GGatG. AtGt C.AcCtCcA. . CC.GT.c

677
AGGCATC
ATACGAC
AGACCAC
AGGCCTC
AGGCCTC
AGACCTC
GTGCTTC
GTGCTTC
AGGC.TC

Figure 46 The ITS multiple sequence alignment of six Erythrina species and outgroup

plants



E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subusbra
F.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subumbra
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subumbra
F.indicus
M.hertensi
Consensus

E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subumbra
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subumbra
P.indicus
M.hortensi
Consensus

E.fusca
E.stricta
E.varisgat
E.indica
E.crista-g
E.subumbra
FP.indicus
M.hortensi
Consensus

E.fuzca
E.stricta
E.variegat
E.indica
E.crista-g
E.subumbra
P.indicus
M.hertensi
Consensus

E.fusca
E.stricta
E.variegat
E.indica
E.crista-g
E.subusbra
P.indicus
M.hertensi
Consensus

1

ATATTTTATT
ATATTTTATT
ATATTTTATT
ATATTTTATT
ATATTTTATT
ATATTTTATT
ATACTTTATT
ATACTTTATT
ATAETTTATT

191

AATCAGATAA
AATCAGATAR
AATCAAATAL
AATCARATAL
AATCAAATAS
AATCAGATAA
AATCTGATAR
AATCTGATAA
AATCaGATAA

281

ACTATTGTAT
ACTATTGTAT
ACTATTGTAT
ACTATTGTAT
ACTATTETAT
ACTATTGTAT
ACAAGGETAT
ACAAGGETAT
ACEALLGTAT

3l

AACCCAAAARL
AACCCAARAR
AACCCAARAR
AACCCAARAR
AACCCAARAR
AACCCAAAARL
AGCCCAARAR
AGCCCAARAR
AatCCAasnan

481

GTATTTCCAT
GTATTTCCAT
GTATTTCCAT
GTATTTCCAT
GTATTTCCAT
GTATTTCCAT
ACATTTCCAT
ACATTTCCAT
EEATTTCCAT

81

AAGGTATATA
AAGGTATATA
AAGGTATATA
AAGGTATATA
AACGTATATA
AAGGTATATA
AGGTTCGCCT
AGGTTCGCLT
AaGgTatata

Ba1

ACCGETAACTG
ACCGTAACTG
ACCETAALCTG
ACCGTAACTG
ACCGTAACTG
ACCGTAACTG
ATTGTAAATG
ATTGTAAATG
AccGTAACTG

Fal

TGAAALAGAS
TGAAAAAGAR
TGAAAAAGAS
TGAAAAAGAR
TGAAAAAGAR
TGAAAAAGAS
TGAAARAGCG
TGAAALAGCS
TGAAAAAGAS

TGATACAAA-
TGATAC AL~
TGATACAAA-
TGATATAAAL-
TGATAC AR~
TGATACAACT
CGATACAARL=
CGATACAAA-
tGATACAAA

ATTGACCCAA
ATTGACCCAA
ATTGACCCAA
ATTGACCCARL
ATTGACCCAA
ATTGACCCAA
ATCAGCCCGA
ATCAGLCCGA
ATtgaCCCan

CAAGCTTTTT
CAAGETTTIT
CAAGCTTTTT
CAAGCTTTTT
CAAGCTTTTT
CAAGCTTTTT
CGARCTTCTT
CEARCTTCTT
CafgCTTETT

GTTAAATGAA
GTTAAATGAS
GTTAAATGAL
GTTAAATGAA
GTTAAATGASL
GTTAAATGAA
TTCAAGGEAA
TTCAAGGGAL
ETtAAMRGAA

TTCTTTATCA
TTCTTTCTCA
TTCTTTCTCA
TTCTTTATCA
TTCTTTATCA
TTCTTTCTCA
TTATTCATGA
TTATTCATGA
TTeTTEATcA

AACAATCCTT
AACRATCCTT
AACAATCCTT
BACAATCCTT
AACAATCCTT
AACAATCCTT
GAABATCCTT
GAABATCCTT
alMcBATCCTT

BAAGGTTTTG
AGAGGATTTG
AGAGGATTTG
AGAGGATTTG
AGAGGATTTG
AGAGGATTTG
AGAAGATTGG
AGAAGATTGG
AGAGGATTEG

ATAGAAATAT
ATAGAAATAT
ATAGAAATAT
ATAGAAATAT
ATAGAAATAT
ATAGAAATAT
---GAACTGG
== -GAACTGG
ataGAldaTat

CTCTTTTTIT
CTCTTTTTTIT
CTCTTTTTTIT
CTCTTTTTIT
CTCTTTTTIT
CTGLTTTTIT
CTCTTTTTIT
CTCTTTITTTIT
CTCTTTTTIT

ACCGGCTTAL
ACCGGLTTAC
ACCGGCTTAC
ACCGGCTTAC
ACCGGCTTAC
ACCGGCTTAL
ACCGGLTTAC
ACCGGCTTAC
ACCGGLTTAC

TATAMALATT
TATABALATT
TATAAMMATT
TATAAAAATT
TATAAAAATT
TATAMALATT
AATAGCATTA
ALTAGCATTA
tATAaakaTt

TGCTGGGATA
TGCTGGGATA
TGCTGGGATA
TGCTEGGATA
TGCTGGGATA
TECTGGGEATA
TGATTGGATA
TGATTGGATA
TGCTEGGATA

AAAGAGGGEET
ABAGAGGGGT
AAAGAGGGEET
AMAGAGGGGET
AAAGAGGGGT
AMAGAGGEGT
ABAGAGACGT
AAAGAGACGT
AMAGAGEEGT

AT CTTAMDS
AACCTTAACA

TTACGTAAAL
TTACGTAAAR
TTACGTAMAR
TTACGTAAAA
TTACGTAMAR
TTACGTAAAN
TTACGTAGAR
TTACGTAGAA
TTACGTAalA

ATTTTTTTTG
ATTTTTTT-G
ATTTTTTT-G
ATTTTTTT-G
CTTTTTITT-G
ATTTTTTT-G
CTTCCTTT-6
CTTECTTT-6
eTTELTTT &

TTT-CAAATC
TTT-CAAATC
TTT-CAGATC
TTT-CAGATC
TTTTCAAATC
TTTTCTGATC
TGC-AMGATC
TGL-AAGATC
Ttt cAGATC

T-AATGGGAT
T-AATGGGAT
T-AATGGGAT
T-AATGGGAT
T-AATGGGAT
TTAATGGGAT
T-AATGGRAT
T-AATGGGAT
T AATGGGAT

TGAATT ABAL
TGAATTAGAA
TTAATT A
TTAATTARAA
TGAATTAMAAL
TGAATT AlAL
TTGATTAGAA
TTGATTAGAA
TTaATTAgAA

ATTGGTTTAA
ATTGGTTTAA
ATTGGTTTAA
ATAGGTTTAA
ATTGLGTTTAA
ATTGGTTTAA
ATTGGTTTAT
ATTGGTTTAT
ATTGGTTTAa

ATTCTTTGAA
ATTCTTTGAA
ATTCTTTGAA
ATTCTTTGAA
ATTCTTTGAA
ATTCTTTGAA
CCCTTTTGAA
CCCTTTTGAA
atteTTTGAA

AATATTTCTA
GATATTTCTA
AATATTTCTA
AATATTTCTA
AATATTTETA
AATATTTCTA
AAGACGTTAA
AAGACGTTAA
ANtAttTCtA

AALAGALMAGAT
ARAGALAGAT
ARAGAANGAT
ARAGAAAGAT
ARAGAAAGAT
AAAGAMAGAT
AGACAALMAT
AGACAALAAT

AafgAAAGAT

GAGTAMAMAC
GAGTALALMAT
GAGTAMANAC
GAGTAMANAC
GAGTAMAMAC
GAGTAMLMAC
GAGTAATAAT
GAGTAATAAT
GAGTAMaMAC

CATTGTAA-T
CATTGTAA-T
CATTGTAA-T
CATTGTAA-T
CATTGTAA-T
CACTGTAAGT
CGCTATGA=T
CGCTATGA-T
CaCTgTaA T

GACCCAATAT
GACCCAATAT
GACCCAATAT
GACCCAATAT
GACCCAATAT
GACCCAATAT
GLOCTAATAC
GLOCTAATAL
GaCCcAATAT

ATGAATTTTG
ATGRAATTTTG
ATGAATTTTG
ATGAATTTTG
ATGAATTTTG
ATGAATTTTG
ATGCATTTTC
ATGCATTTTC
ATGaATTTTg

ATAGATTGTT
ATAGATTGTT
ATAGATTGTT
ATAGATTGTT
ATAGATTGTT
ATAGATTGTT
ATAAATCCGT
ATARAATCCGT
ATAGATtgeT

ACALALATGG
ACAARAATGG
ACALALATGE
ACAABAATGG
ACALALATGG
ACALLAATGG
GLLCAGAATGG
GCCAGAATEGG
aCafalATGG

AMAGATGTTC
AAAGATETTC
ARAGATGTTC
AMAGATGTTC
AAAGATGTTC
AMAGATGTTE
CAMGACGTTC
CAAGACGTTC
AAAGALGTTC

AGATTCATAT
AGATTCATAT
AGATTCATAT
AGATTCATAT
AGATTCATAT
AGATTCATAT
GGATTCATAT
GGATTCATAT
aGATTCATAT

ACTAGTCGAA
ACTAGTCGAA
ACTAGTCGAA
ACTAGTCGAA,
ACTAGTCGAA
ACTAGTCGAL
ACTATTCCAA
ACTATTLCAL
ACTAgTCgAA

AATGAGAAAN
AATGAGAALA
AATGAGAAAA,
AATCAALALL
AATGARLALS,
AATGAGAAAA
AATEAGAANG
AATGAGAAAG
AATGAGAANS

=ATTACAAML
-ATTACAALL
-ATTACARAN
=ATTACALLL
-ATTACAAAN
TATAACAAANL
-GTTACAALL
-GTTACARAN

aTTACAAAL

CAACATTTGA
CAACATTTGA
CAMCATTTGA
CAACATTTGA
CAACATTTGA
CAACATTTGA
TAGAATTTGA
TAGAATTTGA
CAICATTTGA

TCTGATCGAG
TCTGATCGAG
TCTGATCGAG
TCTGATCGAG
TCTGATCGAG
TCTGATOGAG
CTTGGATGAA
CTTGGATGARL
teTGateGhg

ATTTTCCTTE
ATTTTCCTTG
ATTTTCCTTG
ATTTTCCTTE
ATTTTCCTTG
ATTTTCETTE
ATTTTCTTTG
ATTTTCTTTG
ATTTTCETTG

TATTTTTTCA
TATTTTTTCA
TATTTTTTCA
TATTTTTTCA
TATTTTTTCA
TATTTITTTCA
TATTTTTCCA
TATTTTTCCA
TATTTTTtCA

TCCCATACAT
TCCCATACAT
TCCCATACAT
TCCCATACAT
TCCCATACAT
TCOCATACAT
TCACATACAT
TCACATACAT
TCeCATACAT

TTAALATAGT
TTAAAATAGT
TTAAAATAGT
TTAAAATAGT
TTAARATAGT
TTAAAATAGT
TTACAATACT
TTACAATACT
TTAaAATART

ATTT-CTACA
ATTT-CTACA
ATTT-CTACA
ATAT-CTACA
ATTT-CTACA
ATTTTCTACA
ATTT=-CTGECA
ATTT-CTGCA
ATTT CTaCa

TTTTTCTTTA
TTITTTCTTTA
TTTTTCTITA
TTITTTCTTITA
TTTTTCTITA
TTTTTCTTITA
TTTCRCTTTA
TTTCGCTTTA
TTTELCTTTA

CTTCGTACCA
CTTCGTACCA
CTTCGTACCA
CTTCGTACCA
CTTCGTACCA
CTTCGTACCA
CTCCGTACCA
CTCCGTACCA
CTHCGTACCA

ACCAAATATC
ACCAAATATC
ACCAAATATC
ACCAAATATC
ACCAAATATC
ACCAAATATC
ACCACAGLGA
ACCACAGCOGA
ACCAaftate

ATATCTAACA
ATATCTAACA
ATATCTAACA
ATATCTAACA
ATATCTAACA
ATATCTAACA
ATACCTAATA
ATACCTAATA
ATAECTAACA

TAAAASAAAS
TAGAAAALAL
TAGAAAAAASL
TAGAAAALAL
TAGAAANAAN
TAGAAALLAL
TAGAAALAGS
TAGAAAAAGHA
TAGAALAL AL

ATAMATTATA
ATAAATTATA
ATAMATTATA
ATAAATTATA
ATAAATTATA
ATASATTATA
GAGAATTATA
GAGAATTATA
atahATTATA

AATAAAALAL
AATAAAANAL
AATAAAARLN
AATAAAALLL
AATAAAARAL
AATAAAA0AL
CATTGAGAAA
CATTGAGAAL
aATaadalld

TATCTGLAAA
TATCTGCAAA
TATCTGLAAR
TATCTGCAAA
TATCTGCAARL
TATCTGLAAA
TATACGCCCA
TATACGLCCA
TATctGCaad

GCCAATAATC
GLCAATAATC
GLCAATAATC
GCCAATAATC
GLCAATAATC
GCCAATAATA
GLCAATGALG
GECAATGACG
GLCAATaAt.

CTGAMACATT
CTGARACATT
CTGAAACATT
CTGAAACATT
CTGAAMACATT
CTGAMACATT
CTGAAGGGTT
CTGAAGGGTT
CTGAAacaTT

ABLMATGACAT
ABAATGACAT
ABAATGACAT
AMAATGACAT
ABAATGACAT
ABMATGACAT
ABAATGCCAT
ABAATGCCAT
AMAATGACAT

TAATGGATGA
TAATGGATGA
TAATGGATGA
TAATGGATGA
THATGGATGA
TAATGGATGA
TAATGCATGC
TAATGCATGEC
TAATGGATGa

TTCGCTCAAR
TTOGCTCAAN
TTCGCTCAAR
TTCGCTCAAR
TTCGOTCAAA
TTCGCTCAARL
TTCGTTCAAG
TTCGTTCAAG
TTCGeTCALS

TAGGAACAAG
TAGGAACAAG
TAGGAATAAG
TAGGAACAAG
TAGGAACAAG
TAGGAACAAG
TAAGAATAAG
TAAGAATAAG
TAgGAALAAG

CRACCTTALL
CAACCTTAAR
CAACCTTAAR
CAACCTTAAR
CAACCTTAAR
CaaCCTTAAL
GAATCGTAAT
GAATCGTAAT
clAeCtTAAS

AA-TAGGTCA
Ab=-TOGTCA
AB-TOGGTCA
AA-TCGGTCA
AN-TCGGTCA
AAATCGGTCA
Ab=TCGEGTCA
AB-TCGGETCA
AA TCGGTCA

TAATTAGAGG
TAATTAGAGG
TAATTAGAGG
TAATTAGAGG
TAATTAGAGG
TAATTAGAGG
CAATCAGAGG
CAATCAGAGG
TAATEAGAGG

TAGTCGAATA
TAGTCGAATA
TAGTCTAATA
TAGTCGAATA
TAGTCGAATA
TAGTCGAATA
CATTOGCACG
CATTCGCACG
tagTlhadta

TGLCATARAT
TGLCATAAAT
TGLCATARAT
TGCCATAAAT
TGCCATABAT
TGLCATAAAT
TGLCAMAAAAG
TGCCAAMAAG
TGLCALAAAL

ABGGATCCTT
ABGGATCCTT
ABGGATCCTT
ANGGATCETT
AAGGATCCTT
ANGGATCETT
AAGGTTCETT
ARGETTCCTT
ANGGATCCTT

ABBLACACGA,
AlRANC ACGA
AAAAACACGA
ABBALCATGA
AMMANCACGA
LABAACATGA
AAGAMCTCTA
AAGAMCTCTA
AaAMC aCgh

ABAAATCTTG
ABBAATCTTG
AARANTCTTG
ABBAATCTTG
ABBAATCTTG
AARAATCTTG
AATAATCTTT
AATAATCTTT
AABAATCTTg

LAATGALAGA
ALATGAAMGA
AALTGAAAGA
ALATCAAMGH
AAATGAAAGA
AALTGAAAGA
AAATGLCAMAG
AAATGCAMAG
ALATGaAAg S

120

189
ATAATATCAA
ATAATATCAA
ATAATATCAA
ATAATATCAA
ATAATATCAR
ATAATATCAA
ATAATATTAG
ATAATATTAG
ATAATATcAa

200
AAGAATTCGA
ARGAATTCGA
ALGAATTCGA
AAGAATTCGEA
ABAAATTCGA
AAGAATTCGA
AATAATTGGA
AATAATTGGA
AL AATTCGA

388
CTTAALLRAT
CTTAAMAAAT
CTTAAMAAAT
CTTAAMARAT
CTTAAMAAAT
CTTAALLBAT
TTTAAMAGAT
TTTAAMAGAT
cTTAAMABAT

489
AGATAMAATA
AGATAMAATA
AGATAMLATA
AGATAMAAATA
AGATALAATA
AGATALAATA
TGACAMGGTA
TGACAAGGTA
aGAtAdaaTA

500
ALGAATANT
ALAGAATGAT
AAMGAATGAT
AANGAATGAT
AAMGAATGAT
AAAGAATGAT
GACCARCCAT
GACCAMCCAT
afaghat . AT

Gae
ALATATTTGA
AMATATTTTA
ALATATTTTA
ALATATTTTA
AMATATTTGA
ALATATTTTA
GAAGATATTG
GAAGATATTG
alAEATETTa

Toa
GATTACTTTT
GATTACTTTT
GATTACTTTT
GATTACTTTT
GATTACTTTT
GATTACTTTT
GATTTCTTTT
GATTTCTTTT
GATTaCTTTT

794
Adubs

BREEREE

Ada

=

Figure 47 The matK multiple sequence alignment of six Erythrina species and

outgroup plants



E.fusca
E.crista-g
E.variegat

E.stricta
E.subumbra
E.indica
P.indicus
M.hortensi
Consensus

E.fusca
E.crista-g
E.variegat

E.stricta
E.subumbra
E.indica
P.indicus
M.hortensi
Censensus

E.fusca
E.crista-g
E.variegat

E.stricta
E.subusbra
E.indica
F.indicus
M.hortensi
Consensus

1

TCTAGCTGTG
TCTAGCTGTG
TCTAGCTGTG
TCTAGCTGTG
TCTAGLTGTG
TCTAGCTCCA
TCTAGLTGLT
TCTAGLTGTG
TCTAGCTGTG

281

TTITTTGTTCC
TITTTGTTCC
TITTTGTTCC
TITTTGTTCC
TTITTTGTTCC
TITTTCTTAC
ACTTTTCTTC
ACTTTTCTTC
TITTTETTeC

ATCGAAGTTC
ATCGAAGTTC
ATCGAAGTTC
ATCGAAGTTC
ATCGAAGTTC
ACC-AAGTTC
ATCGAAGCTC
ATTCTAGCTC
ATCGAAGTTC

ATCAACTTTG
AGAAACTTTG
ATAAACTTTT
ATAAAARAAG
ATAAMARAAG
ATAAACAANG
TTTCTTGTTC
TTTCTTGTTC
ATaAle . TTG

TATC---TTA
TATC---TTA
TATC---TTA
TATC---TTA
TATC-=-TTA
TATC-=-TGA
TTTCGATTAC
TTTCGATTAC
TATC  TtA

CATCTATAAA
CATCTATAAL
CATCTATAAA
CATCTATAAL
CATCTATAAN
CATATATAAN
CRAC---A8k
CAAL -~ -AMK
CATCTATAAL

TTTA------
TTTC-
g/ —
TTTA-==c -

TTTA-- -
TATCACGAGG
TATCACGAGG
TTTA

GAACAAALAL
GAACAAAANN
GAACAAALAN
TAACAAARLN
TAACAAARAN

LAACAANALA

TGEGATAAATT
TEGATAAATT
TGGATAAATT
TGEGATAAATT
TGGATAAATT
AGGATAAACT
TGOATAAGAC
TGGATAAGAC
TEGATAAALT

---TATTCCT
===TATTCCT
===TATTCCT
-==TATTCCT
===TATTCCT
---TATTCCT
GETTATTGLT
GGETTATTGLT

TATTCCT

LAAGALAGGSE
ALAGAAAGGG
AAAGALAGGS
ARAGAAAGGG
AAAGAAAGGSE
ABAGAAAGGHG
GAAGATARAT
GAAGATARAT
AMMGAAAGGG

TCGRATCTTA
TTGGATCTTA
TTGGATCTTA
TTGGATCTTA
TTGGATCTTA
TTTGATATTA
TT-GTTCTTA
TT-GTTCTTA
TTgGATCTTA

CCTTTACTTT
CCTTTACTTT
CCTTTACTTT
CCTTTACTTT
CCTTTACTTT
CCTTTACTTT
CCTTTATTTT
CCTTTATTTT
CCTTTACTTT

TAGAAATTTA
TAGAATTTTA
TAGAAATTTA
TAGAAATTTA
TAGAAATTTA
TAGAAATTTA
CAMATGATCC
CABATGEATCC
TAGAAATTTA

CATTACAGAT CTTAMATTAA
CATTAALGAT CTTAMATTAL
CATTAAAGAT CTTARATTAA
CATTAAAGAT CTTAAATTAL
CATTAAAGAT CTTARATTAA
CATTAAAGAT
GTGTATAGGG
GTGTATAGGG
CATTAaAGAT

GTTTTTGAAA
GTTTTTGALA
cTTaaaTTAl

T-----TCTT
TETTTTTCTT
TCTTTTTCTT
TCTTTTTCTT
TCTTTTTCTT
TCTTTTTCTA
ATTTTCTTTT
ATTTTCTTTT
TeTTTETCTT

GACATA--CG
GACATA=-CG
GACATA--CG
GACATA--CG
GACATA--CG
GACATA--CG
TAATTAGTAG
TAATTAGTAG
GACATA (G

GGTAGAGATC
GGTAGAGATC
GGTAGAGATC
GGTAGAGATC
GGTAGAGATC
AGTAGAGATC
AMATGCAATC
AAMTGCAATC
EGTAGAGATC

ATTTTTACTA
ATTTTTACTA
ATTTTTACTA
TTITTTTACTA
TTITTTTACTA
ATTTTTACTA
TITTGTTTTA
TITTGTTTTA
aTTTTTACTA

ACTAGATAGE
ACTAGATAGG
ACTAGATAGG
ACCAGATAGG
ACTAGATAGG
ACTAAATAGG
ATAGAATATC
ATAGAATATC
ACTAATAGG

TATTTTGATC
TTTTTTGATT
TTTTTTGATT
TTTTTTTATT
TTITTTTTATT
TTTTTGGATC

TATTTTTTTA GTAGTATTGT
TATTTTTTTA GTAGTATTGT

TETTTTgAT.

278
TAAGGGCG
TAAGGELG
TAAGGGLG
TTTTACTA
TTTTACTA
TAAGGGLG
CAnTTTCT
CAATTTCT

TAARRECE

121

184
TTTTT-GAAA GTA-AAGGAG
TTITTIT-GAAL GTA-AAGGAG
TITTT-GAAA GTA-AAGGAG
TTTTIT-GAAL ATA-AAGGAG
TTTTT-GAAA ATA-AAGGAG
TTITIT=-GAAL GTA-AAGGAG
TAAATAGAAG GTATAAGGAG
TAAATAGAAG GTATAAGGAG
TTITTT GAAA GTA AAGGAG

208
TCTTTTAGCA
TCTTTTAGCA
TCTTTTAGCA
TCTTTTAGCA
TCTTTTAGCA
TCCTTTAGCA
ACTTACCTAG
ACTTACCTAG
TCTTTTAGCA

TTITTTCAGGA
TTTTTCAGGA
TTTTTCAGGA
TTTTTCAGGA
TTTTTCAGGA
TGTTTCAGGA

TTTTTCAGGA

Figure 48 The psbA trnH multiple sequence alignment of six Erythrina species and

outgroup plants



E.fusca
E.variegat
E.indica
E.stricta
E.subumbra
P.indicus
M.hortensi
E.crista-g
Consensus

E.fusca
E.variegat
E.indica
E.stricta
E.subumbra
P.indicus
M.hertensi
E.crista-g
Congensus

E.fusca
E.variegat
E.indica
E.stricta
E.subusbra
P.indicus
M.hortensi
E.crista-g
Consensus

E.fusca
E.variegat
E.indica
E.stricta
E.subumbra
P.indicus
M.hortensi
E.crista-g
Consensus

1

GGTCGTTCGE
GETCETTLGE
GGTCGTTCGG
GGTCETTIGE
GGTCGTTCGG
GGGLGTTCCG
GEGLETTCCG
GGTCGTTCGE
GGLCGETTCRG

1e1

GTCTAATTCG
GTCTRAATTCG
GTCTAATTCG
GTCTAATTCG
GTCTRATTCG
GTCTAATTAG
GTCTRAATTAG
GTGTAATTCT
GTCTAATTeG

e

GGGATATCCC
GGGATATCCC
GGGATATCCC
GGAATATCCC
GGAATATCCC
GGGGCATCCT
GGEGCATCLT
GGGATATCCC
GGGatATCCe

3e1

CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT
CCATTAGTTT

TCATTGTCGT
TCATTGTCGT
TCATTGTCGT
TCATTGTCGT
TCATTGTCGT
TCATTGTCGT
TCATTGTCGT
TCATTQTCGT
TCATTGTCGT

AAABCATTTT
AABACATTTT
AAALCATTTT
AARACATTTT
AAABCATTTT
ACARCATCTT
ACABCATCTT
ARABCATTTT
AMAACATETT

GTATTGLTGA
GTATTGLCTGA
GTATTGCTGA
GTATTGCTGA
GTATTGLTGA
GTATTGCTGA
GTATTGLTGA
GTATTGTTGA
GTATTGLTGA

GTAMGGEATT
GTAMGGGATT
GTAMGGGATT
GTAMGGGATT
GTAMGGGATT
GTAMGGGEATT
GTARGGGATT
TTAMGGEATT
GTAMGGGATT

AGGTCCATCA
AGGTCCATCA
AGGTCCATCA
AGGTCCATCA
AGGTCCATCA
AGGTCCTTCA
BGGTCCTTCA
AGGTCCATCA
AGGTCCATCA

GCTTCGAALA
GLTTCGAACA
GCTTCGAACA
GCTTCGAACA
GCTTCGAACA
GCTTCGAACA
GCTTCGAACA
TTTTTTAACA
GLTTCGAACA

ATAGAGCGLC
ATAGAGCGCC
ATAGAGCGLC
ATAGAGCGCC
ATAGAGCGEC
ATAGAGCACC
ATAGAGCACC
ATAGAGCGLC
ATAGAGCgLC

CAATGLAGAC
CAATGCAGAC
CAATGLAGAC
CAATGCAGAC
CAATGCAGAC
CAATGCAGAT
CAATGCAGAT
CTTTGCAGAG
CAATGCAGA.

CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC
CTTTCATTAC

TAGGAATTGC
TAGGAATTGL
TAGGAATTGC
TAGGAATTGC
TAGGAATTGL
TAGGAGTTGC
TAGGAGTTGL
TAGGATTTGT
TAGGA. TTGC

TACTCTGCAT
TACTCTGCAT
TACTCTGCAT
TACTCTGCAT
TACTCTGCAT
CACTCTGCAT
CACTCTGLAT
TATTCTGCAT
LACTCTGLAT

TTTGATGGGE
TTTGATGGGG
TTTGATGGGE
TTTGATGGGE
TTTGATGGGE
TTTGATGGGGE
TTITGATGGGG
TTTGATGGGG
TTTGATGGGE

ATAGATGTGG
ATAGATGTGG
ATAGATGTGG
ATAGATGTGG
ATAGATGTGG
ATCGATGTGG
ATCGATGTGG
ATAGATGTGG
ATaGATGETGG

TAMGAGTALS
TAAGAGTAAL
TAMGAGTALA
TAAGAGTAAL
TAAGAGTALA
GAMGAGTCAR
GAMGAGTCAA
TAMGAGTATA
LAAGAGT all

AGATTAGGTA
AGATTAGGTA
AGATTAGGTA
AGATTAGGTA
AGATTAGGTA
AAATTAGGCA
AAATTAGGCA
ATATTAGGTA
A ATTAGGEA

ATCARMATGGEC
ATCAMATGGE
ATCARATGEC
ATCABMATGGE
ATCAAATGGC
ATCAMATGGC
ATCAAATGGC
ATCAMATGGEC
ATCAAMATGGC

ATTGLCTCGT
ATTGLCTOGT
ATTGCCTOGT
ATTGCCTCGT
ATTGCCTCOGT
ATTGCCOGLGE
ATTGCOGCGE
ATTGLCTCGT
ATTGCCECGE

ATTCGGGAAN
ATTCGGEGAAA
ATTCGGGAAL
ATTAGGGAAA
ATTAGGGAAL
ATTCGGGAAA
ATTCGEGAAL
ATTCGGGGEAM
ATTCGGGAAA

TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT
TACAGGCATT

TGTTCATGTG
TGTTCATGTG
TGTTCATETG
TGTTCATGTG
TGTTCATGTG
TGTTCATGTA
TGTTCATGTA
TGTTCATETG
TGTTCATGTg

GAAATAGCAA
GAAATAGCAA
GAAATAGCAL
GAAATAGCAA
GAAATAGCAL
GAAATAGCAA
GAAATAGCAA
GAAATAGCAL
GAAATAGCAA

ARGAACCGAT
AMGAACCGAT
AAGAACCGAT
AAGAACCGAT
AAGAACCGAT
AAGAACCGAT
AAGAACCGAT
ARGAGLCGCT
AMGAACCGAT

CCARCCTATT
CCAACCTATT
CCABMCCTATT
CCAACCTATT
CCAMCCTATT
CCAGCCOGTT
CCAGLLCGTT
CCACCCTATT
CCA,CCEaTT

CCTTTATCTT
CCTTTATCTT
CCTTTATCTT
CCTTTATCTT
CCTTTATCTT
CCTTTATCTT
CCTTTATCTT
CETTTATCTT
CCTTTATCTT

TAGRACTTTT
TAGRACTTTT
TAGARACTTTT
TAGAACTTTT
TAGARACTTTT
TAGAGLTTTT
TAGAGCTTTT
TAGRACTTTT
TAGAACTTTT

TGTATGGGAL
TETATGGGAA
TGTATGGGAL
TGTATGGGAA
TGTATGGGAL
TGTATGGGARA
TGTATGGGAL
TTTATGTGGA
TGTATGGGAA

TTAGTAGAMG
TTAGTAGAAG
TTAGTAGAAG
TTAGTAGAAG
TTAGTAGAAG
TTAGTGGAGSE
TTAGTGGAGG
TTAGTGTAAG
TTAGTGGAAG

375
TAGAA
TAGAK
TAGAK
TAGAN
TAGAA
TGEEAG
TGGAG
TAGAG
TaGAG

CCAGACATTT
CCAGACATTT
CCAGACATTT
CCAGACATTT
CCAGACATTT
CCAGACATTT
CCAGACATTT
CCTTACATTT
CCAGACATTT

ATACTTCAAG
ATACTTCAAG
ATACTTCAAG
ATACTTCAAG
ATACTTCAAG
ATACTTCAGG
ATACTTCAGG
ATACTTCAAG
ATACTTCASG

GACGTGCTAT
GACGTGCTAT
GACGTGCTAT
GACGTGCTAT
GACGTGCTAT
GGCGTGTTAT
GGCGTGTTAT
GACGTGLTAT
GaCGTGETAT

122

1ga
CTAATTCGTG
CTAATTCGTG
CTAATTCGTG
CTAATTLGTG
CTAATTCGTG
GTAATTCGTG
GTAATTCGTG
TTATTTCGTG
LTAATTCGTG

200
AAGTTATGCA
AAGTTATGCA
AMGTTATGCA
AAGTTATGCA
AAGTTATGCA
AAGTTATGCA
AAGTTATGCA
AGGTTTTGCA
AAGTTATGCA

El]
TTGTTTGLAT
TTGTTTGCAT
TTGTTTGCAT
TTGTTTGCAT
TTETTTGCAT
TTGTTTACAT
TTGTTTACAT
TTGTTTGLAT
TTGTTTRLAT

Figure 49 The rpoC multiple sequence alisnment of six Erythrina species and

outgroup plants



E.fusca
E.indica
E.variegat
E.stricta
E.sumumbra
E.crista-g
P.indicus
M.hortensi
Consensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumumbra
E.crista-g
F.indicus
M.hortensi
Consensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumumbra
E.crista-g
P.indicus
M.hortensi
Censensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumumbra
E.crista-g
P.indicus
M.hortensi
Consensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumusbra
E.crista-g
P.indicus
M.hortensi
Consensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumusbra
E.crista-g
F.indicus
M.hortensi
Consensus

E.fusca
E.indica
E.variegat
E.stricta
E.sumumbra
E.crista-g
F.indicus
M.hortensi
Censensus

1

AGGAACTTTT
AGGAACTTTT
AGGARCTTTT
AGGAACTTTT
AGGAACTTTT
AGGAACTTTT
AGGAACTTTT
AGGAACTTTT
AGGAACTTTT

181

AAAAAAATTT
AABAABATTT
AARAMAATTT
AABAAAATTT
AABAABATTT
AATAAAATTT

281

GCTTGATACT
GCTTGATALG
GETGGATALG
GCTEEAAACG
GCTGGAAALG
GCTGEAAACG
TCGATTTTCT
CCAATTTITOG
GCT . GATACG

381

TTC-GGEATA
TTC-GEGATA
TTCTGGAAAL
TTC-GGGATA
TTC-GEGAAA
TTC-GGAAAR
TTC-GTGGTA
TTCCTTEGTA
TTC GGGATA

a81
GGETAAG-TT
TGETAAGGTT
TTGTAAG-TT
TTGAAAG-TT
TTGTAAG-GT
TTGAAGG-TT
GCAAAGTGTT
GCAAMGGGTT
t.GAAGG.TT

sl

TATTTTGGGT
ATATTTGEET
TA-TTTGGGT
TA-TTGTGET
GA-TTTGEGT
AA-TTGGGGEG
GTATTCTTTT
GTATTCTTTT
.a.TT. gGaT

601

TTTATARATT
ATTATAAATT
TARARARATT
TTAATAAATT
TTAATAAATT
TTAARARATT
TTTATAAACT
TTTATAAACT
TTEATAAATT

TTACTTATTT
TTACTTATTT
TTACTTATTT
TGACTTATTT
TGACTTATTT
TTACTTATTT
TGACTAGGAT
TGACTAGGAC
TRACTTATTT

TTATTATTCG
TTATTATTCG
TTATTATTCG
TTATTATTCG
TTATTATTCG
TCCTTATCCG
ATCATATTC-
ATCATATCC-
TTeTTATTCG

GATTTTTTTG
GATTTTTTAA
GATTTTTTTG
GATTTTTTGG
GATTTTTTTG
GATTTTTTTG
GCTAATTTT-
GCTAATTTT-
GATTTTTTTg

AMAATTCTTA
AARATTATTA
AMAATTATAA
AAAATTATTA
AAMATTATTA
ANAATAATAN
ATCAGTAT--
ACCAGTAT ==
AAAATTAT.A

TTTTCATGTT
TTTTCATETT
TTTCCAGETT
TTTTCATGTG
TTTTCAGGETG
TTTTCGGETG
TTTTCTTTIT
TITTCTTTIT
TTTTC.TGTT

TGAATTCCAT
TGAATTTTAT
GGAATTTAAT
TTAATTTCAT
TTAATTTCAT
GGAATTTC-T
GTAGRAGCGT
GTAARACCGE
GEAATTRC.T

CATTCC-TCA
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multiple sequence alignment of six Erythrina species and

outgroup plants
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Phylogenetic analysis

The dendrogram showed that the high efficiency of these DNA sequencing data
could clearly distinguish each species including the outgroup was generated by
maximum parsimony method with a number of bootstrap 1000 replications using the

computer program MEGAT as shown in Figure 51-55.

Based on the ITS sequences determination of the six Erythrina species, the
parsimony analysis was performed to produce parsimonious trees. By comparison of
50%, the majority-rule consensus tree divided Erythrina into two major clades and six
groups. The first group was composed of E. fusca, which was separated from other
species (100% bootstrap). The second group was composed of E. indica (60%
bootstrap). The third group included E. crista-galli (59% bootstrap). The fourth group
belonged to E. variegata (57% bootstrap). The fifth group was composed of E. stricta
and E. subumbrans with a bootstrap value of 62%. While P. indicus and M. hortensis,
which were outgroups in this current study, were clearly separated from six Erythrina
species with 100% bootstrap support. The species with accession numbers were
referred from the GenBank (KF186436.1, FN825780.1, KJ419281.1, KJ419280.1,
JX856454.4, and JX56570.1, respectively) to compare with the analytical samples as

shown in Figure 51.
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Figure 51 The phylogenetic tree based on parsimony analysis among six Erythrina
species and outgroup ITS sequences; Tree length of 585 with a number of bootstrap

1000 replications
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Based on the determined matK sequences of the six Erythrina species, the
parsimony analysis was performed to produce parsimonious trees. By comparison of
50%, the majority-rule consensus tree divided Erythrina into two major clades and six
groups. The first group was composed of E. indica, which was separated from other
species (100% bootstrap). The second group was divided into two subgroups including
E. stricta, E. subumbrans (89%). The third group was E. variegata with a bootstrap value
of 60%. The fourth group was composed of E. crista-galli (89% bootstrap). The five
group was E. fusca with a high bootstrap value of 91%. P. indicus and M. hortensis,
which were outgroups in this current study, were clearly separated from six Erythrina
species with 100% bootstrap support. The species with accession numbers were
referred from the GenBank (KF147397.1, AY3863869.1, KX816364.1, KY118274.1,
KJ772770.1, and KJ012577.1, respectively) to compare with the analytical samples as

shown in Figure 52.

E.indica | 1
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VII
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Figure 52 The phylogenetic tree based on parsimony analysis among six Erythrina
species and outgroup matK sequences; Tree length of 607 with a number of

bootstrap 1000 replications
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Based on the determined psbA trnH sequences of the six Erythrina species,
the parsimony analysis was performed to produce parsimonious trees. Comparison of
50%, the majority-rule consensus tree divided Erythrina into two major clades and five
groups. E. fusca was in group 1 and was separated from other species with a bootstrap
value (98%). The second group contained E. crista-galli and E. variegata having 56%
and 94% of bootstrap value, respectively. The third group was divided into two
subgroups with the first subgroup being composed of E. stricta (99%) and the second
one containing £. subumbrans (69%). Next, E. indica was in group 4 and was separated
from other species (81%). Finally, the outgroup plants, P. indicus and M. hortensis,
were clearly separated from six Erythrina species with 100% bootstrap support. The
species with accession numbers were referred from the GenBank (GQ982212.1,
HG963644.1, KM895353.1, KR534091.1, JQ279722.1, and JX856884.1, respectively) to

compare with the analytical samples as shown in Figure 53.

E.costaricensis{(GQ982212.1)
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Figure 53 The phylogenetic tree based on parsimony analysis among six Erythrina
species and outgroup psbA trnH sequences; Tree length of 206 with a number of

bootstrap 1000 replications
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Based on the determined rpoC sequences of the six Erythrina species, the
parsimony analysis was performed to produce parsimonious trees. By comparison of
50%, the majority-rule consensus tree divided Erythrina into two major clades and five
groups. E. stricta and E. subumbrans was in the first group with a 87% bootstrap value.
For the second group, the bootstrap value of 75% was found in E. fusca. The third
group was composed of E. indica, and E. variegata (90% bootstrap). The fourth group
belonged to E. crista-galli (73% bootstrap). Lastly, P. indicus and M. hortensis, which
were outgroups in this current study, were clearly separated from six Erythrina species
with 100% bootstrap support (Figure 49). The species of accession numbers have been

no reported in the database.
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Figure 54 The phylogenetic tree based on parsimony analysis among six Erythrina
species and outgroup rpoC sequences; Tree length of 294 with a number of

bootstrap 1000 replications
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Based on the determined ycfl sequences of the six Erythrina species, the
parsimony analysis was performed to produce parsimonious trees. Comparison of 50%,
the majority-rule consensus tree divided Erythrina into two major clades and four
groups. The first group was divided into two subgroups with the first subgroup being
composed of E. fusca and E. indica (83%) and the second one containing E. variegata
(54%). The second group was composed of E. crista-galli, which was separated from
other species (77% bootstrap). The third group consisted of E. stricta and E.
subumbrans (71% bootstrap). Finally, the outgroup plants, P. indicus and M. hortensis,
were clearly separated from six Erythrina species, with a bootstrap value of 100%

(Figure 50). The species of accession numbers have been no reported in the database.

Efusca | 1
83
4 e FE.indica ] 1
E.variegata | m
E.crista-galli | v
77 ——————— E.sticta | v
71
Esumumbrans | VI
P.indicus
VII
100
1. horfensis

Figure 55 The phylogenetic tree based on parsimony analysis among six Erythrina
species and outgroup ycf1 sequences; Tree length of 495 with a number of bootstrap

1000 replications



CHAPTER V
DISCUSSION AND CONCLUSION

At present, herbs and herbal extracts are popularly used in the Pharmaceutical
manufacturing and cosmetics. The quality of herbal materials in important for the
effectiveness of herbal medicine. The medicinal plant authentication methods are set
by macroscopic, microscopic, chemical constituents and molecular genetic
identification. These techniques have been accepted as the standard techniques by

WHO guideline for quality control of plant materials [138].

In Thailand, Erythrina spp. have been used as anti-inflammatory, analgesic,
headache, broken bone healing, anti-bacterial and anti-fungal agents [22, 25, 31, 50,
53, 54]. This study aimed to identify six Erythrina species distributed in Thailand using
macroscopic, microscopic analyses and DNA analysis. The macroscopic characteristics
of E. fusca, E. stricta, E. crista-galli, E. subumbrans, E. variegata and E. indica was
observed on leaf shape, leaf apex, leaf base, leaf margin, flower and fruit shape which

clearly reported in Table 9.

Microscopic analysis of leaf constant numbers involved leaf surface tissue
preparation for transparent thin tissue. Because of Erythrina leaf thickness, the leaf
could not be exfoliated by nail polish (formaldehyde). The pieces of leaf was clearing
by soaking with Haiter solution for 24 hours, following with chloral hydrate solution

until the leaf became clear that could observe the plant cells.

Microscopic analysis of the type of stomata in six Erythrina species was
classified as paracytic type in which the stoma was surrounded by two subsidiary cells

parallel to the long axis of guard cells (Figure 30). Generally, there is only one stomatal
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type found in each genus, hence consistently supporting the results of six Erythrina

species in this study.

Summary of microscopic leaf constant numbers including stomatal number,
epidermal cell number, stomatal index, epidermal cell area, vein islet number and
palisade ratio were demonstrated in Table 20. Determination of stomatal number is
one of the useful parameters in order to distinguish plants in species level [139]. In
this study the stomata in upper epidermis were found only in E. crista-galli, E.
subumbrans and E. variegata (60-136, 12-44, and 4-28 stomata/mm? respectively). E.
crista-galli demonstrated the highest number of upper stomata which could be used
as characteristics for identification. The stomatal numbers and stomatal indices in
lower epidermis among these six species were overlapping. The stomatal number in
lower epidermis among Erythrina species in Thailand were found to be less than E.

velutina in Brazil (264.60+16.83) [91].

The variation in stomata usually depend on the genetic and geographical
factors. For example, CO, content can affect the amount of stomata because CO, plays
a role in photosynthesis and helps build internal plant structures. Plants normally take
in CO, during the day and O, at night [140]. For E. subumbrans and E. variegata, whose
upper stomatal numbers were in the same range, exhibited distinct upper epidermal
cell number (1080-1820 and 404-532 cell/mm? respectively). E. fusca, could be
distinguished from E. stricta and E. indica by lower epidermal cell number (1000-1808,
540-776 and 376-876 cell/mm? respectively).

Epidermal cell area was relatively constant within a narrow range for each
species that allows a correct identification although some had degrees of overlapping
with closely related species. This value was used as a taxonomic tool for identification

of plant materials [141]. In this study, the epidermal cell areas among E. fusca, E. crista-
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galli and E. subumbrans were found to be less than 1200 um? whereas the epidermal

cell area among E. variegata, E. stricta and E. indica were more than 1200 um?.

The other important microscopic leaf constant parameters are palisade ratio
and vein islet number. The palisade ratio has been used as a diagnostic value for
differentiating of plant species. Both values can be affected by geographical variation
but different from species to species. However, the study among six Erythrina species
revealed overlapping of the palisade ratio and vein islet number. Nevertheless, both
values could be used to identify £. subumbrans from other species. In this study, E.
subumbrans showed the highest vein islet number (12.75-20.75 cell/mm?) which was

less than previously reported of 23.2 + 1.16 cell/mm? in India [142].
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Qualitative microscopic investigation also provides the supporting evidence for
plant identification [143]. The cross sections of midrib of six investigated Erythrina
species revealed distinguishing characteristics especially xylem and phloem tissues

(Figure 29-34).

Nowadays, molecular genetic identification has been developed and
increasingly used as contemporary techniques, such as polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) [144], Random Amplified
Polymorphic DNA (RAPD) [145], Amplified Fragment Length Polymorphism (AFLP) [146],
Inter Simple Sequence Repeat (ISSR) [147], and DNA barcode [137]. In regard to this
research, molecular identification supports the efficiency and reliability applied for

estimating the genetic information of Erythrina species.

This is the first report on sequences of the ITS, matK, psbA trnH, rooC and ycf1
region of Erythrina species distributed in Thailand. Molecular markers using ITS region
of ribosomal DNA may vary because they are fast evolving and high level of
interspecific divergence [101]. Chloroplast DNA has also been used for plant species
identification and discrimination. As a consequence, analysis of the matK, psbA trnH,
rpoC and ycfl have been widely used for organismal identification and taxonomic

clarification [148].

Mitochondrial genome, however, is not popularly used in plant molecular
analysis because the mitochondrial genome of each plant species is large, varied in
size and structure, making it difficult to be analyzed [115]. The mitochondrial genome
in plant differs from that in animal in terms of structure and rate of nucleotide
substitution. The rate of nucleotide substitution in plant mitochondrial genome is 40-
100 times slower than that of animal, 12 times and 3-4 times lesser than that of nuclear
and chloroplast genomes, respectively. Nonetheless, the lower rate of nucleotide

substitution in plant is advantageous in analyzing the evolutional relationship in higher
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levels of species and genus. For example, coxl gene (cytochrome C oxidase subunit 1)
is most widely used in molecular identification of herbal plants because of its role in
cellular respiratory and phosphorylation systems in plant with 1,592 bp. Apart from
coxl, there are COIl, COIll, atp (ATP synthase), nad (NADH dehydrogenase) and cob
(apocytochrome b) [149, 150].

The phylogenetic relationship of six Erythrina species in Thailand constructed
in the present study base on ITS, matK, and psbA trnH (Figure 46-48) was consistent
with that obtained by NCBI (Genbank) database [151]. According to the phylogenetic
tree, each primer in this study classified selected Erythrina species into 6 groups.
However, the relationship among species were different except E. stricta and E.
subumbrans. E. stricta and E. subumbrans were demonstrated close relationship due
to sharing the same node from all primer used (62, 89, 99, 87, and 71% with 1000

replications of bootstrap of ITS, matK, psbA trnH, rpoC and ycf1 region respectively).

Previously, Bruneau [152] studied morphological characteristics and chloroplast
DNA restriction site characters among 51 Erythrina species and constructed

phylogenetic tree. It was found that E. stricta and E. subumbrans were more related

than E. fusca, E. crista-galli, and E. variegata.

In  conclusion, the macroscopic and microscopic characteristics, both
qualitatively and quantitatively, based on midrib cross section and the microscopic
leaf constant numbers, including stomatal number, stomatal index, palisade ratio, vein
islet number and epidermal cell area, of six Erythrina species can be used as a tool
for these plants authentication. The phylogenetic relationship regarding DNA
sequencing data of the ITS, matK, rpoC, psbA trnH and ycf1 is able to provide valuable
information to evidently support the identification of six Erythrina species, in which E.

stricta and E. subumbrans has closest affinity of all.
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Table 14 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and

vein islet numbers of E. fusca, samples were collected from Chaiyaphum province

Stomatal number Epidermal cell number Stomatal index Upper Palisade Vein islet

(number per mm? (number per mm?) epidermal ratio number

cell area (number

(um?) per mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 0 200 1008 1200 0 14.29 992.06 4.00 4.00
2 0 168 1056 1184 0 12.43 946.97 8.00 5.25
3 0 172 996 1120 0 13.31 1004.02 8.75 6.25
[ 0 176 1064 1160 0 13.17 939.85 8.25 6.50
5 0 192 1204 1192 0 13.87 830.56 525 5.75
6 0 140 1024 1212 0 10.36 976.56 4.75 6.25
7 0 168 1084 1560 0 9.72 92251 9.00 6.00
8 0 168 1244 1588 0 9.57 803.86 9.50 6.00
9 0 164 1412 1268 0 11.45 708.22 6.50 6.00
10 0 160 1080 1552 0 9.35 925.93 7.00 6.50
11 0 156 1200 1572 0 9.03 833.33 8.25 7.50
12 0 164 1340 1556 0 9.53 746.27 8.00 6.00
13 0 164 1012 1204 0 11.99 988.14 7.75 6.25
14 0 172 1004 1568 0 9.89 996.02 5.50 7.25
15 0 180 1040 1560 0 10.34 961.54 7.00 7.75
16 0 156 1156 1588 0 8.94 865.05 7.50 7.75
17 0 116 1120 1148 0 9.18 892.86 7.25 5.75
18 0 160 1128 1188 0 11.87 886.52 7.75 6.50
19 0 168 1152 1576 0 9.63 868.06 7.50 6.50
20 0 192 1124 1216 0 13.64 889.68 7.00 6.00
21 0 144 1000 1340 0 9.70 1000.00 7.00 6.50
22 0 168 1080 1200 0 12.28 925.93 6.00 7.00
23 0 156 1060 1212 0 11.40 943.40 9.00 7.25
24 0 188 1032 1204 0 13.51 968.99 8.00 6.50
25 0 172 1340 1192 0 12.61 746.27 9.00 6.25
26 0 168 1216 1100 0 13.25 822.37 6.75 4.00
27 0 168 1172 1220 0 12.10 853.24 8.25 6.25
28 0 188 1060 1152 0 14.03 943.40 9.50 6.00
29 0 176 1244 1244 0 12.39 803.86 8.75 6.50
30 0 144 1020 1288 0 10.06 980.39 7.50 5.25
Min 0.00 116 996.00 1100.00 0.00 8.94 708.22 4.00 4.00
Max 0.00 200 1412.00 1588.00 0.00 14.29 1004.02 9.50 1.75
Mean 0.00 166.38 1122.40 1312.13 0.00 11.43 898.86 7.48 6.24
SD 0.00 17.13 111.44 176.88 0.00 1.75 82.86 1.37 0.87
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Table 15 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. fusca, samples were collected from Rayong province

Stomatal number Epidermal cell number Stomatal index Upper Palisade Vein

(number per mm? (number per mm? epidermal ratio islet
cell area number
(um?) (numbe

r per

mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 0 120 1360 1188 0 9.17 735.29 5.50 5.00
2 0 148 1296 1160 0 11.31 771.60 7.50 6.50
3 0 136 1080 1060 0 11.37 925.93 7.25 5.25
4 0 168 1116 1296 0 11.48 896.06 8.50 5.50
5 0 156 1016 1100 0 12.42 984.25 6.75 6.75
6 0 116 1120 1000 0 10.39 892.86 5.00 6.25
7 0 164 1160 1560 0 9.51 862.07 9.25 5.00
8 0 156 1020 1188 0 11.61 980.39 8.00 6.25
9 0 160 1088 1268 0 11.20 919.12 8.25 6.70
10 0 148 1480 USSZ 0 8.71 675.68 8.25 6.50
11 0 168 1376 1172 0 12.54 726.74 8.00 6.25
12 0 140 1340 1120 0 11.11 746.27 7.50 4.50
13 0 128 1408 1200 0 9.64 710.23 7.00 7.25
14 0 188 1008 1152 0 14.03 992.06 7.50 7.00
15 0 184 1200 1140 0 13.90 833.33 7.25 6.75
16 0 172 1384 1132 0 13.19 722.54 8.50 6.00
17 0 152 1360 1080 0 12.34 735.29 6.50 6.75
18 0 140 1400 1188 0 10.54 714.29 7.75 6.50
19 0 124 1440 1176 0 9.54 694.44 7.50 7.50
20 0 144 1052 1216 0 10.59 950.57 7.50 7.00
21 0 176 1360 1212 0 12.68 735.29 8.75 6.00
22 0 164 1520 1208 0 11.95 657.89 6.25 5.50
23 0 156 1324 1212 0 11.40 755.29 7.25 7.25
24 0 160 1040 1204 0 11.73 961.54 7.75 6.50
25 0 180 1344 1228 0 12.78 744.05 8.75 6.25
26 0 168 1160 1216 0 12.14 862.07 7.00 5.75
27 0 156 1604 1184 0 11.64 623.44 7.50 6.00
28 0 132 1288 1148 0 10.31 776.40 8.50 6.50
29 0 168 1100 1204 0 12.24 909.09 7.75 6.00
30 0 156 1432 1196 0 11.54 698.32 8.25 6.75
Min 0.00 116 1360 1000.00 0.00 8.71 623.44 5.00 4.50
Max 0.00 188 1296 1560.00 0.00 14.03 992.06 9.25 7.50
Mean 0.00 154.13 1080 1198.67 0.00 11.43 806.41 7.57 6.26
SD 0.00 18.72 1116 113.91 0.00 1.33 110.88 0.94 0.72
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Table 16 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. fusca, samples were collected from Nakhon Pathom province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein
(number per mm?) (number per mm?) epidermal ratio nuij::er
cell area (numbe

() rper

mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 0 120 1036 1808 0 6.22 965.25 7.50 6.00
2 0 128 1540 1388 0 8.44 649.35 8.75 5.25
3 0 132 1112 1760 0 6.98 899.28 8.00 6.25
q 0 160 1200 1604 0 9.07 833.33 7.25 5.75
5 0 140 1020 1800 0 7.22 980.39 8.25 525
6 0 152 1284 1460 0 9.43 778.82 7.75 5.00
7 0 164 1380 1440 0 10.22 724.64 7.50 5.00
8 0 164 1248 1356 0 10.79 801.28 8.75 6.00
9 0 160 1420 1448 0 9.95 704.23 7.75 6.25
10 0 176 1488 1392 0 11.22 672.04 9.25 6.00
11 0 140 1080 1640 0 7.87 925.93 7.50 7.50
12 0 156 1040 1300 0 10.71 961.54 6.75 5.25
13 0 172 1200 1288 0 11.78 833.33 8.25 7.00
14 0 132 1280 1432 0 8.44 781.25 8.00 7.28
15 0 180 1364 1516 0 10.61 733.14 7.00 6.00
16 0 164 1192 1544 0 9.60 838.93 8.75 6.50
17 0 120 1500 1608 0 6.94 666.67 6.00 5.75
18 0 116 1280 1588 0 6.81 781.25 7.75 6.50
19 0 192 1244 1576 0 10.86 803.86 7.50 5.75
20 0 184 1336 1616 0 10.22 748.50 7.25 7.25
21 0 144 1512 1600 0 8.26 661.38 7.50 6.50
22 0 168 1416 1280 0 11.60 706.21 7.50 6.75
23 0 148 1200 1720 0 7.92 833.33 9.25 7.00
24 0 164 1192 1204 0 11.99 838.93 10.00 6.50
25 0 180 1080 1228 0 12.78 925.93 8.00 6.00
26 0 156 1032 1360 0 10.29 968.99 8.75 5.50
27 0 164 880 1584 0 9.38 1136.36 8.25 6.75
28 0 156 1460 1592 0 8.92 684.93 9.75 7.75
29 0 168 1480 1276 0 11.63 675.68 9.25 6.50
30 0 180 1196 1596 0 10.14 836.12 7.50 5.50
Min 0.00 116 880.00 1204.00 0.00 6.22 649.35 6.00 5.00
Max 0.00 192 1540.00 1808.00 0.00 12.78 1136.36 10.00 7.75
Mean 0.00 155.88 1256.40 1500.13 0.00 9.54 811.70 8.04 6.21
SD 0.00 20.31 174.75 169.08 0.00 1.74 118.83 091 0.74
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Table 17 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. stricta, samples were collected from Nakhon Ratchasima province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein islet
(number per mm? (number per mm? epiderma ratio number
L cell (number
area per mm?)
(um?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis
1 0 168 760 740 0 18.50 1315.79 6.00 7.50
2 0 192 700 680 0 22.02 1428.57 5.50 7.00
3 0 184 780 720 0 20.35 1282.05 4.75 6.25
[ 0 156 780 740 0 17.41 1282.05 5.00 6.50
5 0 160 712 748 0 17.62 1404.49 7.50 6.25
6 0 168 704 712 0 19.09 1420.45 7.25 7.25
7 0 160 680 740 0 17.78 1470.59 8.00 6.50
8 0 160 700 732 0 17.94 1428.57 6.50 6.00
9 0 164 692 700 0 18.98 1445.09 7.00 4.75
10 0 176 648 708 0 19.91 1543.21 7.25 6.50
11 0 152 660 724 0 17.35 1515.15 3.75 7.25
12 0 168 668 700 0 19.35 1497.01 5.25 6.50
13 0 176 640 704 0 20.00 1562.50 6.00 7.00
14 0 180 740 704 0 20.36 1351.35 5.50 6.75
15 0 172 736 720 0 19.28 1358.70 5.50 6.50
16 0 168 728 700 0 19.35 1373.63 7.00 6.50
17 0 156 720 712 0 17.97 1388.89 6.50 6.75
18 0 176 740 756 0 18.88 1351.35 6.50 5.50
19 0 164 680 768 0 17.60 1470.59 6.50 7.50
20 0 180 664 776 0 18.83 1506.02 6.75 8.25
21 0 156 792 752 0 17.18 1262.63 7.50 8.00
22 0 160 672 768 0 17.24 1488.10 7.00 7.50
23 0 160 660 704 0 18.52 1515.15 8.75 7.50
24 0 184 740 728 0 20.18 1351.35 8.00 6.25
25 0 168 700 672 0 20.00 1428.57 7.50 7.25
26 0 168 680 640 0 20.79 1470.59 6.25 5.50
27 0 160 716 760 0 17.39 1396.65 5.75 7.00
28 0 156 724 748 0 17.26 1381.22 6.50 7.75
29 0 140 708 708 0 16.51 1412.43 5.00 6.75
30 0 160 740 692 0 18.78 1351.35 7.50 6.00
Min 0.00 140 640.00 640.00 0.00 16.51 1262.63 3.75 4.75
Max 0.00 192 792.00 776.00 0.00 22.02 1562.50 8.75 8.25
Mean 0.00 166.38 708.80 721.87 0.00 18.75 1415.14 6.46 6.75
SD 0.00 11.15 39.98 31.09 0.00 1.32 79.03 1.12 0.77
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Table 18 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. stricta, samples were collected from Prachinburi province

Stomatal number Epidermal cell number Stomatal index Upper Palisade Vein
(number per mm?) (number per mm?) epidermal ratio islet
cell area number
(m?) (number

per
mm?)

Field Upper Lower Upper Lower Upper Lower

epidermis epidermis epidermis epidermis epidermis epidermis

1 0 132 660 568 0 18.86 1515.15 3.50 4.50
2 0 128 656 560 0 18.60 1524.39 5.00 6.00
3 0 136 640 620 0 17.99 1562.50 4.50 5.50
4 0 160 676 644 0 19.90 1479.29 6.00 5.50
5 0 144 708 660 0 1791 1412.43 7.25 5.75
6 0 124 680 680 0 15.42 1470.59 7.00 6.50
7 0 140 684 668 0 17.33 1461.99 7.50 5.50
8 0 128 700 640 0 16.67 1428.57 7.75 6.25
9 0 144 740 640 0 18.37 1351.35 7.50 .75
10 0 140 680 636 0 18.04 1470.59 7.50 5.75
11 0 156 696 540 0 22.41 1436.78 4.00 6.25
12 0 168 660 552 0 23.33 1515.15 5.00 5.00
13 0 160 756 564 0 22.10 1322.75 8.00 6.25
14 0 164 700 560 0 22.65 142857 7.00 7.50
15 0 168 648 600 0 21.88 1543.21 7.50 6.25
16 0 160 656 580 0 21.62 1524.39 7.75 6.50
17 0 144 716 688 0 17.31 1396.65 6.50 7.00
18 0 152 660 716 0 17.51 1515.15 6.75 6.00
19 0 140 640 620 0 18.42 1562.50 7.00 6.25
20 0 136 648 676 0 16.75 1543.21 5.00 7.00
21 0 144 692 720 0 16.67 1445.09 475 6.00
22 0 144 680 680 0 17.48 1470.59 5.00 6.25
23 0 156 700 652 0 19.31 142857 4.25 7.00
24 0 120 660 660 0 15.38 1515.15 8.75 6.50
25 0 120 728 608 0 16.48 1373.63 8.75 6.25
26 0 128 624 668 0 16.08 1602.56 6.00 5.00
27 0 140 656 616 0 18.52 1524.39 5.00 5.75
28 0 152 724 672 0 18.45 1381.22 5.75 7.00
29 0 156 692 640 0 19.60 1445.09 7.75 6.25
30 0 156 640 700 0 18.22 1562.50 7.50 6.00
Min 0.00 120 624.00 540.00 0.00 15.38 1322.75 3.50 4.50
Max 0.00 168 756.00 720.00 0.00 23.33 1602.56 8.75 1.75
Mean 0.00 144.63 680.00 634.27 0.00 18.64 1473.80 6.38 6.17
SD 0.00 13.98 32.58 50.60 0.00 2.18 69.44 1.47 0.72
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Table 19 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. stricta, samples were collected from Saraburi province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein islet
(number per mm? (number per mm? epiderma ratio number
L cell (number
area per mm?)
(um?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis
1 0 92 720 544 0 14.47 1388.89 6.75 7.00
2 0 120 736 564 0 17.54 1358.70 4.50 7.25
3 0 128 736 560 0 18.60 1358.70 4.75 7.25
4 0 132 708 580 0 18.54 1412.43 5.00 6.50
5 0 140 700 584 0 19.34 1428.57 5.50 6.50
6 0 144 660 596 0 19.46 1515.15 6.25 5.00
7 0 156 680 588 0 20.97 1470.59 6.25 6.50
8 0 152 700 580 0 20.77 1428.57 6.25 6.75
9 0 160 692 580 0 21.62 1445.09 7.00 6.75
10 0 144 684 556 0 20.57 1461.99 6.75 6.00
11 0 128 740 560 0 18.60 1351.35 6.25 6.00
12 0 136 728 564 0 19.43 1373.63 6.00 6.00
13 0 164 740 564 0 22.53 1351.35 6.00 6.00
14 0 160 720 580 0 21.62 1388.89 6.50 7.50
15 0 168 672 580 0 22.46 1488.10 4.75 7.75
16 0 160 708 640 0 20.00 1412.43 5.25 5.25
17 0 148 680 640 0 18.78 1470.59 5.25 6.00
18 0 140 700 640 0 17.95 1428.57 6.25 6.50
19 0 144 720 712 0 16.82 1388.89 5.75 6.75
20 0 144 624 616 0 18.95 1602.56 5.50 7.00
21 0 144 640 660 0 1791 1562.50 4.50 7.50
22 0 136 644 620 0 17.99 1552.80 4.75 7.00
23 0 148 656 632 0 18.97 1524.39 5.00 7.00
24 0 100 636 680 0 12.82 1572.33 5.00 6.25
25 0 84 652 660 0 11.29 1533.74 5.25 6.25
26 0 116 752 696 0 14.29 1329.79 6.25 475
27 0 120 696 676 0 15.08 1436.78 6.25 6.50
28 0 128 740 648 0 16.49 1351.35 6.50 6.50
29 0 152 648 720 0 17.43 1543.21 7.00 6.75
30 0 96 668 692 0 12.18 1497.01 7.00 6.50
Min 0.00 84 624.00 544.00 0.00 11.29 1329.79 4.50 4.75
Max 0.00 168 752.00 720.00 0.00 22.53 1602.56 7.00 7.75
Mean 0.00 135.50 692.67 617.07 0.00 18.12 1447.63 5.80 6.51
SD 0.00 21.77 36.53 52.07 0.00 2.92 77.28 0.79 0.70
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Table 20 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. crista-galli, samples were collected from Bangkok province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein islet
(number per mm? (number per mm? epiderma ratio number
L cell (number
area per mm?)
(um?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis
1 76 180 792 1608 8.76 10.07 1152.07 5.00 5.50
2 60 172 880 1316 6.38 11.56 1063.83 6.25 6.00
3 88 184 1000 1588 8.09 10.38 919.12 5.50 6.50
[ 96 184 892 1376 9.72 11.79 1012.15 6.25 7.75
5 80 184 1068 1400 6.97 11.62 871.08 6.00 7.00
6 88 172 1152 1320 7.10 11.53 806.45 5.00 5.25
7 100 160 1020 1400 8.93 10.26 892.86 5.25 8.00
8 120 180 1040 1388 10.34 11.48 862.07 7.50 6.25
9 104 148 1160 1368 8.23 9.76 791.14 7.00 5.00
10 68 172 1092 1536 5.86 10.07 862.07 6.25 7.50
11 80 168 1088 1340 6.85 11.14 856.16 5.00 8.50
12 100 144 1088 1340 8.42 9.70 841.75 5.50 6.00
13 100 140 884 1280 10.16 9.86 1016.26 5.25 7.25
14 100 152 928 1396 9.73 9.82 972.76 6.50 8.50
15 100 172 1032 1660 8.83 9.39 883.39 6.50 7.00
16 104 172 1144 1720 8.33 9.09 801.28 5.50 5.25
17 92 172 1140 1720 7.47 9.09 811.69 5.25 6.00
18 88 160 1020 1820 7.94 8.08 902.53 7.25 5.35
19 64 160 992 1272 6.06 11.17 946.97 4.75 5.50
20 72 156 992 1720 6.77 8.32 939.85 4.75 8.00
21 76 120 1152 1692 6.19 6.62 814.33 3.75 7.25
22 104 120 1164 1640 8.20 6.82 788.64 5.50 6.50
23 76 168 1088 1336 6.53 11.17 859.11 5.75 7.00
24 80 164 808 1460 9.01 10.10 1126.13 5.50 7.00
25 100 160 1032 1348 8.83 10.61 883.39 7.25 6.50
26 120 172 912 1796 11.63 8.74 968.99 6.25 5.50
27 80 172 1040 1280 7.14 11.85 892.86 5.25 7.00
28 84 184 1120 1320 6.98 12.23 830.56 6.75 5.25
29 100 160 1160 1200 794 11.76 793.65 5.00 7.50
30 92 144 1024 1204 8.24 10.68 896.06 5.00 5.75
Min 60.00 120.00 792.00 1200.00 5.86 6.62 788.64 3.75 5.00
Max 120.00 184.00 1164.00 1820.00 11.63 12.23 1152.07 7.50 8.50
Mean 89.73 163.20 1030.13 1461.47 8.05 10.16 901.97 5.74 6.58
SD 15.03 17.05 106.26 185.46 1.40 1.44 95.97 0.88 1.03
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Table 21 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. crista-galli, samples were collected from Nakhon Pathom 1 province

Stomatal number Epidermal cell number Stomnatal index Upper Palisade | Vein islet

(number per mm?) (number per mm?) epidermal ratio number

cell area (number

(pm?) per mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis | epidermis | epidermis epidermis epidermis epidermis

1 100 148 1052 1456 8.68 9.23 868.06 3.75 7.00
2 112 168 960 1272 10.45 11.67 932.84 7.25 6.25
3 96 180 1024 1184 8.57 13.20 892.86 7.00 6.00
[ 80 172 1036 1372 717 11.14 896.06 5.75 5.25
5 112 160 1080 1420 9.40 10.13 838.93 4.00 6.50
6 96 136 1156 1312 7.67 9.39 798.72 5.25 6.50
7 104 140 1272 1388 7.56 9.16 726.74 4.75 6.50
8 128 172 1080 1360 10.60 11.23 827.81 5.00 6.00
9 108 152 1168 1360 8.46 10.05 783.70 575 5.50
10 92 180 1096 1136 7.74 13.68 841.75 5.50 5.00
11 84 164 1088 1324 717 11.02 853.24 4.75 5.50
12 108 148 1156 1296 8.54 10.25 791.14 5.25 6.50
13 100 132 1432 1276 6.53 9.38 652.74 5.25 7.25
14 76 144 1116 1392 6.38 9.38 838.93 6.75 8.00
15 100 164 1032 1372 8.83 10.68 883.39 4.25 6.25
16 112 160 1144 1288 8.92 11.05 796.18 7.00 7.50
17 92 120 1140 1320 .47 8.33 811.69 6.75 7.00
18 96 148 1252 1348 =7 9.89 741.84 4.75 6.50
19 88 176 1136 1272 LA9 12.15 816.99 5.50 7.50
20 112 156 1136 1184 8.97 11.64 801.28 4.75 8.00
21 76 172 1152 1308 6.19 11.62 814.33 4.75 6.00
22 112 168 1164 1328 8.78 11.23 783.70 575 525
23 72 148 1088 1340 6.21 9.95 862.07 5.50 7.75
24 100 164 1208 1400 7.65 10.49 764.53 5.50 6.00
25 100 156 1140 1324 8.06 10.54 806.45 7.25 5.50
26 136 180 1128 1340 10.76 11.84 791.14 6.25 5.50
27 76 160 1052 1288 6.74 11.05 886.52 5.25 6.00
28 88 172 1132 1420 7.21 10.80 819.67 6.75 7.00
29 88 160 1024 1184 791 11.90 899.28 5.00 6.00
30 100 156 1196 1324 772 10.54 771.60 6.00 5.75
Min 72.00 120.00 960.00 1136.00 6.19 8.33 652.74 3.75 5.00
Max 136.00 180.00 1432.00 1456.00 10.76 13.68 932.84 7.25 8.00
Mean 98.13 158.53 1128.00 1319.60 8.02 10.75 819.81 5.57 6.38
SD 15.10 14.91 89.70 75.14 1.23 1.19 58.47 0.96 0.98
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Table 22 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. crista-galli, samples were collected from Nakhon Pathom 2 province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein islet
(number per mm? (number per mm? epiderma ratio number
L cell (number
area per mm?)
(um?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis
1 80 168 1052 1580 7.07 9.61 883.39 6.25 6.00
2 100 156 960 1288 9.43 10.80 943.40 8.50 7.00
3 92 112 1024 1192 8.24 8.59 896.06 6.25 7.75
[ 76 160 1036 1200 6.83 11.76 899.28 6.00 7.00
5 72 160 1080 1384 6.25 10.36 868.06 7.25 6.50
6 80 168 1156 1240 6.47 11.93 809.06 475 6.00
7 88 128 1272 1328 6.47 8.79 735.29 7.25 5.50
8 80 168 1080 1204 6.90 12.24 862.07 5.00 7.75
9 108 160 1168 1224 8.46 11.56 783.70 5.75 6.00
10 92 164 1096 1260 7.74 11.52 841.75 5.25 8.00
11 84 160 1088 1612 7.7 9.03 853.24 5.00 8.50
12 84 156 1156 1460 6.77 9.65 806.45 5.00 7.00
13 88 140 1432 1443 5.79 8.82 657.89 6.00 6.25
14 76 156 1116 1440 6.38 9.77 838.93 6.00 6.25
15 72 120 1032 1356 6.52 8.13 905.80 5.00 6.25
16 88 112 1144 1200 7.14 8.54 811.69 8.00 7.50
17 88 128 1140 1220 717 9.50 814.33 7.75 7.00
18 96 140 1252 1416 7.12 9.00 741.84 9.25 6.25
19 88 168 1136 1244 7.19 11.90 816.99 8.50 7.75
20 100 160 1136 1468 8.09 9.83 809.06 6.50 8.00
21 88 156 1152 1400 7.10 10.03 806.45 8.75 7.25
22 92 160 1164 1060 7.32 13.11 796.18 6.75 7.00
23 76 156 1088 1160 6.53 11.85 859.11 6.25 6.50
24 104 168 1208 1248 793 11.86 762.20 7.25 7.75
25 104 156 1140 1280 8.36 10.86 803.86 7.75 5.50
26 120 180 1128 1340 9.62 11.84 801.28 7.00 5.50
27 112 160 1052 1424 9.62 10.10 859.11 7.25 6.00
28 100 176 1132 1400 8.12 11.17 811.69 7.75 6.00
29 88 180 1024 1520 791 10.59 899.28 5.50 8.00
30 68 168 1196 1196 5.38 12.32 791.14 7.25 5.00
Min 68.00 112.00 960.00 1060.00 5.38 8.13 657.89 4.75 5.00
Max 120.00 180.00 1432.00 1612.00 9.62 13.11 943.4 9.25 8.50
Mean 89.47 154.80 1128.00 1326.40 7.37 10.50 825.62 6.69 6.76
SD 12.54 18.38 89.70 132.95 1.05 1.37 58.75 1.26 0.92
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Table 23 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. subumbrans, samples were collected from Chiang Mai 1 province

Stomatal number Epidermal cell number Stomnatal index Upper Palisa | Vein islet

(number per mm2) (number per mm?) epidermal de mber

cell area ratio (number

(pm?) per mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 36 132 1696 1856 2.08 6.64 577.37 4.25 16.50
2 28 140 1440 1984 191 6.59 681.20 5.50 15.00
3 20 136 1548 1780 1.28 7.10 637.76 3.75 15.00
[ 20 120 1512 2120 1.31 5.36 652.74 5.00 17.00
5 20 124 1544 1740 1.28 6.65 639.39 4.25 13.75
6 36 112 1444 2060 243 5.16 675.68 5.00 20.25
7 28 104 1240 1972 2.21 5.01 788.64 3.75 19.50
8 20 124 1664 2108 1.19 5.56 593.82 6.00 12.75
9 20 140 1520 2196 1.30 5.99 649.35 525 15.00
10 28 156 1664 2184 1.65 6.67 591.02 4.75 15.25
11 20 132 1584 2272 1.25 5.49 623.44 4.25 19.50
12 12 116 1520 2204 0.78 5.00 652.74 5.00 16.25
13 28 128 1352 1952 2.03 6.15 724.64 6.00 17.50
14 32 140 1480 2072 212 6.33 661.38 4.50 15.25
15 12 112 1260 1760 0.94 5.98 786.16 4.75 14.00
16 28 120 1484 1960 1.85 577 661.38 5.00 18.00
17 28 112 1428 1860 1.92 5.68 686.81 5.00 14.50
18 24 136 1440 2000 1.64 6.37 683.06 525 15.25
19 28 152 1200 2240 2.28 6.35 814.33 3.75 15.50
20 20 116 1548 2340 1.28 4.72 637.76 4.25 15.00
21 20 132 1500 2320 1.32 5.38 657.89 6.25 18.25
22 24 172 1680 2120 1.41 7.50 586.85 3.50 18.50
23 16 116 1400 2048 1.13 5.36 706.21 5.00 16.00
24 28 152 1540 1792 1.79 7.82 637.76 4.25 20.75
25 44 140 1560 1620 274 7.95 623.44 3.50 17.50
26 40 140 1420 1600 274 8.05 684.93 4.25 16.50
27 28 120 1380 2208 1.99 5.15 710.23 4.00 16.00
28 28 116 1556 2280 1.77 4.84 631.31 4.50 18.75
29 28 108 1808 1812 1.53 5.63 544.66 4.75 16.00
30 36 108 1820 2200 1.94 4.68 538.79 5.50 18.50
Min 12.00 104 1200.00 1600.00 0.78 4.68 538.79 3.50 12.75
Max 44.00 172 1820.00 2340.00 2.74 8.05 814.33 6.25 20.75
Mean 26.00 129.13 1507.73 2022.00 1.70 6.03 659.18 4.69 16.58
SD 7.63 16.30 147.04 208.78 0.50 0.96 65.00 0.73 2.02
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Table 24 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. subumbrans, samples were collected from Chiang Mai 2 province

Stomnatal number Epidermal cell number Stomatal index Upper Palisa ‘fufn::‘
(number per mm?) (number per mm?) epidermal de | (oumberper
cell area ratio mm?)
(pm?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 20 164 1420 1560 1.39 9.51 683.06 5.50 14.00
2 24 160 1440 1644 l.64 8.87 814.33 5.50 16.25
3 28 156 1200 1600 2.28 8.88 654.45 5.00 16.00
4 28 140 1500 1600 1.83 8.05 649.35 6.00 17.50
5 20 128 1520 1648 1.30 7.21 694.44 5.00 14.00
6 40 120 1400 1500 2.78 7.41 811.69 5.25 15.50
7 32 144 1200 1420 2.60 9.21 647.67 6.25 18.00
8 24 144 1520 1592 1.55 8.29 877.19 6.50 16.25
9 20 152 1120 1528 1.75 9.05 862.07 5.00 15.00
10 20 148 1140 1500 1.72 8.98 909.09 5.25 15.50
11 20 120 1080 1820 1.82 6.19 833.33 7.25 20.00
12 16 120 1184 1804 1.33 6.24 841.75 4.75 17.25
13 28 136 1160 1552 2.36 8.06 816.99 7.00 16.50
14 28 144 1196 1524 2.29 8.63 809.06 5.00 16.25
15 28 120 1208 1360 2.27 8.11 865.05 5.25 15.00
16 20 160 1136 1580 1.73 9.20 791.14 5.50 16.00
17 20 152 1244 1660 1.58 8.39 757.58 6.50 18.00
18 20 144 1300 1664 IS 7.96 811.69 5.50 16.25
19 32 140 1200 1676 2.60 7.71 708.22 7.00 17.50
20 12 120 1400 1812 0.85 6.21 690.61 6.00 16.00
21 20 116 1428 1536 1.38 7.02 692.52 7.25 19.25
22 24 160 1420 1584 1.66 9.17 809.06 4.50 17.50
23 16 172 1220 1640 1.29 9.49 853.24 5.00 15.50
24 32 112 1140 1536 2.73 6.80 621.89 4.75 20.00
25 16 156 1592 1632 1.00 8.72 850.34 5.00 16.50
26 24 156 1152 1600 2.04 8.88 819.67 5.50 17.00
27 20 140 1200 1732 l.64 7.48 793.65 6.00 15.75
28 12 140 1248 1460 0.95 8.75 819.67 6.00 16.00
29 20 120 1200 1400 1.64 7.89 850.34 5.00 16.00
30 36 168 1140 1400 3.06 10.71 915.75 5.50 15.50
Min 12.00 112 1080.00 1360.00 0.85 6.19 621.89 4.50 14.00
Max 40.00 172 1592.00 1820.00 3.06 10.71 915.75 7.25 20.00
Mean 23.33 141.75 1276.93 1585.47 1.82 8.24 784.14 5.65 16.53
SD 6.73 17.22 145.25 117.41 0.57 1.08 83.60 0.78 1.48
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Table 25 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. subumbrans, samples were collected from Chiang Rai province

Stomatal number Epidermal cell number Stomatal index Upper Palisa | Veinistet
(number per mm?) (number per mm?) epidermal de (n:::::er
cell area ratio md
(pm?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 16 160 1600 1192 0.99 11.83 618.81 3.75 13.75
2 20 152 1560 1476 1.27 9.34 63291 5.00 14.00
3 28 132 1520 1380 1.81 8.73 645.99 4.00 15.00
4 28 116 1480 1412 1.86 7.59 663.13 4.50 15.00
5 20 128 1520 1060 1.30 10.77 649.35 4.75 12.75
6 28 120 1440 1600 191 6.98 681.20 5.50 18.50
7 24 112 1288 1432 1.83 7.25 762.20 4.50 19.00
8 16 160 1252 1584 1.26 9.17 788.64 6.50 13.00
9 32 156 1240 1200 252 11.50 786.16 6.25 18.50
10 28 160 1264 1200 217 11.76 773.99 5.00 16.75
11 20 160 1552 1200 1.27 11.76 636.13 4.75 18.50
12 16 140 1440 1352 1.10 9.38 686.81 6.00 16.50
13 16 144 1376 1392 1.15 9.38 718.39 5.50 18.00
14 20 140 1504 1260 1.31 10.00 656.17 5.00 16.25
15 24 116 1320 1200 1.79 8.81 744.05 6.50 14.50
16 32 116 1284 1208 2.43 8.76 759.88 5.00 14.75
17 28 120 1604 1460 1.72 7.59 612.75 5.50 15.00
18 20 128 1464 1400 1.35 8.38 673.85 4.25 16.50
19 20 140 1460 1440 1.35 8.86 675.68 4.50 16.50
20 28 120 1180 1140 232 9.52 827.81 5.50 18.00
21 24 124 1516 1192 1.56 9.42 649.35 5.00 16.25
22 20 176 1624 1320 1.22 11.76 608.27 4.00 17.50
23 16 104 1464 1300 1.08 741 675.68 5.00 15.00
24 24 152 1520 1232 1.55 10.98 647.67 4.50 20.25
25 28 120 1288 1224 2.13 8.93 759.88 5.00 18.50
26 32 156 1204 1228 2.59 11.27 809.06 5.50 17.50
27 32 168 1360 1240 2.30 1193 718.39 4.50 18.75
28 28 120 1340 1244 2.05 8.80 730.99 4.00 18.75
29 36 116 1688 1260 2.09 8.43 580.05 5.00 17.00
30 24 128 1580 1204 1.50 9.61 623.44 6.25 18.50
Min 16.00 104 1180.00 1060.00 0.99 6.98 580.05 3.75 12.75
Max 36.00 176 1688.00 1600.00 2.59 11.93 827.81 6.50 20.25
Mean 24.27 136.38 1431.07 1301.07 1.69 9.53 693.89 5108 16.63
SD 5.75 19.64 138.87 130.58 0.47 1.51 66.99 0.75 1.97
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Table 26 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. variegata, samples were collected from Bangkok province

Stomatal number Epidermal cell number Stomatal index Upper Palisade Vein
(number per mm? (number per mm? epiderma ratio islet
Lcell numbe
(um?) er per
mm?)
Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis
1 12 156 488 804 2.40 16.25 2000.00 7.75 6
2 16 168 464 848 3.33 16.54 2083.33 9.75 7
3 12 160 424 832 2.75 16.13 2293.58 9.50 8
4 12 164 500 812 234 16.80 1953.13 11.50 7
5 4 156 440 876 0.90 15.12 2252.25 7.50 5
6 16 152 436 888 3.54 14.62 2212.39 9.50 8
7 8 128 412 884 1.90 12.65 2380.95 7.50 8
8 8 128 416 780 1.89 14.10 2358.49 9.25 7
9 12 148 480 804 244 15.55 2032.52 7.75 8
10 8 132 460 800 1.71 14.16 2136.75 9.75 8
11 12 136 488 772 2.40 14.98 2000.00 7.75 8
12 8 152 448 852 1.75 15.14 2192.98 8.75 8
13 8 144 440 868 1.79 14.23 2232.14 9.50 9
14 4 124 484 796 0.82 13.48 2049.18 9.00 7
15 a 152 420 916 0.94 14.23 2358.49 10.50 9
16 a 140 464 840 0.85 14.29 2136.75 9.75 7
17 8 164 468 900 1.68 15.41 2100.84 10.00 7
18 16 136 512 948 3.03 12.55 1893.94 11.25 7
19 8 148 492 904 1.60 14.07 2000.00 9.75 7
20 12 132 488 872 2.40 13.15 2000.00 10.00 6
21 12 160 404 908 2.88 14.98 2403.85 9.25 7
22 28 144 500 852 5.30 14.46 1893.94 8.25 8
23 20 156 496 856 3.88 15.42 1937.98 9.50 8
24 8 172 440 952 1.79 15.30 2232.14 8.25 8
25 8 132 432 856 1.82 13.36 2272.73 9.00 7
26 4 160 460 908 0.86 14.98 2155.17 8.75 8
27 12 148 480 840 244 14.98 2032.52 10.00 8
28 4 148 448 896 0.88 14.18 2212.39 9.50 8
29 8 128 496 900 1.59 12.45 1984.13 11.25 11
30 8 128 464 828 1.69 13.39 2118.64 8.75
Min 4.00 124.00 404.00 772.00 0.82 12.45 1893.94 7.50 5
Max 28.00 172.00 512.00 952.00 5.30 16.80 2403.85 11.50 11
Mean 10.13 146.53 461.47 859.73 2.12 14.56 2131.53 9.28 7.63
SD 5.33 13.68 30.18 47.54 1.02 1.14 148.64 1.07 1.07
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Table 27 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. variegata, samples were collected from Pathum Thani province

Vein

Stomatal number Epidermal cell number Stomatal index Upper Palisade -

(number per mm?) (number per mm?) epidermal ratio T

cell area (numbe

(um?) ::;

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 8 116 464 644 1.69 15.26 2118.64 9.00 6.5
2 4 168 520 684 0.76 19.72 1908.40 8.75 55
3 12 96 464 496 252 16.22 2100.84 9.75 53
4 16 124 448 632 3.45 16.40 2155.17 10.25 55
5 12 128 484 716 242 15.17 2016.13 9.75 4.8
6 8 120 ar2 632 1.67 15.96 2083.33 10.50 58
7 4 120 484 548 0.82 17.96 2049.18 11.00 5.0
8 20 152 512 720 3.76 17.43 1879.70 9.50 6.0
9 8 88 460 572 1.71 13.33 2136.75 7.25 5.0
10 12 100 480 800 2.44 11.11 2032.52 10.75 6.0
11 8 120 460 772 1.71 13.45 2136.75 10.50 6.3
12 12 128 488 852 2.40 13.06 2000.00 10.75 6.0
13 12 132 524 868 2.24 13.20 1865.67 11.00 55
14 12 100 456 796 2.56 11.16 2136.75 11.00 6.5
15 16 144 532 916 292 13.58 1824.82 11.50 6.0
16 20 120 516 840 3.73 12.50 1865.67 10.00 6.5
17 8 140 500 900 157 13.46 1968.50 10.75 73
18 8 116 496 948 159 10.90 1984.13 10.75 6.8
19 4 116 460 904 0.86 11.37 215517 11.00 6.5
20 8 112 448 872 1.75 11.38 219298 13.25 7.0
21 12 128 456 908 2.56 12.36 2136.75 13.50 6.5
22 8 140 448 852 1.75 14.11 219298 10.25 6.8
23 12 112 504 856 233 11.57 1937.98 12.25 3.8
24 8 140 440 952 1.79 12.82 2232.14 10.75 6.3
25 4 144 480 856 0.83 14.40 2066.12 11.25 6.5
26 4 136 452 908 0.88 13.03 219298 11.75 5.8
27 8 132 456 840 1.72 13.58 2155.17 11.75 53
28 12 116 532 896 221 11.46 1838.24 12.25 6.3
29 12 124 524 900 2.24 12.11 1865.67 10.75 53
30 12 128 488 828 2.40 13.39 2000.00 10.00 5.0
Min 4.00 88.00 440.00 496.00 0.76 10.90 1824.82 7.25 3.8
Max 20.00 168.00 532.00 952.00 3.76 19.72 2232.14 13.50 7.25
Mean 10.13 124.67 481.60 796.93 2.04 13.72 2040.19 10.72 5.87
SD 4.30 17.07 28.45 126.41 0.80 2.21 123.25 1.26 0.77
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Table 28 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell

area and vein islet numbers of E. variegata, samples were collected from Prachin Buri province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein
(number per mm?) (number per mm?) epidermal ratio niie:er
cell area (numbe

(um?) " per

mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 16 160 488 800 2.40 16.67 2000.00 7.50 6.25
2 12 180 464 892 3.33 16.79 2083.33 10.00 5.00
3 12 160 424 836 2.75 16.06 2293.58 9.25 6.25
q q 132 500 816 2.34 13.92 1953.13 11.25 7.00
5 16 136 440 880 0.90 13.39 2252.25 7.25 6.50
6 8 160 436 884 3.54 15.33 2212.39 8.75 5.25
7 8 140 412 880 1.90 13.73 2380.95 8.00 5.50
8 12 132 416 800 1.89 14.16 2358.49 8.50 6.00
9 8 152 480 804 2.44 15.90 2032.52 7.75 5.75
10 12 140 460 800 1.71 14.89 2136.75 10.00 7.50
11 8 144 488 776 2.40 15.65 2000.00 8.00 8.50
12 8 156 448 844 1.75 15.60 2192.98 9.00 6.00
13 q 148 440 860 1.79 14.68 2232.14 9.50 7.25
14 q 120 484 788 0.82 13.22 2049.18 9.00 8.50
15 q 160 420 900 0.94 15.09 2358.49 10.50 6.25
16 8 140 464 860 0.85 14.00 2136.75 10.00 7.50
17 16 176 468 880 1.68 16.67 2100.84 11.00 6.25
18 8 140 512 952 3.03 12.82 1893.94 10.75 6.25
19 12 156 492 904 1.60 14.72 2000.00 9.25 7.50
20 12 140 488 872 2.40 13.83 2000.00 9.75 8.00
21 28 168 404 908 2.88 15.61 2403.85 9.00 7.25
22 20 148 500 852 5.30 14.80 1893.94 7.75 6.50
23 8 156 496 856 3.88 15.42 1937.98 8.00 7.00
24 8 168 440 952 1.79 15.00 2232.14 8.75 7.00
25 q 136 432 856 1.82 13.71 2272.73 9.25 5.00
26 12 180 460 908 0.86 16.54 2155.17 8.50 5.50
27 q 152 480 840 2.44 15.32 2032.52 9.75 7.00
28 8 152 448 896 0.88 14.50 2212.39 8.75 5.25
29 8 132 496 900 1.59 12.79 1984.13 10.75 7.50
30 16 132 464 828 1.69 13.75 2118.64 11.00 5.75
Min 4.00 120.00 404.00 776.00 0.82 12.79 1893.94 7.25 5.00
Max 28.00 180.00 512.00 952.00 5.30 16.79 2403.85 11.25 8.50
Mean 10.13 149.87 461.47 860.80 212 14.82 2131.53 9.22 6.57
SD 5.33 15.29 30.18 46.00 1.02 1.15 148.64 1.13 0.98




167

Table 29 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. indica, samples were collected from Chiang Rai province

Stomatal number Epidermal cell number Stomatal index Upper Palisade | Vein
(number per mm?) (number per mm?) epidermal ratio n;ii;r
cell area (numbe

(um?) rper

mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis epidermis epidermis epidermis epidermis epidermis

1 0 233 488 508 0 31.44 2049.18 4.50 3.75
2 0 262 464 520 0 33.50 2155.17 6.25 4.50
3 0 226 424 464 0 32.75 2358.49 5.25 5.00
q 0 252 500 500 0 33.51 2000.00 6.50 5.25
5 0 242 440 440 0 35.48 2272.73 5.25 5.50
6 0 231 436 480 0 32.49 2293.58 6.75 4.00
7 0 223 412 376 0 37.23 242718 6.00 5.25
8 0 210 416 436 0 32.51 2403.85 5.75 6.00
9 0 213 480 452 0 32.03 2083.33 5.75 6.00
10 0 269 460 4380 0 3591 217391 5.75 4.00
11 0 256 488 420 0 37.87 2049.18 5.75 4.00
12 0 246 448 448 0 35.45 2232.14 7.50 5.00
13 0 264 440 500 0 34.55 2272.73 7.25 5.25
14 0 232 484 452 0 33.92 2066.12 6.50 5.50
15 0 232 420 428 0 35.15 2380.95 6.00 4.00
16 0 228 464 476 0 32.39 215517 6.25 375
17 0 204 468 416 0 32.90 2136.75 6.75 5.00
18 0 224 512 448 0 33.33 1953.13 6.00 375
19 0 216 492 396 0 35.29 2032.52 6.00 4.25
20 0 236 488 496 0 32.24 2049.18 7.25 3.50
21 0 240 404 452 0 34.68 2475.25 6.50 4.00
22 0 236 500 496 0 32.24 2000.00 5.50 5.75
23 0 252 496 476 0 34.62 2016.13 6.25 4.25
24 0 256 440 4388 0 34.41 2272.73 7.50 3.75
25 0 224 432 452 0 33.14 2314.81 6.50 3.50
26 0 252 460 476 0 34.62 217391 7.25 3.50
27 0 232 480 500 0 31.69 2083.33 5.75 4.25
28 0 244 448 480 0 33.70 223214 7.25 4.50
29 0 236 496 452 0 34.30 2016.13 6.50 4.25
30 0 216 464 444 0 32.73 215517 6.50 4.00
Min 0.00 204.00 404.00 376.00 0.00 31.44 1953.13 4.50 3.50
Max 0.00 269.00 512.00 520.00 0.00 37.87 2475.25 7.50 6.00
Mean 0.00 236.23 461.47 461.73 0.00 33.87 2176.16 6.28 4.50
SD 0.00 16.67 30.18 34.00 0.00 1.58 145.15 0.72 0.78
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Table 30 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. indica, samples were collected from Chaiyaphum province

Stomatal number Epidermal cell number Stomnatal index Upper Palisade | Vein islet

(number per mm?) (number per mm?) epidermal ratio B

cell area (number

(pm?) per mm?)

Field Upper Lower Upper Lower Upper Lower
epidermis | epidermis epidermis epidermis epidermis epidermis

1 0 168 608 688 0 19.63 1644.74 8.50 6.25
2 0 136 656 784 0 14.78 1524.39 8.00 6.25
3 0 132 592 720 0 15.49 1689.19 9.25 5.25
4 0 176 676 864 0 16.92 1479.29 8.50 5.00
5 0 152 708 792 0 16.10 1412.43 7.50 4.75
6 0 140 624 812 0 14.71 1602.56 7.50 525
7 0 160 684 760 0 17.39 1461.99 8.00 5.00
8 0 160 628 788 0 16.88 1592.36 9.25 6.00
9 0 164 612 868 0 15.89 1633.99 8.25 6.75
10 0 180 680 752 0 19.31 1470.59 9.25 5.50
11 0 156 568 T2 0 16.81 1760.56 8.00 7.00
12 0 160 540 756 0 17.47 1851.85 7.00 5.00
13 0 172 608 804 0 17.62 1644.74 8.50 7.25
14 0 184 604 768 0 19.33 1655.63 8.25 7.00
15 0 188 644 760 0 19.83 1552.80 7.00 6.75
16 0 164 584 788 0 17.23 1712.33 8.50 6.25
17 0 156 564 748 0 17.26 1773.05 6.25 575
18 0 168 608 788 0 17.57 1644.74 7.50 5.50
19 0 160 640 776 0 17.09 1562.50 7.50 6.50
20 0 184 648 816 0 18.40 1543.21 6.75 7.25
21 0 136 560 812 0 14.35 1785.71 9.25 7.00
22 0 168 600 808 0 17.21 1666.67 7.00 6.50
23 0 152 560 812 0 15.77 1785.71 9.00 7.25
24 0 180 636 804 0 18.29 1572.33 9.75 6.00
25 0 160 544 828 0 16.19 1838.24 9.00 6.25
26 0 164 608 816 0 16.73 1644.74 6.75 4.75
27 0 160 572 784 0 16.95 1748.25 8.25 6.00
28 0 168 512 748 0 18.34 1953.13 9.50 6.75
29 0 172 684 876 0 16.41 1461.99 8.75 6.00
30 0 188 632 796 0 19.11 1582.28 7.75 525
Min 0.00 132 512.00 688.00 0.00 14.35 1412.43 6.25 4.75
Max 0.00 188 708.00 876.00 0.00 19.83 1953.13 9.75 7.25
Mean 0.00 163.38 612.80 789.60 0.00 17.17 1641.73 8.14 6.07
SD 0.00 14.94 48.14 40.80 0.00 1.44 130.64 0.93 0.80
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Table 31 Stomatal number, stomatal index, palisade ratio, epidermal cell number, epidermal cell area and vein

islet numbers of E. indica, samples were collected from Nakhon Ratchasima province

Vein

Stomatal number Epidermal cell number Stomatal index Upper Palisade o
(number per mm?) (number per mm?) epidermal ratio number
cell area (numbe

Field Upper Lower Upper Lower Upper Lower

epidermis epidermis epidermis epidermis epidermis epidermis

1 0 140 548 640 0 17.95 1824.82 8.00 8.25
2 0 120 636 668 0 15.23 1572.33 9.50 8.00
3 0 148 604 688 0 17.70 1655.63 12.25 6.50
[ 0 144 596 684 0 17.39 1677.85 10.00 6.00
5 0 116 612 728 0 13.74 1633.99 9.00 6.75
6 0 124 568 696 0 15.12 1760.56 10.75 7.50
7 0 120 572 624 0 16.13 1748.25 9.00 6.25
8 0 140 544 768 0 15.42 1838.24 8.75 8.25
9 0 152 584 660 0 18.72 1712.33 8.50 8.00
10 0 124 556 700 0 15.05 1798.56 10.25 8.75
11 0 132 560 760 0 14.80 1785.71 12.25 8.00
12 0 144 560 744 0 16.22 1785.71 8.75 9.75
13 0 140 548 744 0 15.84 1824.82 9.00 9.00
14 0 148 548 716 0 17.13 1824.82 9.25 7.00
15 0 120 608 692 0 14.78 1644.74 9.25 8.00
16 0 152 616 648 0 19.00 1623.38 7.50 7.00
17 0 144 536 704 0 16.98 1865.67 10.25 7.75
18 0 132 612 760 0 14.80 1633.99 11.25 7.50
19 0 136 600 668 0 16.92 1666.67 10.00 7.75
20 0 140 648 724 0 16.20 1543.21 9.25 8.25
21 0 108 540 660 0 14.06 1851.85 9.75 9.25
22 0 128 588 688 0 15.69 1700.68 8.75 8.50
23 0 136 592 660 0 17.09 1689.19 8.50 8.25
24 0 128 624 612 0 17.30 1602.56 9.25 8.25
25 0 128 560 640 0 16.67 1785.71 9.00 8.25
26 0 132 616 704 0 15.79 1623.38 11.75 8.25
27 0 120 608 696 0 14.71 1644.74 11.50 8.75
28 0 152 580 784 0 16.24 1724.14 8.75 7.75
29 0 148 648 708 0 17.29 1543.21 10.00 7.25
30 0 128 604 680 0 15.84 1655.63 9.00 8.50
Min 0.00 108 536.00 612.00 0.00 13.74 1543.21 7.50 6.00
Max 0.00 152 648.00 784.00 0.00 19.00 1865.67 12.25 9.75
Mean 0.00 133.88 587.20 694.93 0.00 16.19 1708.08 9.63 791
SD 0.00 11.96 32.64 43.55 0.00 1.31 94.70 1.21 0.86
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Appendix B

Molecular evaluation

The ITS, matK, psbA trnH, rpoC, and ycf1 sequence of six Erythrina species
distributed in Thailand and outgroup plants



The ITS sequence of six Erythrina species and outgroup plants

>FE. fusca
CTGAAGTTCTCGCTATGAAACTCCGTCGAAGTGTGTGTTTATGGGTCACGAGTCAAACAC
AGGGTGAGTCACCCACAATCCGGCCCCAACCCACCAAACTCATCCACCATTTTAACCTGA
CCCCCCCAACTGCAAACTCAATTTTCAGCCAACCACCAGACAATGCTCATGGGAAGCCAA
CTTCCACCTACTCCGTTCGGAAAACGTCTTACGACATTTGCATGAGGCAGGAGGGTAACA
ATGTGTGACACCCAGGCAGGCGTGCCCTCAACCTAATGGCATCGGGCGCAACTTGCGTTC
AAAGACTCGATGGTTCACGGGATTCTGCAATTCACACCAAGTATCGCATTTCGCTACGTT
CTTCATCGATGCAAGAGCCGAGATATCCGTTGCCGAGAGTCATTTTGCATTGTGCATCAT
GACTAACCCTCGAGAGGCGTCATCTCTGACCTTCCCAAGGATCACACATAAAAGTTTTCA
ATTCCTTGGCACGCAAAGCGCCGGGGTTTGAGTTTTGCCAGGACGAGAAAGCATGGCCAC
CTCCTCCCGACAGAAAGGAAAGACACGGATCTTTCCCTTCGTCAGTAAACAAATTCAACG
GTCAAACTGATTGTGAGGCATC

>E. stricta
GTCGATGCCTCACGACCAGTCCGACCGTCGAATCTGTCTGCTCACGAGAGGATGGAGGGA
AGATCTGTTTCCTTCCTTTCCTTTCCTTTCTGTTGAGTCGAGAGGGCGGTGCCTTCCCTT
CTAGTCCTGGCGAAAACCCCAGCCCCGCGCGTTGCCTTGCATTGAATTGAATTGATTATT
ATTTCTGCGAAAGCCAGGAAAGGGGCCTATCCGGGGCCTGTCATGATGCACTATGCAAAA
TGAATCTAATCTACGGATATCAAGGCTCTTGCCTGGCTTAAGAACGAAACAAAATGGAAT
CCTTGGGGTGAATTGGATAAGCCCGTGAAACTCCCCGTCTTTTTCCTGAATTTGCGCCCG
ATTCCATTCCGTTGAGGTCACGCCTGCGTGGGTGTGGCATGTCGTTACCCTTCCCTCCTC
TCCTCTGCCTCGCCCTGGCGTAAAAATAGGATAACGTAAGGGAATGGGAGGGGGTTGACT
TCGCCTCCCCAGCATCGCCTTGTGCTTGGGTTAGATTTAAAGTCAAGGTCCAGCCCGACC
CCTCCACGAGACGGGACGAGGACAAGCCCTAGGCCAGGCCAGCCCGGCCCGGCCCGGGLT
CGAGTCCAATCCCCAACACAAAACCAGGCACCTCTCGTTATGATACGAC

>E. crista-galli

GTCAATGCCTCACAATCAGTTTGACCGTTGAATTTGTTTACCTACTACAAGAGGAAAGA
GCGTCTTCTGTCTCTCCTTTCTGTTGGGATGACGGGGCCATGCCTTCCTGTCCTGGCTCA
ACTCCCACCCCGGCGCTTTCTGTGCCATTGAATTCATCTATTTTTGATCCTAGACTAGAA
GCGGTGACTTGGGGCGGTTCATCGGTAAGCCACAAGGCAAAATGCTCTATGACTCTGATA
TTCGGACTTCTGGGCTCTTGAATAAATTAACAAAGTGCCAAAATTGGATTCTTGTTGTGA
ATTCCATAATCCCTTGAATCTTTGAATCCTTGTTGGCCCCTATCCCCTTATGCTATTGGG
TTGACGGCCCGGGTGCCTGGGTGTCATACCCCCCTGCCCTCTTGCCACGTCCAAACATCT



CAGTATGTTGGTCGAAGTGAGTGTTGGCTTCCTGGCATCCCGTTATCATTGTCTTGTGGT
TGGATGAAAATTGAGGTTGCACTGGACCTGGCGCCACGATGAAATGGTGGATGATTTTTT
GCACTAGACCAGTTCTGCGCCTGTGAACCTGTCTTTGACTCTTGACCCGTACTCAACAGT
TTGACGGATGTATGTCTCGTCGCGAGGCCTC

>FE. subumbrans
GTCGATGCCTCACGACCAGTCCGACCGTCGAATCTGTCTGCTCACGAGAGGATGGAAGGA
AGATCTGTTTCCTTCCTTTCCTTTCCTTTCTGTTGAGAGGAGGGGGCCGTGCCTTCCTGT
CCTGGCCAAAACTCAACCCAACCCCCGCGCCTGGCCTGGCATGGAAATGAATTGTGTTTG
ATCTGAGCCCTGGCCAGGTACGGGACCGCTCGGCGCTGGGGTCAGTCGTGATATGCAATA
CGACTCGACTCTACGCATAGGACATCTCTTGTCTTGCTTAGAAACATAACGAAACGAAAT
GCTTGGTTTGAAGTGCATTGCCTAGTCCCCTGTCCCGTCTATTCATTGAACTCGAGTTGG
ACCCCATGCGGTTGAGGTGAGGGCAGGCCGGGCGGGGCGGCTCGTTTCACTCCTCTCCTC
TCCTCTGCCTCGCGCAAACGTCGGAAGACGTTTGGGGAACGGAATGGGTGGAAGTTGGCT
TCCCACGAGCAGCATCGTCTTGTGGTGGGCTTATATTCAAGGTCACGGTCCTTTTCATCA
CTACAACGTGGTGGGACGAGCCCTTGCTTTAGGCCAGTCAAGCGTGTCTCGTCCCGTGGT
CGACTCGCGACCCATAAACAAATCCCCTGACGTCTCGTAAGGAGACCAC

>F. variegata
GTCGATGCCTCACAATCAGATTGACCGTTGAATTTGTTTACCTACGAAAGGAAAGAAAAT
CTGTGTTTTGTTTCCTTTCTGTTAGGAGGGAGGGGGCCATGCCTTCTTTGTCCTGGCAAA
ACTCAAACCCCGGCGCTTTGTGTGCCAAGGAATTGAAAACTTTTATGTGTGATCCTTGAG
AAGTTCAGGGATGGCGCTTCTCAAGGGTTAGTCATGACGCATAATGCAAAATGACTCTCG
GCAACGGATATCTCGGCTCTTGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGT
GAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCTGATGCCATTA
GGTTGAGGGCACGCCTGCCTGGGTGTCACACATCGTTACCCTCTTGCCTCGTGCAAATGT
CAAAAGATGTTTGCCGAATGGAGCAAGCAGGTGCAAGTTGGCTTCCCATGAGCACATTGT
CTTGTGGTTGGCTGAAAATTGAGTTCTGTCGTTGAGCGTGTCACGATAAAATGGTGAATG
AGCATTTGCTCGAGACCAGTTGTAAGGTTGTCAACTGGCGTATCAATCGTGGCCGATGGA
CACGTCCACGTACGATTCGTAGCGAGGCCTC

>F. indica

GTCGATGCCTCACAATCAGTTTGATCGTTGAATTTGTTTACTTACGAAAGGAAGGAAGAT
TTGTCTTTCCTTTTTGTCAGGAGGAGGGGGTCGTGCTTTCTTCTCCTGGCAAAACTCAAA
CCCCGGCACTTTGTGTGCCAAGGAATTGAAAACTTTTATGTGTGATCCTTGAGAAGGTCA
GAGATGGCGCCTCTCACGGGTTAGTCATGATGCATAATGCAAAATGACTCTCGGCAACGG
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ATATCTCGGCTCTTGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGC
AGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGATGCCATTAGGTTGAG
GGCACGCCTGCCTGGGTGTCACACATCGTTACTCTCTTGTGCCTCGTGCAAATATCAGAA
GATGTTTGCCAAATGGGGTAGGTGCAAGTTGGCTTCCTATGAGCTTTGTCTTGTGGTTGG
CTGAAATTTGAGTTTGTGGTTGAGCGTGTCCTGATAAAATGGTGGATGGGTATTTTGCTC
GAGAGACCAGTTGTGCGCGTCTCAACCTGTGTTTGACTCGTGACCCATAAACACGTCCAC
GGATGTTTCATAGCGAGACCTC

>P. indicus
ATTGTCGAATCCCTGCAAAGTAGACCGCGCACTCGTTCTCAATCTCGCGGGGCAAAGGAC
GCGGGGGCAACCCCCCGCCGTTACCCCGCCCCGCCGGCGCGAGCGCGAGCTGGCGCCGTG
CGGGCCTTAACCAAACCCGGCGCGGCATGCGCCAAGGAAAACTGAACGAAGCGCCGGCCC
CCCGTTGCCCCGTTCGCGGAGTGCGCGGGCGGATTGGGCGCCTCCTGAAATGTCACAACG
ACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATAC
TTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAA
GCCGTTAGGCCGAGGGCACGTCTGCCTGGGCGTCTTGCATCGCGTCGCCCCTCTCCCCGC
CCATCGCGCGCGGGAGCCAAGGGGCGGAAATTGGCCTCCCGTGCACGCCCGTGCACGGLC
GGCCCAAATGACTGCCCGCGACGGTGCACGTCACTACCAGTGGTGGTTGAACGTCAACTC
TCATGCTGCGGTGTGACGCCGCATCGCCGTCTCGGGGACCATCACCGACCCAACGGGCTC
CTGCATGCACGCATGCACGGTGCTTC

>M. hortensis
ATTGTCGAATCCTGCAAAGTAGACCGCGCACTCGTTCTCAATCTCGCGGGGCAAAGGACG
CGGGGGCAACCCCCGCCGTTACCCCGCCCCGCCGGCGCGAGCGCGAGCTGGCGCCGTGLG
GGCCTTAACCAAACCCGGCGCGGCATGCGCCAAGGAAAACTGAACGAAGCGCCGGLCCCCC
CGTTGCCCCGTTCGCGGAGTGCGCGGGCGGATTGGGCGCCTCCTGAAATGTCACAACGAC
TCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTT
GGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGC
CGTTAGGCCGAGGGCACGTCTGCCTGGGCGTCTTGCATCGCGTCGCCCCTCTCCCCGCCC
ATCGCGCGCGGGAGCCAAGGGGCGGAAATTGGCCTCCCGTGCACGCCCGTGCACGGCCGG
CCCAAATGACTGCCCGCGACGGTGCACGTCACTACCAGTGGTGGTTGAACGTCAACTCTC
ATGCTGCGGTGTGACGCCGCATCGCCGTCTCGGGGACCATCACCGACCCAACGGGCTCCT
GCATGCACGCATGCACGGTGCTTC
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The matK sequence of six Erythrina species and outgroup plants

>FE. fusca
ATATTTTATTTGATACAAACTCTTTTTTTTTTCAAATCCATTGTAATAATGAGAAAAATT
TCTACATATCTGCAAAAATAGGTCAATAATATCAAAATCAGATAAATTGACCCAAACCGG
CTTACTAATGGGATGACCCAATATATTACAAAATTTTTCTTTAGCCAATAATCTAATTAG
AGGAAGAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTGAATTAAAAATGAATT
TTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCGAATACTTAAAAAATAACCCAA
AAAGTTAAATGAATGCTGGGATAATTGGTTTAAATAGATTGTTTCTGATCGAGACCAAAT
ATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTATCAAAAGAGG
GGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGAAAGGATC
CTTAAAGAATAATAAGGTATATAAACAATCCTTAGCAAATATTTCTAAAAGATGTTCTAT
TTTTTCATAAAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTGAACCGTAACTGAAA
GGTTTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAATTATATAG
GAACAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATATTTTTTTTGGAG
TAAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAAAGAAAA
A

>F. stricta

ATATTTTATTTGATACAAACTCTTTTTTTTTTCAAATCCATTGTAATAATGAGAAAAATT
TCTACATATCTGCAAAAATCGGTCAATAATATCAAAATCAGATAAATTGACCCAAACCGG
CTTACTAATGGGATGACCCAATATATTACAAAATTTTTCTTTAGCCAATAATCTAATTAG
AGGAAGAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTGAATTAGAAATGAATT
TTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCGAATACTTAAAAAATAACCCAA
AAAGTTAAATGAATGCTGGGATAATTGGTTTAAATAGATTGTTTCTGATCGAGACCAAAT
ATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTCTCAAAAGAGG
GGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGAAAGGATC
CTTAAAGAATGATAAGGTATATAAACAATCCTTAGCAGATATTTCTAAAAGATGTTCTAT
TTTTTCATAGAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTTAACCGTAACTGAGA
GGATTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAATTATATAG
GAACAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATATTTTTTTGGAGT
AAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAAAGAAAAA

>E. crista-galli
ATATTTTATTTGATACAAACTCTTTTTTTTTTTCAAATCCATTGTAATAATGAAAAAAAT
TTCTACATATCTGCAAAAATCGGTCAATAATATCAAAATCAAATAAATTGACCCAAACCG
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GCTTACTAATGGGATGACCCAATATATTACAAAATTTTTCTTTAGCCAATAATCTAATTA
GAGGAAAAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTGAATTAAAAATGAAT
TTTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCGAATACTTAAAAAATAACCCA
AAAAGTTAAATGAATGCTGGGATAATTGGTTTAAATAGATTGTTTCTGATCGAGACCAAA
TATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTATCAAAAGAG
GGGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGAAAGGAT
CCTTAAAGAATGATAAGGTATATAAACAATCCTTAGCAAATATTTCTAAAAGATGTTCTA
TTTTTTCATAGAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTGAACCGTAACTGAG
AGGATTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAATTATATA
GGAACAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATCTTTTTTTGGAG
TAAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAAAGAAAA
A

>E. subumbrans
ATATTTTATTTGATACAACTCTGCTTTTTTTTTTCTGATCCACTGTAAGTAATGAGAAAA
ATTTTCTACATATCTGCAAAAAATCGGTCAATAATATCAAAATCAGATAAATTGACCCAA
ACCGGCTTACTTAATGGGATGACCCAATATTATAACAAAATTTTTCTTTAGCCAATAATA
TAATTAGAGGAAGAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTGAATTAAAA
ATGAATTTTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCGAATACTTAAAAAAT
AACCCAAAAAGTTAAATGAATGCTGGGATAATTGGTTTAAATAGATTGTTTCTGATCGAG
ACCAAATATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTCTCA
AAAGAGGGGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGA
AAGGATCCTTAAAGAATGATAAGGTATATAAACAATCCTTAGCAAATATTTCTAAAAGAT
GTTCTATTTTTTCATAGAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTTAACCGTA
ACTGAGAGGATTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAAT
TATATAGGAACAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATATTTTT
TTGGAGTAAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAA
AGAAAAA

>FE. variegata

ATATTTTATTTGATACAAACTCTTTTTTTTTTCAGATCCATTGTAATAATGAGAAAAATT
TCTACATATCTGCAAAAATCGGTCAATAATATCAAAATCAAATAAATTGACCCAAACCGG
CTTACTAATGGGATGACCCAATATATTACAAAATTTTTCTTTAGCCAATAATCTAATTAG
AGGAAGAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTTAATTAAAAATGAATT
TTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCTAATACTTAAAAAATAACCCAA
AAAGTTAAATGAATGCTGGGATAATTGGTTTAAATAGATTGTTTCTGATCGAGACCAAAT
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ATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTCTCAAAAGAGG
GGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGAAAGGATC
CTTAAAGAATGATAAGGTATATAAACAATCCTTAGCAAATATTTCTAAAAGATGTTCTAT
TTTTTCATAGAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTTAACCGTAACTGAGA
GGATTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAATTATATAG
GAATAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATATTTTTTTGGAGT
AAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAAAGAAAAA

>E. indica

ATATTTTATTTGATATAAACTCTTTTTTTTTTCAGATCCATTGTAATAATGAAAAAAATA
TCTACATATCTGCAAAAATCGGTCAATAATATCAAAATCAAATAAATTGACCCAAACCGG
CTTACTAATGGGATGACCCAATATATTACAAAATTTTTCTTTAGCCAATAATCTAATTAG
AGGAAGAATTCGAACTATTGTATCAAGCTTTTTTATAAAAATTTTAATTAAAAATGAATT
TTGCAACATTTGACTTCGTACCACTGAAACATTTAGTCGAATACTTAAAAAATAACCCAA
AAAGTTAAATGAATGCTGGGATAATAGGTTTAAATAGATTGTTTCTGATCGAGACCAAAT
ATCAAAATGACATTGCCATAAATAGATAAAATAGTATTTCCATTTCTTTATCAAAAGAGG
GGTATTCTTTGAAACAAAAATGGATTTTCCTTGATATCTAACATAATGGATGAAAGGATC
CTTAAAGAATGATAAGGTATATAAACAATCCTTAGCAAATATTTCTAAAAGATGTTCTAT
TTTTTCATAGAAAAAAATTCGCTCAAAAAAAACACGAAAATATTTTAACCGTAACTGAGA
GGATTTGTTACGTAAAAAAAGAAAGATAGATTCATATTCCCATACATATAAATTATATAG
GAACAAGAAAAATCTTGGATTACTTTTTGAAAAAGAAATAGAAATATATTTTTTTGGAGT
AAAAACACTAGTCGAATTAAAATAGTAATAAAAAAACAACCTTAAAAAATGAAAGAAAAA

>P. indicus

ATACTTTATTCGATACAAACTCTTTTTTTTGCAAGATCCGCTATGATAATGAGAAAGATT
TCTGCATATACGCCCAAATCGGTCAATAATATTAGAATCTGATAAATCAGCCCGAACCGG
CTTACTAATGGGATGCCCTAATACGTTACAAAATTTCGCTTTAGCCAATGACGCAATCAG
AGGAATAATTGGAACAAGGGTATCGAACTTCTTAATAGCATTATTGATTAGAAATGCATT
TTCTAGAATTTGACTCCGTACCACTGAAGGGTTCATTCGCACGTTTAAAAGATAGCCCAA
AAATTCAAGGGAATGATTGGATAATTGGTTTATATAAATCCGTCTTGGATGAAACCACAG
CGAAAAATGCCATTGCCAAAAAGTGACAAGGTAACATTTCCATTTATTCATGAAAAGAGA
CGTCCCTTTTGAAGCCAGAATGGATTTTCTTTGATACCTAATATAATGCATGCAAGGTTC
CTTGACCAACCATAGGTTCGCCTGAAAATCCTTAACCTTAACAAAGACGTTAACAAGACG
TTCTATTTTTCCATAGAAAAAGATTCGTTCAAGAAGAACTCTAGAAGATATTGATTGTAA
ATGAGAAGATTGGTTACGTAGAAAGACAAAAATGGATTCATATTCACATACATGAGAATT
ATATAAGAATAAGAATAATCTTTGATTTCTTTTTGAAAAAGCGGAACTGGCTTCCTTTGG
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AGTAATAATACTATTCCAATTACAATACTCATTGAGAAAGAATCGTAATAAATGCAAAGA
AGA

>M. hortensis
ATACTTTATTCGATACAAACTCTTTTTTTTGCAAGATCCGCTATGATAATGAGAAAGATT
TCTGCATATACGCCCAAATCGGTCAATAATATTAGAATCTGATAAATCAGCCCGAACCGG
CTTACTAATGGGATGCCCTAATACGTTACAAAATTTCGCTTTAGCCAATGACGCAATCAG
AGGAATAATTGGAACAAGGGTATCGAACTTCTTAATAGCATTATTGATTAGAAATGCATT
TTCTAGAATTTGACTCCGTACCACTGAAGGGTTCATTCGCACGTTTAAAAGATAGCCCAA
AAATTCAAGGGAATGATTGGATAATTGGTTTATATAAATCCGTCTTGGATGAAACCACAG
CGAAAAATGCCATTGCCAAAAAGTGACAAGGTAACATTTCCATTTATTCATGAAAAGAGA
CGTCCCTTTTGAAGCCAGAATGGATTTTCTTTGATACCTAATATAATGCATGCAAGGTTC
CTTGACCAACCATAGGTTCGCCTGAAAATCCTTAACCTTAACAAAGACGTTAACAAGACG
TTCTATTTTTCCATAGAAAAAGATTCGTTCAAGAAGAACTCTAGAAGATATTGATTGTAA
ATGAGAAGATTGGTTACGTAGAAAGACAAAAATGGATTCATATTCACATACATGAGAATT
ATATAAGAATAAGAATAATCTTTGATTTCTTTTTGAAAAAGCGGAACTGGCTTCCTTTGG
AGTAATAATACTATTCCAATTACAATACTCATTGAGAAAGAATCGTAATAAATGCAAAGA
AGA
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The psbA_trnH sequence of six Erythrina species and outgroup plants

>F. fusca
TCTAGCTGTGATCGAAGTTCCATCTATAAATGGATAAATTTCGGATCTTACATTACAGAT
CTTAAATTAAACTAGATAGGTTTTTGAAAGTAAAGGAGGAATATCAACTTTGTTTATATT
CCTCCTTTACTTTTTCTTGACATACGTATTTTGATCTTTTTCAGGATCTTTTAGCATTTT
TGTTCCTATCTTAGAACAAAAAAAAAGAAAGGGTAGAAATTTAGGTAGAGATCATTTTTA
CTATAAGGGCG

>E.stricta
TCTAGCTGTGATCGAAGTTCCATCTATAAATGGATAAATTTTGGATCTTACATTAAAGAT
CTTAAATTAAACCAGATAGGTTTTTGAAAATAAAGGAGGAATATAAAAAAAGTTTATATT
CCTCCTTTACTTTTCTTTTTCTTGACATACGTTTTTTTATTTTTTTCAGGATCTTTTAGC
ATTTTTGTTCCTATCTTATAACAAAAAAAAAGAAAGGGTAGAAATTTAGGTAGAGATCTT
TTTTACTATTTTACTA

>FE.crista-galli
TCTAGCTGTGATCGAAGTTCCATCTATAAATGGATAAATTTTGGATCTTACATTAAAGAT
CTTAAATTAAACTAGATAGGTTTTTGAAAGTAAAGGAGGAATAGAAACTTTGTTTCTATT
CCTCCTTTACTTTTCTTTTTCTTGACATACGTTTTTTGATTTTTTTCAGGATCTTTTAGC
ATTTTTGTTCCTATCTTAGAACAAAAAAAAAGAAAGGGTAGAATTTTAGGTAGAGATCAT
TTTTACTATAAGGGCG

>FE.subumbrans
TCTAGCTGTGATCGAAGTTCCATCTATAAATGGATAAATTTTGGATCTTACATTAAAGAT
CTTAAATTAAACTAGATAGGTTTTTGAAAATAAAGGAGGAATATAAAAAAAGTTTATATT
CCTCCTTTACTTTTCTTTTTCTTGACATACGTTTTTTTATTTTTTTCAGGATCTTTTAGC
ATTTTTGTTCCTATCTTATAACAAAAAAAAAGAAAGGGTAGAAATTTAGGTAGAGATCTT
TTTTACTATTTTACTA

>F.variegata

TCTAGCTGTGATCGAAGTTCCATCTATAAATGGATAAATTTTGGATCTTACATTAAAGAT
CTTAAATTAAACTAGATAGGTTTTTGAAAGTAAAGGAGGAATATAAACTTTTTTTATATT
CCTCCTTTACTTTTCTTTTTCTTGACATACGTTTTTTGATTTTTTTCAGGATCTTTTAGC
ATTTTTGTTCCTATCTTAGAACAAAAAAAAAGAAAGGGTAGAAATTTAGGTAGAGATCAT
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TTTTACTATAAGGGCG

>F.indica
TCTAGCTCCAACCAAGTTCCATATATAAAAGGATAAACTTTTGATATTACATTAAAGATT
TAAACTAAATAGGTTTTTGAAAGTAAAGGAGGAAGAGGAATATAAACAAAGTTTATATTC
CTCCTTTACTTTTCTTTTTCTAGACATACGTTTTTGGATCTGTTTCAGGATCCTTTAGCA
TTTTTCTTACTATCTGAAAAAAAAAAAAAAGAAAGGGTAGAAATTTAAGTAGAGATCATT
TTTACTATAAGGGCG

>P.indicus
TCTAGCTGCTATCGAAGCTCCAACAAATGGATAAGACTTGTTCTTAGTGTATAGGGGTTT
TTGAAAATAGAATATCTAAATAGAAGGTATAAGGAGCAATAAACTCTTTCTTGTTCTATC
ACGAGGGGTTATTGCTCCTTTATTTTATTTTCTTTTTAATTAGTAGTATTTTTTTAGTAG
TATTGTACTTACCTAGACTTTTCTTCTTTCGATTACAAAAAAGAAAGAAGATAAATCAAA
TGATCCAAATGCAATCTTTTGTTTTACAATTTCT

>M.hortensis
TCTAGCTGTGATTCTAGCTCCAACAAATGGATAAGACTTGTTCTTAGTGTATAGGGGTTT
TTGAAAATAGAATATCTAAATAGAAGGTATAAGGAGCAATAAACTCTTTCTTGTTCTATC
ACGAGGGGTTATTGCTCCTTTATTTTATTTTCTTTTTAATTAGTAGTATTTTTTTAGTAG
TATTGTACTTACCTAGACTTTTCTTCTTTCGATTACAAAAAAGAAAGAAGATAAATCAAAT
GATCCAAATGCAATCTTTTGTTTTACAATTTCT



The rpoC sequence of six Erythrina species and outgroup plants

>F. fusca
GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCAATAGAACTTTTCCAGACATTTCTAATTCGTGGTCTAATTCGAAAACATTTT
GCTTCGAACATAGGAATTGCTAAGAGTAAAATTCGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAAGAAGTTATGCAGGGATATCCCGTATTGCTGAATAGAGCGCCTACTCTGCAT
AGATTAGGTATACAGGCATTCCAACCTATTTTAGTAGAAGGACGTGCTATTTGTTTGCAT
CCATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGATCAAATGGCTGTTCATGTG
CCTTTATCTTTAGAA

>E.stricta
GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCAATAGAACTTTTCCAGACATTTCTAATTCGTGGTCTAATTCGAAAACATTTT
GCTTCGAACATAGGAATTGCTAAGAGTAAAATTAGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAAGAAGTTATGCAGGAATATCCCGTATTGCTGAATAGAGCGCCTACTCTGCAT
AGATTAGGTATACAGGCATTCCAACCTATTTTAGTAGAAGGACGTGCTATTTGTTTGCAT
CCATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGATCAAATGGCTGTTCATGTG
CCTTTATCTTTAGAA

>E.crista-galli

GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCACTAGAACTTTTCCTTACATTTTTATTTCGTGGTGTAATTCTAAAACATTTT
TTTTTTAACATAGGATTTGTTAAGAGTATAATTCGGGGAAAAGAGCCGCTTTTATGTGGA
ATACTTCAAGAGGTTTTGCAGGGATATCCCGTATTGTTGAATAGAGCGCCTATTCTGCAT
ATATTAGGTATACAGGCATTCCACCCTATTTTAGTGTAAGGACGTGCTATTTGTTTGCAT
CCATTAGTTTTTAAGGGATTCTTTGCAGAGTTTGATGGGGATCAAATGGCTGTTCATGTG
CGTTTATCTTTAGAG

>E.subumbrans

GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCAATAGAACTTTTCCAGACATTTCTAATTCGTGGTCTAATTCGAAAACATTTT
GCTTCGAACATAGGAATTGCTAAGAGTAAAATTAGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAAGAAGTTATGCAGGAATATCCCGTATTGCTGAATAGAGCGCCTACTCTGCAT
AGATTAGGTATACAGGCATTCCAACCTATTTTAGTAGAAGGACGTGCTATTTGTTTGCAT
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CCATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGATCAAATGGCTGTTCATGTG
CCTTTATCTTTAGAA

>F.variegata
GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCAATAGAACTTTTCCAGACATTTCTAATTCGTGGTCTAATTCGAAAACATTTT
GCTTCGAACATAGGAATTGCTAAGAGTAAAATTCGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAAGAAGTTATGCAGGGATATCCCGTATTGCTGAATAGAGCGCCTACTCTGCAT
AGATTAGGTATACAGGCATTCCAACCTATTTTAGTAGAAGGACGTGCTATTTGTTTGCAT
CCATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGATCAAATGGCTGTTCATGTG
CCTTTATCTTTAGAA

>E.indica
GGTCGTTCGGTCATTGTCGTAGGTCCATCACTTTCATTACATAGATGTGGATTGCCTCGT
GAAATAGCAATAGAACTTTTCCAGACATTTCTAATTCGTGGTCTAATTCGAAAACATTTT
GCTTCGAACATAGGAATTGCTAAGAGTAAAATTCGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAAGAAGTTATGCAGGGATATCCCGTATTGCTGAATAGAGCGCCTACTCTGCAT
AGATTAGGTATACAGGCATTCCAACCTATTTTAGTAGAAGGACGTGCTATTTGTTTGCAT
CCATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGATCAAATGGCTGTTCATGTG
CCTTTATCTTTAGAA

>P.indicus
GGGCGTTCCGTCATTGTCGTAGGTCCTTCACTTTCATTACATCGATGTGGATTGCCGCGC
GAAATAGCAATAGAGCTTTTCCAGACATTTGTAATTCGTGGTCTAATTAGACAACATCTT
GCTTCGAACATAGGAGTTGCGAAGAGTCAAATTCGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAGGAAGTTATGCAGGGGCATCCTGTATTGCTGAATAGAGCACCCACTCTGCAT
AAATTAGGCATACAGGCATTCCAGCCCGTTTTAGTGGAGGGGCGTGTTATTTGTTTACAT
CCATTAGTTTGTAAGGGATTCAATGCAGATTTTGATGGGGATCAAATGGCTGTTCATGTA
CCTTTATCTTTGGAG

>M.hortensis
GGGCGTTCCGTCATTGTCGTAGGTCCTTCACTTTCATTACATCGATGTGGATTGCCGCGC
GAAATAGCAATAGAGCTTTTCCAGACATTTGTAATTCGTGGTCTAATTAGACAACATCTT
GCTTCGAACATAGGAGTTGCGAAGAGTCAAATTCGGGAAAAAGAACCGATTGTATGGGAA
ATACTTCAGGAAGTTATGCAGGGGCATCCTGTATTGCTGAATAGAGCACCCACTCTGCAT
AAATTAGGCATACAGGCATTCCAGCCCGTTTTAGTGGAGGGGCGTGTTATTTGTTTACAT
CCATTAGTTTGTAAGGGATTCAATGCAGATTTTGATGGGGATCAAATGGCTGTTCATGTA
CCTTTATCTTTGGAG
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>F. fusca
AGGAACTTTTTTACTTATTTCTTTTATTCTAATAGCACTGAGTTCTATTTTTTTTTACTA
TGGTTTTATCATTCAAATCAGTTCTGATGGCATCAAAAAAAATTTTTATTATTCGTTTTT
TTTCTGGTTTTTCTTCAAAAACAATTTTTACTTGTTCAGGTTCTGCAAATAAATAAAGTT
CGTCAAAACTCAAGCTTGATACTGATTTTTTTGAAAAATTACAAATTAAATAAAAAAAAA
AAATTGTAGTTACAAAGGATTTTTTATCAAAGGTATTTCTTTTTCCCCCTAATTCGGGAT
AAAAATTCTTATTCTTTTTAAAAAAATTTTTTTTATTAAAAAAAAGGATACCTTTCATTT
AATTTATAAAAATGGGATTTTTTGGGTAAGTTTTTTCATGTTGTATTGAGGGTGAAAAAC
CTTTTTGGATTCGTCCCCGAAAGGGTCCGTTCAAGAAAGGAACATATATTTTAGTTAAGT
ATTTTGGGTTGAATTCCATCATTACACAATCGAATTCGGTTTTCAAATTTATCCATAGAA
AGAAATTTTCTTATCTATAACTTTTGCCCCTATTTATAAATTCATTCCTCAGTTTATTTC
TTTTTTCTTCATTAGTATCCCCTC

>FE.stricta
AGGAACTTTTTGACTTATTTCTTTTATTCTAATAGCACTGAGGTCTATTTTTTTTTACTA
TTGGTTTTATCATTCAAATCAGGTTCTGAATGCATCAAAAAAAATTTTTATTATTCGGTT
TTTTTTTTGTTTTTCTCCAAAAACAATTTTTACTTGTTCAGGTTCGGCAAAAAAAAAAAT
TTCGCCAAAACCCAAGCTGGAAACGGATTTTTTGGAAAATTTACAAATTATAAAAAAARAA
AAAAATGGGAGTTACCAAAGGATTTTTTACCAAAGGTATTTCTTTTTCCCCCAAATTCGG
GATAAAAATTATTATTCTTTTAAAAAATATTTTTTTTATTAAAAAAAAAGGATACCTTTA
AATTTTATTTATCCAAAATGTTATTTTTTTTGAAAGTTTTTTCATGTGGTATGGAGGGGG
AAAAACCTTTTTGGATCCGTCCCCGAAAGGGGCCGTTCAAGAAAGGACCATATATTTTAG
TTAAGTATTGTGGTTTAATTTCATCATTACACAATCGAATTCGGTTTTCAAATTTATCCA
TAGAAAGAAATTTTCTAATCTATAACTTTTGCCCTATTAATAAATTCATTCCTCAGTTAA
TTTCTTTTTTCTTCATTAGTATCCCCTC

>E.crista-galli

AGGAACTTTTTTACTTATTTCTTTTATTCAAATAGCACTGAGTTTTATTTTTTTTGACTA
TGGTTTTATCATTCAAATCAGTTCGGATTGCATCAAATAAAATTTTCCTTATCCGTTTTT
TTTCTGGTTTTCCTCCAAAAACAATTTTTACTTGTTCAGGTTCTGCAAATAAAAAAAGTT
CGCCAAAACCCAAGCTGGAAACGGATTTTTTTGAAAATTTACTAATTAAATAAAAAAAAA
AAATGGGGGTTCCAAAGGATTTTTTATCAAAGGAATTTCTTTTTCCCCCAAATTCGGAAA
AAAAATAATAATTCTTTTAAAAAAAATTTTTTTTATTAAAGAAAAGGATCCCTTTATTTT
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TATTTACCAAAATGGGATTTTTTTTGAAGGTTTTTTCGGGTGGAATGGGGGGGGAAAAAC
CTTTTTGGGATTCTCCCCCAAAGGGGCCCGTCCAAAAAGGGACCATAATTTTAATTAAAA
ATTGGGGGGGAATTTCTCCTAAACCCAATCAAATTCGGTTTTCCAATTTACCCAGAAAAA
GAAATTTCTTATCAAAAGCTTTTGCCCAATTAAAAAATTCATCCCCCAGTTAATTCTTTT
TCTCTCCTTAAGTACCCCCTC

>F.sumumbrans
AGGAACTTTTTGACTTATTTCTTTTATTCTAATAGCACCGAGGTTCTATTTTTTTTTACC
ATGGTTTTATCATTCAAATCAGTTCTGATTGCATCAAAAAAAATTTTTATTATTCGGTTT
TTTTTTTGGTTTTTCTCCAAAAAAAATTTTTACTGGTTCATGTTCGGCAAAAAAAAAAAT
TTCGCCAAAACCCAAGCTGGAAACGGATTTTTTTGAAAATTTACAAATTAAAAAAAAARAA
AAAAATGGGAGTTACCAAAGGATTTTTTACCAAAGGTATTTCTTTTTCCCCCAAATTCGG
GAAAAAAATTATTATTCTTTTTAAAAATATTTTTTTTTATAAAAAAAAAGGATACCTTTT
AATTTTATTTACCAAAAGGTTATTTTTTTTGTAAGGTTTTTCAGGTGGAATGGAGGGGGA
AAAACCTTTTGGGATTCCCCCCCGAAAGGGGCCCGTTCAAGAAAGGGATCAAATATTTTA
GTTAAGGATTTGGGTTTAATTTCATCATTAACACAATCGAATTCGGTTTTCAAATTTATC
CATAGAAAGAAATTTTCTTATCTATAACTTTTGCCCAATTAATAAATTCATTCCTCAGTT
TATTTCTTTTTTCTTCAATAGTATCCCCTC

>F.variegata
AGGAACTTTTTTACTTATTTCTTTTATTCTAATAGCACGGAGTTCTATTTTTTTTTATTA
TGGTTTTATCATTCAAATCAGTTCTGATGGCATCAAAAAAAATTTTTATTATTCGTTTTT
TTTCTGGTTTTTCTTCAAAAACAATTTTGACTTGTTCAGGTTCTGCAAAAAAATAAAATT
CGTCAAAACTCAAGCTGGATACGGATTTTTTTGAAAATTGACAAATTAAATAAAAAAAAA
AAATTGTAGTTACAAAGGATTTTTTACCAAAGGTATTTCTTTTTCCCCCAAATTCTGGAA
AAAAAATTATAATTCTTTTTAAAATTCAAAATATTTTTTTTATTAAAAAAAAGAATACCT
TTAATTTTATTTACCAAAAGGGGATTTTTTTTGTAAGTTTTTCCAGGTTGAATGGAGAGT
GAAAAACCTTTTTTGATTCGCCCCCGAAAGGGTCCGTTCAAGAAAGGATCAAATATTTAA
ATTAAGTATTTGGGTGGAATTTAATCTATTACACAATCGAATTCGGTTTTCAAATTTACC
TAAAGAAAGAAATTTCTTATCTATAACTTTTGCCCCTATAAAAAAATTCATCCCTCAGGT
TTATTTCCTTTTTTTCTACAATAAGTATCCCCTC

>FE.indica

AGGAACTTTTTTACTTATTTCTTTTATTCTAATAGCACTGAGTTCTATTTTTTTTGACTA
TGGTTTTATCATTTAAATCAGTTCTGATTGCATCAAAAAAAATTTTTATTATTCGTTTTT
TTTCTGGTTTTTCTTCATAAACAATTTTTACTTGTTCAGGTTCTGCAAATAAAAAAAGTT
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CGTCAAAACTCAAGCTTGATACGGATTTTTTAAAAAATTTACTAATTAAATTAAAAAAAA
AAATTGTAGTTACAAAGGACTTTTTATCAAAGGTATTTCTTTTTTCCTTTAATTCGGGAT
AAAAATTATTATTCTTTTTAAAAATATTTTTTTTATTAAAAAAAAGGATACCTTTCATTT
TATTTATTAAAAGGTGATTTTTTTGGTAAGGTTTTTTCATGTTGTATCGAGGGTGAAAAA
CCTTTTTGGATTCGCCCCCGAAAGGGCCCGTTCAAGAAAGGACCATATATTTTAAATTAA
ATATTTGGGTTGAATTTTATCATCACATAATCGAATTCGGTTTTTCTAATTTATCTATAG
AAAGAAATTTTCTTATCTATAACTTTTGCCCTAATTATAAATTCATTCCCTCAGTTAATT
TCTTTTTTCTTCATTAGTATCCCCTC

>P.indicus
AGGAACTTTTTGACTAGGATCAAGATCCTGCTCGTTAGCAGTAAAAATGACTACACGTTT
GGCGTTTCTTGTACGAATTTCATGATCTTCTGGTATCTCTTGATCATATTCTTCTGATTC
TTGTTCTAACTCGGTGATTAATTTGTATGACCATATAGGGACTTTTTTACTGATTTCTTC
TAGTCTAATCGATTTTCTGCTAATTTTTTGACCATTAGCATCGGTTACAATTTCTGTTGA
TAATGGTTTTTTATCAAATCTATTTATTTTCTGTTCAAATTCGTGGTAATCAGTATCCGG
AAAAAGGAGACCATGAATCCGATTTATCCCAAATTTCTCTATGAAATTTTTTAGCAAAGT
GTTTTTTCTTTTTCGGATTGATGGTGAAAGGCTTTTGTAAATTGTTCTCCGATATGATCC
GTTCAAAAAAGGATCATACCTTTGGGATAAGTATTCTTTTGTAGAAGCGTCATTACACAA
TCGAGTCCTTGTTTCGAGTATATCCAAATAAATATATTTCTTTTTTTTGTCTAGAGCTTC
AATTCGATTTATAAACTCGTTGTTGAAATTTTTCACTTTTTGTTTGTTGGTATAAACTC

>M.hortensis
AGGAACTTTTTGACTAGGACCAAGAATCCGGCTCGTGACCAGTAAAAATGACCTACACGT
TGGGCGTTTCTGGTACAAATTTCAGGACCTTCGGGTATCCCTTGATCATATCCTTCGGAT
TCTGGTCCTAACTCGGGGATTAATTTGTATGACCATATAGGGACTTTTTTACGGATTTCT
TCAAGTCTAACCAATTTTCGGCTAATTTTTTGACCATTAGCACCGGTAACAATTTCCTGT
TGATAAGGGTTTTTTATCAAATCTATTTATTTTCGGTTCAAATTCCTTGGTAACCAGTAT
CCGGAAAAAGGAAACCATGGAATCCAATTTATCCCAAATTTCTCTATGAAATTTTTTAGC
AAAGGGTTTTTTCTTTTTCGAATTGAGGGTGAAAAGGCTTTTGAAAATGGTCCCCCAATA
TGATCCGTCCAAGAAAGGGATCATACCTTTGGGAATAAGTATTCTTTTGTAAAACCGCCA
TTACACAATCAAGCCCTTGTTCCAAGTATACCCAAATAAATATATTTCTTTTTTTGGCCT
AAAGCTTCCAATTCAATTTATAAACTCGTGGTTGAAATTTTTCACTTTTTGGTTGGTGGG
TATAAACTC
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