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Abstract 

Paris L. is a genus of herbaceous plants in the family Melanthiaceae. The genus comprises 

several highly valued medicinal species, such as Paris polyphylla Smith. investigated in the 

present study. Rhizomes of P. polyphylla have been used in traditional Chinese medicine namely 

Yunnan Baiyao for treatment of various symptoms, such as inflammation and injury. Due to its 

medicinal properties, intensive studies of these plants have been conducted with regarding both 

utilization and conservation of the resources. The present study reports the development of suitable 

methods for preparing high quality chromosome spreads suitable for karyotype and fluorescent 

mapping of chromosome markers. The appropriate pretreatment for arresting metaphase in root 

tips was ice-water for 30-35 hours. Enzymatic squash method (Anamthawat, unpublished) was 

proven efficient as technique of preparation of metaphase spreads. Enzyme K-15 

(Pectinase:Cellulase, 300:800 units/10 ml) was used and the optimal time of digestion at 37°C was 

12-15 minutes depending on root tips size. For fluorescent in situ hybridization (FISH) 

mapping of ribosomal genes (rDNA), the optimal temperature of denaturation was at 88-

89°C for 10 minutes. The method developed in the present study will be used for the 

cytotaxonomical investigation of Paris taxa from Thailand. 
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1 Introduction 

1.1 Rationales 

Paris is a genus with highly valued medicinal plant in the family Melanthiaceae, which 

distributes in temperate zone especially in the east-west of China and tropical zone of 

Europe and Asia at 1900 to 2800 meters above sea level (Sharma et al., 2015). The 

rhizomes of this plant have been used in traditional Chinese medicine for treatment of 

several symptoms such as inflammations, injuries, chronic rhinitis and nasopharyngeal 

cancer. Moreover, it has been reported that this plant is also used for curing fever, food-

poisoning, and wound in Nepal (Madhu et al., 2010). Its main pharmacological chemical 

substance, which are steroidal saponins, dioscin, polyphyllin D, and balanitin 7 has been 

proved that can anti various cancers (Gu et al., 2013; Man et al., 2013; Man et al., 2014; 

Sun et al., 2014; Yang et al., 2016). Furthermore, various researches reported symbiosis 

between Paris rhizome and mycorrhizas, which play an important role of plant nutrients, 

secondary metabolite, and anti-bacteria (Strullu-Derrien & Strullu, 2007; Shan et al., 

2012). According to its benefits, the demand of this species has been increasing. However, 

its slow growth and excessive harvesting lead to the risk of extinction in the near future. 

Therefore, this research project aims to study karyology, cell and tissue organization, and 

symbiotic fungi to support of plant species identification, protection, endangered status, 

economic value added, and sustainable use with international standard 

1.2 Objectives 

1)  To improve effective methods for preparation of metaphase spreads in Paris species  

(Teen Hung Doi) for molecular cytogenetic studies. 

2)  To develop appropriate protocols for mapping of the ribosomal gene on chromosome             

of Teen Hung Doi species from different locations in Thailand.  
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2 Literature reviews 

2.1 Taxonomic studies 

Plant identification is the method of matching unknown plant to known taxon. There are 

several processes that can be used to identify plant species. Taxonomy involves 

descriptions that help to classify living things into groups and names according to shared 

characteristics, based on morphology, anatomy, ecology, molecular data and other 

information. Moreover, taxonomy supports and represented evolutionary relationship 

within the groups (APG, 2016). 

The family Melanthiaceae (including Trilliaceae) belongs to Liliales, which comprise of 17 

genera and five tribes. There are Melanthieae (eight genera), Chionographideae (two 

genera), Heloniadeae (three genera), Xerophylleae (one genus), and Parideae (three genera) 

(APG, 2009). The classification based on morphological characteristics; which are extrorse 

anthers and three styles ovaries, and molecular studies (Chase et al., 2000; Rudall et al., 

2000; Kim et al., 2013; Kim et al., 2016). The comparison between molecular phylogenetic 

study and morphological characteristics is presented in order to support phylogenetic tree 

for Melanthieae (Fig. 1) (Kim et al., 2016).  

Paris is a highly valued medicinal plant, which belongs to the tribe Parideae in the family 

Melanthiaceae (APG, 2016). The classification of Paris is still complicate because of the 

variation of its morphological characters. In 1995, Kato and colleagues studied the DNA 

sequence of rbcL gene from eight species from Trilliaceae sensu lato including Paris 

tetraphylla and 10 species from Liliaceae sensu lato. Their results showed that the 

morphological characters of taxa within the Trilliaceae and Melanthiaceae should be 

further examined. Later, the study of Li and colleagues (2010) reported that Paris 

polyphylla var. yunnanensis has various genetic diversity and morphological characters in 

different population. In 2002, Farmer and Schilling analyzed the phylogenetic of 

Trilliaceae based on morphological and molecular data (matK, ITS). The results revealed 

that the morphological and molecular evidences can be used to separate Trillium and Paris 

s.l. Moreover, the cladistics analysis support the distinction of Paris s.l. into Daiswa, 

Kinugosa, and Paris. The placentation characters were used to separate Paris and Daiswa. 

Moreover, the complete chloroplast genome sequence of these plants is greatly conserved. 

Therefore, the phylogenetic analyses support the evolutionary relationships among Paris 

taxa and divided these taxa into two genera, which are Paris s.s and Daiswa (Huang et al., 

2016). The accurate identification of these species supports plant collection, conservation 

and domestication. 
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Figure 2.1: Character reconstructions of seven morphological characters in                              

                 Melanthiaceae mapped on to the Bayesian tree (Kim et al., 2016) 
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2.2 Medicinal properties 

The rhizomes of Paris have been used in traditional Chinese medicine for over 2000 years 

such as Yun Nan Bi Yao (云南白药), Zhi De Shang, She Yao Pian, which treat several 

symptoms, including inflammations, injuries, chronic rhinitis and nasopharyngeal cancer 

(Li, 1986; Yan et al., 2009; Yang et al., 2015). There are many ethanobotany researches 

that reported the medicinal usage of these species. In Nepal and India, it has been reported 

that the decoction of rhizomes use for curing fever, food-poisoning, stomach problems, and 

wound healing. Moreover, it can be used as an anthelmintic (Madhu et al., 2010; Shrestha 

et al., 2013; Singh et al., 2014). In the Naban river watershed national nature reserve, 

Yunnan, China. Hani ethnicity uses Paris polyphylla var. yunnanensis leaves and rhizomes 

for treatment of stomachache, bleeding, and sore skin. Decoction and powder of leaves and 

rhizomes were taken orally and dressing for medicine (Ghorbani et al., 2011). 

Interestingly, local people believe that wild species have high medical effects than 

cultivated species. Moreover, Paris spp. is the main ingredient in well-known traditional 

Chinese medicine. The market price is US$ 9–15 kg−1; therefore, Paris plants have been 

collected for trading with pharmaceutical company (Lee et al., 2008). According to its 

benefits, the demand of this species has been increasing. However, its slow growth and 

excessive harvesting lead to the risk of extinction in the near future. 

Nowadays, Paris rhizomes are sale on the famous shopping online website (Alibaba.com). 

The price of fresh rhizome is vary from US$ 206-235 kg−1. The price of powder is US$ 10-

40 kg−1 and the price of extract is US$ 10-500 kg−1. 

Its main pharmacological chemical substance, which are steroidal saponins, dioscin, 

polyphyllin D, and balanitin 7 has been proved that can anti various cancers. 22 species of 

Paris were examined and found five groups of chemical compound, which are steroids 

saponins, phytoecdysone, phytosterols, and Flavones. These chemical compounds showed 

different pharmacological active, which can be develop to be drugs (Zhang et al., 2011). 

Steroid saponins is anti-lungs cancer and hepatocacinoma in rats (Man et al., 2014) . 

Moreover, these compounds also induce platelet aggregation (Sun et al., 2014). Polyphyllin 

is anti-ovarian cancer cell, osteosarcoma, and leukemia cell (Gu et al., 2013; Chang et al., 

2015; Yang et al., 2016). 
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2.3 Cytogenetic studies 

The use of karyological data in taxonomy, traditionally referred to as cytotaxonomy or 

karyosystematics (Greilhuber & Ehrendorfer, 1988), contributes to evaluate the genetic 

relationship among species or populations and to a better understanding of the way they 

diverged from each other. It is the quickest, cheapest, and easiest way to get any substantial 

information about the genome of a species. It is not influenced by external conditions, 

developmental phases, age, etc. chromosome size and morphology, karyotype symmetry, 

banding patterns, and chromosomal position of satellite DNAs (Greilhuber, 1995). The 

disadvantage of chromosome numbers for cytotaxonomy is the need for living material 

with actively growing tissues. In addition, most genera display low variability in 

chromosome number, compared with the elevated number of character states revealed by 

DNA markers. In angiosperms, the chromosome number varies from n = 2 to n = ca. 300, 

although for most species it ranges between 7 and 20 (Grant, 1982; Masterson, 1994). 

The chromosome number is a useful tool in systematic and plant evolution and can 

complement the information obtained by morphological and molecular methods, detecting 

polyploidy and other highly significant genome changes not always visible by other 

approaches. However, the variable rate of numerical changes and the recurrence of some 

karyological mechanisms inside a genus or a family may largely confuse the interpretation 

of these data. There are only two kinds of chromosome number variations related to 

phylogeny and karyotype evolution: polyploidy and dysploidy. Other chromosome number 

variations, as haploidies, aneuploidies and B chromosomes, have no clear evolutionary 

implications beyond the species level (Guerra, 2000). 

For chromosome study, there are several methods that can be used, which are conventional 

techniques, chromosome banding, and in situ hybridization. After we collected samples; 

which are roots, buds (mitosis), and flowers (meiosis) with meristematic cell, we need to 

pre-treatment samples to stop formation of spindles, increase metaphase cells, shorten 

chromosome length, and increase the thickness of cytoplasm. Pre-treatment that widely 

used, including ice-cold water, 8-hydroxyquinoline, colchicines, α-bromonapthalene, and 

para-dichlorobenzene (Singh, 2016). Next, samples were fixed in fixative to stop cells at 

prefer stage of cell division without swelling of chromosome. The commonly used 

fixatives are Carnoy’s solution and propionic acid alcohol solution (Sharma & Sharma, 

1965). Then, samples were stained with aceto-carmine or aceto-orcein, which bind with 

nucleus and chromosome by squash method. Last, observation is performed under light 

microscope. 

Chromosome study has been used as a tool to identify plant among the species. 

Chromosome number of Paris polyphylla Smith has been studied long ago. These species 

chromosome number has been differently reported as 2n= 10+0-1B (Darlington, 1941), 

2n=20, 20+1-2B (Malik, 1961), 2n= 10+2B (Laren, 1963), 2n = 20 (Kurosawa, 1966; Hara, 

1969; Mehra & Sachdeva, 1975; 1979), and 2n= 20+0-1B (Mehra & Sachdeva, 1975; 

1979). The chromosome of P. quadrifolia L. was examined and reported that the somatic 

chromosome number is 2n= 20, which is tetraploid (Bjerketvedt & Laane, 1982). Later, the 

heterochromatin content of Paris were investigated using C-banding and Q-banding 

techniques.  The basic karyotype displayed three pairs of metacentric or submetracentric 

chromosomes, two pairs of acrocentric chromosomes, and a nucleolar organiser region 
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close to the end of its short arm (Smith & Ingram, 1986; Miyamoto et al., 1992). However, 

P. japonica, P. tetraphylla, and P. verticillata from Japan showed different patterns 

(Miyamoto et al., 1992). Later, chromosome number of nine species of Paris from Sichuan 

province, China were investigated. The result was 2n= 10 and karyotype formula is 6m + 

4t, which are six metacentric chromosomes and four telocentric chromosome and B-

chromosome (Fig. 2.3.1). However, SAT-chromosome cannot be found (Yue et al., 2011). 

Recently, six taxa of Paris, including P. polyphylla var. chinensis, P. marmorata, P. 

luquanensis, P. thibetica, P. polyphylla var. yunnanensis and P. polyphylla var. alba were 

analyzed. Every species was diploid and their chromosome number were 10. The basic 

karyotype consisted of three metacentric, and two teloblastic chromosomes (Cheng et al., 

2014). 

 

 

 

 

 

Figure 2.3.1: B chromosome (Black arrow) (Yue et al., 2011) 

Over the decades, the development and improvement of chromosome identification can be 

used fluorescent signals to identify specific sequence, chromosome segments, and also 

entire sets of chromosome.  The application of in situ hybridization techniques in 

mammalian has been used broadly, but lagged in plants cytogenetic. However, currently the 

applications in plants are increasing used, especially in the breeding study. 

The technique of fluorescence in situ hybridization (FISH) uses fluorescent signals, which 

can identify specific sequences, chromosomes, chromosomal segments or whole sets of 

chromosomes. FISH techniques can be used to study in all stage of cell cycle especially at 

metaphase, interphase, and pachytene (Hans de Jong et al., 1999). The most generally used 

probes for FISH karyotyping in pls are 5S, 18S and 25( 26)  S and 45S ribosomal RNA 

(rRNA)  genes, which repeated sequences near telomeres, and centromere-specific repeats 

( Devi et al., 2005) .  FISH probes can be derived from both DNA and RNA sequences, 

which generally made from BAC clones.  

The 18S ribosomal RNA gene (rDNA) loci were mapped on chromosomes of three Paris 

species by using FISH. The chromosome number of all specimens are 2n= 10, which 

consist of three metacentric chromosomes, one submetacentric chromosome, and an 

acrocentric satellite chromosome. 18S rDNA locus of two species, which are P. tetrephylla 

and P. verticillata were localized at the secondary constriction of the acrocentric 

chromosome. However, two pairs of 18S rDNA loci of P. polyphylla was found at the 
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secondary constriction of each acrocentric chromosome (Fig. 2.3.2) (Miyamoto et al., 

1999). 

 

 

 

 

 

Figure 2.3.2: 18S rRNA loci signal of P. tetraphylla, P. polyphylla and P. verticillata.               

        White arrow: 18S rDNA signals. 2: P. tetraphylla. 3: Arocentric and                                               

         metacentric chromosome of P. tetraphylla. 4: Somatic chromosome of                                                

        P.verticillata. 5: Acrocentric chromosome of P. verticillata. 6: Somatic                             

        chromosome of P. polyphylla. 7: Two acrocentric chromosome of                    

        P. polyphylla. (Miyamoto et al., 1999).  
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3 Materials and Methods 

3.1 Plant Materials 

The plant data collection started by visiting three herbariums, the Forest Herbarium (BKF), 

Bangkok Herbarium (BK), and Suan Luang Rama IX herbarium. Paris were collected from 

Chiang Rai, Chiang Mai, and Nan province during July 2016 and July 2017 (Fig. 3.1). 

Collected samples were separated into four groups to make voucher specimens, to study 

cellular identification, to examine symbiotic fungi, and to plant in greenhouse. The voucher 

specimens were deposited at Suan Luang Rama IX Herbarium. Roots of plant samples 

were pretreated in ice-water or Para-dichlorobenzene (PDB) for 24 hours and fixed in 

acetic alcohol for cellular identification. The plant samples species and collecting location 

were shown as Table 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: A: Paris polyphylla Smith. B: Paris cf.  cronquistii ( Takhtajan)  H.  Li var. 

cronquistii. C: Paris sp. (High land, Chiang Mai). D: Paris sp. (Khun Laos, Chiang Mai). 

E: Paris sp. (Mae Jon Luang, Chiang Mai). F: Paris sp. (Sameng, Chiang Mai). 

A B C 

D F E 



9 

Table 3.1  Plant materials origin and identification that examined in this study 

Accession number Species Collecting location 

PJSM2 012 Paris vaniotii Sameng, Chiang Mai 

PJSM2 013 Paris vaniotii Sameng, Chiang Mai 

PJSM2 014 Paris vaniotii Sameng, Chiang Mai 

PJSM2 015 Paris vaniotii Sameng, Chiang Mai 

PPWPP 60008 Paris polyphylla  Wiang Pa Pao, Chiang Rai 

PPWPP 61014 Paris polyphylla  Wiang Pa Pao, Chiang Rai 

PJKL 001 Paris sp. Khun Laos, Chiang Mai 

PJKL 002 Paris sp. Khun Laos, Chiang Mai 

PJKL 006 Paris sp. Khun Laos, Chiang Mai 

PJMJ2 003 Paris forrestii/Paris axialis Mae Jon Luang, Chiang Mai 

PJMJ2 005 Paris forrestii/Paris axialis Mae Jon Luang, Chiang Mai 

PJMJ2 008 Paris forrestii/Paris axialis Mae Jon Luang, Chiang Mai 

PJHL 002 Paris sp. Highland, QSBG, Chiang Mai 

PJHL 004 Paris sp. Highland, QSBG, Chiang Mai 

PJHL 006 Paris sp. Highland, QSBG, Chiang Mai 

PPNN 5926 Paris cf. cronquistii (Takhtajan) 

H. Li var. cronquistii 

Mae Jarim, Nan 
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3.2 Procedures of chromosome preparation and 
Fluorescence in situ hybridization (FISH) for 
Paris species 

In order to study chromosome by using FISH technique, the chromosome was prepared by 

using enzymatic squash technique. Chemicals, reagents, equipment and laboratory supplies 

used in chromosome preparation and in situ hybridization in this study are listed as 

following below.  

 

3.2.1 Chemicals and reagents  

1) Paradichlorobenzene solution: Dissolve 16 g of Paradichlorobenzene crystal in 

1000 ml of distilled water and incubate the solution in an oven at 60°C overnight.  

2) Enzyme mixture for enzymatic squash method (K15), 5 ml: Cellulase Onozuka 

R10 0.5 g, Pectinase (Sigma, P4716) 0.6 ml in enzyme buffer 5 ml. It is convenient to 

make 500 μl aliquots in 1.5 ml microtubes and store at -20°C.  

3) Enzyme buffer for the squash method, 500 ml: Mix 20 ml of stock A and 30 ml of 

stock B solution in 450 ml of distilled water. To prepare stock A (Citric acid 0.1 M), 

dissolve Citric acid monohydrate (Sigma, C7129) 10.5 g in 500 ml of distilled water; Stock 

B (Trisodium citrate 0.1 M), dissolve Trisodium citrate (Sigma, S4641) 14.7 g in 500 ml of 

distilled water.  

4) Acetic acid, 45%: Make 45% (v/v) from glacial acetic acid (Sigma, 27225) and 

keep in small dropper bottles.  

5) DAPI, 1 μg/ml: Prepare 100 μg/ml stock solution of DAPI (4, 6-diamidino-2-

phenylindole) in distilled water. Make 1 μg/ml working solution by diluting the stock 

solution at 1:100 in McIlvaine’s citrate buffer, pH 7 (mixing 18 ml of 0.1 M citric acid 

monohydrate and 82 ml of 0.2 M Na2HPO4 dihydrate). Store in aliquots at -20°C.  

6) Fixative: A mixture of 1 part glacial acetic acid and 3 parts 96% ethanol. Prepare 

fresh daily and keep ice-cold.  

7) Ethanol, 96%: Keep ice-cold for dehydrating slides after protoplast dropping.  

8) Liquid nitrogen  

9) Dehydration solutions (70%, 85%, 90% and 96% ethanol): 96% ethanol is diluted 

to make 70%, 85% and 90% (v/v) ethanol solutions.  

10) RNaseA solution: Prepare 10 mg/ml stock solution by dissolving 10 mg of 

RNaseA (Sigma, R6513) in 10 mM Tris pH 8, and 15 mM NaCl. Store in aliquots at -

20°C. For RNase treatment, add 20 μl of stock solution in 40 ml of 2xSSC (for a small 

Coplin jar) or 30 μl of stock solution in 60 ml of 2xSSC (for a big Coplin jar) to give a 

final concentration of 5 μg/ml.  

11) Paraformaldehyde, 4%, 50 ml: Add 2 g of Paraformaldehyde in 40 ml distilled 

water. Heat the solution up to 60-70°C and swirl periodically. Add 1-2 drops of 4 M NaOH 

to clear the solution. Measure pH and if it is 7.0-7.5, the solution is ready to use. Make up 

the volume to 50 ml and let cool to room temperature. It is convenient to prepare a larger 

quantity and make aliquots of 50 ml that can be stored at -20°C. The solution can be reused 

up to 5 times.  



11 

12) SSC buffers: To prepare the stock solution 20xSSC, dissolve 175.4 g of NaCl (3 

M) and 88.2 g of Trisodium citrate (0.3 M) in 800 ml of distilled water. Adjust pH to 7.0-

7.5 with 1 N HCl and autoclave. The stock 20xSSC is diluted to make 2xSSC and other 

SSC working solutions, which can be stored at room temperature.  

13) 4xSSC with Tween 20, 500 ml: Mix 100 ml of 20xSSC with 400 ml of distilled 

water. Add 1 ml of Tween 20 and mix well.  

14) Dextran sulfate, 50%: Dissolve 2.5 g of dextran sulfate in 5 ml of distilled water. 

Heat up to 70°C to help dissolving. Aliquot in 1.5 ml microtubes and store at room 

temperature. Heat up to 40°C before use.  

15) Formamide: Make 50 ml aliquots of 100% formamide and store in -20°C.  

16) SDS, 10%: Dissolve sodium dodecyl sulfate 1 g in 10 ml distilled water. Keep 

aliquots at room temperature. 

17) Probes: Two ribosomal DNA probes were used in this study. (1) Clone pTa71 

which contains a part of 18S and the entire 5.8S and 25S coding region together with non-

transcribed spacers from wheat (Gerlach and Bedbrook, 1979) were used as 18S-25S 

rDNA probe. (2) Clone pTa794 which contains a complete fragment of the 5S rDNA gene 

and 17 spacer regions from wheat (Gerlach and Dyer, 1980) were used as 5S rDNA. Probe 

labelling followed Anamthawat-Jónsson (2010).  

18) Antifade mountant: Citifluor antifade is used for this study 

 

3.2.2 Laboratory supplies  

1) Plastic Petri-dishes  

2) Plastic transfer pipettes  

3) Acid-cleaned microscopic slides: Clean new slides in chromosulfuric acid 2% 

(Merck, 102499) at least overnight, washed in running tap water for 15-20 minutes and rinsed 

briefly in distilled water. Dry the slides in an incubator at 37°C and keep the cleaned slides in 

96% ethanol (for the squash method) or in distilled water (for the protolast droping method) 

until use.  

4) Plastic forceps, fine-forceps, dissecting needles and razor blades  

5) Filter paper (Whatman 1001-110)  

6) Coverslips (18x18 mm, 22x22 mm and 22x30 mm)  

7) Lint-free wipes  

8) Diamond-tip pen  

9) Test-tube racks  

10) Slide storage box  

11) Micropipette (P10, P100, P200 and P1000) and disposable micropipette tips  

12) Microtube rack  

13) Microtubes 1.5 ml  

14) Plastic centrifuge tubes 50 ml with cap  

15) Coplin jar (5-slots and 8-slots)  

16) Scissors  

17) Nail polish  

18) Air-tight plastic box and test tubes to make a humid chamber  

19) Slide tray  
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3.2.3 Equipments  

1) Incubator 37°C (GALLENKAMP)  

2) Stereo microscope (Leica L2)  

3) Phase-contrast microscope (Nikon, ALPHAPHOT-2, YS2)  

4) Epifluorescent microscope with the filter for visualization of DAPI (Nikon 

ECLIPSE E800)  

  5) Microcentrifuge (MIKRO 200, Hettic)
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4 Results 

4.1 Procedures of chromosome isolation  
 

4.1.1 Chromosome pretreatment  

Root tips of Paris species were collected and pretreated in saturated paradichlorobenzene 

(PDB) solution in a fridge. Then, the materials were fixed in an acetic alcohol fixative (3:1 

mixture of alcohol and glacial acetic acid) until use. The results showed that this pretreatment 

condition gave high metaphase index.  

 

4.1.2 Chromosome preparation  

Chromosome preparations in this study were based on enzymatic digestion to remove cell wall 

and cytoplasm. The suitable method was enzymatic squash method (Anamthawat, 

unpublished). 

 
Enzymatic squash method  
 

1) Transfer root tips into the enzyme buffer. Submerge the root tips and change the 

buffer twice in 20 minutes at room temperature.  

2) Place the root tips on acid cleaned microscopic slides. 

3) Cut the tip, 1-2 mm long under a stereo microscope. Keep the meristematic tip on the 

slide and discard the rest and drop enzyme mixture.  

4) Incubate root-tips with the enzyme mixture at 37°C for 12-15 minutes depending on 

root sizes.  

5) Remove the enzyme mixture with filter paper and add one small drop of 45% acetic 

acid on a root tip. Let the meristem stay in the acetic acid for 1-2 minutes. Repeat two times. 

7) Tease the meristem into the acetic acid with dissecting needles, under the stereo 

microscope. Remove the debris as much as possible with a forceps and place a coverslip 

(18x18 mm).  

8) Tap vertically and very gently with a tip of needle over the coverslip to spread cells 

under the coverslip. Place the slide in between two sheets of filter papers and press firmly with 

a thumb to make cells flat.  

9) Examine briefly in the phase-contrast microscope to check mitotic index and the 

quality of cells and chromosome spreads.  

10) Dip the slide into liquid nitrogen using a thong and let the slide stay submerged until 

bubbles have disappeared, pull it up and flick the coverslip off with a razor blade.  

11) Air-dry the slide on the test-tube rack. The slides can be stored in a storage box at 

4°C for a few months.  

12) Add 10 μl of DAPI (1 μg/ml) and place a coverslip (22x22 mm). Examine the DAPI 

stained slide in an epifluorescent microscope using UV filter block with 340-380 excitation 

and 430-450 emission wavelengths. Write down coordinates of the best mitotic spreads and 

observe the quality of cells in terms of the cytoplasm remaining and the cell flatness.  
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13) Capture images of well spread metaphase chromosomes at 100x objective lens with 

Nikon Digital Camera DXM1200F for chromosome analysis. 

 

Ice water and Paradichlorobenzene (PDB) were used for pretreatment Paris species. The 

samples that were treated with ice water gave nice and clear chromosomes than the samples 

were treated with PDB. Time for pretreatment was varied in 24, 24.5, 25, 32, 35, and 41 h. The 

suitable time for pretreatment was 32-35 h, which shown in PJKL 001, PJSM2 012, PJSM2 

013, PJSM2 014, and PJSM2 015. These accessions gave more metaphase cells than other 

accessions.  

 

The drop enzymatic squash method was used for chromosome preparation. The enzyme 

mixture was K-15. The suitable time for enzyme digestion was 12-15 minutes depend on root 

size. This method gave moderate to nice spread of chromosomes (Fig. 4.1). The summary of 

chromosome preparation of Paris species were shown in Table 4.1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.1: Chromosome preparation of Paris species by drop enzymatic squash method. A: PJKL 

001 sl.3. B: PJHL 004 sl.7 C: PPWPP 60008 sl.5 D: PJSM2 013 sl.1. E: PJSM2 014 sl.1. F: 

PJSM2 014 sl.1.  

A B 

F E 

D C 
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Table 4.1: The summary of chromosome preparation by enzymatic squash method 

Accessions Pretreatment Enzyme Time (min) Results 

PPNN 5926 Sl.1 Ice 24 h Enzyme K-15-7 15 Found only interphase 

PPNN 5926 Sl.2 Ice 24 h Enzyme K-15-7 10 Found only interphase 

PPNN 5926 Sl.3 Ice 24 h Enzyme K-15-7 10 Beautiful interphase 

PPNN 5926 Sl.4 Ice 24 h Enzyme K-15-7 12 Beautiful interphase 

PPNN 5926 Sl.5 Ice 24 h Enzyme K-15-7 12 Found only interphase 

PPNN 5926 Sl.6 Ice 24 h Enzyme K-15-7 15 Found only interphase 

PPNN 5926 Sl.7 Ice 24 h Enzyme K-15-7 15 Only found interphase 

PPNN 5926 Sl.8 Ice 24 h Enzyme K-15-7 15 Found only interphase 

PPNN 5926 Sl.9 Ice 24 h Enzyme K-15-7 15 Found only interphase 

PPNN 5926 Sl.10 Ice 24 h Enzyme K-15-7 15 Nice and flat interphase 

PPNN 5926 Sl.11 Ice 24 h Enzyme K-15-7 15 Nice interphase, no metaphase 

PPNN 5926 Sl.12 Ice 24 h Enzyme K-15-7 15 Very nice interphase 

PJHL 004 Sl.1 PDB 24 h Enzyme K-15-7 15 Beautiful interphase but lack of cells, found one metaphase cell 

PJHL 004 Sl.2 PDB 24 h Enzyme K-15-7 15 Found only interphase 

PJHL 004 Sl.3 PDB 24 h Enzyme K-15-7 15 Found some metaphase but can't count chromosome, There are some beautiful 

interphase 
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Table 4.1: (cont.) 

Accessions Pretreatment Enzyme Time (min) Results 

PJHL 004 Sl.4 PDB 24 h Enzyme K-15-7 15 Found some interphase, 2 metaphase cells 

PJHL 004 Sl.5 PDB 24 h Enzyme K-15-7 10 Found only interphase cells but not beautiful and cell break 

PJHL 004 Sl.6 PDB 24 h Enzyme K-15-7 15 Found interphase, prophase 

PJHL 004 Sl.7 PDB 24 h Enzyme K-15-7 15 Found metaphase but can't count chromosome number 

PPWPP 61014 Sl.1 PDB 41 h Enzyme K-15-7 15 Beautiful interphase, prophase  

PPWPP 61014 Sl.2 PDB 41 h Enzyme K-15-7 15 Not beautiful 

PPWPP 61014 Sl.3 PDB 41 h Enzyme K-15-7 15 Found some beautiful interphase, no metaphase, lots of particles 

PJKL 001 Sl.1 PDB 35 h Enzyme K-15-7 15 Found only interphase 

PJKL 001 Sl.2 PDB 35 h Enzyme K-15-7 15 Found only interphase 

PJKL 001 Sl.3 PDB 35 h Enzyme K-15-7 15 Found interphase, metaphase 

PJKL 001 Sl.4 PDB 35 h Enzyme K-15-7 15 Found only interphase 

PJMJ1 008 Sl.2 PDB 24.5 h Enzyme K-15-7 15 Not beautiful interphase, cell break 

PJMJ1 008 Sl.3 PDB 24.5 h Enzyme K-15-7 15 Found some beautiful interphase, cell break, late prophase 

PJMJ1 008 Sl.4 PDB 24.5 h Enzyme K-15-7 15 Cells break, found interphase, prophase 

PJMJ1 008 Sl.5 PDB 24.5 h Enzyme K-15-7 15 Tissue debris 
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Table 4.1: (cont.) 

Accessions Pretreatment Enzyme Time (min) Results 

PJMJ1 008 Sl.6 PDB 24.5 h Enzyme K-15-7 15 Tissue debris 

PJMJ1 008 Sl.7 PDB 24.5 h Enzyme K-15-7 15 Tissue debris 

PJMJ2 003 Sl.1 PDB 25 h Enzyme K-15-7 15 Lack of cells, only found interphase, cells break 

PJMJ2 003 Sl.2 PDB 25 h Enzyme K-15-7 15 Found interphase, prophase, metaphase, anaphase  

PJMJ2 003 Sl.3 PDB 25 h Enzyme K-15-7 15 Not beautiful, found only interphase cells 

PJMJ2 003 Sl.4 PDB 25 h Enzyme K-15-7 15 Cell break, interphase 

PJMJ2 003 Sl.5 PDB 25 h Enzyme K-15-7 15 Found only interphase 

PJMJ2 003 Sl.6 PDB 25 h Enzyme K-15-7 15 Found interphase, metaphase  

PPWPP 60008 Sl.4 PDB 24 h Enzyme K-15-1 15 Bad preparation, found interphase 

PPWPP 60008 Sl.5 PDB 24 h Enzyme K-15-1 15 Chunks of tissue, mostly interphase 

PPWPP 60008 Sl.6 PDB 24 h Enzyme K-15-1 15 Thick cells, found interphase 

PPWPP 60008 Sl.7 PDB 24 h Enzyme K-15-1 15 Thick cells, found interphase 

PJSM2 012 Sl.4 PDB 32 h Enzyme K-15-6 15 Found some prophase, metaphase, not thin and clean 

PJSM2 012 Sl.5 PDB 32 h Enzyme K-15-6 15 Nice interphase 

PJSM2 012 Sl.6 PDB 32 h Enzyme K-15-6 15 Nice interphase, found some metaphase 

PJSM2 012 Sl.7 PDB 32 h Enzyme K-15-6 15 Good interphase 
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Table 4.1: (cont.) 

Accessions Pretreatment Enzyme Time (min) Results 

PJSM2 013 Sl.1 PDB 33h Enzyme K-15-1 15 Not thin found some metaphase 

PJSM2 013 Sl.2 PDB 33h Enzyme K-15-1 15 Nice interphase 

PJSM2 013 Sl.3 PDB 33h Enzyme K-15-1 15 Poor preparation, found some metaphase 

PJSM2 014 Sl.1 PDB 32 h Enzyme K-15-7 15 Found late prophase, interphase 

PJSM2 014 Sl.2 PDB 32 h Enzyme K-15-7 15 Long chromosome, clear cytoplasm 

PJSM2 014 Sl.3 PDB 32 h Enzyme K-15-7 15 Found only interphase 

PJSM2 014 Sl.4 PDB 32 h Enzyme K-15-7 15 Found interphase, metaphase 2n = 15 

PJSM2 014 Sl.5 PDB 32 h Enzyme K-15-7 15 Found metaphase 

PJSM2 015 Sl.1 PDB 32 h Enzyme K-15-7 15 Found interphase, metaphase 

PJSM2 015 Sl.2 PDB 32 h Enzyme K-15-7 15 Found only interphase 

PJSM2 015 Sl.3 PDB 32 h Enzyme K-15-7 15 Found only interphase 

PJSM2 015 Sl.4 PDB 32 h Enzyme K-15-7 15 Found only interphase 

PJSM2 015 Sl.5 PDB 32 h Enzyme K-15-7 15 Found metaphase 
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4.2 Pretreatment of chromosome preparation  
 

4.2.1 Removal of the coverslip  
 

After the DAPI screening, the coverslip must be removed before proceeding to the 

chromosome pretreatment.  

 

Removal of coverslip after DAPI scanning  
 

1) Drop 2XSSC around the edges of coverslip. Let stand for a few minutes and pull the 

coverslip out gently.  

2) Dehydrate in the ethanol series, 70%, 90% and 96%, 2 minutes each and air dry.  

3) Keep slides in a storage box in the refrigerator until use.  

 
4.2.2 RNase treatment  
 

1) Treat slide with 5 μg/ml of RNase A at 37°C for an hour.  

2) Wash twice with 2XSSC at 37°C for 5 minutes each.  

 
 
4.2.3 Paraformaldehyde treatment  
 
          1) Treat the slides with 4% Paraformaldehyde for 10 minutes at room temperature.  

          2) Wash twice with 2XSSC at room temperature for 5 minutes each.  

 
4.2.4 Dehydration  
 

Dehydrate the slides in the ethanol series, 70%, 90% and 96%, 2 minutes each and air dry.  

 

 

4.3 Chromosome hybridization and washing  
 
4.3.1 Preparation of probe mixture  
 

Reagents  

 

1. Formamide (50% final)                                             10 µl                           

2. Dextran sulfate (20% final)                                         4 µl  

3. 20XSSC (2x final)                                                       2 µl  

4. 10% SDS (0.5% final)                                                 1 µl  

5. Green probe                                                                 1 µl  

6. Red probe                                                                    1 µl  

7. dH20                                                                             1 µl  

Total volume                                                                 20 µl  

 

1) Prepare master mix of solution 1-4 and over-prepare one reaction to avoid insufficient 

solution. Spin down and distribute 18 μl of master mix to each reaction in microtubes.  

2) Quick spin and add probes to each microtube. 
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3) Boil the probe mixture for 6 minutes and keep on ice for 5 minutes. Quick spin again 

before applying probe mixture to slide.  

4) Apply the probe mixture to the slide and place 22x22 mm coverslip. Avoid air 

bubbles. Seal all edges of coverslip with nail polish and wait until dry.  

 
4.3.2 Denaturation and hybridization  
 

After applying the probe mixture to the slide, denature together in an in situ thermocycle 

chamber at 88-89°C, for 10 minutes. After the denaturation, incubate the slides in humid 

chamber at 37°C overnight, for hybridization.  

 

4.3.3 Washing and mounting  

1) Remove nail polish carefully with scalpel and soak the slides in 2XSSC at 37°C 

twice. 

2) Wash the slides in 0.1XSSC at 55°C for 3 times, 5 minutes each. 

3) Treat slides with warm 2XSSC, 37°C and stand at room temperature. 

4) Wash slides in 4XSSC with Tween at room temperature for more than 5 minutes.  

5) Apply 10 μl of DAPI to wet slide for 1-2 minutes, rinse briefly with distilled water in 

both front and back sides of slide and air-dry. 

6) Apply 20 μl of Citifluor and place 22x30 mm coverslip. Gently press out the air 

bubbles with filter paper.  

7) Keep slides in a dark and cool place until ready for examination. 
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Table 4.2: FISH condition of Paris species 

Accessions Pretreatment 

condition 

Chromosome 

preparation 

FISH run Temperature 

and time for 

denaturation 

Probe DAPI Results 

PPNN 5926 sl.12 Ice, 24 h Drop enzymatic squash,                     

15 minutes 

181-3 89ºC, 10 min 71 red 

794 green 

** Very nice 

interphase 

Red= Very good 

Green= No signal 

PJSM2 014 sl.5 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

181-4 89ºC, 10 min 794 red 

71 green 

*** Very nice 

interphase, 

metaphase 

Red= No signal 

Green= Ok-good 

PJSM2 012 sl.6 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

181-5 89ºC, 10 min 71 red 

794 green 

*** Nice 

interphase, found 

some chromosome 

Red= Very good 

Green= Good 

PJKL 001 sl.3 PDB, 35 h Drop enzymatic squash,                     

15 minutes 

181-6 89ºC, 10 min 794 red 

71 green 

*** Nice 

interphase, 

metaphase 

Red= Very good 

Green= Good 

PJSM2 014 sl.4 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

182-2 89ºC, 10 min 71 red 

794 green 

** Very nice 

interphase, 

metaphase 

Red= Good 

Green= No signal 

PJMJ2 008 sl.4 PDB, 24.5 h Drop enzymatic squash,                     

15 minutes 

182-3 89ºC, 10 min 794 red 

71 green 

Nice nuclei, no 

metaphase 

Red= Good 

Green= Good 

PJSM2 015 sl.2 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

182-4 89ºC, 10 min 794 red 

71 green 

** Nice interphase Red= Very weak 

Green= Very weak 
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Table 4.2: (cont.) 

Accessions Pretreatment 

condition 

Chromosome 

preparation 

FISH run Temperature 

and time for 

denaturation 

Probe DAPI Results 

PJSM2 015 sl.1 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

182-5 89ºC, 10 min 71 red 

794 green 

*** Big nuclei, flat 

nice interphase 

Red= Very good 

Green= Good 

PJHL 004 sl.7 PDB, 24 h Drop enzymatic squash,                     

15 minutes 

182-6 89ºC, 10 min 71 red 

794 green 

* Found metaphase Not good 

PJMJ2 003 sl.6 PDB, 25 h Drop enzymatic squash,                     

15 minutes 

183-2 89ºC, 10 min 71 red 

794 green 

* Metaphase 

broken content 

Cell lost 

PPWPP 60008 sl.7 PDB, 24 h Drop enzymatic squash,                     

15 minutes 

183-3 89ºC, 10 min 794 red 

71 green 

* Thick cells Both no signal 

PJSM2 012 sl.3 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

183-4 89ºC, 10 min 794 red 

71 green 

Thin nuclei Red= Ok 

Green= Ok 

PJSM2 012 sl.5 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

183-5 89ºC, 10 min 71 red 

794 green 

** Nice interphase Red= Very good 

Green= Weak 

PJSM2 013 sl.3 PDB, 33 h Drop enzymatic squash,                     

15 minutes 

183-6 89ºC, 10 min 71 red 

794 green 

* Poor preparation, 

found some 

metaphase 

Red= Good 

Green= Ok 
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Table 4.2: (cont.) 

Accessions Pretreatment 

condition 

Chromosome 

preparation 

FISH run Temperature 

and time for 

denaturation 

Probe DAPI Results 

PJSM2 015 sl.8 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

184-2 88ºC, 10 min 71 red 

794 green 

** Nice interphase Red= Very good 

Green= No signal 

PPNN 5926 sl.5 Ice, 24 h Drop enzymatic squash,                     

12 minutes 

184-3 88ºC, 10 min 794 red 

71 green 

** Nice interphase Red= Weak to good 

Green= Good to very 

good 

PJKL 006 sl.2 PDB, 35 h Drop enzymatic squash,                     

15 minutes 

184-4 88ºC, 10 min 71 red 

794 green 

** Usable 

interphase, 

metaphase 

Red= Good 

Green= No signal 

PJSM2 012 sl.7 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

184-5 88ºC, 10 min 794 red 

71 green 

** Nice interphase Red= Good 

Green= Good 

PJSM2 014 sl.2 PDB, 32 h Drop enzymatic squash,                     

15 minutes 

184-6 88ºC, 10 min 71 red 

794 green 

** Nice long 

chromosome, clean 

cytoplasm 

Red= Good 

Green= Weak 
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The condition of chromosome pretreatment and Fluorescent in situ hybridization (FISH) of 

Paris species were shown in Table 4.2. The signals of rDNA were shown in Figure 4.2-4.5. 

Chromosomes and probes were denatured at 89°C for 10 min. However, in PJHL 004, PJMJ2 

003, and PPWPP 60008 accessions signaled lost in both red and green. Therefore, the 

denatured temperature at 89°C was not suitable for all accessions of Paris species. Moreover, 

the modification was depending on the quality of chromosome preparation and freshness of 

plant materials. The older samples needed low denatured temperature than the new samples.  

  

Figure 4.2: Fluorescent in situ hybridization (FISH) of the 18-25S rDNA genes of Paris species.     

A: PPNN 5926 sl.12, interphase cell B: PJSM2 014 sl.5, interphase cell C: PJSM2 012 sl.6, 

prophase cell D: PJKL 001 sl.3, interphase cell.   
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Figure 4.3: Fluorescent in situ hybridization (FISH) of the 18-25S rDNA genes of Paris species.              

A: PJSM2 014 sl.4, interphase cell B: PJMJ2 008 sl.4, early metaphase cell C: PJSM2 015 sl.2, 

interphase cell D: PJSM2 015 sl.1, interphase cell. 
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Figure 4.4: Fluorescent in situ hybridization (FISH) of the 18-25S rDNA genes of Paris species.                    

A: PJSM2 012 sl.3, interphase cell B: PJSM2 012 sl.5, interphase cell C: PJSM2 013 sl.3, 

interphase and metaphase cell D: PJSM2 015 sl.8, interphase cell. 
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Figure 4.5: Fluorescent in situ hybridization (FISH) of the 18-25S rDNA genes of Paris species.                                   

A: PPNN 5926 sl.5, interphase cell B: PJKL 006 sl.2, prophase cell C: PJSM2 012 sl.7, 

interphase cell D: PJSM2 014 sl.2, metaphase cell. 
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5 Discussion 

5.1 Techniques of chromosome preparation  

Ice-water and Paradichlorobenzene (PDB) are the chemicals that used to arrest the metaphase 

stage in cell division. In this study, both ice-water and PDB were used as a pretreatment 

chemicals. The results showed that the chromosome that pretreated with ice-water was clear 

and beautiful. Whereas, the chromosome that pretreated with PDB was thick, chunky and 

patchy. Moreover, the suitable time for pretreatment in Paris species was 30-35 hours due to 

the long chromosomes of plants. Therefore, ice-water treatment for 30-35 hours should be used 

for root tips of Paris species. 

Drop enzymatic squash method was used to prepare the chromosome spreads of Paris species. 

The quality of plant materials, the procedures and enzyme compositions are the important 

factors in gaining good quality of chromosome preparation (Anamthawat-Jónsson, 2010). In 

this experiment, enzyme mixtures K15 were confirmed as a good enzyme composition for 

Paris species. However, there are several factors that affect the chromosome preparation, 

which are the freshness of plant materials and the storage time in fixative. The samples that 

kept in the fixative for too long gave tissue and cell debris.  

  

 

5.2 Fluorescent in situ hybridization (FISH)  

The optimal condition of Fluorescent in situ hybridization for Paris species was 

denaturation at 88-89°C for 10 minutes. This was different from this study of Li and 

colleagues (2004). In their study, the denaturation was 90°C for 10 minutes. The 

denaturation at 89°C was suitable for most of the samples. The accessions that were storage 

in the fixative for long period of time need to denature at 88°C. As the old accessions PJHL 

004, PJMJ2 003, and PPWPP 60008, were denatured at 89°C. The result revealed that cell 

and signal were lost. Whereas, the old accessions PPNN 5926 and PJKL 006 were 

denatured at 88°C. The result showed good signals in both red and green sites. Therefore, 

the modification was depending on the quality of chromosome preparation and freshness of 

plant materials. The older samples needed low denatured temperature than the new samples. 
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6 Conclusions 

From this study, the suitable time for pretreatment of root tips of Paris species in saturated 

paradichlorobenzene solution and ice-water were 30 hours. The chromosome which pretreated 

with paradichlorobenzene was sticky and soupy; whereas, the chromosome that pretreated with 

ice-water was more clearly. Therefore, root tips of Paris species should be pretreat in ice-water 

for 30-35 hours.  

 

Drop enzymatic squash method is an efficient method of preparation of metaphase spreads in 

Paris species. The optimal condition for fluorescent in situ hybridization (FISH) and the 

signals of rDNA were denatured at 88-89°C for 10 min in Paris species, depend on the 

freshness on plant materials. 
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Appendix A 

Mandáková and Lysak, 2018 Post-polyploid diplodization and diversification through 

dysploid change 

Abstract Whole-genome duplications are widespread across land plant phylogenies and 

particularly frequent in ferns and angiosperms. Genome duplications spurred the evolution 

of key innovations associated with diversification in many angiosperm clades and lineages. 

Such diversifications are not initiated by genome doubling per se. Rather, differentiation of 

the primary polyploid populations through a range of processes results in post-polyploid 

genome diploidization. Structural diploidization gradually reverts the polyploid genome to 

one functionally diploid-like through chromosomal rearrangements which frequently result 

in dysploid changes. Dysploidies may lead to reproductive isolation among post-polyploid 

offspring and significantly contribute to speciation and cladogenetic events. 

1. Polypoidization events can be divided into neopolyploid, mesopolyploid, and 

paleopolyploid. 

2. Neopolyploids are the most recently formed polyploids. It can be characterized by 

additive genome size and chromosome number, duplicated single genome and genes. The 

parental species are still exist 

3. Mesopolyploids are diploidized genomes up to quasi-diploid complements. It usually has 

low chromosome numbers. 

4. Paleopolyploids are usually greatly diploidized genomes with a quasi-diploid number of 

linkage groups. 

5. Descending dysploidy decrease base chromosome number (x) which turns polyploids 

into functional diploids. 

6. End-to-end translocation (EET) is a result from two double-strand breaks (DSB) at 

terminal regions of two different chromosomes followed by recombination tandemly 

merging the two chromosomes. 

7. Nested chromosome insertion (NCI) is a result from merging two non-homologous 

chromosomes by an illusive insertion of one chromosome into or near the centromere of 

the second chromosome. 

8. Robertsonian translocation changes two telocentric or acrocentric chromosomes into one 

submetacentric chromosome. 

9. Dysploid transitions often appear with polyploidy. These dysploidy may have persisted 

longer evolutionarily than polyploidy. 
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Vicient and Casacuberta, 2017 Impact of transposable elements on polyploidy plant 

genomes 

Abstract Background The growing wealth of knowledge on whole-plant genome sequences 

is highlighting the key role of transposable elements (TEs) in plant evolution, as a driver of 

drastic changes in genome size and as a source of an important number of new coding and 

regulatory sequences. Together with polyploidization events, TEs should thus be 

considered the major players in evolution of plants.  

Scope This review outlines the major mechanisms by which TEs impact plant genome 

evolution and how polyploidy events can affect these impacts, and vice versa. These 

include direct effects on genes, by providing them with new coding or regulatory 

sequences, an effect on the epigenetic status of the chromatin close to genes, and more 

subtle effects by imposing diverse evolutionary constraints to different chromosomal 

regions. These effects are particularly relevant after polyploidization events. 

Polyploidization often induces bursts of transposition probably due to a relaxation in their 

epigenetic control, and, in the short term, this can increase the rate of gene mutations and 

changes in gene regulation due to the insertion of TEs next to or into genes. Over longer 

times, TE bursts may induce global changes in genome structure due to inter-element 

recombination including losses of large genome regions and chromosomal rearrangements 

that reduce the genome size and the chromosome number as part of a process called 

diploidization. 

Conclusions TEs play an essential role in genome and gene evolution, in particular after 

polyploidization events. Polyploidization can induce TE activity that may explain part of 

the new phenotypes observed. TEs may also play a role in the diploidization that follows 

polyploidization events. However, the extent to which TEs contribute to diploidization and 

fractionation bias remains unclear. Investigating the multiple factors controlling TE 

dynamics and the nature of ancient and recent polyploid genomes may shed light on these 

processes. 

1. Transposable elements (TEs) are mobile genetic elements present in virtually all 

genomes. 

2. TEs can regulate stress response genes through TE-derived siRNAs. 

 

Peruzzi and Bedini 2014 Online resources for chromosome number databases 

1. Chromosome number is the common and cheapest methods using to support systematic 

and taxonomic studies.  

2. Currently, chromosome number databases have been accessible online. 

3. The online plant chromosome number databases:  

2.1 British Isles vascular flora (rbg-web2.rbge.org.uk/BSBI/cytsearch.php) 

2.2 Chilean vascular flora (www.chileanpcd.com) 

2.3 Italian vascular flora (www.biologia.unipi.it/chrobase) 

http://www.chileanpcd.com/
http://www.biologia.unipi.it/chrobase
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2.4 Polish vascular flora (http://chromosome.binoz.uj.edu.pl//chromosomes/) 

2.5 Spanish vascular flora (http://biodiver.bio.ub.es/biocat/index.jsp) 

2.6 Worldwide plants (http://www.tropicos.org/Project/IPCN) 

Rice et al. 2015 The chromosome counts database (CCDB) – a community resource of 

plant chromosome numbers 

1. Chromosome counts database (CCDB) is the online resource of plant chromosome 

numbers. 

2. CCDB website is http://ccdb.tau.ac.il/. 

3. CCDB shows data about chromosome numbers, the pattern of chromosome number 

distribution between plant groups, and ploidy level. 

Guerra 2008 Chromosome numbers in plant cytotaxonomy: concepts and implications 

Abstract Chromosome number is the karyotype feature most commonly used in 

cytotaxonomical analyses. The chromosome number can be a plesiomorphic characteristic 

of a large clade or a recurrent trait which arose independently in two or more clades. 

Some concepts regarding chromosome number variation, such as base number, aneu- 

ploidy, paleopolyploidy, and neopolyploidy have been used by different authors in quite 

different ways. Therefore, its use in cytotaxonomy and karyotype evolution deserves much 

attention. In this paper, these terms are reappraised and their meaning and implication for 

plant cytotaxonomy are discussed. 

1. Cytotaxonomy or karyosystematics is the study that estimate the genetic relationship 

amongst species or populations and understand the way they diverged from each other. 

Moreover, some karyotype features are clear suggestions of meiotic aberration and sterility, 

reproductive barriers or unidirectional way in the evolutionary process. 

2. The chromosome number is not influenced by external factors, developmental phases, 

age etc.  

3. The odd or unanticipated somatic chromosome number usually means meiotic problems 

or sterility. 

4. Chromosome size and morphology, kayotype symmetry banding patterns, and 

chromosomal position of satellite DNAs are used to support cytotaxonomy study. 

5. FISH is used for physical chromosome mapping and fine karyotype comparison between 

related species, cultivars or populations. 

6. Meiotic counts can be more accurate because of large cell size of meiocytes, the reduced 

number of chromosome units, and natural spreading of bivalents in diakinesis. 

7. Basic karyotype features show indication of genetic similarity and can be very useful in 

reconstruction of the phylogeny. 

http://chromosome.binoz.uj.edu.pl/chromosomes/
http://biodiver.bio.ub.es/biocat/index.jsp
http://ccdb.tau.ac.il/
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8. The research of the chromosome number variation and phylogenetic tree can be a tool 

for understanding the mechanisms of karyotype evolution and the implications for the 

taxonomy of the group. 

9. Polyploidy and dysploidy are only two kinds of chromosome number variations that 

related to phylogeny and karyotype evolution. While, the other chromosome number 

variations such as haploidy, aneuploidy, and B chromosomes, have no clear evolutionary 

implications beyond the species level. 

10. The dysploid variation is a result of centromeric fission of biarmed chromosomes or 

centromeric fusion of the long arms of telocentric or acrocentric chromosomes 

(Robertsonian exchanges). 

11. Inversions and translocations play an important role as in dysploid number variation. 

12. Polyploidy can be divided in two different ways and four main types, which are 

autopolyploidy and allopolyploidy, and neopolyploidy and paleopolyploidy. 

13. Autopolyploids may happen from a single individual or more from an intervarietal 

hybrid, while allopolyploids always involve interspecific crosses followed by or preceded 

by chromosome duplication. 

14. Neopolyploid should be used for all polyploids that related diploids are still alive, 

including all intraspecific and intrageneric polyploids and some polyploids that related 

diploids can be found in closely related genera.  

15. Paleopolyploid means all other polyploids. 

16. Cytomolecular techniques, for example FISH, GISH, and chromosome painting show 

the overview of chromosome evolution in plants. 

Cheng et al. 2014 C-banding patterns in six taxa of Paris (Melanthiaceae) 

Abstract C-banding patterns were analyzed in six taxa of Paris: P. polyphylla var. 

chinensis, P. marmorata, P. luquanensis, P. thibetica, P. polyphylla var. yunnanensis and 

P. polyphylla var. alba. All plants had a diploid chromosome number of 10. The basic 

banding consisted of three metacentric and two teloblastic chromosomes. All taxa showed 

interspecific variation in karyotype structure. P. thibetica had a unique C-banding pattern, 

having six bands on the long arm of the middle median centromeric chromosomes. P. 

polyphylla var. yunnanensis had mostly faint C-bands. Chromosome morphology and C-

banding patterns have been used for chromosome identification and population divergence 

detection. 

1. The chromosome numbers of six taxa of Paris from Sichuan province, China were 

investigated by Giemsa C-banding patterns. 

2. All plants were diploid with 2n=10. 

3. The karyotype can be divided into 1M, mM, sM, 1A, and sA chromosomes. 
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4. Paris presented an asymmetrical karyotype. 

5. C-banding may be related with climate and geographical distribution of plants. 

6. Climate can cause different heterochromatin distribution patterns. 

 

Shao et al. 2016 In silico identification of anti-cancer compounds and plants from 

traditional Chinese medicine database 

Abstract There is a constant demand to develop new, effective, and affordable anti-cancer 

drugs. The traditional Chinese medicine (TCM) is a valuable and alternative resource for 

identifying novel anti-cancer agents. In this study, we aim to identify the anti-cancer 

compounds and plants from the TCM database by using cheminformatics. We first 

predicted 5278 anti-cancer compounds from TCM database. The top 346 compounds were 

highly potent active in the 60 cell lines test. Similarity analysis revealed that 75% of the 

5278 compounds are highly similar to the approved anti-cancer drugs. Based on the 

predicted anti-cancer compounds, we identified 57 anti-cancer plants by activity 

enrichment. The identified plants are widely distributed in 46 genera and 28 families, 

which broadens the scope of the anti-cancer drug screening. Finally, we constructed a 

network of predicted anti-cancer plants and approved drugs based on the above results. 

The network highlighted the supportive role of the predicted plant in the development of 

anti-cancer drug and suggested different molecular anti-cancer mechanisms of the plants. 

Our study suggests that the predicted compounds and plants from TCM database offer an 

attractive starting point and a broader scope to mine for potential anti-cancer agents. 

1. Paris polyphylla Sm. Has 16 compounds and 47 literature reviews. 

2. Saturated rings are enriched in the predicted active compounds and unsaturated rings are 

enriched in the cancer drugs. 

 

Ruamrungsri et al. 2016 In vitro cytotoxic screening of 31 crude extracts of Thai herbs on 

a chondrosarcoma cell line and primary chondrocytes and apoptotic effects of selected 

extracts 

Abstract Thirty-one dichloromethane and methanol crude extracts of 16 herb species used 

in Thai traditional folk medicine were studied for their cytotoxic activities on the SW 1353 

chondrosarcoma cell line and primary chondrocytes. Methyl thiazolyl tetrazolium (MTT) 

cell viability assay and flow cytometric method were used as screening tools for 

cytotoxicity testing. The half maximal inhibitory concentration (IC50) was measured and 

reported for each crude extract. Apoptosis, necrosis, and cell viability were measured by 

flow cytometry at IC50. Two out of 31 herbal extracts, methanol extracts of Paris 

polyphylla var. chinensis and Ficus thailandica C.C. Berg & S. Gardner, showed potent 

anticancer activity. They demonstrated high apoptosis induction activity in SW 1353 cells 

but had less effect on percentage of viability and necrosis of normal chondrocyte cells. 

Cytotoxicscreening and apoptosis assays suggest the potential anticancer activity of some 

plants used in Thai traditional medicine and provide information concerning their direct 

effects. 
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1. Paris polyphylla var. chinensis was used as a Thai tradition medicine for antipyretic, 

wound healing, muscle relaxant. 

2. P. polyphylla var. chinensis (Met) was potentially toxic to cancer cell and mild effect on 

viability of normal cells. 

3. The highest number of viable cells were treated with P. polyphylla var. chinensis 

methanol extract. 

4. The treatment with P. polyphylla var. chinensis extract showed significant difference 

numbers of apoptotic cells in primary chondrocytes. 

5. The treatment with P. polyphylla var. chinensis had mild effect on cell necrosis in both 

primary chondrocytes and SW 1353 cells. 

6. Methanol extracts of P. polyphylla var. chinensis can be used as potentially cancer 

therapy. 

Wang et al. 2013 Chemotaxonomic study of the genus Paris based on steroidal saponins  

Abstract The study of saponins from the genus Paris (Trilliaceae) has led to the isolation 

of over 70 steroidal saponins. Their distributions in different species are summarised and 

possible patterns in the modifications of the aglycone moiety, based on a biosynthetic 

pathway for steroidal saponins, were reviewed in this study. The chemotaxonomic value of 

these secondary metabolites has been evaluated, and it is suggested that Paris thibetica, 

Paris vietnamensis, Paris delavayi and Paris pseudothibetica, which contain more active 

saponins, could be an ideal substitution material for Paris polyphylla Smith var. chinensis, 

and Paris polyphylla Smith var. yunnanensis. Distribution of the same types of saponins 

amongst the Trilliaceae suggests a close relationship between the Trillium and Paris. 

1. Over 70 steroidal saponins were found in various species in genus Paris. 

2. The secondary metabolite from Paris thibetica, P. vietnamensis, P. delavayi, and P. 

pseudothibetica can be used as substitution species for P. polyphylla Sm. var. chinensis and 

P. polyphylla Sm. var. yunnanensis. 

3. Most of molecule that found from Paris have oligosaccharide group which linked to 

aglycon at C-3. 

4. Saponins can divided into five groups, which are spirostane, furostane, pseudo-

spirostanol and pregnane, polyhydroxylated, and other. 

5. Saponins are synthesized in the green parts of plants when plant growth and transported 

to store at rhizomes. 
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Raomai et al. 2014 Plant regeneration through direct somatic embryogenesis from 

immature zygotic embryos of the medicinal plant, Paris polyphylla Sm.  

Abstract A protocol for induction of direct somatic embryogenesis and subsequent plant 

regeneration for the medicinally important and endangered plant Paris polyphylla Sm. has 

been developed for the first time. Immature zygotic embryos (IZEs) were cultured on 

differentmedia namely Gamborg (B5), ½ B5, Murashige and Skoog (MS), ½ MS, Chu et al. 

(N6), ½ N6, Schenk and Hildebrandt (SH) and ½  SH. Highest frequency of somatic 

embryogenesis (32.6 %) and mean number of somaticembryos (SEs) per explant (28.7 ± 

1.7) were obtained on ½ MS medium directly without an intermediate callus phase. The 

frequency of SE induction was significantly increased to 40.7 % when ½ MS medium was 

solidified with gelrite compared to agar (32.6 %). Secondary somatic embryos (SSEs) 

appeared on the primary SEs in a repetitive way on plant growth regulator-free ½ MS 

medium but with a gradual decrease in embryogenic potential during subsequent 

subcultures. Plasmolyzing pre-treatment of SSEs with 1.0 M mannitol for 12 h effectively 

maintains its embryogenic capacity. Primary embryos at the elongated dimpled and early 

cotyledonary stage displayed the highest embryo forming capacity of 26.94 and 27.87, 

respectively. High frequency of SE germination (94.0 %) occurred on ½ MS medium with 

0.5 mg/l gibberellic acid. Highest percentage of seedling to plantlet conversion was 

observed in the medium supplemented with 0.05 mg/l 6-benzylaminopurine and 0.1 mg/l a-

naphthalene acetic acid. Regenerated plants displayed morphological characteristics 

similar to that of the wild plants. Flow cytometry analysis showed ploidy stability of the 

regenerated plants. 

1. Immature zygotic embryos cultured on ½ MS medium showed the highest of somatic 

embryo induction. 

2. ½ MS medium that solidified with gelrite give higher embryo forming capacity index 

than agar. 

3. Stages of somatic embryos from this study were mentioned as globular, dimpled, 

elongated dimpled, early cotyledonary, and late cotyledonary stage. 

4. Late cotyledonary stage of plantlets were well germinated at 0.5 mg/l Gibberelic acid. 

5. The combination of 0.05 mg/l BAP and 0.1 mg/l NAA was highest percentage of healthy 

plantlets. 

Yang et al. 2015 Microbial diversity in Paris polyphylla var. yunnanensis rhizomes of 

varying ages 

Abstract Endophyte microorganisms live inside plants without causing them any apparent 

damage. Recently, endophytic microorganisms have attracted attention because they can produce 

bioactive compounds of biotechnological interest. The endophytic microorganisms in Paris 

polyphylla var. yunnanensis (Liliaceae) - a species used since antiquity in traditional Chinese 

medicine - are under scrutiny because they may be responsible for producing the bioactive 

metabolites associated with the plant. The levels of bioactive metabolites in the rhizomes of P. 

polyphylla increase with rhizome age. To elucidate the roles played by endophytes in the 

accumulation of bioactive metabolites, we investigated the community structure and diversity of 

the endophytic microorganisms in P. polyphylla rhizomes of different ages (4, 6, and 8 years) 
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using 16S rRNA and internal transcribed spacer (ITS) sequence analysis. 16S rDNA amplicon 

pyrosequencing revealed that the number of operational taxonomic units was lower in the 8-year-

old samples than in the other samples. A total of 28 phyla were observed in the P. polyphylla 

samples and the predominant bacteria were of the Cyanobacteria and Proteobacteria phyla. 

Moreover, the percentage of Cyanobacteria increased with rhizome age. Similarly, ITS1 amplicon 

pyrosequencing identified developmental changes in the most abundant fungal classes; some 

classes were more prevalent in the 8-year-old rhizomes than in younger rhizomes, indicating the 

importance in secondary metabolism in older rhizomes. Our study showed that endophyte 

microorganism diversity and prevalence depend on P. polyphylla rhizome age. There was also an 

indication that some endophyte microorganisms contribute to the higher saponin content in older 

P. polyphylla specimens. 

 

1. Endophytic microorganisms live within host plant tissues without causing any harm and 

diseases. 

2. The natural bioactive compounds are synthesized from the relationship between endophytes and 

their hosts. 

3. Paris polyphylla is a valued medicinal plants that has been used in China, India, and Nepal. 

4. Its rhizome used to treat various inflammations and cancer. 

5. Steroidal saponins are the main active compounds. 

6. Rhizome fungi may play an important role in promoting secondary metabolism in P. polyphylla. 

7. The older rhizomes contain higher amounts of saponins than younger rhizomes.  

 

Upadhyay et al. 2018 Recent advances in steroidal saponins biosynthesis and in vitro production 

 

Abstract Saponin glycosides are the important class of plant secondary metabolites, which 

consists of either steroidal or terpenoidal backbone. Due to the existence of a wide range 

of medicinal properties, saponin glycosides are pharmacologically very important. This 

review is focused on important medicinal properties of steroidal saponin, its occurrence, 

and biosynthesis. In addition to this, some recently identified plants containing steroidal 

saponins in different parts were summarized. The high throughput transcriptome 

sequencing approach elaborates our understanding related to the secondary metabolic 

pathway and its regulation even in the absence of adequate genomic information of non-

model plants. The aim of this review is to encapsulate the information related to 

applications of steroidal saponin and its biosynthetic enzymes specially P450s and UGTs 

that are involved at later stage modifications of saponin backbone. Lastly, we discussed the 

in vitro production of steroidal saponin as the plant-based production of saponin is time-

consuming and yield a limited amount of saponins. A large amount of plant material has 

been used to increase the production of steroidal saponin by employing in vitro culture 

technique, which has received a lot of attention in past two decades and provides a way to 

conserve medicinal plants as well as to escape them for being endangered. 

1. Secondary metabolites are compounds that protect and assist plants. Most of them have a 

potential as medicine. 
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2. Paris main chemical compound is steroidal saponin, which use as cancer treatment, anti-

inflammation, bleeding and gastritis.  

3. Steroidal saponin diosgenin affects anti-thrombotic by inhibiting the activity of factor 

VIII and platelet aggregation, cardioprotective, suppresses skin inflammation, have 

potential to treat liver fibrosis, useful in the treatment of metabolic disease by regulating 

cholesterol homeostasis, effective in reversing hyperlipidemia, anti-inflammatory, 

improves antioxidant status, inhibits lipid peroxidation. 

4. Paris polyphylla steroidal saponins (PPSS) induce apoptosis and autophagy in human 

lung cancer cell lines that indicate the anti-cancerous properties of steroidal saponins (He et 

al. 2015). 

5. Polyphyllin Ι from Paris polyphylla induces cell cycle arrest and ROS dependent 

autophagy in colorectal cancerous cells. 

6. Both the cytosolic mevalonate (MVA) pathway and plastidial methylerythritol 4-

phosphate (MEP) pathway are involved in the biosynthesis of steroidal saponins. 

7. Silencing of Mkb1 (E3 ubiquitin ligase), that control the activity of HMGR results in 

accumulation of monoglycosylated saponins (Moses et al. 2014a, b). This enzyme was 

characterized in different plants 

8. Most commonly steroidal saponins are isolated from underground parts of the plant 

especially roots and rhizomes, and less often from above ground tissues such as leaves, 

stems, seeds, and fruits (Challinor and De Voss 2013). 

9. Genes including P450 and UGTs involved in saponin biosynthesis were upregulated in 

the 8-year-old root, an understandable finding considering that the amount of saponin is 

higher in older roots (Liu et al. 2016a, b). 

 

10. Using in vitro culture methods 20 times higher levels of saponins (shatavarins) were 

produced that has found to stimulate immunological response (Pise et al. 2015). 


