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Abstract: Molecular markers of plant hypervariable chloroplast genomes are important genetic markers 
and have become an important auxiliary means for species identification and phylogenetic analysis. 
Bambusoideae species are hard to be identified based on external morphology. Therefore, based on the 
comparative analysis of the whole genome sequences of chloroplasts of five published Bambusoideae 
species, the hypervariable chloroplast molecular markers of bamboos were selected and developed, and 
the genetic diversity and phylogeny analyses of nine Bambusoideae species based on five chloroplast 
molecular markers were performed. The five markers are rbcL, matK, trnH-psbA, trnL-trnF, and trnG-
trnT, with mutations 2 - 40 including indels; the π values of nucleotide diversity are 0.00058-0.03256, 
and θw values are 0.00097 - 0.02743. The π and θw values of trnG-trnT are the highest, indicating the 
genetic diversity of trnG-trnT is the highest. Phylogenetic analysis shows that nine Bambusoideae species 
are clustered into two branches, with Pleioblastus amarus,Pseudosasa japonica and Yushania nana 
clustered into one branch, and Bambusa blumeana,Dendrocalamus latiflorus,D. minor, Sarocalamus 
yongdeensis, D. barbatus and D. giganteus clustered into another branch. This study is of great 
significance for phylogenetic research, species identification and new cultivars development of 
Bambusoideae. 
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1. Introduction 

The Bambusoideae are a natural group of Poaceae [1]. The distribution of Bambusoideae are primarily 
concentrated in tropical and subtropical regions, with a limited number of species also found in temperate 
and subfrigid regions [2]. The Bambusoideae are a highly significant non-wood renewable forestry 
resource and an essential component of garden greening, which has high economic and ecological value 
[3].  

The classification of Bambusoideae poses a challenging conundrum of taxonomy [4]. In the systematic 
studies of Bambusoideae, due to different research purposes and limited sampling, different experimental 
materials and fragment markers were used in various studies, which made the results obtained by analysis 
not completely uniform, resulting in unclear division of some branches of Bambusoideae. For example, 
the relationship between the three tribes of Bambusoideae were contradictory [5]; which about the four 
old World woody bamboo subfamilies, Hickelinae and Racemobambosinae have no systematic position 
resolution or only low support [6,7]. In addition, the boundary between the Hickelinae and the 
Bambusoideae was unclear. And some species of Greslania, which originally belonged to the 
Bambusoideae, were congenered with the Hickelinae [8].Previous studies supported a sister-group 
relationship between Chusqueinae and Guaduinae + Arthrostylidiinae [7]. The division of species within 
individual genera is also unclear; for example, the S. yongdeensis belonged to Bashania, but now belongs 
to Sarocalamus [9,10]. Up to now, Bambusoideae has been divided into three tribes: Bambuseae, 
Arundinarieae and Olyreae [7]. The Hickelinae, Racemobambosinae, Chusqueinae,Guaduinae and 
Arthrostylidiinae are now part of Bambuseae. There are nearly 1,700 species of bamboo in 127 genera 
worldwide [11,12]. However, due to the diversity of Bambusoideae, the classification system of 
Bambusoideae needs to be constantly updated and revised [11]. 

With the development of molecular systematics, the new methods for bamboo classification at home 
and abroad are mainly based on chloroplast molecular markers [13,14]. The molecular information provided 
by chloroplast genome sequence is a good resource for plant systematics, phylogenetic studies and 
population genomics [15,16], for example, Liu [17]and Zhou [18] are based on B. basihirsuta, De. 
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bambusoides, De. barbatus, De. birmanicus and Pl. amarus provided new molecular data for elucidating 
the evolution of Bambusoideae; Wang et al [19]and Ma et al[20]compared the whole chloroplast genome 
sequence by using mVISTA, and found that mutation-rich regions, such as hypervariable regions, in some 
plant lineages were valuable sources of genetic markers, which could provide a theoretical basis for plant 
species identification [21,22]. Feng et al [23] proposed a new strategy of high-mutation fragment mining 
based on the materials of the genus Primulina, and developed high-mutation chloroplast molecular 
markers from the true hypervariable regions (Con_Seas) of the entire chloroplast genome. Therefore, 
mutations in chloroplast genomes are widely used for species identification, molecular marker 
development, evolutionary analysis, and high-resolution phylogenetic analysis [24,25]. 

Currently, there has been a lack of systematic research on the development and application of 
hypervariable chloroplast molecular markers in Bambusoideae. In this study, the chloroplast 
hypervariable fragments were selected by comparing the whole chloroplast genome of 5 species of 
Bambusoideae, then the primers are designed for the hypervariable fragments, and PCR and Sanger 
sequencing were performed to verify the generalizability and validity of the primers. Furthermore, the 
mutation and genetic diversity of Bambusoideae were analyzed and phylogenetic trees were constructed, 
the ultimate goal is to provide essential data and theoretical foundation for classification and 
identification of Bambusoideae, as well as genetic breeding, germplasm resource identification, 
classification protection. 

2. Results and analysis 

2.1 Screening of hypervariable fragments of chloroplast genome in Bambusoideae 

There were 7 chloroplast hypervariable fragments selected by the method of Feng et al [23], as shown 
in Table 1, and their length are range from 115-593 bp. The hypervariable fragments trnH-psbA, ndhE, 
trnV-UAC and trnL-UAG in chloroplast genome were analyzed based on mVISTA (Figure 1). The 
hypervariable fragments, including matk, trnL-trnF, rbcL, trnG-trnT, and trnH-psbA, were subjected to 
development primer, PCR amplification, and sequencing validation. 

Table 1: Seven hypervariable fragments in chloroplast genome of five species in the Bambusoideae 
Number Start site End site Length (bp) Annotation 

1 1561 1769 209 matK 
2 7805 7991 187 trnS-GCU 
3 15542 15949 408 trnG-trnT 
4 16015 16607 593 trnE-UUC 
5 20413 20970 378 trnC-GCA 
6 49457 49571 115 trnL-trnF 
7 56999 57216 218 rbcL 

 
Note: The vertical and horizontal axes in the figure represent the consistency degree of the sequences 

from 50% to 100% and the position in the chloroplast genome, respectively; Annotated genes are 
displayed along the top. 

Figure 1: Structural alignment of chloroplast genomes of five species in Bambusoideae with De. 
barbatus genome as reference genome 
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2.2 Primers design, PCR amplification and sequencing of hypervariable fragments of chloroplast 
genome in Bambusoideae 

Primers were designed according to the selected region of highly variable fragments. The primers of 
5 hypervariable chloroplast DNA fragments were shown in Table 2, and the length of PCR products 
ranged from 459-1500 bp. PCR amplification was performed on 9 species of Bambusoideae with 5 pairs 
of primers, then agarose gel electrophoresis and Sanger sequencing were performed, the results showed 
that all five hypervariable DNA fragments could be successfully amplified and sequenced, and the PCR 
bands were single and bright, which indicated that the primers had good universality and specificity. The 
primer sequence, region length, annealing temperature, and GenBank number of the five hypervariable 
chloroplast DNA fragments are shown in Figure 2. 

Table 2: Primer sequence, region length, and annealing temperature of hypervariable fragments 

Molecular 
 marker  

Primer(5’-3’) PCR products 
length 
 /bp 

Annealing 
temperature 
/℃ 

GenBank number 

trnG-trnT F:GAGGAGTTAGGTATGTAGGG 
R:TTTTATTGGCTGATCTTATG 

459 47 OQ338140-OQ338146 
OR268943-OR268944 

*matK F: AAACAGAAATCTCGTCAA 
R: AGGGTTCACCAGGTCATT 

1500 45 OQ348039-OQ348045 
OR286207- OR286208 

rbcL F: CCGGAGTATGAAACCAAGGA 
R: AAATCAAGTCCACCGCGTAG 

518 50 OQ348046-OQ348052 
OR286205-OR286206 

trnH-psbA F: GAATTTGCAATAATGCGATGG 
R: ATCCGACTAGTTCCGGGTTC 

530 53 OQ348053-OQ348059 
OR295458-OR295459 

trnL-trnF F: CCTGAGCCAAATCCGTGT 
R: GGATGATGCACAAGAAAAGG 

711 50 OQ348060-OQ348066 
OR268945-OR268946 

*matK adopted the primers in Li et al [26], and primers for other fragments were designed in this study.  

 
Note: 1: trnH-psbA primer pair; 2: trnG-trnT primer pair; 3: trnL-trnF primer pair; 4: rbcL primer 

pair; 5: matK primer pair; 6: blank; M: DNA Marker DL 2000  

Figure 2: Agarose gel electrophoresis of five hypervariable fragments PCR products from De.giganteus 

2.3 Analysis of mutation in hypervariable fragments of chloroplast genome in Bambusoideae 

Table 3: Mutation sites of five hypervariable DNA fragments in Bambusoideae species 
Mutation site location of trnG-trnT/bp  
Species 7 17 27 66 94 96 102 104 105 114 125 130-133 147-152 198 226 251 256 

1 C A T T T G T G G C T ---- ------ G C G C 
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2 A A T T T G T G G C T ---- ------ G C G C 
3 C A T T T G T G G C T ---- ------ G C G C 
4 A A T T T G T G G C T ---- ------ G C G C 
5 C A T T T G T G G C T ---- ------ G C T C 
6 C A T T T G T G G C T ---- ------ G C T C 
7 A G G C C G T G G C C AAGG ------ T T T T 
8 A G G C C A C T T A C TTGG ------ T T T T 
9 A G G C C G T G G C C TTGG TAAAAA T T T T 
 259 272 282 296 299 303 320 343 353 359 361 385 389 392    

      1 T T C C A G A C C A G A T T    
2 G T C C C G G C G T G A T C    
3 T T C C A G A C C A G A T T    
4 G T C C C G G C G T G A T C    
5 T T C C A G A C C A G A T T    
6 T T C C A G A C C A G A C T    
7 T C A A C A A T G G G G T T    
8 T C A A C A A T G G A G T T    
9 T C A A C A A T G G G G T T    

Mutation site location of ttrnL-trnF/bp 
 13 34 38 67 142 167 179 334 337-379 381 384-385 387-391      
1 G A G A A T G C CCT A CT ACTAT      
2 G A G A A T G C CCT A CT ACTAT      
3 G A G A A T G C CCT A CT ACTAT      
4 G A G A A T G C CCT A CT ACTAT      
5 G A G A A T G C CCT A CT ACTAT      
6 G A G A A T G C CCT A CT ACTAT      
7 C G A G T C A T --- - -- -----      
8 C G A G T C A T --- - -- -----      
9 C G A G T C A T --- - -- -----      
 429 446 505-507 542 552 553 611           
1 C A --- A C T C           
2 C A --- A C T C           
3 C A --- A C T C           
4 C A --- A C T C           
5 C A --- A C T C           
6 C A --- A C T C           
7 G G GCT C T C T           
8 G G GCT C T C T           
9 G G GCT C T C T            

Mutation site location of trnH-psbA/bp 
 52 140                
1 - G                
2 - G                
3 - G                
4 - G                
5 - G                
6 - A                
7 A G                
8 A G                
9 A G                

Mutation site location of rbcL/bp 
 11 119 134 163 297 319 428           
1 G A C A A T T           
2 G A C A C T T           
3 G A C A A T T           
4 G A C A C T T           
5 G A C A A T T           
6 G A C A A T T           
7 C G T A C A C           
8 C G C T C A C           
9 C G T A A A C           

Mutation site location of matK/bp 
 154 160 188 213 272 281 286 293 317 319 332 341      
1 G T C - G - - - - T - -      
2 G T C - G - - - - T - -      
3 G T C - G - - - - T - -      
4 G T C - G - - - - T - -      
5 G T C - G - - - - T - -      
6 G T C - G - - - - T - -      
7 T C A - C - - - - C - -      
8 T C A - G - - - - C - -      
9 T C A - G - - - - C - -      

Note:1: De. latiflorus; 2:B. blumeana; 3: De. minor; 4: S. yongdeensis; 5: De. giganteus; 6: De. barbatus; 7: Ps. japonica; 8: Y. 
nana; 9: Pl. amarus 

The mutation site location of hypervariable DNA fragments rbcL, matK, trnH-psbA, trnL-trnF, and 
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trnG-trnT in the chloroplast genome of Bambusinae are shown in Table 3, including indels. trnG-trnT 
has the largest number of mutation, with 42 mutations, including 16 transitions and 16 transversions, and 
10 indels, the occurrence of simultaneous transversion and indel at sites 130-132, as simultaneous 
transition and transversion at site 359, was also observed; the second largest number of mutation is trnL-
trnF, with 29 mutations, including 10 transitions and 4 transversions, and 15 indels; next is matK, with 
12 mutations, including 2 transitions and 3 transversions, and 7 indels; next is rbcL, with 7 mutations, 
including 3 transitions and 4 transversions; the least is trnH-psbA, with 2 mutations, including 1 
transversion and 1 indel. The highest frequency of indel is 35.9% in these mutations, the second is 
conversion, the frequency of transition is 34.8%; the lowest frequency of transversion was 29.3%. 

2.4 Genetic diversity and neutrality of chloroplast DNA fragments in Bambusoideae 

In this study, the genetic diversity of 5 chloroplast DNA fragments of Bambusoideae was analyzed 
and neutral test was performed (Table 4). The length of five chloroplast DNA fragments are 381-599 bp. 
The results of single nucleotide polymorphism showed that the number of segregating sites of 5 
chloroplast DNA fragments range from 1-29, Haplotype diversity (Hd) are 0.222 - 0.917, nucleotide 
diversity θw and π values were 0.00097-0.02743 and 0.00058-0.03256, respectively. Among the five 
chloroplast DNA fragments, trnG-trnT has the highest θw value, π value and Hd, trnH-psbA is the lowest, 
it indicated that trnG-trnT has the highest level of genetic diversity. The neutral test results of the whole 
analysis of these 5 DNA fragments showed that Tajima's D values, Fu and Li's D* values, Fu and Li's 
F* values were positive in rbcL, matK, trnL-trnF, trnG-trnT and trnH-psbA. But there was no significant 
difference. So these five chloroplast DNA fragments fit the neutral evolutionary model, and it can be 
used for phylogenetic analysis of Bambusoideae (Table 4). 

Table 4: Genetic diversity and neutrality tests of five DNA fragments by DnaSP 
DNA 

fragments 
Number 

of 
sequences 

Length θw 
Nucleotide 
 diversity 

π 
Nucleotide 
diversity 

Number of 
polymorphic 
 segregating 

sites 

Hd Neutrality tests 

       D D* F* 
trnG-trnT 9 389 0.02743 0.03256 29 0.917 0.73999(ns) 0.69910(ns) 0.79537(ns) 

matK 9 421 0.00437 0.00528 5 0.556 0.88079(ns) 0.68670(ns) 0.81551(ns) 
rbcL 9 458 0.00562 0.00691 7 0.806 1.02379(ns) 0.92083(ns) 1.05421(ns) 
trnH-
psbA 

9 381 0.00097 0.00058 1 0.222 -1.08823(ns) -1.18990(ns) -1.28293(ns) 

trnL-trnF 9 599 0.00921 0.01206 15 0.556 1.48909(ns) 1.28707(ns) 1.49522(ns) 
Overall 9 2248 0.04760 0.08995 57 3.057 3.045 2.404 2.877 

Note: Length without indels; D: Tajima's D value; D*: Fu and Li's D* value; F*: Fu and Li's F* value; 
ns: non-significant, P > 0.10;θw:Theta (per site) from S 

2.5 Construction of chloroplast genome phylogenetic tree in Bambusoideae 

In order to determine the position of nine Bambusoideae species in Bambusoideae, the complete 
genome sequences of 48 species of Bambusoideae were obtained from NCBI after blastn with the trnG-
trnT fragments of nine species of Bambusoideae, represented by trnG-trnT with the most mutation, 
phylogenetic tree was then constructed using highly similar sequences to get more information(Figure 
3). Pl. amarus is associated with the genus of Oligostachyum,Shibataea,Indosasa,Gelidocalamus and 
Fargesia; Ps. japonica goes with Thamnocalamus spathiflorus; Y. nana goes with Chimonobambusa 
hirtinoda; B. blumeana and S. yongdeensis are associated with the genus of Thyrsostachys; and D. 
barbatus, D. giganteus, D. latiflorus, D. minor associated with the genus of Melocalamus. Phylogenetic 
trees constructed based on matK, rbcL, trnL-trnF, trnG-trnT and their combined chloroplast DNA 
fragments showed similar topological structures (Figure 4). Nine species of Bambusoideae were 
successfully divided into two branches. Among them, the De. latiflorus,B. blumeana,De. Minor,S. 
yongdeensis,De. Giganteus,De. barbatus are clustered into one, belonging to the Bambuseae, its approval 
rating is above 80%; Ps. Japonica,Y. nana and Pl. amarus are clustered into another, belonging to the 
Arundinarieae, its approval rating is above 80%. Phylogenetic trees of trnH-psbA alone could not 
distinguish the nine species of Bambusoideae due to their low mutation. Phylogenetic tree based on rbcL, 
trnG-trnT and combined chloroplast DNA fragments 

Phylogenetic trees based on rbcL, trnG-trnT and combined chloroplast DNA fragments were 
compared to phylogenetic trees based on other fragments, these fragments have sites that distinguis, 
Which B. blumeana and S. yongdeensis are together, De. latiflorus,De. Minor,De. Giganteus and De. 
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Barbatus are together. 

 
Figure 3: ML phylogenetic tree was constructed based on the chloroplast genome sequences of 48 
Bambusoideae species and the trnG-trnT fragment of 9 excellent economic bamboo species; Hide 

branches with a support rate of less than 50%; Or. sativa was used as the outgroup. 
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Note: A: ML Phylogenetic Tree Based on trnG-trnT; B: ML Phylogenetic Tree Based on matK; C: ML 
Phylogenetic Tree Based on rbcL; D: ML Phylogenetic Tree Based on trnH-psbA; E: ML Phylogenetic 

Tree Based on trnL-trnF;F: ML Phylogenetic Tree by Combining Five Gene fragments 

Figure 4: ML Phylogenetic Tree Based on DNA fragment of 9 Excellent Economic Bamboo Species; 
Hide branches with a support rate of less than 50%; Or. sativa was used as the outgroup. 

3. Summary 

Bambusoideae is an important forest resource, which can replace wood products and provide food, 
and has great social and economic value [27]. Therefore, the development of molecular markers of 
Bambusoideae is helpful to distinguish and utilize Bambusoideae better. 

At present, chloroplast sequencing and comparative genomes have been used to screen hypervariable 
regions as specific DNA molecular markers for species identification [21,22]. However, there are few 
studies combining the method of Feng et al[23] and mVISTA to screen hypervariable regions.  

After constructing a single phylogenetic tree and a combined phylogenetic tree of 5 hypervariable 
region DNA fragments in this study, the results showed that the two branches of the phylogenetic tree 
were in agreement with the classification of Bambusoideae by Kelchner et al [7], these two tribes are 
Bambuseae and Arundinarieae. The S. yongdeensis belonged to Bashania, but now belongs to 
Sarocalamus, and is a separate genus. The reason is because that and strong similarities between the 
Himalayan type species and a species from N Yunnan were evident, which species from the Himalayas 
and China appear congeneric on morphological and phylogenetic grounds, so Bashania is transferred 
into Sarocalamus [10]. 
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In this study, DNA markers based on matK, rbcL, trnL-trnF and trnG-trnT fragments can effectively 
identify nine species of Bambusoideae, and the combination of four hypervariable region DNA fragments 
can also effectively identify nine species of Bambusoideae, providing scientific molecular basis for 
identification of Bambusoideae. It is hoped that this study will provide a new tool and choice for the 
identification of bamboo species and the study of the relationship between bamboo species. 

4. Materials and methods 

4.1 Data collection 

In this study, 5 species of Bambusoideae were selected as the research objects for screening the 
chloroplast genome hypervariable region of Bambusoideae, and then screened the bamboo from the B. 
basihirsuta (NC_050773.1), De. bambusoides (NC_050762.1), De. barbatus (NC_050747.1), De. 
birmanicus (NC_0507501) and Pl. amarus (MH988736.1) from GenBank. 

4.2 Plant material 

In this study, nine species of Bambusoideae were used to verify whether the selected chloroplast 
genome regions are hypervariable. They are B. blumeana,D. latiflorus,D. minor,S. yongdeensis,D. 
barbatus,D. giganteus,Pl. amarus,Ps. japonica and Y. nana. The plant material were mainly sampled in 
Yibin, Sichuan Province. Pl. amarus was taken from Cuiping District, Yibin (104°37′E ,28°46′N), and 
other samples were all taken from Jinglei Zhuhai, Sichuan (104°36′E,29°08′N). The leaves were put into 
sampling bags and brought back to the laboratory to be dried with silica for further DNA extraction. 

4.3 Identification of hypervariable region of chloroplast genome in Bambusoideae  

In this study, In this study, Feng et al's method and LAGAN model mVISTA program were adopted 
[28,29], the chloroplast genome was used as reference to compare the chloroplast genome with that of B. 
basihirsuta, D. bambusoides, D. barbatus, D. birmanicus and Pl. amarus to determine the hypervariable 
region. 

Feng et al's method needs to determine the determinism and polymorphism index of the Con_Sea 
region before determining the hypervariable region. The region labeled "Con_Islands" in conserved sites 
in the chloroplast genome was identified for the first time, and the region between two adjacent 
Con_Islands was named "Con_Seas." In this study, the Perl script of Feng et al’s was used to obtain the 
locations of chloroplast mutation regions of B. basihirsuta, D. bambusoides, D. barbatus, D. birmanicus 
and Pl. amarus, and the parameter "Con_Island minimum length" (50 in this study) could be changed. 
Potential information traits (PICs) calculated by the sum of SNP and Indel between the two chloroplast 
genomes can be used to evaluate the polymorphism of each region. Then, according to the starting and 
ending positions of chloroplast mutation fragments obtained by Perl script, the fragments with length 
greater than 100bp and PICs value greater than 1 are selected as the hypervariable region. 

4.4 Design of primers for the hypervariable region of chloroplast genome in Bambusoideae 

In this study, the whole chloroplast genome sequence of D. barbatus was selected for primers design. 
Primers were designed using software Primer Premier v 5.0 [30] according to the hypervariable region. 
Finally, the 5 pairs of primers with the highest score were selected from the 5 fragments. The primers 
were synthesized by Beijing Liuhe Huada Gene Technology Co., Ltd. 

4.5 DNA extraction, PCR amplification and sequencing of plants 

By improving the method described by Fulton et al. [31], total DNA was extracted from the dried silica 
gel leaves, then it was detected by agarose gel electrophoresis and ultraviolet spectrophotometry, and 
then the extracted DNA was diluted 4 times and stored at -20℃ until PCR amplification [32]. Then, pairs 
of hypervariable primer selected from comparative chloroplast genome analysis of five Bambusoideae 
species were selected for amplification of target bands. The PCR experiment used the Thermal Cycler 
for PCR. PCR amplification was performed at a final volume of 50 μL, including 5 µL diluted DNA by 
a factor of four, 25 μL of 2×Taqmix enzyme, 10 mM forward primers and reverse primers are 3 
microliters each (Beijing Liuhe Huada Gene Technology Co., Ltd, China), and 14 μL ultrapure water. 
The PCR was performed at 95℃ and predenaturated for 5 min. 95℃, denaturation 45 s; annealing for 
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30 seconds at different temperatures (the annealing temperature of each primer pair is provided in Table 
2), extended for 1min at 72℃, and 30 cycles were performed; The product was extended at 72℃ for 5 
min and cooled to 4℃ for 10 min. The PCR products were detected by 1% agarose gel electrophoresis 
and then sent to BGI for sequencing on ABI 3730 sequencer.  

4.6 Data analysis 

The sequences were performed using SeqMan (DNA STAR package; DNA Star Inc., Madison, WI, 
USA) edited and assembled. 

The software DnaSP 5.0 [33] was used to calculate the number of mutations in five DNA fragments, 
including the number of polymorphic segregating sites (S), the Haplotype diversity (Hd), the average 
difference value for each base of two random sequences (π) [34], and Watterson's parameter (θ) based on 
the number of segregating sites [35]. 

In order to test whether interspecies evolved neutrally, DnaSP was also used to calculate the values 
of Tajima's D [36], Fu and Li's D* and Fu and Li's F* [37]. 

4.7 Phylogenetic analysis of hypervariable fragments of chloroplast genome in Bambusoideae 

To verify whether the hypervariable fragments distinguish the nine Bambusoideae species, and to 
determine the interspecies relationship of these nine Bambusoideae specie, with trnG-trnT as the 
representative, the whole genome sequences of thirty-nine species of NCBI were compared with nine 
assembled gene fragments to obtain highly similar sequences, and then the phylogenetic tree was 
constructed. The phylogenetic tree of the five hypervariable DNA fragments and the phylogenetic tree 
combined with the five hypervariable DNA fragments were constructed. Among these phylogenetic trees, 
Or. sativa as an outgroup.  

The software MEGA7.0 [38] was used to analyze and build the phylogenetic trees, and the PhyloSuite 
1.2.3 [39] was used to concatenate five DNA fragments; then MEGA7.0 software was used to find the best 
models. Tamura [40] is the best nucleotide replacement model for trnG-trnT and combined fragments, and 
is an equal-input model, JC [41] is the best nucleotide replacement model of other four DNA fragments: 
matK, rbcL, trnH-psbA, trnL-trnF, and it is the simplest single-parameter replacement model; then, 
phylogenetic analysis were conducted, including Maximum-likelihood (ML), Neighbor-Joining (NJ), 
Minimum evolution (ME). The phylogenetic tree constructed by the rbcL, matK, trnH-psbA, trnL-trnF, 
trnG-trnT and the phylogenetic tree constructed by combining five DNA fragments were very similar, 
therefore, only ML phylogenetic trees are listed in this paper. At the same time, the Bootstrap test was 
used to repeat 1000 times in the process of establishment, and the support rate of each branch was tested. 
Finally, the number of branches in the phylogenetic trees with a support rate of less than 50% were hidden. 
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