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Table 1. Characteristics of luffa genotypes used in this study

o5 el sl el ol Cudle sl a adlaie
Genotype number Persian name Symbol Geographical region
L ol Jlad si Ol sl
Northern black seed Mazandaran
2 BIEBIv He ol S
Angled Kerman
PR VR P SIPRVEI
3 iy J Se EISLeS)
Northern white seed Mazandaran
Heel Hlias sl
4 < Af °
Afghani Afghanistan
Ll Lol
5 o Es i
Spanish Spain
6 8o Tu Ol oh 5 Ol
Touri Sistan and Baluchistan
By Y .
7 S Lc I
Long luffa China
8 Sop s Gh Ol 5k
Northern large Mazandaran
9 Sk Be oY Il
Brazilian Latin America
IGS ab 585 (gl Gais ol 53 eslized 5550 gla ST JIg-Y Js
Table 2. Primer sequences used in this study for amplification of 1GS region
Al Al Jis =
Primer Primer sequence Reference
psbA3_f 5-GTTATGCATGAACGTAATGCTC-3' Sang et al., 1997
trnHf_05 5'-CGCGCATGGTGGATTCACAATCC-3' Sang et al., 1997

A0



OLKer 5 (2L B olE Sl B SEI s e 5 Sl
IGS ST L 5l el (glo s [2STs sl =Y Jsi
Table 3. Polymerase Chain Reaction cycle udingl IGS primers

Reaction stage Cycle Temperature (°C) Time
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Figure 1. PCR products with IGS primers for 9 studied Luffa genotypes
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Flgure 2. The chromogram results of IGS gene in angle luffa, as a sample
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Table 4. Registration details and accession numbers of sequencing results of IGS amplified fragments in the NCBI database
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Genotype number Persian name Identification code Accession
1 oy ot si LC548423
Northern black seed

2 Sk He LC548424
Angled

3 R Se LC548425

Northern white seed

4 S ) Af LC548426
Afghani

5 &L—‘L;?‘“‘ Es LC548427
Spanish

6 o5 Tu LC548428

Touri
7 b &Y Lc LC548429
Long luffa
8 Sz e Gh L.C548430
Northern large

9 S Be LC548431

Brazilian
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Table 5. Nucleotide substitution in the sequenced region of IGS as the amount of transition and transversion
substitutions calculated using MEGAY software. Transitional substituents are marked in bold.

From\To A T/U C G
A - 11.3 6.9 35
T/U 14.6 - 4 6.2
C 14.6 6.5 - 6.2

G 8.1 11.3 6.9 -

.MEGA?J}%\@J&S@W.& aenloes IGS ol oL JIs 4l 55 ladS S o8 IS 4y cilisee (glads S 5 o =1 o

Table 6. The calculated ratio of different nucleotides to the

total nucleotides in the 1GS region using MEGA7

software.

Ge;;)f)/)pe TV © A © %::
IGS-Si3 27.6 19.6 37.6 15.2 250.0
1GS-He3 28.4 18.8 36.8 16.0 250.0
IGS-Se3 275 20.2 36.8 154 247.0
IGS-Af3 28.0 20.0 35.6 16.4 250.0
IGS-Es3 28.8 19.6 36.4 15.2 250.0
1GS-Tu3 28.0 19.6 36.8 15.6 250.0
1GS-Lc3 27.6 20.0 37.2 15.2 250.0
IGS-Gh3 28.2 19.0 36.3 16.5 248.0
IGS-Be3 27.8 19.8 37.1 15.3 248.0
(Mean) il 28.0 19.6 36.7 15.6 249.2
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Table 7. Calculation of rates of synonymous and non-synonymous substitutions based on IGS aligned sequences

Ayl Sl b Sd* Sn* S* N* ps” pn* ds” dn*  ds/dn* ps/pn”

Compare  Sequence names
01 IGS-Si3 IGS-He3  1.1667 5.8333 58.6667 190.3333 0.0199 0.0306 0.0202 0.0313 0.6441 0.6489
02 IGS-Si3 IGS-Se3  34.0000 133.0000 59.1667 186.8333 0.5746 0.7119 1.0900 2.2342 0.4879 0.8072
03 IGS-Si3 IGS-Af3  2.0000 11.0000 59.1667 189.8333 0.0338 0.0579 0.0346 0.0603 0.5735 0.5834
04 IGS-Si3 IGS-Es3  0.5000 4.5000 59.0000 190.0000 0.0085 0.0237 0.0085 0.0241 0.3541 0.3578
05 IGS-Si3 IGS-Tu3  1.1667  7.8333 58.5000 190.5000 0.0199 0.0411 0.0202 0.0423 0.4780 0.4850
06 IGS-Si3 IGS-Lc3  0.0000 1.0000 58.8333 190.1667 0.0000 0.0053 0.0000 0.0053 - -
07 IGS-Si3 IGS-Gh3  35.3333 132.6667 57.1667 188.8333 0.6181 0.7026 1.3034 2.0704 0.6295 0.8797
08 IGS-Si3 IGS-Be3  35.8333 135.1667 54.6667 191.3333 0.6555 0.7064 1.5535 2.1346 0.7278 0.9279

12 IGS-He3 1GS-Se3  35.5000 134.5000 58.8333 187.1667 0.6034 0.7186 1.2243 2.3802 0.5144 0.8397
13 IGS-He3 IGS-Af3  3.3333 12.6667 58.8333 190.1667 0.0567 0.0666 0.0589 0.0698 0.8446 0.8506
14 IGS-He3 IGS-Es3  1.6667 10.3333 58.6667 190.3333 0.0284 0.0543 0.0290 0.0564 0.5139 0.5233
15 IGS-He3 IGS-Tu3  1.0000 1.0000 58.1667 190.8333 0.0172 0.0052 0.0174 0.0053 3.3074 3.2808
16 IGS-He3 IGS-Lc3  1.3333  6.6667 58.5000 190.5000 0.0228 0.0350 0.0231 0.0358 0.6458 0.6513
17 IGS-He3 IGS-Gh3  35.1667 133.8333 56.8333 189.1667 0.6188 0.7075 1.3073 2.1527 0.6073 0.8746
18 IGS-He3 1GS-Be3  37.1667 138.8333 54.3333 191.6667 0.6840 0.7243 1.8234 2.5316 0.7202 0.9444
23 IGS-Se3 IGS-Af3  34.1667 132.8333 59.0000 187.0000 0.5791 0.7103 1.1092 2.2048 0.5031 0.8152
24 IGS-Se3 IGS-Es3  35.0000 132.0000 59.1667 186.8333 0.5915 0.7065 1.1660 2.1357 0.5459 0.8373
25 IGS-Se3 IGS-Tu3  35.6667 135.3333 58.6667 187.3333 0.6080 0.7224 1.2479 2.4772 0.5038 0.8416
26 IGS-Se3 IGS-Lc3  34.5000 132.5000 59.0000 187.0000 0.5847 0.7086 1.1344 2.1718 0.5224 0.8253
27 IGS-Se3 IGS-Gh3  5.8333  27.1667 57.6667 188.3333 0.1012 0.1442 0.1087 0.1602 0.6783 0.7013
28 IGS-Se3 1IGS-Be3  39.3333 136.6667 55.1667 190.8333 0.7130 0.7162 2.2567 2.3238 0.9711 0.9956
34 IGS-Af3 I1GS-Es3  2.0000 15.0000 59.1667 189.8333 0.0338 0.0790 0.0346 0.0835 0.4142 0.4278
35 IGS-Af3 1GS-Tu3  2.1667 13.8333 58.6667 190.3333 0.0369 0.0727 0.0379 0.0764 0.4954 0.5081
36 IGS-Af31GS-Lc3  1.5000 10.5000 59.0000 190.0000 0.0254 0.0553 0.0259 0.0574 0.4506 0.4600
37 IGS-Af3 1GS-Gh3  36.1667 132.8333 57.0000 189.0000 0.6345 0.7028 1.4031 2.0746 0.6763 0.9028
38 IGS-Af3 I1GS-Be3  35.3333 132.6667 54.5000 191.5000 0.6483 0.6928 1.4987 1.9298 0.7766 0.9358
45 IGS-Es3 IGS-Tu3  1.6667 10.3333 58.5000 190.5000 0.0285 0.0542 0.0290 0.0563 0.5159 0.5252
46 IGS-Es3 1GS-Lc3  0.5000 5.5000 58.8333 190.1667 0.0085 0.0289 0.0085 0.0295 0.2898 0.2938
47 IGS-Es3 IGS-Gh3  34.8333 134.1667 57.1667 188.8333 0.6093 0.7105 1.2552 2.2079 0.5685 0.8576
48 IGS-Es3 1GS-Be3  35.3333 136.6667 54.6667 191.3333 0.6463 0.7143 1.4842 2.2834 0.6500 0.9049
56 IGS-Tu3 IGS-Lc3  0.6667 7.3333 58.3333 190.6667 0.0114 0.0385 0.0115 0.0395 0.2917 0.2971
57 IGS-Tu3 IGS-Gh3  35.1667 133.8333 56.6667 189.3333 0.6206 0.7069 1.3178 2.1418 0.6153 0.8779
58 IGS-Tu3 1GS-Be3  36.0000 139.0000 54.1667 191.8333 0.6646 0.7246 1.6297 2.5386 0.6420 0.9172
67 IGS-Lc3 1GS-Gh3  35.8333 132.1667 57.0000 189.0000 0.6287 0.6993 1.3661 2.0205 0.6761 0.8990
68 IGS-Lc3 IGS-Be3  35.3333 134.6667 54.5000 191.5000 0.6483 0.7032 1.4987 2.0810 0.7202 0.9219
78 IGS-Gh3 IGS-Be3  34.6667 120.3333 53.1667 192.8333 0.6520 0.6240 1.5266 1.3380 1.1410 1.0449

ool slaas N Gl e ool slans 1S tla Jlg5 35l 2o 8 o slis 31 SN el JI g5 oy 35l e slaslis slaws Sd”
EA S ASMAN ts 20 e 03Kl 25N sl e Kl 5 S sl e eSS PN 10 pe ASair PS tbsl e 2
D3l b 4 B3 e gla S &3 PSIPN s e 1w Bl e gla Sl
* Sd: Numbers of synonymous differences; Sn: Numbers of nonsynonymous differences; S: Numbers of synonymous sites;
N: Numbers of nonsynonymous sites; ps: Synonymous polymorphism; pn: Nonsynonymous polymorphism; ds:

Synonymous substitutions rate; dn: Nonsynonymous substitutions rate; ds/dn: The ratio of the synonymous codon-
substitution rate to that for nonsynonymous codons; ps/pn: The rates of synonymous and nonsynonymous polymorphism

IGS Silis JIg w4z 55 b anllas 550 5L 3 (sl s s (S5 ahols —A J
Table. Genetic distance of luffa genotypes according to IGS marker sequence.

N PTEI

Si3 He3 Se3 Af3 Es3 Tu3 Lc3 Gh3
Genotype code
Si3
He3 0.000
Se3 0.004 0.004
Af3 5.400 5.400 5.400
Es3 0.014 0.014 0.009 5.353
Tu3 6.759 6.759 6.759 5.213 6.756
Lc3 0.000 0.000 0.004 5.400 0.014 6.759
Gh3 0.130 0.130 0.137 5.210 0.137 6.865 0.130
Be3 0.000 0.000 0.004 5.400 0.014 6.759 0.000 0.130
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Figure 3. The phylogenetic relationships of luffa genotypes, drawn by the UPGMA method based on the
sequence of the IGS region
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Abstract

Luffa (Luffa cylindrica) is a plant from the Cucurbitaceae family that grows mostly in tropical and
subtropical regions, as well as in most regions of Iran. In this research, the genetic diversity of nine
native and non-native genotypes of L. cylindrica was investigated through the evaluation of the
chloroplast trnH-psbA intergenic region (IGS). After sampling the young leaves, DNA extraction was
performed by using the Dellaporta method, and PCR was conducted by using IGS intergenic region
primers. After sequencing of the amplified products, their quality was determined using Chromas
software and then aligned using ClustalwW method by BioEdit and MEGA7 softwares. Next, the
dendrogram of phylogenic relationships was drawn and the matrix of the difference and similarity of the
sequences were determined. In the present research, by analyzing the relationships between studied
samples, based on the trnH-psbA (1GS) marker, a strong intraspecies variation was observed in native
and non-native L. cylindrical genotypes. The genetic distance matrix between the samples examined in
this research ranged from 0 to 6.865 with an overall average distance of 2.53. The average value of
synonymous and non-synonymous substitutions (dN/dS) for the 1GS sequence was ds/dn = 0.68, which
indicates positive and pure line selections in the process of natural selection of studied genotypes. The
results of this research showed that trnH-psbA is a suitable marker for evaluation of the intraspecific
diversity of luffa species.
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