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Abstract
Objective
Lettuce is among one of the oldest vegetables in the world originally lodge in India and
Central Asia. This study aims to evaluate the genetic diversity of fifteen lettuce genotypes
by using the rbcl gene and protein sequences.

Material and Methods

Using sequencing method, the rbcl gene sequence of of fifteen lettuce were sequenced.
Chromas 2.1.1 software, MegAlign ver5 software (using ClustalW approach) were
applied for generating the similarity matrix, genetic distances as the same as building
phylogram of the studied sequences. The modeling and validation of rbcl protein structure
were performed through SWISS-MODEL and QMEAN, respectively. Further steps were

progressed using Ramadan and Pro-SAP servers.

Results
Investigating protein-protein cross-links using STRING showed most of proteins encoded
by matK, psb (A, D and C)-tranH have the interaction with rbcl protein. The results of
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cluster analysis, similarity matrix, molecular-variance and dn/ds was indicated that the
sequence of rbcl gene and protein is very similar and conserve among all genotypes.

Conclusion

The results were indicated that the rbcl sequence is not useful to study the phylogenetic
relationships inter-species. Therefore, this point is trustworthy to say that one of the
reasons for failing the segregation all lettuce genotypes is the tiny diversity of rbcl gene.
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Table 1. Lettuce cultivars and genotypes properties were used in this research

Aubervilliers)

Accession s )
Number in NCBI (genotype Name) iy’ U (Genotype)
MG648801 Lechuga Romana larga verde- Teresa (Romaine 1
lettuce long, green Teresa)
MG648802 (Lettuca Ferdows ) sgs,8 (so¥lo (g4al8 2
MG648803 Lettuca Salad sYLo gals 3
MG648804 (Lettuca Everest ) cu )l g sol8 4
MG648805 Lettuce May Queen 5
MG648806 Escarola rizada Cabello gﬁgzr:?el (Curly endive hair 6
MG648807 Lechuga Romana larga rubia —Galalcg (Romaine 7
lettuce long, blonde Ggalaica)
Lettuce_screws_(Konkovistador)

MG648809 Tehran_Lettuce_Screw .l g 528 9

MG648810 Parsagad_Lecttuce_Screw s5,luly g s2l8 10
MG648811 Isfahan lettuce_Leaf Lkaol 45,9 Sy gals 11
MG648812 lettuce_Talkhonchelsfahan - kaol 4555l sals 12
MG648813 Lettuce_leaves_Yazd 5 5y eals 13
MG648814 Nain Lettuce_leaves kaol ;b S, gal8 14
MG648815 Col de milan Aubervilliers (Cabbage Milan 15

Mega 6,38l 5 g Dnastar 5 ¢ )ljéle 5 atws jl Jol> MegAlign 5 ,l3éle 5wy ClustalW g, 4 o Jlgs
318 5 AN dsloms dlar 51 oS5 sloay o plonil g g 8l (S ol g Canlid (el g (A (il ad)on

Tamura et al. 2013) Tamura-Nei model o3 wlol 5 caieilSe  nisls .05 oalizol DNASP 5 l5éls 5
ool ¥ s IPey

\ Large raw signal spike
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Figure 1. PCR products obtained from amplification of rbcl region in lettuce genotypes
M; DM2400 Size marker and other numbers are the lettuce genotypes name based on the

number was shown in Table 1
Tamura-Nei 595 (wlw! p 25 rhel o5 sLuigdS sl Jlgi olbdals woyd SSTas 590, .Y Joua
(Tamura & Nei 1993) Model

Table 2. Estimation of Maximum Relative Conversion Rate of RbC Lettuce Gene
Nucleotides Based on Tamura-Nei Model Model (Tamura & Nei 1993).

A T/U C G
A - 5.49 4.07 15.17
T/U 4.98 - 12.69 4.44
C 4.98 17.14 - 4.44
G 17.02 5.49 4.07 -

ShiSele) Janl gl ten Loy gt cnl 0 sl Voo bl ol ggamme & sl S 4l 4 () 4L ) 2059 2 5l Jleisl®
Sl ©ygon (S 9 oo & G GRIRE) B Gk g K)n Gygen (503 ndeersm @ Ot b 9 5N Oum @ oo

ilodds oaly OL&;}
#It is possible to substitute each entry from the single (row) to another, whose sum is 100. In this table,

the percentage of transient mutations (the replacement of purine with other purine or pyrimidine with
other pyrimidine) is highlighted in bold and interstitial mutations (purine to pyrimidine and vice versa)

are shown in italics.
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Table 3. Neutrality Tajima Test DNA sequences of rbcl gene using MEGAG software.

m S Ps (0] T D

15 47 0.105145 0.032337 0.014552 -2.362671

J380e s 51 esliwl Lrbel o5 cwiigpm Jle7 (Neutrality Tajima Test) cuwd 3l Juols zuli £ Jouo
MEGAG6

Table 4. Neutrality Tajima Test The protein sequence of the rbcl gene using the MEGAG

software.
m S Pps 0] T D
15 3 0.055556 0.017086 0.007407 -0.685005

P Al g yile (g 290 i Gl Lgle g lacwalid iy )3 g alulid jslaied; : S5 dlold

b yio J DNA Jlg ool (S5 dlols 48 351 o] 51 Slo gults 33,5 deuslons odliol 390 5818 iy 10 oo
& Bl ple ooliiwl b o)l e s (ais ooly L 00l) wib dpwlxe </ OV U yao jl xSy Il (bl g +/VYD
YU sl calid 32 5l (Sb (dladsd 400 5l ol mls 035 ey UPGMA iy, 5 (Nei & Li 1979) J
s ol gy b Tosd s K5 ,Ssmd 1 0 ol Cunbge (bl 2 25kt 392 aalllsdygn clacigss o
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Romaine lettuce long green Teresa
Parsagad Lecttuce Screw

Lettace Salad

Lettuce leaves Nain

Romaine lettuce long blonde Galaica
Lettace Everest

Lettuce leaves Yazd

Tehran Lettuce Screw

lettuce Leaf

cabbage milan aubenvilliers

Lettuce May Queen

lettuce Screw

L Lettace Ferdows
Curly endive hair ange

Lettuce screws(Konkovistador)

0.06

0.05

0.04

0.03

0.02

0.01

0.00

P9y W 2 (o051 3590 9215 liSee Glacadgi Tl ()5 DNA Jlgi dwlio pl,579 )00 ¥ JSWo

.Mega 6 I8l 5 9 Clustal W

Figure 2. Dendrogram Comparison of DNA sequence of rbcl gene Different lettuce
genotypes based on Clustal W method and Mega 6 software.
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Figure 3. Dendrogram Comparison of protein sequences of rbcl gene Different lettuce
genotypes based on Clustal W method and Mega 6 software
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Figure 4. The 3D structure (A), correlation of model with dlwdda2 model (B),
membrane domain(c) and conserved domain (D) of some sequence of rbcl (ribulose-1, 5-
biphosphate carboxylase) obtained from lettuce.
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525l ) B e 51 0s 3ygy e hsebl Colil oS 39,0 Ul 1) el Jio cogd CoshsS oximd L5 oyl g 0393 Sy b yieo
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.J.m.)L;o

Local Quality Estimate

Predicted Local Similarity to Target

(0] 10 20 30 40 50 60 70 80
Residue Number

Pro-SA L rbcl piigpm Jao (How jlisl 0 UG

Figure 5. Validation of the rbcl protein model with Pro-SA.
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Comparison with Non-redundant Set of PDB Structures
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and prk) present in Arabidopsis thaliana.
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