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Abstract
Objective

Tomato (Solanum lycopersicum L.) is divided into two botanical varieties cerasiforme and
lycopersicum. Many researchers believe that during domestication process, some changes in key
genes governing flower properties in cherry tomato (S. lycopersicum var. cerasiforme) led to the
development of the variety lycopersicum. The aim of this research was transferring Ic and fas
genes to the cherry tomato genetic background and assessment the effects of these two loci on

flower characteristics in cherry tomato background.

Materials and methods

In this survey the genes Ic and fas were transferred to a cherry tomato line p-33 via marker-assisted
backcrossing. In each back cross generation, mutated alleles were chosen using specific molecular
markers. Backcrossing was continued up to BCsF:. Afterward, the generation BCsF, was
produced and homozygote near-isogenic lines (NILs) were generated for assessment of genes Ic
and fas in p-33 genetic background. The flower traits including the number of petals, number of

sepals, number of stamens, primary fruit weight and locule number were measured.
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Results

The results showed that the effects of genes Ic and fas on the trait's number of petals, sepals, and
stamens were statistically significant at 5% level. While the effects of the mentioned genes on the
rest of traits was significant at 1% level. The number of sepals, petals, and stamens in NILs-fas
increased 31.28%, 36.79%, and 40.48% with respect to line p-33, respectively. Also, the number
of locules increased in NILs-lc and NILs-fas with respect to line p-33 (37.88% and 47.63%
respectively). Moreover, the primary fruit diameter showed increment in NILs-lc and NILs-fas
respect to line p-33 (14.91% and 11.81% respectively). Ic and fas loci had also a magnificent
effect on flower size and showed incredible increase in NILs-lc and NILs-fas respect to line p-33.

Conclusions

The result of this study displayed that Ic and fas genes have dramatic effect of in flower
characteristics of tomato var. cerasiforme. The results also showed that the studied genes had key
role in giving rise to S. lycopersicum var. lycopersicum form S. lycopersicum var. cerasiforme
during tomato domestication.
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Table 1. Studied lines name and their characteristics

Characteristics la S5 Name b Characteristics o 53y Name pb
Jas 5lc $lao 86 = )5 oY p-33 lf’ O Job> NILs.lc
Recurrent parent without /c and fas genes With /c gene
fas olc LSL”’O? Gy = saims pY p-22 ‘ le o3 186 NILs-LC
Donor parent with /c and fas genes Without /c gene
5 8 55 el
Jas o5 8 NILs-FAS Jas o3 Je NILs-fas
Without fas gene With fas gene

9 2d s O] o (S ged (uiSy (I Juus 2 53 0id lly cla YT ol (sl (S e
A plosl il s oS (Saghai-Maroof et al. 1984) -, 1San  igpmo oliw (39, 5l odlawl L DNA gzl 5.l
Thermo ScientificTM Nano Jue Gl oSws o 5,51 J5 595 5599951 5l osliwl L DNA e g coisS

i3S el 00 035l Y Jgas pfas o1 clayys oly (molais! cla S5lel g .o saouw DropTM OneC

5 bl (3 JS3) (IC-FAR2 £as-FR1) lal i (ela,S512T 51 oslitol L LSy (3 by 5 ol sloctssSy o i
fas-) iy W sl S5l 5 (558 Lol o il (sl S51eT 5 BCaF2 (itSag Juus 55 gSujsem slacnY i ol

N5 Ol g g Ll T el @Sy jp0n sy g 45,5 odlizal (Y JS5) (Ic-F2R1 FR2

500bp
300bp

100bp

500bp
300bp

100bp

&l olaisl Gl Sl bawgi (S (I glaud I (o (b ©gR e gl i35 ) JSS
466 bp b Jsb fas o5 b 533 bp Wil Job IC o35 2 (591 g%y 3955 ¢ g5 (51,15 gl cygins) 1 I

Figure 1. Selection of heterozygote offspring with specific primers (the columns with band).
A. Ic gene band length 533bp. B. fas gene band length 466bp
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Table 2. the studied primers sequence and their characteristics

il e 1 casi e o Sbojlul .
s Sl gl Sl g Sy T e
Maker Name Primer sequence Marker type bonds(bp) Reference

FAS- Forward
L e CAGAAATCAGAGTCCAATTCCA
) sl
FAS  FAS-Reversel  CCAATGATAATTAAGATATTGTG
Soles Y e p Skl ACG Indel 335, 466
FAS- Reverse2
Y eus, 5l ATGGTGGGGTTTTCTGTTCA
LC- Forwardl  TCTCTTGGATGATGACTATTGCA Rodriguez et
Y es, 5kl CTTT al. 2011
LC- Forward2 CTTTTCCTAAAAGATTTGGCATG
LC Y e, Skl AGGT
Sl LC-Reversel  TCAGCGCCTCATTTTCTATAGTAT — SNP 395,533
VoS p Sl TTGT
LC- Reverse2  AAAGTAGTACGAATTGTCCAATC
VoS, Skl AGTCAG

41>)A 44..“.@(: dLo.) 03)91 Cawwd & 61).: W) fl}u‘ Ay J9J.> SleMb [ DNA Lglmd.:w dl).: )l)n‘_;b LS“’):’U) U“‘Sb

oo 51wy o S oy Biometra Tone Jus PCR ol b )S5lel cis ya ol oo g bod )bl 5 L]

Slp gm0 J5 00 sy v g « Sl (S35 slaw Jols Slio (6 pS0jll Sonp o595 laepY pfas g lc o;

9 C;uﬁ‘.)).g gy )] 0940 )LQ) Sldss cLibo%.,o Oy ) )I o= Lmo)_?o sy u»)lo.w d‘).g R rbl?o‘ u,wLo)i dy90 dLD:A.'{}g f"“’"

25 65500l s b 2l ) ey ALoloMy 4l ogee a8 33,5 5 ke Lao e olas B A5 0305 sy e

FAS o LC (sl olaid! gl )55l 515 PCR iy ¥ Jodo

Table 3. PCR program for LC and FAS primers

) ) b/ L] T L
agl Denaturation Annealing/Extension Final Primer
Sl Initial Extension name
Maker _Denaturation
Le> gy (Ol gy (C)led gl (PC)ld by (POl lo;
(°C) () (456) (4s8) (456) (48:55)
FAS 94 3 94 30 54.6 45 72 45 72 5  FAS-FRI
LC 94 3 94 30 60 30 72 30 72 5 LC-FIR2
FAS 94 3 94 30 56.2 30 72 30 72 5  FAS-FR2
LC 94 3 94 30 58 60 72 30 72 5  LC-F2RI
! Annealing
AR
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(¥¥'6 bp Wb Jsb .b) FAS 5 (Y40 bp &b Job .a)

Figure 2. Selection of homozygote offspring in BC3F; using specific primers for wild alleles

LC (a. band length 395 bp) and FAS (b. band length 335bp)

aaldl )3 s plol ao )3 0 Jleis] o 13 Sl 905l b g 1Sibe (claaslio 9 SPSS jl58le 5 L lnosls 430

6 ol slegnY s aS o sl ool slegnY dC o5 sle Gionl lagnY 05,5 e ar S Gionl slognY

33,5 40 o0l 3l (sd0g,5 b 0 plosl SPSS ljéle 5 b auseis b 4o ¢ 545 (sdi pends fAS ¢ IC cla

e Jloinl aw 53 0)2 3lasi g gl ogee jlad Clio blod jl lacussi] a8 oy (LS (g 3)90 Slo (i)l 435

S sime SN (<0.05) a0 > gty Jlosl s )3 S ol5 9 S jslS o2 ol Jolis JS (sl 1503 5 (P<0.01) s>
IS5l Sh0 (S5p s 3 5 lipl (oles sl Sy 2 1aS 5 1C (clagys d52g 455,85 a0l gl (¥ Jpe) aimily
sl P-33 (Y @ cows faS 510 55 (86 9 (sl S5 (3gnl lognY ) U5 slapluil slal ialjél oaims L @3
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Table 4. ANOVA table for number of sepals, petals, stamens, locules and primary fruit

diameter
Slayo ggoone
Mean Square
Olpss milio il ayy sl M arpolis oy e adol ogee ylad
Sources of variation  df S,l§ S,5 Stamen Locule Primary Fruit
Sepal Petal Number  Number Diameter
Number Number
Genotypes ey 5 7.31*%  9.57*% 12.58* 4.17** 0.912%*
Error a3 16 1.66 3.01 3.66 0.20 0.10
Ol ks o o> 20.23  26.61 28.25 15.01 15.06 20.23
CV%

a0 HUiG 1) a3 S g o yd iy mhaw (D (61D Smo i T A i g
* and ** represent Significant levels in 5% and 1% respectively

SBCgls Cawly a4 e 31.(8) WIS (5,8 4 g5 JS saelasl pfas glc o5 93 sl 5 .Y JSS
SR Sy Cuwly & i 5l (b-e) p-33 u¥ g NILs-fas (NILs-Ic glaop¥ 45 J5 o S5y v,
oy Sy a0 o 31 (F) p-33 Y g NILs-fas NILs-Ic g p¥ 13 (Sdbe g S pmwlS 5 plS (o

P-33 (¥ g NILs-fas (NILs-Ic g p¥ > 0ga0 o,

Figure 3. The effect of fas and Ic genes on the flower organs of cherry tomato. a) From left
to right the morphometric differences between NILs-lc, NILs-fas and line p-33. b-e) From
left to right the characteristics of stamens, petals, sepals and pistils in NILs-Ic, NILs-fas and

line p-33. f) From left to right transect of fruits of NILs-lc, NILs-fas and line p-33
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Figure 4. Mean comparisons of number of sepals for studied genotypes

JS) csls Y plo 45 Cans (5 0 zo ol 38 NILS-TaS 9 P-22 Y (5 a5 plS sliws sile 55 s o Sl

NILS- Y gd 0 S5 linl o Gialsdl el olS 3 fas 55 Ko 339 o2y daw Cduo (gl a8 3l )lis e ol (0
& Cons FAS (5 55 cdo cpl o 0l Gl (a8l 0o )3 Fo/FY g Fo/FA lime & i 4 NILS-IC 4 p-33 4 e fas
Chu ) cuils callas aie oyl 1 Sliging o gl b dom ol 23905 Sl ()],S5 Wy S35 dipo) > oyt i IC 3
Mgy ol e D 0 snlie w2 (59, y5Sdhe (35 e 93 b Zag 4 B3 IS, (et al. 2019; Li et al. 2017
ol el fas Clie W1 el (YIV) olylSon 5 LI (2155 4 08" st S eyl i o (6,65 USS )3 plgicss |

2350 S5 il a5 ojluil aal3l o e 4 g J5 4l i po 03131 ogale

Ye

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VELY o), on g 3135 _SeS1S

wamsml,

e = S~
o N b
1 1 J

ll“l[

NILs-Ic NILs-Lc NILs-fas NILs-FAS

Numder of stamens - > ,, dlas

o N B OO ©©
1

Genotype - <y

axllls 3,50 CBCsi} )3 o3 g SR Cuio (pilie dunnglio .0 JSCS

Figure 5. Mean comparisons of number of stamens for studied genotypes
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Figure 6. Mean comparisons of number of petals for studied genotypes
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Figure 7. Mean comparisons of number of locules for studied genotypes
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Figure 8. Mean comparisons of primary fruits diameter for studied genotypes
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Table 5. Willk’s lambda value for discriminant function analysis

zb woljl sy oSy 1oy sl g8
Test of Function(s) df Wilks' Lambda Chi-square
1 &b 10 0.111 28.552%x
Function 1
2 &b 4 0.524 8.407*
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Figure 9. Discriminant function analysis biplot for studied genotypes
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Table 6. Structure matrix for discriminant functions 1 and 2 for studied genotypes

traits  olao Discriminant function jasuis &b
1 2
Locule number s> sluss 0.777" 0.552
Sepal number 5 ,ul8 sluss 0.619" -0.172
Stamen number > sl 0.591" -0.166
Petal number 5,5 sluss 0.568" -0.153
Primary fruit diameter — aJgl ogue ,ad 0.354 0.659°
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