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Table 1. Analysis of variance for yield and yield components in sunflower recombinant inbred lines under normal and
salt stress conditions

Source of degree of freedom (df)

variation GYP 100SW LN SD PH HD LL LW LA PL SDW CDW TDW DF
Salt 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3enotype 101 101 103 103 103 103 102 102 102 102 101 103 101 101
Senotype x Salt 95 99 103 103 103 103 102 102 102 102 101 103 100 100
=rror 288 284 400 400 405 389 1586 1591 1583 1594 381 321 279 361

Mean of Square (MS)
GYP_ 100SW LN SD PH HD LL Lw LA PL SDW CDW TDW DF

3alt 289.95™ 11.73™ 103.92774.847 1206.71™ 8™ 595™ 585 3049.6™ 235" 789.4177202.77 1544.4™" 340.79"
3enotype 175.017" 27.05™ 30.97™ 0.89™" 548.33"" 22.337722.117"24.12"" 8753.06" 16.98" 139.81"" 96.02"300.35™" 95.15""
Senotype x Salt 27.33® 539 357 023" 12323 462™ 757 748° 2808.7° 548™ 775" 26.94™ 11521 16.68™
=rror 3562 434 506 025 1077 377 815 901 32373 496 7017 2918 9881 1487
Zoefficient of variation 5294 2747 962 1156 1112 2011 2565 3616 5689 3167 3928 3742 2789 504

e geloN oo D mhaw ol pae o 4 5 4l e s
e LW/ (em) Sy Jsb L/ (cm) b ;s HD / (cm) ol elas )l :PH/ (cm) adles jlad :SD / 5y slaws LN/ (g) wils Ve o 39 :100SW / (g) o Sloc GYP
G 59, DF / (9) (JS) Seis y39 TDW / (9) o Seiis oy39 CDW / (Q) a8l i y39 SDW / (Cm) S pps Jsbo PL / (€m?) Sy s LA/ (cm) S,

(day) aul8
Ns: non significant. *, ** and *** significant at 5, 1 and 0.1% probability levels, respectively.
GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head
diameter (cm), LL: Leaf length (cm), LW: Leaf width (cm), LA: Leaf area (cm?), PL: Petiole length (cm), SDW: Shoot dried weight (g), CDW: Capital
dried weight (g), TDW: Total dried weight, DF: Days to flowering (day).

G355 g gole Lalyl jo 0,8l oS g Al g slaaT) jo (G5 S 5 baasiie ¥ Joax
Table 2. Parameters and genetic gain in sunflower recombinant inbred lines under normal and salt stress conditions
Conditions Characters
GYP 100SW LN PH SD HD LL LW LA PL DF SDW CDW TDW
PAC2 (P,) 4077 555 19 79 45 9 1144 794 9663 738 79 2476 134 38.16
RHA266 (P,) 294 244 2833 7966 4 883 115 861 10419 683 75 906 7.3 16.36

Pi-P; 112 3.10 -9.33" -066 05 0.17 -0.06 -066 -7.55 055 4 157 6.1 21.8
" (Parents differences)
5 X 351 399 23.66 79.33 425 891 11.47 8.27 100.41 7.11 77 16.93 10.35 27.26
£ (Means of parents)
S Max 30.41 16.06 31.66 122 575 15.62 14.41 11.33 163.5 10.25 88 41.77 15.69 59.82
T‘; Min 062 24 1833 57 3.6 425 8.11 522 4652 416 66 957 43.17 9.82
e X RiL 12.33 7.68 23.08 925 4.46 9.71 11.21 837 101.37 6.98 76.77 23.3 4.42 37.75
S (Means of lines) ) ) ) ) ) )
X Ri- X p 8.82 3.69" 23.76" 92.49" 4.45 0.80 -0.26 0.09 0.96 -0.12" -0.23 23.3" 15.65" 10.49
X 10%bestRIL 22.94 1277 27.1 106.43 512 13.6 13.13 10.19 136.87 8.87 82.33 34.15 26.92 49.1
GGiow 19.42° 878" 3.34 271" 0.87° 468" 1.66 191 36.46" 1.76 5.33 17.23" 16.56" 21.84"
STDEV 711 275 242 1191 046 241 132 1.32 2634 1.12 401 681 6.69 10.18
PAC2 (P,) 21 526 1866 73.66 4.33 6.87 11.33 7.72 9141 761 78 1499 7.28 2227
RHA266 (P,) 282 342 26 78 375 9.37 1056 843 91 6587 73 11.75 8.33 16.94
Pi-P, -0.72 184 -7.34" -434 058 -25 077 -071 041 073 5 324 -1.05 533
(Parents differences)
o Xp 246 434 2233 7583 4.04 8.12 10.93 807 91.2 7.24 755 26.74 7.80 19.6
S (Means of parents)
5 Max 28.73 15.83 29.33 1155 5.33 16.83 14.08 12.16 177.3 10.83 84.66 33.8 29 55.07
8 Min 059 14 18 58 3.16 4.62 7.66 577 493 361 67.33 859 445 11.95
2 X RiL 10.67 7.48 22.98 89.21 4.28 9.48 10.93 8.25 98.87 7.07 75.55 20.59 14.18 34.16
= (Means of lines) ) N N
= X ri- X p 821 591" 065 13.38 0.24 8.80" 11.08" 0.18 7.67 -0.16 0.05 -6.14 6.28 14.55
» X 10%bestRIL 21.91 11.78 26.21 98.16 4.87 12.8 12.44 10.86 135.34 8.76 80.31 28.37 23.33 44.89
GGiow 3.78 7.44" 3.88" 22.28" 0.83° 4.68" 151 279 44.14" 151 481 1.63 1552" 2529
STDEV 625 2.63 235 10.22 044 218 130 1.38 26.26 1.16 3.33 5.83 541 9.06
LSD (.0s%) 955 333 359 1606 0.8 310 456 4.8 2879 356 6.17 134 864 159

e LW/ (em) Sy Jsb L/ (cm) oo jlad HD / (mm) a3le ,lad :SD / (cm) ol gl )l PH /5 5y olaws LN /(@) ails V< )59 :100SW / (@) o,Slas GYP
059 TDW [ (9) Gobo S 459 CDW / (g) a8les S )59 SDW / (day) 23I5 b 59, Jles DF / (cm) S e Job PL/ cm?) Sy e LA (Cm) S,

(9) (J5) Sz
GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g), LN: Leaf number, PH: Plant height (cm), SD: Shoot diameter (mm), HD: Head

diameter (cm), LL: Leaf length (cm), LW: Leaf width (cm), LA: Leaf area (cm?), PL: Petiole length (cm), DF: Days to flowering (day), SDW: Shoot
dried weight (g), CDW: Capital dried weight (g), TDW: Total dried weight.
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Table 3. QTLs controlling yield and yield component in sunflower recombinant inbred lines under normal and salt
stress conditions

-, Linkage Position Marker Additive 2
Conditions  Characters QTL group of OTL LOD interval offect R
GYP GYP.NS.10.1 10 114 1.95 ORS613- ORS112 -1.71 128
100SW 100SW.NS.5.1 5 42 2.16 ORS1024-ORS649 1.03 13.6
CDW CDW.NS.14.1 14 18 1.85 SSU195-SSL33 0.22 10.6
SDwW PDW.NS.16.1 16 110 291 HA2193- iub-6 -359 162
§ HD CD.NS.14.1 14 20 251 SSU195- ORS1043 -453 141
£ TDW TPDW.NS.13.1 13 50 191 ORS511- ORS316 515 114
S SD SD.NS.14.1 14 26 2.03 ORS1043-HA3513 -0.17 116
L; DF DF.NS.17.1 17 118 1.79 HA1402- ORS988 1.97 10.3
E LL LL.NS.14.1 14 74 2.08 ORS1024-2 -1.89 12
S LW LW.NS.10.1 10 78 2.2 ORS380- SSL49 -0.13 127
LS LA.NS5.1 5 43 12 ORS1024-2 7.8 71
LN LN.NS.9.1 9 76 2.1 HA477- HA2053 -1.15 12
PL PL.NS.17.1 17 82 1.14 ORS727- ORS735 -0.14 6.8
PH SH.NS.13.1 13 88 1.53 ORS191- SSL412 0.08 8.9
GYP GYP.S.14.1 14 28 257 ORS1043-HA3513 0.08 15.8
100SW 100SW.S.5.1 5 36 1.98 SSL231-ORS1159 1.06 124
CDW CDW.S.16.1 16 46 2.19 ORS128 1.73 124
SDW PDW.S.16.1 16 0 2.23 SSL20-2 -0.16 127
HD CD.S.14.1 14 20 248 SSU195- ORS1043 0.33 14
2 TDW TPDW.S.14.1 14 134 1.18 HA2077- ORS782 2.10 12.3
£ SD SD.S.14.1 14 20 2.59 SSU195- ORS1043 0.05 145
% DF DF.S5.1 5 26 4.34 ORS31-2 -1.24 231
2 DF.$.9.2 9 42 835 SSL29 -026 397
2 DF.S.13.3 13 70 4.04 ORS316- SSU39 0.07 218
2 DF.S.17.4 17 96 3.56 ORS127- ORS735 0.11 194
& LL LL.S.13.1 13 12 2.74 ORS625- HA2598 111 155
LW LW.S.16.1 16 78 23 HUCLO00667-1-HA3683 -0.72 132
LA LAS.13.1 13 10 191 ORS625- HA2598 2065 111
LN LN.S.16.1 16 120 2.13 HA2193- iub-6 1.03 12.2
PL PL.S.8.1 8 48 2.2 ORS243- SSL30 -0.41 127
PH SH.S.17.1 17 22 2.19 ORS297-ORS1040 4.72 12.4
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Slalols a5 wlusS Jge,d 3,k 5l oo dewlxe o5 g0 Sl €M ol o iol38] o (RHA266) (5,05 Wly (ads samooylid alidl &l Sl s

Ao oo las 1) (Kiwsw 05,5 YU
GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g), CDW: Capital dried weight (g), SDW: Shoot dried weight (g), HD: Head
diameter (cm), TDW: Total dried weight, SD: Shoot diameter (mm), DF: Days to flowering (day), LL: Leaf length (cm), LW: Leaf width (cm), LA:
Leaf area (cm?), LN: Leaf number, PL: Petiole length (cm), PH: Plant height (cm).
R2: percentage of phenotypic variance explained by the individual QTL. Negative sign in additive effect indicates that the positive allele comes from
the maternal line (PAC2); a positive sign indicates that the resistant allele is from the paternal line (RHA266). Position: expressed in Kosambi
centiMorgans (cM), from the top of linkage group (LG). LOD: log10 likelihood ratio (likelihood that the effect occurs by linkage/likelihood that the
effect occurs by chance). QTL: quantitative trait loci.
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Table 4. Co-localized QTLs for studied traits in sunflower recombinant inbred lines under normal and salt stress conditions

Linkage group Co-localized QTLs Position of QTL
5 HSW.NS.5.1- LANNS.5.1 35-43
13 LAS.13.1-LL.S.131 0-23
14 CDW.NS.14.1- CD.S.14.1- CD.NS.14.1-SD.S.14.1 18- 20
SD.NS.14.1- GYP.S.14.1 26-28
16 LN.S.16.1- PDW.NS.16.1 110- 120
s 8 9 10 13
00—f1-0RSS
0.0—F— HAZ05 0.0}~ ORS805 0 0—F ORSE25
45—~ B8t 13T RS LAS
95—~ ORS84 2 2 L [P
] :::: :é: 4 17.0—H-ORs 1009 10 eSS
20—~ HA3G2T 02T oRs2” bl |
250~ ORS1127 | S
170—1-ORS523_1 as el 270~ ORS428 1 B4 HARD
- 0.0 S8L102
B5—T1-0Rs418.1
2211~ ORS58
39,0~ ORSE7 24— 0RsM
7411 0RS243 20-H-5829¢—=| DF592
A DPS§1 4507 8SL13 ——ss\,ze‘/Q 1
82077~ ORS510 Mo ‘ R 5.1 ORS316
516-1H-s82 0 | K | DFS
516 -T-SSL3 0RS 49 B
95 6~1-0RSAT —=
6301 HA2S64 95T~ ORS 144
{HORs426_2HA2063 ‘ GYPNS 10 Lol e
i L Mg, = NS.10.1 79-Horse<—= | NPS.I31
| e HISWAS 31 860 viEs e ] R S ﬂlf”*ORm/
T7.0—5—HA053 1220—HORSH2 0RS 1112 oy SHNS.13.1
LANSS1 70t 87— ORS191 <
16 17
%
CDWNS.141
ik 00~ 881202 <-——= [PDWS.16.1
’ 40~T1- ORS3B
DL 10—~ ORS418_2
200—-0RS8%
36,0~ |- ORSB56 CDW.S.16.1 SHS1
460+ [/ ORSIB<——=<
470}/ ORS31_1
49.0~H—88122 1
51.0<]1- ORS1%5_1
550/ ORS125 2
57,0\ 5122
600/ \VORSS 2 ORS303_1
6404/ [\ ORS3T 2
7007 L \SFr3 ,
81,07/ 0\ Hasges —=| LWSI6.1
820/ \ HA2191
87071\ HA4222
9507| |\ ORS4S5
130T ORSE85 LNS.16.1
1080 HA2193
. T RSB _ DES.174
o e PDW.NS.16.1 |
139.0~H~ ORS4%5 2
14401 HA360 ~ O~ SuT2 —
162 0~L- ORS407 DENSI71
15305~ ORS4%5_1 206

SIS,TT (oS 558 Al uss laaS, o Slas 80sS S 55 sleelSile 5  Siwsm sloos,S ) S

Gord G5 5 ol Lal5 5o

Figure 1. Sunflower genome linkage groups and position of QTLs controlling characteristics in sunflower

recombinant inbred lines (RILs) under normal and salt stress conditions.
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ABSTRACT

Salinity stress is one of the most important abiotic stresses which threaten plants. In order to study the
effect of salinity stress on yield and yield components of sunflower and also genetic analysis of these
traits in relation with salt tolerance, a factorial experiment based on a completely randomized design with
three replications was conducted. Pots were arranged outside the greenhouse in an open air area under
natural environmental conditions. The studied factors were 2 salinity stress levels (hormal and 6 dS/m)
and sunflower recombinant inbred lines (102 lines derived from the cross PAC2 xRHA266 together with
parental lines). Results showed the significant effect of salinity stress on all of studied traits except petiole
length, leaf width, leaf length, head diameter and seed weight, meanwhile, the effect of genotype was
significant on all of the studied traits. Genetic analysis of measured traits was done using a linkage map
with 221 molecular markers (210SSR/11SNP) with an average distance of 7.44 cM between markers via
composite interval mapping (CIM). 14 and 17 QTLs were detected for studied traits under normal and salt
stress conditions, respectively. The maximum amount of R? (39.7%) was detected for QTL identified for
days to flowering in salinity stress conditions. The results showed the existence of co-localized QTLs for
some of the studied traits under normal and salt stress conditions. Using co-localized QTLs improve the
efficiency of marker-assisted selection in plant breeding programs.
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