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6 - Crop Wild Relatives

7 - Tolerant Wild Relative

8 _ Wild Relatives with Tolerant Components
° - Landraces

10_ Tolerant Landrace

11 Landraces with Tolerance Components
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12 _ Exotic materials
13 Pseudogenes
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14 _ Pre-mature stop codon
15 _ Resilience
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16 _ Gametocides

17~ Micro-injection

18 _ Zinc finger nuclease

19 _ Oligonucleotide directed mutagenesis
20 _ RNA dependent DNA methylation

21 _ Synthetic genomics

22 _ Introgerssion

23 _ Exotic

24 _ Semi-exotic
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25 - Transgressive segregation
26 - Ecological niche
27~ Wide crosses



ol iy A5 Slonl
S e bl Sl 0550 (ol ol azslir el Sglate [la5 090 (£l 0l e (Aol i slaJld Slaal
Al oY as g (e sleosgs 5l Ol il £95 35 50 b g Gl 35 5 plgie 4 olS T (sl ol pl g 009 5588 5o
oLl nl @l (ol Gy e (ST i Sla B 5 ez w5l £ dlml Sla s, 5l esliial 4y 5L g aid iy
il g il (g sla s, 5l ealinl  sogr slmodgs (49,0 3l Ll pous e sla by, 2 ogdle pgas (nl )0 aled se pal 3],
aS 9 S5HI5 azmigy 055 ez (LS asT l 5,k b el Sl o 00 Slaal cgz 0 2ol sl (6590 SR, (55 g o053
skl deash b (LS 093 o] (b ey 058 5 0l 5o (omsh sl b slaaiss sl Sl 050 lalS azslin o
s 1,8 e (sguil B 2Olol § (Mol Gy sl 03lI3 ) (Sl Wil o T (Kils (slae b slml il (aSsht L
GaSgh b JolSS 1) wglite (samsh zobaw b ggiie slap slml .ol gie sangh mhaw b ogr olS 550 Jle pasS

Sl s 5> SUGL (salod 5l o5 5585 50 T g5 gl (Sl @ 5 il Sl (LS (S35 al 5 Sl

Orizres Sl GaLS asS (nl (Mol iy 50 Jslie izl 5 (o Ggam 9l 09 (o0 ol ST (s 5 £95 ol

55k Hged S 0905 (610 2 000 Ol o0 sOS9h (b (2L SladisS ln £95 5l 653 0 e 9 Sl sl amsb b JolSS
sl sy 1l 5 Gl (S5 Al b oose b olS

5 P8l et (9908 Bk (sl d97ge iy e L 5 ey ()0 S5z ge g5 5l ooliiul 4y Bglans (Mol slacJled
=15 OLLS w5 Elsil 10 S92z ge g9 (poled jl eslitul jslaieay (Mol iy ozl Lol ol (Mol slacnY L
4 o0 o)ly sl wsllae slags azly gsiie lacaner (pogel o3lel 5 Sijslsn clo)l5 5 5lo b Slas dagy Jliil ol
=5 gl (Y 4 o035 g ogllae Slas gl slapY L g by s (pally Glaieds o pnl lagY olml ( Mol slaas

il o

S E9 Gl o

Ay 5 Goslol Wilgge a5 (pegr loodgs 5 iy Ghuslives 5l alayys e Gkl (Dol i slocles
SaS (55,98 Y guams (S b b S 4 iisu sgup | (5,90 9 (i sile o sla i g BT da s low

“4]4&:‘9 é‘s.o drwg) @

yls 355 50 |y sllas sly Fhrs a5 ates obaedlpys b bauly a Mol slanY (ol i les Y sams
S oo Jos el oz ol drgi (] Bum a5 LS pdlol s 5o i S I sl sl Gl 4 Slge ol

Egin g 698 (Suiij b b polgs olx| o

28 _ Synthetic
2 _ Intermediate
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4 _ Osmotic potential
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3 i ply i LS (pl Gyt 4 oo a5 a8l o g wisly wl, NaCl bz glaclale o |y H. paradoxus  olS

(Welch & Rieseberg, 2002) cwlH. petiolaris ¢ H. annuus s3> solax! sloaiss

alis o Slos b slapys b s3slsen (bl 2 5 (BST) onds ey s allblsS 10 (lo, K31 5 (6595 41 pslie sy ailS (o
SIS Ggn 0diiS e, 45 AD asuine g 0D olulid wisg oad ASLLD (6598 4 Jood 612 ME &5 QQTL i g o
ole - (Lexer et al, 2004) cowl oals b6 LG4 555500 09,5 (55, » 0 ol -Cowl (CDPK3) S 45 aiily (uig
Lo ail (mld) ole &g & Helianthus paradoxus 455 53 mld job 4y pedS g pesliy J& 9 Joo b s po a0
o5 pl 6,8 5he 5o el S Loy ol aes oo LS 4S e oo 0dline 393 (650 4y b (pally 4y Cod a8l oS
.(Edelist et al., 2009)asil Jzo (5,940 4

s Al yo )0 ()58 b o 55 Jbye

3 oblS Gialsr YU Uly nlple sl 093 (Fwj a2 Job ;0 olS ged g o) Sl al>pe ol S (il
25 JB GRalS 4 e Wil go Sl I (AL S a5 Sl oald (5155 el (65550 (G0 gad 9 00 Sl et slaSS
9 0 ke 4 jaie A 3 g wad e Rl Sl Ol Qs Gln ) (kS bl 2 cnl 1n) el Sidler 5 0
raze el oS Coul oad ags alime (LS sl (Sialsz al>se y0 (658 4 Jeod 2b)l Slatg) gt o0 0 Shes ialS
e 9)8 BB GlalS (ales gl g 039 (ALS L5

(Lietal, 2020) ; aly> al> 1o ;o (5,50 a5 )0, KldT ewly toew 8 ailiwl Sbj,0 Jeal jgiws

aryd YA oo b ilisSil s (tas o 5o byl o5 ol 3 allszr aloyo 50 10, K31 (5555 4 oo 5 e

ojlil 4y azady ) Jsb o 05l go a8 S Hlai j0 00 dllex (g jdy gl (5)l0aSS b ol 5 SOl 4z 0 VA 5 59, 015 il

5 99 (o0 a3 )8 )l o oo SOLST j0d iailsm 6,5 JLse lp Yse (o Voo Slas Cale Voomo o )3 Jsb il
(O JS8) st Gailez 4 0B )l Sl (glacusgsy el jod 5l oo cdale ol o
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.(Lietal., 2020) !

W 68 o3l yd 4 Jolae Clas

GR Gr 100
=—=X
N
G,
Gl =) —
T
GE G 100
=—X
N

32



w3l )59 FW «) dlg> &8 sl GVI Wi, Job RL ) alg> (65, GE ‘) dd‘s.? el GI ) du"a:? zr GR 45
a0 100 sles b gl 4o 00,8 s 5,k 5l a5 ol axalS Sis (59 DW .l o)l 8,90 aalS O sg2e - WC

305 (oo (S Sl 39 A ey 9 315 (Sl
Jsl 39, 0 00 dilex slo ,du JS olassGT 5 G oalt 59, ;0 00 ailsz jady S olaws Gt (2ulS 51 oy 5, olaws T Lajlg, ol 4o

w5 a STD 6,98 Joos jals (i o 6l p «Qlo)igt;.éi o wY o 0 Gheh 4 e 0 OB oy sl

V.
STI; = =

ic
9 6)9....4 U’“"" Ja.:‘)w )\) ‘5‘1 Clo )L\.M u.u).ﬂb Vjc 9 Vjs 9 ooy ‘n‘l Clo 6|).| 6)9....4 L Lo..?u ua.‘>l.....' o..\.;.ib..\.;u'.u' STII 4\5
solie 5,5 158 soliiul )90 o0, K81 by 1Y (6,58 4y Joos sl yiel )l 55, S S b)) sl w5 o STI 5 )
ol ] pias O e S polie g (5)98 yieS SIS e ST piien
olitul 7,5 4y (MFV) Zygae b (35, 5 ealitl L T3l aalz o3l s 31 0 Gl 4 Joo o 3] sl
)

X — X
X, =—" %100

Xmax - Xmin
STI JS‘..\? 9 )..5‘\.\? s‘n‘l ) LS‘)" STI ‘(MFVI) ra‘l Sk LS‘)" u.a?.»a.c é’l’ U’“"))‘ )§.>Lm.| u...v).v L Xmin 9 Xmax X x)(l as

..\;Sksam,;s&”,uwxi)lm.wlw)ﬁa)ywy)aﬁlimdlﬁ

slr (SD) bl Sl 5 (X) 5aSlos bl 32 05,5 &y 41 5558 & Ol NEST (S5 sladigad Joodi gyl s

Pylss el 2 s @ MEV

S 4 Jeotie sl (1) Xi=X +0.64SD

G5 4 Jooxio (2) X +1.64 SD >Xi =X + 1 SD
655 4 bawgie Jozs (3)) X +1SDX>Xi> X -1 SD

Sgd 4wl (4) X -1SD>Xi> X -1.64 SD,

53 - Fuzzy comprehensive evaluation method
54 - Membership function value
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90 4 wla JLews (5) X -1.64 SD > Xi

s yeSojluil g axsloyy (S5 gz aloye 5 Vgo oo ¥ o (59 10 G0, RSN 0y 5 51 Y OO (oo 2 &1 ) \K0 5 52
Ol g 503l ()5 o5y ailgz 5,08 adli i, Jsb o Salex 65,0« Siailer el Siailex F 5 Slaw sl STI
O JS8) wels plexil 1) aals

2 Germplasm  STIg STl STIex STy STlgy STIer ST

3 | 151003 0545454545 0329193299 0.03030303 0.159129759 0.05238445 0207847724 0771185614
4| 151005  0.757575758  0.250565736 0 0.1579669  0.039581093 0287242492 0.822911001
5| 151006 0484848485 0.253053956 0 0.18848509  0.047696898  0.345676727  0.815203797
6 | 151007 0.818181818 0.496786042 0 0.136170596  0.067647651 0309161514 0.833230314
7 | 151009 | 0.424242424 0260622756 0 0.225770925  0.058841041 0.108001685 0.800820975
8 | 151010 0409090909 0.25499459 0 0.154537963  0.039406344 0.19141359  0.866425887
9 | 151013 0424242424 0239196371 0 0.114197784  0.027315696 0.071850859 0.759626767
10| 151016 0.6 0410084314 0.124242424 0294923794 0.120943622 0.578087982 0941652535
11| 151017 | 0454545455 0.141720233 0 0.160024907 0.022678767 0.145722559 0.655862614
12| 151019 0332323232 0234990124  0.075 0.142857143  0.033570018 0 0

13| 151020 = 0.46969697 0.291928699 0 0.246241947 0.071885091 0.058294006 0.673400118
14| 151021  0.606060606 0.34216214 0 0.197492163  0.067574341 0.316223695 0.880965745
15| 151022 | 0.515151515  0.142057906 0 0.115507615  0.01640877  0.164591382 0.800208731
16| 151025 0.787878788 0.508337337 0.090909091 0.181230408 0.092126183 0.394584838 0.818295986
17| 151026  0.696969697 0.422322398 0 0.149387965 0.063089884 0.310439852 0.858440718
18| 151027 0212121212 0.075771489 0 0.170857988  0.012946164 0.060618292 0.763601596
19| 151028  0.181818182 0.07663411 0 0.068576948  0.005255333 0205904  0.690835228
20| 151032  0.606060606 0.346996132 0 0.134320864  0.04660882 0251779138 0.830338345
21| 151034  0.718181818 0452884214 0.03030303  0.166514101 0.075411608 0.402539208 0.480495537
22| 151035  0.066666667 0.024456688 0 0.109470026  0.002677274  0.050659779 0.786587742

23| 151036 | 0.636363636 0.542866683 0.393939394 0.156013138  0.084694335  0.27538389  0.852762691
24| 151037  0.727272727 0401981245 0.03030303 | 0.257889154 0.103666603 0.332262084 0.810345362

25| 151038  0.090909091 0.008904472 0 0.05604331  0.000499054  0.033624045  0.753821466
26 1531039 0.212121212 0.115312909 0.03030303  0.109073232 0.012377782  0.147268264 0.794316641
27| 151040 | 0.633333333  0.620477502 0.6 0.588369441 0.365070001 @ 0.312437276 0.940401223

28 151041 0481818182 0.360077358 0.1939393%4  0.19622544 0.070656338 0270431838 0.7948%1215
29 | 151046 | 0.909090909 0.679828580 0.342424242 0.114841663 0.078072646 0.216917234 0.834010057
30 151042  0.848484848 0.384701005 0 0.167349472  0.06437951 | 0.584802085 0.825143726
31| 151051 | 0.939393939 0.453014998 0 0.20693415  0.093744274 0.581668383 0.853536904

Yoo s oo GRSl wdly )5 5l (Y DO (59, » lidee Sl gl ST (g 55 ool s &y s | slaiged VY S
GVI s, Jsb RL 55 aly> 55,51 GE « 5 alsx a3l Gl g; aily> &, :GR . 53 ailg> al> 0 30 00y Jlas! Yoo Lo

iyl 050 azalS Ol (sgme WC o (339 FW (5 gz 00308 (3L

Ol 53 e Loy K0 u¥ Ve sl aSlle jo P00 anila il gl s jsb 4 (Y ez Gl 85 sz 5 ey ol o

sl las sl

(Y JS8) w0 5 anlne MFV (.S0ke 35 g o (0¥ 5l plaS™ jo (gl b gl 51 S5 50 6l g MEV (iman

55 - Inhibited
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Germplasms  MFVof GR MFVofGI MFVOfGE MFVofRL MFVofGVI MFVofFW MFVofMC MeanMFV Grades

2

3 | 151003  0.54545455 0.3370721 0.03225806 0.23684429 0.13269088 0.17308537 0.47573002 0.27616218 MST
4 151005  0.75757576 0.25656269 0 023511353 0.10025972 0.23920143 0.50763845 0.2994788 MST
5 151006  0.48484848 0.25911047 0 0.28053595 0.12081722 0.28786259 0.50288402 0.27657982 MST
6 151007  0.81818182 0.50867596 0 0.20267251 0.17135288 0.25745452 0.52634187 0.35495422 MST
7 151009  0.42424242 0.26686042 0 0.33603114 0.14904556 0.0899385 0.49405471 0.25145325 MST
8 151010  0.40909091 0.26109755 0 0.23000999 0.09981708 0.15939983 0.53448197 0.24198533 MST
9 151013 0.42424242 0.24492122 0 0.1699688 0.06919122 0.05983386 0.46859959 0.20525101 MST
10 151016 06 0.41989914 0.13225806 0.43895634 0.30635267 0.48140326 0.58088789 0.42282248 MST
11 151017  0.45454545 0.14511212 0 023817661 0.05744578 0.12135059 0.40458942 0.20303142 MST
12 151019  0.33232323 0.2406143 0.07983871 0.21262458 0.08503354 0 0 0.13577634 SS
13 151020 0.46969697 0.29891562 0 0.36649964 0.18208641 0.04854438 0.41540797 0.25445014 MST
14 151021  0.60606061 0.35035134 0 0.29394182 0.17116719 0.26333555 0.54345134 0.31832969 MST
15 151022  0.51515152 0.14545787 0 0.17191831 0.04156375 0.13706362 0.49363384 0.21496984 MST
16 151025 0.78787879 0.52050371 0.09677419 0.26973828 0.2333575 0.32859086 0.50479153 0.39166213 MST
17 151026 0.6969697 0.43243012 0 022234488 0.15980797 0.25851905 0.52955607 0.32851826 MST
18 151027  0.21212121 0.07758498 0 0.25430026 0.0327929 0.05047993 0.47105158 0.15690441 MST
19 151028 0.18181818 0.07846825 0 0.10206802 0.01331187 0.17146673 0.42616337 0.13904234 SS
20 151032  0.60606061 0.35530102 0 0.19991942 0.11806109 0.20966929 0.51222024 0.28589024 MST

21 151034  0.71818182 0.4637234 0.03225806 0.24783494 0.19101914 0.33521487 0.29640874 0.32637728 MST
Ol ST udly 0,5 51 ¥ 52 sl MEV (. Sike 525 5 (a3l o sl MFV ailors (sl 00l oo 4 gl 5l sliges VY IS5
RL . g alsz 5,1 GE (g gz (asls Gl (g alsz ¢35 GR (55 alyz al>po y3 ouds Jlosl Voo (oo Yoo (5,50 co
(9% 4 (o oo MST ¢ Sb 35l 0,50 aalS O ggize - WC w03l 159 FW (5 ailez @08 a3l :GVI sy, Jsb

So9% & ol SS

bl 0550 o (pY sl MFV (Sl .l ool ools L A-VY Sy Glizes slo (Y sl MFV . 500e #5598

oY ez 900 MFV jlade o i 10 (000 (YY) (¥ G cpizmo g0 +/YAYENFY (Lo b +/VVO 4 +/VOY (o
oy (o laie) MEV Jlade o 5eS 1o Y0P+ 282 g VOY-AF AOY-YY 107 A

oo Yl (Y ¥ il gty il 05,5 0 4y 00y )] 1o, R8T (Y OOY (g9 oo 5 (5,5 4 sly ol
04302 > (5,55 & Jorxio Luws 0¥ (¥ Y5F 05216 > MFV = 04302 oo (¥ OF MFV = 0.5216 L (5,55 4
0.0532 > MFV (5,55 & oles lws 0¥ YT 5 0.1446 > MFV = 0.0532 (5,55 & (ol nY A+ MFV > 0.1446

Ol ST 00l s yr Y OOY (i )0 (6598 5 1 5 e ¥ 2y 5 5 oot (Y iy - Jso

GRof |(Glof |GEof |RLof |GVIof [FWof | WCof | Mean
Germplasms | MFV |MFV |MFV |MFV |MFV |MFV |MFV |MFV | Tolerance
152505 0.936 0.856 0.719 0.343 0.488 0.905 0.758 0.715 HST
156004 0.933 0.681 0.323 0.602 0.681 0.841 0.756 0.688 HST
156017 0913 [0.652 [0340 [0672 |0.728 |0.751 |0.685 |0.677 |HST
151082 1.000 1.000 1.000 0.177 0.294 0.660 0.539 0.667 HST
151040 0.633 0.635 0.639 0.876 0.925 0.260 0.580 0.650 HST
152012 0.030 0.002 0.000 0.085 0.000 0.000 0.000 0.017 HSS
152021 0.000 [0.000 |[0.000 |[0.000 |0.000 |0.000 |0.000 |0.000 |HSS
152094 0.000 |[0.000 |[0.000 |[0.000 |0.000 |0.000 |0.000 |0.000 |HSS
156084 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 HSS
156096 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 HSS

SFoe ‘WC 03B (59 FW () Ay ©y08 ased GVI Win,y Job RL () ale> 555! GE () dlg> Lasls GI (&) dle> &5 GR
355 & Jamie s HST .

Jw)wwfm)om5&wm@b 6|)\a (Y~Y~)Q|)Lio.®56| AJJUQ.A)O e r S50 LSL‘°Q-.’.Y el ‘LﬁlﬁL;.g
25y ol Sl b g
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ail B) MFVs . Sils a595 (A) MFV (. Sle) Cogae pb Kl polie (ol 5 olo SoLST ¥ OYY o aido . VY S
(55 &y Jostin ST (Sg & Jao jlws :HST MFVs Ol p s §yeh 4 Jess el p Ob)igb.é—‘ Y OYY gan
5 & ol Jloanr HSS (558 4 a8 (558 4 bt Jos MST

w9y 9 ) wliy dl> o

aS &g ol el o b, b b 4 el WSS g 650 Segs bl laylje,eh o H. paradoxus Heiser «545

ol 0o glolids (6,9 4 Jooio o)lo,KlBT ylgie & cowl H. petiolaris Nutt. g H.annuus L. 3| gow gl el
Sileo soboay busito 5,95 Ll o H. paradoxus 55 2,5 ol (5,55 & Jao (Sliglio gy sl 45 sialog] o
a £ petiolaris Nutt. ¢ H.annuus L. <] cpally a5 > 50 0505 wlegl odgi joi 8 Lol 4 Cod jlion a0 0 VY
dop 3ile o !l . (Karrenberg et al., 2006) sios ywlog adgd jlais oo jad daws Lyl d 10 do 0 VY g oo,V s 5
o9 @bl 5l (codlly w555 50y aSl 4 4z gi b Sl (5900 H. paradoxus ogllae 08y gl S jpa o odgll
&5 Jlite I3l 15 @ adge ool il ek Ldglla (S obul fel oad S 5 0555 90 [iiSen  idg 00 (55l ez
aile a5 09 sally 4ieS 50 5| jiin H. paradoxus 665 S 5 % og isS ax 0 g dda, (elegs )l o)Ll JelSS yo
w2l 1) S 52 50 mas 60b5 polie pez Sl g (5,5 Ll o Ol Bpas LIS (lidl el dacidglle 51 S0 (g by
i sl 4565 4w ,» H. paradoxus 4 H. petiolaris H.annuus 555 4w awslie 1o . (Welch & Rieseberg, 2002)s 541

Loy Heb bl o el Sl

%6 _ succulence
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b g ylow 4 Joxi g Coglio (gl Dol sy
Ortiz ) ool o Jys S 2ol gloedlas oo 5l o 5,0l g (sols] iy S 4y ol e 45 >dol Lo
b ol sloigy LS il ol alS slogs loms 4 Cunglio (gl Dol sy sloaslyy Lol Glual (et al., 2007
OIS 6 250 g 0ol ol w5 5l esliiul (g jlem gl 5o Cuwglie Jge slacys b haiye (JoSge slo SiLaS (6551
ooliztl o Mol (glaasliyy o ooliciul jahite a5 _aly OV S ginsl slagy) Ssts econslio ol ial3dl ysbite 4y o yo S5
& 6 lons & Canglie gl ol ol o Cobge sl (Shanker et al., 2012) ol bz okl sns #3lol gla s, 5|
Conglie (5lely ngliio glags o ppie ol (6l Sy, ceaglie ol Z3lal LIS ol L JalS j5bo 4y il (o ST (] Sol55
Cenglie glgil 5 Lo o arme Lalpd 5 0553 (0,8 (lsee G iSemp b (LT (ol Slaggl plp yo Gl ST

Qb Ll (8l g sogee)

a3l 5 Cel @0 &y (950 5 ol (lens 41 pslie pB I Sl ooliil 1y ool ag o J5S7 (sl2 39y (2 mslin Cunglie
a5 50 (S Cueglie (Shanker et al., 2012) oo o 225 ) olaawd olge 3l oolaiwl aloz 51 J S Koo slo s,
29 nbiee JolSS ey Jsbo 5o daSSy ohaga diislens Jolge Jlie o ol Sguzme (S35 £ (IS Jodo 4 (e (op
e oo a1 (6)lew 4 e g 09290 polie slagy) s ;0 S (oo S 2lis)ler (S B Cunslie slagyy il
555 ol i (sl a5 nglie sl 815 5ol LIS ial33l (gl o5 46 e Lo s englio (gl Dol ins <l

Jlie 3 g dams oo (i ATy (Faipe g ) SGES Rl p0 ez SBs b5 5 ke LSS L plalS

25 alex b2 cnl 5 (o aiS oo Jlesl oad sl Cuglie b alilie sl 1) sinie slate Jlid (b Sl
ol b S slo b (8LS Mgl lony Jelse 5 QLS (e GiSom el QLS @ 9,500 slisslem Jelse 5 St
ole 45 o8 P sl g 155 25Ty 45 Lol & ciSco s |, Lol deets 45 aasln 1S 5 jlas 5] (sl o
Slaghie ;o goaxte (s sl 5 5 jle (iSen (nl (b o 09d o0 T meslie 4 e 5Ll (2S5 5 s Lo
w2l slisolen Jole g ubas Ol ol 5o ol SG g8y 90 0 (b (nl b digd oo JUud polie 5 (uloo

8l oo LS (5 low g 0052 155 lom Jole o1 51 les $39m
Py s oz 3l silwossl] il slo)lS 5 Lo b (glopulS)lsSn glyl b 055 0, Jsbo o lals

&lp il slos pal) 5l il slapawslS g5 (Glazebrook, 2005) wgd oo ags Placds san cop b FTlacdy 55,55
i g Sogdl iz lo )5 g 5l o, e d5s e slag B e S o soliiwl LS 4 faile, camwl g 8,5 004l

ol ,l5 Fewl 0gd Jled LT ade b B w455 40 g Wgd  olwlids olF  clds piucew lawgd ailgy o ¢ gds0 o
Phdl G A ORI (509 o )09 P s Tt e > P S °

57 - Stock

8_ Pathogen

3 - Compatible

60_ Susceptibility
61~ Imcompatible
62_Resistance

63 - Biotrophs

64 - Necrotrophs

%5 - Hemibiotrophs
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et aieive Jloj 050 S 53 77 15 sl IS &1 oot 5 rbgo slagiuly b b b (5 Sighe & s
5 5k @ ol dyg,len Jole 51 ol Sogdl 4 S5 0655l slp ol Ul . (Mapuranga et al., 2022)058 o
o grmremsiTsind 5 JsSeisS aile ons oSt oy 5l s Jols o ol (i ol L 18 35290 iy 31 (oo slal5
Caliess 5 sk 01530 e Led 5l lolgs a5 cal olS 51 a5 Loy 3585 (6l s oo pile K J5S3sS (VF USLE) 995 o
2 0kS 5 39250 i J) oleend g lgreds Wy lgied )38 g0 8l s lors Jalge plp 53 Cenglia  J3SsS
Olyieds Sipilew o sSlS 5 Lio¥snjsSols wile g ilsnd 5l (S WS oo Jes 05,500 alox il

(Tiku, 2020) 0555 so Jed 280 ol a0 Ladd 5 55 S92 Wl (slocdl ;o Jlb pé slojloin

200 30 G513 Slapuilse
\ 156 o Jol38 2

T
el
- -
BM

$'2 61950
ST L L)

Ju il gl
3lam 3T o35
OIPY SRS 9

WS oo

Soni et al., 2022) 156, less Jole alam il 5 olF Jige slis slol5 5 5l -V F IS5

Seslizs Soale Jo @y (Jg cilos S ad g sl slag B » adde lp 1) (oot la)lS g 5le w093 JalSS Jsb jo lalS
olS lawgs ouls oloul Cuglio v ailes co 5950 81508 Lo Slatumez d55 Lo Jule-olS slo yiiSan 5 oSS Jl> y0 g
SO 6yl 4 Canglie (gl 0l Pl el Mol asliy 12 10 ppe (S o §)lem 4 gl (VO JKS) wuS ale

.(Nelson et al., 2018) s o oo bigy g e iy b (lows 4 Ceaglie g ol bigy dusg yy

% _ Innate immune system
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156 kow Jole S 9T
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¥

pro (S pedig)

b dad po Sy W
o O giwmo g @ 30 gl (wilig 9 3bjlas) @'}Gi'@!
100 g Sl g ySa0 Bauwgi Lok T puumo (CIIY]
o 3150 3 p2 e dwrg 51 ol lop T gl
S MAP g cCAMP & dinil g - 9 olonSt T
O st JUd slaaigs

Sl T 3130 3f 5 slaw iy SN L@ Adtigigd daJgid Fiwvgw oy
3T LACCASES aidgyiud - Slacud gilio g Lauigighog !

Somiaz 9 ok 0190 oS 4329 49l ?
T
b 3 gl S8 Gl 5 jlutis
Salicylate-1-monooxygenase
. 01928 39 19I5 g WS W guy
ok
’ _——
b sl s@ | .
<Botrydiploidin Sl o 5 3L Jld
Patulin 3 Phaseolinon SIS (g 1 g PO JUSw
. Ca2+lb iy
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67 - Complete resistance (qualitative resistance)
%8 _ Partial resistance (quantitative resistance)
8 - Avirulence (4vr) proteins

70 - Hypersensitive response
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"I - Gene pyramiding
72 - Epistasis
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Helianthus annuus
Helianthus annuus
Helianthus annuus
Helianthus tuberosus

Helianthus tuberosus
Helianthus annuus
Helianthus praecox
Helianthus argophyllus

Helianthus argophyllus

Helianthus annuus
Unknown wild sunflower species
Unknown wild sunflower species
Helianthus annuus
Helianthus argophyllus
Helianthus annuus
Helianthus argophyllus
Helianthus annuus
Helianthus tuberosus
Helianthus resinosus
Helianthus annuus
Helianthus annuus
Helianthus annuus
Helianthus tomentosus
Helianthus tomentosus
Helianthus annuus
Helianthus annuus
Helianthus annuus
Helianthus annuus
Helianthus annuus
Helianthus argophyllus
Helianthus tuberosus

AD66, RHA 265/RHA 266, HA 60

HA 61, RHA 274

HA 61

HIR34

RF-S11-5566-74-10, Novinka and Progress

HA 335, HA 336

HA 337, HA 338, HA 339,
RHA 340

RHA 274

RHA 274, RHA 325
ARG-1575

AMES 3235, PI 497250, RHA274, PI 497938,
DM-2

AMES 3235, P1 497250, RHA274, P1 497938,
DM-2

HA-R5

29004, HA-R4
RNID

HA-R4

PI 468435, HA 458
P1494573, HA-DM1
PI1 435414, HA-DM5
P1494578, HA-DM7
RHA 274

PMI3

HIS33, INTER35
HAS62

HAS40

HAS103

HIS32

HIS36

HASS85

HAS6

HAS42

HASS54

TX16R

PI 413157, RHA 428
P1 494576, HA-DM6

49



Ml J 4 cwglio

Lol oas o)y slo o, KlST o ly o Slidl iy sla 4o 5l 5 leis 5| (Orobanche cumana) ;> J5 a5 Coglis
slagls Solsl 1o Gl ax 51« (Antonova, 2014) s saslie VAZ: aad ;8 dwg; 10, cndsl sl Ul pl & Sogll
5,9 H. tuberosus 45 51 ISl cpl a Ceaglin VAV + and 9,0 50 30,5 8l (1l a4y Canglin olulids 4y yoie lal jo el
1o, Kbt als siz slaassS el . (Molinero-Ruiz et al., 2015)cél aglas loans sl Coglin ol s )5 )5 sloassS
B) USH ol Ly 5y 045 Shoas olass ag 45 axg b (Jan et al., 2014)siies JSH ol &) Cogans g5 5 Canglie (5l
e 45 258 o0 Sbml i slen p2lee slooly Elgil L pe (it 5 oS 5o Elgil £989 alanlsy «(olS o 5l d Ve e
(Skori¢ & Pacureanu, 2010)555 oo bacosglin S

AL iy sladiss ST ely) olo ,Solisl [alls aS ol Ol ol Aty Old 5 4wl O. cumana  gjals>
aS Conl S3 4y o3Y aldl g cod adgi LS, sladisS B g dluais laasgS iST o Ll auS so adg |y Sl 5 i
L g oylass o JSiI axsli> g (Louarn et al., 2016).cuul S| glal> 1o iz ] 8 G 5l alyo opdgl badd [d 5j aile>

bls dalez 34z g calizre ol 4 0 )l 4 LS X dilex dJL‘:..,;T»ﬁ)' cdale

Mol p1B5 a4 g oluled (o, Sldl Limg (ODNglings 10 Sl cnl 6lics lom oz sosli 4y Coglie 3900l 4 b
O ol S i “5..1)’(5)&.‘9. Oalsdl g 0. cumana slacores o p3 &y Olpess > Ol b sl oals o)lg Gcl))'
(Velasco Varo et al., 2016). ol 00,5 Lo poloe S50 6 a0 ) s

50



Sad & i b9
il go (ol Gy Slasl aigd oo iy i Sl 0550 Bup 4y i a5 Sl ke (Jslie glaoyaly (Mol i o
b p9)lye 5l (o Jols
@3l kg o)l agzy ()l pBl (e 0 aipe SIS g e b 05 45 0970 i B o el Sy (9ged Byb <)
Dyl 8S Cho S ey 50 WS 0 5 6ogame golawi b 5 995
2 2) B5555,55 slacs Lo 5 (SS9 4 Jood aiile (oS ho 4 Jomio b g pslie slagnY sl g odlol Y
()5 5 ke 5 lacss 03,5
Sl ke lags 5 Slao glgl azly b wolsz liie 4 S50 5y o6y Sliogas w2y gaite qalsz olml - -7
el s Ll sl 0l slacnY gl Sl

30,5 0 36l 0> s (Mol iy oyl Slaal sl elaS e b el

Bl e o Laipe SIS 5 5l b 5 a5 ail sezge i a0 dadi S 0ged Byb (Dol iy 5l Bas asiliy <)

bl cdo 5l (e 03 s D sz JSE 0950 4 5L L 5wl 4ilas 092y (5,8

S onl oaidd SuiS (5 o2h @bie 5 (S5 Sanher )lon iz bl 4 Cuaglie slan; (g3 3y 5 JUl
ey ol o8l ale diged ailloud sloml 4Bl iz @slyz 50 45 alaslen 4 Cuaglie (lo) 05 (2 g lislings
(ond Sy (owiigen (Y Bl g Coned (oA 495) SAI 398 (Sj Sl 5l plaS 2 Djs0 (pl po it
8055 o0 8 sloyed g e 4 35z ge Sp 03, b (A5 (B Jud adiz e 9 39750 el b (300
a9; (ol (V7 JS2) 05 (o0 Spgo DLl 9290 Jin 08 (S A ritre 9 55 8590 Do (sl (B Jus o
ol Sl i85l o)ls (T wisd oo U558 31 S)5 lapys g b g o Vb (g pdy g o5 Slao ol
25 (oo plol G185 G (W (595 2 2y Wl b Jus iz sl (28 (W 085 g ] jo el s al) g5 0l
Sl )15 o g b Sueamy (2ol Sel il 3590 Cio 008 o) 03 b dwgny JsSge slo Slis prals jLas o

51



ol
JERERSEEr S B

ey AT
Easlyoding LT, b aly

2, LI P
- ally g gazl o b B S

&layay

Gaalbias tF o s gl 228 DU e
o colin ol y B S5 gl s ol

sdi@d STy 5 gl o olewl
[T O L Y K REER - o

TN YOI .
oyt g pal L B LS
&

3 S S5 sl Sl g 5
b s 1l

S s ($lp (2T 095 Ll S plond

Spaly S gy B

Slr o3e3l W plaje sl 4y eud o 50 ol I, LS &y oSBT (Jtimg s 51 (65, onime oty oy Jlal N F S
5 S ST sl SRl s o )3 (izmen 05 (o0 plil loyg0 Wl b (BN 55 5 (590l odies SedS p 0F 3529 5l Glield]
Al dles ploul (iS 0e5 s SG Gl 050 o ol jekaie 4y (iS5 W s ez 3l e 0,8 (o0 O g0 Gub ol

Wb py SS90 5 (S wailg oo (Dol s asly (g5

v‘ﬂt\ja.m‘j Q‘j.n 44.»»93—&.”

A o e sl Waz 2] dnwgs T Bas a5 SULS 2ol die 4o piis sl i gl lal olsie 4 olge oy

Eoie 5 658 (Soi) Al b aslyz> obml-o

Al Gl glagy lw slp Slas il ol goiite (55 3l Wl oo (PNl i 2l Jyaree

73 _ Intermediate materials

52



b, g 5l g oS (59,5 (o2

wile plagg lons b g 0y b lagisd ar Jood aiile (008 Cho Sy 6 xTUSE o s sla)ls 5 sl o5 20l
&S Sl wiled ablie 5 b Oglate (6515 5 5le 5l (S plaS 52 0095 52 21 lalS 5 g el ggite Lty IS0
OV J52) sls (B SouSe L) b adlge (nl azly (oalS (S5 olge b Joows alidee sla)57 5 jlo 525 5 Jood (sl adlge
S8 53 (Jle gl el Sl 3550 Cdio oaams S5 slaadlge 0 518 A s (sl o paly cnl sl )3 &S et 20
TE 5 o & Sl melly Sloggr i Ol ey ooy 0pe Silai oS 5 Lo Elgil g5 @ Jood wiile (o (55
ol a5 8L Caaglin ¢ SlapeST 5T )08 0lS (5 pomsl pelas g3 o rbaws b g 4y ) 5 S Laisms 4y 00l i S
5 5he ol 5 Al o il oe 5o el oS adsl pedlio 13 L5s sla sl aile Sl co 35T Sl 5l calailone
G55 JolSs e 5l o5 obS JolS (b y0 Wadlse nl 5l (ks Sl pps 4zl oisligo Joowi adlge Sl 4], )8
oS 4 Jooeie 4y ls b oY olS sloul gl Sbls 2ol o el pln (Y JSK8) cnl oads [ 500 sladiss o )lg g lax> Jlai 0,90
lagyj onldaey 5l (&2 0929 4 5l pae dhalyy Grizres Cuwl (S35 arey So 5 L) g Sle Gl (Bl a> B grecnd 6590
Sl 555 3l (390 68 b s oo Gl ) Ll o Jlad il Wl sl g a5 w5 ool po Jlab 5o 50 4,
(B slasSsh 2D 5l (o2 0018 9,5 Slge iboo Jood 5l sladlge slls &5 (el b g Jooia glgil jo2> Lo
el (S35 Ay SG )3 (905 Siie Su b g Jood slaadlye glgil e @l 10 a5 5 sle (ile (e 305 oo el

S Sl 50 adlgo ;o i

2 o ol oaiws oS glizl jpam 4l wdo 8 o gl el )l J305s 5 Oilste SMala s 5 S35l
G 55855 00330 (slime 4 ol Lol eyles oo Lol (Cdo) i JS 53 (5 ymten (5 32 S (8 (ke 4 el (5l 0
e yuis C2H2 Zine finger oolgils 5l oo gis, Jule SO g p j0 (Sid a4y Jood Cdo §55 50 (Jlie gl a1l
oS ool Jl 50 cnl 01 romsl weliis 5 g py05me 5 py09T 50 GsleelS Y LS5 aiile pleail S5 e e
oS ol Slge Flwg 5 ok o)les Dliss o 150 by Ol gl Sl eS Jlee (o g, Jele cnl e e
. (Najafabadi, 2008)ccul (g jou!

0155 i 5 HAol) 355 n s JS (opisd bl 9 ek Lol QTL (usS's) yo g il QTL lilllas 15

30 o G 5580 Dladllas ;o 5 0,5 plxil (6,50 M) il G 4 Joodd Cio gl QTL Sladllas asli> (VE- -
o ;0 Jo2 Glaals slag; Geens (Bl ogd Jla5 590 Cdo )0 o0 (SlaesS o) (sS4 (Bl ax b pad S
&S SBlS GalyS 352y Jla3 3 50 Cho 9 10 0) B e e QUG (J93 JB slaed b cnlpla Sl 92
plol gaiiie 435205 g, g calie aalg> (59, Yogoro a5 (o> G S (gl daxie (puiiors Jawgd 0alds plonil QTL ladllas
30 2 o il (Mol Glegel g jo Slalllas gl 5l oolatwl Sl 5 00, YU 1) Slellas =85 (MetaQTL) »,.5
saly wald 1) T adlse 51 S 0 wxly (Sl a8 i (et Ol G 0550 o (sl SIMB iz (02 s

.\55.0.3

8 Oge ol 5o Sl laglen 4 93500 Suglie wiile (GBS Cdo G an 0 (S bag) @ S (26
polie i) ol 5 SO plaS ;2 45 0g dinlgs (solge AW Soby oaims JSis i olge g 039ud 7 ylas 495 e (slaadlge
Wz 4 Cwglie 0 Je o) e g S5 Bae (28 il Lls 1) (olew ele 5l (old Silen e Sl plp o

53



55 Olge Jold 5 (B Sol oy hSis slizl 5 Ojge (nl 5o el K555 (S5 S aiile (655 Lo s
Wmgny JoSge sla SLas (o9 LS 50 aidl 6)lew 99 Gl Cueglie slagys w2l B i b g (2o 4 oS j0 a5
wpaly ol 10 Aol azg b led oo @i g | gead iz sladhud 5o 1) T lom Glomi 4 5L5 Gl 5550 slagys L

g se 0dual lays 53,5 (s0y8 3 pal; (nl (gl o @red patin SO

S5 03le €55 2 (50 I glgil cens el oad 41N JSS )3 )5 g 5l 03,5 (s0 8 9 peal;, SLed Jlages
odd JyuS laze jo (Gl BN cpl 08 oo ploxl (00l St (puiige (Y Bl gz Cume (Llog 455)
Soddge Jus )35 slagaiS 5l eslinul 05 ploxl ul S (b ©)g0 4 (gaze SlaSSL] Cou (S b (Sl sladds
GRS b Tl 5o a digd s 0ual gyiie analz 4T oISy sla (B gl oSSl ams oo il |, Lo BN
33,5 ol clizl i S 5 el oo B0 5 (o0 plnil izme jobo 4 oiie anala 99 50 (o (IO al>po 0l 50 g oo 00l
J5 0 ol lizl g anele ol o 00565 )18 easags ol b g g5 0 aile (M Jlzrs goiie analz j2 0l 31 ST om
loadlye elgil 5l (Seal Glodgi ules )3 28,5 walss plonl gt Jud (28 U iy sl b BN Joo (nl 09,5 i la B
@ ol Jlo)l 50055 ol 51, S glaasens s sl 0905 05l slo (Y glpesl 4 pladl )T 10 (g5 o0 45 s walys fol>
Oladl 03,5 ol3T (gla B plosl &y pladl (Jus aiz lp)sb cnaiz Gl i elsil b bl Site) itz bl
gai alol> 0553 soais e (Ll L)

sgbre & (S el ((Jooss izl lo B o 45 9) Jooie (S5 Slge Jgam )5 g 5l (03,5 (000 (pled Sow iz o
oy i 5l o 03,5 (o0 Bgie party Jud U Jod la o)l aled 0095 oSt Sl S Jeod slaadlge (olas s ]
oo ladigy S5 Ll b el @S (Lo 5 Lo S-(,58m SiS) )5 3590 (15 o5 (gladlaie Wiz )3 0098 oS
b 5o SLl Sl 090 Sdo b las e gla Silis glgil Sl oolitul dged pal b 1) oo slacnY glpeial Slesde (g oo
ges dals> 5ol 51 ul S L il gla s

Sl o sl j g ©lao glsil uxly Al Comex plgie @ 39290 i p L)l Oluogas waly g 9o olg Slu)
Bl i byl (5l 0yl Lo ¥ ! 5wl

Sl o)lite (W Jud (i plol 5l Gy a5 Sgld (nl b Cel pgo 0 pal) aiilon Ly 85 0 al) (nf 2 oS> Jge
Slao 3955 909750 5 el 195 9959 s5kaie 4 ad o0 Jolo oo () )3 &5 Jorxie 5 55 () alliS oSS 5 alol> 55
(Cskhe a)ls) Fp )l 03, Kz L Su L (W dbeailizs ol 4 Gsllas 5,15 9250 5 L)1 )5 35290 (£]5 oollae
sl sl gelsz nl cwl ogllas o)y Slao v2ly 5 98 Al b goie malsz slml da (B (ol Jol> 9,5 (o0 plx]
(o 5 3le Jio) 05250 5y ol Sli azly Lidl 03,8 o1 a1 L o oy yead adgs (sl o] sloy glgil 2 5l
OA JS8) &6 ,.8 o0 18 colaiwl 5550

74 - Bioassay

54



Sz (oully gl 3l

s mad 4 sl Mol (glaaoliyy Caige i Ly bl o wsllae 5 JSe Slio glls oS cpally oy ol
I°l§)‘ (O f@)‘ ‘GL"“’ ﬁlé)‘) Ege @L;"‘ )" Jeilty cs"-’."\'”5 6‘“5'?' O9° 5 ol 4 i°“'\§‘ Llwge Hob 4 G“L‘f Q‘)f‘)‘}."""

T ~

Ve VANVANYAWYZA

7/ \ / / \
03,5 o |y goiie galsx J—Sw

= @@@

W&A@LQJJ,SJ}A‘SLQ)SJLMJ&).‘Q |JL‘L"’|g5’L‘>) ik &
\ / ‘x\ /\ Ax
\ ,f‘k ‘ \ / o\
Y
N
o
3
(TWR) (WTC) (M) (TL) (LRTC) GMO
Wild Relatives with Landraces with Genetically
Tolerant Wild Relative Tolerant Mutants ~ Tolerant Tolerance modified
Components landraces Components .
organisms

Oliglings (TWR) Jazin iz olglives o8 0 L B0 slacSoly JSas —all o )lS 5 5l g oyl 30,5 so,e —all VY S
ol slelas” o J3ls (B ailoads cwaige Jooi sladalge 5l goloss b S Jsgume o) g0lows b G gy a5 (GMO) iz )l 5 sl Y
ol pe el wlgs 1) was caias (Pop) ggiin molsz g adl AW K055 b as Jud [0 o BN )zl g ouids ploxil SGas5 olge

Dged Jldo 1) baddge JUT wig, ol adlge b g )15 5 5 5o (2lo, b g (Jege (sla,Kilis SaS 4 g oo al> 1o

55



ﬂ H |:| H o
g Big and '\\ . ; )
, | Jerte sl sl gotie 0093
/ Diversed Pop. A\
\

\
\

\
\\

\

nyv& b adlge (53,5 ©)lite 5 Joodi sl adlse o b (o5 55 Elgil slm
/%‘g ¥ $ S ol 54k 5l e slo adlge 3.8l

/ / / '\\
donimomom

(TWR) (WTC) (M) (TL)  (LRTC) GMO

Lol 5 5500 Jui aiz slp il Cead 53 0 ol segian goiio galyz (m (MW pslos )5 g Lo 5 L) 50,5 (a0 NV S
Dgr didlem Jazie 8 5l slonY zl sl gl o &5 S5 (G5 faine asel> S ol

56



diverse X (cJh Se>ge Fp LSL“’ i:“1)‘9

population

"

£

(]

Q £ w /

E @ m,_ = m.. @' . Base broadening
= " | Introgerssion

A 1»

TR

(TWR)(wre) (M) (TL)  (LRTC) GMO

A

Olslings &8 L (W sla Soboins LS5 Glizl G (I 5l (9290 50 o] Sloogas axly gt galy slml VA S
S ;0 ((TL) Jozio sl joid (M) loaidly iz «(WTC) Joos | pladdlse a2ly (ciog (liglin g (TWR) Jooie 2>y
e Jo slaadlge 5l golaad b S Jggene 0 o3l by Sy g1 45 (GMO) aiz )l 5 slonY 5 (LRTC) oo 5| ploadlgs wrly
oY S L (B daailiz Gl 4 gl el)5 Dl 89,9 jelaieds igsite 5 I (5 e SIS 5 som o)lie sl B 5 il
S Sl ogllae (25 lao axly 5 (595 Al L goiite aalozr sloml da B ool Jol> 05 (o0 plowl (Cslhas 4 )l9) 39290 50 03, L

g alss Sz 905y ol Csllas lao 5 Vb ()50 b o) slagn gl pel slis

shaxo b o 4 Joxi gl @ ol 5o (55950 s 5

i (e slo (15 4 Jood gl Mol cpz jo (Ml >lie 0955 slp pj slo p8 (ol iy bl 5l

(Subbarao and Johansen , 1994) :35 5

sl 5l Jol>) (5558 g9 4z a5 cnl s Jlie sl Sl ) (e 4z 50 (805 5 4z 10 Lae (s <)
Jte sl y ?Mlaﬁz,odl)o G5 3 S0 ;’A.lcjamzxglﬂ fowl (WS Hhas 850 Jaows (o (2loSed £o5 4>

57



3575 b Jgl slo oo LT Scunl @3Sz aiate 5,202 o L St azl50 L) 5 ()95 o o5 po slo 5 L
S 6)gb LT Sl JSo ax a0 S,b a9 Saules oo Cudgame ool &Y gama glp Juad 31 loyw L o)l
990 2L 50Tl 5000 02

Cudgizma ogas (pl 10 95,5 dalgs oz 1) 2id mhaw 4z b Jool> oLS LT, Jomts ;0 09upn a3 5,90 grlans (s -Y
Sielom hate 5l 595 6r98 4 Jeoie slug) sl il Jle (sl 0ph 485l )0 (ol olS Sojel b sla

Es] 13l 50l yo AT 5 A5 )l LT B L 4y a2 g5 b easly 5905 dl yo s -7

el W 3550 93 51 Slie g9.050 (al 5,8 L 58 g, ]

Al anils yiid a4 Jesd Sgage 5o o Cewl Sow a5 salie Slas sl a5 b)) -7

Oy Jozd j0 o (Dlaw) badlge ol 5l plas” o 4y b e S5 molie oluliss -y

Lol ey il (ast 5 a0 y90 (loailge) Dlao (S5 ubul (s -

2l a5l e qudlyp g o5 U5l 4y cilis sl 1 556sS (lio) laailya 5adls L >l aoli 52T -3
SloelSgSe 5 Ll Sl slaels ;o Bas bl b g el )0 bacadsiy (b)) (i & Jooxie 03, S5 ol
08, S Olsie 4 )8l iy Gt sl ) onl bl bl g bt o 08, cal ool 8 457 (s 950

FEOWA VRS

05,5 Jlo sl el ous plowil e 50 St cnl p ade (555 p oy 35,05 «SB g Ol sanlid (ol jed 4z b
Lo ST L s)lel 9 6508 & Jooxitn (53 455 ool s 3390 plane Slidios 0590 o (b 7 s S )lo jgudy n Slisios
(Pailles et al., 2020; Jurado et al., 2024) sl o595

Flowers and Yeo el ool slpiiog (VA90) 5 5 5958 Lawsi (5,58 4 Jooxio £y lalS oll sl 5 Sl &0
(1995)

Jooxio b (53,5 Cudglla (55908 il 4 Joov lp (Dol iy 5l Ban Ygere Zdglle sladisS (05 25 <)
el (64,50l D92 g0 slaadolle (o505 £l 5 9,5 ol (2 (Sl (£l GlalS g

9290 OLS 50 Jes Sl slp (51455 o sla BN 5 eolil =Y

ol LBl 3929 Hlai 8,50 oL S5 Al o B 5l a5 (S el s pSosee Y

2 S g aslegs ARl g S350 Gl J510 g5 slonl -F

Jox p By0 35 08 sl a0 Shes (g luk sl Mol -8

75 - Profile
76 _ Mark Tester

58



&b

(950 G5Im 5 s 5l pgs cutS o o ST glas jm o Slae (5,5 IS o Fge Jalse (VFY) o gol] cize Sillals
Pl b e el plalS Plal asliiags,

aoliimgly g0 CuS Loyl (sl yfo,S0LT slo Cudgiy sl a3l Bime ((VFHY ) caiadolaw § .G -y w2l 50 a0 ep ¢ Sllabes
AFANEY 0 o)leds V0 alz el HlalS £l

el (QTLS) (oS Slio oaisS 8 slo (osSs) Julod g a3 5 (gl deadio (VF20) 7 0l (L) 5 0 coob] s Slales
Aao Ve ‘Qlf)f Syalas |A9l.c oKisls

Jboy kel Laulps j0 oS slacussy o Shee 5 31 5 sloadlgn ;o 518, Bllasil cw)p OV F ) ooblios Sllalu 5. (5 pate
AO-YO XY o)Lo..:: AY J.l} ‘u’_cl)) ulﬁbl.».f C}L&‘ Mwsf ‘5;‘ wbsm 9

é.o 4 Jowo Y Gy Jad ).>] Gloyw & Joo slpY @LNL.M: YA0) T oo G LS g p ‘Lgol.;l azo @Ual..:
DYVF w5)9 O)L.o.,.':: sLs‘))jL.MS C’ﬁ)“ 9 J")5‘°| ‘s_:Ln.Jz;u ULA)L.» ‘@Léf d”)‘; (\Y“’(a)ub;w]

pole 0,58 yuags u\b)i’l.d—‘ S MT)lS Sl jod ol 6l o5 (gaudS gl WsS o geliy e ((VYAR) o o Slals 5 .o (5 90
Ol Sbls sl g el s

Abebe, A., & Tafa, Z. (2021). Pre-breeding concept and role in crop improvement. International
Journal for Research in Applied Sciences and Biotechnology, 8(2), 275-279 .

Acquaah, G. (2009). Principles of plant genetics and breeding. John Wiley & Sons .

Adams, K. L., & Wendel, J. F. (2005). Polyploidy and genome evolution in plants. Current opinion
in plant biology, 8(2), 135-141 .

Allinne, C., Maury, P., Sarrafi, A., & Grieu, P. (2009). Genetic control of physiological traits
associated to low temperature growth in sunflower under early sowing conditions. Plant
Science, 177(4), 349-359 .

Alza, J., & Fernandez-Martinez, J. (1997). Genetic analysis of yield and related traits in sunflower
(Helianthus annuus L.) in dryland and irrigated environments. Euphytica, 95, 243-251 .

Andrew, R. L., Kane, N. C., Baute, G. J., Grassa, C. J., & Rieseberg, L. H. (2013). Recent
nonhybrid origin of sunflower ecotypes in a novel habitat. Molecular Ecology, 22(3), 799-
813.

Antonova, T. S. (2014). The history of interconnected evolution of Orobanche cumana Wallr. and
sunflower in the Russian Federation and Kazakhstan. Helia, 37(61), 215-225 .

Ashraf, M., & Waheed, A. (1990). Screening of local/exotic accessions of lentil (Lens culinaris
Medic.) for salt tolerance at two growth stages. Plant and Soil, 128, 167-176 .

Ashraf, M. Y., Awan, A. R., & Mahmood, K. (2012). Rehabilitation of saline ecosystems through
cultivation of salt tolerant plants. Pak. J. Bot, 44, 69-75 .

Asish, K. B., Thankappan, S., & Paramasivam, M. (2023) .Screening of sunflower genotypes for
reaction to Alternaria leaf blight disease across multi-environments using pooled analysis.
Plant Science Today, 10(3), 68-74 .

Bachlava, E., Radwan, O. E., Abratti, G., Tang, S., Gao, W., Heesacker, A. F., Bazzalo, M .E.,
Zambelli, A., Leon, A. J., & Knapp, S. J. (2011). Downy mildew (P1 8 and Pl 14) and rust
(R Adv) resistance genes reside in close proximity to tandemly duplicated clusters of non-

59



TIR-like NBS-LRR-encoding genes on sunflower chromosomes 1 and 13. Theoretical and
Applied Genetics, 122, 1211-1221 .

Badr, N., Thalooth, A., & Mohamed, M. (2004). Effect of foliar spraying with the nutrient
compound" Streen" on the growth and yield of sunflower plants subjected to water stress
during various stages of growth .

Baldani, M., Cecconi, F., & Vannozzi, G. (1993). Influence of water deficit on gas exchange and
dry matter accumulation in sunflower cultivars and a wild species (Helianthus argophyllus
T&G).

Baldini, M., & Vannozzi, G. (1998). Agronomic and physiological assessment of genotypic
variation for drought tolerance in sunflower genotypes obtained from a cross between H.
annuus and H. argophyllus .

Baldini, M., & Vannozzi, G. P. (1999). Yield relationships under drought in sunflower genotypes
obtained from a wild population and cultivated sunflowers in rain-out shelter in large pots
and field experiments .

Bhuiyan, M., Malek, M., Khana, N. A. K. A., Islam, M., Rahman, S., & Alam, M. A. (2023).
Validated molecular marker for downy mildew disease resistance breeding of sunflower: A
short review. Journal Of Agrobiotechnology, 14(2), 28-43 .

Birchler, J. A., Yao, H., Chudalayandi, S., Vaiman, D., & Veitia, R. A. (2010). Heterosis. The Plant
Cell, 22(7), 2105-2112 .

Block, C., Gulya, T., & Marek, L. (2009). Evaluation of wild sunflower species for resistance to
Sclerotinia stalk rot. Phytopathology, 99, S13 .

Block, C., Marek, L., & Gulya, T. (2012). Identifying resistance to Sclerotinia stalk and root rot in
perennial sunflower germplasm. Phytopathology, 102 ,S4 .

Bohra, A., Kilian, B., Sivasankar, S., Caccamo, M., Mba, C., McCouch, S. R., & Varshney, R. K.
(2022). Reap the crop wild relatives for breeding future crops. Trends in Biotechnology,
40(4),412-431 .

Bowsher, A. W., Milton, E. F., & Donovan, L. A .(2016) .Comparison of desert-adapted Helianthus
niveus (Benth.) Brandegee ssp. tephrodes (A. Gray) Heiser to cultivated H. annuus L. for
putative drought avoidance traits at two ontogenetic stages. Helia, 39(64), 1-19 .

Cabello, J. V., Giacomelli, J. I ,.Gémez, M. C., & Chan, R. L. (2017). The sunflower transcription
factor HaHB11 confers tolerance to water deficit and salinity to transgenic Arabidopsis and
alfalfa plants. Journal of Biotechnology, 257, 35-46 .

Cechin, I., Rossi, S., Oliveira, V., & Fumis, T. d. F. (2006). Photosynthetic responses and proline
content of mature and young leaves of sunflower plants under water deficit.
Photosynthetica, 44, 143-146 .

Cerboncini, C., Beine, G., Binsfeld, P., Dresen, B., Peisker, H., Zerwas, A., & Schnabl, H .(2002) .
Source of resistance to Sclerotinia sclerotiorum (Lib.) de Bary In: A natural Helianthus
gene pool/ resistancials contra Sclerotinia sclerotiorum (Lib.) de Bary En La Populacion
de grinsol (Helianthus)/resistances conter Sclerotinia sclerotiorum (Lib.) de Bary En La
population naturel du turnesol (Helianthus). Helia, 25(36), 167-176 .

Chandler, J., & Jan, C. (1984). Identification of salt-tolerant germplasm sources in the Helianthus
species. Agron. Abstr. Am. Soc. Agron., Madison, WI, USA .\ ,

Chen, J.-J., Sun, Y., Kopp, K., Oki, L., Jones, S. B., & Hipps, L. (2022). Effects of water
availability on leaf trichome density and plant growth and development of Shepherdiax
utahensis. Frontiers in plant science, 13, 855858 .

60



Chen, J. (2023). A starch-and ROS-regulating heat shock protein helps maintain male fertility in
heat-stressed rice plants. In: Oxford University Press US.

Christov, M., Kiryakov, 1., Shindrova, P., Encheva, V., & Christova, M. (2004). Evaluation of new
interspecific and intergeneric sunflower hybrids for resistance to Sclerotinia sclerotiorum.
vol, 2, 693-698 .

Christov, M., & Velasco, L. (2008). Helianthus species in breeding research on sunflower.
Proceedings of the 17th International Sunflower Conference, Cordoba, Spain ,

Cossani, C. M., & Reynolds, M. P. (2012). Physiological traits for improving heat tolerance in
wheat. Plant Physiology, 160(4), 1710-1718 .

Cotuna, O., Paraschivu, M., & Sarateanu, V. (2022). Charcoal rot of the sunflower roots and stems
(Macrophomina phaseolina (Tassi) Goid.)-an overview .

Cuk, L. (1982). The uses of wild species in sunflower breeding. J. Edible Oil Ind, 1, 23-27 .

Cveji¢, S., Mladenov, V., Jockovi¢, M., Krsti¢, M., Babec, B., Joci¢, S., & Dedi¢, B. (2024). A
comprehensive Assessment of Sunflower Genetic Diversity Against Macrophomina
phaseolina. Journal of Agricultural Sciences, 30(3), 513-525 .

Degener, J., Melchinger, A. E., & Hahn, V. (1999). Interspecific hybrids as source of resistance to
Sclerotinia and Phomopsis in sunflower breeding .

Dewey, D. R. (1962). Breeding crested wheatgrass for salt tolerance .

Dozet, B. (1990). Resistance to Diaporthe/Phomopsis helianthi Munt.-Cvet. et al. in wild
sunflower species. Proc. 12th Sunflower Research Workshop, Fargo, ND ,

Dussle, C. M., Hahn, V., Knapp, S. J., & Bauer, E. (2004). Pl Arg from Helianthus argophyllus is
unlinked to other known downy mildew resistance genes in sunflower. Theoretical and
Applied Genetics, 109, 1083-1086 .

Edelist, C., Raffoux, X., Falque, M., Dillmann, C., Sicard, D., Rieseberg, L. H., & Karrenberg, S.
(2009). Differential expression of candidate salt-tolerance genes in the halophyte
Helianthus paradoxus and its glycophyte progenitors H. annuus and H. petiolaris
(Asteraceae). American Journal of Botany, 96 NAYANAY . (Y +)

Encheva, J., Christov, M., Shindrova, P., Drumeva, M., & Encheva, V. (2006). New sunflower
restorer lines developed by direct organogenesis method from interspecific cross
Helianthus  annuus L.(cv. ALBENA)x  Helianthus salicifolius L.-DISEASE
RESISTANCE, COMBINING ABILITY/NUEVOS RESTAURADORES DE GIRASOL
FORMADOS POR EL METODO DE ORGANOGENESIS DIRECTA DEL
CRUZAMIENTO DE INTERESPECIES DE Helianthus annuus L.(cv. ALBENA)x
Helianthus salicifolius—RESISTENCIA A ENFERMEDADES, HABILIDAD DE
COMBINACION/NOUVELLES LIGNEES RESTAURATRICES DE TOURNESOL
DEVELOPPEES PAR ORGANOGENESE DIRECTE DU CROISEMENT
INTERSPECIFIQUE Helianthus annuus L.(cv. ALBENA) x Helianthus salicifolius—
RESISTANCE A LA MALADIE, APTITUDE COMBINATOIRE. Helia, 29(45), 95-106 .

Fang, Y & ,.Xiong, L. (2015). General mechanisms of drought response and their application in
drought resistance improvement in plants. Cellular and molecular life sciences, 72, 673-
689 .

Feeney, L., & Berman, E. R. (1976). Oxygen toxicity: membrane damage by free radicals.
Investigative Ophthalmology & Visual Science, 15(10), 789-792 .

Feng, J., Seiler, G., Gulya, T., & Jan, C. (2007). Advancement of pyramiding new Sclerotinia stem
rot resistant genes from H. californicus and H. schweinitzii into cultivated sunflower. Proc.
29th Sunflower Research Workshop, January ,

61



Feng, J., Seiler, G., Gulya, T., Li, C., & Jan, C. (2007). Sclerotinia stem and head rot resistant
germplasm development utilizing interspecific amphiploids. 29th Sunflower Research
Workshop, January ,

Flowers, T., & Yeo, A. (1981). Variability in the resistance of sodium chloride salinity within rice
(Oryza sativa L.) varieties. New Phytologist, 8§8(2), 363-373 .

Flowers, T. J. (2004). Improving crop salt tolerance. Journal of experimental Botany, 55(396) 307-
319.

Gascuel, Q., Martinez, Y., Boniface, M. C., Vear, F., Pichon, M., & Godiard, L. (2015). The
sunflower downy mildew pathogen P lasmopara halstedii. Molecular Plant Pathology,
16(2), 109-122 .

Gilley, M., Misar, C., Gulya, T., & Markell, S .(2016) .Prevalence and virulence of Plasmopara
halstedii (downy mildew) in sunflowers. Proceedings of the 38th Sunflower Research
Forum, Fargo, ND ,

Glazebrook, J. (2005). Contrasting mechanisms of defense against biotrophic and necrotrophic
pathogens. Annu. Rev. Phytopathol., 43(1), 205-227 .

Gontcharov, S., Beregovskaya, E., & Goloschapova, N. (2023). Sunflower (Helianthus annuus L.)
breeding for durable resistance to Downy mildew (Plasmopara halstedii). Helia, 46(78),
53-59.

Gonzélez Castro, M. E., Palacios Rojas, N., Espinoza Banda, A., & Bedoya Salazar, C. A. (2013).
Diversidad genética en maices nativos mexicanos tropicales. Revista fitotecnia mexicana,
36,239-338.

Greenway, H., & Munns, R. (1980). Mechanisms of salt tolerance in nonhalophytes . Annual review
of plant physiology, 31(1), 149-190 .

Gregoria, G. B., Senadhira, D., & Mendoza, R. D. (1997). Screening rice for salinity tolerance .

Gross, B. L., & Rieseberg, L. (2005). The ecological genetics of homoploid hybrid speciation.
Journal of heredity, 96(3), 241-252 .

Gu, Z., Steinmetz, L. M., Gu, X., Scharfe, C., Davis, R. W., & Li, W.-H. (2003). Role of duplicate
genes in genetic robustness against null mutations. Nature, 421(6918), 63-66 .

Gulya, T. (2004). Two new Verticillium threats to sunflower in North America. Proceedings 26th
Sunflower Research Workshop, January ,

Gulya, T., Rashid, K. Y., & Masirevic, S. M. (1997). Sunflower diseases. Sunflower technology
and production, 35, 263-379 .

Guo, J., Shan, C., Zhang, Y., Wang, X., Tian, H ,.Han, G., Zhang, Y., & Wang, B. (2022).
Mechanisms of salt tolerance and molecular breeding of salt-tolerant ornamental plants.
Frontiers in plant science, 13, 854116 .

Gutierrez, A., Cantamutto, M., & Poverene, M. (2016). Cold stress tolerance during early growth
stages of naturalized Helianthus petiolaris populations. Helia, 39(64), 21-43 .

Hahn, V. (2002). Genetic variation for resistance to Sclerotinia head rot in sunflower inbred lines.
Field Crops Research, 77(2-3), 153-159 .

Hajjar, R., & Hodgkin ,T. (2007). The use of wild relatives in crop improvement: a survey of
developments over the last 20 years. Euphytica, 156, 1-13 .

Hallauer, A. R., Carena, M. J., & Miranda Filho, J. d. (2010). Quantitative genetics in maize
breeding (Vol. 6). Springer Science & Business Media .

Hardwick, R. (1978). Germination and Hypocotyl Growth in Helianthus Annuus (L) as Influenced
by Differential Salt Treatments California State University, Fresno .|

62



Hasanuzzaman, M., Nahar, K., Alam, M. M., Roychowdhury, R., & Fujita, M. (2013).
Physiological, biochemical, and molecular mechanisms of heat stress tolerance in plants.
International journal of molecular sciences, 14(5), 9643-9684 .

Haussmann, B., Parzies, H., Presterl, T., Susi¢, Z., & Miedaner, T. (2004). Plant genetic resources
in crop improvement. Plant genetic resources, 2(1), 3-21 .

Henn, H., Steiner, U., Wingender, R., & Schnabl, H. (1997). Wildtype sunflower clones: source
for resistance against Sclerotinia sclerotiorum (Lib.) de Bary stem infection .

Hernandez ,F., Poverene, M., Mercer, K. L., & Presotto, A. (2020). Genetic variation for tolerance
to extreme temperatures in wild and cultivated sunflower (Helianthus annuus) during early
vegetative phases. Crop and Pasture Science, 71(6), 578-591 .

Hincha, D. K & ,.Thalhammer, A. (2012). LEA proteins: IDPs with versatile functions in cellular
dehydration tolerance. Biochemical Society Transactions, 40(5), 1000-1003 .

Hoes, J., Putt, E., & Enns, H. (1973). Resistance to Verticillium wilt in collections of wild
Helianthus in North America .Phytopathology, 63(12), 517-1520.

Holland, J. B. (2004). Breeding: Incorporation of exotic germplasm. Encyclopedia of Plant and
Crop Science. Marcel Dekker, Inc., New York, 222-224 .

Hulke, B., Miller, J., Gulya, T., & Vick, B. (2010). Registration of the oilseed sunflower genetic
stocks HA 458, HA 459, and HA 460 possessing genes for resistance to downy mildew.
Journal of Plant Registrations, 4(1), 93-97 .

Hussain, M. M., Rauf, S., & Warburton, M. L. (2019). Development of drought-tolerant breeding
lines derived from Helianthus annuusx H. argophyllus interspecific crosses. Plant
Breeding, 138(6), 862-870 .

Jain, S. Omprakash (2019) Pre-breeding: a bridge between genetic resources and crop
improvement. Int J Curr Microbiol Appl Sci, 8(2), 1998-2007 .

Jain, S .(Y+1%) .Omprakash (2019) Pre-breeding: a bridge between genetic resources and crop
improvement. Int J Curr Microbiol Appl Sci, 8(2), 1998-2007 .

Jan, C.-C., Liu, Z., Seiler, G. J., Velasco, L., Pérez-Vich, B., & Fernandez-Martinez, J. (2014).
Broomrape (Orobanche cumana Wallr.) resistance breeding utilizing wild Helianthus
species. Helia, 37(61), 141-150 .

Jan, C.-C., Seiler, G. J., Gulya, T. J., & Feng, J. (2008). Sunflower germplasm development
utilizing wild Helianthus species. Proc 17th Intl. Sunflower Conf., Cordoba, Spain ,

Jan, C., & Chandler, J. (1985). Transfer of powdery mildew resistance from Helianthus debilis
Nutt. To cultivated sunflower 1. Crop Science, 25(4), 664-666 .

Jan, C., Tan, A., & Gulya, T. (2004). Registration of four downy mildew resistant sunflower
germplasms. Crop Science, 44(5), 1887-1888 .

Jimenez-Diaz, R., Blanco-Lopez, M., & Sackston, W. (1983). Incidence and distribution of
charcoal rot of sunflower caused by Macrophomina phaseolina in Spain .

Jurado, C., Diaz-Vivancos, P., Gregorio, B. E., Acosta-Motos, J. R., & Hernandez, J. A. (2024).
Effect of halophyte-based management in physiological and biochemical responses of
tomato plants under moderately saline greenhouse conditions. Plant Physiology and
Biochemistry, 206, 108228.

Kantar, M. B., Baute, G. J., Bock, D. G., & Rieseberg, L. H. (2014). Genomic variation in
Helianthus: learning from the past and looking to the future. Briefings in Functional
Genomics, 13(4), 328-340 .

63



Karrenberg, S., Edelist, C., Lexer, C., & Rieseberg, L. (2006). Response to salinity in the
homoploid hybrid species Helianthus paradoxus and its progenitors H. annuus and H.
petiolaris. New Phytologist, 170(3), 615-629 .

Kgatle, M., Flett, B., Truter, M., & Aveling, T. (2020). Control of Alternaria leaf blight caused by
Alternaria alternata on sunflower using fungicides and Bacillus amyloliquefaciens. Crop
Protection, 132, 105146 .

Kim, J.-S., Kidokoro, S., Yamaguchi-Shinozaki, K., & Shinozaki, K. (2024). Regulatory networks
in plant responses to drought and cold stress. Plant Physiology, 195(1), 170-189 .

Korell, M., Brahm, L., Friedt, W., & Horn, R. (1996). Interspecific and intergeneric hybridization
in sunflower breeding. II. Specific uses of wild germplasm .

Kumar, P.,, & Dubey, R. C. (2023). Macrophomina phaseolina: ecobiology, pathology and
management. Elsevier .

Kumar, V., & Shukla, Y. (2014). Pre-breeding: its applications in crop improvement. Double Helix
Res, 16, 199-202 .

Lazaridi, E., Kapazoglou, A., Gerakari, M., Kleftogianni, K., Passa, K., Sarri, E.,
Papasotiropoulos, V ,.Tani, E., & Bebeli, P. J. (2024). Crop landraces and indigenous
varieties: A valuable source of genes for plant breeding. Plants, 13(6), 758 .

Levings 3rd, C. (1993). Thoughts on cytoplasmic male sterility in cms-T maize. The Plant Cell,
5(10), 1285 .

Levitt, J. (1980). Response of plants to environmental. Stress, 2, 607 .

Lexer, C., Lai, Z., & Rieseberg, L. H. (2004). Candidate gene polymorphisms associated with salt
tolerance in wild sunflower hybrids: implications for the origin of Helianthus paradoxus, a
diploid hybrid species. New Phytologist, 161(1), 225-233 .

Li, W., Zhang, H., Zeng, Y., Xiang, L., Lei, Z., Huang, Q., Li, T., Shen, F., & Cheng, Q. (2020). A
salt tolerance evaluation method for sunflower (Helianthus annuus L.) at the seed
germination stage. Scientific Reports, 10(1), 10626 .

Liu, J., Moyankova, D., Djilianov, D., & Deng, X. (2019). Common and specific mechanisms of
desiccation tolerance in two Gesneriaceae resurrection plants. Multiomics evidences.
Frontiers in plant science, 10, 1067

Liu, M., Li, Y., Ma, Y., Zhao, Q., Stiller, J., Feng, Q., Tian, Q., Liu, D., Han, B., & Liu, C. (2020).
The draft genome of a wild barley genotype reveals its enrichment in genes related to biotic
and abiotic stresses compared to cultivated barley . Plant biotechnology journal, 18(2),443-
456 .

Liu, Z., Cai, X., Seiler, G. J., Gulya, T. J., Rashid, K. Y., & Jan, C. (2010). Transferring sclerotinia
resistance genes from wild Helianthus species into cultivated sunflower. 32nd sunflower
research workshop, Fargo ,

Louarn, J., Boniface, M.-C., Pouilly, N., Velasco, L., Pérez-Vich, B., Vincourt, P., & Mufios, S.
(2016). Sunflower resistance to broomrape (Orobanche cumana) is controlled by specific
QTLs for different parasitism stages. Frontiers in plant science, 7, 590 .

Lusser, M., Parisi, C., Plan, D., & Rodriguez-Cerezo, E. (2012). Deployment of new
biotechnologies in plant breeding. Nature biotechnology, 30(3), 231-239 .

Lynch, M., & Walsh, B. (2007). The origins of genome architecture.. Sinauer associates
Sunderland, MA .483Pp

Madlung, A. (2013). Polyploidy and its effect on evolutionary success: old questions revisited with
new tools. Heredity, 110(2), 99-104 .

64



Manavella, P. A., Arce, A. L., Dezar, C. A., Bitton, F., Renou, J. P., Crespi, M & ,.Chan, R. L.
(2006). Cross-talk between ethylene and drought signalling pathways is mediated by the
sunflower Hahb-4 transcription factor. The Plant Journal, 48(1), 125-137 .

Mansouri, S., Najafabadi, M. S., Esmailov, M., & Aghaee, M. (2014). Functional factor Analysis
in sesame under water-limiting stress: new concept on an old method. Plant Breeding and
Seed Science, 70,91-104 .

Mapuranga, J., Zhang, N., Zhang, L., Chang, J., & Yang, W. (2022). Infection strategies and
pathogenicity of biotrophic plant fungal pathogens. Frontiers in Microbiology, 13, 799396 .

Martin, M., Molfetta, P., Vannozzi, G., & Zerbi, G. (1992). Mechanisms of drought resistance of
Helianthus annuus and H. argophyllus. Proc. 13th Int. Sunflower Conf., Pisa, Italy ,

Mianlengeh, Z. E ,.Najafabadi, M. S., Saidi, A., & Askari, H. (2018). Monitoring response of a
few bZIP transcription factors in response to osmotic stress in sunflower. lranian Journal
of Biotechnology, 16,(2).

Micic, Z., Hahn, V., Bauer, E., Melchinger, A., Knapp, S ,.Tang, S., & Schon, C. (2005).
Identification and validation of QTL for Sclerotinia midstalk rot resistance in sunflower by
selective genotyping. Theoretical and Applied Genetics, 111, 233-242 .

Miedaner, T. (2016). Breeding strategies for improving plant resistance to diseases. Advances in
plant breeding strategies: Agronomic, abiotic and biotic stress traits, 561-599 .

Miller, J. (1995). Inheritance of salt tolerance in sunflower. HELIA, 18, 9-16 .

Miller, J., & Gulya, T. (1988). Registration of six downy mildew resistant sunflower germplasm
lines .

Miller, J., & Gulya, T. (1999). Registration of eight Sclerotinia-tolerant sunflower germplasm
lines. Crop Science, 39(1), 301-302 .

Miller, J., & Seiler, G. (2003). Registration of five oilseed maintainer (HA 429-HA 433) sunflower
germplasm lines. Crop science, 43(6), 2313 .

Miller, J., Seiler, G., & Jan, C. (1992). Introduced germplasm use in sunflower inbred and hybrid
development. Use of Plant Introductions in Cultivar Development Part 2, 20,15 N 11-)

Molinero-Ruiz, L., Delavault, P., Pérez-Vich, B., Pacureanu-Joita, M., Bulos, M., Altieri, E., &
Dominguez, J. (2015). History of the race structure of Orobanche cumana and the breeding
of sunflower for resistance to this parasitic weed: A review .

Mondolot-Cosson, L., & Andary, C. (1993). Resistance factors of a wild species of sunflower,
Helianthus resinosus, to Sclerotinia sclerotiorum. International Symposium on Natural
Phenols in Plant Resistance 381 ,

Mulpuri, S., Thomas, H. B., Meena, H. P & ,.Dudhe, M. Y. (2024). A novel strategy to develop
powdery mildew resistant phenotypes and diagnose reaction to Golovinomyces latisporus
in sunflower (Helianthus annuus L.). Physiological and Molecular Plant Pathology, 131,
102266 .

Nabhan, G. P., & Reichhardt, K. L. (1983). Hopi protection of Helianthus anomalus, a rare
sunflower. The Southwestern Naturalist, 231-235 .

Najafabadi, M. S. (2008). Transcription factor networks in the initial phase of drought stress in
rice (Oryza sativa L.) Potsdam University]. Potsdam .

Najafabadi, M. S., Abedini, R., Eskandari, H., & Mehrabi, R. (2015). Monitoring three Plasmopara
halstedii resistance genes in Iranian sunflower inbred lines. [ranian Journal of
Biotechnology, 13(2), 45 .

65



Najafabadi, M. S., & Amirbakhtiar ,N. (2023). Evaluating and validating sunflower reference
genes for Q-PCR studies under high temperature condition. [ranian Journal of
Biotechnology, 21(2), €3357 .

Najar, M. A., & Gangophadhay, G. (2024). Identification and validation of defense related
candidate genes in Sesamum under artificial inoculation of Macrophomina phaseolina. The
Nucleus67,497-516 .

Nelson, R., Wiesner-Hanks, T., Wisser, R., & Balint-Kurti, P. (2018). Navigating complexity to
breed disease-resistant crops. Nature Reviews Genetics, 19(1), 21-33. .

Neumann, P. (1997). Salinity resistance and plant growth revisited. Plant, cell & environment,
20(9), 1193-1198 .

Nikolova, L., Christov, M., & Seiler, G. (2004).Interspecific hybridization berween H. pumilus
nutt. And H. annuus L. and their potential for cultivated sunflower improvement /LA
HIBRIDIZACION DE INTERSPECIES ENTRE H. pumilus NUTT. Y H. annuus L. Y SU
POTENCIAL PARA EL ADELANTO DE  GIRASOL/HYBRIDATION
INTERSPECIFIQUE ENTRE H. pumilus NUTT. ET H. annuus L. ET LEUR POTENTIEL
DANS L’AMELIORATION DU TOURNESOL CULTIVE. Helia, 27(41), 151-162 .

Oliver, M. J., Cushman, J. C., & Koster, K. L. (2010). Dehydration tolerance in plants. Plant stress
tolerance: methods and protocols, 3-24 .

Ortiz, R., Trethowan, R., Ferrara, G. O., Iwanaga ,M., Dodds, J. H., Crouch, J. H., Crossa, J., &
Braun, H.-J. (2007). High yield potential, shuttle breeding, genetic diversity, and a new
international wheat improvement strategy. Euphytica, 157, 365-384 .

Pacini, E., Guarnieri, M., & Nepi, M. (2006). Pollen carbohydrates and water content during
development, presentation, and dispersal: a short review. Protoplasma, 228, 73-77 .
Paknia, R., Darvishzadeh, R., Shahriari, F., Malekzadeh, S., & Maleki, H. H. (2020). Analyses of
genomic regions linked with resistance to basal stem rot in sunflower (Helianthus annuus

L.) under field conditions. Iran. J. Genet. Plant Breed, 9, 41-50 .

Pakniyat, H., Handley, L., Thomas, W., Connolly, T., Macaulay, M., Caligari, P., & Forster, B.
(1997). Comparison of shoot dry weight, Na* content and & 13 C values of ari-e and other
semi-dwarf barley mutants under salt-stress. Euphytica, 94, 7-14 .

Pailles, Y., Awlia, M., Julkowska, M., Passone, L., Zemmouri, K., Negrao, S., Schmockel, S.N., &
Tester, M. (2020). Diverse traits contribute to salinity tolerance of wild tomato seedlings
from the Galapagos Islands. Plant physiology, 182(1), 534-546.

Pogorletsky, P., & Geshele, E. (1976). Sunflower immunity to broomrape and rust. Proc. 7th Int.
Sunflower Conf,

Prabakaran, A., & Sujatha, M. (2000). Breeding for Alternaria resistance in sunflower: approaches
for introgression from wild sunflowers. Proceedings of the 15th International Sunflower
Conference, Toulouse, France ,

Pustovoit, G., & Gubin, L. (1975). Results and prospects in sunflower breeding for group immunity
by using the interspecific hybridization method .Proceedings of the sixth international
sunflower conference. July 22-24, Bucharest, Romania., 373-381

Putt, E. D. (1964). Breeding behaviour of resistance to leaf mottle or Verticillium in sunflowers .

Putt, E. D., & Sackston, W. (1963). Studies on sunflower rust: IV .Two genes, R 1 and R 2 for
resistance in the host. Canadian Journal of Plant Science, 43(4), 490-496 .

Qi, L., & Cai, X. (2022). Characterization and mapping of a downy mildew resistance gene, P1 36,
in sunflower (Helianthus annuus L.). Molecular Breeding, 42(2), 8 .

66



Qi1, L., Gulya, T., Block, C., & Vick, B. (2011). Deployment of novel sources of Sclerotinia stalk
rot resistance in sunflower. Proceedings of the 33rd Sunflower Research Forum, Fargo,
ND,

Qi, L., Long, Y., Jan, C., Ma, G., & Gulya, T. (2015 .(P1 17 is a novel gene independent of known
downy mildew resistance genes in the cultivated sunflower (Helianthus annuus L.).
Theoretical and Applied Genetics, 128, 757-767 .

Qi1, L., & Seiler, G. (2016). Registration of an oilseed sunflower germplasm HA-DMI1 resistant to
sunflower downy mildew. Journal of Plant Registrations, 10(2), 195-199 .

Quresh, Z., Jan, C., & Gulya, T. (1993). Resistance to sunflower rust and its inheritance in wild
sunflower species. Plant Breeding, 110(4), 297-306 .

Quresh, Z & ,.Jan, C. C. (1993). Allelic relationships among genes for resistance to sunflower rust.
Crop Science, 33(2), 235-238 .

Rashid, K. Y., & Seiler, G. J. (2004). Epidemiology and resistance to Sclerotinia head rot in wild
sunflower species. Proceedings of the 16th International Sunflower Conference, Fargo,
ND,

Rauf, S. (2008). Breeding sunflower (Helianthus annuus L.) for drought tolerance.
Communications in Biometry and Crop Science, 3(1), 29-44 .

Rauf, S., Sadaqat, H., & Naveed, A. (2008). Effect of moisture stress on combining ability variation
for bird resistance traits in sunflower (Helianthus annuus L.). Pakistan Journal of Botany,
40(3), 1319-1328 .

Rauf, S., & Sadagat, H. A. (2008). Identification of physiological traits and genotypes combined
to high achene yield in sunflower (Helianthus annuus L.) under contrasting water regimes.
Australian Journal of Crop Science, 1(1), 23-30 .

Richards, R., Dennett, C., Qualset, C., Epstein, E., Norlyn, J., & Winslow, M. (1987). Variation in
yield of grain and biomass in wheat, barley, and triticale in a salt-affected field. Field Crops
Research, 15(3-4), 277-287 .

Rojas-Barros, P., Jan, C.-C., & Gulya, T. J. (2005). Transferring powdery mildew resistance genes
from wild Helianthus into cultivated sunflower. Proceedings of the 27th Sunflower
Research Workshop. Fargo. National Sunflower Association ,

Ronicke, S., Hahn, V., Horn, R., Grone, 1., Brahm, L., Schnabl, H., & Friedt, W. (2004).
Interspecific hybrids of sunflower as a source of Sclerotinia resistance. Plant Breeding,
123(2), 152-157 .

Rosenthal, D. M., Stiller, V., Sperry, J. S., & Donovan, L. A. (2010). Contrasting drought tolerance
strategies in two desert annuals of hybrid origin. Journal of experimental Botany, 61(10),
2769-2778 .

Saadatmand, M., Soltani Najafabadi, M., & Mirfakhraei, S. R. (2024). Exploring Source-Sink
Relationship for the Formation of Grain Yield in Sunflower. Journal of Agricultural
Science and Technology, 0-0 .

Saliman, M., Yang, S., & Wilson, L. (1982). Reaction of Helianthus species to Erysiphe
cichoracearum .

Seiler, G. (1991). Registration of 13 downy mildew tolerant interspecific sunflower germplasm
lines derived from wild annual species . Crop Science, 31(6), 1714-1716

Seiler, G. (2007). Wild annual Helianthus anomalus and H. deserticola for improving oil content
and quality in sunflower. Industrial Crops and Products, 25(1), 95-100 .

Seiler, G., Gulya, T., & Fredrick, M. L. (2006). Exploration for wild Helianthus species from the
desert southwestern USA for potential drought tolerance/Recoleccion De Las Especias

67



Silvestres Del Género Helianthus En Las Partes Desiertas Del Suroeste De Los Ee. Uu.
Como Fuentes De Tolerancia a Sequia Potenciales/Collecte D’espéces Sauvages
D’helianthus Dans Les Régions Désertiques Du Sud-Ouest Des Etatsunis En Tant Que
Sources Potentielles De Tolérance A La Sécheresse. Helia, 29(45), 1-10 .

Seiler, G. J. (1991). Registration of 15 interspecific sunflower germplasm lines derived from wild
annual species. Crop Science, 31(5), 1389-1390

Seiler, G. J., Cuk, L., & Rogers, C. E. (1981). New and interesting distribution records for
Helianthus paradoxus Heiser (Asteraceae). The Southwestern Naturalist., 26(4)P. 431.

Shanker, A. K., Maddaala, A., Kumar, M. A., Yadav, S., Maheswari, M., & Venkateswarlu, B.
(2012). In silico targeted genome mining and comparative modelling reveals a putative
protein similar to an Arabidopsis drought tolerance DNA binding transcription factor in
Chromosome 6 of Sorghum bicolor genome. Interdisciplinary Sciences: Computational
Life Sciences, 4, 133-141 .

Shannon, M. (1985). Principles and strategies in breeding for higher salt tolerance. Biosalinity in
Action: Bioproduction with Saline Water, 227-241 .

Sheoran, I. S., & Saini, H. S. (1996). Drought-induced male sterility in rice: changes in
carbohydrate levels and enzyme activities associated with the inhibition of starch
accumulation in pollen. Sexual Plant Reproduction, 9, 161-169 .

Shimelis, H., & Laing, M. (2012). Timelines in conventional crop improvement: pre-breeding and
breeding procedures. Australian Journal of Crop Science, 6(11), 1542-154 .4

Simmonds, N. (1993). Introgression and incorporation. Strategies for the use of crop genetic
resources. Biological reviews, 68(4), 539-562 .

Sinclair, T., & Ludlow, M. (1985). Who taught plants thermodynamics? The unfulfilled potential
of plant water potential. Functional Plant Biology, 12(3),213-217 .

Singh, K., Kumar, S., Kumar, S. R., Singh, M., & Gupta, K. (2019). Plant genetic resources
management and pre-breeding in genomics era. Indian Journal of Genetics and Plant
Breeding, 79(Sup-01), 117-13 .+

Skori¢, D. (1985). Sunflower breeding for resistance to Diaporthe/Phomopsis helianthi Munt.-
Cvet. et al . Helia (8), 21-24.

Skorié, D. (1987). FAO sunflower sub-network report 1984—1986. Genetic evaluation and use of
Helianthus wild species and their use in breeding programs. FAO, Rome, Italy, 1-17 .

Skori¢, D. (2016). Sunflower breeding for resistance to abiotic and biotic stresses. In Abiotic and
biotic stress in plants-recent advances and future perspectives. IntechOpen .

Skori¢, D., & Pacureanu, M. (2010). Sunflower breeding for resistance to broomrape (Orobanche
cumana Wallr.). Proceedings of the International Symposium “Sunflower Breeding on
Resistance to Diseases”. Krasnodar, Russia ,

Skori¢, D., & Vanozzi, G. (1984). Genetic resources in the Helianthus genus. Proceedings of the
International Symposium on Science and Biotechnology for an Integral Sunflower
Utilization ,

Soltani, N. M. (2012). Improving rice (Oryza sativa L.) drought tolerance by suppressing a NF-
YA transcription factor. Iranian Journal of Biotechnology, 10(1), 40-48. .

Soni, R., Suyal, D. C & ,.Goel, R. (2022). Plant Protection: From Chemicals to Biologicals. Walter
de Gruyter GmbH & Co KG .

Soualiou, S., Duan, F., Li, X., & Zhou, W. (2022). Crop production under cold stress: An
understanding of plant responses, acclimation processes, and management strategies. Plant
Physiology and Biochemistry, 190, 47-61 .

68



Srivastava, A., Arora, D., Gupta, S., Pandey, R., & Lee, M. (1996). Diversity of potential microbial
parasites colonizing sclerotia of Macrophomina phaseolina in soil. Biology and fertility of
soils, 22, 136-140 .

Stam, P. (2003). Marker-assisted introgression: speed at any cost. In Eucarpia Leafy Vegetables/Th.
JL van Hintum, A. Lebeda, D. Pink, JW Schut (pp. 117-124) .

Suarez-Gonzalez, A., Lexer, C., & Cronk, Q. C. (2018). Adaptive introgression: a plant
perspective. Biology letters, 14(3), 20170688 .

Sunderland, N., & Roberts, M. (1977). New approach to pollen culture. Nature, 270(5634), 236-
238.

Takahashi, F., Kuromori, T., Urano, K., Yamaguchi-Shinozaki, K., & Shinozaki, K. (2020).
Drought stress responses and resistance in plants: From cellular responses to long-distance
intercellular communication. Frontiers in plant science, 11, 556972 .

Talukder, Z. 1., Underwood, W., Misar, C. G, Seiler, G. J., Liu, Y., Li, X., Cai, X., & Qi, L .(Y+Y)).
Unraveling the Sclerotinia basal stalk rot resistance derived from wild Helianthus
argophyllus using a high-density single nucleotide polymorphism linkage map. Frontiers
in plant science, 11, 617920 .

Tanksley, S. D., & McCouch, S. R. (1997). Seed banks and molecular maps: unlocking genetic
potential from the wild. science, 277(5329), 1063-1066 .

Terbea, M., Vranceanu, A., Petcu, E., Craiciu, D., & Micutcedilla™, G. (1995). Physiological
response of sunflower plants to drought . Romanian Agricultural Research, 3, 61-67

Tester, M., & Davenport, R. (2003). Na+ tolerance and Na+ transport in higher plants. Annals of
botany, 91(5), 503-527 .

Tetreault, H. M., Kawakami, T., & Ungerer, M. C. (2016). Low temperature tolerance in the
perennial sunflower Helianthus maximiliani. The American Midland Naturalist, 175(1),
91-102 .

Tikhomirov, V. T., & Chiryaev, P. V. (2005). SOURCES OF RESISTANCE TO DISEASES IN
ORIGINAL MATERIAL OF SUNFLOWER/FUENTES DE RESISTENCIA A LAS
ENFERMEDADES EN EL MATERIAL ORIGINAL DE GIRASOL/LES SOURCES DE
RESISTANCE AUX MALADIES DANS LE MATERIEL D’ORIGINE DU
TOURNESOL. Helia, 28(42), 101-106 .

Tiku, A. R. (2020). Antimicrobial compounds (phytoanticipins and phytoalexins) and their role in
plant defense. Co-evolution of secondary metabolites, 845-868 .

Vanderplank, J. E. (2012). Genetic and molecular basis of plant pathogenesis (Vol. 6). Springer
Science & Business Media .

Velasco Varo, L., Pérez-Vich, B., & Fernandez Martinez, J. M. (2016). Research on resistance to
sunflower broomrape: an integrated vision .OLC, 23(2),

Villa, T. C .C., Maxted, N., Scholten, M., & Ford-Lloyd, B. (2005). Defining and identifying crop
landraces. Plant genetic resources, 3(3), 373-384 .

Viranyi, F., & Gulya, T. (2015). Tourvieille de Labrouhe D.(2015): Recent changes in the
pathogenic variability of Plasmopara halstedii (sunflower downy mildew) populations
from different continents. Helia, 38(63), 149-162 .

Welch, M. E., & Rieseberg, L. H. (2002). Habitat divergence between a homoploid hybrid
sunflower species, Helianthus paradoxus (Asteraceae), and its progenitors. American
Journal of Botany, 89(3), 472-478 .

Wilson, C., Read, J. J., & Abo-Kassem, E. (2002). Effect of mixed-salt salinity on growth and ion
relations of a quinoa and a wheat variety. Journal of Plant Nutrition, 25(12), 2689-2704 .

69



Yang ,X., Lu, M., Wang, Y., Wang, Y., Liu, Z., & Chen, S. (2021). Response mechanism of plants
to drought stress. Horticulturae, 7(3), 50 .

Yang, Z., & Wang, B. (2015). Present status of saline soil resources and countermeasures for
improvement and utilization in China. Shandong Agricultural Sciences, 47(4), 125-130 .

Yavas, 1., Jamal, M. A., Ul Din, K., Ali, S., Hussain, S., & Farooq, M. (2024). Drought-Induced
Changes in Leaf Morphology and Anatomy: Overview, Implications and Perspectives.
Polish Journal of Environmental Studies, 33(2)

Yeo, A. (1998). Molecular biology of salt tolerance in the context of whole-plant physiology.
Journal of experimental Botany, 49(323), 915-929 .

Yu, B., Liu, J.,, Wu, D, Liu, Y., Cen, W., Wang, S., Li, R., & Luo, J. (2020). Weighted gene
coexpression network analysis-based identification of key modules and hub genes
associated with drought sensitivity in rice. BMC Plant Biology, 20, 1-21 .

Zhang, Z., Ma, G., Zhao, J., Markell, S., & Qi, L. (2017). Discovery and introgression of the wild
sunflower-derived novel downy mildew resistance gene Pl 19 in confection sunflower
(Helianthus annuus L.). Theoretical and Applied Genetics, 130, 29-39 .

Zhou, Q., Sun, H., Zhang, G., Wang, J., & Tian, J. (2023). Gene co-expression analysis reveals the
transcriptome changes and hub genes of fructan metabolism in garlic under drought stress.
Plants, 12(19), 3357 .

Zimmer, D., & Rehder, D. (1976). Rust Resistance of Wild Helianthus Species. Phytopathology,
66,208-211 .

70



