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Fig. 1. Genetic basis of heterosis
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(@) The dominance model; dominant alleles (A and B) suppress or complement the recessive alleles (a and b), (b)
The overdominance model; heterozygosity (B1 /B2) at the key locus contributes to heterosis leading to superior performance,
(c) The epistasis model; non-allelic genes (A2 and B1) inherited from the parental lines interact and contribute to heterosis
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Fig. 2. Comparison of forage yield in polycross progenies from parental genotypes with high and low molecular

diversity (HMD and LMD) under normal conditions (Abtahi et al., 2018a)
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Fig. 3. Comparison of forage yield in polycross progenies from parental genotypes with high and low molecular

diversity (HMD and LMD) under water stress conditions (Abtahi et al., 2018a)
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Table 1. Review on researches on the relationship between parental genetic distance and heterosis for traits in forage crops
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Parental selection method
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Effects of parental genetic distance on progeny performance

&
Reference

4

Alfalfa (Medicago sativé) a1 F, interspecies hybrids from diallel cross

(S

Timothy (Phleum pratense)

45'45; 09054 e At

80 F; intraspecies hybrids

AL w5 018 FA

HTels 3% 51 61658 b mn 4

DSk (SN sl 5 aas |l B
41 half-sib families from polycross mating (Syn1)

SSR;AFLP&I&SL’:&C,‘J é};:ﬁwﬂ”}al{)l:s@;&%ﬁ(»

SSR and AFLP markers based diversity Non significant correlation with forage yield
dsle AS Dl s oSSl Dl £ 55 Sgle s Sles 557 b s sme (Sirer

Phenotypic based diversity (Agro-

Significant correlation with forage yield (r=0.43**)

morphologic and forage quality traits)

RAPD based diversity

SSR based diversity
SSR ,ISSR St &

RAPD it & Bl 31l s 53 Yo /OF (St 4 ke Ao 53 VDY (5 4 sle oo 53 VUM ol 53l

&5 ¢l o y5 VOVD
19.89% increase in fresh forage, 18.51% dry forage, 20.54%
number of stems, 15.75% plant height

SSR Sitss g 3 Gale 5 Ko 357 b 3 e  Sirer

Significant correlation with heterosis for forage yield
(r=0.45**)
Lo3 FO (Oile 03 oy 358 o33 A ctile 3 Shas a5 28 o3 FA
‘dﬁcw)\u)A\V;bﬂgu,&nw)AY\ IS|PANE-SINISES A RSN ANE-3)
P 0l A3 Y ) e s s o3 BVl ad sy VY

Riday et al., 2003

Tucak et al., 2014

Tanaka et al., 2013
Marcon et al., 2019

\ d).\:- aslsl

SEsE
Plant species

30 2550 0B 3lkes
Number of evaluated genotypes

oy Ol g,
Parental selection method

T8 250 5 oplly (K5 ol 51
Effects of parental genetic distance on progeny performance

&
Reference

Bahia grass (Paspalum notatum) 48 tetraploid clone

Ryegrass (Lolium perenne)

o oSk (Il aes b 72 SYN2, Synl
60 half-sib families (Syn; and Syn,)
S (I Ll e el Y
30 half-sib families from polycross mating
(Syny)

8 b S s W1 Lsley taas el YESYNT

Fescue (Festuca arundinacea
Schreb)

24 half-sib families derived from polycross
mating (Syn.)
S L W sl e el YESYNT

SSR and ISSR based diversity

AFLP Sz g 45
AFLP based diversity

AFLP St g 5
AFLP based diversity

EST-SSR K &
EST-SSR based diversity
F S g5 5 54 5% i &2l

Phenologic and agro-morphologic
traits
EST-SSR Kl 5 45

48% heterosis for forage yield, 8% initial vigor, 45% fall regrowth, 41%
spring regrowth, 29% frost tolerance, 17% plant height, 33% crown
diameter, 47% leaf length and width, 62% flowering time
3335 L3 VY/AY 5 & 5 sl daoys #/50 (i 4ble Ao )3 YA Lol 31
3.8% increase in dry forage, 6.65% plant height, 12.83% earliness
oSt ab gl > Slas do 3 #7158
6.1% increase in forage dry weight

Ayl o3 Ve Bl sl oy VY (S @b gle Lo yn YO 58
25% increase in dry forage, 12% number of stems, 10% in crown
diameter
Sl 63 T 555 2o )3 10 & i)l 3V 2l
7% increase in plant height, 4.5% days to anthesis

K ) o e Ao y3 VAF Gd 038 Aoy V VY &5 5 S, A y3 VY 5l 531

Kolliker et al., 2005

Ghesquire et al., 2014

Majdi and Mirlohi,
2011

Amini et al., 2011
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Lol rﬁ)l sl
Number of evaluated genotypes

oy Ol g,
Parental selection method

T se p p s (S5 o )
Effects of parental genetic distance on progeny performance

(Dactylis glomerata)

24 half-sib families from polycross
mating (Syni)

S b (B 515l s el YESYNT
24 half-sib families from polycross
mating (Syn)

oS s W sle saes Jel YFSYNT
24 half-sib families derived from
polycross mating (Syn,)

EST-SSR based diversity
eSS e lis 55

Phenologic and agro-morphologic
traits
AFLP Stz g 55
AFLP based diversity
FLr P i § 5

Agro-morphologic based diversity
SRAP ,ISSR Kz &
SRAP and ISSR based diversity

16.73% increase in plant height, 10.23% seed weight, 1.96% leaf
width
8 Jsb do 3 V08 ¢ JSSIdy Jsb Ao y3 VAYS (6 5 )l dmys VAN 21530
11.19% increase in plant height, 18.36% panicle lenght, 14.56% leaf
length
K b ,e Ao ss AY/FF do 055 Ao s MFE (St 46 e o y3 WA 31
17.18% increase in forage dry weight, 88.34% seed weight, 82.66%
leaf width
&g i, Ao ys VY ¢ SLidles £ 55, Ao ys VAD ol
8.85% increase in days to anthesis, 1.17% plant height
S A5 sk
Non drought stress
o33 55 ol g Lo )3 Y0 ¢ 5 4l b o3 VF (38l gm )3 Y L8l

Amini et al., 2016

Abtahi et al., 2018a

B S5y o yn V8 (Sts 46 ghe omy5 00 ¢S 2 IT o b oo y3 VY camealE oSt 0035
ol 4 o8 ) s Ao )3 VPV ey i 43 ¥ e g1 o 3 YO (23 43 g
Sl Ol el doy3 P 8 5 e 5 bt s Wk FY il sl sy

\ d).\:- aslsl

PS8
Plant species

P55 g0 cp s (S5 alols
Effects of parental genetic distance on progeny performance

plly OBl B,

&L_)‘Jl 3y50 r\é)\ sldas -
Parental selection method

Number of evaluated genotypes Refe:cf;nce
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41% increase in seed germination percentage, 34% germination rate, 25% seedling length,
66% seedling dry weight, 72% allometric coefficient, 55% forage dry matter yield, 36%
days to flowering, 25% plant height, 39% crown diameter, 147% ratio of leaf to stem, 40%
number of stem, 41 and 13% leaf length and width, 40% summer dormancy index.

Drought stress
AV Ld\gdh\:f ¢§.§.> O)9 deoyd \FO Mgsh\:f J}lﬁ Lo s ZA L@jm“ﬁ &"_..G}w do ys YAA ‘G) 45‘)? Loy 'Yy LJ’:"'."‘JB‘
TO (p5 A B sy oy YV ceSist abgle duoys #4 ¢ 53l (A5 Lestli do 3 WA (K e T Loy o s
sdsb Aoy ¥ o3 YO @il sluss J..;))/\A«Aé\.wd{i?ﬁg'_..._ﬂ.i.,\.;)z \An'% ;@,hswﬁfha:ﬁtw)l EWRH
GG
133% increase in seed germination percentage, 188% germination rate, 68% seedling
length, 145% seedling dry weight, 87% allometric coefficient, 178% germoination stress
index, 69% forage dry matter yield, 27% days to flowering, 35% plant height, 44% crown
diameter, 137% ratio of leaf to stem, 88% number of stem, 35 and 30% leaf length and
width
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5o 5 658 Dli g5 ECERELTRY
Phenologic and agro-morphologic based ~ Non drought stress
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Sl Ol et ls
17% increase in seed germination percentage, 26% germination rate, 23% seedling length,
24% allometric coefficient, 12% days to flowering, 11% plant height, 42% ratio of leaf to
stem, 20 and 18% leaf length and width, 35% summer dormancy index
S
Drought stress
4 a3ad s B 35y o s VY G3elsm 55 e li duop3 Y caomalS b o3 YY (S5l o s ys VA ol
§ eyl Aoy
78% increase in germination rate, 22% seedling length, 41% germination stress index, 11%
days to flowering, 9% plant height.
oS S 51 dsley s aas Jusls YESYNL SRAP , ISSR Kitzs ¢ 4 Sas i 0s4 Abtahietal., 2019a
Orchardgrass (Dactylis 15 SRAP and ISSR based diversity Non drought stress
glomerata) 24 half-sib families from (S5 1S s o3 Y L5 IS (g i s )3 FO 2l 53l
polycross mating (Syn;) PSSR L N SO SURNL PR I SURICH PRWNIK S WP LR PRRWS PR L RIS L UPY
> Slas g lbl asli doyd VY8 5 25 fass
\ d).\:- aslsl
P S S SIESPONNRIRRY ol Ol gy T 350 cplly (S5 Aol 31 o=
Plant species  Number of evaluated genotypes Parental selection method Effects of parental genetic distance on progeny performance Reference

LS g 5 S5 58 Slios § g
Phenologic and agro-morphologic based
diversity

45% increase in total chlorophyll content, 34% chlorophyll a/b, 37% carotenoid content, 134% proline
content, 49% water soluable carbohydrate, 10% relative water content, 103% stress tolerance index (STI),
126% yield stability index (YSI).
Drought stress S S
o3 OF (s s (6 simmn o )3 VPV (5555 )8 (6 gimmn o )3 0 @D 155 IS o o 53 PO ¢ L35 IS (ol gt o3 VA ol
o 2T Sl gomn Aoy WY (Dt 5 S (gl e
118% increase in total chlorophyll content, 45% chlorophyll a/b, 50% carotenoid content, 162% proline
content, 54% water soluable carbohydrate, 33% relative water content.

Non drought stress Sis i O
Slgmen do )38 (Dl 5 S (ol goes Lo )3 V7 (g s (Glgmen Aoy 70 (S 559,87 (Gl sme o y3 YV (b9 JST (ol sime oy 3 VY 1
|

[Cades

12% increase in total chlorophyll content, 21% carotenoid content, 60% proline content, 16% water

soluable carbohydrate, 9% relative water content.

Drought stress ECE
s 2T (S goma o 53 VY ¢ b5 IS (6l gime Lo ys FA 2580

49% increase in total chlorophyll content, 11% relative water content.
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Effects of parental genetic distance on progeny performance

&
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N

Orchardgrass (Dactylis glomerata)

orIn

WTeels (3% 51 61680553 b ua Y5

36 F1 intraspecies hybrids from
diallel cross
SN 5 Jeol (614558 0555y enOA
PTsls
58 F; intraspecies hybrids
derived from diallel cross

ITigls 3% 5 61450555 s un Y
21 F; intraspecies hybrids from
diallel cross

SSR Sitsi ¢ 5

SSR based diversity
SSR Kitzs ¢ 45
SSR based diversity

S s Do 55
Phenotypic based diversity
(morphologic traits)

RAPD Kt ¢ 55
RAPD based diversity

O ydn 50,8 (Gl sen s 59 50 Ao ys YV/FF (s bl s, o 3 VPP (5 g s (Gl smn i 3 58 Aoy P/FY
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6.62% heterosis for protein content, 1.34% digestibility, 21.44% water soluable carbohydrate
Nt (Bl Jgb e 59 ma b Hls pee  Sted cmty Slad (59 28 L ls sae  (Sieen

dgle s Slee s il ls gme b

Significant correlation with heterosis for number of tiller (r=0.83**), clum length (r=-0.89**),
non significant correlation with heterosis for forage yield (r=-0.43ns)
iy a3 do 3 OVV 8y b oy s YVIM B ) o o 38 s Jaoy3 VIF/TY tb e 3 Shee w35 58 oy F4/TY
Sl Jsb s doys =)+ /5
69.21% heterosis for forage yield, 166.33% leaf width, 37.88% leaf length, 51.70% crown
diameter, -10.63% clum length
Cu_‘,g\@;»dg,,mMﬁa/om}mﬂ&dg}pwﬁw
14% heterosis for forage yield, -0.5% neutral detergent fiber

Robina et al., 2015

Zhao et al., 2014

Casler et al., 2005
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Developing heterotic groups for hybrid breeding in crop plants: with
emphasizing on forage crops

Mirlohi, A.l, M. Abtahi? and M. M. Majidi®

ABSTRACT

Mirlohi, A., M. Abtahi and M. M. Majidi. 2022. Developing heterotic groups for hybrid breeding in crop plantswith
emphasizing on forage crops. Iranian Journal of Crop Sciences. 24(2): 93-117. (In Persian).

Exploitation of heterosis in hybrid breeding and development of synthetic cultivars is an essential procedure
in plant breeding programs. The main goal of hybrid breeding programs is to select desirable parental genotypes
to maximize the expression of heterosis. However, since development of high yielding hybrids and synthetic
cultivars are costly and time-consuming, the accurate prediction of heterotic groups of parental inbred lines for
obtaining superior hybrid cultivars is of high priority. Generally, parental genetic distance is the most critical
factor in determining the heterosis, from which one may expect to maximize its value. It is, hence, an efficient
method which enhances conventional methods for categorizing a large number of inbred lines originated from
diverse germplasm sources into heterotic groups. In addition to the parental genetic distance the relative rate
heterosis also depends on environmental factors. Environmental stresses may variably influence the performance
of parental lines and hybrids, and the relationship between parental distance and heterosis, thereby the rate of
heterosis can either increase or decrease depending on traits and genetic materials. Under conditions of climate
change, water is likely to become more limited in many areas of Iran agricultural lands. Considering that forage
crops show high genetic diversity in their populations, which makes them adaptable to a wide range of
environmental conditions, breeding these crops and developing drought-tolerant cultivars with high yield
potential is an effective approach towards the development and rehabilitation of part of the country's degraded
rangelands. In this way, one of the most important strategies is to use diverse genetic resources to select parents
and take advantage of their differentiated diversity toward exploitation of heterosis for development of desirable
hybrids and synthetic cultivars. The efficiency of molecular markers in parental selection and the effect of
parental genetic distance on progeny performance in forage crops suggest the existence of heterotic effects in
hybrids and synthetic cultivars and emphasizes the benefit of marker-assisted breeding for selecting polycross

parents to achive maximum yield and improve drought tolerance in successive generations.
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