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Hybrids
Cross between two divergent but complementary lines

Normally, they belong to different heterotic groups

Why hybrids?

Combine traits that are in different parents
Take advantage of heterosis

Uniformity

Just the best genotype (single-cross)

Market seed control



Types of Hybrids

SC- Single-cross —A x B
TWC - Three-way cross - (AxA’)x B
DC - Double-Cross - (Ax A’) x (B x B’)

Predictions by Jenkins

(5Cy3 + SC,3) (5Cy3+ SCy5 + SCy4 + SC,4)
TWC(12)3 = > DC(12)(34) = 4

Heterozygous, “homogeneous”, and high-technology
Number of hybrids (based on the groups)

Ngc =NL; x NL,

Nrwe = NL{(NL;-1)/2 x NL, + NL,(NL,-1)/2 x NL,
Npc = NL;(NL;-1)/2 x NL,(NL,-1)/2



Predicting hybrids

- TC - Three-way cross - (AxA’)x B

____Parents | Gametes | _Possible TWC

SC,, AaBb AB Ab aB ab AABb u+a,+ dg,
(AABB x aabb) AAbb U+ ap,- o
L3 Ab AaBb u+da, + dgp
AL Aabb u+dy, - oy
Mean u+% (o - o+ dy, + dgp)
SCy3 AABb u+a,+dg,
SCys3 Aabb u+da,- o

Mean u+%(ay- oyt dy, + dgy)



Covariance and response to selection in hybrids

COV,(Xiic12), Viic12)) = fxwiVaiz + f2Vay + u,y1,Vd i

g\Nij(12) Yij(12) xylvVdail2 xy2Vd21l xyl1l2 V412 _ b

fxyl - 1/2 [P(Xil = Yil)] RS = Op COVG(x’ y)

f2 = Y2 [P(x? = y9)] ;

uy12 = P(x' =yi') = P(x? =y = P! =yl x2 = y?) RS = —of

As they different populations, the latter can be reduced to Op

U1z = 2fy1Vaygy . 2f,Vay,

The covariance within is equal to variance between L. J(AA. 5

Single-cross A AR Le (AxAr)
Y2 Yo Yo Y2 Y2 Y F

fy1 =2 [Y4+ Y4 + 2.%.F] = %(1+F) X y

fyyo =% [PEX=Ey=A)+PE=y=A) +2P=y=Ac=A)] = %(1+F)
qulz = Zny1Va12 . foy2V321 = 2%(1+F) . 2. %(1+F) = %(1+F)2

COVgSClZ = %(1+F) [Va12 + V321] + %(1+F)2Vd12



Covariance and response to selection in hybrids

COVgSClZ = %—(1+F) [Va12 + V321] + %(1+F)2Vd12

Thus, for SC between S; lines (F = 0 = parents F)

COVgSClZ = %—(1"‘0) [Valz + V321] + %(1+0)2Vd12

COVgSClZ = %—[Valz + VElZl] + %lez

and for SC between inbred lines (F=1)

COVgSClZ = %—(1"‘1)[\/312 + V321] + %(1+1)2Vd12

COVgsc12 = ¥2[Vaip + Vayy] + Vdy,

The latter takes advantage of all the dominance and additive genetic variability

Therefore, there is no VG within hybrids, just among them

The covariance within is equal to variance between



Covariance and response to selection in hybrids

Three-way cross
fy1 =% [PXEy=A)+PE=y=A) +2PE=y=A=A) +
Ya Y Yo Ya Ya Ya F
+ Px=y=A)+PE=y=A)+2PE=y=A¢=A))]
fy1=%[1/16 +1/16 +2.1/16F+1/16 +1/16 + 2.1/16.F]=1/8(1+F)

fyo=%[PX=Ey=A,) +Px=y=A) + 2P =y=A=A)] LAl(AA) Ls'(ALAL)
fyo =Y [Ya+ Y + 2.%.F] = Ya(1+F) J

qu12 = Zny1Va12 . foy2V321 = 21/8(1+F) . 2%(1+F) = 1/8(1+F)2
SCyup! LA(ALA)

COVgTWC(lZ)S = 1/8(1+F)V312 + 1/4(1+F)V321 + 1/8(1+F)2Vd12 [><X
TWC between S; lines (F = 0 = parents F) < y
COVgTWC(lZ)S = 1/8V312 + 1/4V321 + 1/8Vd12

TWC between inbred lines (F=1)
COVgTWC(lZ)S = 1/4V312 + 1/2V321 + 1/2 lez



Covariance and response to selection in hybrids

Double-cross
La'(AjA) Lg'(AAL) LA(AA) Lp*(AnA))

fy1 = 1/8(1+F) J J
fxyz = 1/8(1+F) SCABI SCCD2
uxy12 = 1/16(1+F)2 w
COVypcanaay = 1/8(1+F)Vag, + 1/8(1+F)Vay, + 1/16(1+F)2Vd;, M

DC between S; lines (F = 0 = parents F)
COVgDC(lZ)(34) = 1/8V312 + 1/8V&21 + 1/16Vd12

DC between inbred lines (F=1)
COVgDC(lZ)(34) = 1/4V312 + 1/4V&21 + 1/4 Vd12



Comparison among cultivars

Vaj;, Vay, vd,, Va,, Vay vd,,
SC 1/2 1/2 1 0 0 0
TWC 1/4 1/2 1/2 1/4 0 1/2
DC 1/4 1/4 1/4 1/4 1/4 3/4
Cost, yield, heterosis, homogeneity, and technology ™ !
> e FARMER SELECTION ESCIENTIFIC PLANT BREEDING Ay
. . 150.00 - 1 s‘
Varieties DC TWC SC = : S
phaian ! S Wi
Variability and yield stability | -
: OPEN-POLLINATED 1 y=15688x-30168
25.00 O .q:ofssx g 3 u R?=0.87684




Obtaining hybrids

SC —ratio male:female 1:2 to 1:3 (3 field of crosses)
TWC - 1:2 to 1:3 (5 fields)
DC - 1:6 (7 fields)

Seed cost x Yield

Female parent

How can we avoid contaminations?
Coincidence of flowering dates

Remove the tassels

Distance of 300m between fields

Time interval between fields - 20 to 30 days




Male-sterility

Double-Cross

" full fertility partial fertility T-cytoplasm

QL x OL2
Cit. sterile Cit. normal
Nucleus rfrf  Nucleus rfrf
e 100% sterile  100% fertile

|

Q sc12
Cit. sterile
Nucleus rfrf
100% sterile

Single-cross

L3 x L4
Cit. sterile  Cit. normal
Nucleus rfrf Nucleus RfRf
100% sterile  100% fertile

|

Q@ SC 34
Cit. sterile
Nucleus Rfrf
100% fertile

|

DC (12)(34)

Cit. sterile

¥ fertile 7 sterile




