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Abstract: Conventional plant breeding largely depends on phenotypic selection and breeding experience, therefore breeding
efficiency is low and predictions are inaccurate. Along with the fast development in molecular biology and biotechnology, a large
amount of biological data is available for genetic studies of important breeding traits in plants, which in turn allows conducting
genotypic selection in the breeding process. However, gene information has not been effectively used in crop improvement due to the
lack of appropriate tools. The simulation approach can use vast and diverse genetic information, predict cross performance, and
compare different selection methods. Hence, the best performing crosses and effective breeding strategies can be identified. QuLine
is a computer tool capable of defining a range from simple to complex genetic models and simulating breeding processes for
developing final advanced lines. Based on the results from simulation experiments, breeders can optimize their breeding
methodology and greatly improve the breeding efficiency. In this paper, we first introduce the underlying principles of simulation
modeling in crop enhancement, and then summarize several applications of QuLine in comparing different selection strategies,
precision parental selection using known gene information, and the design approach in breeding. Breeding simulation allows the
definition of complicated genetic models consisting of multiple alleles, pleiotropy, epistasis and gene by environment interaction, and
provides a useful tool to efficiently use the wide spectrum of genetic data and information available to breeders.
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Table 1 Definition of the selected bulk method for developing inbred lines in QuLine
PR FhroRUE MARERR AT AR T R AN AREIRE A R IR
Number of Seed Generation  Seed propagation ~ Generation advance  Number of  Individual Number of Environment
selection rounds  source title type method replications  plantsinaplot  test locations type
1 Fo self bulk 1 20 1 Toluca
1 F1 singlecross bulk 1 20 1 Cd. Obregon
1 F» self bulk 1 1000 1 Toluca
1 F3 self bulk 1 500 1 Cd. Obregon
1 Fa self bulk 1 625 1 Toluca
1 Fs self bulk 1 625 1 Cd. Obregon
1 Fe self pedigree 1 750 1 Toluca
4 0 F; self bulk 1 70 1 Cd. Obregon
Fs (T) self bulk 1 70 1 Toluca
Fs (B) self bulk 1 70 1 El Batan
Fs (YT) self bulk 1 100 1 Cd. Obregon
4 0 Fs (SP) self bulk 1 30 1 Cd. Obregon
Fo (T) self bulk 1 70 1 Toluca
Fo (B) self bulk 1 70 1 El Batan
Fo (YT) self bulk 2 100 1 Cd. Obregon
1 Fq (SP) self bulk 1 30 1 Cd. Obregon
2 0 Fio (LR) self bulk 1 30 1 El Batan
Fio (R) self bulk 1 30 1 Toluca
%2 EEREEMAER SRR IR FNIERE 5
Table 2 Traits and their selected proportions in each generation in the selected bulk method
AR WA s FRYE  FTE LR P37 P R rEEEC RORIEL OROE RIEFELL
Generation Selection mode  Yield Lodging Stem Leaf Stripe Height Maturity ~Tillering Grains Kernel Total selected
rust rust rust perear  weight proportion
i (I8 (I8 i i el el [ [ =
Top Bottom  Bottom Bottom Bottom Middle Middle Top Top Top
F1 % %A Between 0.98 0.99 0.85 0.99 0.98 0.90 0.97 0.70
F2 K7 Between 0.99 0.99 0.90 0.99 0.99 0.99 0.99 0.85
KFZW Within 0.95 0.99 0.40 0.85 0.90 0.60 0.50 0.08
Fs % F:[A] Between 0.99 0.90 0.95 0.85
FZHMN Within 0.90 0.70 0.90 0.90 0.80 0.25 0.60 0.06
Fa KA Between 0.99 0.96 0.95 0.90
KFZW Within 0.90 0.65 0.95 0.90 0.80 0.20 0.60 0.05
Fs R F:[A] Between 0.99 0.6 0.95 0.90
K AN Within 0.90 0.70 0.90 0.90 0.80 0.20 0.60 0.05
Fo KA A Between 0.99 0.96 0.95 0.90
KFZW Within 0.90 0.70 0.90 0.98 0.95 0.10 0.05
Fr F %A Between 0.85 0.70 0.98 0.96 0.85 0.70 0.75 0.25
Fe(T) % A A Between 0.55 0.70 0.99 0.99 0.98 0.90 0.55
Fs(B) % A A Between 0.90 0.90
Fe(YT)  ZK &I Between 0.40 0.40
Fe(SP)  Z A&l Between 1.00
Fo(T) % Z[A] Between 0.97 0.95 0.99 0.99 0.90
Fq(B) % A /A Between 0.95 0.95
Fo(YT)  ZK &I Between 0.40 0.40
Fo(SP) Al Between 1.00
Fio(YR) ZZI Between 0.98 0.98
Fio(LR) K ZIf] Between 0.98 0.98




4 doE ok W A %

40 %

1 Firth £
Breeding location

Toluca 200 ANSEAS, FCE 1 000 ANFRATHLA
1 000 single crosses from 200 parents
Cd. Obregon S AA AL AR A 1
Harvested in bulk for each selected cross
Toluca S F, HEHE 3080 Ak, A X
30-80 selected plants harvested in bulk for each selected F,
e At , . " Fs
Cd. Obregon AP Fy EFE 30 ANHbk, TRAWOR
30 selected plants harvested in bulk for each selected F;
Toluca /i 2 30 b, A R Fa
30 selected plants harvested in bulk for each selected F,
Cd. Obregon REAN I Fs R 30 bk, TRA R Fs
30 selected plants harvested in bulk for each selected Fs
N N N " F
Toluca AP Fo E4E 40 AN HUBE,  HUBRIRCR ®
40 selected plants harvested individually for each selected Fg
Ak 2 " F7
Cd. Obregon AP IR R AWK
Bulk of whole plot
Toluca/El Batan FAN IR R RIRA kR Fo K HE R Fs field test
Bulk of whole plot
Fg /NX PO IALS:
Cd. Obregon B TIE R R AWGR Fer wids:  Fgyield trial ’ -
Fg small plot evaluation
Bulk of whole plot
Toluca/El Batan Fo K HIEFF Fq field test
Fo /NX PEM R 56
Cd. Obregon AR R AR For itk Foyield tia o MBI

Bulk of whole plot

Toluca/El Batan FANPIER RO WGER

Bulk of whole plot

PRSI J5 3
Selection and harvest details

Fio 254500
F1 stripe rust screening

AR
Generation

AXB <—

Fo small plot evaluation

Fyo 4550 i 6
F1o leaf rust screening

v
BT R AR:

International screening nursery

1 CImwT E&NEEEREE (KPP a MIEN R SELBLK)

Fig. 1
method)
KA, IXFEH WA R BT A LN 9 B, BITGHE
Y (clone) + i f44k (doubled haploids) .
HZZ (self-pollination) . .25 (single cross) . [H[AZ
(backcross) « TiAZ (E(—=%F) (topcross) . WAL
(doublecross)  BEMNLAZHC (random mating) FIHERR
H 28 M BEHLAZ /S Cself-pollination excluded random
mating) . L E R FERERIX—S4, AR
K VED 1)K 22 BB T O 448 J7 s ] AR AT 45

Germplasm flow in CIMMYT’s wheat breeding program (The breeding strategy described was called selected bulk selection
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F &% (pedigree) FEE (bulk) Fom. RiEEEE
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R BT IRRBE N AMASR R Canbkm FiAE
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KA L — W LB TR, A % R e 1
TS, MRt 2 AR T IR R, &
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levels) M3, 7R JHHE Lt $ (index selection) [,
e PR A FMOTEN Fs AR, H1E 3 ANAH
PERVER RIAERE, RIERTE. wHEERI> B4, SR
ML ACEERE, 3 AR L RE BRIl 99%. 60%
HI95% (3% 2) ; FKAWIEFEN W & 7 M A IR,
ROBIRIE R, PR, HAROH. e REORIEORN
TR, BEEELHMK IR 90%. 70%. 90%. 90%-.
80%-. 20%#F1 60% (% 2) .
1.2 B MERIBEREAENX

TEB PR FE T, F 2= EAMATEAN A B R
R ERFRDUAL, B ARYE R B, A B L
Hr, R s Sy B DR RN b B 955 2 Bl ML
gl e e O, T SR AR
(BT A FEDIAEAS R RS R AR O, AR 5 AR Ptk
L IR A B B 15 2 o DL IR Bl R
BB AN — SRV itk — Bk — -
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—MZ %k (pleiotropy) & PEFIIL PS> FARiC 5%
4519 20,22 AR BE DN ) s S AR A Yt T
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1 7 AAZVERFN 3 MBI IEIR . FHEIEEASPEIR 1
DIBCRFE N N 2L 1 CIMMYT B R i IES
FANRIBALIFTEE R E0E , K 3 41t 59 Ml PR
RIS as AL HE DR J2 HAE Cd. Obregon 335 R 14424
No B S VEAREEDN,  JE DR AR Ry A2 [ O
ZE— K2R, DERPERIANA G (R 3) .

PRk, BRI RN 2 A R s (R
3, WBGER 20 AN/ EAER, AL 2 M
REHEDR o XX 20 AN/~ S FRATI % 1 4 Flrasi L iy,
Ji ADO. AD1. AD2 Fil ADE 7. f% ADO i
PERIRL, BUXFTIERN A Aa= (AA+aa) /2 (BRI
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QU-GENE 138 K A W7 B -1 2% K 24 1 ) 91,
QuLine i CIMMYT #FHIPh 23, 5 {4 & Sz B 74
ARMBE R XAl R E RO R (8 2)
ff /] QuLine ZHij, H)"FFEHT 2 NN, 2B
— NN E R H AR A (TPE, target
population of environments) 4%, & FPPEAR AL
FFIYIUG B RS AR EE E, QU-GENE X
SBfE B 2 AN SOt QuLine AT, —AMth
SCAE R T SOBEAEL Ik B v BT e I R DA R B S R 4
(gene and environment system) , % —MHTEXEH
P URSEATEA 55 AR L L SO 5 P
LR B MRS, XA a2 A E R
W,  DAPRUELE [FIRE IR B RIS A TEAR N LU A ol
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QuLine F|H QU-GENE [f1 2 i H SCA-FIH - 4]
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HERBCE RN G, P25 L M E
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P, RIERFAAEAF T PR LR BT DU T3t 4%
BEPEI TSN LEBANRE S IR M A RRCR, 23k

A A (1 35 DR 3 0] DU TR 908 35 25 37 i DR AT
TEARE ZREPE AR, RN IACHOR A A R 2824
B IR A RET LU TR A g . I
Eh BRI AL T 2 . KRR FED [
FEMERAFLE, I AT LIRS AN IR 5 H IR A
ERNGIOE RS

3 BHURIE T ErEEME IR Cd. Obregon MER M T HYRIEHER

Table 3 Number of segregating genes and their genetic effects in the Cd. Obregon environment type

FEDR 932 FEREL REM PR FANFER RN Individual gene effects
Gene classification Number of genes Traits effected AA Aa aa
P Yield 20 F=H Yield (t/ha) FERSEN 4 ML ADO (4lnt: pure additive) , AD1 GH4r it
partial dominance) , AD2 G overdominance) , ADE (2 /M s
I f) B digenic epistasis)
84k Lodging 3 B{RTE Lodging (%) 0.00 5.00 10.00
77 Yield (tha) 0.00 -0.40 -0.80
ZE4% Stem rust 5 4% Stem rust (%) 0.00 0.50 1.00
74 Yield (t/ha) 0.00 -0.25 -0.50
ki Kernel weight (g) 0.00 -0.75 -1.50
4% Leaf rust 5 4% Leaf rust (%) 0.00 5.00 10.00
77 Yield (tha) 0.00 -0.25 -0.50
i Kernel weight (g) 0.00 -0.75 -1.50
Pk Height 3 Fk#G Height (cm) 40.00 30.00 20.00
f8{kH Lodging (%) 5.00 2.50 0.00
HiF Maturity 5 HE) Maturity (day) 20.00 16.00 12.00
KT Kernel weight (g) -1.00 -0.50 0.00
JYBEXL Tillering 3 SYBEXL Tillering (no.) 5.00 3.00 1.00
84k Lodging 2.00 1.00 0.00
AW Maturity (day) 1.00 0.50 0.00
HUki %L Grains per ear -1.00 -0.50 0.00
ki Kernel weight (g) -1.50 -0.75 0.00
Hiki%k Grainsperear 5 HURI % Gains per ear 14.00 10.00 6.00
84k Lodging (%) 2.00 1.00 0.00
R Kernel weight (g) -1.00 -0.50 0.00
HiTE Kernel weight 5 HFIE Kernel weight (g) 12.00 8.50 5.00
74 Yield (t/ha) 1.00 0.50 0.00
B4k ME Lodging (%) 2.00 1.00 0.00

2 #EHITE Quline BB #5 F

BIHRIGFERE RSB AR LR

& i & % v ( MODPED , modified pedigree
method ) Il J%& ¢ 7K & ¥4 (SELBLK, selected bulk
method) J& CIMMYT /N HFih 205 RAIM 2 Fi ey
PO 240, B 1 IR AT R, X
FPT7 00 R AR T2 B R P ARHEAT Ak
RUIEFE, Fa~Fs AT GIERE, Fo SCRHI LRI
EFE, MIEFER VI Fo~Fs BTG ILHE, JUAT Fe
KR REER (R, B D . R L 23
S X IEHE TR R AR AT 0 1K P & P g AT A
Plo HERIM QU-GENEMIF=/E—ANEEA KNy 200

2.1

IR AR MO AR, AT BRI BEE D 0.5 2R
J&i QuLine X FH 7 A4 BB E 1000 ML G, &
i 10 MR RS, 793 258 AN mfin s &, FIH
IX 258 AT AC R AL TR R LU I Bl 5 77 V2 1 et
R . O TAEAR R PR LA, SR IE PR
B, € TGh Al TGy 43 il A f5e iy H b3k R FR B AN R AT
FbRFEI AR,y /MR R, DS 1E R P Y
1B Yaa 7E XN s
__y-TG,
TG, -TG
WIGASRAT AR, T ARy 0.5, BEAT3Y
FER AT AR AN H ARSI rh ), = AR OE
0 50% (K3) » &it—ANFHMBEME, Bk

Vs x 100 %
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TESEREAAR ) P R A BB 2 =y 21 55.83%, IR GE = (K 3-C fil 3-D) , HUEFIR G & R4 3
FEREAA I P R R A B = 31 56.02% (&1 3-A) , Bl RIS I BV IG L BR, B,
PE PR PER B 85 B, EFRAEROIEE R AE MO AL BT R

WAL THEME R B Rl 0. WA VA PRI ACH L 2.2 ﬂﬁaﬂ%lﬁgm%ka

124 1 000, FyARIERESEVEIRE) 30%MI4l#, 4ot 10 M 5 T ) SR AT B 28 AT A

ML PG, 7EPILR) 258 MEAZ R, B R
WP BIRE T 118 MG, MR PR AP IR B T 148

N, FERERE AT, ERRA

S

EE MR WPR T B A I K R AR
R RRRECKRE ,  FL 2 Ry IERRIRA
Hﬁ%%;&/\ﬂ:

(LGB

b5 R (R R R AR R A 1 AR

BRI
EHEROEMREAAEZ 30% (B 3-B) , BEZM
AR, BRER S MIEE 2R, R A 4
(i fe 2 FErE L, ERIRAFMIEE
WIEN

AH R TR 40%, GRS
o H RO = ﬁ

R T B
ﬁﬁaﬂ]
ﬁﬂﬁ%ﬁi
ﬁﬁﬂm

B PR VAR AT 4

FAFRER SEI L BRI

=

H ooy

Trait, gene, environment and initial
parental population information

U
e

/

PR BRI NIRRT AY

Trait, gene and environment system

UHETRATE A

Initial parental population

E BT

ﬁﬂ&%%x
%,%Tm$ﬂz%§ﬂﬁﬁﬁﬁm%%7%,
Ti REARNEEAM R R IR, B Rk
B A AR AR S
kLo BlanfeE 1 EMRETH, Sk R 2] R kR
BRIRY 70% 204 A, R 2 =&k
5, RAAREH 15%MA AR N k. BUETFFIEREAN
K13 TIF 2 EEUR ZHRIEHRE R, X
SE B X LA E AN [F) 2228 21 1 e AR R Ik
AN AR A I AR ) 2R B £ Je £ 11
QuLine FJ LAF FHIX 26 O A s A4 45 2, T8 I BBl

HAL L

BRI R

Breeding strategy information

S~ 1
— |

/

RS TT IR R DR 2R

Genotypic values after selection

Gene frequency after selection

FEAMEACK BT AL AR R
LR S 4
Families and individual plants in each
generation from each cross

WA oR T SEHLEE R QU-GENE M1 QuLine, “PATIUIEAR R PN B, KI7 R i 45 2R
The two ellipses represent the two computer programs, i.e. QU-GENE and QuL.ine, rectangles represent inputs for QU-GENE and QuLine, and parallelograms

represent outputs from QU-GENE and QuL.ine

2 FIA QuLine FFRR B MIEHIAYRIEE
Fig. 2 Flowchart of the breeding simulation tool QuLine
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A, Adjusted genetic gain after one breeding cycle across all experimental sets. B, Number of crosses after each generation’s selection across all experimental
sets. C, Number of families in each generation in one breeding cycle. D, Number of individual plants in each generation in one breeding cycle

3

BIRRIEFIEERERE 2 EMA ERELILER

Fig. 3 Comparision of modified pedigree and selected bulk from the simulation experiment

TR A JE AR IR, R 3448 T Gl e S AR
KHPATTLA N St s R oA 413 QuLine 7EAIH
AL R S AT S A I v f 13 P 2,
BT 3 AN YUE R 1 B A R AR R A7
5 Glu-A3. Glu-B3 1 Glu-D3, LM 3 MsE s 1
A EAWIERIEREA A Glu-Al. Glu-B1 I Glu-D1
XTI /NAZ (R 2 AN B BTk, R A e K i se B
71 (Rmax, maximum dough resistance) AI[fj [ %E &
(Dough extensibility) 4# NP 2, 5% 6 ANt
R i EIAAAE AR RE N, IF H EAX 6 AN s 7E
R A D WSS S iV MPS li NP Uil 2 VAR
Silverstar f&—/MEOCHNE /D22 il J& CIMMYT
/NFZ Pavon FIKRIWE/NFZ TMB6 12428 Jq AR,
Silverstar AR Z 4hik R, XHEHL P 8 M
Silverstar 1 I Silverstar 8 s . 7E47 55 Glu-Al, Glu-B3
M Glu-D3 L, eI HFEREER : fEA7 AT Glu-Bl L,
EAT 2 DAFERIEEA LD b AP, HIX 2 AT
K PUAE BH g FLE g 1 F A I L) s A . 8 A

Silverstar Ik Z7E Glu-A3 47 ERIZEAIFER b Al ¢
H, SEATIEDA b L ¢ 0B RHUIE B PR A ORI
Ns AE Glu-D1 {7 s EIRAEAEED a F d o, S5A7 2
a bt d 0 RHUIE B PR ORI . — AN 5K
B ) I AT IR B ik RATEAE R AR SR AR A
E I

FERLRIARGG 3 At 4 AR /N2 ol
Westonia. Krichauff. Machete 1 Diamondbird 5 8 4
Silverstar ¥k Z1EZ4AT . Westonia 7 Glu-A3 £ 5 -
WAL b, 7F Glu-DL 47 5 %A S HE A as
Krichauff #£ Glu-A3 {7 s F3EH %ML b, HEE
Glu-D1 477 £ FAT %73 [N a; Machete 7F Glu-A3 47 15
AR L b, ABAE Glu-D1 A7 5 AT A B a;
Diamondbird 7£ Glu-A3 {7 fi b A3 557 £ b, 7F Glu-D1
P s EATSEAER a. A Quline, FEIEFI 4 /4~
Tl 8 4 Silverstar 2h 4k R A EAH KA A&, B
AT AR — R 1715774 1 000 4> Fg AT 5
R, KM 4 MORFRRER 71, BRIk A% 40
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MER, ERELHIY 4% (K 4) .
AFIEMHEAR T, BEIEAFS R AN HAr ke
t1 5%LL F1F) Silverstar 260k #4113 4, 7£. 5 Westonia
RS G, B KPUERL O £, Silverstar 3
A7 RO ORI 25 . XS b ik RABRESE =
Westonia (1% JiPF , JU I AE G i Pt 2 e B i Motk o
1 ey B N HTURE B g R v A Jre e SR gt Bk, R
s KPUAERH ) S F LS, Silverstar 3 1 7 #& FEAR
[FIZRAZ AR, {H Silverstar 3 B 4%, 755 Krichauff [f14%
AT, SRR PUAERH ) 2 M — Ik B R B
JE— AN EFEEIR, Silverstar 1, 3, 517 ZEPIAME
R A AU [R) R B 1 2 ot T S P A M — )
PEPEREGE S 58— Mk REIR,  Silverstar 3 1 7 22

F4 FAREMHBERTEETHURFEAN Silverstar Thik R

RUZAT S5 A . B Machete [Z83Z 44, Wi i
K BULE BH Ty A vl — (1 2 P MR B 8 28 — NIk ek
AR, Silverstar 3, 4, 7 Al 8 #Bfieks K Machete (1)
I KPUAERH Sy o dn BRI o R A R, NP S IR
RPUER g s W R AP Je ik, SRRk it
FERH Sy, DN iZ%ikFE Silverstar 4 5% 8 5 Machete [17%
AC. (&Y Diamondbird 24T &, AR KL
BH 7R E PR, Silverstar 1, 2, 3 fil 4 H 282
P KPUER ), W R R R IR R, R
Silverstar 3 1 4 A2t £ 5y 5 RPUIE FH ) FITLE Jg 7k
MAALREG 1) 45 SRR, BIME R AT ik R 5
FAIRSR A AT JE AR AT IR KW 22 53

Table 4 The best Silverstar sister lines for the four selected parents, under different breeding objectives

FFSUR A B H bR P74 Selection scheme
Parent to be improved Breeding objective R0.04 R0.2E0.2 E0.2R0.2 E0.04
Westonia FPTLERH 77 High Rmax (BU) 3,7 3,7 3,7 1,3
i EJEYE High extensibility (cm) 1 1,5 1,35 1,3,5,7
Krichauff EPLAERL ) High Rmax (BU) 1,3,57 1,3,57 3,7 3,7
EIEJEPE High extensibility (cm) 1,3,57 1,3,57 1,5 1,5
Machete FIPUAERL 7 High Rmax (BU) 3,4,7,8 3,4,7,8 4,8 J& None
FfEJEYE High extensibility (cm) 1,2,5,6 1,2,5,6 1,2,3 1,2,3,4
Diamondbird FIPUAERL 7 High Rmax (BU) 1,2,3,4 1,3,4 3,4 3,4
LR High extensibility (cm) J& None JG None 1,2,5,6 1,2,5,6

R FRCAPUEI 1, E FoRgEtt, MRG0 T iRl R for Rmax, E for extensibility, trait followed by selected proportion

2.3 HIERITEMAE

Bernardo #1 Peleman 54 T 5 v & B (1) A%
Al 28 Ty g AR T A TR BT R A 6
FERAE T B E R s, Bk R T 4 3 AT
(D EALFTHMRARSIERE QTL:  (2) PHfrixst
PSR S (3) NI E MR FFRE
THEM. B E R E % B H R AR B B
N AR A DL A S 3, I B FRATT LK RS S E
Ui W] QuLine £ HilE Bevt B AT A o

KRG EARTEN &8 (amylose content, AC) Fl%
)% (Area of chalky endosperm, ACE) J& P4 H 3
(5 R FeAREY, R — KRB ik BEE H R
(chromosome segment substitution lines, CSSL) &%)
SENL T e —HBE S N AC Rl ACE 1) QTL, 4
R 50 VERITEAAR A28 A B L Rl Asominori
CEBERAD) FURIRE Al IR24 (fACEA) |, BEAG
65 NMEM AR (4T CSSL1-CSSL65 #rk) ,

MEBROE —BUMMASEAR IR24 (M3 AR 7 B,
b 82 MR B (43l M1-M82 Kar) ,
i VKRG 12 4 e tfhk. MR QTL e g d, nf
DATOUIN - P m] e B 3R B BoE B HAS &5 A
A d ARk B B AR AR SR, BT B
M35, M57 F1 M59 L) QTL BA AR —K £ 5%,
DHLIEE, AN R R ] I H A gy AC FiliRz/Iy ACE [
Fifr o L BRI B — B SRR Y, B4 4 IR24
FIAEA B (M19, M35, M57 F M60) , Hogrjefn,
P B Asominori AIR], X BTN ALK AC H
h 17.73% (GFRigHR{i 22.3%) , ACE fi 4 9.3% (3
WRMKE 0 (K6) . fE65 A MEHART, KLt
3 ME & CSSL15. CSSL29 F CSSL49 144 Hkr
BB B, X 3 ANE e R o] XU E FhHRI
TAMEL (R 6) .

3 PMEABM=2E CURTIAD) HEa eIk
AR O BEREGE . A=A eI
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KE3IFCGRD, BI=A4 A 1 (CSSL15xCSSL29)
xCSSL49; =AF41# 2: (CSSL15xCSSL49) xCSSL29
MI=AT4 4 3: (CSSL29xCSSL49) xCSSL15. &
BAVR A il Bh iR e P HAR SR AL, ml Lk Fe )
HEAMZ, XHRAEEEBILRE 2 8, bl s %
1: 7742 200 /> =48 Fy MA, B4 7742 20 4~ DH(doubled

haploid) %X %, 3L™/E 4 000 > DH K%, R
P E BRI, BRICERE TR 2. 774 200 A=A
Fo M, AR A B P SR B A AT BAR e (0 ik A
Bl ANMA, BN AMAREAE 20 S DH KR, RJE M
HOIESE HARSEN AL, DL R R Bhist % & Aol T2
QuLine S J@E 100 RAPLRLS, HE 14

&5 FIM 65 MEREMKFEREMRAIIKEE AC F1 ACE B9 QTL ERILHR
Table5 QTL mapping results of AC and ACE in the population consisting of 65 CSS lines

$55) AC 1) QTL QTL for AC

Fric Marker Me6* M14** M21* M35* M38* M57** M59** M60**  M63**
LOD {# LOD score 1.07 2.60 1.40 0.92 1.37 7.24 4.66 4.34 1.48
Ntk Additive effect (%) 0.47 -0.61 -0.35 -0.36 -0.43 112 1.03 0.71 0.45
TIMk*% Percentage of variance explained (%) 1.89 4.83 2.48 1.62 241 15.97 9.28 8.59 2.59
x4 ACE [ QTL QTL for ACE

Fric Marker M19* M35** M38* M39* M43* MG57** M59**

LOD f# LOD score 0.94 2.16 1.19 1.54 1.23 16.86 10.02

TN Additive effect (%) -1.80 -1.63 1.20 -1.31 -0.88 5.93 4,96

TI#k#% Percentage of variance explained (%) 1.10 2.66 1.43 1.70 1.47 35.00 16.56
>l #7KF 0,05, ** 5 #7KF 0.01. *Significance level 0.05, **Significance level 0.01
F6 —MEITEED 3 ML EKR B ERFRNRICERBAERTNE
Table 6 Marker types and predicted genetic values on AC and ACE of a designed genotype and 3 CSS lines

YeftfA Chromosome 3 3 5 8 9 TRII{E Predicted value

Fric Marker M19 M21 M35 M57 M60 AC (%) ACE (%)
iR Designed genotype 2 1 2 2 2 17.73 9.27
CSSL15 2 2 1 1 1 14.09 0.55
CSSL29 1 1 2 1 1 14.07 0.88
CSSL49 1 1 1 2 2 18.44 16.13
112 23 B K 175 SEEA Asominori ARG A IR24 [R50 1A F B

1 and 2 represent the chromosome segment from background parent Asominori and donor parent IR24, respectively

*71 FRZXREERIEFEFRHLLR

Table 7 Comparison of the three top crosses and the two marker selection schemes

PRdIERE % GLPRNT TCR AMASL  WLHRS TCRAMASL L HEHT DH XA 885 DH X R¥E  DNA FEREE W RHAKRMER
Marker selection  Individuals in TCFy Individuals in TCFy DH lines before DH lines after DNA samplesto  DNA &1 H4%

scheme before selection after selection selection selection (S.E.) be tested DNA samples per
selected line

— 414 1 Topeross 1: (CSSL15 x CSSL29) x CSSL49

Ji% 1Scheme 1 200 200 4000 27.1(6.6) 4000 148

J7% 2 Scheme 2 200 13 262 16.7 (6.2) 462 28
— AU 2 Topeross 2: (CSSL15 x CSSL49) x CSSL29

J7% 1Scheme 1 200 200 4000 12.9 (4.9) 4000 310

J5% 2 Scheme 2 200 6 124 7.9 (4.5) 324 41
=AZH 45 3 Topeross 3: (CSSL29 x CSSL49) x CSSL15

J7% 1 Scheme 1 200 200 4000 75(3.1) 4000 536

J7% 2 Scheme 2 200 25 491 7.7(3.1) 691 89
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A LR 27 M HEAA BRI DH KR, £ =4
HE 2 ikt 134 DH X &R, 144 3 ikt 8
ANDH KRR, Kk, RS 1 kb itk
(LK. W HES]) DNA MR 28, 0w Ff
TIEAEFIR KR T7 5 1 #5501 4 000 4~ DNA FF it
758 2 TS0 5E ) DNA FE SO KRk, 1 L
AR A TAEAE 20, AA 2 75 BRI AR S Ao D>
(R T, {324 4~ [Nk, FERTHZEIN ATk £
TET, BAENEMEE Y BH=4E 1, G
F % 2 ATk FE .

3 it

CIMMYT [f/NE BRI 5545 1984 “ERT LA R 1S 7
EAE, 1985 £ 1994 AE[H LMEM R TEA E, &
J5 2 KR A 7P A B R A R IR
B2 M EMONEATESRLZ JT, CIMMYT &R X
CAfEEPR Ak LA 3 (B 3-C R 3-D)
TEEAN G LB AR A 5 2 g ma = Pk
(ISR o BEPLE, SR W BRI S idont P i K i A%
MR AEBA TR, 10 ELIE SR A R IEE T
BRI (B3-A) 5 B4 RIe R, TEFFER/N
ZIERERY, IEFIRA TR R Z Ao
(Kl 3-B) , XEFMEFLEAZIHRAIN, HLEX
— &5 LB A 22 AR R TR C BRI S . R
BAUAAE T E RGO R 8, i FaE et T
BRI E A BREE R

B ST B B I B M4 &, Bl
WA E PSR ARG, (R I R0 45 SR T ) St )
{14 D 22 A7 Bl 3 A W et 8 PRl o SR T 25t A A5
B HHACRYE, A EEFRER AR A
$E, WASRE AT UERA R AL VR B o A A A
S o 3L P b I8 4R T I LA m A A B 2 WAL vl S
TEBAR R RAN A G OL R, AR K [ 7] R ist AR A
RUNGATRAU LA, AN [ A SO0 K 22 AR 2 #4S
R ENMN— LR, 2R AR AL R
SXFBATEE AT KI5 46 2 ASEBRHE,
T G SO (167 U 2 650 LA P D) 8, 3 s S A i 5 1) 3ok
FA5 e ATCATIUL, Bl A= 405 RAE (3 I, 45540
TR A 8 SR S ALRE 5 INFF & AR A AR 5 IR A
U631 5y — i, A H T LUK AR F AP,
WBEAACE . MK R IE KPR DNA 43
TIVEE, FHAE KA ) R AT n] B I A7
T2 A BERL A K B8 ok T E A R ) 2 IR

R0, ity DR ) T RSB BT 7
4 £ig

A AL 2 B T 48 IRCR SR AR AT R e b
SE, LT N A E P R LS AL Y T R,
HEMERME T MO ANFE B Rk SRR
A RBEPIE . Cnde e et fk BRI . QTL 1
WAL ARl FIE R E] FEBOR R M FE. A&
R T H QuLine mJLAYEE M5 (1) A58 AT,
& s AR5 BN A H A R, JEAGER IR
PASHEAS B Mo REEAT 0L, $ L B AR IR SR A T
FATHNE AR FE N, T4 = & M QuLine 1]
DUF K i DA U B A QTL PRI 4 AL, BEAN )
AT BRI RCR, B RS AR E R H AR
FEPRI R IR RAT B ARIE R ) e AR B b adeA, AN
TER RIS BEHE I E P 175 SR A —
Hrgt, UKL 45 AR Re A B b R L JE
HEMIRSG AR, BT H QuLine X AHTST
NG el S SEE I R)

gl QuLine AF4liLAR & £ 5] X A| T 5 BF 5 A T
ZAT k4 (Grains Research and Development Corporation,
Australia ) (2000-2004 ) . E i 4% /8 $L8% R B ( Generation
Challenge Program ) (2005-2007 ) #= £ ik A 4% n 5% HLER 2R B
(Harvest Challenge Program) (2006-2007 ) #)%8h, 43t
.
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