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Abstract: [Objective] Autumn-winter and winter-spring are two important cropping seasons for cultivating cucumber
(Cucumis sativus L.) in solar greenhouses in China. This study was made to map and analyze some candidate QTLs of
yield-associated agronomic traits in cucumber, so as to provide information for molecular marker assisted selection of yield of
greenhouse cucumber. [Method] A population of 113 cucumber recombinant inbred lines (RILSs) derived from a cross between
Europe 8 and Qiupeng was used as materials in this study. Based on the RIL molecular linkage map consisting of 182 markers
constructed previously, candidate QTLs conferring 9 yield-associated traits were analyzed. [Result] A total of 58 QTLs were
detected in this study. Among them, 1 QTL conferring single plant yield (SPY) was located on the linkage group LG4; 6 QTLs
conferring daily gain weight (DAW) were located on LG2, LG3 and LG6; 5 QTLs conferring single fruit weight (SFW) were located
on LG1 and LG5; 2 QTLs conferring the number of fruit setting (NFS) were located on LG2 and LG4; 1 QTL conferring fruit
abortion rate (FAR) was located on LG7; 28 QTLs conferring first female flower node (FFN) were located on LG1 through to LG8; 8
QTLs conferring total number of leaves (TNL) were located on LG2, LG7, and LG4; 2 QTLs conferring leaf areas (LA) were located
on LG1 and LG3. The above-mentioned QTLs were detected in only one cropping season. There were 5 QTLs conferring female
flower number (FFN) on LG2, of which, ffn2a and ffn2b, were detected in both cropping seasons, and with the same positive genetic
effects. Some concentrated regions and cluster distribution of QTLs were also found in this study. [Conclusion] A total of 58
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candidate QTLs in a greenhouse-cultivated cucumber population were detected in the study. The two QTLs, ffn2a and ffn2b, were

found to be expressed consistently under both cropping seasons of the greenhouse cultivation environment.
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Table 1 Yield-related traits and observation records standards of recombinant inbred line populations of cucumber

FEePER Yield-related traits T 2 b v

Observation records standards

EA S BB
Name Abbreviations
T SRR o SPY IEE— AL TCR N Z B (UL 60% MK 45 TR HED J2 20 d P 0 Sk BT 028 380 5 i SR SO BRI 8 7

Single plant yield P

Average single plant yield in 20 days from the first node fruit can commercial harvest (60% measured

plant fruiting)

ISR N DAW
Daily addition weight
SNy scw

Single cucumber weight

when it growing over 12 cm)
NI &5 TR I e 22 A AL TTCBUR P LGB 4 ) R AR I 12 om 2 T Bk
Average of all produce fruit amount of single plant at the end of experiment (new fruit measured when it

AL TR PFA
Produce fruit amount
growing over 12 cm)

R AR
Abortion rate
experiment
S MEAE AL FFN
First female flower node
S5 MEFRTT IR i P 5 LAB

Leaf amount in first female
flower blooming
LSS BA
Branch amount

the end of experiment
PSS At LAE
Leaf amount at the end of
experiment
FERh s MU H 4L DAB
Day amount from sowing to the
first flower blooming
FERh 22 5 — VORI T H 8L DAG
Day amount from sowing to the
first cucumber gaining

EAE B FFA
Female flower amount

LA LA
Leaf area

over 1/3 the normal leaves)
FEREZWLIN 25 o i T 2 (¥R I 5 em IO 4L
Count the amount of the cutting lateral branch long over the 5 cm during the period from transplanting to

TFAE R JTCR AR I Ay 1 34708 T b (e o R RO 10 A, SRIB1E)

Average daily addition weight of 10 fruits each strain from blooming to harvesting

NI 5 TR b 22 A T PR P S B OR 468 1 LU I 12 om 4 T Bk

Average weight of all produce fruit amount of single plant at the end of experiment (new fruit measured

LI 435 SRS 4 it 2R P 32 8 A TR 250 5 A R B LB
Abortion fruit amount ratio to the female flower amount on main branch of each strain at the end of

MM, MR LT B
The node number of the first female flower appeared count from the first cotyledon node
S WAL TR I AT B B CE R R B, BUS B ES i 13 v Hobr )

True leaves amount in fist female flower blooming (the leaves at the grow tip measured when it growing

A A A 2 & A B R B R s, BLARNE I 13 R vE)

True leaves amount on main branch at the end of experiment (the leaves at the grow tip measured when it
growing over 1/3 the normal leaves)

FERN 2R 55— METRTT IO i H B (LA 600 B AR T 1L I 1] 24 #E)

Day amount from sowing to the first flower blooming when 60% measured plant blooming

FERP 55— UCRAMOITRE HEC (BL 60% 4% M Bk R4 I 51 Ay )
Day amount from sowing to the first cucumber gaining when 60% measured plant harvesting

U g5 RN, L T LA METE S

Female flower amount on main branch when early yield measured end
BT E R R IUE— TR 55 R T INEEA A nTER= A 2

First measured at the time when the most strains appeared the fist female flower; the second measured at

the time when the yield measured end Leaf area equal the square of the longitudinal diameter

L3RR, H 9N RIERSAM. M RIL FEAAAL 7R
B G RSE R E . RIL B I TSR R
2.2 BrEEHXMERNAEDST

XFETARIN 13 ANMARIEAT T &K & R L[]
(K07 2250 W, 45 A T3 3. WE 3 W LUE L, i DAG
AR 2 55— UK HEO 4b, 0w 12 A=A
TAEARAEIE R 0] 1) 22 ik ) W 2K, I DAW,
PFA. FFN. LAB. BA. LAE. DAB 7 MMEIRIE S
BEKF, BHTERE R AR R R 22 57 73R 3 i,

WA LB FIFR SPY. PFA. DAG. FFA. LA 4, &
8 AMPEARTER LR ) 22 S 3 3, RIS PR
RIZ AR
2.3 RIL B EMKBEX S

DA 2 S MR P o A 5 13 ARk
I AEOC R EL, 45 R0 T5R 4.

TR 52 5 ARG A R, SPY CLBR ™ &)
5 SCWCFE R E r=0.29) . PFACAETEL r=0.31) .
LAE (Rt A% r=0.28) A # FAHSE, 5 DAW
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Table 2 Mean and variation range of yield-related traits
FERAR MR FK&H£(2005)  Autumn-winter cultivation(2005) A#71£(2006)  Winter-spring cultivation(2006)
Yield-related traits S Parents Fs HZ & FgRILs S Parents Fs HZC & FgRILs
Rk 8 KA AR S FEIMH B 8 KA AR S SR
Europe 8  Qiupeng  Variation range Mean Europe 8 Qiupeng Variation range Mean
AT SRR 5 SPY (g) 314.00 248.33  60.0—645.0 289.16 1004.52 629.17  195.00—1156.67 576.94
JRH I DAW (g) 3.01 6.45 2.0—14.9 5.45 10.45 12.09 2.13—23.11 10.64
SFEJHRE SCW (g) 139.00 150.48 60.00—197.14 110.99 158.87 143.71 95.17—227.33 141.50
AL JREL PFA (No.) 7.00 2.10 1.00—10.50 3.87 7.64 4.15 1.25—9.28 443
LIRE AR (%) 3.40 0.70 0.00—71.89 19.69 6.10 3.00 0.00—90.67 41.30
—HEET AL FEN (node) 3.29 7.80 1.40—16.00 6.35 248 4.10 2.10—10.75 433
H—MEAETFI A5 LAB (piece) 12.86 12.50 7.00—19.44 11.76 8.38 7.10 5.04—16.36 8.45
% BA (No.) 12.86 5.70 0.00—14.83 4.26 5.20 2.30 0.00—15.36 2.90
S R4 LAE (piece) 26.29 20.60 11.50—28.50 20.42 28.07 18.55 7.11—32.92 2251
PR 2 55— ML T IO i H 4K 53.71 60.50  45.40—80.22 58.79 59.94 61.68 56.55—75.77 63.36
DAB (d)
A2 58— ORI H AL 82.67 8200  62.33—92.00 78.09 73.50 78.23 56.04—97.42 79.78
DAG (d)
WEAE %L FFA (No.) 10.29 2.30 1.00—16.30 5.28 20.78 6.05 1.25—26.61 9.98
M- LA (cm?) 269.94 355.70  142.32—465.70 330.73 297.25 453.93  155.94—45393  306.54

SPY: Single plant yield, DAW: Daily addition weight, SCW: Single cucumber weight, PFA: Produce fruit amount, AR: Abortion rate, FFN: First female flower
node,LAB: Leaf amount in fist female flower, BA: Branch amount blooming, LAE: Leaf amount at the end of experiment, DAB: Day amount from sowing to
the first flower blooming, DAG: Day amount from sowing to the first cucumber gaining, FFA: Female flower amount, LA: Leaf area. The same as below
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Table 3 Variance analysis of yield-related traits

FER ARG EAR Rk RE¥ PR AURE )RR EME B kg Bk WRRhEZE BREE O Mide AR
Yield-related P e JRE PFA AR qEY eI BA RF#C Rl eI B LA
traits SPY DAW  SCW FFN A% LAE  Jrii A% g B4 FRFA

LAB DAB DAG
PR A (] 1.60*  1.93**  1.61* 2.83% 165%  274%% 2.69** 435%% 261** 173 1.04 484*  1.6*
Strain
Fan| 121.74% 275.34** 68.77** 53*  20.37** 60.62** 160.83** 14.08** 16.22** 35.66** 3.18 122.82*  5.44*

Cultivation season

* B0l KT ** 1% KT

*: Indicates significant difference at P<<0.05 ; **: Indicates significant difference at P<<0.01

(HTER r=0.22) Ml DAG (FEFh 44— R
7 4 r=0.24) R RFHIEAL, Ml FFN CGE—#ifE
L r=-0.22) R FE AR, IR I N A
Tl 85— AR A BT 7 e () S B K o AR AR T
. PR ERCR, B RO E, BN R
TR o AR 55 0 2 B A I H 3 T o 7
A BRI R 15 7 DR S5 R s st 1 510 ey o
5.

2.4 QTL 247

2.4.1 QTL#CH HRCR W0 A2 IR 7 B AR G

PERM T, AR IESTE A 9 MEIRIEAT T e 47,
B A EENEAE LOD>2.5 &4 ~, Ftfi %) 58
A QTL, f& LG1—LG8 & BiZi#t A 404, nILd
R A st S (D o Hrp 5 spkr =i
(SPY) KM QTLL A, EN T LG4 BB L,
HotikE R 10.7%. S KHIEER (DAW) AL
QTL 7 51 6 A, /K AR 2, 23 il fr T LG2.
LG3 Al LG6 R BE I, 6 My ARIN 5 AR
1 AN o KA TR T 19.6%—24.5% (1) R AR
B NE (SCW) A 61 QTL 5 A, &4
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Fig. QTL mapping for cucumber yield-related traits in molecular linkage maps
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Table 4 Coefficient analysis of 13 yield-related traits of RIL populations of cucumber

DAW scw PFA AR FFN LAB BA LAE DAB DAG FFA LA  SPY
DAW
Scw 0.38”
PFA 0.22" 0.37"
AR 0.7" 0.14 0.04
FFN 0.02 0347 024" 0.16
LAB -0.37" 0.15 0.19 -0.55" 0.49"
BA -0.24" 0.09 0.24" -0.28" -0.28™ 0.76"
LAE -0.27" -0.17 0.27" -0.25 -0.22 0.46™  050™
DAB 0.06 -0.06 0.24" 0.21 0.01 0.26" 0.61™ 0.47"
DAG -0.44" 0.08 0.16 057 -0.397 081" 073" 0.44™ 0.18
FFA 0437 0477  -0.03 -0.36" 0.01 030" 0307 0.47" 0.24" 0.39™
LA 045"  -021 -0.07 077" 056"  -077 0317 -0.26 028" -0647  -017
SPY 0.22" 0.29™ 0.31" 0.05 -0.22" 0.20 0.18 0.28" 0.11 0.24" 0.09 -0.11

*5% 0K ** 1% 8K

*: Indicates significant difference at P<<0.05 ; **: Indicates significant difference at P<<0.01
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2.4.2 QLW EEXEMERI;A  QTL &HXI:
MR LU Y, 7E LG2 841 #F1¥) E-AG/M-CAC.780
% E-AG/M-CAC.900 #ric X [al p, Al o —EfE 1y
A7 HEAR AL AR JIRECRT TN H 36 H 51 QTLs; 7F LG4
ERBEN) scrab BRICATATARYT, BEH B A EL
PRSP B B RN AA ALK QTLs. 7 LG7 3BT
M11.650 % E2.1300 pric X[y, Al fAa i —HEfey
Prv A JREF R 7 £ QTLs.

B3] QTLs:  JEsbdafil i — AR QTL
HELAE [R])—EBiRF IRI  DXI), neE LG IE B AE
band2-PRSV X [H]&F 3 A4~ 5 134 5 R EAH S QTL,
£ LG4 JE B 41 B (1) *E-TC/M-CAT125-*E-TA/M-
CAC150 [X[i]. LG8 HJ*E-AA/M-CAT.170-*E-TA/M-
CAC980 [X [i] f1 LG5 [#) *CMAG59200-*E-TC/M-
CAT155 [X [ & 47 55 5 —MEAe W AH R (1) QTLs, £
LG2 3% 8 41 Bf () *E-AG/M-CAC.780 % *E-AG/M-
CAC.900 XAl & 4 N EMEE B EAH G QTLs, f&
LG4 JEBIZHBE1*F13.1200 F=*E-TA/M-CAC280 [X ]
T 3 BB G QTLs %5,

3 itig
3.1 EWERFSHEXMEIR OTL s Sy E
E@EE

e b, BRI AL 22 57 K AR A% 2
B By RERAS IR, AEJE XS T AR SE (R T AR
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F5 BFEEEMEXMIK QTL FEE P B R E LA
Table 5 QTL positions and effects on linkage group of yield-related traits

FEEAHSE QTL  fiE EBbRICEX E) LOD A XN {E Additive effect value  GTlk® Variance explained (%)
MR Position Nearby marker or region LOD 2005 FKA 2006 K& 2005 FKA 2006 K&
Yield-related Score Autumn-winter ~ Winter-spring  Autumn-winter  Winter-spring
traits cultivation(2005) cultivation(2006) cultivation(2005) cultivation(2006)
SPY spy4 53.118 *scrab(bric v s) 2.22 -0.0680 10.7
DAW dawba 70.88  *N1.2800-*C19.800 2.77 0.4676 22.6
daw6b  90.385 *E-AG/M-CTG270-*Al4.1300 3.3 0.5611 24.5
daw6c  94.712 *Al4.1300-*E-AG/M-CTG230 3.27 0.5059 23.4
daw2 11.701 *E-AG/M-CAC.500-*E-AG/M-CAC.900 2.92 -0.4729 22.8
daw3a 12 *E-AA/M-CAT.1100-*E-AA/M-CAT.380 2.54 0.5000 23.1
daw3b  23.135 *E-AA/M-CAT.850 2.52 0.9316 19.6
SCW scwb 7.632 *C20.600-*X8.300 453 0.5407 30.1
scwla  89.627 *band2 3.13 -0.1216 22.8
scwlb  94.787 *PRSV 3 -0.1919 234
scwlc 106.083 *WMV 291 -0.0427 225
scwld  92.778 *bandl 2.83 -0.0658 225
PFA pfa2 14.701 *E-AG/M-CAC.900 2.61 0.7362 15.3
pfad 53.118 *scrab 2.65 -0.6596 125
AR ar7 98.506 *N20.1000--*E2.1300 2.61 0.1076 211
FFN ffnla 63.483 *E-AC/M-CTG650 2.51 0.8924 11
ffnlb 98.172 *N12.620 24 0.8731 10.6
ffn2a 14.701 *E-AG/M-CAC.500-*E-AG/M-CAC.900 5.27 -0.5060 44.6
ffn2b 3 *E-AG/M-CAC.780-*E-AG/M-CAC.500 5.22 -0.5057 424
ffn2c 69.787 *E-AA/M-CAT.440-*E-AA/M-CAT.330 3.12 -0.0892 29.9
ffn3a 74.195 *E-AG/M-CAC.470-*E-AG/M-CAC.540 4.29 0.4363 40.3
ffn3b 70.44  *E-AA/M-CAT.220-*E-AG/M-CAC.470 4.03 0.5042 41.8
ffn3c 55.339 *E-AA/M-CAT.250-*E-AA/M-CAT.270 3.81 0.3376 35.3
ffnda 56.118 *scrab-*A5.600 4.5 -0.3933 38.4
ffndb 17.188 *E-TA/M-CAC150-*F13.1200 4 -0.3233 275
ffndc 12.974 *Q11.1200-*E-TA/M-CAC150 3.6 -0.3231 26.5
ffndd 3 *C9.700--*E-TC/M-CAT125 3.16 -0.2436 252
ffnde 28.744 *E-TC/M-CAT200-*E-TA/M-CAC280 3.02 -0.2122 241
ffnaf 8.14  *C9.700--*Q11.1200 2.88 -0.1546 23.3
ffn7a 33.239 *E-AA/M-CAT.570 3.77 0.4247 29.5
ffn7b 92.506 *N20.1000-*E2.1300 3.68 -0.2725 29.7
ffn7c 71.016 *M11.650-*N20.1000 3.62 0.2160 34.7
ffn7d 26.66 *T17.550-*C18.500 3.27 0.2870 35.1
ffn5a 22.095 *CMAG59200-*B11.1100 3.56 0.0925 30.9
ffn5b 40 *E-TC/M-CAT155-*E-TC/M-CAT295 3.53 0.1370 31.2

ffn5c 28.986 *B11.1100-*E-TC/M-CAT145 3.43 -0.0065 30.5
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#:3% 5 Continued Table 5

FEEARG QTL ¥ HEBURRICEUXE LOD f niERN{l Additive effect value  TTi#ik*¥ Variance explained (%)
TER Position Nearby marker or region LOD 2005 Fk A 2006 X %% 2005 AT 2006 X450
Yield-related Score Autumn-winter  Winter-spring  Autumn-winter ~ Winter-spring
traits cultivation(2005) cultivation(2006) cultivation(2005) cultivation(2006)
ffn5d 35.733 *E-TC/M-CAT145-*E-TC/M-CAT155 3.38 0.1813 30.7
ffn5e 3 *AK14.700-*C20.600 3.25 0.0996 30.2
ffn8a 48.563 *E-AA/M-CAT.170-*E-TA/M-CAC980  3.12 -0.0332 29.8
ffn8b 76.96 *AL11.1100-*05.700 31 0.0552 28.1
ffn8c 53.012 *E-TA/M-CAC980--*F1.580 2.99 -0.0929 24.8
ffn6a 3 *E-TA/M-CAC290--*AK8.2000 2.78 -0.0708 243
ffn6b  47.679 *N15.480--*J13.650 258 0.0029 318
LAE lae7a 68.016 *M11.650--*N20.1000 4.45 2.0261 24.9
lae7b 65.016 *M11.650 4.38 1.8076 18.4
lae2 2536 *E-AA/M-CAT.350 3.78 1.5394 16.1
laeda 53.118 *scrab 3.58 -2.5148 16.9
laedb 21.282 *F13.1200 2.67 -2.1170 12.3
lae4c 29.576 *E-TA/M-CAC280 2.65 -2.1078 12.2
lae4d 57.037 *A5.600 2.62 -2.0957 12
laede 22.744 *E-TC/M-CAT200 2.53 -2.0643 11.7
FFA ffa2a 3 *E-AG/M-CAC.780--*E-AG/M-CAC.500 3.61 1.4418 2.6457 27.3 22.8
ffa2b 14701 *E-AG/M-CAC.500--*E-AG/M-CAC.900 3.61 1.5092 2.4052 20 18.7
ffa2c 17.072 *E-AG/M-CAC.900 3.56 2.2234 16
ffa2d 36.928 *E-AA/M-CAT.230 2.68 1.9611 12.3
ffa2e 0 *E-AG/M-CAC.780 2.55 1.9043 11.7
LA Im3 25.191 *E-AA/M-CAT.480 331 0.0028 14.3

SR, SERRAI 2 ) QTL fAr B RS2 U R N 2 1)
SO — RN, RIS RO, 5 A R Y
IR LA, A 200 QTL 2 H A2, HSK
BRI O R 2 DA . 28—, QTL SZIAEEsY
WA K ANFHLA . ARFEAED,  FIFEAREA R T4 2
(PR S A W] B A 8K 22 5, DRI AT £ MR
QTL NI, ANRIFEEAAF N FriR A3 45 Bl e AL
FIF, RIK QTL Fr e & M S NAE vl BEANIH], L4548
HYE QTL HRETERF RN EE S AT T A BBl A I ik, A
YOI QTL oA & AN 1 AR B A A U 21, {1 B A B3
Niff) QTL &8 RIVB AR E . 2 =, S5 E MM
SEA 72 LOD W35 BIMEA G . ASERATE LOD {5 K
T 210/ F 2.5 (1 QTL BT 4TI, ORI 8 /N #E
KIREA I A7 05, AEINPERONAE AR AN o 76T 24 PR
LOD B, nfLARKILEE 2 1) QTL JEfy, (HILnf %
PEFEIK.

3.2 FEEQTL S/ S

ARSI A A7 T B F PR IK QTL R A7 AE[H]
O B AR R QTL 4R DAk, X AE TR MUK ARG 7
i QTL 3T rh# tH AL A7 1 230 v e A 1R
IR — N2 R, s 3 AN [ PR (0 5 DA A A
REEYORAR . Hf X — N2 BN ER, &
i A HVROR (R A e A, A3 DAY 1) S (R H L2 388
MIAT RS o SELFI VR R IR AR, i 4
S AT R W R A E AL, X B I —
BEZVE

AARKHE I T LA BOR K QTLs, BiW]%
A — PR K QTL Wl REASIERIH LI, TS AE St fA
E AT AN X, AT e 1 R PR
DUSABA7 AEAT 5. A2 K™ 5 QTL MHTH R QTL (1
BFFCh R T 4 4,

3.3 QTL SIEE/EMEE MK FRIAIF N

B RIB UM TR E A 5T, QTL ST HAR

SEHMACE MRS RN R L —, AFEFPAET
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QTL & 45 AL — 5, Fk 42 4 A AR K 0
Ab TG 95 G, 1T A4 2 B AR AR KR CHIED
Wb TARUR S CRT I T EREEI 22 5, IRl — MRS
B QTL A7 5 it AN AL 2. PIEDT
SEALIY 58 N QTLs W, A 15 MERKA MR, &
25.86%, f7 45 NMEAFEPRIE], 5 74.14%. 5
B2 MELE T, (FFND 3581 28 A~ QTLs 1, K
IR ERN ], Hoh AT 1, 2 S B 4
A QTL fEHER, viikZem R, A ER QTLs. Ik,
L —eMEAE 0 FEN AHOCH) QTLs, FERKA#RIL
R CHN D MITEARAE T2 st Cifr
BEAS)  3X R MG 1 Iat A% 1) ) AR [) — i M A R 4
A MEAE TR A, AR ZE BRI SR e it T
A

e A mA SR, HIE R, 52510
JCHSF R BRI R K 3 MR ZFR I AN IE 4L 40 A1
JLIR AT e FEARAE K. AAS RBFACT- 318 I 25 LA
AR5 ' AR5 171 3 1 0 2 &2 1—2 A3 H
WEEN 4819, &4 A FARESAERKERAN 3
B0, RIS A B TR S g A, RASHER
)22 e 2, (B S o 35— AL TT TR 2
JRIH AR 2, BRRAARTRE A . PSEA AL
FCARKIN A, B 8 S 2k, JEAHEAR A L
TEMBIRR, XA RS R 2 IR G

Zhuang 25UV B QTL X EABEMURK, ARFTEIRIY
QTL FesE AN o d5tA% Iy i 1 PR AE AN [ A5 v B 2%
Sy B, AT R BUMEAE K ffa2a | ffa2b &
EWATE A QTL, % QTL ZEAIFI IR EE 41t
NIV T 2, IOV I IR ), & AR
(2.405—2.646) B Wi TRk A #E (1.442—1.509) ,
R GTRR R (18.7%—27.3%) o K FFFERN
B4 34 ffa2e, ffa2d. ffa2e AR I A IE{H .
AREHAE (RIL) SEAZ—BRM 8 SR, +
B ARSI, RS2 T SRR RO .
R, JLEA AR TSR — A R AR FRZ
AR ARIE R ffa e —AMEE sl
PRIR, HEREZ I e, fEbnid it £ 8
Firpal BR AR A E . HobARRE S, AR
B PFA., 55— ZSMEAE AL (FFND o S A8k (LAED |
FETTAR CLAD AR ASZE SR 2 7 A7 T AR 3t
RIS [ — MR QTL, WA A B HIA
&M

KA Ge Rt AR AR PRI T 25 D8] 7 2 AT i A

PRI R R ) R 2 VAL — o g R
DI RXCE AN AR R, FEA A E A 5
P AR S AL SRR, T e b 5 R 3t Bt e 1)
SEATAR S DD D90, S g3 pk H AT 3R A M D Mk
FEDRURT QTLs 75 & i N 1) 5 B R A BEAR [y
JE R o ORI 43 A S — b R FH G BN~ 4 Clinkage
disequilibrium, LD) #5ll F AR FE A4 S DR 55 S L%
RrAR S (7R, TR ISR SERE I ) 2 P RS
W2 AN, G BT B IIVIE 4k 21 v R 2R
ML, JERIAR A AR . AREG A — Dl i
IR HTIRUE QTL,  LAMRAIF IR v 1k o

4 i

(1) AWFFER BRI 8 5 S AKMIAT A 113 47 3%
JREA AR (RIL) FEAKF=RAHKCH 9 ANkt
77 QTL EAhisr#r. JLALIE] 58 /4~ QTLs, 151
TERKATERME], 5 25.86%, 4 45 NMEAFFLE T
W, & 74.14%.

(2) WIFTRBLT 34 QTLs & XA 6 ANk
IXATH) QTLs.

(3) HiEfE MBI ffa2a. ffa2b &7 AN
FILEW QTL, viikEy 18.7%—27.3%, HKiL%
IREE /N, AERRCHHBE R A Rl ol gE AR
LA ANE
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