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Genetic mapping of QTL associated with lateral branch-related traits using
recombinant inbred lines population in cucumber ( Cucumis sativus L.)

ZHANG Wei-wei'?, PAN Jun—song2 , JIANG Su®’, HE Huan-le*, YU Ping—gao1 ,  CAI Run’
(1. Horticulture and Landscape College, Shanghai Vocational College of Agriculture and Forestry, Shanghai 201699, China; 2.School of Agriculture and
Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A set of 224 recombinant inbred lines ( RILs) were derived from a cross between S94 ( Northern China
type with weak lateral branch growth potential and early lateral branch sprouting time) and S06 ( Northern European type
with strong lateral branch growth potential and late lateral branch sprouting time ). The phenotypic data in different seasons
(F, in spring and F, in autumn ) were used to identify the quantitative trait loci for four lateral branch-related traits (lateral
branch total length (Ibtl) , lateral branch average length (lbal) , lateral branch number (lbn) , and first lateral branch node
(flbn) ) using WinQTLcart2.5 software.The results showed a total of 45 QTLs for lateral branch-related traits were detected
in F, in autumn (29) and spring (16), and the QTLs distributed in all seven chromosomes. Of all lateral branch-related
traits, QTLs of same traits detected both in spring and autumn were eight, of which lateral branch average length lball. 1
(16.4% in autumn, 13.5% in spring) and lateral branch total length lball.1 (21.2% in autumn, 26.9% in spring) had

stable position and higher contribution in both seasons, and the rest of loci showed high contribution (> 10%) in a single

season.
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QTL FHER A A3, 2 5 Bk 2 [a] 41 W] PR 4R 1) QTL
PSR S <15 oM AN [F—107 55, QTL 344
JrE R IR B SRR FR /NG + e A8 4K G 5 + QTL Ft
S Hp Y @A S F QTL 4 5 18] Ji <. B& JT, 491
n, AL B ( Lateral branch total length) 7E55 1 25 4%
AR ERYEE 1A QTL (isifn 44 Iball.
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2.1 HFENmZEEEENEE

FH2 0109~ SSR FRic Xf 4% (894 i1 S06 ) #47
ZAMETE, 5RO Bk B PR AL Y
1 9204 SSR #ric /1,364 PE I LA (23.2%)
HAY 90 4~ SSR FRicHT, A 17 AhRic7E P B A (] 32
L AME(19.1%) . 364 %F SSR 514414 H 366 4

ZANVENLS B 383 4 (23.1%) 2
TAEA,

FHBT SSR FRic s 5 S94xS06 K37, 383
BTSSR FRICAL A5 A 2 EHE F 257 A A AR ic R
P 3t 640 A~ Z 25 MEA i FH T 38 % T3S 10 4 4 (
1) o AT PRUEEIEA EEARS off 1, R FH 56 L) SSR #r
TP A ATE R A A 2R A B i AHEZR (B3
MM, Z2BR 19 AEEBRICH 11 A E 7 19
FRiCIT , BN 2 3 & 7 610 PFRic (384 > SSR,
199 4~ SRAP, 23 > SCAR, 1 > STS F1 3 ME&¥
PRRFRIC) , 7 A AL, 7 T L 4 749. 2
M, SFEEIRRCEIEE R 1.2 M (1), A, lid 5
GY14xPI 183967 &3 E A HY SSR #ric, ¥
T 118 322 R R 4 o AT 10 RS R | e (AR L P £ 4% [
GY14xP1 183967 [&lii%

P1 P2

P1.P2 4N 8 A & S94(F:AR) I SO6(ALAR)
B 1 &tk SSR 51434 #INEM RIL BHER) 318
Fig.1 Amplified polymorphism bands by SSR primers in partial RIL individuals of cucumber

R 1 EIX S94xS06 MFZHEE LKL BESEH

Table 1 Basic parameters of the chromosome on S94xS06 extended map of cucumber

" K pE TR ICECE L S 44 i) B
el (eM) MTM SRAP SCAR STS SSR s (cM)
Petifh 114.5 - 31 1 1 50 83 1.38
Petafh 2 100.8 - 31 2 - 42 75 1.34
Yetifhk 3 144.5 - 47 3 - 82 132 1.10
Yetifh 4 98.5 - 21 2 - 46 69 1.43
Y fk 5 106.0 3 19 5 - 52 79 1.34
Pk 6 106.3 - 41 8 - 75 124 0.86
Petafhk 7 78.5 - 9 2 - 37 48 1.64

it 749.2 3 199 23 1 384 610 1.20

“ =" FRIRAEIZY IR L B AR I E AL,

22 EHFmEZEEEREREI BN

KM (P<0. 05) & BUHTEIE 610 N7 25,
175 S 15 (28, 7%) H B 43 55, Herp 2 8007 45
(116 KL, 66. 3% ) i 1] B: A% S94, /%5 (59 A~ f

1,33 7%) e XA S06, FEYe ik b, & B AT
Sy EPRICBUE S LA OF HoAR 485 05 Il — 3%, &
FERTES 2 YR [ 0~26 M XI55 6 e faik
12 64~106 cM XIRAFNES 7 Jefafh I 74 ~78 M X
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QTL 13 5, FkZE 29 A~ F = 16 N (F 2), HAEE
M7 QTL #c 22 , 3k 10 4~ ALK H QTL 9 /I\;
AL B RN AL 3 QTL 48 8 A4S, A AH S PRk
Hh R R PR Z A R] MR AR AR R B Y QTL A7 8

A HA MBI QTL tball. 1 (FKZETTHRAE 16.4%,

%%J\@k$ 13.5%) A B4 QTL lball. 1 ( FkZ=
DU 21.2% , F 2= DTHRR 26.9% ) 76 9 2= 1) 5Tk %

F2 BEIMBEAERXMEIX QTL 5347

HBE T 10% , 3% 2 4~ QTL A7 5 6 J2: 4 5 i 58 1Y &
Mo - ETTEk R0 QTL A M AL B K QTL
Ibt16.1(16.9% , #k 2= ) MIFEL QTL lbnl. 1(16.3%),
FKZE) Al 1bn6.2 (10.9% , 5 ) 55— WAL S5 2 QTL
flbnl. 1(17.0% ,#kZ) 1 flbnl.3(10. 4% ,#k %) . ik
55 H A LR AN R QTL RS, il e
SSR02546 ~e24m38¢ £ 3 M X [A] P, 4 A~ AS [a) ] A
MR QTL #4945 46 1) H. 5T ik 46 & T 10% ., QTL
RN G A ARG ik (Gefk 2 Qe ik
4 Getafke) I,

Table 2 QTL analysis of lateral branch-related traits of cucumber on the map

o om &% pek i rop i THECD gy

[UE 3RS lball. 1 #* 1 17.8 SSR00160 ~ SSR14697 16.28 16.39  -10.86
# 1 18.4 SSR14697 ~ SSR06534 13.85 13.48 -7.04

lbal2.1 # 2 77.0 SSRI16183 ~ellm42b 3.22 2.61 2.58

lbal3.1 #* 3 17.3 ME11SA18¢~SSR00607 8.56 7.51  -10.03

lbal3.2 #* 3 40.6 SSR22514 ~ SSR18541 3.24 3.04 -8.54

lbal4.1 #* 4 53.4 SSR23826 ~ SSR14617 3.45 3.17 -7.26

lbal6. 1 * 6 37.5 el8msp25c ~ SSR04245 3.69 3.16 -5.09

lbal6.2 * 6 67.3 SSR14859~ SSR21885 12.82 15.41 10.90

s 6 71.6 ME1SA4d ~ ME4SA4a 8.16 6.98 6.16

lbal7.1 #* 7 14.0 CSWTAI1B~SSR16001 3.07 2.65 4.26

LTSRS Ibtl1.1 H 1 18.4 SSR14697 ~ SSR06534 25.19 26.88  -52.38
#* 1 19.4 €24m38¢~ SSR12959 22.00 21.18  -76.15

Ibil1.2 * 1 113.6 €26m18c~SSR10963 5.10 420  -34.79

bu2.1 # 2 77.0 SSR16183 ~ellm42b 3.34 2.67 17.31

bu3.1 #* 3 17.3 ME11SA18¢~SSR00607 10.43 8.65  -63.31

1bil3.2 * 3 44.4 ME11EM4e~MEI1EM2b 3.39 2.65 28.04

Ibil5.1 #* 5 36.7 ME21EM9¢ ~ ME22EM14b 3.46 2,67 -28.85

1bil6. 1 % 6 67.3 SSR14859~ SSR21885 14.12 16.88 75.60

% 6 71.7 ME4SA4a~ME1SA4e 8.69 7.60 33.71

bil7.1 #* 7 7.9 SSR10066 ~ SSR01099 6.22 4.91 36.52

A% H lbnl.1 # 1 17.6 €24m38d ~ SSRO0160 6.22 5.55 -0.66
#* 1 17.8 SSR00160 ~ SSR14697 12.37 14.29 -0.75

Ibnl.2 * 1 108.7 MEIOEM6d ~e17m18b 8.64 9.23 -0.60

bn2.1 % 2 16.5 SSR00204 ~ ME6EM5e 4.57 4.08 -0.58

bn2.2 bo3 2 77.0 SSR16183 ~ellm42b 3.40 3.45 0.41
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4% 2 Continued 2

Ibn3.1 78 3 22.9
bn3.2 78 3 63.7
Ibn5. 1 #H 5 31.4
Ibn6.1 78 6 48.0
1bn6.2 78 6 71.7
# 6 81.9

S—METE fibnl. 1 & 1 8.8
* 1 17.8

Slbnl.2 #* 1 35.8
Jlbnl.3 Fk 1 111.2
Sbn2.1 H 2 16.5
flbn2.2 # 2 74.4
#* 2 77.0

flbn3.1 (7.4 3 21.9
flbn3.2 K 3 51.3
flbn3.3 # 3 103.0
Slbn6.1 Bk 6 45.4
# 6 48.1

flbn6.2 Fk 6 71.7
# 6 82.1

SSR19430~ SSR23785 4.53 5.13 -0.46
SSR06210~ME11EM9a 4.84 5.00 0.61
TELODCI ~ME60D3c 4.34 3.82 -0.54
B-3-BE-R~S_AVI14 5.63 6.20 -0.55
ME4SA4a~ME1SA4e 10.09 10.89 0.75
F-SSR13251 4.24 3.67 0.72
SSR20705 ~ SSR20083 3.39 2.76 0.53
SSR00160~ SSR14697 13.32 16.98 0.78
SSR23787 ~ SSR22637 4.31 4.86 -0.41
e6bm33b~ SSR22144 9.20 10.43 0.52
SSR00204 ~ ME6EM5e 4.40 3.68 0.51
SSR06913 ~SSR21734 7.14 6.09 -0.67
SSR16183 ~ellm42b 5.90 6.53 -0.45
SSR19430~ SSR23785 3.46 3.70 0.31
SSR23231~ME9EM8a 3.60 4.18 0.39
LI9SCAR~ME1SA4c 3.63 2.91 -0.46
MEI11EMI14b~SSR12016 4.95 5.38 0.41
S_AVI4~MEI11EMI4a 4.24 3.26 0.54
ME4SA4a~ME1SA4e 8.13 9.14 -0.55
SSR13251~SSR15516 6.64 5.61 -0.77

XiF HE TR % T S94 xS06 il a5 ] i A s AH 56 1
MR QTL ZE NI (3 3) , 45 J 32 e Jin 4% 181 33% o
MRARSCPEIR QTL S 7E L ik 2 ik 3 Yeta
4 Fgetfk s Egiidim s, etk 2 (JREE
LG3) BRI ik 3 (LGS) L4kl 2] 6 4~ Fl 8
A QTL A8 o ZrHT Bk i 20 A A QTL A3 5 & 3,
BT E L 1 X AR D RS AE A K Y TR] B
(gap) ,BlanJFE % LG3 (4efafk 2) FAFHE 15 M
gap (ellm42b ~e23mi8a) , LG5 (YLt fk 3) L AE1E
28 ¢cM gap (MEIISAI8b ~ m44EM4d) . T n %
PRI 13k 79 A DX ) ( e iR 2) R ( et ik 3) 43 31l 34
JnT 8 ANF1 25 A4 SSR FRic, M A i (1] 45 8 K
WT 44 QTL (£ 3), v WL, K% AR AN B Y 38 fin 42
AR BN T2 QTL, {5 B A HER .

BEAh, R 3 Rl n] B, i PR e ik 1
Qetafik 6 L QTL 1 sS4 H Lb R 3 2 i R 7E
T OFTE S94xS06 I (1444 ] 5w S )1 A ]
JR % E—BEkRiC (£ 4 SRAP) H T ™ 4% i #4114
PRI Bl 2 i v Qe AR Y 22 57, AR

AT A ™ e b R 2 v R )R A% A S IR 25 /T
15 ¢M 1 2 4~ QTL A7 40 A [l — {57 5, 1M Jiang 25"
NZE/NTF 3 M, 3% & % QTL AV 5 K/ fir) 3 i
N, EARHTENE QTL AL S B e s g 2> 1A (5
SEBRAE B RS v L AR MR QTL A6z 5 85 2 1
(£ 2) .

£3 MBEEREEE TR QTL A A2

Table 3 Number of QTLs associated with lateral branch-related

traits of cucumber on extension map and the original map

et i e
T g kit
Retafk1 LGl 8 13
et 2 LG3 6 0
Reafh 3 LGS 9 )
Qetuik 4 LG4 1 0
Jeffh s LG6 2 0
Petafk 6 LG2 7 20

Yt 7 LG7 2 2
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BTN 4 DR 7 58 B, Gt % [l A 2 |
I SSR b ic i $i G Bk fk £ AR AR LA AR
SO A (RS KA AR 5 A A B v IR
1) CHIEEAY S94xS06 RIL FEAA , i i 34 i1k & SSR
Fric, M T — ik BRI N 749.2 oM, A5 610 4FR
ICALE, FIIARC B E N 1.2 oM BB LR, iZE
TERRIC 3 A 25 AR R K w2 HATE AR
BT G 43S B b 2 IR 3 P e i i, S 4, 38
Tk DAFF 50 R il A bm e FR AT ) 3 R v S B e
& b, 3F B3 R i SSR FRiC, A R B3 ] He
XiF, LA A e A R ) I a3 A% R BRI T 5%
1 e B L BE A R T i ic i B & Fh T
YERITT

ey T I i B e B A o S B, 610 A
Peicfii s 175 SRR 43 25 (28.7% ) , H R Z I
I 1) 43 A, 31X 5 H: Al BF 5T 0 AR 815 Vogl
SO N AN SRR S S F ) e A A, e
SAEY R T IR 43 27 4 (SDL) R 1 I 43 25
X B, —H SDL 7£ — AR & A= 48, W) 5 %
B AR SRR IC L 2 ARG 53 15 . AS I S A 38 ) Bl
A3 X B AT RE SR o B AL S AFAE RO, AR BRI
KRG o B WA —EXR, AR E KA EH
FI 28 ZBEAAR PR IO, O 23 25 LU 3 v T A
RUBEAR"Y ) AR F R B4 A 28 R BEA (RIL) , H
TR B BT AN SR A R 2R
(FCFIE#E A& Fike RS ) R S BU7E iy
AT I IR IO R A B A

5 BAR IR BB S0 A ic T TR 28
B RZ e o B B R R R AR R e R i R
TR ARG TR A 0 o S, T K
T 4 ENEZEMA ARSI QTL fi7 81, 4548 E
W, B A 2 LG I 2] 45 4> QTL v 45 (BK 2 29 4,
B 16 1), Ml RERAA TN 2.61% (MK
lbal2.1,%:2) %) 26.88% (AL KK lball. 1,HZ) K
RS TTHCRISE] 10% DL EAY QTL 3 5543
B 12.5%H1 27.6% , AHETERYHE Y = 2 B 5 AL [
T K TR SR QL ASE a5 6 A PR AR B 43 F-f i
AR (MAS) FI A5 HE P 2 0 g 17 v B H A
LA TAEZEE T RIS

ARSI SSR A i i) £ 5 2 1 1R 3, i 745 151

T8 PR RE DK B 38 (B2 AR 66.9% ) , 1T 254
FE  TUHRR 55 1 QTL 7 &5 9 M B A 5 %% 3% B 9 A
e, Fnge ik 1 F SSR0O0160 ~ SSRI2959 24 1 M
PITEIN, ERL T 4 ASASFEUAL R QTL, I H 5Tk
RIRKRT 10% , $HI 32 X X AR 1 e % 8
SRR, eAh, TROTE L BE QTL 42 Bl 4 78 HoAl e
R (g tak 2 Yeffk 4 Yetafk 6) hirfe, L
AWFFEN G AR LG AT RE T — [ 28007 5§
N IR [ B 2 B )
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