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HNAIEREREETFSTR QTL &
BT IRV, BB KEM DEF

R HUARNE K VR A% 5 BB 8T [H R TR IR 3, I 2100955 23 MIRHEINE 22 B GRAN TR RIS A&k
IR R, WHLIEIN 325006)

B OE: 4 THRIEREFIR (Cucumis sativus L., 2n=14) HIBIRHIN (C. hystrix Chakr., 2n=24)
ALY TG AR AR A B, DL 12 AN3ER—RR TS R L2 o A 3R Abantdsk” kgt
BRI BN R TR 1 A MR AT W A A BT ARG QTL &SI 45 R R KB RINER R
AT 6.17% ~ 46.26%, T30 20.81%, 1EZEMHIR G2 kA% il 2, R R NI AL R
o i s P, BLP < 0.001 4BME, 710 MR LN 87 4~ QTL, PR 9.67 4~ QTL,
ABE R 7.25 4 QTL, 45N DNA F Bt 0.8 A QTLo [k 5 SRl A s il AH S 1 TR 10 5 24 i o I at
)i CHHB ARG BN, BATIL SR IR Ty K.

KEIF: HUN BB R AEWEER: B R QTL
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Analysis of Genetic Variation and QTL Detection in Cucumber
Introgression Progenies
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Abstract: To explore the genetic variations in cucumber (Cucumis sativus L., 2n = 14) —sour
cucumber (C. hystrix Chakr., 2n=24) introgression lines, twelve introgression lines and their recipient
parent cultivated cucumber ‘Beijing Jietou’ were used in analysis of biological traits derived from sour
cucumber and detection of the relevant QTLs. The results indicated that coefficient of variation among
different introgression lines ranged from 6.17% to 46.26%, with an average of 20.81%. And the majority
of QTL traits had significant difference between recipient parent and 12 different introgression lines,
showing the genetic characters of sour cucumber. By ¢ test to P < 0.001 as the threshold value, a total of
87 QTLs were detected in 10 traits, an average of 9.67 QTLs per trait, 7.25 QTLs each introgression line
and 0.8 QTL each introgressed DNA segment. Above results proved that the sour cucumber genetic
material, which controlled related traits, had introgressed into cultivated cucumber, and the cucumber
genetic basis had been expanded.
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VERIIVE 2 A 2R o 2 BE R T B MR, DR, 280 e 67 Hi IR A7 28 (Quianttitative
trait loci, QTL) &RFATIEAL IR M IEAN . (H ST AHICA 2R QTL e 47 Bt - A AR EUEAA,
KA A DHF, BCy B E AL AT 3 RILs 4, agt % 1 5t b B DR R AH B4, AR AEEAT RS 1 2 £ CAlpert
& Tanksley, 1996). #ii5 & (Introgression lines, IL) R F A R R, 2l KRGS AR,
IAE Bbrac i B B A (AR S A Be 3 N RIS AT A B K APERE AR . FLEE DRI 4 4y B 4 [l
AR, ALE DA A G AR T B, IR B 2 et A B g e, B KB EEHERR
T IR ST, N QTL MEATRT A 47 15 se B (1) R IFpPRL, ZERAAIKAE b A DN A,
TR LKA X WRBERT I TE . PR SE, KRG s A BUAEAH DGR QTL BIEfL (Frary etal.,
2000; Beraldi etal., 2004; Brouwer & Clair, 2004; Tianetal., 2006; Xieetal., 2006; #lff %, 2006).

N (Cucumis sativus L., 2n=14) [JBERERIBEA, QTL @AM FiAH v G . T4 e i3
RI/QTL FEZATMEMEILIA . A7 PRAAKEED, MR AR50 B B s, X R i he e
4% QTL (Fazioetal., 2003; LRI %, 2004; &M Fs 4%, 2005; Sakataetal., 2006; Sunetal., 2006;
KA, 2009; sKEP AF, 2011), XLEEHEAELT Fou RILS SEWIHEAR, & I BEA frdk— P42

FR 3N (C. hystrix Chakr., 2n =24) BAREENr R 2 R0 RYEIR,  HARIE S HHHAR
O H IR L TR A 1 B AR RR (R &5, 2006) o ) T AR R YR e 3 M s R A ol (2=
Pl A, 2011), AHCR) S AR RN RIS RBEATAH ¢ QTL A I e ALk AR WARE o ASHIF ST o6 Cob i
JRHHE BT AV F IR, Gl 22 e W A, 12— DR W R e TG ) o ok AR 5 I,
HSEALEMEIERIY R, [RINBEATAHOC QTL AL, ke B A1) FH 2 T B A0 e 0 U5 B9 o JE Al

1 MRS

1.1 RIEH R

PACEARIR )N (Cucumis hystrix Chakr., 2n=24) NN MEER, AN, N, B,
WA, %, BA LML B IER (Chenetal., 1997); SZAASEARIE TR (C. sativus L., 2n=14)
etk (CC3) ZATERIMLKE, HEAMMREF SRR (B Do it ZUEAREIT G I S G
ARSI 1G- T8 DU f5 4K (Chen & Kirkbride, 2000) J&, T LASEARSE 4 ISE A VAT 2 A4S
3~5 AR, FREFMFBHB R (L& %, 2010, EERILPR 12 AMER (R D), #E[HAR2K&
SEAKFE BN bRtk T 2009 R 5 A 2F 15 8 A AE F AR PR 22 g e AR, H
THRRIA A M FEAERFIRL 1 N/NX, AREE N dbnt ek’ Fik 3 AN X, &/ X BEHLHES,
Fo R AT B

F1 BT QTLLEN R2AHELHER

Table 1 Twelve introgression lines used for identification of QTLs

BURe F FBHE RBKIM  FBEKIM  EiEE% FREES FBE RBHKIM  FBEKIM %%

Introgression Segments Average Total segment Coverage Introgression Segments Average Total segment  Coverage
lines number  segment length length rate lines number  segment length  length rate
IL1 12 5.4 65.0 11.3 L9 13 59 76.7 13.4
IL2 5 43 21.4 3.7 1L10 8 4.7 379 6.6
IL3 18 6.1 109.7 19.1 1L11 1 4.7 47 0.8
IL4 16 6.0 95.2 16.6 1L12 14 45 62.3 10.9
IL6 2 3.9 7.9 1.4 1L15 10 4.1 40.6 7.1

IL8 3 42 12.5 2.2 IL16 6 4.4 26.4 4.6




4 34 SRS BUNHNS JE AR 2R A & QTL Al 689

B1 ERHSBARREIKEFERERMBIEER
A: TFAERRTR (C. hystrix); B: #1iB%F; C: #IEHK.

Fig. 1 Cucumber introgression lines and their parents wild sour cucumber and cultivated cucumber

A: Wild sour cucumber (C. hystrix); B: Introgression line; C: Cultivated cucumber.

12 RZMHRAE

ARG AR A5 MR T AR MR A, A MERR T AL B, TG, 2L
PG NNV SN T S A E R ol =

TEREARGE RV, A 8 B MR AR A a5 I, DL R K R T8 T 5 em,
FC AR SO 58 A RETT v A — A R ER, N0 T 8 rh Sl R FR R A 4 P S S ) R
R g 5 Ak ) 5 PR R T T it JT T 2 IO PR R EE JITOE 173 AP AR s 4 R, 8 3 o v 35
BT R R4S . REARIG T TG LSS 1. 54 10, 15 i1 20 55z Atk fhie B AR DUE I REAf AR [ 3~ 5
et ot RSN R BRI LIRERR 1 ~ 3 I HE. SRS RAIR IR (2005) 10777k
HEAT, K SPSS16.0 BEATHE /-
13 MHERZRZE2HINE

PSR AT A R 5 TCRAE T < B PO RN, T 55061EsR (Chen et al., 1997). NHFFTZAFIEAE
AR B AL AR A O, DUEE I 9968 s M, S IIHIL (1988) M5k (g Wlent
M4 AR (x10%°mg - cm ). PR ES 3 Kk, HOPIMHE.
14 QTL W%TE

L PRI AR A 3 NI 2 5 G, LUMIHTIRB0 I I PR S AR 10 3
T ¢ S oA v BOg R SR AR B 2 B EE, LA P < 0.001 /e QTL fE7E 1 B
ZRSEA 3 ANF AL/ RIS IF B AN B REAT 73 BT

2 HiRENH

21 EMERBIXREMRSH

S WEAE Y LA 2 B RO S SRR AR R M B AR 2R, S A A AN A AT
Ky MR/ ZERUAT A SRR, AE RN EmEYI R 328G, R KEEARLRARR
SEAAPANTE i PE e BFAERR ORI Z 0B RTRL. /N AN REERRIER T RS, JFREA L
A b stoRe e], AR I GBS AR AT, (R R] AR 70 AR AT e R 3 TR i ot o
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XFHTHIIG 12 ANs R8T 5 220081, T LSD 3T Sk R G2 ke A Jbmidck” mEZ®E
Phds, Z5RWER 2. SN 7 AMRT, F8s 2L I R S AR A R E 2.
—WEETIAL, BRIL6 A IL9 HoEARE AR EAN, SN AR EEUE 1.2 4, FRILL %=
AR, IL12 B2, el EE, WKILe 2R, HeBWEE; IL6 M IL12 ffeu kS
RARZESARE, IL10 B3, e X/, R ER ST, %8s
R G ZAREARIE BN WK IL6 Hop Az RN, H 7 AMREHIRFHT 4 M5B
WKV HRZARSEAMEL, 3 /RRIVHE S0 20k Ak AN T R SRR TR N 5t
FEREME, UE IR R R 2R, AR R — 2o PR RS HE N R BT

#z2 RAMFERBEEREERI T

Table 2 Analysis of related agronomic traits of 12 introgression lines

Wis R SMEETAL B RS Eviil TSN Tt & FIKEEAL
Introgression  First female Lateral branches Inter-node Stem . Corolla Fruit length/
. . Leaf size . .
lines flower node number length diameter length diameter ratio
CC3 (CK) 5.8 1.2 12.6 0.83 731.7 5.2 9.29

IL1 12.6 2.4 767 0.64™ 480.2" 42" 351"

IL2 19.2 9.8” 8.8" 051" 4136 38" 3.23"

IL3 19.6™ 102" 9.3" 055" 400.3™ 38" 3.137

IL4 26.2" 11.47 797 0.48™ 352.5" 347 2.92™

IL6 5.4 787 13.7 0.48™ 306.0" 5.0 3.99™

IL8 266" 8.8" 9.0” 051" 31117 40" 4.96™

IL9 46 7.07 8.3" 0.58™ 263.3" 44" 315"

IL10 96” 6.2" 1057 0.60™ 4548 46" 6.88™

IL11 13.8™ 78" 10.0™ 059" 418.8™ 46" 553"

IL12 14.0™ 3.2 104" 0.64™ 49277 48 5.09™

IL15 2227 767 747 0477 254.2" 37" 3.68™

IL16 236" 6.6~ 97" 047" 327.4” 377 358"

e * R SRRIREREE (5%KT) AREE (1%KF). FH.

Note: * and ** indicate significant difference (5% level) and very significant difference (1% level) respectively. The same below.
22 HERMAMERESENN

AR IR Dhae it ) A (ty, ARIETOUN AbntBek” mh v BIREk 0, MW H Ln 54T
FIBAO AR SRAT I PR VY A5 R B S i (o i IR DU A A4 B S A s ARk B e I 2 AR RIS B E A
HE AR T e B il g, SRR BRI R S Rl 5RMRAEREE, 12
IS Z T AT IL12 52 AR AR . (HAWNE R4 3R alb BRI R ARORAS, 1IL9, IL11. IL15
HERLEA, AT IL8. IL12 WA, BEM IL8. IL12 SEIE N 5564 1F, i iia B AR R o IR T 550k
PEistfE (Chenetal., 1997),

F3 RANFERMHRHERIESH

Table 3  Analysis of chlorophyll content of 12 introgression lines / (x102mg - cm?)
Wis R 4k a M4EZ b IS M4k alb PN
Introgression lines Chlorophyll a Chlorophyll b Chlorophyll (a+b) Chlorophyll a/b Carotenoid
CC3 (CK) 5.436 2.149 7.584 2.534 0.914
IL1 3.907" 1.620™ 5.526" 2.426 0.651"
IL2 4.012" 1.6017 5.613" 2.506 0.713"
IL3 4.464" 1.952 6.417" 2.287 0.725"
IL4 4765 1.927 6.692" 2.473 0.775
IL6 4.953 1.997 6.951 2.480 0.837
IL8 43177 1.949 6.266" 2.215" 0674
IL9 4.047" 1.557" 5.604" 2.599 0.728"
1L10 4.487" 1.783" 6.269" 2.515 0.818
IL11 37117 1.456™ 5167 2.549 0.661"
IL12 5.129 2.398 7.527 2.198" 0.823
IL15 46217 1.712" 6.333" 2.704 0.855

IL16 37167 1.514™ 5.230" 2.459 0.655"
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23 ARHEZEREEYHERT RO
WL T 200, s R M EREE, TR AN T 6.17% ~ 46.26%, 1344 20.81% (3K 4).
FMEE A AR iR, MERER alb AR S i/ BRITEEER alb A, BT RIS = AR R, ui s
WA S N B IR o AR ALY R 5 T AR SRR, § K T 485 o I AL 2L 6l
®4 FENEREHEEEMEERTREH

Table 4 Variation analysis of related biological traits among different introgression lines

[E2N A bRz BTN e /ME A5t R AEU% FA{a BEME
Trait Mean Std. deviation ~ Maximum  Minimum  Coefficient of variation F-value Significance
B —ELE A 16.45 7.61 26.6 4.6 46.26 117.82 0

First female flower node

IR 7.40 2.64 11.4 24 35.68 25.56 0
Lateral branches number

i H K/ Leaf size 37291 82.00 492.7 254.2 21.99 18.83 0
RS K EHAN 414 1.22 6.88 2.92 29.47 148.66 0

Fruit length/diameter ratio

A5 Inter-node length 9.38 1.72 13.7 7.4 18.34 33.42 0

244 Stem diameter 0.54 0.06 0.64 0.47 12.04 24.25 0
1€7& K Corolla length 417 0.51 5.0 3.4 12.20 15.55 0
H4¢% aChla 4344 0.473 5.129 3711 10.89 8.210 0
4¢3 b Chlb 1.789 0.269 2.398 1.456 15.03 7.417 0
H-4¢ 2% a/b Chl.a/b 2.451 0.151 2.704 2.198 6.17 2.048 0.061

24 FMAKEY QTL #&

2 FWE, SZRSEARRIEFN O D BRI X W I 3 AT A & MR85 2 o = 0.01 (123
Ko MRPEX G5, AT LA IS 1 Boliig R 5 52 MR AR AAE o = 0.001 7K1 L1 28 S AN 2 32 3
Brspmais e, R R ZE S LS e, Ik P o< 0.001 AT LAY A HI5E QTL A77E B .

10 MRIPER T, kSR afb WA RIS QTL, Mgy 9 AMIRILK IS 87 4~ QTL, &4
PESRESI 2] 9.67 A~ QTL. Horpr, mk/h . FSERE FAR R 2SR A I 21 QTL 4522, 3L 36 /s
M2 % b AR QTL &b, 5 Ay BB—MEfE A, . K. e KAt Sg 3 a f 2
QTL A 7 ~ 114, #¥riB R2AM AW QTL AL, VK 7.25 4, /M IL6 H 44, mEM
IL2 F1IL16 434 9 4, HE SR 5~ 8 A (K 5). WIFHIB RILT AN 108 NMMEH B (i
A, 2010, TR Baiis R S5 ZACEARNERICRERA R B BT LAS8E 2403

%5 EXEMLMR QTL EFFSERANNF

Table 5 QTLs distribution of related biological traits in different introgression lines

PEIR Trait IL1 L2 L3 IL4  IL6 IL8 IL9 IL10  IL11 IL12  IL15  IL16 T“Ojl
#—MEAE A7 First female flower node 1 1 1 1 0 1 0 1 1 1 1 1 10
A% Lateral branches number 0 1 1 1 1 1 1 1 1 0 1 1 10
KN Leaf size 1 1 1 1 1 1 1 1 1 1 1 1 12
R EAL 1 1 1 1 1 1 1 1 1 1 1 1 12
Fruit length/diameter ratio

1A Inter-node length 1 1 1 1 0 1 1 1 1 1 1 1 11
ZXH Stem diameter 1 1 1 1 1 1 1 1 1 1 1 1 12
1eE Corolla length 1 1 1 1 0 1 1 0 0 0 1 1 8
4t a Chla 1 1 1 0 0 1 1 0 1 0 0 1 7
H4tg b Chlb 1 1 0 0 0 0 1 0 1 0 0 1 5
it Total 8 9 8 7 4 8 8 6 8 5 7 9 87
A BT QTL %4 07 18 04 04 20 27 06 08 8.0 0.4 0.7 15

QTL of each segment
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QTL XJ N4 A T AR N Be, P3R4 Boll 21 0.8 A~ QTL. LAMHE R IL6 b, S 24
ANIE R B 3 A m387 Al me47, A INE 1B (LBND L K/ (LS). sk JEE % (LDR)
FIZEHH (SD) 4 AMHIC QTL WIRTHIL @ fiAE 2 581 6 Stk B b (B 2), (HX T2 50s R
M, WA BO ARG L, DIAEIER AR 5 8% QTL %Wkt k.

m387 (3.4 cM)

LEBN. LS. LDR. W m647 (4.5 M)

SD#I% #y44QTL

2EREIE (Che2) |
6BREIE (Che6)

B2 #iER L6 N QTL ERGBKENSH

Fig. 2 The distribution of QTL detected in introgression line IL6 in chromosomes

3 g

AHIFE A BT R IR808 F A A6 3 AP R 2R 24 A2 Bl (Chen & Kirkbride, 20000 FEfifi |35
BIMKN, Hyolk TR ARG, KT RKELREM, I s s —38, XN BRI HE
A T AR R AR B T A Y Al

T3 ) $ T P ) G A R BEHNS RBERR 12 AR RIAT AW MR 2 S5 R B, S5
BRELRKZHMER E S 2RI N ZE R, W BRI B A R s st A pe i, 1 —
SRR T AN SR ) R EEN o RIS, 7E 10 Atk EAS I 2] 87 4~ QTL, P3R4k 9.67 4~ QTL.
IIMT R ke, RO K EAA . 55— MEAE A7 25K I 20 1 QTL HLii A (Serquen et al.,
1997; ENI %%, 2004; 2=, 2007; R=0EFH, 2008; Fith %%, 2009; vL4§, 2009) Hl Fp.388 RILs
KO 2, (A>T Fazio 55 (2003) FIE 7355 (2008) M5 A, 5 —MEfe 9> T 21k
(2007) IG5 AMXULEH B0k Bolivs 22, UL BOliig R7E QTL K & Epfiikde, |
SRR HERR I AL T ST, LRSI RIS 2508 QTL. [, ZARIMELF A BIRZ . A
TR R, —Seolk QTL K B /b o (H5 RERIAHT T IR I T3 8z &, A1 nl & 2
B AR5 H B REAM ELAERIIN S 5 £ QTL.

A B A I IR B BETE R, WO AR 8 1K 28 QTL 7EMBEE v B b, I ASRER & SLAE
ANEARX B b, T AR AE AN B b, (HANE B (5.3 eM) /M T EAAIA (34.72 M) (4
Pl A, 2011 AR A, 2010), SPRREAN BRI E] 0.8 4N QTL, s RS A BN/ IR
AR A RS0 BT SR RS R AT SO N, AHOG QTL sE Az ya Bl i/ 2 S 2>
BB, JFHSRA TS R AR (IL8. 1L12), K8 A 5¢ QTL F4 s Al s A 6 2 A A HE 5
YER . HAT, AR S RS AT RISE - IR B REARFEE RIKE, DU 2N E
GO T Bz &, dEmo BN EER MR QTL K41 E A, il id e G AT He % A1) JH 7 AR
FEDROS R B It MR R S A FT SR A I M B G SiAh, SR ANEA RIPER B R, a0
e 3R G B A T IR AN R MR AR 7 b S R R 2 FR T )
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