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Analysis of Genetic Diversity of Newly-Bred Greenhouse Cucumber
Cultivars Based on Fruit Appearance Quality Characters

CAO Qi-wei',LI Li-bin' ,KONG Su-ping' ,LV Shen-bao’ , WANG Ming-de’,
QI Ye-wei’,FU Xin-feng' ,SUN Xiao-lei '
(" Institute of Vegetables and Flowers ,Shandong Academy of Agricultural Sciences/Shandong Key Laboratory for Biology
of Greenhouse Vegetables , Jinan 250010 ;> Yinan County Development Bureau of Vegetable ,Yinan 276300)

Abstract; In order to uncover the genetic diversity of cucumber breeding cultivars,19 fruit appearance traits of
138 newly-bred greenhouse varieties belonging to different ecotypes were surveyed. The results showed that the ge-
netic diversity index of qualitative traits among tested varieties was less than that of the quantitative traits. The ge-
netic diversity index of fruit appearance of different ecotype varieties was arranged as North-China Ecotype > South-
China Ecotype > European Greenhouse Ecotype. The genetic diversity index of qualitative traits was arranged as
South-China Ecotype > North-China Ecotype > European Greenhouse Ecotype, whereas that of quantitative traits
were arranged as North-China Ecotype > South-China Ecotype > European Ecotype. Coefficient of variability, of fruit
quantitative traits is larger in South-China Ecotype cucumbers than those in North-China Ecotype and European eco-
type. All these bred cultivars were classified into three groups based on principal coordinate analysis (PCO) : group
I is mainly composed of North-China Ecotype, group Il contains both South-China Ecotype and European Ecotype,
while Group III is European Ecotype. The PCO analysis revealed that there was gene interflow between group I and
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group II. The sparse papilloma and light skin type were segregated in the progenies through self-crossing the gene-

exchanged cultivars of North China Ecotype , which further demonstrated gene interflow between group I and group 11

germplasm. These findings gave some information for the cucumber breeding in future.

Key words: cucumber;fruit appearance characters ;genetic diversity
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Table 1 Cucumber accessions used in the experiment

W5 WA U5 ARER \&mYT RAARK VA HE AR
Code Name Source Ecotype Code Name Source Ecotype
1 HiEIN4 5 B ST SR 5 fEJLs (120 08119C IWFRAR N Bl Bt AL TG i 42!
2 N5 5 B SR SR S EmMR |21 880 INFRAR N Bl Bt SeAE TG i A2l
3 10-18 RIRTLAE Ll B2 B el 2253 B 1EJER |22 €869 IR B A BB S AL TP S T e Al
4 BE1Y T HRAB AR B B B SRR 5T i 4 |23 C57 H W B =TT Il
5 WE3 5 JTRAB LM B2 B S 58 BT 1EJLR |24 €133 H R H RN B = IR fr<5 |
6 P2008-16 TR S AE TR A RIS BT bR |25 IVF-1 o OB E B s AR TS BT AEdE Al
7 P2008-44 TR BRSRAL TR =T T b |26 IVF-2 T E R R EBEG AT AR
8 HGS-1 RERHE # I o e |27 IVF-3 RO B E BB AR T S BT AR
9 HGS-2 FRERHIE 5T T 1EJeR |28 IVF-4 ELORHEBEBSEAL T ARl
10 HGS-3 KHRHE v I i fedei (129 IVF-5 P ER R E RS  T AEdE Al
11 HGS-4 KRN i FFE fedems 30 HEK K33 S ep E Al KA AL
12 HGS-5 KR i FFE i iy 31 HhEK K34 5 ep E Al KA LA
13 FHRLF 1 INRRRABEF R AT b |32 hER R3S 5 rhE Ol K2 AL
14 FELF2 R R AL SR T fedbE |33 R ER K36 5 rp E ARl KA e
15 ZR102  INRRFFBEHESEAL T AR |34 g 112 WA K2 sl
16 €03 IWARA LA BE st SR AE TP ge i Aedb s |35 g 113 IR AR K2 AL
17 €08 IR B4 ek e TR se e ARkl |36 XN-2 [T [/ V2 = N v e Aedr A
18 08101D IR BHFBEBR AL IS T ABdbA |37 k145 PINKREEZSHEYREE s
19 08107 IR B A BESE AL 5T ARdes |38 ks % I ASE R AN A Aede
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ETRS STV E A S VA REEW &S RS P 3 A
Code Name Source Ecotype Code Name Source Ecotype
39 HER Y ILPEE LR B ST T e |89 EEJIUBIALA 302 JARAR\EIEBES VT e
40 HER A4S ILPEE AR B ST T 4k {90 RJ2011-1 RS TRAR < | 2 T A i A <1
41 WER6 S ILPEE AR BT ST T 1EJLR |91 10-14 IR RN FBF R 2B ARl
42 Lt 3 5 1L TR AR B B B SRR 5T i AJrE |92 HA16 HORE BEEAL TR T ]
43 gt 5 5 1L T LM B2 BE G ST 58 BT fedeny o3 W P45-906 R BESAL TR 2 A R
44 gt 6 = 1L TR AR FHF BB 52 i 1EJL |lo4 RFE MG A BFF BB SEM T BRR R
45 HN9 WP 8 BRI 4k |95 LERSIEE: V)N 65 M B2 Bt 8 S5 BT AR
46 HN10 WP 8 BRI #ep |96 YT24 T & AN RE 2 B S0 9T T Hepg il
47 HN11 IR e e AR |97 C45 H B LB E BT b AEEG R
48 I3 FiEK U128 g Bk 2 B bl 22 B Adem |98 €89 H AR B 5 B AR
49 I 4 5EIR U4 el B2 B FE 22 BT fedems (99 C113 H R H R B =R =Tl
50  JIZEs SEUR P 148 Al Bk 2 B el 22 4k {100 S 32 5 L TELOUREBR VIR AR
51 JIZE6 SHR P 148 Al Rk 2 B el 22 #1101 HRK 11012 LRV QN o 38 =
52 ISR T SEUR P14 Al Rk 2 B el 22 #1102 TRk 11016 o E ol K2 9 3 2 7
53 DRTI REAEEGREFL A B2 H 4edem |[103 kR 11202 rhE ARl KA PR 1 2 7
54 DRT2 K HAES ROl A PR 7 ALJEE |[104 ek 11224 hE R R ie/lib e
55 DRT3 T AT AR A BR A 7 #epm {105 Hi%% 03 EAS AR AEARO S AR N A
56 DRT4 R F RE AL AT R 2 7 14 1106 Hi4¢ 05 FIEASE RO G A 2B BRIk 3 28
57 DRT5 FREAE AR AT PR ] e {107 Hi 4% 06 [ A2 R 2R A2 e RO i = A
58 DRT6 KRR A BRA 7] 4eJem [l108 Hak4 5 gzl RAEARN A YA AR
59 DRT7 R AEFL AT BRA 7] AEJER (109 BiEREEE 1S TR R B R 2 A B K Y
60 DRTS K HAEHGFER A BR2A | fr =i I | TV I w5150 = N R A= o 531 () & = A P AR
61 HUHF 0366 e B R [ U O O G2/ = = 53 17| & = i 3 A e b AR
62 HUHTE 3256 K btk S g ABdRR (112 BRI 4 5 RlTRRL R B R 5B AErg T
63  HUWF 107 #IR LB o e (113 RMERERES 5 BT RRR B 2 4B LR A
64  HIFEX1S AL HT B SR FE L 4y 14 K105 WM KR SRR # R Wi 2 5
65  HIEE2S A6 BRI L fepm {115 RIS BMRFERE SO ERE KR E R
66  HHIEE3 S A6 BRI L febi 116 RS BHMRFERL S ERE KR E R
67  HifffEE4 S et B Aedpm |17 BR135  BHMRFERE L SHYERE BRE A
68 Z A LRI B B B D Aedpm {118 MK2 5 A KA BRI 3 2 7Y
69 JLERARES e - Vg P ALl B A PR 2 feqeA (119 K35 B AR B ik 2
70 TR [ AR ER A R A7 PR ] 4 |120 XN-1 FEICAHRI L K AF b 22 B LR A
71 w15 WA AR B BB R 5T fedem |21 XN-3 PEILA AR Kbl 22 B Hepg il
72 09-78 T Lol B2 B fEJes (122 L /NEE R IR AR K2 [ 252 B PR 1 2
73 RIS HER Wb AR E B 5T T tepg i {123 YB [ BN e S e 2 s T Y e B |
74 TR Al i Bl e e R 4T |[124 LT RO B B B D AR A
75 gs-Al H A8 Al B2 B i SE W5 T e {125 il 7% RO B A BR A 7 At
76 gs-A2 A AR BHF B BRI 5T i 1B |[126 B FL AN ERF R A R AR BRI A
77 HN6 P48 B SR 5 T derpEH (127 JII3E 1 BN VY b B el 2 i LRl
78 HN7 WP 8 BRI fepi (128 JII3E 2 BER DUy Bl B e 25 7 Hepg Y
79 HNS W48 0 SR 7 R |[129  WZCO1 (MEEHR) TR T Ll B2 Hepg 1Y
80 SEEK GRAA RN B EBER BT BRI =R |[130 WiFH2 5 WA LM B2 B R SEBT BRI i 5 Y
81 %t 2 5 b atER S g e |[131 16WC 07N o e o S e S Sy e |
82 HIRS = b I B SR FT HL R IR 2 Y (132 86R TR F B eit s ERR
83 SRR b TR SR o R E R (133 sk 11001 i E R KA o i 2=
84 K"R15 ZRAbAR Ml K 2% v TR 4 LR (134 i1 % INARFpF2A ] fer Ry
85 K2 5 b Q29 N7 S| tepg i {135 5EE1 5 F T RE SR A PR A ey
86 K35 b Q29 N7 S| BRI R =R (136 SEE2 5 T RS SR A A A Eial g
87 e = ARALAO R 2RI IR R 2 Y |[137 EE3 5 HEH TSR AR AR A
88 RS 5 FRALAO R 2 BRI 2 IR R % Y |[138 ek 45 HOH TSR BA R AR A
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1.2 HERE R RIS H

2011 4F 12 J 20 H7E IR YT B RH /R e i1 7
TR 50 FLCREE i, SR AR IV 42219 77 =X
17, 2 A1 HEMTILARITM & RAE R E B
IR AR A — 1 T8 80 em, iEIE 40 cm, T
JEAE , BREFE 30 em, B S0 FPOERE 64 #R., 3 7 20 HAS
PEFTRIC,4 20 HE ARSI, 728 T R S b
SRR 15 5 R ISR, XTI A% 1 J5i Mtk R 450tk
PEAFICAR A, SC B AR I IR AR R B
o N JRBES A I GEE JR e JIE K/l
JERBE | JIH WA AR K AR O R
RS, FHEROANEAR R RO K B R 428 |
IWY; 2 A N WIS R R N G T 19T G o R 1S
FURK HAE OB FIRE AR A AR B AU LA R

RABAE L E CRIEAE R0 o IR A AR R 3 B R
Fh BB PSR AR B AR )  HEA T
1.3 HiESH

B PERAG FEARVE A TIRAE 153, Bl PR A5
3 AR A AR AP (X)) AR AEZE (8) 234 10
K1 G <X -28,10 H=X +25, PlajEFAHZ 0. 55,
SRR 352 1% Z 2R A Shannon’s {5 BLF8 8L (H')
PATIEMY H' = - S PInP, P, /N5 i S S
PR PRI RH VL 9 2% IR 1Y -3 (3RS —
BT A R A 51 ZREERE . SR SPSS 17.0
TR IO S5 ME CFRIE 22 7 &R
$0, R NTSYS-pe 2. 10 #£47 48455087 (PCO, prin-
cipal coordinate analysis ) , 15 [B) 1 25 A KR 2 (Ku-
clidean distance) , & 75 15 A AE AL -3 (UPG-

MA ,unweighted pair-group method with arithmetic) ,

2 HRESW

2.1 ERNRILHREHEMER

138 /N8I A Al SR S AN UL T MR A 43 A IR
W2, MEAARBL K E 45 rE AL o F st 1% 2 HE 1
o TARJC BURIC I R 2 78 S b, AR 70 A Rl e SRS
ANPEAR (8 2 AR SF 38 oA . AR R SR LA
AL (73.7% ) GRS 0 (98. 7% ) k%
A (98.7% ) JCIREEFNK T RBE (97. 4% ) K
I FAOG5E (86. 8% ) P AL IER) (67.1% ) Ttk
(81.6% ) JEHAER/N(92.1% ) H W (89.5% )
T2 5 B ek % 78 o DA 4l [ Y (83.3% ) | Bk B2
(95.8% ) %k (50.0% ) ML (50.0% ) G
JRBE (100% ) . K WG (83.3% ), Wl & Al & &
(83.3% ) JCHIE(91. 7% ) JCHEH# (50.0% )

AL Y A DLUEE R A (89.4% ) (BEH L H &% Tk
ok Gk IS A R SRS (76.3% ) TG
JIE(81. 6% ) JKWE(94.8% ) oW (55.3% ) .Fh K
J4(65. 8% ) Hiil (73. 7% ) JChEHBr(55.3% ) M E,

F2 HENGAMRZIABREERST BRI
Table 2 Distribution of fruit appearance qualitative charac-

ters for the cucumber breeding cultivars (% )

FEIR Trait S Group feduiy ARRER ERINIRE A
NC sC EF
JRIEIEAR FNC  #IE BNC 73.7 5.3 0
W HIE DSS 22.4 5.3 16.7
#i[FAIE ORS 3.9 89. 4 83.3
JREZ 5, FC A Mi 0 5.3 0
B YW 0 23.7 0
M4tk WG 0 21.1 0
WEk LG 1.3 28.8 4.2
%2 G 56.6 21.1 95.8
W&k DG 42.1 0 0
JRA L FFC H W 0 2.6 0
YW 0 21.1 0
M4tk WG 1.3 28.9 50.0
WEk LG 98.7 47.4 50.0
JRBES3 i FSD TN 31.6 81.6 100
JRTGHS FT 65.8 7.9 0
/DRy SPFS 2.6 10.5 0
JITH G FSL KBS Gr 55.2 94. 8 83.3
BI65E LB 31.6 2.6 16.7
2 B 13.2 2.6 0
JAWE FR J& N 2.6 55.3 16.7
ks MR 10.5 10.5 50.0
HHE SR 81.6 26.3 33.3
W% DR 5.3 7.9 0
JIE RN FWS TN 18.4 91.7
/N SW 7.9 15.8 8.3
I MW 92.1 39.5 0
K LW 0 26.3 0
Sfil R i % FWD TN 0 10.5 91.7
i R 0 73.7 8.3
M 10.5 15.8 0
T 89.5 0 0
JIKTH S A FSW TN 13.2 55.3 50.0
L 34.2 10.5 12.5
b M 32.9 28.9 37.5
£ Mu 19.7 5.3 0

NC ; North-China ecotype , SC ; South-China ecotype , EF; European fruit e-
cotype , FNC ; Fruit neck shape,FC ; Fruit color, FFC :Fruit flesh color,FSD
Fruit spot distribution, FSL: Fruit surface luster, FR ; Fruit ridge , FWS ; Fruit
wart size, FWD: Fruit wart density, FSW; Fruit surface wax, BNC: Bottle
neck shape,DSS: Droppy shoulder shape, ORS; Obtusely round shape,Mi .
Milky,YW: Yellow and white, WG White and green, LG light green, G
Green,DG: Dark green, W : White,N:None,FT; Fruit top,SPFS:Small part
fruit surface, Gr: Gray, LB Less bright, B : Bright, MR ; Minute ridge, SR:
Shallow ridge, DR: Deep ridge,SW; Small wart, MW : Middle wart, LW,
Large wart, R :Rare, M: Middle, T: Thick, L; Little, Mu ; Much, the same

as below
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Table 3 Variation of fruit appearance quantitative characters for the cucumber breeding cultivars (em)
e— - AR Trait
Eecotype Parameter IS Fuk Fouik Bk BRORK . B D DR R HRE
FL SL RSF FNL RNF FD SCD RSCF BHFST  (kg) SFW
g SEH{E Mean 32.70 3.20 0.10 4.30 0.13 3.60 1. 80 0. 49 9.10 0.26
Jt #iz/ME Min. 18. 80 0 0 1.50 0. 06 2.50 1. 00 0. 40 6. 60 0. 08
pinl FAKME Max. 39.30 6.70 0.21 5.90 0.19 4.40 2.20 0.57 11. 60 0.39
NC PR s 3.10 1.70 0.05 0.92 0.03 0.31 0.20 0.04 0.95 0.05
AR RE(%) CV 9.50 53.10 50. 00 21.40 20. 80 8. 60 11.10 7.80 10. 40 17.40
1@ SEHI{E Mean 18. 40 2.50 0.15 3.60 0.21 3.00 1.50 0. 47 6.10 0.12
E7] #%/]MHE Min. 12.40 0 0 1.90 0.09 2.40 1. 00 0.36 4.20 0. 06
piv| K AH Max. 33.90 14. 60 1. 00 7. 60 0.55 4.20 2.20 0. 61 9.00 0. 40
SC FrufE2 s 4.70 4.30 0.27 1.36 0.10 0.41 0.30 0. 06 1. 50 0.07
BRFRE(%) CV 25.50 172.00 180. 00 37.80 47. 60 13.50 20. 60 12.70 24.50 56. 10
174 F-H{H Mean 17.70 0 0 2.60 0.15 2.80 1.36 0. 47 6.30 0.10
bl fiz/IMA Min. 12.40 0 0 1.40 0.07 2.40 1. 00 0.38 3.70 0. 06
i e KAH Max. 21.50 0 0 5. 60 0.28 3.80 2.00 0.53 8.20 0.18
%= PRifEZE s 2.30 0 0 0.92 0.01 0.31 0.10 0.04 0.98 0.03
# EF BRF(%)CV  13.00 0 0 35.40 6. 80 11.10 7.40 8.50 15. 60 29. 10

FL:Fruit length,SL:Stripe length, RSF; Ratio of stripe length to fruit length, FNL; Fruit neck length, RNF; Ratio of neck length to fruit length,FD Fruit
diameter ,SCD : Seed chamber diameter, RSCF ; Ratio of seed chamber diameter to fruit diameter, FSI; Fruit shape index,SFW ; Simple fruit weight, the same

as below

2.3 ENSRHMRIERBEESHENE
P4 ZERLRIA ABAL AR IS AR S IR L
ZREEFERUAE 0.09 ~2.01 2 [8], AL ERIAE 0.24 ~
2.05 Z[a], KR IR = AAE 0 ~2. 06 Z 0], sk L
Ll WIS SIS TR § K e N R B B (aE A E 2
REER S TR R, AN R A S A IS FoR
PE, R SRR Z RN AT (1.33) > 48
FERI(1.25) > BRI ZE A (1. 00) , JiT & MR f%
ZREE R Y (0.91) > AEJLAY (0. 65) > BRKIHIE
FHI(0.48) s B PRAR A AR AE A (1. 94) > 4B R A
(1.56) > WM ZER (1. 47) . AR EE A
[ AR AR A A L SRR AR 2 R A A A
AU AR ETT R UICA @0 2 RE P48 £ /N (0. 09)
IRAFEEL A/ K SR Bk my st % 2 FE M HR AR

K (2.01) ;46 pg B B ep VT 63 B3 /N (0. 24) o0
Jis /REAR B R (2. 05) 5 BRI IR 28 750 5 b o JICBRE 43+
GOk Ry WK it Z R EcR /0 (0) , K
()35 4% ZFEE R RO K (2. 06)
2.4 FAMEREELERSH

XF 138 AN E R A 19 A SRS MOk 0 58118
P A AR AL AL B | S 5 o 1) SR FH IR 8, SR
NTSYS-pc2. 10 FA#E47 = A pn il o By, 45 SR 3R W
51 ERRI TR 52. 2% 55 2 TR TTERER
HF19.1% &3 71.3% , K E S e —
MBS R, LS R G 4 32 o B s 2 1
RAEE, RAEE 1 B aARES T L5k 3 AR
XA, 1 XR 2 OB A BB, Horp 1 XOh A
RUEE A EX, 76 O34T 3 (A mg BURP 2 A ;
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Table 4 Genetic diversity of fruit appearance characters

for the cucumber breeding cultivars

SR BT FE AR TG 3 X O R B BT g3
A DX, 9 A7 B TR ST 4 K, 1 DX T A 4R
OIHI, FEORIET IR FE VGRS VAL X 7 A

3 it
3.1 AN EFRAMRIMERBEER SHFME

Pt R R SE MR 0 8L AR SR BOR
AL R A 8 ANMRAR AR B AL Bl 6 SRR BR
PR 1 PR, AL 2 R BN T
1. 0, 3 A% 2 REPE AR TR AT A B 0D A2 ) B4, A
HISPAR ZER B — A7 56 (AR 0B it Bl 225K e 2 2R
SIRAN i R @ MR W g ik
sl RORE DG T 25 ) 5 5 R BOR R R R R A
5K, TR AR 7 ) RO it 2 TR o 22 AR AR U ol
ERACILEEEN A UPSESE R 7 E S e A P R UOIES
TURFA TEARM AL Z AR PRI A9 — AN BRI, e 5%
Sr (W2 1Y )RR A (AR g 1) AR, 3 Al
ARSI AR SRS PR A P S 5 AR 2 R
TRECHREE R T Bt AR, 150 BB M R A o o 1) 22
BRI E N, 2R /N S [ R RCR
o AR R RSB R iR A AR R R
TAEAC RN Tl % 8L o, SR BT T e g 2R L
SRSSNAEAR BT B E AR AR X FCER IR B, T 2R A SR
(1 22 0 ] RE S 3 BUZ IR T B i A RS2 B PR
L 2R R B E SN A, A e 2 R S

PEAR Trait IR NG fEREE SC RRINIEETY EF
JRAEIEAR FNC 0.70 0.41 0.45
JRE 8, FC 0.75 1.51 0.17
JRA 2 FFC 0. 09 1.15 0. 69
JRBES3 A FSD 0.74 0. 60 0
I FSL 0.96 0.24 0.45
JkE FR 0. 66 112 0.97
JRFE RN FWS 0.29 1.32 0.29
A% FWD 0.35 0.75 0.29
JIHIHE K3 FSW 1.31 1.08 0.97
JRK FL 1.95 1.76 2.06
K FNL 1.91 1.81 1.78
80K RSF 2.01 0. 74 0
142 FD 1.72 1.88 1. 81
LB SCD 1.95 1.89 2.03
HRE SFW 1.82 1.44 1.88
i/ JREK RNF 2.01 1. 60 1.27
%80/ K RSF 2.00 0.65 0
Lo/ Bi#E RSCF 1.99 2.05 1.88
SRMFEEL FSI 2.01 1.73 2.01
0.45
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Fig.1 PCO diagram based on morphological characters of cucumber germplasms
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