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Principal Component and Cluster Analysis Based
on Fruit Traits in ILs of Tomato
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Abstract ; The introgression line population,which was generated via processing tomato parent Lycopersicon es-
culentum M82 and a wild species L. pennellii 1LA716 ,was employed in this paper to evaluate seven fruit traits using
principal component and cluster analysis. The results showed that these seven fruit traits were mainly composed of
three independent principal components,including fruit weight factor, fruit shape factor and fruit quality factor,and
the cumulative contribution of these three factors was 85.435% . Furthermore 77 introgression lines could be divid-
ed into three groups by euclidean distance UPGMA method. The first group included 70 lines and could be divided
into two sub-group at D =17.53 level. The second group included one lines, and the third group included six
lines. The experimental result showed that the 70 lines with excellent fruit traits mostly belonged to group one.
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AU 3069 A~ QTLs'™" | 1iif L& FEAS WA T I T T 114
WE5E M NS R BERAE R T A S R
7ok 30 1 W 503 3 VARSI xS Vi i NS B
FEVPA A -1 0P, & R o T 1 5 98 95 ) F
M, Bl G A AT N E R R
AR AE . RN TR A T PR A AR R A
I3 AT RLER IS AT N T3 ik 2R SR T T
LA AT A HZARX G Sy T 95 R A4 i T
FAm AT, FAE T AFE(Solanaceae ) 2 il J& ( Ly-
copersicon) , JE =T H LM ARG SE W, TR [ B IR 4 A
B TR A= R S A B B A ik = 8 3R
ol BRI IR ZHE AT, 2 T, 0 H A SE
s AL e R F .0 (TGRC , tomato genetic resource cen-
ter) 513 L. pennellii LAT16 ) 76 N#TB &, 575N
S MBE Lycopersicon esculentum M82 (il T.7& 7 ) L4+
T7 AR AR T8 sk i S R e 2 T TR ) LS

&1 flsre

Table 1 List of materials

M o RIS, 738 T 77 A B RS
AR AZIROC TR BTG, o T3 i ot el i R B
i, 17 MBS A HIE

1 #MREFE

1.1 w8

FEEFR Lycopersicon esculentum M82 3K H L.
pennellii LAT16 [/ 76 D2 &, W5 R B4
T8 38 i L. esculentum M82 5tf% 15 5t , A N 3
FRIC ¥ BF A R L. pennellii LAT16 Fr Beis AH ¢k,
FAER I A B G B By 50 MR, KR
KIF LB A B R B 26 i &R, XS H
B RS 50 A B &R TR 28 5 R A Y
G, FIRMORI R A 3 E AL B
O, 1 pb I 8 R0 B 2 B Bl 25 A W F 58 i
(F1),

G2 BEAH || He BELHE | 4 BELKE | %e ER
Code Name of lines Code Name of lines Code Name of lines Code Name of lines
1 LA4028 21 LA4057 41 LA4092 61 LA4079
2 LA4031 22 LA4058 42 LA4093 62 LA4080
3 LA4032 23 LA4059 43 LA4094 63 LA4082
4 LA4033 24 LA4060 44 LA4095 64 LA4083
5 LA4037 25 LA3502 45 LA4097 65 LA4085
6 LA4038 26 LA4063 46 LA4099 66 LA4086
7 LA4039 27 LA4064 47 LA3524 67 LA4088
8 LA4040 28 LA4065 48 LA4102 68 LA4090
9 LA4041 29 LA4066 49 LA4029 69 LA4096
10 LA4043 30 LA4067 50 LA4030 70 LA4098
11 LA4044 31 L.A4069 51 LA4034 71 LA4101
12 LA4046 32 LA4071 52 LA4035 72 LA4103
13 LA4047 33 LA4074 53 LA4036 73 LA4052
14 LA4048 34 LA4076 54 LA4042 T4 LA4070
15 LA4050 35 LA4078 55 LA3488 75 LA4075
16 LA4051 36 LA4081 56 LA4049 76 LA4077
17 LA4053 37 LLA4084 57 LA4061 77 LA3475
18 LA4054 38 LA4087 58 LA4068
19 LA4055 39 LA4089 59 LA4072
20 LA4056 40 LA4091 60 LA4073

1.2 A& T 2012 4E 10 A 2 2013 4F 2 A 7e v/ = B sk

MRS S AT 1 2 Tl sr AR 4, o0 5l

BhB B B LM £ 1T (Trial No. 1), T 2013 4F 3-9
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TEHTHE AN B 2 Be % 77 I R A % F 3 517 (Trial
No.2) . H:Z=HIRNA R B FRAT R, BREE 50 cm, 14
O 1. 5m  BE/NXFAE 20 B, SR T HE R R
T ) 48 B ) R P R 3 1 R A AL X 2H 1 15
T3 WH A, s ey H TR 3 AR5 H
R e, TR I IS AE 10 H &, 11 H A
TEHH

AR /N DRI A AR B, 78 2R S8 T IR A 1R
PR WS FAPRL B BREL, 24/ X R RS
B SRELAY 50% B, 10 3%/ DM B 4R U
HTHBIE 15 d TH/NXBEHLRIR 15 A4St
BRI T AR IR P A

VAl A I H ;A P [E B 9 (SSC, soluble solid
content) MR JE ( PT, pericarp thickness) , I 48 %
(FSI, fruit shape index) , L5 H (FW, fruit weight) |
RALYFE (FLD, fruit longitudinal diameter) | 5 52
4% (FTD, fruit transverse diameter) M B3R it & )

F2 ILs BET7 DRI 2 MR EER

Table 2 Variations of two trials for seven traits in ILs

( CRF, compression resistance of per fruit) 2 18 #7 i
JrbnifE DB65/T3180-2010, FH KQ-1 7 i d FF {X
D 7E

BG40 R Excel #E475040 52 A, H
SPSS 13. 0 H A #E 47 8 73 20 B, &R 0 B >k
Pearson SR, R R LA H DPST. 05 4, R H
R S 287 %5 (UPGMA ) .

2 HRESH

2.1 ILs ER XN ER TR

RIGZEREH (R 2), FrifAr iy 7 A~ F 2R AL
PRIRTE 2 AP R [ AE A —E 22 5,2 Dok
R MR A IR T 1.59% ~9.70% =z [6], Hop
AL AR S R R A K, 2 S AR R 1) AR S 0 R
R 9.70% 1 6.82% , 45 PE AR A2 7 W FE K /N ILF
B > R E T > nIEEFEY > R A
JEE > AR > AR > RIEFEEL.

AR s EBME HRRE ¥iE FrifiEiz AL F Y FEARL
Traits Trial Min. Max. Mean SE (%)cV Sample No.
LY (mm) FLD 1 29.38 78.25 53.92 0.9776 1.81 3375
2 28. 07 77.94 50.99 0. 8083 1.59 3466
HS2E4E (mm) FTD 1 27.03 78. 46 46.53 0.9039 1.94 3375
2 20. 50 78.38 44.79 0. 7604 1.70 3466
FRIEAREL FSI 1 0.71 1.78 1.15 0.0186 1. 62 3375
2 0. 64 1. 85 1.14 0.0199 1.75 3466
IR 3 (N) CRF 1 10. 00 86. 20 43.80 2.1356 4.88 3338
2 9.90 97.20 40.59 1. 9442 4.79 3466
JPJE (mm) DT 1 2.46 9.88 6.79 0. 1701 2.51 3363
2 2.25 10.18 6. 63 0. 1830 2.76 3423
I (% ) SSC 1 2.10 8.10 3.93 0. 1288 3.28 3336
2 2.20 7.50 4.27 0. 1036 2.43 3443
WL (g)FW 1 25.33 106. 67 66. 23 6. 4264 9.70 231
2 29.33 107. 10 60. 67 4.1389 6. 82 231

2.2 ILs REMREIRAEX ST

F|FH Pearson P B2l 56 S B 43 HT, 45 R R0 (%
3) MRy 7 AR 52 F2 MR (B A7 AEAS R 2 B2 Y A
Kotk o SR I A5 R A AE S 2 A
ERRAE ML RN T -0.252 ~0.767 Z[a], I
o SR EE ) & AR W O DG SRR
55 AR B AEFE R WA O, M RN T

-0.377 ~0.944 Z[a], Horp 5 5P H8 A el i =%
T, FIFEES 3 AR B A 3 sl 2%
AHOG, o 5 B SRR AR i B 35 A O, BRI R
KI5 5 A EIRATAE 03 s 3 A O FHE &
AT 0.290 ~0.610 Z [, RREES 5 MR
P 3 O B A O, MO R T - 0.280 ~
0. 602 Z [a], Hooh 5 0] v B 4 & 2 =2 6] Ry . 3
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&3 FWHMERZ BREXES (2 N T HE)

Table 3 Pearson correlations for each trait( Average of two trials)

R FLD LR FTID  SUBREE ST FURmT S CRF - SRAEPT Bl EHEEIEY SSC HRE FW
RIY 2 FLD 1
SRR FID 0.625 " 1
FIBAEE FSI 0.473 " -0.377** 1
HRT ) CRF 0.610** 0.398 ** 0.290* 1
RNJEPT 0. 602 ** 0.549 ** 0. 058 0.322*" 1
BT E Y SsC -0.252" -0.126 -0.120 -0.095 -0.280" 1
HRE FW 0.767 ** 0. 944 ** -0.163 0.472* 0.591** -0.204 1
FRMIFETELE 0.05.0. 01 KR E B 3%
Correlation is significant at 0. 05 and 0. 01 level
2.3 ILs REMERHERSHF PR 52 EMUMRRIEECY 1,536, TTHRA N

X 77 3T s BEURAY 7 A SR8 32 PRt
13 ERATHT , N3 4 FTE I 1 3 A~ F o Bt 5T
HRR 1K 85. 435% ,HoAP 2 1 TR M 3. 479,
TR N 49. 700% , 75 12% 32 BLATFRAE ) 42 o BRI
BTk B K, A 0. 266, UK A L S G0 AR LA S
2, kSt s i DA DG, R AT R o« SR st

21.936% , 1% 3 A5 AF i) 2 v T 38 55000 BTk
K, A 0,630, HUCH RS | B LT Rk < SRIE
HF7, 28 3 E R R FEE M 0.966, 51 ik K A
13. 799% , 75 1% 3= B 43 47 A1F i) i o o] 5 1 [T 40 1)
DUk K, R 0. 907 , Foyk Shy BT 7, ik 24 55
TSR TG, BRI E TR R < Al SR 77

x4 BUERERSFHE@ERTHE

Table 4 Eigenvectors and contribution of principal components

LGN F1ERS B2 ENS B3I ERS F4ERS O FSENS B6EWMS BT ENS
Traits The first PC The second PC  The third PC The fourth PG The fifth PG The sixth PC  The seventh PC
B4 FLD 0.257 0.227 0.103 0. 164 -0.577 ~1.546 -7.716
EIHERE FTD 0. 245 -0.318 0.077 -0.100 -0.309 -3.205 5.783
FILHEEL FSI 0. 026 0. 630 0. 085 0.264 -0.384 0.205 6. 066
HUL ) CREF 0.188 0.219 0.371 -0.792 0. 873 0.110 -0.079
RAJE PT 0.215 -0.005 -0.219 0. 872 0.933 0.177 0.372
ST RDEY) SsC -0.093 -0.137 0. 907 0. 504 0.026 0.167 -0.135
BT FW 0. 266 -0.187 0. 055 -0. 064 -0.485 4,263 1.250
HHE{E Eigenvalues 3.479 1.536 0. 966 0.570 0. 409 0.032 0.008
BTk (% ) Contribution 49.700 21.936 13.799 8.150 5.845 0. 462 0. 109
Bt E 0% (%) 49. 700 71.636 85.435 93.585 99. 430 99. 891 100

Accumulative contribution

2.4

— e A

HONEL, A A IS AR R T AP IR (1)

PASE 1 EROMECA R ARAR , 20| LIS 2 A 3
BOME AR —AEHE P (B 1 K 2) . T
551 BTN RSB T R R R S BE, B
SREHOC R R, NI R, 5 2 RO
FILN T RIS O R L e SRR 2 1, d TR
TARECS R H I AR IC AR, BT LAE 2 E R (EDE

DARBRAT I B SERt A bR Ak 3 A, 565 3 B B
AR IR T, T Al VAR [ Fi s g 2 T3
T AR EE SR AR B R B AT A IR R R
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2.5 ETREIHROBLESH

FIH DPS7. 05 B, SR FHRR G IR B, 287 24k
(UPGMA) X%} 77 43 % 1Ls 4 7 RSz MR AT R
GERF oM, HREYI (K 3),77 17 ILs TERK G
B D =27.53 WK BT RIS A 3 KRR, 5250
RV IE NS,

55 T 2RBE R EALHE 70 DB A MRL, IEERER
SREIEE, A B WIS B, SR ) E L, R
TEARBUE B, % BEAE D =17. 53 /K B Xl R
2 RWHEE T, f 1, A s 1, W ds
LA4044 1.A4039 LA4093 25 22 kA kl, 45 1, W
FEALHE LA4031 LA4059 \LA4063 45 48 141k},

5 ISR ARG | DARE, SR R R
K, AT PEBDE Y e, R A R O A1, B 2R T R )3
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Table 5 Means of fruit characteristics for every group by cluster analysis
K BH R ROk FICAREC FRWE T (N) RAJE METEMERE URE
Group Total  (mm)FLD  (mm)FTD FSI CRF (mm)PT B (% )SSC (g)FW
%5 T 2§ Groupl 70 53.08 46. 18 1. 16 42.75 6. 80 4.10 64.98
%5 25 Group2 1 49. 38 55.34 0.90 42.73 5.03 4.89 93. 80
5 M2 Group3 6 45.36 38. 80 1.17 35.61 5.85 3.98 42.59

55 M2EHEEEE 6 AR SRS L S /N, mT
P EE PR IS, S PR RS ‘B, B AR e ) fmAIG, 2R
e F5 #3h B, H g% 5 43 il i LA4041 | LA4050 ,
LA4065 ,L.A4081 .LA4085 I LA4046

3 it

Fhi L. pennellii Wiz ZREASE L BRI A (E 1Y
5T IR BRI L LN T3 il M82 5 sty | iiF 5%
ZEMBHA R AR X I TR A E A R A B R
S ABIRGE X i bR SR S F AR AT T
B, AU 2 A7 a5 0 R 5 SR o B T A D 2R
SEHERR BT A DG, 1R 32800 AR 2850, 4248
HEFNAE, 2 A7 50 45 PR AR 5 iR A T
1.59% ~9.70% Z[a) , i 55 6 AR S B e K, T
REPR A i i A R S R B AR 52 2 B R
5 3% B[R] SA5 DX IR ANAE FE T IR 22 S 520, SR 5K
PR ) AH S 2347 0] ) BH A5 SR SR R A7 AE I I 7
S TS E PRI S o VR SO eS|
FEEL AL ) R AR AL E X 6 AN IR SR
(i) 1 0 S R o, A7 RS AR B ()R Gk T T
PEEIE Y5 AT A A AR, 5003 25 1R
EZNb PN e NN A =
AL

ZICG T 7R o FUER 2T RE AN [FH]
MAB TR MR T B 8 B
R IR PEAN A AR 2N O R AT g
FRLAT IR WA I 1 T h 17 DR &1
AR R 5 A FEF - Horp RSt 2 H b %
I F 2 —, 3008 22 A AR5y 3 25, R
S5V g o R T TR AT Y 12 AR
SRR 4 AT IR 62 ARk hh L A 4
43k 3 2 [ARE 5 i SR S B RO LY
W2z —, AROFFEEEXT 77 yilris ZaPRE 7 sz
PRARBEATOFSE B 7 AR SR I 3 7,3

AT B STk A 85. 435% , T8 RS A
T FIEH &R T IR 77 A EE 2Ry
h 3 KRR, H KRS A Ka R
AL

PSR R P T R S, T [ 4 A
RO R S R0 T3 5k A RS AR I T AR AL
PR ZE i iz vh | S 2 BT A B0 T R DO s
WHAE B SR B A it e 8 1) — AN B R A, AR
IR R T 28800 70 (341K, B R
AT PRI | R S R AR BGE L, R
SEE S ETE v TN T3 0 A S R R R Rl 2R
T SR R LA B SR I KR 619 40 1 1) R A, (L
HR S PRI /N TR AR RS Y | 7E2E
7R S LSRN T Z At A UACR e 2 Pz i R
TE RS T W i S B0 VR DY AR T2 e R
Jo R /DS, P 1R P IR A, BRI AR,
TN n A R A BRI, AR ST A X
77 A s 1Y 7 A FESLHARIEA A S | 32 0 4%
MARGERIHT, 0 BLE AR E N T35 A 5 A =
BRI AR T 5%,

S 3Lk
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