PR EARLRE  2019,52(9):1488-1500
Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2019.09.002

A SE A 8] B S B S 5 R S BOAR S 1R 5%

B EA, INER, BKEBET, EI¥, Zareen Sarfraz, WARAE, FHIIK, FTFAh,
X35, Eide, RARE, LA

CR AR BERRAE T TCIT/ AR AL A2 T X R SR 00, TR 22 455000)

E: [E®] @3t 1500 MEMERRAE T LM RSG5 EFREAREERBEED AN, Hite
TR R AR 2 25 4116 3 AR 18] 1 BE 5 9 8 P A 20 A 00 5 TR, DA D0 A 40 2 20 & b 20 A0 350 L 4R
BipdeR. (£ #BRE 1S MERMFE 234 () #8305 @ REREALCHFE N FAR, KA LxT (Line
x Tester) A& iTEA 1 500 M4 A, 2012—2013 4, AFEELT I3 MESTETLEEEhE. 24
. Ko GAEKEE 0T ERFERFARMR, 207 F RS, FARFEREESRBREN, XA 4
A7 X (Corl—Cord) WWHRAIER G oMb H ey, [£RT 10 MERFERSE (MPH) HEHZIEN 1.70%
—7.40%, FIH 4.36%, HARARFEK Fom 5S4 (A, B), EMPHIMEASE>B>C>D; MEMRS (HB) HEHy
g h-4. 17%—1.87%, T H-0.17%, A. BATE ZIA HB H(H W HE, 10 MEIRE S AP MR D. EAMD w Kl
24, HtbREREAAAE N FELRY, HP, ERERFEKENPEFRBES AP HUERE N E (3K 80%
PLE), AR 34. 01%F0 9. 83%, it B A8 & (h # Bl & 24. 25%%0 5. 80%. FmFARZF B ERNT KA L
KE. BE. FEKE. WKFREFEHEERERAE — WA ERS. R (URKM) 5 300 MERZEH
WAEFEBENT 2.280—61. 430, FIHH 21.550, 5 AMURKF 5 EARE G TFHREEHD>C>E>A>B, Ha, RI
A 11,721, FamfEh 33.271. RANFEZRRE, ¥ 305 MEMA FARL 200 L ANEA, G S ANLA. 4 fhak
BIEBSEMEBNHEXEINERET, ARAE. REEBTBMRATALERANZR, HABMEAER
B ATAPTRE, Hd, Corl & Cor2 £ERIGEMRAKI; Cor3 5 Corl fu Cor2 M th, #HoMRE P EMRES
BGIEBH WA R WA TR, Cord (YMAMRSE. SZokE, REEBERY. WHLBE., EFEHUMGYD
HOMEHN P FRLERFEMX, REERSEAERG T ERBNHREERAGONTT ELE, SRF
AR, 4 M7 Ed, WEFEHRHI, REEBSREERSOMAMERRAIEX. Hp, REEEFSHT
. AEKEMR OB FREHAMRE. (ZR] R FRAREMRBEET S 2R A - 2N L
MRRZ, TRBERNEHESEREETNRNAFELAMBREZR, ARRERAMXEME, HAXTX
B RZAEHA RN FRAREET S LR EHXRZRREE,

KR MR, AROME; BEMR LxT; BREER; RE0N 2R0EHN

Correlation Between Genetic Distance of Parents and
Heterosis in Upland Cotton

QU Yulie, SUN JunLing, GENG XiaoLi, WANG Xiao, Zareen Sarfraz, JIA YinHua, PAN ZhaoE, HE ShouPu,
GONG WenFang, WANG LiRu, PANG BaoYin, DU XiongMing

(Cotton Research Institute, Chinese Academy of Agricultural Sciences/State Key Laboratory of Cotton Biology, Anyang 455000, Henan)

Abstract: [Objective] The correlation between heterosis and genetic distance (GD) of quantitative traits between parents was

ks EEA: 2018-12-18; #EZ HHEA: 2019-03-12
£E&WHE: HEARREREEDH (31571716). HEEAWDIAIH (2016YFD0101401, 2016YFD0100203)
BREAN: MEAR, Tel: 15737227096; E-mail: quyujie305@163.com. HAFVEEFLMEN], Tel: 0372-2562252; E-mail: dxm630723@163.com



9 3 iR AN R R A () 1A% BE 2G5 28 AP L3 A AR SR PRI 5 1489

analyzed by 1500 hybrid combinations in upland cotton, and the possibility of using GD between parents of large-scale combinations
to improve the efficiency of hybrid vigour prediction of upland cotton was discussed in order to provide theoretical guidance for
cotton hybrid breeding and utilization of heterosis. [Method] 305 upland cotton core collections from 15 countries and 23 provinces
(municipalities) of China were selected as parents, and 1500 cross combinations were produced by LxT (LinexTester) cross design.
From 2012 to 2013, ten yield and fiber quality related traits, including plant height (PH), boll weight (BW), boll number per plant
(BN), lint percentage (LP), fiber length (FL), fiber strength (FS), fiber elongation (FE), fiber length uniformity (FU), micronaire
(MIC) and spinning consistent index (SCI), were investigated in 13 ecological conditions in north and south China. F; hybrids
mid-parent heterosis (MPH), heterobeltiosis (HB), GD between parents and population structure were analyzed. The correlation
between GD and hybrid vigour was calculated by four schemes (Corl-Cor4). [Result] The mean values of MPH of the ten traits
ranged from 1.70% to 7.40%, with an average of 4.36%, and F, hybrids were divided into 5 groups (A-E) according to different male
parents, the mean values of MPH: A>E>B>C>D. The mean values of HB ranged from -4.17% to 1.87%, with an average of
-0.17%, and the average values of group A, B, and E were positive. In 5 groups, except for MIC of group D and E, other 9 traits had
obvious MPH, among them, MPH of BW and FL were mainly positive (more than 80%) in the 5 groups, the maximum MPH values
were 34.01% and 9.83% respectively, and the corresponding HB values were 24.25% and 5.80% respectively. The significant
difference analysis between F; hybrids and their parents indicated that BW, PH, FL, FE, and FU showed some HB. The GDs between
male parents (testers) and 300 female parents ranged from 2.280 to 61.430, with an average of 21.550. The mean GDs between 5
testers and female parents: D>C>E>A>B, in which the nearest value was 11.721, and the farthest value was 33.271. According
to “Ward” clustering method, 305 upland cotton parents were divided into two groups, including five subgroups. The results of four
correlation analysis methods between GD and heterosis showed that the consequences varied with the sample size, the range of GD,
and the male parent, the correlation increased with the sample size. Corl was the overall embodiment of Cor2 results; compared with
Corl and Cor2, Cor3 had different correlations between MPH and GD in some traits; Cor4 had the weakest correlations. To sum up,
the genetic distance was positively correlated with the MPH of LP, FS, FU, and SCI, the correlation between GD and MPH of other
traits was different due to the different analysis schemes. In the four schemes, except for FU, the relationship between GD and HB
was negatively correlated on the whole, and there was a strong correlation between genetic distance and HB of MIC, FL and LP.

[ Conclusion] There is a linear relationship between GD of quantitative traits and hybrid vigour in upland cotton. The correlations
are positive or negative, strong or weak due to different traits, and the larger the sample size, the stronger the correlation. Thus, the
large-scale hybrid combinations are used to well study the relationship between GD and heterosis in upland cotton.

Key words: upland cotton; core collection; quantitative trait; LxT; genetic distance; cluster analysis; heterosis prediction
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Table 1 Correlation analysis schemes between genetic distance of quantitative traits with heterosis
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Cor3 Dta;j vs Faj» Dtgj vs Fj» Dt vs Fejko Dtp;j vs Fpji, Dty vs Fgjx

Cor4 Dtaj-m vs Faj-m, Dtgj-m vs Fpj-m, Dtcj-m vs Fej-m, Dtpj-m vs Fpj-m, Dtgj-m vs Fgj-m

Dt: SEARMBHAEIEE: 10 SXAX NS A—B: F: Fis j: FONS 1—-300; vs: “57 ; m: BHASWH [ —V; ke doRRAsGEE RS
Dt: Genetic distance between parents; i: The group A-E of male; F: Fy; j: The No. 1-300 of Fy; vs: “with”; m: The cluster [ -V ;k: MPH or HB
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Table 2 Heterosis of 10 quantitative traits in upland cotton

2R A HE AR R I, X RFAL 10 MR 1 i p 3
AR ARCEE, b, FEhoEii# A>E>B
>C>D, KN 621%, FIHENH ASB>E>C
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AR M8 A 1.70%—7.40%, T334 4.36%, EEHE
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PER el TR MPH R HB
Trait Group i ¥t E (50 R4 a8 2 i i E (50 R4 a8
Range Mean No. of F;s with positive Range Mean No. of F;s with positive
(%) (%) (negative) heterosis (%) (%) (negative) heterosis

PH A -5.69—24.29 9.67 286 (14) -8.67—19.98 5.08 243 (57)

B -7.07—16.79 5.08 267 (33) -15.81—14.16 1.29 183 (117)

C -1.93—22.05 10.16 298 (2) -8.26—15.36 3.87 242 (58)

D -7.77—13.02 3.45 254 (46) -22.39—4.34 -6.03 17 (283)

E -6.25—11.99 2.57 227 (72) -16.40—6.74 -2.28 76 (223)
BW A -12.48—34.01 15.55 298 (2) -21.65—24.25 8.58 284 (16)

B -19.71—26.00 8.29 291 (9) -22.75—19.28 2.51 220 (80)

C -13.87—17.57 5.82 276 (24) -19.93—12.21 0.15 149 (15D

D -13.81—24.95 7.16 285 (15 -20.97—18.79 2.69 224 (76)

E -12.72—30.82 9.68 289 (10 -20.78—20.24 2.08 195 (104)
LpP A -4.72—9.30 2.62 260 (40) -8.80—5.04 1.45 96 (204)

B -3.06—11.96 3.38 275 (25) -17.14—6.68 1.06 107 (193)

C -16.00—13.33 335 268 (32) -25.18—3.97 5.32 22 (278)

D -0.38—13.14 5.07 297 (3) -13.54—7.80 0.30 186 (114)

E -14.04—7.54 0.87 195 (104> -20.33—4.20 4.42 51 (248)
BN A 2.10—50.41 23.35 300 (0) -13.52—22.49 7.03 265 (35)

B -3.72—67.89 20.77 295 (5) -16.86—34.80 7.45 243 (57)

C -13.03—34.73 4.81 215 (85) -27.49—10.85 9.91 18 (282)

D -18.18—39.5 2.36 169 (131) -31.41—5.50 -13.38 5 (295)

E -11.18—75.92 26.20 290 (9) -22.14—47.65 10.61 245 (54)
FL A -1.59—7.33 2.93 291 (9) -5.69—6.08 0.88 219 (8D

B -3.79—5.03 1.45 255 (45) -8.61—4.09 0.44 122 (178)

C -5.62—6.79 1.88 264 (36) -12.08—4.68 0.17 147 (153)

D -3.69—6.65 1.93 269 (31) -7.61—4.26 1.35 78 (222)

E -4.13—9.83 2.75 283 (16 -10.79—5.80 0.79 205 (94
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423 2 Continued table 2

PER el TR MPH R HB
Trait Group i #fi E (50 R4 2 i o E (50 R4 a8
Range Mean No. of F;s with positive Range Mean No. of F;s with positive
(%) (%) (negative) heterosis (%) (%) (negative) heterosis
FS A -6.68—8.60 0.53 163 (137) -12.11—4.40 -2.98 32 (268)
B -5.91—10.75 1.02 201 (99 -11.47—5.43 -1.97 76 (224)
C -4.99—12.19 3.08 272 (28) -11.44—9.62 0.38 177 (123)
D -7.54—12.55 2.03 228 (72) -16.52—6.33 -2.46 66 (234)
E -9.01—12.78 1.96 212 (87 -15.61—10.40 -1.04 124 (175
MIC A -6.75—11.80 3.95 262 (38) -13.06—7.12 -1.54 108 (192)
B -8.70—10.91 2.13 243 (57) -16.29—5.22 -1.66 90 (210)
C -10.38—8.33 0.03 154 (146) -15.67—5.78 -5.00 23 (277
D -11.10—6.40 -3.19 23 (277 -18.40—2.27 -7.64 1 (299
E -14.4—19.63 -0.42 128 (171D -22.09—4.52 -5.22 20 (279)
FU A -0.87—2.76 0.78 277 (23) -1.31—1.64 0.18 185 (115)
B -1.22—2.60 0.30 223 (71 -2.01—1.47 -0.31 76 (224)
C -1.02—2.14 0.44 241 (59 -2.38—1.70 -0.12 118 (182)
D -0.55—2.22 0.81 289 (1D -1.60—1.69 0.15 184 (116)
E -1.81—1.97 0.39 224 (75) -2.13—1.41 -0.13 120 (179
FE A -3.64—3.82 0.36 181 (119 -7.25—1.36 -2.04 12 (288)
B -1.83—3.95 0.63 211 (89) -4.57—2.90 -0.50 99 (201)
C -3.17—4.13 0.93 246 (54) -4.42—3.57 -0.11 142 (158)
D -3.75—3.19 0.23 178 (122) -5.82—1.63 -1.39 36 (264)
E -4.38—10.46 3.28 261 (38) ) -7.21—8.96 0.47 164 (135)
SCI A -6.77—15.10 2.42 226 (74 -13.31—9.08 -2.42 78 (222)
B -11.15—11.87 0.85 180 (120D -17.11—7.75 -2.94 50 (250)
C -8.74—17.67 4.59 275 (25) -21.08—10.57 0.08 151 (149
D -6.42—18.16 6.09 288 (12) -14.11—11.77 -0.78 133 (167
E -10.00—16.34 3.88 258 (41D -16.43—12.82 -0.25 152 (147)
¥J{H Mean A 1.59—11.71 6.21 300 (0) -3.54—4.73 1.13 236 (64)
B -0.07—10.37 4.39 299 (D -3.87—4.94 0.24 172 (128)
C -0.71—8.11 3.51 298 (2) -6.88—2.33 -1.64 39 (261)
D -1.31—6.55 2.59 188 (12) -7.41—0.55 -2.99 3 (297
E 0.11—11.52 5.12 299 (0 -4.93—5.53 0.06 150 (149)
K3 fH Total mean 1.70—7.40 436 -4.17—1.87 -0.64

PH: Pk BW: HIRTEE; LP: AK%r; BN: HERREL FL: AF4EKE; FS: WiRIGsRE; MIC: YyifE{E; FU: FESEHREG FE: K3 SCI:
SIS PR R

PH: Plant height; BW: Boll weight; LP: Lint percentage; BN: Boll number per plant; FL: Fiber length; FS: Fiber strength; MIC: Micronaire; FU: Fiber length
uniformity; FE: Fiber elongation; SCI: Spinning consistency index. The same as below
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F, M AT 3.24—6.47, “FEMEN 5.01. HIE
e N RS E [ R ARME—— e an i, o
BEfEAE A 20 B 2% (3.5—4.9) MSEA N 62.86%,
Fi 7 36.89%. HE— 200 3% 2 v oy s B AR 1) A S fL 34
G SRR H 383 0 6% D E 40 44T 2 #r s
RO D 415 sw BEAEAE A ORI B FISEA N 27.91%,
Fi 7 11.33%; E 21 B BB A 200 B IFSEA
79.40%, Fy i 75.59%. %L, Fy 5 i BE(E 48 k2,
THEA
2.3 FEAXRERLIEBMEHREN
2.3.1 FEARE®LIERE R 10 A~ AR
T 305 Oyl R S A IRl Rt AR R s (Rt 2D
SEREIR, 5 AR 300 AN REA ] 3844 #H 25 (RR
RS KSR K 2.28—61.43, F¥)k 21.55, Hid,
TERFF A 7886) 55 300 173 BEA (154 FE 25742 i
JE4 3.44—44.09, V¥ 16.47; PR B (f 1421)
55300 4 BEA ()35 4% BE RS AR IR FE A 2.28—50.94, ~F
Bk 11.72; PRER C (A971Bt) 15 300 #3 BEAHI

1

-12 -10 -8

FERR AR SEURIE N 9.77—54.57, ~F¥1k 28.59; illix
D (4133Bt) 15 300 i BEAS [ 35 44 2 2 A8 Sl A
7.27—59.45, V4% 33.27; WEAM E (SGK9708) 5
300 {3 BEAS [R)3gt A% B0 2 A8 SR B 3.74—61.43, 11
H17.700 5 AW BEAS RS2 38E BR % D>C>E
>A>B, R 2.2 740 5 dHoEiiAdgE A>E>B
>C>D, FEA R R L IR sk, i
2.3.2 BHREMANT BHAS TSR (B2, B
TR 3) KW, 305 AR 2 AR (K]
2-a) , {ED=7.5 (D AR E PN AT
WGy, T S ANWRE (T —V) , Hp I
AL R —AFERE, 1M1 VRV A S —A R, @it
LR PR R RN, IR B PE B K THEN, 4
GHEARERIKIAN],  FINARIEE 2-b KRG 8T, S
ANEHEIM BRI AL bR RO FA &, dE— DR
RRLERI M. o, 5 AN MA F MD 4
Koy 2155 VLR, MB Rl 2SR, MC #%1
SR IVIERE, ME #2055 1 WRE,

2.4 BIFIRESRMMLE RN

2.4.1 Corl LR RMAKRWMHRME AN
TBAE B B 55 QM AR SR AR O 73 B Corl 25 3R 7R (R
3D, MBS MRS B A KR,
LR MR B A AR AR AE 22 e, SRR FA LA
FOSE R . b, iy bEe . K. Wi

[ PC2

2 305 3 RARIBHRG A

Fig. 2 Population structure analysis of 305 parents
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Table 3 Correlation between heterosis and genetic distance by

TR, o, Giep IS PEAR A e i i 2 e A
G, BETERECH-0.0634, HARYY A M B2 ARG,

" e HGHE RO 0527701055, AKHERLIE ) bk
Trait Correlation coefficient with genetic distance BRH > Ty g B AE > AT 4K > My > PR B > K0y >
AL MPH AL HB WIS Lhom s s Jot A5 FE 2 5 ST P R A SR AL A A
PH 0.0115 -0.2798*+* WE MG, MHRMEREHA 0.0921.
BW 016187+ -0.1250%+* 2.4.2 Cor2 LIEH G RMAHBWMAME KA
LP 0.2459*** -0.1234%%% LR B 5 AP R DS 23T Cor2 85 R (&
BN -0.3870%+x -0.5277%%% 4) , BRI RS P RS A G Bk S Corl (145
FL 0.0109 -0.3482%»+ AL, Corl BT Cor2 A 4% WA A HEAAR K ot
Fs 0.1890%** -0.1055%** 90 85 5 4 oy g b B S MR B PR AALE 5 A
MIC -0.36274%x 05161+ P HP 3 B S AR OGO R B B T
FU 0.1764%*x 0.0921%** 0.1346—0.3801 FI1 0.1834—0.4058, L5 24 bk it J& Fhl
FE -0.0495 -0.0315 S EFRA FRALE 4 D WRFh LS B2
SCI 0.3530%** -0.0634* G, MG RE A AT 02144—0.2813 Al

*; P<0.05 K TAHSCHEZE R B3 *+*: P<0.001 ACFAHME ZE R B3 .
NG
*: Significance at P<<0.05; ***: Significance at P<<0.001. The same as below

SR FNEF ALK BE (1) b SR 3 B s A% R 2 S A Y 3 TEAH
5, ASMERB A 035300 0.2459. 0.1890 Al
0.1764, FPARERE. roRE{EFI PR E ey
It AR B RS B W A OG, A OR MR R A il
-0.3870+ -0.3627 F1-0.1618; 10 MR FEIAFR
BFERREAMP KA S, KR SuER S R B

0.1173—0.2487, 55 FBRARE. 1 v BB A 4% J (1) o
SRARATE 4 AN TAEFIE BN 525 ARG, S MRTE
FAE A G HEARR T s 0t AR R 2 v (L P R SR
AT 5 A TBE T 38IE 20 B FARDE, M RN T
-0.5275—-0.1980, 55 FLBRAREAN LT YL FE (1 SR L
TE 4 AMNERE 38k B 2 35 SR DG, ARG R 509y 5l
A1-0.6861—-0.4586 F1-0.5788—-0.2698, L5k = il
FUES T AR IAAE 3 N R 340k 2 S 2 S
5, HABMEIRLE & R P AHDGHEA R E

R4 Cor2 BEHEBSRMNBIMRKE

Table 4 Correlation between heterosis and genetic distance by Cor2

LEXIN LR BR B I AH S R 2L Correlation coefficient with genetic distance
Trait N o fp
iR MPH R HB

I Il it I \% I I it v \%
PH 0.2433***  -0.0173 0.0870 -0.1815%** 0.0196 -0.0037 -0.3721%**  -0.1579** -0.5368***  -0.1613
BW -0.1003 -0.1486** -0.2628%**  -0.2738***  -(0.2346** -0.0008 -0.0864 -0.1819%**  .0.2451%**  -0.4287***
Lp 0.3801*** 0.2978*** 0.2879%*** 0.1346%** 0.2462%** -0.0562 -0.0356 -0.0852 -0.0949 -0.4010%**
BN -0.5678%**  _0.4537***  _(.5135%**  _(.3352%** 0.0049 -0.6861***  -0.6001***  -0.6672***  -0.4586***  -0.0976
FL -0.0951 0.0630 -0.0964 0.0163 -0.2031* -0.4566***  -0.3952***  _(0.2698***  -0.0866 -0.5788%**
FS -0.0239 0.1614%*** 0.2813%** 0.1780%** 0.2144* -0.2216** -0.1698*** 0.1662%* 0.0818 -0.0685
MIC -0.2862%**  -0.3924***  _(0.4440***  -0.4387***  -0.1036 -0.4695%**  -0.5275%**  -0.4915%**  _0.5194***  -0.1980*
FU 0.1141 0.2487*** 0.1173* 0.1518** 0.1791* -0.0189 0.2020%*** 0.0613 0.1870%**  -0.2032*
FE -0.3579%**  -0.1354** -0.1053 0.0999 0.1257 -0.2300%* -0.1320** 0.0370 0.1207* -0.0573
SCI 0.1834%** 0.4003*** 0.4058*** 0.3726%** 0.2354%* -0.2461%**  -0.0577 0.2116%** 0.2357*%*  -0.2630**

wky P<0.01 ZKPAREZE S B . T A

**: Significance at P<<0.01. The same as below
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2.4.3 Cor3 MFHEE G RMEHEARM KAN
AR L MBI AR SCE 20 AT Cor3 S5 2R 878 (3R
5) , LRSS AR SRS ARSI EAEAN R 4138
BIAN, HERO AR R LR f AR 1R 2%
AR EF A, o, Bk L PRk S
SRILPBAE A By C M E AN B35 EAHG, LeryE
KPERF AR R 2R IEAAE AL C A D 211 24 8 %

&5 Cord BfEIEESRMMBAMRIR

Table 5 Correlation between heterosis and genetic distance by Cor3

EADG, S PoRRALE A BRI D 4135 2 3%
ARG, 5 B R R A AR B3 itk
PRES SR LUORE . 9i2b3 S MR BOR 1 e R RkE o
PRIATE 5 A3 BB GHHDE, SAYEK IR
7F A. By D fl E A3 BB E A, SR
RFALE By D FIE 4B ARG E MIDC, SHST RS
AR (P=0.0416) [PESAFHCHETEAAN L3

227N S5 S IR AR AL Correlation coefficient with genetic distance
Trait 135 {45 MPH B HB

A B C D E A B C D E
PH -0.11067 0.0312 0.0017 0.0052 0.1615%* -0.1641%* -0.0833 0.0051 -0.3327*** 0.0227
BW 0.1073 -0.0282 0.1353* 0.2430***  0.0554 -0.0087 -0.0669 0.1034 0.1466* 0.0074
LP 0.1419* 0.1554%* 0.0350 0.1358* -0.1145%* -0.0849 -0.3894%** -0.1031 -0.2701%*** -0.3032%**
BN 0.1857** 0.1712%* 0.1544** 0.0346 0.1311* 0.0608 0.0268 0.0603 -0.2319%** 0.1402*
FL 0.1765%* 0.0001 0.1664** 0.2205***  -0.1417* -0.1908%*** -0.3943%** -0.0480 -0.3636%** -0.3814%**
FS 0.1470* 0.1501%* 0.0881 0.0730 -0.1812** -0.2267*** -0.3329%** -0.2339%** -0.3668%** -0.2409%**
MIC 0.0100 0.0416 -0.0033 -0.0042 -0.0834 -0.2506%** -0.3376%** -0.2372%** -0.4879%** -0.1338*
FU 0.0130 0.1898***  0.0281 0.1364* 0.0113 -0.0461 -0.0260 -0.0401 0.0644 -0.0909
FE 0.2138***  0.0941 0.2281***  (,1783** 0.0139 0.1112 -0.1177* 0.0892 -0.0334 -0.0138
SCI 0.0193 0.1416* 0.0804 0.1335* -0.0742 -0.3766*** -0.3699%** -0.2454%** -0.4021 *** -0.253 1 ***

2.4.4 Cord EIEHERMMEHWAELE KA
()35t A B 2 55 2 R UL AR AR DG PE 23 A Cord 45 1
R (R 6, PR 4) , WAL s 58RIt A A
RAEHEAKLL Cor3 55, (HILHEARLE LY Cor3 AL,
MR & H T 5 ANV HEZ G FEA &
3, P DAIS AR PR B 5 2R AR A AR OGP A B A F
—EMIFEAG . B E A4b, BHE &5 oAl
RNE B A DG REY N IE, FAR M IEAR
i, PAEA T 0.00025—0.04720; 354% #E B 58 51
AR B G, HARCHE A @& T s s
e, ZEWEET L I HIAV AR, 38 0 B 5 4 1)
SR AY R E N R E A, R T 1
AV i, AR PE B A K Wi LG iR g1 2
Y51 M F B B SR AR B A AR 11 S A G
TENVRE T AT H, 3t A% BE 2 5 1) o 8 AR 188 21 L A
RTINS OG.

R 4 PPIst AL BE B 5 AR L A AR DGk 3 B &5
R TGN, SRR Ay W LERE . SRR R
g b B S PR B R LA ik B W3 IR ARG,

HRRE, PARRE. FRKE. SRR
P SRAR SR AN [E ) 73 AT 5 S 85 AN, Stk
HR LA MRS . BMERE B 5o AR
Iyl AR IR SR U FAAE 4 Fh o3 B 7 28 rh 3R 35 2 IR il
FIAHR, 5 855 BEAREUR SR #5AE Corl 2RI
WEIEAR, HHABYERAESEIA R T % W
HIPIA ARG RN . o, 5 dh E 4R
W, A ER B 5 MR T SR UL A A S S S Al 2H
FAEIENZESR . 4 b7 BAEEAC R AL R AR
WRANASAK L EAFAE 2 57, 13 30 1) 45 RA T AN . Cor2
5 Corl AHEGHFEAS S AEAL B 25 AR MR gk /N, AHOCPE D
§59: Cor3 Fll Cord 55 Corl AHEULFEA S FIEAL #H 59 A2 MR
N, AHRPEDES, Cord IAHCHESRSS, HILSIAA
[F 538 5 4, ARALRA AR Cord 5 Cor2
Cor3 AHLEAEAS 5 R A% B B AR MR N, AHOCHEIRES o
Cor2 FI Cor3 Kopdl (& W) JialiAF, 45R%H
PN FITLL, 384 EE B 55 Z M AL 3 TR AR DG A 23 B 22
BAH—EMFEARSE, FEARREBACHE B, A
L PRIAAAN [ 1T A7 e 22 5t
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Table 6 Correlation between heterosis and genetic distance by Cor4

L] 2N

S B AH S Correlation with genetic distance

Heterosis Trait I 11

11 v \

A B C D E A B C D

s}

B ¢ D E A B C D E A B C D E

i PH P P
MPH BW P
LP N P

BN P P

FL P P
FS N
MIC

FU N

FE N P P
SCI P N
B PH P N N
HB BW
LP N N N N N N N N
BN P P
FL N N N

FS

MIC N N N N

z ZzZ z Z

FU

FE N

z z zZ Z
o

SCI N N N N

Z

z z ™ Z
Z
Z

P: Significant positive correlation; N: Significant negative correlation

3 g
3.1 EFHEMRFIRM A RS S RIS
XEBIHR

FALSRAR [B] R A% B B g e R 3, &R 149y
Sk, LRI AN . B PERE A B B — e 2
B by LR WA BHAN R AL G R, SRR B PR
SRR (R ity WY, LA il HbAT 235 AR S TBC AN 2 o
AR EA @ IR . AT 5T LREAC R Bl
FRIs AL 22 FETE ) 305 43 Fili R AZ CoRfUSA R Ay S5 A,
I 10 ANF RO SRR S5 M 34T 20 17, K LA L
Mo 2 ASERE, S AR X 1 500 AN AT 4
Tl 77 ST A% R B 5 e P LA AR DG, 25 7 S48
FEAG . R IE B AR MR R SRR RL E A 2 5, 133
MEERA AN ERARRERZ NN, B

5 RER I PEAR B Hh SR AL A 2 L 3 1) HAT S 2
W E ML R, AR EROR v, X
B B AR R R AR T R B A
X Bl A 25 A 1) 5 R R 3 A7 B 25 5 2 DL 3 ) R R
BFFT 2L, AR P RS i A e A 2
KHFTEP A R AR, LR L L 2 AR A4 41
TR, AGIKLC SRS AR AR K 7 et
%5y, R 4 BOr EEAT N, REMEE RS, Al
AHERS (1 50 M it A B 55 2 PR L3 DG 2R, XS Bl LA
SRAERC . SRIUHAA GITIE, LARARP A e 2Tt
W7 —E me SR, (BRI ARAS 23 WA
2R, A RRREAT R IZ IR AR S

Bt 7> FRRCBOR R S e, O FHT iz
A HOR W S0 A% 8 L5 2 BRI oG R o Uk
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2BOF il RAPD. ISSR & SSR Frig 5yl A igi A%
PR S 25R Fiy By o HRIR I IR A SC R, RN
AR R FE AR o A CNIAER R T SSR Fric w7 it
FRsE AT A D528 F LA AR S AR e, RIL
fo & ) e iE ARG HEA B3, P aE R 3
L0 P B B 2 TE I M O% . 15 4R 7 PRI SSR Rl
WU B B 5 A1 4 S SR AR DG, I A5 B
25 SR AT — s AR D, (B RIMPER R IAN ]
ZHANG %5 ] RAPD H1 AFLP bric WF 50 A i
R R HRC & RS A C R, KLY GCA A
SCA fF7E A K o 1E T RFNH R H ad A ) H 42 1A
21 SNP i F R Tl s A% P B 5 24P AR A e R, S
1, CHRISTIAN 25P47 [ 285 4 FK A2 £ 1 56 110
A~ SNP A7 S T 2K 7 AN 2By = R AE ) e AH DGR 1K
FRh s, LTS AT 0.72—0.81, S &)
M0 S A S EEE AN B R 6 MRRFRF 8
AR Z I 52 157 A SNP A7 SHF5T s 4 0 2 5
AR, RIS R Sk B h e
JEE RN FRR = Ry R A DG . YANG 25PSURI il
EMFEARAFH SNP 7 5T st % B 25 5 Ul e I
A EHESEIARIRR, I Z R HEA 52
F I 5 RL N R 2 AR} ) st A% 22 S (R AL GBI
JVH I AR PR S A 0] DU T2 R L3 il . H #i,
BE BTy R AR £ 245 AFLP. RAPD. ISSR. SSR.
SNP 5 1 B7VRI el s jt 25 S R R, # K
YEY) CERAEREAE) 103 DR TR e 126 R 5 R0 K540 2 A e
AT, R SR DR R RN 2 B P A 25 A T st A% R
SRR DR, KA E AP A A S
BOR, AR TR AL

4 ZEig

il b A 256 A ) 50 R 3 A B 20 B e B A AT
—EMEME R R, BRI AN TR LL R
HETT AR BON g3 20 2 S PEAR B R R AL 2 B IR
R, RESE R AU IR U 2 I IEAER,
LAy LT YR EAN L o |9 R I O AL 95 5 W6k 2
FAG,  FAH P B A2 P 18 or 98 5, ) O
A S A 5 T A e ol R 7 R 2T 4 IR 2
Foft DL AT R

Bugt: AR R E AR, Ak R A
2 FAE MR il igFe B ik, b ARAY Ak X 2 i Ae K
BB N T gk S A A AR PR E) A T O h AR AT

RATHE . AR K F Dug A Ei, BRRHEAR
MR- Bathm B . PARRKIT NG e A Bl K50 LWEKXA
B IRE AR TR B B AR IR PTR T, HdF
AL RNE FEEFARTERLAFRAEDF
ASE AR 20 A B B o R R MR 69 & B S M T 2Tk,
R
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