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Establishment of A Comprehensive Evaluation System for
Upland Cotton Based on Comparative Variety Trials
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Abstract: To identify high-quality cotton varieties with superior agronomic performance, a three-year
comparative trial was conducted using 24 early and early-mid maturing upland cotton varieties. Multiple
statistical analysis, including correlation analysis, principal component analysis (PAC) , clustering, and gray
correlation analysis, were employed to evaluate phenotypic traits. The results show that the coefficient of
variation across the three years study ranged from 0.21% to 4.18%, with 2022 exhibiting the highest variability,
particularly in the number of bolls per plant and single boll weight. Trait association analysis revealed 17
significant and 37 highly significant correlations, suggesting complex interactions between agronomic traits,
yield components, and fiber quality parameters. Fiber quality traits showed stronger inter-trait correlations than
other trait combinations. PCA revealed four principal components accounting for 77.98% of the variability.

Based on the affiliation function, gray correlation model and AHP model, an integrated evaluation system was
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developed. This system identified superior cultivars, such as Jinfeng 6, J8031, and Xinnongda Cotton 1, based

on their comprehensive performance metrics. The comprehensive evaluation system was validated within a panel

of 283 upland cotton germplasm resources and 416 self-bred elite lines. Through this screening process, high-
quality materials such as A191, A110, Y228, Y210, and Y297 were identified, along with materials with
poorer overall performance, including A241, A39, Y110, Y366, and Y329. Practical field tests confirmed that

the evaluation results were consistent with the actual performance in the field, demonstrating that the evaluation

system has a solid foundation for further promotion.

Key words: Gossypium hirsutum L.; genetic resources; comprehensive evaluation system; principal

component analysis; gray correlation analysis
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Table 1 Information of cotton varieties used in this study
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Table 2  Coefficient of variation for each trait in different years

of experimentation (%)
PR Traits 2021 2022 2023
¥k Plant height 194 198 1.16

55— A = Height of the first fruiting node 242 232 1.86

FRRSLAEL Number of branch per plant 1.82 2.06 240
HARR RS Number of bolls per plant 226 4.18 234
FEA T Single boll weight 134 296 197

BT A AL Number of plants per 667 m? 1.93 234 228

KA Seed cotton yield 211 113 157
A<47 Lint percentage 0.86 0.79 0.62
FeFE 775 Lint production 254 134 1.82

AL 4 BE Upper half length of fiber 0.78 0.80 045

L 4E ¥4 55 Fiber uniformity 040 027 026
LYWL USRI Fiber specific tenacity 1.13 087 130
LYK Fiber elongation 2.87 021 151
L FEFEAA Micronaire 0.87 094 0.79
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Fig. 1 Comparison of the traits of the participating varieties during the three years
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Table 3 Varieties with superior yield traits and their BLUE values

PRk {2 % Rank

Traits 1 2 3

Hig4 T (g)Single boll weight &+ 6%5(6.92) J8031(6.45) AL F015-5(6.13)
BEHA S Number of plants per 667 m? i K24(12433.33) bt . 82(12088.89) 4:8120(11925.00)
FFA 4 (kg/667 m?) Seed cotton yield J8031(469.48) B K24(463.77) B 15 (449.21)
43 (%) Lint percentage A KA 15 (46.88) B K24(44.37) BIHE 512(44.18)

Fe i (kg/667 m?) Lint production BACKAR 15(210.58) BrA K24(205.83) J8031(201.16)

555 B X BEPEAR A BAR B, T TR

The data in parentheses represent the values of corresponding traits, the same as below
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Fig.2 Total score of yield traits of participating cotton varieties
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Table 4 Varieties with superior fiber quality traits and their BLUE values

PR {3/ X Rank
Traits 1 2 3
|2 AR 4K B (mm) Upper half length of fiber FEEERR 116(31.7) 4F675(31.6) K7 0769(31.1)
L} Y55 (%) Fiber uniformity J8031(88.0) H33-1-4(85.7) NH12026(85.4)
2T 4EWTL 3R B (cN/tex ) Fiber specific tenacity £+ 65(33.5) 4r B 1643(32.4) 18031(32.4)
2 4iAifi K 2 (% ) Fiber elongation il . 80(9.7) T115(9.5) 4R 1565(9.5)
5B fE Micronaire &+ 65(4.7) FEEERR 116(4.7) 4R 1565(4.7)
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X1 to X14 in the figure represent plant height, height of the first fruiting node ,number of branch per plant, number of bolls per plant, single boll
weight, number of plants per 667 m* , seed cotton yield, lint percentage,, lint production, upper half length of fiber, fiber uniformity, fiber specific
tenacity, fiber elongation, and micronaire; The scatter plot in the bottom left corner of the figure illustrates the data fitting between two traits across
different years. The horizontal and vertical axes of the scatter plot represent the specific data of the corresponding traits. The area chart with diagonal
lines represents the normal distribution of each trait over the three years. The top right corner dsplays the correlation coefficients for different years
and their three-year average, with data from the same year indicated by the same color, blue is 2021, green is 2022, pink is 2023 ;
* kxR indicate significant differences at the levels of P<0.05,P<0.01,and P<0.001, respectively
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Fig. 4 Correlation analysis between main traits of the varieties
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Table 5 Principal component eigenvectors of major traits
PR 551 B/ 552 B4y 553 s H54 By
Traits PC1 PC2 PC3 PC4
Pk Plant height 0.844 0.146 0.076 0.249
H— LK = B Height of the first fruiting node 0.885 0.188 0.088 -0.051
PARRHA R Number of branch per plant 0.464 0.373 -0.063 0.524
AR A4 %L Number of bolls per plant 0.349 0.712 0.103 0.290
FEY TR Single boll weight 0.047 0.666 0.518 0.102
£ H A %L Number of plants per 667 m® -0.242 -0.043 -0.862 -0.147
FIH =t Seed cotton yield 0.178 0.884 -0.016 -0.017
A4y Lint percentage -0.359 0.461 0.111 -0.598
Bz =i Lint production -0.004 0.925 0.026 -0.249
AR 4K JE Upper half length of fiber 0.726 0.088 0.442 0.100
LTS5 Fiber uniformity 0.539 0.580 0.449 -0.152
LT YEIR L LB BE Fiber specific tenacity 0.691 0.392 0.376 0.024
2P YK Fiber elongation -0.082 -0.031 0.259 0.862
T 5EF#{IE Micronaire -0.863 0.062 -0.043 -0.068
FFE{H Eigenvalue 5.824 2.707 1.348 1.037
BtHk% (%) Contribution rate 29.280 25.010 11.850 11.840
TR (%) Cumulative contribution rate 29.280 54.290 66.140 77.980
F6 AREEBTHZHE 10 RFHEE
Table 6 Top 10 varieties and their scores under different models
shJm R AL UREFS e SR Hrid
Membership function Grey relational analysis Analytic hierarchy process
He44 el D1 He44 i C:iiin He# hb AHP 84y
Ranking Cultivars D value Ranking Cultivars coefficient Ranking Cultivars AHP score
1 J8031 0.702 1 ¥ 65 0.758 1 ¥ 6% 4371
2 H33-1-4 0.668 2 J8031 0.704 2 18031 4330
3 &6y 0.648 3 4R 1565 0.613 3 A K24 4.267
4 T115 0.621 4 N R 0.601 4 LN R 4260
5 NH12026 0.573 5 A K24 0.580 5 FrEEti 116 4238
6 4R 1565 0.558 6 T115 0.557 6 ikt .80 4.175
7 SRR FO15-5 0.484 7 FrEER 116 0.556 7 4R 1565 4.156
8 4F20 0.447 8 K2z 0769 0.538 8 4B 1643 4.145
9 BIIH 508 0.436 9 Bkt 80 0.533 9 Bkt 76 4.143
10 FREEmi 116 0.430 10 Bl . 82 0.500 10 NHI12026 4128

i 345 i IR A MR e R B — A
PHAG S AR , A4 it o g MR TR 8 K (5 5C
WRJE AR T2 A 2 SR S A R A, 15

FI] i Fh 5 e A AR [R] 19 0 AR €8 R BEBE (Ei) , DA
e i G R BUK . 5 R R0, 24 4> e
B 7E 0.394~0.758 Z [0] , 4 =F 6 5 (0.758) >J8031
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(0.704)>%4x B 1565(0.613) >4 KA 15 (0.601)>
B4 K24(0.580) , £5A fh L BT S .

VEFERT AR PREA TR K | IR AR G KR
FNEF2E W2 Lo i 5 AN TE = i FEF4E i o - B i
FACZME B bR, X FLEA IR A3, (5 F AHP A7 3
HA BAGE RIS Fh B BLUB(E 5845 b Fb
AHPZEG1R4r (A) o Z5REH], 241 L Fl AHP 1557
1 3.983~4.371 Z [a] , HE 44 Hi 104 B o il ok 4 3=
65 (4.371)>J8031(4.330) > £1 K24 (4.267)>Hi 4
KA 15 (4.260)>F5EEH 116(4.238)

®7 SHRMNEETENERSTS

55 3 PR A IR AL B4R L, A B LT E A
IR B, 43 5 8 HIR 5 0.2(D,) .0.3(&) F10.5
(A) PIRLEE AR 3 Fh 2 G P B 25 B E 4 7 A
B s AR AT HE , DA —
BLEATEFMRR B IR R N T 24 23 A
(R7) . &RER, S50 LEE NS0
2.195~2.542 Z [A], 4 F 65 (2.542)>J8031(2.516)>
B A K24 (2.386) > 81 & KA 15 (2.380) >4 B
1565(2.373) , Sr 4 A 1L, 45 50 5 3 Fh 2 —PEA 4R
FHIE o

Table 7 Comprehensive evaluation model score of participating varieties

He#4 i LW He# fnfh LA He# i LEAPEAY
Ranking Cultivars Score Ranking Cultivars Score Ranking Cultivars Score
1 &+ 65 2.542 9 Bk 80 2314 17 Bkt .70 2.259
2 18031 2516 10 4R 1643 2301 18 £F}20 2255
3 Hia K24 2.386 11 H33-1-4 2.299 19 il 61 2.247
4 R 15 2.380 12 SRR FO15-5 2.294 20 ikl .82 2.246
5 4R 1565 2.373 13 Bkl 76 2.291 21 Bl . 84 2237
6 R 116 2372 14 B4 50 2276 22 BI# 508 2218
7 T115 2.341 15 Kz 0769 2273 23 ikt .79 2.201
8 NH12026 2319 16 BIFES12 2.268 24 Bkl 65 2.195

2.7 A R AR AR IR EHA TP B R A S 38IE
K 283 15 il M BT DAL LEL ) A S TR B Al (A
TR SARB TR AP AR T, 745
B AFIrHEA TR SRAE T ] SR B P& Foin L EAIE, L
I E P M AR B R I, HE 4 AT SR RO

RS BEAEZSITNMERTRIFM B ERESS

Ui B4 RE UL 2% 8. 283 4y M RE£5 A5 15 43 7E 0.436~
0.732 2 [i] ( 1 UL https://doi. org/10.13430/j. cnki.
jper.20240809003 , fff % 1) , 81 AN Y 25 & 15 40 1E
0.6 DL I, Hirp A191  A110, A232 S5 5 R 25 5 4547

B

Table 8 Name and score of extreme materials under the integrated evaluation system for population A

£ MR FR LAt He4 i MR R LRy He44
Number Resource name Score Ranking Number Resource name Score Ranking
A191 Bt .24 0.732 1 A135 i 71-113 0.472 274
Al10 PRI T 0.725 2 A95 R 0.468 275
A232 Bkt 64 0.707 3 Alll Lk 15 0.465 276
A178 Hibhi- 45 0.707 4 A3l AR 212 0.463 277
A233 Hibktirhr 65 0.704 5 A25 St213RNR 0.456 278
A62 1 204 0.695 6 A92 ILHRRE 345 0.451 279
A281 WY 17003 0.694 7 A91 1173347728 0.450 280
A225 Bl 54 0.684 8 A78 SR AR 0.450 281
Al75 Bl 39 0.684 9 A39 )11 169-6 0.443 282
A77 355173 0.683 10 A241 “A18 0.436 283
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A191 B8 FE FIRR =5 43510 7.12 g F1190.08 cm,
TE A BERITA AR5 55— RS ., 55 Sh bk AR
T2 H5 R LR LS B0 03 ) A 91.2% i1 96.5% 1 %
T 5 AT10 BRRR AL EI  BAPR IS BRI A 4343l e ok
95.8% .91.95% K11 88.7% H X5 5 A232 PR 45 B
KEN9.76 1 LA — , MR IR A BUEE 1 92.6% %%
U5, UAE 3SR AE A BRI SR =0 2R P
R THEA G =009 b R, A241 FRBR AS BORN HR.
BT AN BIR 5.61 AN F14.24 g, X F IR BER K 92.9%
F193.6% MIGEIE ; A39 PR s IS T 40 KT 99.3%

F1198.6% PR Kk ; A78 BRPR BAS BORIAR 23 14k T3¢
AT, 2 R TFREAR M 99.6% F1198.6% [F 41 KL

EIXTLL 255 TR SR A8 A BEACIYY H 1] R Y
HE R, WS A R AR TE 25 FIAR 48 B0 S A, AR 3%
LSBT R (B 5) o WL A PEM SR
15535 B AR RVIRIE 20 b R SR LI R X L, &
PR 25 A A bR 3l ZE AR R B & | 1
FAHMEIES & B, HAT e m i 3 =0 g A 43
R ZAFAEZEFT AN S A RRER SE )&, B i
B, T EBER AR T A 2 , AT ™ it

AHEREHER RTINS TLAA PPRHA I B s B W AR AL RAR R i R O 8 5 7 )

A shows phenotypic of material at bell stages for the top 5 and bottom 5 based on comprehensive ranking; B displays phenotypic of the same plants

after leaf removal; The same as below
5 283 Bt AR TR B A R R R B E

Fig. 5 Phenotypic pictures of extreme materials of 283 upland cotton resource groups
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P 416 Oy i AR A K 5 R (Y BEAR) | 0 i i 22
HIZEETEM IR R TIRAE (R 9) . Y BEAZE S5
£ 0.422~0.667 2 [H] (1 U1, https : /doi.org/10.13430/j.
cnki.jpgr.20240809003 , [ff £ 2) , 22 MBI LR 515 47
760.6 X UL F, Hih Y228 Y210, Y297 S5 08 454
KPR . FEY BHAHEA T =0 ah &b, Y228 1Y
FARR B B AR R AR BGA B 112 1 8.4 &, 41
FILH S —FEE I 5 Y210 HL48 EE K 5 6.56 g, it
HEK N 98.5% 1 & B, A5 42.97% , #3) 85.6%
YBT3 Y297 FARR AR B L 25 LS BN AR SR A B
A3 5 95.7% . 90.6% Fl 82.7% F i B L 454 it
Btk

Y366 AR B HIORT AR AL BB 7E 416 13 41
B HER R, £F 4 T I, R AR e K
26.75 KT 91.2% AT KL Y110 k558 63.38 cm, 7
BEAFER T HE 22 IR DU, 5 A AR AR ORI A
MK T 82.3% F181.3% HIAH K5 Y329 bk L 24
PR RS BORN AR SRR A TR, 43 3T
REIA T 99.8% . 97.4% F197.1% (KK}, 5 4B sh T
1 4.16 g KT 96.9% Wit kL . X 3 RHELR &
T AR R HEA e 3 07

U Y TEARAS 100 HH ] SR AU R R e B (&1 6) , 25
EAF B AR (Y228 Y397 . Y210 45 ) B 5
Pk, AN AR o L, i A R A B kS AR A Y

[F B 2 g D645 R e R B R 1O A R A 5 Y366
Y110 SE AR P73 A4 R U 1 BUAR R R /N A 1 38
RBCHI LA B SR IR, RS 22 0 N LS, X L 52
BE,

MR A R B 7 BRI S
SEBR G LA , UE BT PEAN 1A F A v g i A
FIER L , 20 Rl BTG R A PPAN b A7 R 8 0
BLa
®9 BEYESZSITENER TRHMHEREFZS
Table 9 Names and scores of extreme materials of

population Y under the integrated evaluation system

%' Zatr k4 45 LGRS A
Number Score Ranking | Number Score Ranking
Y228 0.667 1 Y235 0.451 407
Y210 0.647 2 Y313 0.451 408
Y297 0.637 3 Y370 0.445 409
Y57 0.627 4 Y365 0.442 410
Y406 0.625 5 Y54 0.440 411
Y383 0.624 6 Y247 0.437 412
Y3 0.615 7 Y394 0.433 413
Y396 0.615 8 Y329 0.426 414
YS5S 0.614 9 Y110 0.425 415
Y164 0.612 10 Y366 0.422 416

(E6)
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Fig. 6 Phenotypic of extreme materials of 416 elite upland cotton lines
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Appendix 1 Original names and comprehensive scores of resources in population A

' TR AT SRS | WS LR RR SE/S | WS FRIRAA TR LR
Number Resource name Score Number  Resource name Score Number  Resource name Score
Al 108F 0.634 A96 £ 890 0.561 Al91 Bl . 24 0.732
A2 208H-1 0.535 A97 aM1E 0.481 A192 Bk - 25 0.572
A3 4133Bt 0.675 A98 a2 s 0.542 A193 Bk 26 0.531
A4 70-24 0.584 A99 a6 s 0.523 A194 Bk L 27 0.589
A5 73-184 0.674 A100 “RF 16 0.543 A195 Bk 28 0.608
A6 73-782 0.563 A101 SR 21 0.58 A196 Bk 30 0.558
A7 AC321 0.549 A102 ST 28 0.582 A197 Bk 5 31 0.603
A8 Ari3697 0.683 A103 £/ 343 0.472 A198 Bk L 32 0.527
A9 Ari971 0.568 A104 TR YA 0.64 A199 ki 33 0.516
A10 BP52 0.5 A105 % B-35 0.574 A200 ki 34 0.602
All CC28 0.602 A106 LKA 0.482 A201 Bk - 35 0.622
Al2 F281 0.594 A107 FA P HLIE AR 0.587 A202 ki 36 0.541
Al13 FH682 0.669 A108 5523 0.604 A203 ki L 37 0.623
Al4 GL2GL3 0.48 A109 T 18 0.498 A204 Bk 38 0.589
Al5 J02-508 0.478 A110 KRR T 5 0.725 A205 Bk 5 39 0.684
Al6 KK 1543 0.541 Alll Tk 15 0.465 A206 Bkt 5L 41 0.591
Al7 L-5F45 0.496 Al12 W45 0.519 A207 Bk L 42 0.631
Al8 M-8114-0224 0.595 Al13 ZRizZE 93089 0.621 A208 Bk - 45 0.707
Al19 MAR-7A-3 0.508 All4 Bk 2754 0.503 A209 ki B 46 0.656
A20 MSCO-8 0.55 Al15 Bk 2812 0.517 A210 Bk B 47 0.584
A21 N74-250 0.501 Al16 Bk 416 0.476 A211 Bkt 33 0.548
A22 PD6186 0.582 Al17 EEpN S 0.516 A212 Hrkfivh 34 0.681
A23 PD97072 0.559 Al118 £ F 913 0.492 A213 Bl 35 0.616
A24 Pilose-3 0.577 A119 Az 321 0.59 A214 Hrkfith 36 0.624
A25 St213RNR 0.456 A120 Az 345 0.514 A215 Bk 37 0.636
A26 T™M-1 0.582 Al121 F]-6524 0.512 A216 Bk 38 0.604
A27 TYJ-98-35 0.518 A122 i 168 0.555 A217 Bk 40 0.563
A28 Z37less 0.523 A123 AT 3 5 0.606 A218 Bkt 41 0.608
A29 8 siv2 0.518 Al24 7% BR6202Bt 0.542 A219 ki 42 0.517
A30 W v2/757 0.544 Al125 7591 310 0.579 A220 Bkt 44 0.6
A3l UK 212 0.463 A126 J5AE 12 0.527 A221 Bk 45 0.608
A32 78 ROKHR 0.51 A127 DY il s 0.49 A222 Bk 46 0.676
A33 E 15 0.495 Al128 JiAR 9 5 0.655 A223 Bl 47 0.555
A34 AeAE A LA 0.512 A129 734 6003 0.549 A224 ki 48 0.603
A35 Jbnt 432 0.515 A130 7 6036 0.536 A225 Hrkfivh 54 0.684
A36 534 5 0.572 Al131 7 6108 0.497 A226 Hrkfith 58 0.612
A37 WU 0.568 A132 JRI 04-129 0.524 A227 Hrkfith 59 0.569
A38 RS A A 0.484 A133 TRz 04-162 0.484 A228 Hrkfith 60 0.553
A39 JI1 169-6 0.443 Al34 TRzt 7235 0.577 A229 Bkt 61 0.68
A40 )1l 206 0.52 A135 it 71-113 0.472 A230 Bk 62 0.638




A41
A42
A43
A44
A45
A46
A47
A48
A49
A50
A51
A52
A53
A54
ASS
A56
AS57
A58
A59
A60
A61
A62
A63
A64
A65
A66
A67
A68
A69
A70
AT71
AT2
A73
A74
ATS
A76
ATT
AT8
A79
A0
A81
A82
A83
A4

1874 15 %5 (Deltapinel5)

JII 3593
KEH 69 5
1% 4554

(AN

WL E E A 2 e

FHH 10 5
YU 8 5
w12 5
2 20 5

2R 28
A

+ 175 (Feierganl75)

B 115
ik 3 5
15 241
15 284
iR 333
PN L
B 1S
81T PR BE FE AR A
I 204
#1106
POy R AR
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hiid

3 91-28
LA 12
fAiFH 303
LI 15
i 34
i 36
i 38
i 46
i 49
B AR K 3-1
3t 1081
¥l 55173
EPNPEYA
R 2 5
G 8 5
TR 15
Wt 736
s
Bz 1

0.636
0.581
0.494
0.475
0.511
0.526
0.599
0.601
0.521
0.556
0.614
0.522
0.535
0.571
0.645
0.617
0.551
0.559
0.539
0.517
0.561
0.695
0.657
0.518
0.662
0.577
0.54
0.54
0.56
0.617
0.678
0.681
0.632
0.57
0.542
0.57
0.683
0.45
0.546
0.606
0.533
0.51
0.53
0.5

Al136
A137
A138
A139
Al140
Al41
Al42
Al43
Al44
Al45
Al46
Al147
Al148
Al149
A150
Al51
A152
A153
Al54
A155
A156
A157
A158
A159
A160
Al61
A162
A163
Al64
A165
A166
A167
A168
A169
A170
Al171
Al172
Al173
Al174
Al75
Al176
A177
Al178
A179

I 83-161
5t 3396
L. 686
ENIRIS 57 i
WG 1
Wik 2
ks 3
Wik 4
ks 5
Hikfi - 6
Hikdi - 7
Hikfi - 8
Hikfi - 9
ikt 10
Hibti 11
ikt 12
Hikfi 13
Hikfi 15
ikt 16
ikt 17
Hiksi 18
ikt 19
ks 21
Bk A 22
Hikfi - 23
Hikti 5 24
Hikfi - 25
Hikti 5 26
Wik 5 27
Bk - 28
Hikti 5 30
Hiksi - 31
Bk 5 32
Hikdi - 33
Hikti - 34
Hikfi - 35
Hikti 5 36
Hikti 5 37
Wikt - 38
Hikti - 39
ks 41
Hikti - 42
ks 45
Hikti - 46

0.571
0.554
0.486
0.586
0.579
0.538
0.562
0.599
0.599
0.582
0.598
0.483
0.602
0.636
0.591
0.504
0.638
0.586

0.598
0.583
0.538
0.549
0.559
0.613
0.607
0.572
0.531
0.589
0.608
0.558
0.603
0.527
0.516
0.602
0.622
0.541
0.623
0.589
0.684
0.591
0.631
0.707
0.656

A231
A232
A233
A234
A235
A236
A237
A238
A239
A240
A241
A242
A243
A244
A245
A246
A247
A248
A249
A250
A251
A252
A253
A254
A255
A256
A257
A258
A259
A260
A261
A262
A263
A264
A265
A266
A267
A268
A269
A270
A271
A272
A273
A274

Hiktie 63
Hildih 64
Hiktie 65
Hiktic 68
N 514
N 553
w6 5
—IREL
A1
ks 1S
BiR 18
B 1S
A8 5
iZ 93 4t 354
iZ 94H-32
iz 219
1421
1441
# 203016
5765
1 85271
i R1052
1 R2058
1 R773-310
i R773-314
sy P19321
AT 10 5
R 16
AT 17
HFEAT 19
W AT 35
AT 41
AT 43
HEAT 49
Htf AT 50
Ht AT 60
HRAT 81
HRAT 82
TG 378
HizE 0114
HiE 86-1
i iE 86-6
iR 2 5
% 85-174

0.619
0.707
0.704
0.637
0.539
0.532
0.608
0.556
0.579
0.558
0.436
0.541
0.551
0.524
0.555
0.551
0.598
0.624
0.528
0.546
0.509
0.506
0.527
0.562
0.537
0.552
0.58
0.532
0.505
0.558
0.568
0.551
0.589
0.554
0.527
0.638
0.628
0.562
0.563
0.59
0.577
0.535
0.519
0.573



A85
A86
A7
A88
A9
A90
A91
A92
A93
A9%4
A95

Bz 4
JE7E 96515
i R 353

i1 2277

i1 4853

3T 7003

i1 7334-7728
LHRR 3 5
iAo 5
i 2350
R

0.535
0.569
0.579
0.514
0.565
0.477
0.45
0.451
0.491
0.612
0.468

A180
Al81
Al182
A183
Al184
A185
A186
A187
A188
A189
A190

Wikt - 47
Hikti A 12
Hikfi 13
Hikfi 15
ikt 16
ikt 17
Hiksi 18
Hikti A 19
Hikhi - 21
Bkt - 22
Hikfi - 23

0.584
0.504
0.638
0.586
0.56

0.598
0.583
0.538
0.549
0.559
0.613

A275
A276
A277
A278
A279
A280
A281
A282
A283

783 50
Hikdi - 29
Hikti - 60
Hikdih s
Hiktic 39
Hiktie 50
WY17003
NH15050
NDS-8 i

0.54
0.599
0.631
0.544
0.612
0.647
0.694
0.636
0.658
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Appendix 2 Comprehensive scores of various materials in population Y

% EZRER Ty ETRE) Ha5 ETRE) Ha5 ETRE) Hae5
Number Score Number Score Number Score Number Score
Y1 0.478 Y105 0.553 Y209 0.525 Y313 0.451
Y2 0.56 Y106 0.512 Y210 0.647 Y314 0.525
Y3 0.615 Y107 0.476 Y211 0.507 Y315 0.558
Y4 0.598 Y108 0.516 Y212 0.542 Y316 0.488
Y5 0.522 Y109 0.521 Y213 0.467 Y317 0.51
Y6 0.503 Y110 0.425 Y214 0.519 Y318 0.541
Y7 0.482 Ylill 0.579 Y215 0.537 Y319 0.501
Y8 0.544 Y112 0.577 Y216 0.535 Y320 0.493
Y9 0.562 Y113 0.591 Y217 0.478 Y321 0.542
Y10 0.544 Y114 0.594 Y218 0.602 Y322 0.555
Y11 0.57 Y115 0.511 Y219 0.502 Y323 0.529
Y12 0.52 Y116 0.511 Y220 0.523 Y324 0.534
Y13 0.495 Y117 0.537 Y221 0.529 Y325 0.502
Y14 0.517 Y118 0.563 Y222 0.502 Y326 0.497
Y15 0.585 Y119 0.572 Y223 0.509 Y327 0.557
Y16 0.533 Y120 0.53 Y224 0.538 Y328 0.457
Y17 0.497 Y121 0.543 Y225 0.583 Y329 0.426
Y18 0.508 Y122 0.491 Y226 0.549 Y330 0.491
Y19 0.568 Y123 0.584 Y227 0.55 Y331 0.534
Y20 0.574 Y124 0.487 Y228 0.667 Y332 0.464
Y21 0.501 Y125 0.509 Y229 0.543 Y333 0.531
Y22 0.59 Y126 0.548 Y230 0.48 Y334 0.519
Y23 0.544 Y127 0.474 Y231 0.508 Y335 0.611
Y24 0.508 Y128 0.473 Y232 0.511 Y336 0.527
Y25 0.486 Y129 0.528 Y233 0.475 Y337 0.602
Y26 0.579 Y130 0.478 Y234 0.524 Y338 0.507
Y27 0.511 Y131 0.539 Y235 0.451 Y339 0.552
Y28 0.588 Y132 0.491 Y236 0.472 Y340 0.537
Y29 0.558 Y133 0.532 Y237 0.573 Y341 0.455
Y30 0.529 Y134 0.51 Y238 0.513 Y342 0.573
Y31 0.544 Y135 0.524 Y239 0.56 Y343 0.529
Y32 0.544 Y136 0.512 Y240 0.521 Y344 0.579
Y33 0.525 Y137 0.517 Y241 0.543 Y345 0.539
Y34 0.55 Y138 0.495 Y242 0.503 Y346 0.536
Y35 0.566 Y139 0.501 Y243 0.495 Y347 0.545
Y36 0.528 Y140 0.566 Y244 0.498 Y348 0.547
Y37 0.549 Y141 0.485 Y245 0.494 Y349 0.488
Y38 0.546 Y142 0.552 Y246 0.523 Y350 0.561
Y39 0.547 Y143 0.572 Y247 0.437 Y351 0.528
Y40 0.544 Y144 0.47 Y248 0.499 Y352 0.513




Y41
Y42
Y43
Y44
Y45
Y46
Y47
Y48
Y49
Y50
Y51
Y52
Y53
Y54
Y55
Y56
Y57
Y58
Y59
Y60
Y61
Y62
Y63
Y64
Y65
Y66
Y67
Y68
Y69
Y70
Y71
Y72
Y73
Y74
Y75
Y76
Y77
Y78
Y79
Y80
Y81
Y82
Y83
Y84

0.493
0.487
0.481
0.524
0.517
0.538
0.577
0.591
0.561
0.548
0.488
0.556
0.603
0.44
0.614
0.596
0.627
0.526
0.57
0.518
0.609
0.538
0.531
0.562
0.57
0.505
0.486
0.538
0.58
0.487
0.525
0.496
0.557
0.508
0.532
0.561
0.475
0.511
0.491
0.502
0.49
0.478
0.598
0.542

Y145
Y146
Y147
Y148
Y149
Y150
Y151
Y152
Y153
Y154
Y155
Y156
Y157
Y158
Y159
Y160
Y161
Y162
Y163
Y164
Y165
Y166
Y167
Y168
Y169
Y170
Y171
Y172
Y173
Y174
Y175
Y176
Y177
Y178
Y179
Y180
Y181
Y182
Y183
Y184
Y185
Y186
Y187
Y188

0.606
0.509

0.505
0.494
0.462
0.504
0.508
0.515
0.544
0.474
0.515

0.502
0.503
0.496
0.479
0.503
0.497
0.612
0.546
0.515
0.552
0.505
0.495
0.496
0.519
0.536
0.554
0.531
0.502
0.503
0.484
0.496
0.5
0.533
0.521
0.541
0.516
0.509
0.567

0.516
0.544

Y249
Y250
Y251
Y252
Y253
Y254
Y255
Y256
Y257
Y258
Y259
Y260
Y261
Y262
Y263
Y264
Y265
Y266
Y267
Y268
Y269
Y270
Y271
Y272
Y273
Y274
Y275
Y276
Y277
Y278
Y279
Y280
Y281
Y282
Y283
Y284
Y285
Y286
Y287
Y288
Y289
Y290
Y291
Y292

0.486
0.564
0.554
0.545
0.535
0.496
0.523
0.517
0.552
0.567
0.549
0.523
0.497
0.591
0.519
0.529
0.499
0.606
0.501
0.521
0.526
0.575
0.499

0.574
0.584
0.582
0.525
0.551
0.61
0.533
0.55
0.546
0.538
0.525
0.529
0.598
0.503
0.5
0.506
0.475
0.467
0.526
0.586

Y353
Y354
Y355
Y356
Y357
Y358
Y359
Y360
Y361
Y362
Y363
Y364
Y365
Y366
Y367
Y368
Y369
Y370
Y371
Y372
Y373
Y374
Y375
Y376
Y377
Y378
Y379
Y380
Y381
Y382
Y383
Y384
Y385
Y386
Y387
Y388
Y389
Y390
Y391
Y392
Y393
Y394
Y395
Y396

0.539
0.58
0.521
0.567
0.583
0.528
0.517
0.508
0.481
0.533
0.501
0.477
0.442
0.422
0.506
0.493
0.522
0.445
0.52
0.6
0.501
0.533
0.542
0.494
0.509
0.49
0.54
0.527
0.556
0.591
0.624
0.561
0.486
0.488
0.455
0.452
0.468
0.528
0.509
0.525
0.558
0.433
0.552
0.615



Y85
Y86
Y87
Y88
Y89
Y90
Y1
Y92
Y93
Y94
Y95
Y96
Y97
Y98
Y99
Y100
Y101
Y102
Y103
Y104

0.514
0.511
0.544
0.526
0.551
0.594
0.587
0.536
0.532
0.503
0.483
0.513
0.516
0.531
0.514
0.509
0.521
0.553
0.593
0.514

Y189
Y190
Y191
Y192
Y193
Y194
Y195
Y196
Y197
Y198
Y199
Y200
Y201
Y202
Y203
Y204
Y205
Y206
Y207
Y208

0.564
0.494
0.585
0.527
0.525
0.521
0.533
0.522
0.603
0.612
0.542
0.554
0.573
0.563
0.557
0.557
0.536
0.558
0.469
0.567

Y293
Y294
Y295
Y296
Y297
Y298
Y299
Y300
Y301
Y302
Y303
Y304
Y305
Y306
Y307
Y308
Y309
Y310
Y311
Y312

0.548
0.531
0.535
0.53
0.637
0.514
0.469
0.497
0.505
0.545
0.509
0.488
0.533
0.542
0.527
0.471
0.551
0.586
0.498
0.561

Y397
Y398
Y399
Y400
Y401
Y402
Y403
Y404
Y405
Y406
Y407
Y408
Y409
Y410
Y411
Y412
Y413
Y414
Y415
Y416

0.509
0.485
0.549
0.506
0.512
0.606
0.483
0.511
0.508
0.625
0.532
0.515
0.524
0.519
0.499
0.521
0.517
0.547
0.551
0.554
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