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Phenotypic variation and diversity of natural Rosa persica populations in
Xinjiang of northwestern China
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Rural Ecological Environment, Beijing Key Laboratory of Ornamental Plants Germplasm Innovation and Molecular Breeding,

Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Rosa persica, the only single-leaf species of Rosa, is an important material for rose
breeding. It is mainly distributed in northern Xinjiang of northwestern China, but it is at risk of extinction
due to human damage and environmental changes. This study analyzed the phenotypic diversity of Rosa
persica and explored the rule of its phenotypic variation, aiming to provide theoretical guidance for better
protection and utilization of Rosa persica germplasm resources. [Method] In this study, 270 individual
plants from 9 natural populations of Rosa persica were used as research materials, and the data of 19

phenotypic traits were collected. Nested analysis of variance, Pearson correlation analysis, principal

s B#A: 20221229 1&[EI H #: 2023-01-15

ELWE: HRHRBZIEET EIH (32071820, F 5K E bR HHRIEE(2019YFD1001001)

FE—1EE: XA FEEHETCTT ) [T AR B IR 429 5 GBI 5T . Email: 2538059065@qq.com  Hihi:: 100083 b5 T M E XI5 4 AR
# 35 S AL ML R B AR B .

BEMEER: PR, Hd, #udR. FEITT7 W mAAEY 5 S IRIZ 98 5 Q89T 7. Email: luolebjfu@163.com  Hihik: 7 _E.

T RIE: http:/j.bjfu.edu.cn; http://journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20220525
https://doi.org/10.12171/j.1000-1522.20220525
https://doi.org/10.12171/j.1000-1522.20220525
mailto:2538059065@qq.com
mailto:luolebjfu@163.com
http://j.bjfu.edu.cn
http://journal.bjfu.edu.cn

52

= N AN

component analysis and cluster analysis were used to explore the phenotypic variation and diversity level of
the plants. [Result] (1) The phenotypic diversity of 9 natural populations was higher, and the mean
coefficient of variation and Shannon diversity index of 19 phenotypic traits was 15.90% and 2.031,
respectively. The phenotypic coefficient of variation of 9 populations ranged from 10.32% (P4) to 13.19%
(P8), showing moderate variation. The Shannon diversity index ranged from 1.274 (P5) to 1.825 (P8), and
the P8 population showed a high diversity level. (2) The 19 phenotypic traits had significant differences
between populations and within populations (P < 0.01). The average phenotypic differentiation coefficient
between populations was 41.23%, and the phenotypic variation was mainly from within populations.
(3) Pearson correlation analysis showed that there were significant correlations between flower diameter and
leaf area, petal area and flower spot percentage. (4) A total of 5 principal components were extracted from
the principal component analysis, with a cumulative contribution rate of 80.463%, and the two principal
components with the largest contribution rate mainly explained the characteristics of flowers and leaves.
(5) The 9 populations of Rosa persica could be divided into 2 groups by cluster analysis. The first group was
large flower group, including P6, P7 and P8, and the second group was small flower group, including P1, P2,

P3, P4, P5 and P9. [Conclusion] The phenotypic diversity and variation level of Rosa persica in Xinjiang

546 4

are high, and the sources of variation are mainly concentrated in the population.
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Tab. 1 Sampling point information of 9 populations of Rosa persica in Xinjiang
JE KA AL A3 R
Population Collection point Sample number Habitat Altitude/m
1 B AT ERT 30 TR AR RV 58423
Shangdonggong Village, Erliugong Town, Changji City Road, farmland, side of the big ditch ’
P2 B ANLHERANL 30 TEPK R NIRRT 583.05
Dongliugong Village, Erliugong Town, Changji City Road, farmland, side of the small ditch '
by EEIFHEARTH i S K TR 027
Wugongtai Village, Hutubi County, Changji City Road, farmland, side of the dry ditch ’
P4 B T I PR R L ) 20 TE T VA R 52236
Runhe Road, Hutubi County, Changji City Road, factory, side of the dry ditch )
T B BB
P3 Shihezi City 20 Road, railway lines 43373
. PR R T 5 . A< il 552.06
Laofengkou Village, Emin County, Tacheng City Road, farmhouse '
7 PEIAR RV 20 TR FHH 641.05
Janges Village, Yumin County, Tacheng City River, meadow edge '
P8 TR B 40 TEB BRI MR, TR R 507.2
Railway station, Bole City Road, railway lines, woodlands, dry ditches :
po X i 8641 30 T AH L WIRA 503.17
86th Regiment, Shuanghe City Road, farmland, ditch side '
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Tab. 2 Variation in phenotypic traits of Rosa persica

PEIR FIE bz BUME BRKE mE A5 R TARZFEVES RS
Trait Mean SD  Min. value Max. value Range Coefficient of variation/% Shannon’s diversity index
1£4% Flower diameter (FD)/mm 28.813 3.015 22.185 40329  18.144 10.47 20715
TEBE E4% Speckle diameter (SD)/mm 12556 1.295  8.748 17.617 8.869 10.31 2.039 6
1K K Pedicel length (PDL)/mm 14.089 3366  5.586 26366 20.780 23.89 2.0333
IH-[8] B Blade spacing (BS)/mm 10973 1957 4574 18.428  13.854 17.83 2.036 6
TEITHIFY Petal area (PA)/mm? 170.033 38.019  87.481 335.481  248.000 22.36 1.993 4
1EHE 8 K Petal circumference (PC)/mm 53311  6.378  37.270 80.520  43.250 11.96 2.0328
16K Petal length (PL)/mm 15.853  1.813  10.981 23.158  12.177 11.43 2.0359
1EH 9% Petal width (PW)/mm 13.498 1.650  9.204 19.485 10281 12.23 2.0630
1EI %6 Lk PL/PW 1.178  0.070 1.011 1.436 0.425 5.94 2.03138
TEPTK: Speckle length (SL)/mm 4764 0551 2814 6.446 3.632 11.56 2.009 5
TEPLZE Speckle width (SW)/mm 3330 0.635 1033 4,958 3.925 19.06 2.040 7
TEPEET 4 LG Speckle percentage (SP)/%  7.629  1.940  1.664 14406 12742 25.43 2.0243
TR Leaf area (LA)/mm? 83.117 24730 30232  225.038 194.806 29.75 1.984 5
I J& 4 Leaf circumference (LC)/mm 42.614 6.497 17.360 68.126 50.766 15.25 2.0519
K Leaf length (LL)/mm 14.032 1974  8.505 22450  13.945 14.07 1.967 8
95 Leaf width (LW)/mm 7355 1517 3.150 15130  11.980 20.62 2.027 1
K B LL/LW 1964 0375 1310 4,520 3.210 19.10 2.007 8
# Fi K Sepal length (SPL)/mm 8.945 1.025  6.115 12.222 6.107 11.46 2.070 8
B2 9% Sepal width (SPW)/mm 2.890 0.273 2.133 3.849 1716 9.44 2.065 0
YJ{H Average 15.90 2.0309
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Tab. 3 Variance analysis of phenotypic traits of Rosa persica population

177 Mean square F
PER
Trait JEHE(E] JEREA W JE (8] JETREN
Among populations Within population Error Among populations Within population
FD 688.667 24.547 0.323 28.055%* 75.055%*
SD 93.033 5.537 0.067 16.801%* 82.131%*
PDL 606.638 36.990 0.717 16.400%* 51.600**
BS 176.277 13.374 0.244 13.180%* 54.802%**
PA 124 758.390 3468.759 43.041 35.966** 80.591**
PC 3 168.959 105.846 1.754 29.939%* 60.362**
PL 285.553 7.807 0.102 35.574** 76.564**
PW 234.541 6.536 0.084 35.884** 77.381%*
PL/PW 0.250 0.017 0.000 15.011%* 66.925%*
SL 22.120 0.834 0.014 26.507** 61.677**
SW 21.413 1.372 0.013 15.604** 105.646%*
SP 256.868 11.099 0.115 23.143%* 96.418%*
LA 30 170.140 2036.793 48.222 14.813%* 42.238%**
LC 2062.111 141.556 3.235 14.567%* 43.754%*
LL 293.049 10.163 0.243 28.836** 41.828%**
LW 141.322 6.925 0.153 20.407** 45.166%*
LL/LW 14.476 0.256 0.007 56.562** 38.385%*
SPL 75.519 2.934 0.045 25.736%* 65.373**
SPW 2.608 0.286 0.004 9.110%* 64.896**

VE: **RINTE0.017K - L 2 3 AH K . Note: ** means significant correlation at 0.01 level.
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Tab. 4 Multiple comparison of 19 characters in 9 natural populations of Rosa persica

PR Trait PI P2 P3 P4 P5 P6 P7 P8 P9
FD/mm 27784+ 1880¢  25295+2307f 29.447+2455c 27.451+1987¢ 26.056+1322f 30.044+2.783b 29331+1.617c 32.040£2.390a 28.769 +2.090d
SD/mm  12.283+0.876c  11.195+£0947¢  12.377£0978 11.735+1.102d 12338 +0.507¢  13.126+1205b  11.928+1.079d 13.526+1.309a 13237+ 1.049b
PDL/mm  13.121+£247le  14.900£2457c  14.602+3.049cd 14.465+3.595cd 11.849+1.215f 13.900+1.916d 17.658+4.098a 15982+3.572b 10.384 +2.156g
BS/mm 8740+ 1.743f  11.697+1.534b  10.873+2328d 12.951+2.173a 10.741+1.590d 11.356+1.293bc 10.987+1.233cd 11.445+1.750bc  10.140 + 1.292¢
PA/mm*  139.333 +26.585¢ 143.181+22.441de 182.602 = 23.061b 169.753 + 22.245¢ 148.307 + 10.604d 209.542 + 36.133a 187.889 +25.492b 184.691 +30.569b 132.393 + 19.516f
PC/mm  49.171+£5763¢  49.549+4.796e  54.380+3.503c 51.838=3.831d 49.638=1.950e 60.146£5.777a 57.058=4.167b  55.025+5302¢c  47.395=3.536f
PL/mm 14286+ 1.524e 14389+ 1.132¢  16.060+1.079c 15871+ 1.156c  14.794+0.602d 17.869+1.560a 16.677+1.201b  16.589+1.289%b 14478+ 1.127¢
PW/mm 12295+ 1.120e  12474+1.043¢  14393+£0962b 13.387+0.723d 12.552+0453¢ 14.885+£139a 14916+ 14472 14.026+1465¢ 11.577+0.891f
PL/PW 1.162£0.064d  1.155+£0.040d  1.117£0.046e  1.185£0.050c  1.179£0.043c  1203£0.070b  1.122£0.059  1.188+0.066c  1.252+0.062a
SL/mm 45120375 4375£0509f  4742:0461d  4.145£0307g  4991+£0316c  5333+0486a  5.151£0336b  4.657+0454d  4.626+0.270d
SWmm  3450£0.539b  2.860+0460d  2.728+0.724e  2.903+£0490d  3.162+£0256c  3.603+0.658a  3.712£0267a  3.642+£0484a  3.559+0.432ab
SP/% 8907+ 1.160b  7.076+1.624d 57211784  5.678+0.776e  8.361+0.569c  7449+2.172d  8.116+0910c  7.434+1450d 9.857+1.122a
LA/mm® 70374+ 15212¢f 86.148+23.194c  95.951 +19.050b 106.542 + 11.769%a 88.213+34.979 65.898+ 13.156f 78.376+19.800d 97.739+26.926b 73.347 + 19.026¢
LC/mm  39.236+5.074e  41.051+5.114d  44.370£5260c 47.221£5977b  39.955+7.216e 39.261+4.115¢ 42.434+5.542d 49.011+£6.348a  41.681 £ 5.566d
Ll/mm  13.072+1.123d 13476+ 1356cd  13.792+1.400c 1541312296 13227+1.951de 13.677+1.175¢ 13.190+0.834de 16.836+2.114a 12.817+1.495¢
LW/mm  6736+1.007d  7.935+£1434b  8.843+1309a  8.678+0.729a  8.136+1.803b  6.051+£0.862¢  7.359+1.405c  7.071+1257cd  7.052+ 1.133cd
LLLW 1966+0202c  1.736£0264¢  1.577+0.154g  1780+0.121de  1.652+0.155F  2290+0261b  1.837+0251d  2422+0338a  1.837+0.170d
SPL/mm  8478+0.792d  8342+0.644d  9.132£0919b  9.868=0.811a  8.858+0.758c  9.071+0.779bc 9.043£0.675bc  9.916=0.854a  7.700 % 0.687¢
SPW/mm  3.041+0293a  2978+0251b  2.829+£0268d  2.823+0209d  2.901£0.220c  2.840£0201d  3.062£0252a  2.960£0.295b  2.623+0.15%

VE: RAEIE NP IME + i ZE, AT RERIR E —MIRFEAS B B B0 7E0.05 /K “F A7 7F 2. 3% 22 5 . Notes: data in the table are mean + standard

deviation, and different letters indicate significant differences at 0.05 level between different populations for the same trait.
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10.32%(P4) ~ 13.19%(P8)Z ], 1 N 11.81%
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B 6 A1 9 AN B R 19 MR E R 2R
TREOMEAE 1.274(P5) ~ 1.825(P8) 2 [H], M = FME
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Tab. 5 Phenotypic variation coefficients of 19 characters in 9 populations of Rosa persica %
PEIR Trait Pl P2 P3 P4 P5 P6 P7 P8 P9
FD 6.76 9.12 8.34 7.24 5.07 9.26 5.51 7.46 7.27
SD 7.14 8.46 7.90 9.39 4.11 9.18 9.04 9.68 7.93
PDL 18.84 16.49 20.88 24.85 10.25 13.78 23.21 22.35 20.76
BS 19.95 13.12 21.41 16.78 14.80 11.39 11.22 15.29 12.74
PA 19.08 15.67 12.63 13.10 7.15 17.24 13.57 16.55 14.74
PC 11.72 9.68 6.44 7.35 3.93 9.61 7.30 9.63 7.46
PL 10.67 7.87 6.72 7.28 4.07 8.73 7.20 777 7.78
PW 9.11 8.36 6.68 5.40 3.61 9.38 9.70 10.45 7.69
PL/PW 5.50 3.50 4.13 4.25 3.64 5.85 5.30 5.53 4.93
SL 8.32 11.64 9.73 7.42 6.33 9.11 6.53 9.75 5.84
SW 15.62 16.07 26.52 16.89 8.11 18.26 7.20 13.28 12.14
SP 13.02 22.95 31.18 13.67 6.80 29.15 11.21 19.50 11.38
LA 21.62 26.92 19.85 11.05 39.65 19.96 25.26 27.55 25.94
LC 12.93 12.46 11.86 12.66 18.06 10.48 13.06 12.95 13.35
LL 8.59 10.07 10.15 7.97 14.75 8.59 6.32 12.55 11.66
LW 14.95 18.07 12.79 8.40 22.16 14.25 19.09 17.77 16.07
LL/LW 10.26 15.19 9.76 6.82 9.36 11.40 13.67 13.94 9.26
SPL 9.35 772 10.06 8.21 8.56 8.58 747 8.61 8.92
SPW 9.62 8.44 9.47 7.41 7.58 7.09 8.24 9.96 6.05
¥J{E Average 12.27 12.73 12.97 10.32 10.42 12.17 11.06 13.19 11.15
Fo6 INEMEREHREERNER SIS
Tab. 6 Shannon-Wiener indexes of phenotypic traits of 9 Rosa persica populations
PEIR Trait Pl P2 P3 P4 P5 P6 P7 P8 P9
FD 1.526 1.655 1.836 1.566 1.063 1.880 1.304 1.686 1.711
SD 1.691 1.613 1.702 1.930 1.030 1.869 1.678 1.919 1.714
PDL 1.676 1.727 1.850 1.818 0.999 1.482 1.775 1.952 1.523
BS 1.804 1.768 2.035 1.891 1.639 1.655 1.489 1.883 1.409
PA 1.640 1.565 1.527 1.400 1.010 1.541 1.373 1.788 1.388
PC 1.890 1.801 1.438 1.431 0.949 1.649 1.238 1.809 1.459
PL 1.812 1.570 1.523 1.626 1.167 1.615 1.432 1.702 1.639
PW 1.619 1.607 1.457 1.161 0.746 1.700 1.608 1.804 1.466
PL/PW 1.729 1.536 1.571 1.624 1.333 1.962 1.775 1.915 1.841
SL 1.528 1.600 1.593 1.194 1.441 1.819 1.470 1.818 1.331
SW 1.794 1.696 1.821 1.584 1.094 2.001 1.206 1.780 1.597
SP 1.362 1.850 1.843 1.063 0.949 1.858 1.327 1.726 1.186
LA 1.460 1.890 1.727 1.345 1.583 1.420 1.639 2.012 1.738
LC 1.766 1.607 1.680 1.373 1.426 1.627 1.808 1.894 1.897
LL 1.514 1.543 1.458 1.331 1.330 1.626 0.975 1.761 1.571
Lw 1.626 1.841 1.837 1.375 1.739 1.471 1.825 1.766 1.662
LL/LW 1.254 1.453 1.186 1.013 1.356 1.698 1.574 1.620 1.363
SPL 1.742 1.603 1.729 1.639 1.622 1.741 1.670 1.769 1.542
SPW 1.916 1.783 1.957 1.751 1.735 1.812 1.634 2.074 1.415
HIHE Average 1.650 1.669 1.672 1.480 1.274 1.707 1.516 1.825 1.550
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HEN I TTRRF N 58.77%, BEHHIE T 19 AR AR
(10 B S 25 P 1) A8 S 7 BRI A R T AR S iR
HEAER . R REL > 50% 1R A 60 T
P AEIER . AR T L K b, X SR R AR S
TR AE SRR
2.6 EMEHRIERE AR /REE XSS T
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HaNHE > 0.8), FEERAEAEI A/ . PC2 HIFFIEE N
3.827, iRt 1 20.142% )AL S, 3 B HE TR AR
MgE, E B R A OC . PC3 fRRE T 12.122%
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Tab. 7 Differentiation coefficients of phenotypic traits among and within Rosa persica populations

TiEN R TiENEE W
Variance component Percentage of variance component/% RUPUREL
AR Trait Differentiation coefficient
JEHE(] JEREN I fEHE(] JEHEA of phenotypic trait/%
Among populations ~ Within population Error Among populations ~ Within population
FD 4.159 4.844 0.323 44.60 51.94 46.20
SD 0.548 1.094 0.067 32.07 64.01 33.37
PDL 4.309 7.256 0.717 35.08 59.08 37.26
BS 1.207 2.626 0.244 29.61 64.41 31.49
PA 693.506 685.026 43.041 48.78 48.19 50.31
PC 17.369 20.814 1.754 43.49 52.12 45.49
PL 1.542 1.541 0.102 48.41 48.38 50.02
PW 1.457 1.290 0.084 51.47 45.57 53.04
PL/PW 0.002 0.003 0.000 40.00 60.00 40.00
SL 0.136 0.164 0.014 43.31 52.23 4533
SW 0.136 0.272 0.013 32.30 64.61 33.33
SP 1.810 2.197 0.115 4391 53.30 45.17
LA 175.987 397.668 48.222 28.30 63.95 30.68
LC 11.455 27.657 3.235 27.05 65.31 29.29
LL 1.687 1.984 0.243 43.10 50.69 45.95
LW 0.817 1.354 0.153 35.15 58.26 37.63
LL/LW 0.079 0.050 0.007 58.09 36.76 61.24
SPL 0.479 0.578 0.045 43.47 52.45 4532
SPW 0.016 0.056 0.004 21.05 73.68 22.22
¥ Average 39.43 56.05 41.23
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PDL| * * 100 040 038 038 035 040 -0.17 0.18 0.9 -0.16 032 037 040 023 0052 039 036 0.80
BS % 100 029 025 029 027 00095 0.068 0.077 —0.18 0.44 040 045 037 -0.091 034 0.096 0.60
PA ’ f% k& 100 094 096 096 -0.12 054 031 -040 0.14 020 033 64E-05 0.26 0.56 027
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LL|(* * % % U x % * % , ’ 1.00 | 045 025 063 024
Py —0.60
LW * % * & %% / ’ (=7 100 073 026 024
LLAW | * = * & & D) ) & ﬁ:ii * \ 1.00 | 0.16 —0.11 oo
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Q\/ \)\»
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Fig. 1 Correlation analysis between phenotypic traits in Rosa persica
* 8 BHEHBREMEROERSHH
Tab. 8 Principal component analysis of phenotypic traits of Rosa persica
T H Item PC1 PC2 PC3 PC4 PC5
HHIL{ Eigenvalue 6.550 3.827 2303 1.557 1.052
FTHR# Contribution rate/% 34.471 20.142 12.122 8.192 5.535
R BTHRFE Cumulative contribution rate/% 34.471 54.613 66.735 74.928 80.463
FD 0.722 0.292 0.179 0.137 -0.142
SD 0.534 0.423 0.535 —0.041 —0.142
PDL 0.552 —0.198 0.006 —0.107 0.390
BS 0.439 —-0.370 0.068 0.069 —0.128
PA 0.896 0.259 —0.298 —0.048 —0.145
PC 0.846 0.283 -0.314 —0.082 -0.126
PL 0.869 0.307 -0.214 0.091 —-0.213
PW 0.865 0.194 —0.360 —0.201 —-0.077
PL/PW —0.111 0.200 0.343 0.595 0.278
SL 0.491 0.520 0.213 -0.413 -0.012
SW 0.399 0.494 0.650 —0.175 0.044
SP —0.290 0.398 0.795 —0.248 0.136
LA 0.458 —0.785 0.315 0.000 —-0.124
LC 0.543 —0.650 0.366 0.185 0.023
LL 0.643 —0.464 0.317 0.408 0.139
Lw 0.249 —0.839 0.206 —-0.305 -0.270
LL/LW 0.211 0.565 —0.011 0.633 0.379
SPL 0.720 —0.285 —0.152 0.204 0.282
SPW 0.429 —0.190 0.003 -0.329 0.571
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Fig. 2 Cluster diagram of Rosa persica populations based on

phenotypic traits
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