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Comprehensive evaluation of phenotypic traits of potato browning germ-

plasm resources
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Abstract: A comprehensive evaluation of phenotypic traits of 60 potato germplasm resources in browning population was
conducted through genetic diversity analysis, correlation analysis, principal component analysis, and cluster analysis,
providing theoretical basis for the breeding and production utilization of new potato varieties resistant to browning. The
results showed that the genetic diversity index of 14 descriptive indicators ranged from 0.085 to 1.157, with stem color
having the highest genetic diversity index. The coefficient of variation of the 8 numerical indicators ranged from 9.46% to
69.22%, and the variation coefficients of browning index and browning intensity were relatively large. Correlation analy-
sis showed that the mass of individual tubers was highly significantly positively correlated with the growth period and
number of tubers per plant, and significantly positively correlated with the number of main stems. The browning index
was highly significantly positively correlated with the browning intensity and the change in browning intensity at 4 °C for
24 hours, and significantly negatively correlated with the browning value after cooking. Principal component analysis
identified 8 principal component factors with a cumulative contribution rate of 69.785%. Cluster analysis divided the 60
germplasm resources into 5 major categories. The I and II categories belonged to high resistance and browning resistant
germplasm, which could be used as parental materials for breeding anti browning materials. Class IV and V belonged to
germplasm that was prone to browning and severely browning, and could be used as research materials for browning

mechanisms. The research results of this experiment could provide some reference for the breeding and genetic improve-
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ment of new potato varieties with resistance to browning.
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Assignment standards for descriptive indicators of potato germplasm resources

EiiipiY B LAY

Descriptive indicator

JF1E Characteristic

FRAY 1. B2 FHA 3. TR

Plant type 1. Erect; 2. Semi-erect; 3. Spreading

e 1.76:2.70:3. %

Branching number 1. Nil; 2. Few; 3. Many

ZHEIER 1 E% 2. TR 5 3. B

Stem wing shape 1. Straight; 2. Slightly waved; 3. Waved

= 1. gt 2, it 3. 4. IFEES. a6

Stem color 1. Green; 2. Brown; 3. Purple; 4. Dark purple; 5. Partial-colour

o, 1RG0 ;2. 200, 3. IR G

Leaf color 1. Light green; 2. Green; 3. Dark green

IEZS LOBeR 2 IR s 3. P

Leaf margin 1. Waved; 2. Slightly waved; 3. Smooth

AN A AR L Bis2. ;3. %

Leaflet type 1. Scattered; 2. Medium; 3. Closed

T/ 58 FE L5230 58

Top leaflet width 1. Narrow; 2. Medium; 3. Wide

TN TEAR 1 KTE 2. 96T 5 3. MBI s 4. OPFE 5 S. (RIUPTE ;6. H

Top leaflet shape 1. Narrow; 2. Wide; 3. Oval; 4. Ovate; 5. Obovate; 6. Chinese ivy

RN ! 1 ET520 VKA 3. 2054 215855, 5556, 587, 15 8. 3%

Corolla color 1. White; 2. Reddish; 3. Red; 4. Red purple; 5. Purple; 6. Blue purple; 7. Blue; 8. Yellow

E 317 1.5 ;2. BTE ;3. B ;4. {3160 . 5. ktal ; 6. [

Potato shape 1. Flat round; 2. Round; 3. Ovate; 4. Obovate; 5. Flat elliptic; 6. Elliptic

Fi 1 FLE ;2. PR3 53, 3854, 155, TRA;6. 4157, IRAT 8. %6:9. IR %

Skin color 1. Milky white; 2. Light yellow; 3. Yellow; 4. Brown; 5. Reddish; 6. Red; 7. Dark Red; 8 .Purple; 9. Dark
purple

Al 1. A2 FLE 3 T4, 95, IR 30,6 M5, 7. 4158, 74,9, &

Flesh color 1. White; 2. Milky white; 3. Light yellow; 4. Yellow; 5. Dark yellow; 6. Orange; 7. Red; 8. Light purple; 9. Purple

TEAR IR 12, 30 IR

Depth of bud eye 1. Shallow; 2. Medium; 3. Deep

H’=Y PiX InPi (i=1,2,3,,n)

i, PO AT SR SR & ) Al AN R
AR B L.

K H SPSS 26.0 H A f H s 3 AT 85 , 1 H &
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N LIST s FE R e KRR B Lo b 2 /b CZE R
SN SN U IR NNE SN -4 SN RS 11 B
& 22 e MR BUE TR, N 0.451~0.866 5 /NI 35 A= %
ETE IO/ 58 BE L R B T AR 2 AR AR BN .
0.085.
22 DREBURRBEEMEBEREREES
FEME S AT

X AR AL 5 AREE AR A RE 8 AN H i Y Fi A
AT T S5 R R 3. 8 MNEUE R FR AR AR
REAE 9.46%~69.22% . # 1k 75 50 46 10 538 15 A2 4K
B A8 5 R AR 43 3N 69.22% . 66.23% , i B
60 13 J5 A EHX PR AN 48 bR A8 7 B2 BEBOK 5 B PR 4
R R B AR T B LR B AR S RBUK
250N 42.28%+34.97%-41.52%-41.74% ; £ &
MEELZHEL RN, ZREHEDHNH



X ISR 5T

91 T, & B AR AP SRR IR R & PPN
2 WARBIRFRINES M RIBEZHMN
Table 2 Frequency distribution and genetic diversity of descriptive indicators
EBuALE =2 ZREMEFE B FH 53 4ii Frequency distribution/%
Descriptive indicator Diversity index
1 2 3 4 5 6

e Corolla color 0.647 35.00 65.00
PRZY Plant type 0.673 40.00 60.00
/4% /> Branching number 0.637 33.33 66.67
ZLEJZAR Stem wing shape 0.613 80.00 15.00 5.00
254, Stem color 1.157 31.67 28.33 1.67 38.33
-4 Leaf color 0.693 4833 51.67
%% Leaf margin 0.703 1.67 31.67 66.67
AN A B AR TS Leaflet type 0.085 98.33 1.67
T5/NH- %8 FE Top leaflet width 0.085 1.67 98.33
T5i/NHHEAR Top leaflet shape 0.475 1.67 85.00 13.33
¥ Potato shape 0.451 83.33 16.67
Bz {5 Skin color 0.816 46.67 3.33 50.00
A {4 Flesh color 0.085 1.67 98.33
2 RIEHE Depth of bud eye 0.866 61.67 30.00 8.33

#=3 BERERTRER

Table 3 Variation of numerical indicators
ey
HAE AR bR HH M iﬂi FEH %H@ﬁ% ng@ ey 1 i P i}ﬁg!ﬁ %‘A‘EEWE
Numerical Growth period/ HEH Number of Yield per Browmng Browning  Browning Browning
indicators d Number of main stems plant/ index/ strength intensity after‘
tubers per plant kg % change value cooking

RXE 108.00 16.00 6.00 1.88 100.00 0.95 0.44 8.50
Max
&/ME 77.00 1.33 1.00 0.22 0.00 0.20 0.03 533
Min
78 S i P 31.00 14.67 5.00 1.67 100.00 0.75 0.41 3.17
Variation
amplitude
FIME 97.50 7.65 3.16 0.82 56.15 0.40 0.16 6.99
Mean
FrifE 2 9.22 3.23 1.11 0.34 38.87 0.17 0.10 0.75
Standard deviation
A 5 R 9.46 42.28 34.97 41.52 69.22 41.74 66.23 10.68
Coefficient of
variation/%

9.46% + 10.68% , Ut B 1X P A P4 K AH % b AR T
2.3 HUERUEFREIEX M

X 8 ANEUAE B Fe A 3k AT A S ME A b, &5 SR A
K4, FEMEERSGEN AR EENEE
EAHSG, SR B3 EAHG, 585 B wE
SRR R O OC s SR S B AL S 3 2L Bk
BB EIEMER 2R ERKRT R R EE IEM
K L TR A S A R FE B L 5 P AR B B
FHIEMG, 5 5B E 2R 3 UM G kg

5 5 4Bk 5 AR A AR AR 35 B ARG, 5 & R R
5 2R A O M B M 5 3 5 R
SRR E AR WA EUR MR, L
o i DA e A 5 B AR A A G, 28 805 I 10 2
B, Bt s i, D IX 3 N R b 25 3 B
4 J5 AR BT P A Ak BE 77 2 AT VB BRI

24 ERSOW
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Table 4 Correlation analysis results of numerical indicators
T OPARGEEH B BRRRE iSRRI iR AR

BUEA AR bR

L Growth ~ Number of
Numerical indicator

period  tubers per plant main stems plant’kg  index

Number of  Yield per Browning Browning Browning intensity

Browning value

strength  change value after cooking

A H 1.000

Growth period

LRVSATE % 0.393** 1.000

Number of tubers per plant

T2 -0.135  0.378** 1.000
Number of main stems

R 0.431%%  .682%* 0.290%
Yield per plant

AR 0.323*  0.088 -0.143
Browning index

FE L 0247  -0.071 -0.167
Browning strength

MR AR ME 0.165  -0.043 -0.175
Browning intensity

change value

HIRAEE -0.528** ~0.056 0.116

Browning value after cooking

-0.169

-0.127

1.000

-0.056 1.000
0.773%* 1.000
0.767** 0.921%* 1.000
0.039 —0.506%*  —0.574** —0.485 ** 1.000

T ¥ RIRAE 0.05 TR E IR #+FRIRAE 0.01 KTl B AR

Note: * indicate significant correlation at 0.05 level; ** indicate extremely significant correlation at 0.01 level.

HITRRER 69.785% , 1] LARCIT Hb S i 22 SR AUPRIR
R M5 B o 85— Ao MR AE{E 9 3.950,
TUHR N 17.956% , #1048 25 46 10 58 5 DL K 4 1L
5 B AR AN AR R L AR bR s B O R EE
& 2.581, TTRR RN 11.731%, £ & W1 bk 45 &
AR B IR B = A B RRE
B2 2.205, TTER RN 9.205% , 25 €0 TH /N I 55 i
T/ I TR A 3 3 B A 5 56 DU 32 i 0 (R REAE (B
& 1.656, TR FE N 7.527% , & J5 A5 M E 2 &
BLARPR 2B T E RO RFEAE A2 1.510, TTERE N
6.864% , 1£ 76 A 0 L KR AL L R 0 R H T AR AR ; 2R
7N TR AT B R AE R & 1.449, TTBRE N 6.588% ,
T /NI B8 B L R 2 2R OR L R R AR R L
B FIRFAEAE 2 1.149, DTk %N 5.224% , ZXH P
MR AT AR bR 5\ R R AR 2 1.032,
TR 2 A 4.690% , 22 IR L i 82 H R B bx
(£ 5,
25 BAESH

YPGB 8 AR S AR 8 S B A
POIRBEAT R B A, a5 Rl 1 ISR 6 From . 7ERK
AL FE B 1.55 B, 443X 60 1Ak, K23 A Tk
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% BIRETRIUEEAMEL A 11 OAEL A E #
1E 86 d oA , BARREE 28 5.33 A, Skl 0.61 kg, itk
Ta 8 6.63%, #ALIRIE 0.251, #AL5REARLAE 0.068,
BJEARMBE 7.70; 28 11 28 TP kLA 14 04
BE AR HITE 104 d 7240, ARS8 9.57 A, Hobkr”
i 1.12 kg, #LFEEL 21.33%, #AL5RE 0.293, #51k50
JEAEAAA 0.086, 3 J5 A M 6.98; 55 111 SN AL
MELA S ARE A B HATE 79 d 7o47, ka4 6.40
A PR 0.70 kg, #80F8 £ 41.53% , #6514 58 5
0.241, #3AL SR EATAAE 0.066, 2 J5 A 7.60; 55 IV
FNGEEMEL 10 AR, 4 E #A7E 90 d /2
i, PR EE E A 7.33 A, RS & 0.68 kg, 9 fL 1R
K 89.54% , WAL IR 0.519, 1L 38 AR L AE 0.256,
G BHEAE 7.01: 58 V N EAE M B A 20 43
MRL, AE B WALE 105 d 247, PR 455 4 8.05 /N,
PRPZ E 0.84 kg, #otb FE % 94.72% , #a b 5%  0.529,
AL BRI AR A 0.232, # JE AL H1H 6.45.
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Table 5 Principal component analysis of 22 phenotypic traits in population germplasm resources

4> Principal component

MR Trait

1 2 3 4 5 6 7 8
Tt 0.524 0.231 0.335 0.312 0.457 -0.129 0.089 -0.048
Corolla color
PRI 0.047 0.154 -0.289 0.306 0.503 0.012 0.242 0.032
Plant type
b EZ 0.246 0.327 0.176 0.303 -0.343 -0.390 0.143 -0.486
Branching number
ZEZIR 0.246 -0.337 -0.349 0.176 0.033 -0.113 0.521 0.334
Stem wing shape
EE) -0.167 0.152 0.399 -0.299 0.193 -0.001 0.305 -0.200
Stem color
e 0.382 0.192 0.165 0.216 -0.226 -0.466 -0.231 0.320
Leaf color
2 -0.375 0.471 0.011 0.158 0.021 -0.032 -0.384 -0.262
Leaf margin
ANGE =¥ i -0.016 -0.130 0.154 -0.725 -0.022 -0.239 -0.108 0.293
Leaflet type
TN 5 3 -0.039 -0.080 0.759 0.087 0.044 0.450 0.106 0.191
Top leaflet width
Toi /N TR -0.026 -0.031 0.737 0.245 -0.315 0.292 -0.087 0.154
Top leaflet shape
£ 0.239 0.068 0.078 0.017 0.319 0.233 -0.104 0.012
Potato shape
Rt 0.405 0.086 0.381 -0.072 0.479 -0.329 0.047 -0.062
Skin color
W 0.126 0.167 -0.121 -0.169 -0.417 0.392 0.416 -0.296
Flesh color
IR IR 0.064 0.249 0.183 -0.392 0.133 -0.008 0.300 -0.117
Depth of bud eye
AEH W 0.452 0.539 0.027 -0.374 -0.197 -0.152 0.093 0.193
Growth period
LN/ 2 ) 0.065 0.846 -0.107 0.118 -0.009 0.115 0.031 0.255
Number of tubers per plant
FEH -0.321 0.409 -0.257 -0.219 0.371 0.378 -0.279 -0.029
Number of main stems
R -0.096 0.799 -0.138 0.090 -0.159 0.135 0.165 0.270
Yield per plant
HEATREL 0.851 0.008 -0.180 0.056 -0.120 0.139 -0.203 -0.018
Browning index
e AL 0.890 -0.123 -0.087 -0.022 0.008 0.219 -0.090 -0.112
Browning strength
Ak i AR A 0.847 -0.186 -0.099 0.064 -0.001 0.353 -0.074 0.033
Browning intensity change value
VSRl -0.662 -0.119 0.023 0.426 0.006 0.015 0.142 0.168
Browning value after cooking
FRAE{E Eigenvalues 3.950 2.581 2.025 1.656 1.510 1.449 1.149 1.032
piy e 17.956 11.731 9.205 7.527 6.864 6.588 5.224 4.690
Contribution rate/%
BT R 17.956 29.687 38.892 46.419 53.283 59.871 65.095 69.785

Rate of cumulative
variances/%
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Fig. 1 Cluster analysis of offspring materials from

anti-browning populations
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Table 6 Cluster analysis and classification results of germplasm resources for anti-browning populations

EACIERIEE 0 MEER Material type
Numerical indicator 1 it 11 v \Y4
% & ) Growth period 86.64+4.41 103.79+5.81 78.8042.59  90.00+4.37  105.25+2.31
AR 45 %% Number of tubers per plant 5.33+0.98 9.57+0.92 6.40+0.52 7.3340.58 8.05+0.86
2540 Number of main stems 3.09+0.50 3.52+0.60 3.53+0.70 3.50+0.43 2.68+0.45
PR Yield per plant 0.61+0.27 1.12+0.41 0.70+0.23 0.68+0.19 0.84+0.28
B4k F5 % Browning index 6.63+0.64 21.33+0.44 41.53+0.42  89.54+1.72  94.7242.25
14638 % Browning strength 0.251+0.044 0.293+0.071 0.241£0.012  0.519+0.032  0.529+0.041
W ALER A5 (4 H Browning intensity change value 0.068+0.021 0.086+0.036 0.066+0.029  0.256£0.098  0.232+0.082
)54 ¥ {H Browning value after cooking 7.70+0.30 6.98+0.50 7.60+0.50 7.01+0.45 6.45+0.44
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