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Analysis of genetic diversity of phenotypic traits of introduced potato

varieties in northern Shanxi province
LU Yao, MAO Xianghong, SHEN Rimin, FAN Xiangbin, BAI Xiaodong

( High Latitude Crops Institute, Shanxi Agricultural University/Shanxi Provincial Key Laboratory of Potato Genetic Improvement and
Germplasm Innovation, Datong 037008, Shanxi, China)

Abstract: In order to identify suitable potato varieties for planting in northern Shanxi province, 12 qualitative and 6 quan-
titative traits of 42 potato varieties were analyzed for genetic diversity of phenotypic traits, correlation analysis, principal
component analysis and systematic clustering analysis. The results showed that the introduced varieties were rich in phe-
notypic diversity, and the genetic diversity indices of the quality traits, such as ripeness, flower profusion, potato shape,
potato skin type, flesh color and bud eye depth, reached 1.24, 1.23, 1.59, 1.08, 1.09 and 1.05, respectively. The genetic
diversity indices of the six quantitative traits were around 1.5, with the coefficients of variation ranging from
17.65%-61.00%, with higher coefficients of variation for number of main stems and number of branches. The results of
correlation analysis showed that plant height was highly significant positively correlated with stem thickness and number
of branches, and significantly positively correlated with number of main stems. Commercial potato yield was negatively
correlated with the number of main stems and positively correlated with yield. Principal component analysis determined
that the cumulative contribution of the seven principal components was 78.23%. Systematic cluster analysis classified the
42 potato varieties into five groups, group I and group IV were unsuitable for conventional field management and with
low resource quality; group III were suitable for planting in northern Shanxi province; and varieties in group V could be
used as breeding parental materials. The results of the study are of great significance in guiding the selection of potato
varieties and breeding parental materials in the northern region of Shanxi province.
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Table 1 Names and sources of test potato varities
G AhFRARK HEH AL s RRARAATR HH AL
No. Variety name Breeding institution No. Variety name Breeding institution
1 H#El6'5 Ll P A b R 5 XA A0 S i 22 A4 310 FRAbAl R
Jinshu No. 16 High Latitude Crops Institute, Shanxi Dongnong 310 Northeast Agricultural University
P NGLEYS Agricultural University 23 Ak 312
Datong Liwaihuang Dongnong 312
3 [AERY 24 KA 321
Tongshu No. 32 Dongnong 321
4 FE3S 25 A 322
Tongshu No. 31 Dongnong 322
5 HEIsT 26 SR 27 5 BRILAR LA AR il 73 e
Jinshu No. 15 Kexin No. 27 Keshan Branch of Heilongjiang Academy
6 W4 27 W 30 = of Agricultural Sciences
Jinshu No. 24 Kexin No. 30
7 OBETS H AR A e D 5 B T AT 28 SH 33 5
Longshu No. 7 Institute of potatoes, Gansu Academy of Kexin No. 33
8 MEIT Agricultural Sciences 29 RE N5 HA A FOK T AL A=W T BT
Longshu No. 9 Tianshu No. 11 Tianshui Institute of Agricultural Sciences
9 BEE10% 30 RE 125
Longshu No. 10 Tianshu No. 12
10 BEEs 31 Hik 15 R AL
Longshu No. 11 Jingzhang No. 1 Zhangjiakou Academy of Agricultural Sciences
n EEI2Y 32 Wik 2 5
Longshu No. 12 Jingzhang No. 2
12 P45 33 wik3 5
Longshu No. 14 Jingzhang No. 3
13 BEIsS 34 2 5 P oA E R A R 2 7
Longshu No. 15 Zhongjia No. 2 Inner Mongolia Zhongjia Agricultural
14 BPEie's 35 i 7 Technology Co., Ltd
Longshu No. 16 Zhongjia No. 7
15 #1715 36 BT 5 W 22t EURME BT R A 7
Longshu No. 17 Huasong No. 7 Inner Mongolia Huasong Agricultural
16 hE175 o [ Al R G B SEAE ST B SUT 37 N34S Technology Co., Ltd
Zhongshu No. 17 Institute of Vegetables and Flowers, Huasong No. 34
17 rhEgE Chinese Academy of Agricultural Sciences || 38 (== WRAE LR T A MR 2208 98 e
Zhongshu No. 18 Huasheng No. 7 Hulunbeier Agricultural and Animal
18 i 9 & 39 Yy Husbandry Scientific Research Institute
Zhongshu No. 19 Vilas
19 dLJ7 001 AEALTr 2 40 g5 HON UL LR R R B IR A ]
North 001 Hebei North University Kaishu No. 1 Gansu Kaikai Agricultural Science and
20 dt77 002 41 =) Technology Development Co., Ltd
North 002 Kaishu No. 2
21 45 007 42 HIKE 8 R AL B
North 007 Jizhangshu No. 8 Zhangjiakou Academy of Agricultural Sciences
) LEE K 61.00% , H i 73 B AU A2 e AR B0 oK, 22N A2 5
aaN—37] o . s %" TN
FHE) s WAL ZAEEIR AL 1.46~1.59, PR vy 135
21 SDREMMREMREERSHEEDN Fe ZREIMERR BN, T 22BN AL 2 FEVE SR B
2.1.1 HEWREMSSHEIN ALRDLRE 212 RAERRAESZHEINT HER2PSRE

A 6 AR PR A, B AR B 4 AR R N
7.14%~38.10%(F 3). HFE 4 0] 51, B R %48
PRIEFEAEREENZEZS , BRRBANT 17.65%~

fm AR 12 AN R IR R A B 42 ANAR S 2
(R 5, FHEANERA 7RI 3.5, &R
BRI AR T 2R 1 A A AR 2.38%~92.86% »
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Table 2 Survey description of qualitative traits

[ERN PRI B AE B v

Trait Evaluation standard of character record

HHE M H =1, Fih=2, k=3, 1 =4 , I =5

Maturity Extremely early-maturing=1, Early maturing=2, Medium maturing=3, Medium-late maturing=4, Late maturing=>5
PR Hir=1,¥H=2

Stock type Vertical=1, Semi vertical=2

L&A =1, RE=2, IR 5=3

Leaf color Green=l, Dark green=2, Light green=3

ESc) =1, G =2, R (=3, %=4

Stem color Green=l1, Green belt purple =2, Partial pigmentation =3, Purple =4
T FI=1,5=2, W 5=3 , K =4

Corolla color White=l, Purple=2, Mauve=3, Modena=4

TeE T Z=1,4=2,/b=3, =4

Flower luxuriance More=1, Medium=2, Less=3, None=4

E 51 =1, Ji [ =2 , W A=3 , Ji 1 A=A , KA R=5 , G [ll=6

Tuber shape Circle=l, Oblate=2, Oval=3, Oblate oval=4, Oblong=5, Ovoid=6
Bt Wi=1, 9=2, #0=3,H=4

Tuber skin color Pale yellow=l, Yellow=2, Brown=3, Pink=4

E et JGI=1, WEIRR=2 , ik F=3

Tuber skin type Smoothness=1, Slightly numb=2, Numb=3

) Wi=1,1=2, (=3, .1=4

Tuber pulp color Pale yellow=l, Yellow =2, White=3, Milky white=4

IR k=1, =2, %=3

Tuber eye depth Shallow=1, Medium=2, Deep=3

R Tth=1,H{=2

Tuber eye color

None color=1, Color=2

x3 HEMKIREIMESH

Table 3 Quantitative trait classification and frequency distribution

LEIN 2% Rank
Trait 1 2 3 4 5
73] <60.20 60.20~71.77 71.78~83.34 83.35~94.91 >94.91
Plant height/cm 6 (14.28) 8 (19.05) 10 (23.81) 7 (16.66) 11 (26.19)
ZH <11.38 11.38~12.60 12.61~13.82 13.83~15.04 >15.04
Stem thickness/cm 9 (21.43) 6 (14.29) 5(11.90) 7 (16.66) 15 (35.72)
EES) <l1.18 1.18~1.60 1.61~2.03 2.04~2.45 >2.45
Number of main stems 3(7.14) 16 (38.10) 6 (14.29) 6 (14.29) 11 (26.19)
Pagsait <3.40 3.40~6.06 6.07~8.72 8.73~11.38 >11.38
Branching number 5(11.90) 10 (23.81) 5 (11.90) 12 (28.56) 10 (23.81)
[ALGE % <39.19 39.19~49.40 49.41~59.61 59.62~69.82 >69.82
Commercial potato rate/% 6 (14.29) 6 (14.29) 6 (14.29) 9(21.42) 15 (35.71)
FA R Yield/(kg- 667 m™?) <1092.09 1092.09~1 286.15 1286.16~1 480.21 1480.22~1 674.26 >1674.26
8 (19.05) 6 (14.29) 8 (19.05) 7 (16.66) 13 (30.95)

T 8 ST AR AN 185 T EHR R AR (%) .

Note: Number before parentheses indicate the number of varieties, and data in parentheses indicate the frequency of distribution(%).

AL ZFEEFRECN 0.26~1.59,

BANE 8L 2 FEE IR EON 1.24, DL 240
F, A AINE R 47.62% ; bR I 1AL 2 R A
0.36, LLESL AT, 7 AT 88.10% ; (0 [ it %
ZREMETR SN 079, LG A T, AR AN
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Table 4 Analysis of genetic diversity of quantitative traits
ERN RKRME R/ME FHE bRz 5 R H WL Z FEVESR L
Trait Max Min Average Standard deviation Variation coefficient/%  Genetic diversity index
MR 141.00 45.50 83.34 23.14 27.77 1.59
Plant height/cm
EXil 18.77 9.67 13.82 2.44 17.65 1.53
Stem thickness/cm
T2 4.40 1.00 2.03 0.84 41.69 1.46
Number of main stems
AREE 27.60 1.60 8.72 5.32 61.00 1.55
Branching number
[GELE &S 93.06 11.75 59.61 20.42 26.22 1.53
Commercial potato rate/%
77 E Yield/(kg- 667 m?) 2 655.61 888.17 1480.21 388.11 34.26 1.57
x5 REMRINESHRERSHEMESH
Table 5 Frequency distribution and analysis of genetic diversity of qualitative traits %

PR 244 Rank WL ZREVESR S
Trait 1 2 3 4 5 6 Genetic diversity index
Bk Maturity 11.90 14.29 47.62 26.19 1.24
FR7 Stock type 88.10 11.90 0.36
I, Leaf color 69.05 23.81 7.14 0.79
25t Stem color 66.67 26.19 2.38 4.76 0.86
T it Corolla color 50.00 47.62 2.38 0.79
16 %% Flower luxuriance 26.19 45.24 21.43 7.14 1.23
2 Tuber shape 28.57 14.29 7.14 4.76 11.90 33.34 1.59
J7 {8, Tuber skin color 23.81 71.43 2.38 2.38 0.76
2 )% 957 Tuber skin type 30.95 42.86 26.19 1.08
A, Tuber pulp color 35.72 50.00 7.14 7.14 1.09
ZEIRYAE Tuber eye depth 28.57 47.62 23.81 1.05
ZEHR 7 Tuber eye color 92.86 7.14 0.26

EI WAL 2 FEPESR B K, O 159, JRA
B 6 ME, LAYRE N, A SR 33.34%, [
R, S AN 28.57% 5 i Ea i it A% 22 e Fa 2
076, FLR I E] 4 FHAL, DABE R SN T, 43 A A%
R T1.43% s R R L 2 FEPEFR HO 1.08, 3t
A 3 FRAL, DARSIRR R N 3, 7 A AR N 42.86% 5 A
IR AE Z REMEFE BN 1.09, LFE AN I, IR B A
W2 AR5y BN 50.00%K1 35.72% ; 24 IR VR i
(st A% 2 FEVE SR BN 1.05, LR & N, A iR
N 47.62% s 7 IR (L)AL 2 FEPESR N 0.26, LG
R, S AINE N 92.86%

XF 42 /N By 5% 28 N b ) 2 B R o A R, 35}
fEZ MRS . Hdsie 2L T 1.00
(PR R B A B VR R B
6 R0 25 R VR RS, HE W A N O K I I S i R
S8

2.2 SHEBHEMROERMEST

X 42 AT LR 6 S EUE MR AT A SR
M (GR 6), 25 R, bhim 5 20 2 B A i)
W IEAH O, A R 205370 4 0.601 A1 0.674, 5 F
PR W RO AR RN 0331 M5 0 i
KRR B, MR RO 0458 FEH S
B R AT 25 TE A O, MO R AN 0,402, 576 E
BB 3 U OC, FHOC R BN -0.590; 77 & 5 R i
R B E MG MK RECN 0397, L4
PR 2 Y P bk b R, 2R L A B T ZEOOK s 1
g R, i R, e R,
23 SDHERBMROERS T

X 42 AN TR E I 18 N R AR AT RS
OME, BERINE T FiR. T AR ERTTER RS
78.23%, Fo A, BB 1 A REAEAE v 3.849, TR R
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Table 6 Correlation analysis of quantitative traits of potato

PEIR Trait P EX FEH P& F% [BEGE-ES
Plant height ~ Stem thickness =~ Number of main stems Branching number  Yield Commercial potato rate

MR 1

Plant height

EXil 0.601%** 1

Stem thickness

F2EH 0.331* -0.092 1

Number of main stems

AT 0.674%* 0.458** 0.402%* 1

Branching number

7 Yield -0.185 -0.087 -0.235 -0.184 1

[EELE &S -0.218 0.137 ~0.590%* -0.299 0.397*%* 1

Commercial potato rate

T #RIRTE 0.05 /K REH G, *#3RKIRTE 0.01 KPR E A G

Note: * represents significant correlation at p<0.05, ** represents extremely significant correlation at p<0.01.

x®7 DRE B NREMKBERS S

Table 7 Principal component analysis of 18 phenotypic traits of potato

Jebr F 4> Principal component

Index 1 2 3 4 5 6 7

P& Plant height 0.869 0.090 -0.074 -0.094 -0.154 0.146  -0.075
/3 Fi % Branching number 0.788 0.254 -0.264 0.239 -0.163 0.118 0.004
1EEFi A Corolla color -0.636 0.299 -0.099 -0.110 0.185 0.431 -0.321
Z5H1 Stem thickness 0.632 0.011 0.424 -0.111 -0.421 0.285 0.001
ik Maturity 0.622 0.582 0.320 0.078 -0.112 0.064 0.006
“F 2% Number of main stems 0.514 0.188 -0.492 -0.131 0.390 0.083 0.121
ZEAR 4 Tuber eye color -0.120 0.783 -0.240 -0.328 0.040 0.002 0.069
- Leaf color -0.165 0.547 0.410 0.056 0.279 -0.464 0.002
P4 Yield -0.265 0.440 0.501 0.362 0.224 0.184  -0.126
)2 % Commercial potato rate -0.437 -0.044 0.487 0.073 -0.482 0.135 -0.298
Bz {5 Tuber skin color 0.355 -0.421 0.464 -0.019 0.246 -0.352  -0.063
1L % Flower luxuriance 0.375 0.161 0.418 -0.187 0.066 -0.286 0.214
ZEARAE Tuber eye depth 0.216 -0.167 0.377 -0.792 -0.144 0.147  -0.147
¥ Tuber shape 0.029 -0.184 -0.078 0.733 -0.469 0.024 0.219
PEZY Stock type 0.402 0.205 0.119 0.539 0.332 0.101 -0.345
2 1% 957 Tuber skin type 0.369 -0.455 0.025 -0.092 0.571 0.251 -0.182
IAl €5 Tuber pulp color 0.056 -0.286 0.371 0.279 0.500 0.279 0.269
2544, Stem color -0.313 0.125 0.310 -0.124 0.077 0.401 0.656
FHE{E Characteristic value 3.849 2255 2.111 1.951 1.786 1.121 1.008
BTk 3R Contribution rate/% 21.38 12.53 11.73 10.84 9.92 6.23 5.60
BTk # Cumulative contribution rate/% 21.38 33.91 45.64 56.48 66.41 72.64 78.23

9 21.38% , H APk Ry B 2R A A R
fiE ) & C48 %5 5D &K, 4 5l 9 0.869. 0.788.
0.632.-0.636.0.622, /& 55 1 F pisr 1 F E 4645, &
HEMKRIEA AT MO 8 2 TR
TEAE N 2.255, THERF N 12.53%, 1 8l 2 L 2E R
o A UE s B8 3 R RRIEAE N 2. 111, DTk N
11.73%, 7= &7 H E B FR bR, FHIE R 24 0.501 28 4
. 86 .

F RN 1.951, TTRRZE N 10.84%, SR HRIR
R E B bR, XM S E IR %56 5
TR FFEE N 1.786, TTHR RN 9.92% , L E HE
B R RURI A B e , 15 EHRREAR O 26 6 Ak
SIRFEME A 1121, STRR A 6.23% , 32 B [ e 52
PR AY 38 7 £ R REAEME N 1.008, TTHR % R
5.60%, FEHZEEPGE  FFHIERIE A 0.656.
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Fig. 1 Systematic clustering based on phenotypic traits of potato
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