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Comprehensive analysis of potato high generation strains
multiple traits based on HIDAP system
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Abstract ; The purpose of this study was to comprehensively analyze and evaluate the multi-trait factors of high
generation varieties in aspect of new potato variety breeding. The breeding software ( HIDAP) developed by the in-
ternational potato center was used. The yield, total number of potato tubers and marketable tubers rate for 14 potato
high generation strains of multi-point test in five sites of Dingxi City were analyzed using the analysis of variance
significance, AMMI model, the GGE—biplot and Tai stability in 2020. In the AMMI analysis diagram, the IPCA
absolute values of yield, the number of tubers per plant and marketable tubers rate of high-generation varieties 0934
—62 in the vertical direction were small and close to the right in the horizontal direction. Combined with the GGE

biplot, the high-generation varieties 0934-62, 1026-2 and 14137-20 were in the higher position above the hori-
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zontal line, and the high-generation variety 093462 was the farthest distance above the horizontal line. In the Tai

model analysis, the o; and A, parameter distribution range of yield, the total number of potato tubers and market-

able tubers rate of high-generation varieties were combined, and the varieties with high stability were 0934-62,

1026-2 and 1281-191. The results showed that among the 14 potato strains tested, the high generation variety

0934-62 had an outstanding performance in aspect of yield, the total number of potato tubers and marketable tubers
rate. High generation varieties 1026—2, 1281-191 and 14137-20 showed better performance, while the high gen-

eration variety 1205—5 showed poor yield and stability compared with other varieties. HIDAP software effectively

helped breeders manage a large amount of breeding material information, conduct analysis and screening, and time-

ly eliminate through its own evaluation system and use of multiple data analysis models, to reduce the costs and

save experimental resources.

Keywords: potato; HIDAP; high generation strain; comprehensive analysis of multiple traits
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Table 1  Description of 14 potato genotypes evaluated
in the multi-point test in 2020
> K
sy ap fo0 o KR ok
No.  Genotype Y pe o Pedigree
code genotype
| 0934-62 Gl T EH 1S5
Cultivated species  Dingshu#1XLongshu#5
) 1281-109 G2 T B 1S EHE 10 5
Cultivated species Dingshu#1xQingshu#10
ARl EE 1 SXEE 105
3 1281-191 63 Cultivated species  Dingshu#1XQingshu#10
ARl EHE 3T 145
4 1350-85 C4 Cultivated species Dingshu#3xLongshu#14
ARl FEH 3 SR
5> 1293-14 63 Cultivated species  Dingshu#3xAtlantic
. R T22xF % 95
6 14137-20 66 Cultivated species T22XQingshu#9
N T G L RINIES
) Cultivated species  Qingshu#9xXinlimei
A FEH 3 5XT55
8 1025-5 o8 Cultivated species Dingshu#3xT55
AL EE SRR 1S
9 1026-2 69 Cultivated species  Dingshu#1XNongtian#1
. AR FEH | xR
10°0904-75 c10 Cultivated species  Dingshu#1xXindaping
11 1125-36  Gll MR KB 12 5% 3
Cultivated species  Tianshu#12XDingshu#3
2 123-ss gl PO I 23 5k 4 5
. Cultivated species Tongshu#23XDingshu#4
13 1035-8 cl13 A Be 3 10 S x¥EikE 8 5
Cultivated species Longshu#10x]Jizhangshu#8
14 123325 cua RO I8 23 52 4 5

Cultivated species

Tongshu#23xDingshu#4
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AN T HIDAP RGN SHE R AU R 2RGS0 P 15

S AR ML E (EL) Gk (E2) JEVR(E3) |
I (E4) MR E(ES) |, #5355 T 2 B R i AU
HES WFE2 PR,

1.2 Rigit

SR AT G B BOR H BEALIX 4L HES, 3
WHEE , /MR 20 m* ,/DMXIK 6.67 m, FE 3.0 m,
F/NXFIAE 5 47, 47HE 60 em, BREE 30 em, 54T 20
B, 4t 100 Bk,

YEF RIERIE Y 4 A 17 B, I PkiE G F
BFEI 4 H 15 B IEES GRS 4 A 23 H,
IR FZIEFRFIT ] 5 H 2 B URE RS Fl it
Bk 5 H 6 H, 458 bt ik 3 s, 4
T IE AT SS A B it ) 2 KA 30 000 kg + hm >,
Jiti R 2% 300 kg - hm (N 46%) , i BERRES 750 kg -

hm?(P,0, 14%) , HifLHF 225 kg - hm(K,0 60%)
FEHAT FH 40% B FLI 7.5 kg - hm ™ ingnvd +
450 kg + hm™  HPEHUTE LB T 3 L
1.3 MEHER

(1) /NIX 2 & ( Toal tuber weight per plot,
TTWP) X /N IX N T A5 R Pk 2R A7 WACAR, 2R 480 7
PR BN BRI B B kg

(2) /NIX BB ( Total number of tubers per
plot, TNTP) ; SCHJEHS Xof BEA4> /N X B S8 e i A7 A
TH5,

(3) & it 3 % ( Marketable tubers rate per plot,
MTRP) RN R E R (%) = /DX A (H >
70 g) WY& P i/ A iR R H A X 100%

R2 2020 FZRRAEH S5 MARHERFR

Table 2 Description of the 5 locations used for evaluation of 14 potato genotypes in the multi-point test in 2020

HEALE AR R . 45 3
ETR= A5 Ry Lo H " . Wk /m SR T B/ mm TR/ C
’ ) Geographical position . X Average
No. Site Growing season Altitude Average rainfall
5% Latitude 2% Longitude temperature
LERIR
El Xiangquan Town, 2020 34°57'~36°12"  102°41'~103°40’ 1900 430 6.3
Anding district
I Pk i 3
E2 Manwa Town, 2020 35°39'~36°02" 103°88'~104°88’ 1730 550 7.9
Lintao County
RSN
E3 Huichuan Town, 2020 35°13'~35°21"  104°02'~104°11’ 1530 550 5.3
Weiyuan County
HIH RIS
E4 Huajialing Town, 2020 34°55'~35°29"  104°57'~105°38’ 2450 420 34
Tongwei County
IR EL ARG
E5 Hetuo Town, 2020 34°46'~34°47"  104°22'~104°29’ 1750 665 3.5
Minxian County
*3 BERAATEBEUER
Table 3  The physical and chemical properties of soil for different tests
i HHLBT H (i Ecea Bl fff EEps e AR T
g,‘t'“ Organic matter II-]I | Total nitrogen  Available nitrogen ~ Available phosphorus Available potassium Soil bulk density
Site - value _ _ _ - -
/gokg) P /(g-kg'')  /(mg-kg") /(mg - kg") /(mg - kg'") /(g em™)
LET IR
Xiangquan Town, 15.6 8.19 0.78 115.4 7.8 264.3 1.2
Anding County
I 1 3
Manwa Town, 7.43 8.13 0.71 78.4 9.2 110.2 1.3
Lintao County
RSN
Huachuan Town, 26.8 6.83 0.73 168.3 13.5 145.7 1.1
Weiyuan County
IH R
Huajialing Town, 14.2 8.25 0.71 102.8 12.7 238.6 1.2
Tongwei County
UL AR IR
Hetuo Town, 86.3 6.44 0.69 241.1 10.2 148.6 1.1

Minxian County
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1.4 #EWA

HIDAP ( Highly interactive data analysis platform)
V.1.0.3 Bdls o3 A B F A0 5 O 22 58 B (ANOVA) |
AMMI # %  GGE - biplot #5 %1 B4 [8] )3 43 H7 | Tai

N RS (IPCA) W4 18y, 250 n Bl
5 R R RAE [] 0 58, S 55 n il 4 PR R ALE [ o
{8 ; 28 n FnBE G HMRE G x E BAEIT TR 21 el
WECH, & o AT R AMMI B R 0] 5

i AMMIn; N JE7EA68 32 o3 73 A7 v 32 123 PR 1l
1.4.1 GGE-biplot #%  GGE XUbr EIECFRR  BAEGe, A T iskE,

JE7% JE A R SRR (G) A R S HEE EAE (GXE)
7k, 2 5h R 2R =, — M o .
Yij - ?jz /\1§i177j1 + Azfiznjz té&;

Y, NSENTR § FERREE j R Y, BT R
RITEARS j Ry R L€, 5 &, FORFERA | 78
PC1 5 PC2 W43, m, 5, RAREEHELj 7E PC1 5
PC2 1341, &, AL IR 2%

R TH# PCL AT PC2 B/RTEXNFRE H , GGE Bkx
BB A AR ] TR R o

Yij - Y, :Eilnjl +§£27’j2 + ey, &

1

= /\ ?fin ’

njn = /\%T,jn ’ n= 1 ’2
1.4.2 AMMI B4 AMMI FER) 238 800 . |
YERT S BT | R IR 0N

N
YVi=pt+a +0 + 2:’1)\"7""51" +0;

by, R R RES [ IR, S
o R RV EIRG o, T § SR 5 37 H R

1.4.3  Tai 8280 AN PO PR RN (14 B AL
o, BRSO B 25 A, T ik S BRI 2
S < 0,4, — LSRN AR R b R
a, — 0,1, — 1 SRR FREPER R, > 11
s R R HE LTSI SRR s A, < 1A R A A B R
Al
1.5 HiREAbE

IR R GE T i HIDAP BR0: &5 9 41
BHE P ( Material management ) #E47 4811, i 56 50
¥ F Microsoft Excel 2007 L#??%i‘l‘gﬁiﬁ,fni\%ﬁ%
B i S EPR APl ST HIDAP B £ 558 4
Hr (MET report) BT 70H7
2 HERS
2.1 FEZW

FIHITT 22 79 A of 28 P it e ™ i 46 A 7 45 0k
D BRI IR 5 BR S BLAE A AR S AT 0 A, T8
T 22530 (3R 4) AT RN FEDR AU 0 7428 Al o 8 B gl

BB N MR G TR 2, A R e B R A RN 22 5 K, R B A B K
x4 DRESKBRERERTESN

Table 4  Analysis of variance for potato high generation strain traits

EiEL7N AR Sk IR 1 Df il 7 F R P
Tdex Source of variation - Sum of squares Mean square F test P value
A GEN 13 464915.0 35763.0 5.2071 2.031x1077 % **
5 ENV 4 225049.0 56262.0 10.5619 0.0012* *
B N
INTP X 48] REP 10 53269.0 5327.0 0.7756 0.6520
HH xFFEE GENXENV 52 554451.0 10663.0 1.5525 0.0240*
7% RES 130 892845.0 6868.0
LR GEN 13 13283.6 1021.8 8.4845 2.946x10712 " * *
5 ENV 4 10070.2 2517.6 14.5932 0.0003 * * *
Syt =N
H N
X 4]
— X 41[a] REP 10 1725.2 172.5 1.4324 0.1729
FHAXIFEE GENXENV 52 11521.3 221.6 1.8397 0.0029 * *
5% RES 130 15656.4 120.4
FH GEN 13 238070.0 18313.1 8.2569 6.093x10712 " * *
I ENV 4 110332.0 27583.0 18.2784 0.0001 * * *
MTRP X 41[8] REP 10 15091.0 1509.1 0.6804 0.7410
FHA I BT GENXENV 52 227203.0 4369.3 1.9700 0.0010* *
7% RES 130 288329.0 2217.9

TE: = Fllw o J3HIRIRTE P<0.05 il P<0.01 AKF2EREE; + + = FIRTE P<0.001 KPZERMEE, T,
Note: * and * * denote the significance level at P<0.05 probability and P<0.01 probability , respectively. # * #* denote the significance level at P

<0.001 probability. The same below.
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(P<0.001) , SIS A AL T 45 S R 1

SEE A B 2 K (P<0.01) |, % P= 6 K i
TR B 43K B WA B KOF (P<0.001) 5 36 5
INER A B AR G S5 BB ) 22 595 T 3k 2 B
IKF(P<0.05) , FE K 5 3085 1) 58 B AR FGE 7= i KR
il SR A S MR 3R B A R KR (P<0.01)
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T NPT, 3 A R T A — SRR T2, i AR
KL b TR SRR S5 A T R M s, 22 18 B EAE
E ], 50 55— H A5 Ta] 9 BAE Sk Bl R
PR AT IE 1 238 HAE 28 B G 28 7 oK 26 b
AR IE IV E A X R R, T RE B A
PR AR SR A BOROE ) BAEAE T, R
S e T4 M DX LA R 7 1, T BE S B
e, TEEFEE I, KR R A B b R AR
PR E OB R R R R T

Bl 1a Fom s R AR (TNTP) WFE
V£, BhE A R 1205-5 17 T K242 e A2
HEEHOR A 5 A%, 5 & 0934-62,1281-191 1350
85.1125-36,1275-38 . 14137-20,1035-8 . 1026 -2
AR R s, o R AR &R 0934-62 13 F /K26 Y
S A H B2 30 F K-8, F = S e R A
U, fhE 1281-109 5 1293-14 () IPCA %4 %HE %
L RaE RS . SR 14137-20.0934-62 ,1035-8 .
1026-2,1233-25 .0904-75 5345 E2 B4 E5 HA
E 1) 22 HAE FH 330 46 5 7 3 6 M g EL A AR IR 3
P S A X R A, REAS IS & 77, 5 E1LE3 A
A EEM, R 1o, mARR 1205-5 i
IRl TIPCA 26 % {8 55 e, R 1k 22, | AR R
0934-62 v T 7K V- L 19 Fe A M, 7= 5 7K 7550 e
Fio TEE 1e AR R 0934-62 i T /K -2k (1 i
A Az T K2, FLR B ROk P8l
ERE R 1233-25 5 1205-5 £ Tk FaliZE M, 7
AR R (1

16 AMMI2 XUFR I (& 1b, 1d, 1) b g T A
DA ) it A B R AR S, 0 R R I I
S TE RN 5 R W E R B AME L I 3R B
i 52 VA E W A2 BAE I o AR iR SR —
FEMARERRTE V1, A SR8 52 A 5 R I B o, )
dn A 5 S 38 B RO, 781205 T BE AR
B AN AR Y U A TR Y I ) JEER | W%
i A5 A T S8 BAE T, R SR AR RSN
EAW MM, 256 AMMR SARE(E 1b) 5
5 R, EHHECE (TNTP) h AE %5 (E1) 1A,
fhZ 1281-109 7EJR S S5k M (%) LM E &%
B, HAHCPEBUE A B 131.888, 5iZ M5
HARKIE AT AER, %  v] 68 B4 =
., R 1293-14 5L E (E1) BA KR M
ZHAER, A SCHEEUE A 2 -152.044 , A8 N AR 1%
Mo DX HEFTHE FidE . ZEIEVR(E2) 5 &R 0904-75 5
IBEM A AR AR ST BUE A 3] 105.117 (% 4)
il R 1281-109 #5783 s i Pk (E2) 19 52 1) I8 4 2k,

PR IR R S R, B a2 BAE Bk, ARk B
(E5),fh % 1233-55 55 A28 B 5%, A OG5
EINE] 65.119, REME1E IV 12 H X AE K A 5%, 75 1 1
(E4) i & 1035-8 5 BARMR A OCHEBUE
IKE] 46.950, AE S I 1% Hb X AR K A 8, 768 IR
(E3),fh & 1275-38 55 A28 B 5%, AH OG5
HIAF 80.279, HEffid W iz X AR K

x5 MEEERMEXESN

Table 5 Analysis of correlation between environment and genotype

HbsE Site
it AR

Index  Swmin gz gk MR EH  ME
Anding  Lintao  Weiyuan Tongwei Minxian
0904-75 -49.088 105.117 -43.565 -12.715 0.252
0934-62 -13.111  29.761 -32.587 -8293  24.230
1026-2  -64.155 14384  -9.298 -0.115  59.185
1035-8  -67.755 -36.882 67768  46.950 -10.080
1125-36 21777 -2.682 -3.365 -39.515  23.785
1205-5 56977 -0.815 28501 14350 -99.014
ke 1233-25 -73.622 -11415 34234 39750  11.052
TNTP  1233-55 29444 -50.682 -58.698  14.817  65.119
1275-38  -7.244 -29593 80279 -17.871 -25.569
1281-109 131.888 -74.126  67.079 -70.071 -54.769
1281-191  84.155 -24.415 -8987 -17.249 -33.503
1293-14 -152.044 32,606 30.812 46439  42.185
1350-85 81.933 7304 -33542 -25.026 -16.058
14137-20 20.844  56.050 -118.631 28550  13.185
0904-75  -279 14593 -5.144 1.177  -7.829
0934-62  -5.495 1.888 8.923 -13.554 8.237
1026-2 -13.629 -5.573 0280 -4.056 22970
1035-8 -1.023  -2.066 1.795 4283 -2.989
1125-36 3376 -1.933 3929 -0549 -4.823
1205-5 16457  -0357  -2.256 3.031 -16.875
5 1233-25 -0.029 -4940 -4.54 5.843 3.670
TTWP  1233-55  -0.99 -8906 -2544 -0956  13.403
1275-38  -2330 -2719 12771 -0.107 -7.614
1281-109  11.653 -5456 -8.610 -1.856 4.270
1281-191 8.002 1.414 0.004 -3407 -6.014
1293-14 -18.234 4.744 5.284 9.006  —0.800
1350-85 5.237 2.022 1.823  -0.521 -8.562
14137-20  —0.192 7292 -11.723 1.665 2.957
0904-75 -51.106 104.100  13.004 -29.296 -36.701
0934-62 4582 34011 -78973  12.058  28.320
1026-2  -26.239 0966 33204 -9.09 1.165
1035-8  -30.039 -17.166 14.071 33769 -0.634
1125-36 15093 8700 -2795 -4.763 1.165
1205-5 49.604 4366 -4950 14.303 -63.323
PaihE 1233-25 -39.639  -13.100 5.804  40.169 6.765
MTRP  1233-55 42093 -58.700 -24.461 -1.09  42.165
1275-38  —6.039 -8.166 26849 -3341 -9.301
1281-109 63.115 -36.788  17.893 -33.074 -11.146
1281-191 52115 -34.788 15226 —-8.407 -24.146
1293-14 -81.595 -7277 47515 17214 24142
1350-85 —12.595 6.500 -21.484 11436  16.142
14137-20  20.649 34744 -40906 -39.874  25.387
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1293-14 7EJ5 A 55 (E4) B4 0y I i 4L B
K, HAHCTEBUE A E] 9.006; 7EUREL (ES) |, i &
1026-2 785 5 515 (ES) B LR 7 LI R 4 B
K, HARDCHEBUE IR F] 22.970,

H AMMI2 XUbR & (& 1f) 5326 5 0l 501, 76 7 &
B (MTRP) , §h % 1281-109 54458 (E1) M %
PESR MR IA R 63,115, /1 £ 0904-75 Sl vk

(E2) BAHSEPERUE X F) 104.100, 54 & 1293-14 5
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5T (E4) A SCHEEUE A 3 40,169, i & 1233
55 iR E (E5) A CHEEHIA R 42,165,

6 AMMI BRI 45 32 3%l (PC) 7677 1
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iR i R A S R B ) BB 3 3wk AE 40 S 3k E
74.90254 83.98092 ,70.64809
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Table 6  Contribution value of principal component

fatn Enir THRE RIFTUECR AW 7 A ¥r F1H PMA
Index PC Cont. Cum. cont. Df Sum squ. Mean squ. F value P value
PCl1 54.66865 54.66866 16 303110.83 18944.42 2.7583 0.0007
PR pPC2 29.31226 83.98092 14 162522.12 11608.72 1.6902 0.0649
TNTP PC3 10.67460 94.65553 12 59185.46 4932.12 0.7181 0.7316
pPC4 5.34467 100.0000 10 29632.44 2963.24 0.4314 0.9289
PC1 50.69262 50.69263 16 5840.445 365.03 3.0309 0.0002
7 pPC2 24.20991 74.90254 14 2789.295 199.24 1.6543 0.0731
TTWP PC3 15.76036 90.66291 12 1815.798 151.32 1.2564 0.2523
pPC4 9.33708 100.00000 10 1075.753 107.58 0.8932 0.5415
PC1 42.89455 42.89456 16 97457.51 6091.10 2.7463 0.0008
T R pc2 27.75353 70.64809 14 63056.72 4504.05 2.0307 0.2003
MTRP PC3 20.98097 91.62907 12 47669.31 3972.44 1.7910 0.0559
pc4 8.37093 100.00000 10 19018.97 1901.90 0.8575 0.5746
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Fig.2 GGE-biplot analysis
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Table 7 Combined regression analysis

EiuN AR Sk R H S5 7 F1E P1E
Index Source of variation Df Sum squ. Mean squ. F value P value
K G 13 464915.0 35763.0 5.2071 2.031x1077 * * *
W E 4 225049.0 56262.0 10.5691 0.0013* *
BE HER:E 10 53269.0 5327.0 0.7756 0.6520
o HFXIABE GxE 52 554451.0 10663.0 1.5525 0.0240 *
INTP R[] 5 5 P Het.Regr.G 13 153461.0 11805.0 1.1481 0.3516
FEHF A1 2% Dev.Regr.G 39 400990.0 10282.0 1.4971 0.0487 *
WRBEIA 5 it Het.Regr. E 4 36750.0 9187.0 0.8518 0.4996
HEEMH1R2E Dev.Regr.E 48 517701.0 10785.0 1.5704 0.0238*
5%2% Res 130 892845.0 6868.0
KA G 13 13283.6 1021.8 8.4845 2.946x10712 * * *
W E 4 10070.2 2517.6 14.5932 0.0004 " * *
#H HERE 10 1725.2 172.5 1.4324 0.1730
- FERIxFREE GXE 52 11521.3 221.6 1.8397 0.0030* *
;ﬂfp LI 1A 52 i Het. Regr. G 13 2932.7 225.6 1.0244 0.4488
FEP BT 1% 2% Dev.Regr.G 39 8588.6 220.2 1.8286 0.0063 * *
REE A 52 5t Het. Regr. E 4 1670.6 417.7 2.0352 0.1043
HEEIH 1R 2% Dev. Regr.E 48 9850.7 205.2 1.7040 0.0095 * *
5%2 Res 130 15656.4 120.4
A G 13 238070.0 18313.1 8.2569  6.093x10712* * *
W E 4 110332.0 27583.0 18.2794 0.0001 * * *
EE AER:E 10 15091.0 1509.1 0.6804 0.7417
. FERIxFRBE GxE 52 227203.0 4369.3 1.9700 0.0011**
Eﬁ&;ﬁ? S PH B[] 5 M Het. Regr.G 13 51461.0 3958.5 0.8785 0.5808
FEF A [ET1R 2 Dev.Regr.G 39 175742.0 4506.2 2.0317 0.0016* *
A 5 5 5T PE Het. Regr.E 4 18337.0 4584.3 1.0535 0.3898
FEEH 1R 2 Dev.Regr.E 48 208865.0 4351.4 1.9619 0.0014* *
582 Res 130 288329.0 2217.9
xS EREEMEEIRSHLENSE RO Tai BEMSH
Table 8 Scores in the principle components Table 9 Tai stability analysis
axis of significant interaction B2 e TTWP YU TNTP Fih SR MTRP
b s Sk 2t sk Swan @ A « A « A
Index PC Contribution value Cum. cont. 0904-75  -0.206 2015 0398 1735 0334 5.629
0934-62 0162 1317 039 1244 0.849 2393
Pl 52.012 52.012 1026-2 1221 2872  -0285 0884  -0333  0.583
R PC2 29.243 81.255
INTP PC3 13.819 95.073 1035-8  -0379 0026  -1.614 0025 -0984  0.048
pea 1.927 100.000 1125-36  -0233 0282 064 0071 0.171 0.096
el SRt 2311 1205-5 -0977 2392  -0070 1652  -0066 2443
g 1233-25 -0.189 0568 -1240 0114  -1.030 0291
N A PC2 19.426 81.737 1233-55 0546 1347 0343 0259 0408 2615
rTwe PC3 11.225 92.962 1275-38  -0384 1348 -0537 0817  -0314 0246
Pc4 7.038 100.000 1281-109  0.187 1701 0985  3.598 05%  2.189
PCl 57.851 57.851 1281-191  -0.109  0.745 0756 0753 0092 1745
[GLEE pC2 20.835 78.686 1293-14 -0374 2907  -1.695 1779  -1.238 2.200
MTRP PC3 11.972 90.658 1350-85 0356  0.538 1.071 0378 0019 0383
PC4 9.342 100.000 14137-20 1092 0.661 0.849 1.780 1453 0.110
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