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Drought Resistance Evaluation and Genetic Diversity
Analysis of Potato Varieties
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2. Huasong Seed Industry (Beijing) Co., Ltd., Beijing 102601, China )

Abstract: Potato is an important food crop, and sensitive to water. With global warming, drought damage to
agriculture is increasing. In order to enrich new varieties of potato resistant to drought in Inner Mongolia Autonomous
Region, the main agronomic characters, yield and quality characters related to drought resistance of 18 potato varieties
were measured under the drought stress treatments. Principal component analysis was performed on 10 main ftraits,
including the number of tubers per plant, mean tuber weight and number of large- and medium- sized tubers. The
cumulative contribution rate of three principal components was 71.293% . According to the comprehensive score,
'Zhongshu 31', 'Huasong 7' and 'Huasong 56' were considered relatively drought-resistant. The genetic diversity of 18
potato varieties was analyzed using SSR molecular marker technology. Based on the genetic distance (GD) value of
0.66, 18 potato varieties were divided into four categories: 'Zhongshu 9', 'Zhongshu 28', 'Zhongshu 31', ‘Neinongshu 2',
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'Atlantic', 'Zhongshu 18' and 'Zhongshu 668" in category I; 'Zhongshu 27', 'Zhongshu 19', 'V7', 'Huasong 56', 'Xisen 6',
'Huasong 58', 'Neinongshu 1' and 'Huasong 34' in category II; 'Huasong 7' and 'Innovator' in category IlI; and

'Jizhangshu 12' in category IV. This study provides a basis for the utilization of potato germplasm resources and the

selection of drought resistant breeding parents in the future.

Key Words: potato; agronomic trait; yield; quality trait; SSR analysis
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Figure 2 Soil water content during potato growth period
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Table 2 Phenotypic performance of tuber in 18 varieties

fn Rl £S5 ae) RN E Y2l ZEIRTRE
Variety Tuber shape Skin color Flesh color Skin type Eye depth
rh 228 5 Zhongshu 28 iittal a H bt 53
41 34 Huasong 34 i TR TR S %
"1 668 %5 Zhongshu 668 §S i A St %
1295 Zhongshu 9 K15 R TR Bt &
rh 275 Zhongshu 27 Bl R RH G %
F % 19 % Zhongshu 19 i R R piiies %
F 31 %5 Zhongshu 31 R TR JREZ %
7 FE 65 Xisen 6 KAt # i St h
AE4%i 75 Huasong 7 i s s biiies 164
LK 125 Jizhangshu 12 IS S| S| G %
N4 3 2 = Neinongshu 2 it HE e e ®
KPGTE Atlantic R M LIS %
V7 il [ # pints %
1451 58 Huasong 58 B[] i i JiR % &
HE 56 Huasong 56 i} S| F e %
A4 2 15 Neinongshu 1 7] FLA S| JRREZ %
A 185 Zhongshu 18 AN TR TR S %
Innovator il R TR JFR 1 oR
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Table 3 Plant height and stem diameter of 18 varieties under different treatments

i ##i (cm) Plant height PR iia e (%) 25 (mm) Stem diameter R EHE 5 (%)
Variety X HE CK TR Drought Plant height stress index %18 CK TE Drought Stem diameter stress index
\W 114.67a  90.00a 21.51 20.17 a 19.07 a 5.45

Innovator 70.67 a 60.67 a 14.15 1530 a 13.53 a 11.55

H1 228 5 Zhongshu 28 73.33a 71.33 a 2.73 18.87 a 17.57 a 6.89

1295 Zhongshu 9 80.33 a 69.33 a 13.69 2047 a 16.83 a 17.75

KPGEE Atlantic 67.00a  60.67a 9.45 18.53 a 16.20 a 12.59

M4 15 Neinongshu 1 63.00a  5267a 16.40 2130 a 1277 a 40.06

KB 125 Jizhangshu 12 96.33a  69.67 b 27.68 2340 a 16.10a 31.20

H12% 195 Zhongshu 19 111.00 a 82.67b 25.53 2170 a 16.80a 22.58

4G 75 Huasong 7 98.33a 80.33 a 18.31 19.17 a 18.60 a 2.96

#2351 56 Huasong 56 118.00a  93.00a 21.19 20.20 a 16.90 a 16.34

#£45 58 Huasong 58 7200a  63.00a 12.50 16.47 a 16.07 a 2.43

A AR 675 Xisen 6 8433a  73.00b 13.44 2243 a 18.03 a 19.61

H1% 185 Zhongshu 18 9233a  67.33b 27.08 20.77 a 19.33 a 6.90

H12# 275 Zhongshu 27 7333a  68.00a 727 19.50 a 17.03 a 12.65

rh #2315 Zhongshu 31 117.33a 95.67 a 18.47 19.63 a 16.27 a 17.15

4% 2 5 Neinongshu 2 67.67a  55.00a 18.72 20.27 a 1593 a 21.38

AER1 34 Huasong 34 64.33 a 63.67 a 1.04 16.47 a 15.17 a 7.89

H1 2668 5 Zhongshu 668 92.67 a 75.00 a 19.06 21.07 a 1580 a 25.00

I ARVNGFREOR BT RS XTE0.05 K22 R B3, RAMEMZESE. T,

Note: Different lowercase letters indicate that difference between drought treatment and control for a specific variety is significant at 0.05 level as

tested using Duncan's multiple range test method. The same below.
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Table 4 Yield traits of 18 varieties under drought stress

B PRSI (No.) P E(g) TR (%) i (kg/667m?) B REL

Variety Tuber set per plant ~ Mean tuber weight Marketable tuber percentage Yield Drought
A T A T i 8 T A TR resistance
CK Drought CK Drought CK Drought CK Drought coefficient

Fi 5 65 Xisen 6 10 19 235.00 128.95 80.00 42.11 1511 1090 0.72

FEKE 125 Jizhangshu 12 10 11 33240 236.36 90.00 81.82 2136 1365 0.64

4515 56 Huasong 56 15 21 178.40  161.90 60.00 61.90 1724 791 0.46

H1 % 195 Zhongshu 19 20 14 129.20  185.00 55.00 71.43 1598 1531 0.96

KIGPE Atlantic 10 9 204.00 202.78 80.00 88.89 1092 744 0.68

% 668 5 Zhongshu 668 19 9 133.37  220.00 57.89 77.78 1812 1238 0.68

A2 15 Neinongshu 1 14 10 144.14  111.00 57.14 60.00 1363 621 0.46

#5151 34 Huasong 34 9 11 209.78 193.64 77.78 81.82 1675 1404 0.84

45 2 5 Neinongshu 2 15 10 15173 216.25 73.33 80.00 1630 1464 0.90

12285 Zhongshu 28 9 7 180.89 362.86 66.67 85.71 980 1147 1.17

FF® 31 %5 Zhongshu 31 18 22 136.67 117.61 61.11 54.55 1980 1246 0.63

FR27 %5 Zhongshu 27 10 6 23520 310.00 80.00 83.33 1285 719 0.56

4E45i 75 Huasong 7 12 20 189.17 157.50 75.00 65.00 1439 1385 0.96

V7 12 14 181.33  168.57 75.00 64.29 1231 1246 1.01

F %9 5 Zhongshu 9 9 10 252.22  273.75 77.78 80.00 1395 1348 0.97

AR 18 %5 Zhongshu 18 11 12 262.36  197.50 81.82 66.67 1298 1057 0.81

42 58 Huasong 58 15 22 17027  86.82 80.00 36.36 1767 1132 0.64

Innovator 7 10 21829 203.00 71.43 80.00 1167 893 0.76

TR AT, 184 S8 5 W Rhye ks &
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L E 285 SRR R R E
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R & e T2 Wia T 28 TR, b
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PR BT o BARRES B S Kb SR R 2 A
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Table S Tuber quality traits of 18 varieties under drought stress

f Al Variety Qb PR Treatment TEN (%) Starch B JEHE (%) Reducing sugar (%) Protein
FF% 65 Xisen 6 Xif i 11.47 a 0.0382 a 1.54 a
T5 10.39 b 0.0387a 1.52b
FLIKRE 125 Jizhangshu 12 X AR 11.06 b 0.040 7 a 1.68 a
T5 12.86 a 0.0371a 126b
AEM1 56 Huasong 56 papitt 13.57b 0.038 4 a 1.62 a
T5 14.48 a 0.0375a 1.56 b
H1 3 195 Zhongshu 19 oyt 1534 a 0.0382a 1.81a
T5 1577 a 0.0391a 1.58b
KPGT: Adantic oyt 14.88 b 0.0361a 178 a
T5 18.87 a 0.0358 a 174 a
H1 2 668 5 Zhongshu 668 Xif et 10.88 a 0.038 1 a 1.62a
T5 8.83b 0.0357b 157 a
N4 15 Neinongshu 1 Xt R 13.57 a 0.0372a 1.50 a
T5 12.32 b 0.037 4 a 1.48b
1G5 34 Huasong 34 X IR 12.44 a 0.0393 a 1.53a
T5 1277 a 0.0371a 1.62a
A 25 2 5 Neinongshu 2 papitt 12.04 b 0.0398 a 143 a
T5 14.56 a 0.0365b 1.59a
F 2285 Zhongshu 28 X AR 1149 a 0.0399 a 1.67 a
T5 8.50 b 0.0402a 1.88a
a3 Zhongshu 31 papitt 15.56 a 0.0379 a 1.17b
T5 1578 a 0.0383 a 1.28a
H#275 Zhongshu 27 X R 12.20 b 0.0351a 1.63a
T5 12.96 a 0.0362a 173 a
46151 75 Huasong 7 papilct 1730 a 0.0396b 143 b
T5 12.71b 0.0422a 1.64a
V7 Xt R 12.85a 0.0387a 1.35a
T& 12.09 b 0.0393 a 143 a
" #9-5 Zhongshu 9 X A 12.57 a 0.0391a 1.46 a
T5 1259 a 0.0402a 1.50 a
H1 2 185 Zhongshu 18 X i 14.46 a 0.0384 a 157 a
T5 14.52a 0.0357b 147 a
AE11 58 Huasong 58 Xif B 14.63 a 0.0415a 1.69 a
T5 11.99 b 0.0407 a 1.58a
Innovator papit 1391 a 0.0415a 1.69 a
T5 13.69 b 0.039 4 a 1.59 a
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Table 6 Correlation coefficients of main traits of 18 varieties under drought stress
B JEN HRRETER KPR EEIEE S RALEERE E Me Bl TER AR RS A
Main trait Tuber set Large— and Mean Marketable ~ Yield  Plant Stem Starch Reducing T
per plant medium-sized tuber tuber height  diameter content sugar Protein
tuber number  weight percentage content content
ARG 1
Tuber set per plant
PR 24 0.779" 1
Large— and medium—
sized tuber number
I -0.730" -0.477 1
Mean tuber weight
[ELEE-E -0.833" -0.346 0.784" 1
Marketable tuber
percentage
7 Yield 0.151 -0.311 0.081 0.034 1
KR Plant height 0.560° 0.672" -0.112 -0.276 0241 1
Z5H Stem diameter  0.247 0.271 0.192 -0.111 0.298  0.522° 1
TER it 0.140 0.357 -0.260 0.094 -0.131  0.026 -0.075 1
Starch content
R 0.435 0.321 -0.097 -0.353 0.318 0254 0.187 -0276 1
Reducing sugar
content
ERligiy -0.380 -0.385 0.491° 0.331 -0.237 -0308 0.039 -0.148  0.093 1
Protein content
TE: *FORTE0.05 K- FREMIG; #FIRTE0.0L K B E AR,
Note: * means significant correlation at 0.05 level; ** means highly significant correlation at 0.01 level.
x7 TEHET18M@MEEMROERS S
Table 7 Principal component analysis of main traits of 18 varieties under drought stress
PERTESR Fnar1 Fr2 Fr3
Trait index Principal component 1 Principal component 2 Principal component 3
PARRZEZH(No.) Tuber set per plant 0.957 -0.081 -0.134
K (No.) Large— and medium—sized tuber number 0.836 0.092 0.343
W4T (g) Mean tuber weight -0.715 0.616 0.169
T i 2% (%) Marketable tuber percentage -0.764 0.262 0.486
4 (kg) Yield 0.289 0.571 0.145
#E# (em) Plant height 0.669 0.427 0.292
254 (mm) Stem diameter 0.314 0.681 0.195
JERY 1t (%) Starch content 0.162 -0.436 0.697
B (%) Reducing sugar content 0.439 0.449 -0.520
R (%) Protein content -0.539 0.278 -0.278
FFHE(E Eigenvalue 3.847 1.903 1.379
TIMk#(%) Contribution rate 38.472 19.029 13.792
Z3H 5T % (%) Cumulative contribution rate 38.472 57.501 71.293
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TS 1 B R 3.847, BTHkAR Jy 38.472%
FE RS 1 AR, B fer i R HLOb (S
VIR BRARZE B2, Kb SRRk, FRAE )
R R RS A, M 0.957, HiAth 2 Mk
ARAFFAE 0] T 535114 0.836 F10.669

TR 2 BRI M 1.903, TRk 19.029% .,
FEF RS 2 R AR ) s, 2oty i HOM B AR
IR T | P FIZERL, KRR )
FEEZEML, A 0.681, Hofth 2 PRI E M
AR ) S 450 0.616 F10.57 1,

FRAY 3 BRI M 1,379, TTEREN 13.792%.
FEF RS 3 R AR ) s, Bty R HOMEAE
(R E R & i, FRRIE LN 0.697

gE bRk, ERUA 1 3R W k) B R
AR, KA 2 35 B R e A R R 2R
F, R 3 RS 5 A TR DG IR AR

Y {8 BB 12 5 Ak S B AN ) i R R A 4
N, o E AR R . R 8 T,
ETRIHA KT, 188D FE MR KPR LT
fJE R B 31 5 AR TS ARMIS6T VT A
#1955,

226 TEMATISARAEZEZHKG ZARE
G H

P18 A ThR B S Rl I B AR 25 B 8. Kb
B, PSR R R U bRE . ZBHL
WM SRR B RS B TR 2
Br, LLstf& 1 2 (Genetic distance, GD)GD=4.13
REEE, DR8N R A B 1REE h
H6685 T NRE 2GS HENI347 ThEE 95 (BIk
B 25 ‘th# 185 ‘Innovator’ fll ‘ A2 1 5’
AR B2 AN E CRVUVE; H3RAY
CrhEE275 N 28 5 k2 AN Rl B4R
VT 195 AEm TS R3S AR
56° ‘AW S8” FI ‘AR 65 L7 AN AN (& 3) .

2.3 18 mAAY SSR BE SRS
2.3.1 SSR 3|40k

A 35 56 Fr 58 A9 20 X6 51 920 35 S NCBIT ) 33
(https://www.ncbi.nlm.nih.gov/) N A ) H 4% B SSR
1. I 20 X Sh S B SSR RE S EG | W, G

Peth PCRY G AT NG 0T . AV . 280 FE
(4 10 % SSRIEE G ¥ (F29), T 18/ EhH% 5
M IEAE Z R 2T

*8 TEWMETI8M@MEEMKNERTEREFEIE
Table 8 Principal component comprehensive score

values of main traits of 18 varieties under drought stress

il Y {H He£4
Variety Y value Ranking
rh 2 668 5 Zhongshu 668 -0.706 5 13
rh 2275 Zhongshu 27 -1.638 4 17
V7 1.1796 4
MK % 2 % Neinongshu 2 -0.701 0 12
12295 Zhongshu 9 -0.050 1 10
#2517 5 Huasong 7 1.8203 2
1451 58 Huasong 58 0.438 0 7
"h 2 185 Zhongshu 18 0.1242 8
KPGH Atlantic -1.186 2 16
HIKH 125 Jizhangshu 12 0.1135 9
15285 Zhongshu 28 -0.961 0 14
46101 34 Huasong 34 -0.404 0 11
th 2195 Zhongshu 19 09171 5
th 2315 Zhongshu 31 1.9167 1
Innovator -1.0718 15
#1556 Huasong 56 13242 3
TR 65 Xisen 6 0.636 4 6
WA S 1 5 Neinongshu 1 -1.751 1 18

232 184N SAY a9 AR 4L DNA i 242 ]

P18 /™ B 55 A R R JE R 24 DNA UEF T4l
R, 5S4 B, BRI EAY DNA 2500 i
WA WEM . TR E RS, RS
DNA 4l 5, AEfEE 12 SSR A FAnic M i 2K .
2.3.3 SSR¥ LR

575 32t F9 10 X5 SSR 5 155 18 4 Th 44 2 1,y
P EER 20 DNA 47 PCRY 1S, 10 X5 | Pyt 1y
WA WM 111 4, Hih 2844 103
k. WXEIYE Y 103 404000, A
315 92.79% (£ 10), REILALM B 2 840
F&E.
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GD=4.13

"2 668 5 Zhongshu 668
AR 25 Neinongshu 2
AEM 34 Huasong 34

H1%9 5 Zhongshu 9
BEEKE 125 Jizhangshu 12
H1% 185 Zhongshu 18 —

Innovator
AR 15 Neinongshu 1
KPGHE: Atlantic

307 = Zhongshu 27 ‘
H1 28 B Zhongshu 28 !

V7
195 Zhongshu 19

AE0517 5 Huasong 7
F1 2315 Zhongshu 31
AE15 56 Huasong 56

AE151 58 Huasong 58 \

}7

F AR 65 Xisen 6 ‘ ‘ | | |

0 0.98 1.96 2.94 391 4.89

B3 FTEHMETI8T@MEEEKKNREREER

Figure 3 Hierarchical clustering of main traits of 18 varieties under drought stress

*X9 SSREESIMZFHRIEFET

Table 9 Names and sequences of primers suitable for SSR

GIE/ B NAEEIEY K514

Primer name Forward primer Reverse primer

STGO016 5'-AGCTGCTCAGCATCAAGAGA-3' 5'-ACCACCTCAGGCACTTCATC-3'
S153 5'-TATGTTCCACGCCATTTCAG-3' 5'-ACGGAAACTCATCGTGCATT-3'
STM1049 5'-CTACCAGTTTGTTGATTGTGGTG-3' 5'-AGGGACTTTAATTTGTTGGACG-3'
S118 5'-“AGAGATCGATGTAAAACACGT-3' 5'-GTGGCATTTTGATGGATT-3'

7 5'-GACTGGCTGACCCTGAACTC-3' 5'-GACAAAATTACAGGAACTGCAAA-3'
189 5'-CCTTGTAGTACAGCAGTGGTC-3' 5'-“TCCGCCAAGACTGATGCA-3'

€59 5'-TCATCACAACGTGACCCCA-3' 5'-GGGCTTGAATGATGTGAAGCTC-3'
STI049 5'“TCATCACAACGTGACCCC-3' 5'-CGGGCTTGAATGATGTGAAGCT-3'
S184 5'-“TCATCACAACGTGACCCCA-3' 5'-GGGCTTGAATGATGTGAAGCTC-3'
S174 5'-TGAGGGTTTTCAGAAAGGGA-3' 5'-CATCCTTGCAACAACCTCCT-3"

10XHEE S 28R TEZHES Y SRR T 100%(E 7FE 8), X5 ¥#h
STGO016 #1541 S184(E 5 FIEl6), HZEZAMILE  BEARLFIE 18 DM IX 3 TT, FIHALR:
R 88.24%F193.75%, BI¥IS118MIS174 092 Pk 18/ AR B AN 5
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M 1 2 3 4 5 6 17 8§ 9 10 11 12 13 14 15 16 17 18

2000 bp —»

1000 bp —»
750 bp —»

500 bp —»
250 bp —»
100 bp —»

7F: M. DNA marker DL2000; 1. R29 5, 2. 4EMi75; 3. hE275; 4.V7; 5. 1ERI56; 6. FLiKE 125 ; 7. Innovator; 8. K25
9. k65 10. #2845 11. #6685 12. h# 315, 13. h# 195, 14 WRE 1S, 15 KPGVE; 16, HMi58; 17. 46Mi34; 18. h 3
185,

Note: M. DNA marker DL2000; 1. Zhongshu 9; 2. Huasong 7; 3. Zhongshu 27; 4. V7; 5. Huasong 56; 6. Jizhangshu 12; 7. Innovator; 8. Neinongshu 2;
9. Xisen 6; 10. Zhongshu 28; 11. Zhongshu 668; 12. Zhongshu 31; 13. Zhongshu 19; 14. Neinongshu 1; 15. Atlantic; 16. Huasong 58; 17. Huasong 34;
and 18. Zhongshu 18.

4 18/ fmFH DNA REHK
Figure 4 DNA quality detection of 18 varieties

R10 181 mMHISSRYT 15
Table 10 SSR amplification of 18 varieties

E1LY| P18 41 B (No.) Z 251k 2% (No.) ZAVEHR(%)
Primer name Number of amplified loci Number of polymorphic loci Percentage of polymorphic loci
STG0016 17 15 88.24
S153 11 10 90.91
STM1049 9 7 77.78
S118 12 12 100
s7 11 10 90.91
S189 10 9 90.00
€59 8 8 100
STI049 8 8 100
S184 16 15 93.75
S174 9 9 100
A Total 111 103 92.79
234 18N EAPH R E S GD{H 4 0.446 4, KB 2 MRRHAISE L OC R AH
MR 1L AL, 18 E R R A AL ih s W,
F0.446 4~0.796 6, I GD{E K 0.6519, ‘1E PLGD {H 0.66 Ry FEHE, AIEE 18 4~ H 4% 2

w755 hEees8 5 Mt EIE B iR, GDIE R a4 (K9): ‘B ‘HhE28 5 ‘Hh
0.796 6, FHX 2 MM EHE A B R MR EH315 NREFE2S KR PEI8S M
ey CNRE 1S5 RN 347 B AL I B ), ‘668 N —2; HhE 275 hE 195
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T RIS AAR6 S IS R 1 A K, B 2 R K, R
FICABRG 34° R afs — 2K, ‘4B 75 Fl ‘Innovator’ 2k,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

TE: LS, 2. M7 5, 3P 275 4.V7; 5. AEMIS6; 6. FLIKE 125 7. Innovator; 8. WIARE 25 9. AmAR6S; 10. 28
Ty 1L 668 12 31T 13 19 14 R 1S 15 RPUVE; 16, M58 17. HERI34; 18. R 18, R,

Note: 1. Zhongshu 9; 2. Huasong 7; 3. Zhongshu 27; 4. V7; 5. Huasong 56; 6. Jizhangshu 12; 7. Innovator; 8. Neinongshu 2; 9. Xisen 6; 10.
Zhongshu 28; 11. Zhongshu 668; 12. Zhongshu 31; 13. Zhongshu 19; 14. Neinongshu 1; 15. Atlantic; 16. Huasong 58; 17. Huasong 34; and 18. Zhongshu
18. The same below.

El5 31#STG0016 ¥ 1/ SSRIESL
Figure 5 SSR fingerprint amplified by primer STG0016

El6 514 S184 3 1EH) SSRIELL
Figure 6 SSR fingerprint amplified by primer S184

7 S4S118 4 HEH SSRIELL
Figure 7 SSR fingerprint amplified by primer S118
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B8 51451745 18I SSRIELL
Figure 8 SSR fingerprint amplified by primer S174

GD=0.66

1295 Zhongshu 9
iE 08 = Zhongshu 28

H12% 315 Zhongshu 31

AR 5 25 Neinongshu 2
KVGEE Atlantic

2% 185 Zhongshu 18

12 668 5 Zhongshu 668

H1 25275 Zhongshu 27
H13 19 5 Zhongshu 19

A\

4B 56 Huasong 56

F A% 65 Xisen 6

4E451 58 Huasong 58

A2 15 Neinongshu 1

AEM1 34 Huasong 34

AE151 745 Huasong 7

Innovator

TR 125 Jizhangshu 12

}7
}7
|
|
}7
}7

0 0.14

0.28

0.42 0.57 0.71

B9 181 mTHISSREL
Figure 9 SSR clustering of 18 varieties

3 9 i

ARG A G 18 A T S SRR B PR A BT R
B, B85 VT LE T R NA T R R
e, AR N EARI , S A7 )

FIPRZE N R (8 1) 1Y A AR T B, g 2
eg T AT A 22 X0 1 5 B 1) R A — E R
FECT R A AR R TR R . XN
TEFE R BRI OC T, BV EA T+ AL B, A bk
D3R AT LIRS A2 A8 (K S0 SR HEFF L IE 7 1 AR A
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