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Identification of drought-resistant resources and preliminary screening of
drought resistant genes in diploid potatoes

Wang Ya-Zhi, Yang Biao, Ji Xiang-Lin, Shi Ying', and Zhang Li-Li"

College of Agriculture, Northeast Agricultural University, Harbin 150030, Heilongjiang, China

Abstract: In this study, drought-shelter controlled irrigation experiments were conducted on 75 tissue-cultured seedling clones
derived from hybrid progeny of the diploid cultivated species PHU-STN. Seven traits, measurements including biomass,
root-related indicators, and physiological indices under drought stress, were measured for each potato accession. Drought stress
indices were calculated for each trait, and a comprehensive evaluation was performed using membership function analysis com-
bined with principal component and cluster analyses. Based on the results, the materials were classified into four levels of drought
resistance, and two highly drought-resistant clones (A90 and A204) were identified. Subsequently, A90 (high drought resistance)
and A163 (low drought resistance) were subjected to PEG-6000-induced drought stress for sampling and analysis. Transcriptome
sequencing was employed to explore the regulatory mechanisms underlying drought response and to identify drought-resistance-
related genes. Differentially expressed genes (DEGs) were analyzed in A90 and A163 under PEG-6000 stress. GO functional an-
notation and KEGG pathway enrichment analyses revealed key regulatory genes involved in ethylene and auxin signaling path-
ways. Based on differential expression patterns and qRT-PCR validation, six candidate drought-resistance genes were identified,
all associated with auxin and ethylene signaling pathways.
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FHUR RV, TEAS R BOK 3 S A Kk
B, JUHAEYCEEN KIS0 - 5 B
BAT i fa F D

UTAE A, BE A e S Y (RNA-Seq) £ A Fil
T T ERN KR, e HAE A8 W 403801 15
I T XA AR R oL BB BERE . R,
e P HORE &) 2 T B W T R bha
Wy, wm, £+ R5, TR ZERRBENR
(differential expressed genes, DEGs) ¥ % & % Tk 4k
O A& RS . MRS S TR A
WA S o #, TER KIS, 5 WK RE 1 AH G Y B
K LT B a8, TR, 25%%
IRBED] F2 B AR AR AR T AR BRI B S I
AR, 522 AR, AR TR AR AT T A
D, TARPR GRS R R B T4 o R
AN IRBE ORI, 5 0L R R
[DREREULERE S 2Rk B Lo Saai L SN ER7  DASE 7
SR R A AT D REY, R AR S TR TR
550 THLRIBE ST 09 AR R R, ARFTER
FHAEARAE K G L B bR 255 PPN A5 A T 4% S
PURE S TR BT B, B TR L A90 (i
PLRE) S A163 (TR, 5% s 4l 7 HoR
F5E ARG AT RS 5 A0 Wi 13 1) 737 BIL i A 42 i
PUR A OCHE A, I3l a5 B 9 S A k39 0 SR 2R il
i 20 B B (QRT-PCR) £ A 58 471 54k e & 5 7 1 57
fipie T R IR, DA B B PR AR G R Y
S 5 T T i B A 1 ) B8 5 LA
1 #RI5RE
1.1 iRIe#F#

AW FEFT AL RL Ay b 28 58 — AR AR 15 Fh & 1) I
(S.phureja) 5 7 J] 2 (S.stenotomum) %% Fh Hf 1K
(PHU-STN)Z: 12 KA IR FEARATFIY 75 1 22 Fh 5 1K
Ttk R (MRS AL A2, A4, A7, A9,
Al5. A20. A21. A33. A38. A42. A45. Ade6,
A48, AS52. A59. A72. A74. ATT7. A82, A83,
AB5.A88.A90,A92,A93.A94 A99 .A105. Alll.
All4, Al15, All6, Al126. A132, A133, Al34,
A139. Al142, A147. A152, A152-1, A152-2, A153,
A162. A163, A167, A169. A173. Al74. A179,
A180, A181, A187. A194., A195. A199. A200.
A203, A204. A210., A215. A219. A220., A221,
A225. A227. A229. A230., A231. A232. A233,

A239., A260. A265), LI DUfEIA ThA% 2 i Fl 2% 1
% B (F6) (T U FIFL ik 2 8 45-(JZS8) (hi R M)
HERH, DL EBR A ARACAOL K 2E A T
1.2 RIiEit

B EEK 20 d S 75 Gy AR RS 2 1
PR AR DS AL E WM, SiREN S d =/
PEAT Z AR, T 2% 70 cmx45 cmx20 cm,
FEFPAR ] — A AR 15 Bk, 3Tk FRARAE A i
31 IRA, —WM 23 ¢ BAMURER HE i B ES:
R = 10:15:20) IR HBEHLIX 41 1], FEHZE
J R HEAT K S0 I3 b B 15 d, 308 2 Sk AL B 1F
B DK (FE AR 5 K R R EFTE 75%~85% 2 [1]) Fl4%
TR AL 3 (B AR X 5 K SR IFFE 30%~35%Z [8]) . il
HAFEK 15 d, BURESETT AR BAE AR 5 R A E J5 &
K, AR 2 Ak, #HT 3 REE, KA
B P B AR, YR I R AT R e, At A
B RAVRN = AR o AR T UM DA SR
TR 3 o

WA 20 d ARG HTE 172 WAk MS K375
ik E 7 d, $RJG ] 20% PEG-6000 4 1/2MS ¥ 14
K% AT b am Ab B, R B0 AT 5 a0 24 h SR
PR BRORE R A7 7 S AL I, e S 43 B O i e 40 5
fie e LA .
1.3 REFH*E
1.3.1 MEIRAR. F ik AMI S A2 dil
B RIETF KR, SRIABE T RRER A

KA 15 K, B PEREHLE RS 3 BRK HAH H
FERRAOME = POtk A7 AR B AR AT . SR R
BT L ek U s A AR e, RS 2
PR v U2 S D R i, SR R Ok U i
ALY AR RS M SR A B kU i it A A
Wy P, SR PSR - 2 B 4R kU ik R
R ANy 6Ot B T VO e i A A B
Mo DR EAEMRAG IS, & SRS [R) A 2 1Y) A A
S5y BIE 3 Bk, T ORI L AR i

i 1 5P R RO TR A5 A A SR S e I,
FI B e 22 2505 S 38 hn OB 250, & A5
PURYELE AR D (H.
132 #RFWRE G 4G DA 4 Fmn 5

TGS TS, B A 5 A163 & 1 F)
20%M PEG-6000 1/2 MS J AR B F2 36, i b B
0h 5 24 h J7 BURE(3 MREERK) o 1 AS [R) 9y 30 ) i) 4zb 24
Jei AR BR A BS FR R P B, JE T D AR AR 1k
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B BE IR, NG JC R R A4S v, TG A
TR PR, SR AT AL o N A R B o b
F & (www.biocloud Net)iff 1722 3 E 4081 . RH
WEEER .GO 5 KEGG & HE/0Hr il A5k B4
Mg 17 5% 30 OC SHE B 43 BT, O R B e AR
B 1 22 S L R R AT S I O, O T S
FHIEIEA

133 ZAKEAREIE f#i i RNA-Solv Re-
agent (I H M K34 Y TARA TR 7)) R BUR LA
B RNA, SR FBCM #7502 il 0T & A R A 711
FE SR G0 RNA UG5 h ¢DNA, MR #R1E A
B H A, # cDNA FiBe % 100 ng uL ' 1

it . 2R ARG IR 1. A4 Ultra
SYBR Mixture o5& (W A 4L 50 HE R A 7)) BB 45
BlE VAR R, RNIAZRS cDNA 1 puL. IERG|Y
£ 0.2 uL. 2xUltra SYBR Mixture 10 puL. ddH,O
8.6 uL, BARFLUA 20 pL. KWV ARFFN 95°CHiAE
10 min; 95°CZEE 10's, 56°CiH *k 30's, 72°C ZE{H 32 s,
I 40 MEIF . FESCHTE & PCR X (F15 Line Gene
9620) LKl N 2 I H 3L I ik & .

1.3.4 #HEA fdi Ff SPSS 17.0 VF1 Microsoft
Excel (2019)i#FA780 74T, KRR Jy 2240 Al
MSTREAR ¢ KB Ak ge it W& 1, i Graphpad
Prism 8 P2 %1451 K .

%1 ZRRAEEREINFS
Table 1 Primer sequences used for qQRT-PCR
P R E 514 Bl 514y
Gene name Forward primer (5'-3") Reverse primer (5'-3")
Elfo GGTTGGTAATGTGTTGCCGC GCTCTGGTGGCAGAGTTTCT
StIAA20-like TTGGGGCTTGCTCTATGTGG GGCTTGTATCTTCTTCAGGCTT
StIAA17-like AAACAGAGCTCACTCTCGGC GATCCCCCTGGTGTTCTTGG
StSAUR7 1-like CCAGAGGAAGAGCCAAAGAGG TTCAGTGTGTAAGGCGGACG
StERF2-like TGTATTCGAATTGTGAACT TTATTGCTCTCTGTTCC
StABR1-like AGGATCATGGGCTGGACAGA GGCTTGTATCTTCTTCAGGCTT
StERF7-like AGGGAACAGAGCAATAA GCATGTCTCGATGCCTC
StERF37-like ATGATAATAATGTCTA TTTTCGAATTGATTTGCGG
StERF8-like ACTGAAAATGGCGCCC ACGTACCTAACCAAACACGG
StIAA13-like GCAGTCAGGTTGTGGGAT TCACCTTTACAATCTACATCAT

2 GREHH
2.1 FTEBHENDREBEERERHERSHW
X REHASE 75 6 AR SR E AR R AR AL
WPATIBO AR . 1 SEE 1 AR, R
MR (Pro) ¥ 1 AR AL & i T3 9K 38 8 SRR 25 17,
AR THIKE 8 55 3 e Z MR RLA 48
i, T2 S EERMAA 2 0 MaRR SR
et i TR 8 SR 4 iy, N TR 8
SHRGEEZEAMEA 69 4, KT S EE R
MR 2 4 A EEMDA) SRR AL TS
HiE RIRORAT 12 3, A TIKE 8 S SR EETEZ
AR 30 6y, IR T 35K 8 SHIMRA 33 1
i A A W B AL Tl (SOD) I M Y 8 fh o T 3L 9K 55 8
SHIMEA 2 43, A TIKE 8 55 SEE (6
A 63 03, RT3 SEERIAEA 104, dH
LY (POD)I PR Y AL AL 1 v T3E5K 3 8 S HYBRLA

444y, N FRKRE S 5 9 BT Z R BT 3 107,
TR LT R R 28 4y LA (CAT)E
M AL B TRk 8 SRR 2 ), AT
Ik 8 S5O EE Z M MMEA 71 4, KT %Y
BB 2 6 bk AR R T S
IRMBHA 2y, M- TFRKE 8 S 5% B Z 1
MR 13 0y, IRTFHKE 8 SRR 60 .
22 FEBMEMNSREZIERNZMN

X 77 4 S ARG 2 R AR EAT 5 25 0
(Duncan i & 22 1%) & B, T 56 b #2415 F i
YA TR bR A 225, AN /S & bl
AALCRI B IS M . IR & & . MR S R E )
T AL, i b g A Bk A KT
XA, TR G, WER AR E R, Wi
2H B I R S AR A T R 36 f%, it Ak
Yy BTG RS SR 79.61%, TR RS R 0RO
¥R 35.92%, b A A S PG IR0 31.19%,
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Fig.1 Frequency distribution of physiological index changes across 75 potato accessions

n: MOEH A BREE AR AR AL 00 SEIKSE 8 SR BR bR AR Al i Fr R ST 004 BLEE AR B L Pro: AR, MDA: N E; SOD: #

FALY B AL EE, POD: i ALY, CAT: 3o A AL A .

n: changes in physiological index of each accession; J: changes in physiological index of Jizhangshu 8; F: changes in physiological index of
Favorita; Pro: proline; MDA: malondialdehyde; SOD: superoxide dismutase; POD: peroxidase; CAT: catalase.

M2 2 SRR 21.10%, 8 ALY 151k il
TSRS 3 22.90%, FALRR PR B E T
ik 54.03% (3% 2)o MRHE] Y 45 T0HE b5 AL A7 7E AR S 2
25, JF AR EA RS AR R Wl
AR D E 7 T R, RN & 805152 BIAN[H
2B 1 520
23 FTEBMETSRENELETEIEIRNIGE
XPIEH KA 5 T 5T DA MR 45 i1
FREATAH AT (3 3) R, BRIGEFRSMY 6 Tig
FREEA RIS A0 {82 ELAT A 3 A AR DG O
o, TEIEE KRS0 440 F i CAT 1SR4
Kethdierm, MERBON 0.90; SOD &M HIHH R ECH
0.89; MDA =LA C RECH 0.85; M4 E & i AH
KZHCH 0.80; POD JEHEMIAHIC RECH 0.69; bk ™
ARG 0.83 0 X UL FEIE 7 A& 44 T RINELAF Y
MORMEA AT BEAE T R4 T R LT 727 — %4

AR Z A B — S A, FEIE W R T
Pro it 5 i HAT N 3 A G, FE T 50 4%
PRI AR SR B 25 KT . A oAb e A
Z IR AR PR RAIG, U Eh AR B LR R i AN R 2 T8
HARE R LR 22 5 . i, T2 db— X 45 f btk
TG b 5 AT I R 2R 5 0P

R N e AN RIS G I DO -
PRGBS R B — A (A e o B . R 2 AT,
S AEHY MDA L5 2505 Pro &t . SOD 36tk
CAT G . MR & OBk ™= B PR R B 2
e 3 A OG, AHOC R B30 h—0.47 . -0.38 .—0.48 |
~0.33 f1-0.31, {55 POD it K Hi 7 R B0 &
Ko BEAN, ANFIEGAE AR Z R AETE B3 A A OGP
X EAEHRPT R RECS LA VEN D AU TA 3 HT
(F 2-A) KK, BR POD JEMERIPLR RZEU, D EHS H4x
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Table 2 Effects of drought stress on various indicators of potato
_ L HEEfE i E HEfAE  MeEERE e
o [ s ot . e MRS s BT
Koy F A it 7 1 it 975 14 it V7% 14 Clorophyll )
. MDA content o . . Pro content yield per plant
Moisture content N SOD activity POD activity CAT activity content O
(nmol g™) . o R O (ngg) (&)
Ug mn) Ug mn) (Ug mn) (mgg)

TE KAy Y Mean 53.59 14.98 1150.30 19.40 3.65 26.13 51.01
Normal moisture 4z 2% SD 35.70 6.17 310.37 3.99 0.86 19.48 12.17
content SRR 66.62 41.17 26.98 20.57 23.42 74.58 23.86

CV (%)
T2Wria YJ{H Mean 72.84 18.41 2066.06 25.45 4.42 976.86 23.45
Drought stress  fryfi:ff2% SD 42.95 7.01 479.66 5.03 0.93 648.54 7.07

R 58.96 38.06 23.22 19.76 21.01 66.39 30.15

CV (%)
ANOVA T o sk sk o sk sk Hk

MXT *k %k %k * %3k %k * ok

M: PRl T: ARFE; MxT: AR SACFEE /E, MDA: 1 F; SOD: AL {LEE; POD: i/l CAT: & ALEE; Pro: A

*
N

*S0HFRAE 0.05 A1 0.01 KFEEF B E,

M: material; T: treatment; MXT: interaction between material and treatment. SD: standard deviation; CV: coefficient of variation. MDA:

malondialdehyde; SOD: superoxide dismutase; POD: peroxidase; CAT: catalase; Pro: proline. *, ** indicate significant differences at the 0.05

and 0.01 probability levels, respectively.

K3 EEFHSTEREFHTIREZERMBEXES N

Table 3 Correlation analysis of potato physiological indices under normal and drought conditions

PR g s e

E;U; Pro MDA SOD POD CAT Chlojo”pﬁhflll ;itent Yijgd*ﬂ;;r jant
Pro 0.11 -0.27" 0.21 0.36" 0.01 0.17 0.47"
MDA -0.08 0.85"  —0.11 -0.10 -0.25" -0.15 0.34"
SOD 0.26" -0.09 0.89" 0.10 -0.21 0.01 0.16
POD 0.02 -0.01 0.11 0.69" 0.06 -0.04 0.22
CAT -0.01 -0.11 -0.23" 0.14 0.90" 0.18 0.34"
%% % &4 Chlorophyll content 0.07 0.01 -0.03 -0.15 0.09 0.80" 0.33"
Pk Yield per plant 0317 —0.02 -0.06 0.11 0.15 0.05 0.83™

GEZE 2, 7. T HIFERTE 0.05 F10.01 AT M,

Abbreviations are the same as those given in Table 2. *, " indicate significant correlation at the 0.05 and 0.01 probability level, respectively.

h0.92; N RERIAHOC RBUR/DN, H-0.47. X D 1A
SR AR A OC R BT WK BN HES Y, 4
h Pro > SOD IEHE>I 40 K & i> CAT il ME>H
M7 it> MDA i, G DL BEER, AR i .
ALY AR T T SRR . R R
TN R AT DR S S BT T i A
KAGIT o

SR R PR . BR o 25 RBCFIFE AR AR
RBNZEG VPN D H, FIHRGER M 0 20 8] % 4%
CF 7 B HE 8y Wk o B R 28537 D (BT
R (E 2-B) Gt Hri5 H, Mk A90 5 A204
J& T 1 RSP R RIEERE(D = 0.58), Atk

) 2.67%; FRF A233. A83. A59. A52 Fl A200 J&
T4 TP MOR2E1E(0.58 > D = 0.45), (H{thf
BHY) 6.67%; A232. A2, A42. A239 Fl A152-1 5§
33 MEHE T 10 e hidk2ERE0.45 > D =
0.23), HHHLHREIY 44.0%; A93 . A163. Al34, A7
FlAR2 %5 35 M kHE T4 IV 2T 5 BUBM R A
(D <0.23), HBHKA ARG 46.66%.
2.4 RNA-Seq iR RALES T

XoF Ab B IS AR S R AT R AR 0 e AL Iy, S
AR 12 RE SRR SR AL T B . R 4 Rl
RNA J¥5 3 8 J5 15 20 /A 808 20,766,821~
23,781,477 4>, Q30 Bl A 43 L (NP #5 1R < 0.1%)
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Fig. 2 Correlation analysis (A) and cluster analysis (B) of drought resistance coefficients and comprehensive evaluation value (D)

across potato traits

AEFER 2. *. **HIRRTE 0.05 H1 0.01 KF-AE MB35

Abbreviations are the same as those given in Table 2. * | ** indicate significant correlations at the 0.05 and 0.01 probability levels, respec-

tively.
x4 NFHEIERERI
Table 4 Summary statistics of sequencing data quality
Ry 7 A B FER BT Q30 GC &t Il S5 12 K UEIES
Sample name Clean reads Clean bases (G) (%) GC content (%) Mapped reads Mapping rate (%)
T0OA90a 21,717,792 6.5 93.98 42.80 40,013,630 92.12
TOA90b 23,271,762 7.0 93.95 42.69 42,716,607 91.78
TOA90c 20,766,821 6.2 94.80 42.78 38,276,615 92.16
TOA163a 22,087,763 6.6 94.19 42.66 36,569,218 82.78
TOA163b 22,191,182 6.6 93.85 42.44 37,408,864 84.29
TOA163c 21,340,959 6.4 94.75 42.57 35,602,740 83.41
T24A90a 21,331,288 6.4 94.70 42.50 38,618,685 90.52
T24A90b 21,578,809 6.5 94.14 43.88 37,343,483 86.53
T24A90¢ 23,657,586 7.1 94.73 42.58 43,117,670 91.13
T24A163a 21,150,182 6.3 94.66 42.57 35,024,331 82.80
T24A163b 21,298,612 6.4 94.89 42.47 34,429,343 80.83
T24A163c 23,781,477 7.1 94.20 42.45 38,534,448 81.02
PITE 93.85% LA |, GCH S T 42.44%, WMy KAFMEMWILE, AOF5Ex A0 5 Al163 1)

SE AL UERA TSR o S0 K A5 Sl 1 P — B S S bk
ESHIEN R, BN 80.83%~92.16%, i
W 5 A et . B R R, AT R SR Ak
AEWE B F T EDR

Sy ) BH 2 S R L R AE T R han R S AR

RNA-Seq 456475387, &30 2 M #HkHh A 2680
AIFGE 2 F I (F 3-A). 7E A90 1, 1186 PHEH
A, 1494 NIRRT FE Al63 th, 1179 MR |
W, 1501 ANFER TR (E] 3-B), FRHHX LR 2R
P22 5 0 SCBR HR JE [
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2.5 GO 1 KEGG %t DEGs It EEER TE4ES . TS . KEGG & %451 (K 4-B) i

H— % FR 2680 4~ DEGs #4T GO 5 /R, DEGs T & E KN ALY SN . HYME
KEGG &##H1. GO EHEMIT(E 4-A)KM, 78 F5ES. LEEM-REEN . A2 A2
Yt b, DEGs s3] 17 N, Hh 35 RESHEY S L. o WRRRR A . H b AR B A A
EAEEMIE R R, YR fE ST . A90 5 A163 M Lk, DEGs W] g i 5
MRS, DEGs L a2 5] 15 Mg, Hh+8 SR REE. Ce1EM. BRI RES
WA M. AR ARES R, R T I SRBUERRIR KA, WTEE AR
fie )71, DEGs Mt 45 12 M fig, HrpR2Ed REMRNI R

4196 1491

A90-CK vs A90-DT A163-CK vs A163-DT

El3 MEUEFARNDSHREMHERAER
Fig.3 Transcriptome results of potato accessions with differing drought resistance
CK: T E 0 h AR R FALER; DT: 230 5 B R SR 2 45

CK: transcriptome data at 0 h of drought stress; DT: transcriptome data after drought stress.
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Fig. S1 Frequency distribution of variation in single plant yield across 75 potato accessions
55 R 1. Abbreviation are the same as those given in Fig. 1.



