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Physiological responses and transcriptomic analysis of pepper seedling

under low temperature stress

WANG Xiaodi', WANG Xize"?, GONG Nianshuang"’, LI Ning', XU Kai', YIN Yanxu', GAO Sheng-
hua', ZHAN Xiaohui', CHEN Weifang', YUAN Weiling', YAO Minghua"**, WANG Fei"**

(1. Institute of Economic Crops, Hubei Academy of Agricultural Sciences/Vegetable Germplasm Innovation and Genetic Improvement
Key Laboratory of Hubei Province, Wuhan 430064, Hubei, China; 2. College of Horticulture and Forestry, Huazhong Agricultural Uni-
versity, Wuhan 430070, Hubei, China, 3. College of Horticulture and Gardening, Yangtze University/Spice Crops Research Institute,
Yangtze University, Jingzhou 434025, Hubei, China; 4. Hubei Hongshan Laboratory, Wuhan 430070, Hubei, China)

Abstract: Pepper is one of the most important vegetable crops in China, with a cultivation scale and economic value rank-
ing among the top in the world. However, low temperature significantly inhibits the growth of pepper. This study focuses
on the cold tolerant material KC13 and the cold sensitive material KC14. Through phenotype identification, cellular physi-
ology, biochemical indicators, and transcriptome analysis, underlying the differences in cold tolerance between the two
materials were explored. The results showed that low temperature stress caused wilting of leaves and damage to cell struc-
ture in the cold sensitive material KC14, whereas there was no significant change in the cold tolerant material KC13. Bio-
chemical analysis shows that the total chlorophyll content of cold resistant materials is less affected by low temperatures,
and has higher POD activity and soluble sugar content, slower MDA accumulation rate, compared to KC14. Transcrip-
tome sequencing data KEGG enrichment analysis and RT-qPCR showed that the expression patterns of key genes in-
volved in the oxidative phosphorylation pathway were specifically up-regulated in KC13. In summary, cold tolerant pep-

per material KC13 enhances plant stress resistance by maintaining photosynthetic stability, enhancing antioxidant capaci-
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ty, accumulating osmoregulatory substances and activating oxidative phosphorylation pathway. The research results laid

the foundation for molecular breeding of cold tolerance in pepper.

Key words: Pepper; Low temperature stress; Transcriptome analysis; Differentially expressed gene; Oxidative phosphory-

lation
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C-2.C-3.D-1.D-2.D-3.E-1.E-2.E-3.F-1.F-2.
F-3. KH Trizol 4 7 5 RNA, RNA 8%
N FE A% ] Agilent 2100 bioanalyzer &l .
124 # %4 £ 7%k kK HRT-qPCR i NiZ
I 55 56 UE B s 20 43 A 45 SR b e G IR W 3 1
AH ¢ FE A, UK M E 0.12.24 h j5 3Rk H
4 B 4H A (KC13-0 h-vs-KC13-12 h.
KC13-0 h-vs-KC13-24 h.KC14-0 h-vs-KC14-12 h £/l
KC14-0 h-vs-KC14-24 h)H 22 5 B35 11 15 AR 3
17 RT-qPCR il , 15 A~ J& Kl RT-qPCR 5] 4% H
NCBI % it L. H (Primer3 A1 Primer-BLAST) % 11
(£ Do L CaUBI-3 ANZEN ; ¥R TT1ES R
%% 53655 &5 HiScript 11 1st Strand cDNA Synthe-
sis Kit(+gDNA wiper)f§ ] 1% B , RT-qPCR J77:Z: i
AceQ qPCR SYBR Green Master Mix (Vazyme) {5
YLHH o 4218 2T (1) 5 v i RT-qPCR £d
1.3 BuBSt

% F Microsoft Excel 2003 2 ¥ # #5724 K, 5}
H Primer-BLAST ¥ 11514, % H SPSS 26.0 % %4
BT R R T Z il 2 5 R E AT .

2 SR 5

2.1 {RIRAME TERAIA AL KC13 F1 KC14 BB
=

SRt — 215 B0 UE 0 1 A R R 56 A R 2 7L
H 4 CARIRALFE 0,12 F1 24 h 32 A 317 W 2 (
D, it A B A R KC13 5 A 8UKH B KC14 78
0 h IR ARG 2251 s 7 4 °CAIGIR AL BE 12 h )=,
i ¥4 T SBARUR BE KC 13 1 T8 B 2 AR A, 1 V4 B0k
PHEL KC14 (3B 4r it F WHIL 7 ZEEILR  1E 4 °C
IRIRALHE 24 h B, i ¥4 BLUBORUM R KC13 A H 31 A
T A a5, A BUR A R KC14 2500
FERAK. PLEGREH, AR E KC13



513 TN, S5 - B v R A A B S S A A M A ITHF T

#£1 RT-qPCR 3|¥1F7%)
Table 1 RT-qPCR primer sequence

5% 4 FK Primer name

1E 1751 %) Forward primer(5- 3"

J 19 514 Reverse primer(5'- 3"

Capana01g001084 TGGCATGCCTCAAGCCTATT TCTCTCTCATCTGGGGGTGG
Capana01g004129 TTGTCAAGCGCACTGGATCT GTTCTCGTTGACCACGACCT
Capana01g004130 ACGGTTTATGCCGGAAAGGT CCTTATTGTCGTGAGCGGGT
Capana01g004491 CTTCGAGCTAGAGCCATCGG GATGGCCTCAGCAGCAGTAT
Capana06g002639 CTAATCCGATGTCCACCCCG CAATCCGCCAAAAGCAACCA
Capana07g000617 CAGGTGGAGTGGCACAAGAT GCTGCTTTTCGCAAATCCCA
Capana07g000797 CTAATCCGATGTCCACCCCG CAATCCGCCAAAAGCAACCA
Capana08g001445 CCACCATTTTTGCTCGTGCT TGGGACCCTCCATAGCATCA
Capanal2g000975 GTGCTAGTGCCCCCAGAAAT AGTGGGACCCTCCATAGCAT
Capanal2g001007 GAGCCGTGAGAAGGTCCATT ATCACTCCCTCACACCCAGA
Capanal2g002196 TCATCTTCGGTGCCATTGCT AGGCGCACCTATCAGAATCG
Capana00g000214 TAGCATTACGGCAAACCCGT CCAAAGCGGCGAAGAACAAA
Capana00g001081 GTGCTAGTGCCCCCAGAAAT AGTGGGACCCTCCATAGCAT
Capana00g003463 CTAATCCGATGTCCACCCCG CAATCCGCCAAAAGCAACCA
Capana00g004328 TAGCATTACGGCAAACCCGT CCAAAGCGGCGAAGAACAAA
CaUBI-3 TGTCCATCTGCTCTCTGTTG CACCCCAAGCACAATAAGAC

KC13-0 h KCI13-12h KC13-24 h

KC14-0 h KC14-12 h KC14-24 h
H bR — N 5 em.
Note: The ruler is uniformly set at 5 cm.
1 #RH KC13 §1 KC14 KR ALIE 0,12 71 24 h 3=E!
Fig. 1 Phenotype of pepper KC13 and KC14 after low-temperature treatment for 0, 12 and 24 h

H B R 5 0 o, IR 110 3 I 5 5 T vA UK
BIARUIG V2 BGRR[0 858 22 S AR 4k, TR IR A
5 52 21 B B a
2.2 KIEME TEM A KC13 1 KC14 IRt H &
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TEIE S SR, PR BB R i 20 P 25 44
BT B B A 2 SURN 2R L S A Ak, A
NN R R A V=S SR R R E N
Gy A B SN RFAE 5 ZH X A3 i (B 20 o TR

AN, A BURKFIRE KC14 120 o 25 ¥ 156 A 3 i
[ 22 K TR 52 0, BAR RN A3 3 h )5, HoA
=t 2H RN 2 2 ZAHE B T 4R AR A5 AL s 403 24 h
I, 2 b 45 ) R A B S A 0, A B A% H IR A e
W%, FXHMMPIE R AW ML T, AR
B KC13 7EAS[A] Ab T [8] 15 (31612 F 24 h) 3
KRR E 0 h AbFEZH (¥ B 2 22 53, 40 F R 4 52
B, DL g R, WA TR KC13 76 24 h PYXT
U W 38 LA B 5 1 HE B B8 0 5 T VA U A R
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DR
e 4 | ¥ P'I: - ¢ : v
il [P B
KCI13-0 h KCI13-3h KCI13-6 h KCI13-12 h KC13-24 h
0 100} . 3
KC14-0 h KC14-3 h KC14-6 h KC14-12 h KC14-24 h

ARG —H 50 pm, 0 3.6.12 .24 h UK 30 £, EP. K400 ; PT. M4~ 414 SPT. g 4nZi 2.
Note: The ruler is uniformly set at 50 um, with a magnification of 30 times at 0, 3, 6, 12 and 24 h. EP. Epidermal cells; PT. Fence organization;
SPT. Spongy tissue.
B2 KBMIETHH KCI13.KC14 M HF BB
Fig. 2 Observation of leaf optical microscopy of pepper KC13 and KC14 under low temperature stress

KC14 7GR IE 6 h BRI BIIRAS 4, IFE 12 2.3 RIEAMEXIERE B A IR AR A S0

A 24 b I 45005 R B2 55 S R 5 s HE A 5 AR T

H & 3-A 7T LA H R IRALFE G , KC13 §)E

BT 524 SRR EMI CK PR 24.23%  HE 5 AR, 1M
AE 16 oCK 8T B 12 a ©CKeT
2 14 ab 5 10
S8 12 ~8 b
=~ 10 we 2508
2 = 06
=5 %os xZE
m5EY c el 04
50 =5 02
= . =
3 0.0 . . @) 0.0 -
e KC13 KC14 KCI3 KC14
M EHMLS Material code FEMRS Material code
= 1.0 D o
C g ool aCK 8T w300 aCK o T
28 0% ~ g 25
S~ 07
B o 7 0.6 ‘ﬁ S 200 a
il ;: g’%jg, a a = é 150
< &~ 03 = < ab .
= 2 83 H + <5 1(5)3 ) B
r s o
S 00 * g o [1 B |
KC13 KC14 = _
RS Material code KCl3 KCl4
#EHMR 5 Material code
E F o 300 - oCK 8T
- 5 250¢ a
& 2 & 200
225 g 5 0150 b
R c
o8 = 3 g100-
£ X2 50 c !
2 [1 & o Bl
I KCI3 KC14

RS Material code

1 EHMCS Material code
VE:CK Xn i, T 2 IR MHa AL BE . ANRING B RAE 0.05 KFZER R .
Note: CK represents room temperature, and T represents low temperature stress treatment. Different small letters indicate significant difference
at 0.05 level.

3 RIEMEX I AR S E MDA 22 .POD EHMALAMES EMEN
Fig. 3 Effects of low temperature stress on chlorophyll content, MDA content, POD activity and soluble sugar content in
pepper leaves
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KC14 M & 2 BF 1% 33.87%. & 3-B 7 %1, KC13
A KC14 P28 3% a 85 CK AHEL, 2 7 2 35 %
IS 28.63% 11 46.18%; 1M M2k 2% b & E £ CK 1K
AR 8] TE R % 2 R (B 3-C) . B LS5 SREM, it
7 TNV BB BRARURE L ity vh ik S R AN [R] 4H. 0 1) 32
WAATEZ SR, T A M RE SRR 5 B AR IR R )
FEEE /N T BUBA BL . BBl 3-D ATRLE IR A
 7dJ5,KC13 ) MDA & & M Et CK 1 3 Jin
7.00% , — % 2 5 AR KC14 W) & 3% F 5
229.62% , 3% B IR ol 38 T VA 0B b ) LU T ¥4 A )
FERF R MDA, 1 0] e i 5 5 B A A e Bk
PR B T A . B 3-E n LB 1,4 °C
fRIEALFE 7 d J5,KC13 fil KC14 [f) POD 35 P CK
3 AR 2 T 211.86% A1 134.17% , 2¢ WA I6 iy i
N A EHKC13) b A BUR M R (KC14) /) POD
T T 39 K B G, 3 T T R e Y SR P A 1 R
JIRAE AR T (I ¥4

H & 3-F 0] DUE H, BB R AE 22 0T 7 d KR
JME S, ATV T S Y A R AR A,
H KC13 # CK i E 3 5 247.85%, 11 KC14 % CK
PEi 48.73%, HZE J AN 3, RN A #EHKC13)
EE A BURM R (KC14) B8 3508 8 nT s e &, g
17 36 3o 38 558 PR K 66 ) AR UG IR e
24 BREUERNESERE S
241 HFANFREFE 18 ADMFEARNTE
HHAT ISR A %, 45 R 2 Frs Q30 Bt H 4
LA T 95.07%~97.81%, $5E N 96.98%; GC & &A1
T 42.23%~43.87% , BIME N 42.95%. BLAb, HFEAR
AR R B )] 5, 2H A e S B2 T 1,
B E SR ERE, RPEFHERIF. 25602
SV D 2 S L o A, A R e AT R .
FEHAN Zunla & B A AE 92 5 HL R 40 04T LU X7,
FEAS 522 3 R ZH 1) EE R IBITE 95.00% LA L, L x4
RIEH , GEE AT 5 S 2 R D REVERE AN 3T

* 2 RIRMNIE TERMAN RS RANF BRI

Table 2 Transcriptome sequencing data statistics of pepper seedlings under low temperature stress

éﬂjip zﬁple Clean reads pairs Clean base/bp Q30/% gg iint %
KC13-0 h A-1 25586214 7 675 864 200 97.33 43.87
A-2 22 130 586 6639 175 800 96.89 43.69
A-3 24 549 783 7364 934 900 97.54 43.40
KC13-12h B-1 22549 435 6764 830 500 96.44 42.86
B-2 23007 613 6902 283 900 97.13 43.21
B-3 24389 591 7316 877 300 97.03 42.95
KC13-24 h C-1 24301 094 7290 328 200 96.49 4223
C-2 20230 633 6 069 189 900 97.22 43.31
C-3 19 934 994 5980 498 200 97.00 42.97
KC14-0 h D-1 23438 132 7031 439 600 96.98 43.06
D-2 22 548 390 6764 517 000 97.14 43.11
D-3 24251708 7275512 400 97.81 43.06
KCl14-12 h E-1 19 108 995 5732 698 500 97.34 42.82
E-2 22214 534 6 664 360 200 97.60 42.73
E-3 22017 049 6605 114 700 97.33 42.68
KC14-24 h F-1 22705 472 6811 641 600 96.45 42.59
F-2 20 506 209 6 151 862 700 95.07 42.33
F-3 22393810 6718 143 000 96.78 42.23

242 #MH KCI3 42 KC14 /K2 & 32 £ F %
R R LB S AT DTS [FRE A (8] ) 2 7 3R
R, EFH DB T ARANE £ 7R
15 3 R, R B KC13-0 h-vs-KC13-12 hKC13-0 h-
vs-KC13-24 h.KC14-0 h-vs-KC14-12 h #1 KC14-0 h-
vs-KC14-24 h [t 4 N4 8] 5 2560 A 2=
FRIEF R A B 2% 7 R ik 2L B KC13-0 h-vs-

KC13-12 h A 1065 4~,KC13-0 h-vs-KC13-24 h H
3451 />, KC14-0 h-vs-KC14-12 h & 1990 4>,
KC14-0 h-vs-KC14-24 h 5 7237 A~ (Kl 5 . Xt
KC13-0 h-vs-KC13-12 h Al KC13-0 h-vs-KC13-24 h,
KC14-0 h-vs-KC14-12 h 1 KC14-0 h-vs-KC14-24 h
HEAT 4 IA) L8, K B KC13-0 h-vs-KC13-12 h Al
KC13-0 h-vs-KC13-24 h M E A 4318 NMEA T
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Fig. 4 Correlation analysis heatmap

ZRRIEFN, Hrb 874 MR R KC13 AR
A ). KC14-0 h-vs-KC14-12 h #1 KC14-0 h-vs-
KC14-24 h Pi/AN4LIAI A 9466 354G (1) 2 7 Rk 3
IR, Hodb 3045 AN KC14 MR 1 (- 5) .
KRS , A BA R KC13 78 12 h/24 h it 1)
7 S RIXFLRNECE W] B0 T A UM kL KC14.
243 #RMMHKCI3.KCI14 /&R 4 32 R R Bt A £
AEAKXARGO T E,H EI B AR
KC13 FABURA B KC14 IR IAIERF GO &4
T ) S5 1R o B V4 A4 R AR AR IR AR 2] 12 h FH 24 h
A-vs-C D-vs-E

AvsB 4 3as1 1990 D-vs-F

7237

5 ERTEERNHERE

Fig. 5 Venn diagram of differentially expressed genes

.18.

() LIRS B A A AH R GO & SR, fu 4
DNA 45 & 56 5% R 7% M 57 A5 3 ANADH fiit & g
GZ B ¥5 1% \NADH it =8 (B 7% 14 \NAD(POH Jii
S (BRI PEFI 2@ OS5 5 1B 5 GO & AT
(B 6-A~B) . A HUBMEHEMRIRALEE 12 h #1 24 h
() 72 S 3 R B B e AH TR ) GO & R I, (U 4E
DNA £ 556 5 R T 1 B 18 SN 05 155
W ARG TR RS % GO & £
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