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This study was conducted to select pepper lines that were tolerant to excessive water injury among
the pepper germplasm and investigate the genetic characteristics of those lines to contribute to the
breeding of pepper cultivars with stable productivity in abnormal weather. Each of the tolerant and
susceptible lines went through immersion treatment, and differentially expressed genes between them
were analyzed. The tolerant line showed increased expression of the CA02g26670 gene, which is in-
volved in the CONSTANS protein pathway and regulation of flowering by day length, but it exhibited
decreased expressions of CA01g21450, CA01g22480, CA01g34470, CA02g00370 and CA02g00380. The
susceptible line showed increased gene expressions of CA02g09720, CA02g21290, CA03g16520, CA(7g
02110, and CA12g17910, which are involved in the inhibition of proteolytic enzyme activity, DNA
binding, inhibition of cell wall-degrading enzyme, and inhibition of nodulin, respectively. Meanwhile
the expressions of CA02g02820, CA03g21390, CA06g17700 and CA07g18230 decreased in the suscep-
tible line, in relation to calcium-ion binding, high temperature, synthesis of phosphocholine and cold
stress, respectively. The expressions of genes related to apoptosis and peroxidase increased, while that
of CA02g16990, which functions as a nucleoside transporter, decreased in both the tolerant and sus-
ceptible lines. Based on the different gene expressions between the tolerant and susceptible lines, fur-
ther studies are needed on breeding abiotic stress-tolerant lines.
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mRNA-Seq Data &4
5,10, 15947 A3 153 o= ol At AR
R84 T}, TruSeq mRNA library kit (llumina, USA)E
&t HAA @714 E E4 9 o] &2 DNA o] B g
A Z3R 0H, oo o] 83 total RNAE AIE B 1 ugol|th.
2 golHe g F4 HFE qPCR B2} Agilent Technol-
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P& AHE3te] WFE 3, split-read alignmentsS] 4 -&
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I3 FETAA Y B HEE The Pepper Genome Platform (PGP)
ftp site (http://passport.pepper.snu.ac.kr/?t= PGENOME)
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Gene-GO (Gene ontology) term enrichment &4
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Fig. 1. GO term enrichments analysis of genes influenced by
waterlogging treatment at DIR1 and DIS1 pepper seed-
lings. The 1,078 and 439 genes were used as total gene
set in DAVID for DIR1 and DISI, respectively. GO terms
of which EASE score is lower than 0.05 at least are
collected. DAVID categorize each gene according to
their GO terms, biological processes, cellular compo-
nent, and molecular function and mode of gene ex-
pressions either up or down regulation.
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Fig. 2. GO term enrichments analysis of genes induced by waterlogging tolerant line, DIR1 (A) and susceptible line, DIS1 (B) after
waterlogging treatment in 45-day-old pepper seedlings.
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ity, nucleic acid binding transcription factor activityoll %%
she wAAZE Bol 2. 181 A AT AT
Ao g e F AAAY FAA IS} FF] WEA A
Fol s} dut o wropxion, 7p ol Zad AL S
Z43% binding ¥ FHA 7]%5 o At (Fig. 2).

FINE 1F EF A4 H B (Pepper. v.1.55, SNU) H o] €]
Hlo]2E ol &dta] o AFEH A AT T A
Y Aol g BHT A T Fag
3317H, DIS1A & 27674 S 2.1 % A% r
AR afdn. i AeAe] A ddo] 71 A
DIR1& 68471, DIS1= 1007H, = AlsAA 2F 571 & &4
A= 1970 At (Fig. 3).

Zt G A up &-& down regulation©] 7H B2 ko] &
Bl 44 5744 & Aste] 1% FR7] A A AL
of e o dS dotr7] A8 RT-PCRS FHstAh
12 A WEA ATAA TdFol S A T CAd2g

A DIR1 m u DIS2

« Waterlogging tolerant « Waterlogging susceptible

B DIR1 = m DIS2

« Waterlogging tolerant « Waterlogging susceptible

684

Fig. 3. Venn-Diagram of common up (A) and down (B) tran-
scripts.

26670 CONSTANS protein?t #&AYE FHAZ dA=7
of W2 gtz #e3H[27], CA08g09640S o} 715 0]
FHAA G FAAE SAH AT (Table 1, Fig. 4).

W54 A% olA down regulation®] %ol 4ol CAOlg
21450, CA01g22480, CA01g34470, CA02g00370, CA02g00380
R RT-PCR 23 238 247 &9 %1oH, CA0g21450
& &AW cytokinin 740 Fu]9 S-S 3t cytokinin ox-
idase [1] #¥ FHARE 53] AAg 159 $ A F48A
Th(Table 2, Fig. 5). CA01g224802 WA A Audd & £
ANA A& WS 24 35H=[17] gibberellin 2-oxidases o+
fradztol ™, CA01g214509F PHd7HA 2 A2 1594 2
| 743t CA01g34470+ WRKY transcription factor-30
HdE FAAE dEA ded A5 10934 GH Fo
& Zasith 1594 AA Tadte AFES BAth
WRKY transcription factor-30= 2% A%l glojA ot
98-S FPste s FHE H don, 53 HEo] b
&3t abiotic stressE TS 4§ S7FshE ABA A S A A Y
activator2 2-8-3HT}H23].

e AgA S DIs1e fA4 B3 F F7HEAE 914
RT-PCR ¥4 < #3882 CA02g09720, CA02g21290,
CA03g16520, CA07g02110, CA12¢17910%] T} (Table 3). T2
Tl as &4 Adlste 71se 7HI CA02g09720= R+
Ag] 2l 5L Aol EE o] F7hek o, DNA binding
o o3k CRT binding factor 3 (CA03g16520)= H 4 10¥
Ao F7hat ATt 1590 & #Ashe AFS RSt CA07g
02110+ polygalacturonase-inhibiting protein (PGIP)9} &
A AR AEy B as A #efst=u14] JF 58
28k 10€ ko] EFo] F7H AL FAdstgih. CAl2g
179102 T34 2 oM Sojdoz dAds s g
nodulin #& A2 [8] CA07g021108} Hl %3 Ao 2
@ & A th(Fig. 6).

DISTol A &3 o] ZFagk F44= CA02g02820, CA03g
21390, CA06g17700, CA07g18230% 2zt Zt45o] &4 gH[15],
1287 B[22, AAE AT AR LTI
AHA Q1 phosphocholine % 73[24] @ dynein light chain LC6
[30] 59 71%5& ste Ao Hud vl Qth(Table 4, Fig.
7). CA06g01390= ©F3 7]%50] We A4 & A2 Yey
T}(Table 4).

WA AT 28 ATl FAo Edo] S7he f3
AHE CA02g27860, CA04g02730, CA06g120402 331 5] 9l ).
CA02g27860= 12 5 A 2E#H 22 Q¢ Apoptosiset &
A FAAZME] AF7)te] oA E T Fo] F713A
o1, CA04g02730- Peroxidasest $1#to] 9lof A=A 10
7R & BEo] Zrsttrt 159 A ol & 7438 oh(Table 5,
Fig. 8). 7 Al Gl Al Edo] TA I 74T FHAE Nucleo-
side transporter 7]%5-& 3= CA02g16990 &7HA 2 &<l = %)
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Table 1. Lists of sequence-specific primers increased in the DIRI after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm(T) Primer sequences
CA02g06340 bZIP domain class CA02g06340-F 53 5-ACGTTTCGCTTGTGAAGG-3
transcription factor CA02g06340-R 5-AAATCTTCTCCTCCTAGG-3
CA02g26670 CONSTANS protein CA02g26670-F 55 5-CCAACGGACAGAGAAACC-¥
CA02g26670-R 5-CATCTGGTCTACTTCAGC-3
CA04g21390 Cytokinin oxidase CA04g21390-F 56 5-GTCGCATTTCTGAGGTCG-3
CA04g21390-R 5-CTCCAAAATGGTCCCTCC-3
CA06g12020 PREDICTED: nitrate CA06g12020-F 55 5-GTGACCACGAAAACAAGG-3
transporter 1.1-like CA06g12020-R 5-ATCCCTGCTTCAGCTAGC-3
CA08g09640 Detected protein of CA08g09640-F 55 5-AACTGGAATGGATGCAGC-3
unknown function CA08g09640-R 5-TCTCGACTTCGCCAATCC-3

DIR1 DIs1
Control Water Control Water

41+42
CA02g06340

43+44
CA02g26670

45+46
CAD4921390

47+48
CADBg12020

49+50
CA08g09640

5 10 15 5 10 15‘days)

Fig. 4. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on increased 5 DEGs in the DIR1.

Table 2. Lists of sequence-specific primers decreased in the DIRI after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm (T) Primer sequences

CA01g21450 Cytokinin oxidase CAO01g21450-F 55 5-TGGAGTTTCACACCTITGG-3
CA01g21450-R 5-AGCTAAGGGGTCATAAGC-3

CA01g22480 Gibberellic acid CA01g22480-F 55 5-TAAGACATAGGGTGGTGG-3
2-oxidase CA01g22480-R 5-GTCAAGACGACTATCAGC-3

CA01g34470 WRKY transcription CA01g34470-F 55 5-AGCGTCTTTTGTCTCTCC-3
factor-30 CA01g34470-R 5-TCGTTGTGGAAGTGTITGG-3

CA02g00370 Zinc/iron transporter, CA02g00370-F 55 5-GCTCAATGCATCATCAGC-3
putative CA02g00370-R 5-GACAGACATTCCACCAGC-3
CA02g00380 Iron-regulated CA02g00380-F 55 5-GCACTGTCAAGTACTTACG-3
transporter 2 CA02g00380-R 5-GAAGGACAGCCATGTAGG-3

1115
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DIR1

Control Water

5 10 15 & 10

15 (days)

51+52
CA01921450

53+54
CAD1g22480

55+56
CAD1g34470

57+58
CA10g12060

59+60
CA02g00380

CaActin
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Control

Water

5 10

15 5 10 15 (days)

Fig. 5. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on decreased 5 DEGs in the DIRL.

Table 3. Lists of sequence-specific primers increased in the DISI after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm (C) Primer sequences
CA02g09720 Kunitz-type protease inhibitor CA02g09720-F 55 5-GATAGCAGTTGGTTCAGG-¥
CA02g09720-R 5-AGTAGTCACAACACCTGC-3
CA02g21290 Unknown protein CA02g21290-F 55 5-TAAGGATCAGTGGAGTCC-3
CA02g21290-R 5-TTGAGTCCAGCTTCGAGC-3’
CA03g16520 CRT binding factor 3 CA03g16520-F 55 5-CTGCTAGAGCTCATGACG-3
CA03g16520-R 5-ACTTCAATGGTCGGAAGG-3
CA07g02110 Polygalacturonase inhibiting CA07g02110-F 55 5-AGGGATTATGGAGGTTGG-3
protein (Fragment) CA07g02110-R 5-TCTCTGCATAGATCCACC-3
CA12¢17910 Nodulin-lik tei CA12g17910-F 55 5-CAATAGGTGCAATCGTGC-3
oduin-like protel CA12g17910-R 5'-CATAGCAAACCATCCACC-3
DIR1 DIS1
Control Water Control Water
5 10 15 5 10 15(days) 5 10 15 5 10 15(days)

1+2
CA02g08720

344
CAD2921290

5+6
CAD03g16520

7+8
CAO7g02110

9+10
CA12g17910

CaActin

Fig. 6. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on increased 5 DEGs in the DISI.
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Table 4. Lists of sequence-specific primers decreased in the DIS1 after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm (C) Primer sequences
CA02g02820 Calcium-binding EF-hand family CA02g02820-F 53 5-AGAATGGAGACGGAAAGC-3
protein, putative CA02g02820-R 5-TAATACCCCATTTGGAGG-¥
CA03g21390 Heat shock protein 26 (Type I) CA03g21390-F 55 5-GGAAATGATGAGCACTCG-3
CA03g21390-R 5-ACATGCACGTCAATGACC-3
CA06g01390 Unknown protein CA06g01390-F 50 5-TGACATTGGAGCAAGTCC-3
CA06g01390-R 5-TCCAACAAATTTCCCACC-3
CA06g17700 Phosphoethanolamine CA06g17700-F 50 5-CCAAGAATGTAATGCTGG-3’
n-methyltransferase, putative CA06g17700-R 5-AGGCATACCAATTCCTCC-3
CA07g18230 PREDICTED: dynein light chain CA07g18230-F 55 5-TTGGCAGTGCATAGTAGG-¥
LC6, flagellar outer arm-like CA07g18230-R 5-AGCACAGAAAATCGGTCG-3

DIR1 DIs1
Control Water Control Water

5 10 15 5 10

5 10 15 5 10 15(days)

Fig. 7. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on decreased 5 DEGs in the DISI.

15 (days)

11+12
CAD2g02820

13+14
CA03g21390

15+16
CAD6901390

17+18
CA06g17700

19+20
CA07g18230

CaActin

Table 5. Lists of sequence-specific primers increased in the DIR1 and DIS1 after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm (C) Primer sequences
CA02g04280 Phospholipase Al CA02g04280-F 55 5-GGAGATATCCTCACTTGG-3
CA02g04280-R 5-TGTGTTTTGGAGTCCACC-3
CA02g27860 Lamin-like protein CA02g27860-F 55 5-CCACTTCACAATTGGACC-3
CA02g27860-R 5-ACTGTGTACTGGAGCAGC-3
CA04g02730 Peroxidase CA04g02730-F 55 5-GCTGGATTTGATGACTCC-%
CA04g02730-R 5-CTGAACTCCACGAGATGG-3
CA05g07450 Avr9/Cf-9 rapidly CA05g07450-F 53 5-TGCGCTTCTTAATGAAGC-¥
elicited protein CA05g07450-R 5-TCTACCTTACCTCTATGC-3
CA06g12040 Unknown protein CA06g12040-F 55 s5'-GGTGCATGTTGTTGTTGG-3

CA06g12040-R

5-TTTAGGGGCAGTCTTTCC-3
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DIR1

Control Water

5 10 15 5 10

15 (days)

21+22
CAD2g04280

23+24
CAD2g27860

25+26

CAO04g02730

CAD05g07450

29+30
CAO06g12040

CaActin

27+28

DIS1

15 (days)

Fig. 8. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on increased 5 DEGs in the DIR1 and DISI.

Table 6. Lists of sequence-specific primers decreased in the DIR1 and DISI after waterlogging treatment used for cloning by RT-PCR

Accession No. Gene description Primer name Tm (C) Primer sequences
CA02g16990 Nucleoside transporter, CA02g16990-F 55 5-TCCTCGTATCCTTCTTGG-3
putative CA02g16990-R 5-CCACAACCAACCTAGAGC-3
CA02g28000 Detected protein of unknown CA02g28000-F 53 5-GGATCAAAGGTCATTTCC-3
function CA02g28000-R 5-TTAGCGTAATCAGCTAGC-3
CA06g07140 PREDICTED: protein EARLY CA06g07140-F 55 5-GCAGTCCGTATTGGATCG-%
FLOWERING 4-like CA06g07140-R 5-TTCTTCCTCTGATGGAGC-3
CA10g10750 PREDICTED: non-specific CA10g10750-F 55 5-TAAGGATCTGCTGACTGC-¥
lipid-transfer protein 2-like CA10g10750-R 5-GGGACTGATCTTGTATGG-3
CA10g12060 PREDICTED: non-specific CA10g12060-F 54 5-GTGGAGTITAAGGATCTGC-3
lipid-transfer protein 2-like CA10g12060-R 5-TGAATACGTACGTGGAGC-¥
DIR1 DIS1
Control Water Control Water
5 10 15 5 10 15(days) 5 10 15 5 10 15(days)

31+32
CAD2g16980

33+34
CA02g28000

35+36
CAO06g07140

37+38
CA10g10750

39+40
CA10g12060

CaActin

Fig. 9. Result of RT-PCR analysis with pepper leaves treated waterlogging stress on decreased 5 DEGs in the DIR1 and DISI.
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