J Plant Biotechnol (2016) 43:359-366
DOLI:http://dx.doi.org/10.5010/JPB.2016.43.3.359

ISSN 1229-2818 (Print)
ISSN 2384-1397 (Online)

Research Article

SARM AEYA

aiwel - St - AlD|LIE

Expression profile of defense-related genes in response to

radiation stress

Nuri Park * Hye-Jeong Ha * Saminathan Subburaj + Seo-Hee Choi *

Shipra Kumari - Geung-Joo Lee

wo2jof- EIME - HBA - FIBH

. £23 - 4{=e} 20k - 0|3F

gamma

Yongsam Jeon * Yong-Tae Jin * Luhua Tu

Received: 6 September 2016 / Revised: 6 September 2016 / Accepted: 15 September 2016

(©) Korean Society for Plant Biotechnology

Abstract Tradescantia is a perennial plant in the family of
Commelinaceae. It is known to be sensitive to radiation. In
this study, Tradescantia BNL 4430 was irradiated with
gamma radiation at doses of 50 to 1,000 mGy in a phytotron
equipped with a ’Co radiation source at Korea Atomic Energy
Research Institute, Korea. At 13 days after irradiation, we
extracted RNA from irradiated floral tissues for RNA-seq.
Transcriptome assembly produced a total of 77, 326 unique
transcripts. In plantlets exposed to 50, 250, 500, and 1000
mQGy, the numbers of up-regulated genes with more than 2-
fold of expression compared that in the control were 116,
222, 246, and 308, respectively. Most of the up-regulated
genes induced by 50 mGy were heat shock proteins (HSPs)
such as HSP 70, indicating that protein misfolding, aggregation,
and translocation might have occurred during radiation stress.
Similarly, highly up-regulated transcripts of the IQ-domain
6 were induced by 250 mGy, KAR-UP oxidoreductase 1 was
induced by 500 mGy, and zinc transporter 1 precursor was
induced by 1000 mGy. Reverse transcriptase (RT) PCR and
quantitative real time PCR (qQRT-PCR) further validated the
increased mRNA expression levels of selected genes, consistent
with DEG analysis results. However, 2.3 to 97- fold higher
expression activities were induced by different doses of radiation
based on qRT-PCR results. Results on the transcriptome of
Tradescantia in response to radiation might provide unique
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identifiers to develop in sifu monitoring kit for measuring
radiation exposure around radiation facilities.
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257N 8] (Tradescantia spp.)+= & 2] %= 7HCommelinaceae
familY)Oﬂ &5tz Al E A A A O 970 of Fo] EE5}
QL 71 F o] | F-2 o] 3} WA = of 7] 3etE A
EH S o AAxE WS B f4E] Hol 7t A
= A dAgstol, o] Het FAHAEHAE FAFH] 9
MAEA x 2 H 1% 31 Q) th(Ichikawa and Ishii 1991). A}
7l 8] BNL 4430 (T-4430) 222 T. hirsutiflora®?} T. subacaulzs
Y AAGEMNA T o 2 e At e o F7H3E
o2, FAMoY(mutagen)o]l =Fo] HS B¢ +EE
Az o] Ao A G o pado] EEMN E= FAo
= o= A2 St RS 4A dojus S-S
A 21 Q) th(Christianson 1975; Schairer et al. 1978). &3] &8
Al sz o Al dojthz w3-A A B = AR ZAFA o] A
2o] $71eHE o] WASE 7 S7bohe Falg Al
F-RES BAE YeEbdthal BalE o] §lrk(Sparrow 1972;
Nauman 1976). o] 2] 3+ E& ufj 2 of] A} 7] 0] 22 BNL 4430
o B Ay A EABRA AN 2AF A0l A
31291 WS A1 Sof) HTHA © 2 o] 450} Shrk(Ichikawa
1981; Cebulska-Wasilewska 1992).
A A o] &3} WAL ol EALA © 2 100 mSv 0] 512]
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E= 11 o] 3P Z(ICRP 2006), W] =5 2}etolzteu]= 0 7}
748 A ekEE ok 100 mSv AFo] (NRC 2006) 50 2 73 5
o] QI AFFE /R u] S 0] L-3F A A HALA A T 2ag
g AA Z EAHo] HEol w3t A+=0.25~6cGy7kA] <
A XA 0] 3 AT FA AL 001 Gy
AlaFo A BE = o] 7 &(Sparrow etal. 1972), A2
H] T-4430-2 ©]-8-3}9] 0.36 mR/d(FE+= 150 uR/h) 2] &7+ ®HAL
AeFgo] gt foea £33 Aol S 7HKwon et al.
1981) o] Harw o] glth. o] Bl 5o o5k, A= 7 H]
LU R AT EAHOI 7 e E EAS
‘{[\_ S .
s T WA 2AL o] 3, A 7 H] &) Al 2 W
o A Hh-g-& Hol= fr Akl th gt HH e} o] 5 -4l A I
Aol WgtE B A3 ot o] A 7kA] By vt gl wh
ZhA] 2 Aol A= AR of Rl A=l E] T-4430 F
HE FAAE S Ao 2 519 0, 50, 250, 500, 1000 mGy
o) | Fot= A A F Q] HIAFAT S ZASH S, RNA-seq2 S5 &
S A AR EE o2 AFE 2 Ao 5 Hol=
AAEE 94 Zob a, W& 72k a WabAl zAbo] whE

2
o

BhE 7120g dotR uat AdS sl whebA 2 ¢

£ o o1l 44 2 AR B A ZoLel
Eo]z o & Hl-2-5lo] AL =25 8§24} A AKtranscription)
Szol A AZE T, HEH 0= AZa e o] A Al A
A AT GARRA WA 3 E 0} A A BoE A2

oA BB HE 5 YA Lobu g gt
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3ol 7P =S 13U A A ] 7| 24 o = B
Bl total RNAE F=35191, A7|95 41 Spectro-
photometer £41 2 3] =3t total RNA.J Eaarel =]
3}o] 5} 91 th(manuscript in preparation). AAFA] F7] A4 E £
A2 llumina Hi-seq 2000 ©]-&3}¢] 9F 230 K9] A A &
FE Z£28Tmbp2 G714 E A EE & E 514 th(manuscript
in preparation).

AR Hl o] B & o] &5t A R o AE fHA
M| EE A AI5}17] 915197 de nove transcriptome assembly—g— Ea
elolonl, AT $UA A ES ol &afo] 7+ A2 o]
AP 2Rk vp o2 2HE FARS o] 43}
o] DEG (differentially expressed gene)E 3% 3}1L, clustering
71 & o]-&dto] 2+71 o) Mekol Al AeF 4 (up-regulated
genes) &2 31F 2= (down-regulated genes)d -4 A= 2
AEE R

AR Bl A 2] o] Hlso] 24 2uf o] o) =& WA
o5 Holk fAA F ZF A 2 E0| 2 2 2 up-regulated
5 A0 25 A 5 A3 WAk
At ol FAHAEY 75542 Phytozome (http://www.
phytozome.net)) o] €l H|o] 2o A ali= oF 4059] A%
FHA AEET vlwsto] AASHAL, F7H= NCBIY
Basic Local Alignment and Search Tool (BLAST, http:/www.
ncbi.nlm.nih.gov/blast/) 2] 732 =35} T}

I3} annotation data 2 HE] Joj A g7 EL vlgo R
G2 R A E ol W(Oryza sativa), <5>5>(Zea mays), <7
Y(Brachypodium distachyon)Z} %ALY A A5 9] of 7| %}
t(4rabidopsis thaliana), ) 5(Glycine max), B U} (Solanum
lycopersicum) A (Brassica napus) 5 2 771 &) A=A 9
AR5 71A 3 247} S et SRS SAUAS 24
SEATH AR A BA B A4S MEGA version 6.0 322
Z1 3 (Kumar et al. 2001)2 o]-&3} % th.

DEG =4 M REXQ RT-PCR &AE

A

Aok 2AF3Y F, AN 22 & 3 A gl
02 37245 QF sk, AR A22 FAAIZ =
&Fof 100 mg 2] &5 total RNA S =2 5f=1]] AHE-3} 3T
Total RNA Q] 5% Geneall Hybrid-R RNA kitZ A}-8-35}91
t}. RT-PCR-2 TaKaRa PCR Thermal Cycler (TaKaRa TP600,
Japan)& ©]-8-3}¢] TaKaRa RNA PCR kit (AMV) Version 3.0
kit cDNA 34 2 222 285} % ). PCRS 9] 3l AH-&-3h
total RNA+= 200 ng & & A ’6‘} R, primer= ZF S A2} 42
O] A7 A Gl thgt 5o] A<l primerE A ”E}‘f‘ CH(Table 1).
PCRYF-2-& 42°Cof| A 1 A] 7FHE0F HF-&-A] 7] & 99°Cof| A 5 &
7} reverse transcriptase S inactivation A] £ th. $H4 H cDNAE
template & & G- 2} 232 & 235} ¢ th(Table 2). PCR A&
2 1.0% agarose gel®f| Ecodye (Bioneer, Korea) & AF-8-3}o] &

A
[¢]

28

ol o
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Table 1 Oligonucleotide primers used in RT-PCR
Target Primer sequences Expected size (bp) Tm (°C)

Tr_RT 302-forward 5'-ATGGATCGGTCGGCTCGCAA-3' 62.5
Tr RT 302-reverse 5'-CTAAAGCTCATCATGTGAAT-3' 1998 523
Tr_RT 46356-forward 5'-ATGGCCACTGTTGTTAGAGC-3' 58.4
Tr RT 46356-reverse 5'-TTAGGAACCATAGTAGCAGT-3' e 54.3
Tr RT 79838-forward 5-ATGAGCATATATGATAAGGT-3' 50.2
Tr RT 79838-reverse S'-TCAAGAAATAATTATTTTGA-3' 1008 441
Tr RT _44950-forward 5'-ATGACCACCAAGTCTATTCT-3' 54.3
Tr RT 44950-reverse 5'-CTATGCCCACCTAGCAAGAA-3' 1086 58.4
Actin-forward 5'-ATGGTTGGTATGGGRCAAAAG-3' 57.4
Actin-reverse 5'-GGGAGCAAGGGCWGTGATC-3' 300 61.7

Table 2 RT-PCR conditions for low-dose radiation specific genes

Reaction condition

Gene .
Denaturation

Amplification Final extension

Tr RT 302 95°C, 5 min

95°C, 30 sec

55°C, 30 sec

72°C, 120 sec
(30 cycle)

72°C, 5 min

Tr RT 46356 95°C, 5 min

95°C, 30 sec

55°C, 30 sec

72°C, 72 sec
(30 cycle)

72°C, 5 min

Tr_RT_79838 95°C, 5 min

95°C, 30 sec

50°C, 30 sec

72°C, 60 sec
(30 cycle)

72°C, 5 min

Tr RT 44950 95°C, 5 min

95°C, 30 sec

55°C, 30 sec

72°C, 67 sec
(30 cycle)

72°C, 5 min

Actin 95°C, 5 min

95°C, 30 sec

55°C, 30 sec

72°C, 30 sec
(30 cycle)

72°C, 5 min

A%t &, band & Qlsk 3Tt

-u—

gRT-PCR EMs St RuEA L MWES

qRT-PCRZ 7# Al A& AR 3F7] 2 2] 9 A total
RNA 250 ng-& TaKaRa PrimeScript 1% strand cDNA Synthesis kit
(TaKaRa, Japan)E- ©]-&3}0] cDNAE 345t 1/1002 3]
At A S 2 template2 A5} % T} 3] A S template 4 ul, 2X
SYBR Green (Geneer, Korea) 10 ul, 10 uM gene-specific primer
(Table 3)Z Z} 0.4 ul, DEPC # ]38t T.D.W. 0.2 ulE £33}
[llumina Eco 7] 7| & 0] -&3}o] S x} 9] vbd oFAF-S B A5}
ol t}. Threshold cycle(Ct) Zrol oat ural ek B o o M“o
Z AAFSEA AL, AACH: AT A 2] A %Xﬂ(Ctmge[gene Ct

actin gene) - Ho}‘/\]—/;j H] i‘] E] 215 X'“(Cttarget gene = Ct actin gene) Oﬂ —‘] OH
A AFs}Fo] 4= 2] 3} 31 th(Livak and Schmittgen 2001).

Zot Y oF
1000 mGy o] 5}-0] A A & 2] o] &3} BhARA of A §E-g-3}= 2}

Sl u] T-4430 A+ ZFE 70 A 226 total RNAS =23}
01 EST 4714 & A RS 247 A3t 3 77,3267] &) HALA]
(AAHA Bt A o] 2F 850 bp)E ¥ 5= L TH(manuscript in
preparation). 7L & WARAL B] 2 A} T 2 L&} W] Bl o] &
T 2o & Hol= FAA & ’ﬂ%‘*&i Solxoz &d
o] T7he A= & 2,29670 R AL, 1L 5 AR WA E
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Table 3 Oligonucleotide primers used in qRT-PCR

Target Primer sequences Expected size (bp) Tm (°C)
Tr_gRT_302-forward 5'-AGACAAGGGCACTGGTAAAT-3' 300 55.0
Tr_gRT 302-reverse 5'-CTTCAGCCTCCCTAACCATT-3' 55.0
Tr_gRT _46356-forward 5'-GAAGAGTGGGCAGCTATTCG-3' 300 55.0
Tr_gRT _46356-reverse 5'-TCAGTTGACATTCGGACTCG-3' 55.0
Tr qRT 79838-forward 5'-GCCAGCAATGGAGAAAGAAC-3' 300 55.0
Tr_qRT 79838-reverse 5'-AGTGGTGATGGAGGCCATAG-3' 55.0
Tr_gRT 44950-forward 5'-ATGACCACCAAGTCTATTCT-3' 55.0
Tr_gqRT _44950-reverse 5'-GATGCCCACCTAGCAAGAA-3' 300 55.0
Actin-forward 5'-ATGGTTGGTATGGGRCAAAAG-3' 55.0
Actin-reverse 5'-GGGAGCAAGGGCWGTGATC-3' 300 55.0

Table 4 Selected genes with about 2-fold change in expression compared to that in plant without radiation

Assembled Fold change at each dose (mGy) vs. control o
. TAIR description
transcripts 50 250 500 1000
Tr 302 2.55 -1.08 -0.81 -0.99 Heat shock protein 70 (HSP 70)
Tr 46356 1.61 4.11 3.92 3.74 1Q-domain 6
Tr 79838 1.19 1.71 4.45 0.39 KAR-UP oxidoreductase 1
Tr 44950 -0.07 1.72 1.86 222 Zinc transporter 1 precursor
off vlel 26 o] & TH Apo] & Hol= A= 4 AT E A e s -
& 116,222,246,3087) ek, gH ARl v] A 2] o] v] 3} o] =
222 20 0] 9] 4 & WAZLS 7HA & f AR B 2 Mo i. : =
A Eold o g Wrg o] 7t RAAH4AE Adst =Tl
(Table 4), 0] 5 3% A} 2 += Heat shock protein 70 family protein, o (Lnn;Z) g i lanTes
1Q-domain 6, KAR-UP oxidoreductase, zinc transporter 1 precursor e m ieat shock protein 70
7bEZSE o] 59 EA S FE A2 AEH AE WG 50 @ 1 Actin
S AE Y Pl A ASHD 7|3 wyId Bo| Hlof B
Q= AS R B 1% 31 ¢)th(Samali and Cotter 1996; Jiitteld et 99 Oryza sativa(XP 015630928.1)

al. 1998; Ellis et al. 2004; Miaoying et al. 2011). w}2}A] o] 23t
AR SAPIT A el UG BT
e Ao A off 27 H] Al E A 7 = E G
5ol e Wk Hol AR A R A=A 9] 7 5= 1
ol B 4 9l Ao s BehE AT

SIEA
4ASd

Heat shock protein 70 S& X}

Heat shock protein (HSP)> A| 2 Hut ofu] g} A A, 0] E
ZEejof, 3o 9178] AE# A0] o8] EATE Tl o)
579 gl 8308 WAk Apol £ (chaperon) o1 5HS
St Ao 2 B E 1 Q) th(Vierling 1991; Boston et al. 1996).
g A EA oA F, A2, UVel -2 vl &5hy AEH A
o) Wk-g-3 ¥ ut o} 1 2k(lindquist and Craig 1988; Vierling 1991;
Boston et al. 1996), Ay E38+2] AEF A WA A, L5
of o gt 3} sfjofl o] 3l A &= HF-g-(Boston et al. 1996; Bhattarai et
al. 2007; Breiman 2014)3tc} a1 81& A Q)th

80 Arbidoicic thal
54 L

T,

NP 195869.1)

Glycine max(XP 003532123.1)

Zea mays(NP 001152601.1)
52 ) lycopersic NP 001233780.2)

97 Brassica napus(XP 013737997.1)
Brachypodium dlistachyon(XP 003574727.1)

Fig. 1 Verification of Tradescantia heat shock protein 70 gene
expression. (A) Expression patterns based on qRT-PCR, DEGs,
and RT-PCR; (B) Phylogenetic tree of heat shock protein 70 gene

A WA A 2] ot v A 2] Lol A RNAE —’F%OM
heat shock protein 700 E0] & Q] primerE t] &}l s}
A} 43 A & 2 DEG, RT-PCR, QRT-PCRE A}-&-3} 0] HlJL 2
X544 tHFig. 1A). 41 23}, DEG 2 42} RT-PCR, qRT-PCR
i g o] 5] FrAFek, A AT A E | 2 2] 2] A] heat shock
protein 70 -2 2} 9] W3 -2 50 mGy o] A 2.1}, 100 mGy o] A]
96.64}, 250 mGy o 4] 11.211, 500 mGyof| 4] 5.9}, 1000 mGy
of| A 9.5u) & HFALA AEH A X2 3t A EA 7} HAurE
om FeWUS Ko7 .
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Zea mays(NP 001152601.1)
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Fig. 2 Verification of Tradescantia 1Q-domain gene expression.
(A) Expression patterns based on qRT-PCR, DEGs, and RT-PCR;
(B) Phylogenetic tree of 1Q-domain gene

o] 9662 71 o HRES B AT v 2o B
o WA EohA e A Fubd AL 53] AT W
AFAl 2] 2] o] &= heat shock protein 700] A& E-o] & © & 7|7}
A RES-3he & 4= STk AR ol AR FAAE @A
A} ALY R E A E 72 0f 9l = heat shock protein 70 G741
Z}o} v w3t A 7}, A7) v 9] heat shock protein 70 -5 &}
& s} o /1% o) o] § A 71 A7He AL o 4 9l
(Fig. 1B).

53] A4 100 mGyo A= AR Bl A 2] o v s}
F,

|Q-domain XAt HHEY

Aarsk 470 §AAF 2 1Q-domaind isoleucine-glutamine
(IQ)°] ol %= HEZ =, IQuxxRGxxxR O] A F-E 7HA] L
Ao, x| = o] | 17| 9k 4| Ao] 7ha et 3ol
(Rhoads et al. 1997). 1Q-domain2 Al & Z o] Tofst=
calmodulin¥} Zgts}l= ol Tl Al 2 calmoduline Ca¥'ul &
o|Hom Agshe i dolth. A WAl Hel el
u] 3 2] 7o) 4 RNAS 3%3he] 1Q-domain §747 4 4

£ 43t 23}, RNA-seq2 53 ¥-> DEG %kt RT-PCR,
qRT-PCR o] F-AFSHTH= AMA S 218 4= 91 QITHFig. 2A).

A 2EH 2 A2 A 1Q-domain A AHS] HE -2 50
mGyol| 4] 1.64H, 100 mGyol A 155, 250 mGy o]l A] 2,384, 500
mGy ol A 1.64]], 1000 mGyof| A 1.78] 2 AL AEH A A

ST AEAZ AR o' =2 0F S Holal gl
o= WA S ATt A A E W Az dg 2o FF
2 7)1 A AEEre] Ca’' o] & Aol ol s 1Q-domainol]
P FU= Aolet= 7Hs A S AlAbel =L qloh A Y
of AHERF FAAE HAG A ALY HAAE TE U=
1Q-domain -2k} Bl gk A3k, /i d ) of 7] o o] &

A RQ vs Assay
0 = 5
- =
g e - 1000
E 0.4
- 0.0
a2
DEG (Log2)
RT-PCR KAR-UP oxidoreductase
Actin

Zea mays(NP 001152601.1)

Brassica napus(XP 013737997.1)
Brachypodium distachyon(XP 003574727.1)
Oryza sativa(XP 015630928.1)

\ | Trad

\ R

(NP 195869.1)
— Glycine max(XP 003532123.1)

100 | lanum lycap NP 001233780.2)

Fig. 3 Verification of Tradescantia KAR-UP oxidoreductase gene
expression. (A) Expression patterns based on qRT-PCR, DEGs,
and RT-PCR; (B) Phylogenetic tree of KAR-UP oxidoreductase gene

AR} A A FAHE7L =2 S o 4= AU ThFig. 2B). A=
Aol & AEG A7} b AW A Z A ZE Sof Ca¥' = O]
A2 =81 E a1, Ca¥' T calmodulino] ©] 2|3t g7
St 2NN AS AL H2E 245t 9&S st A
S AP HES- 7] Zro] g} 2l & 4= 9l th(Gong et al. 1998; Liu et al.
2003; Wuetal. 2012). Ca™* = 3} A A ol A} 52+ 2-S E5}
o] heat shock factors (HSFs) 2] DNA 2 3} &4 & o &= o] 5}
a1 Q) thH(Mosser et al. 1990; Li et al. 2004).

KAR-UP oxidoreductase SXAI & EM

AuFst47) 9] 874 2} 2= KAR-UP oxidoreductase <= KAR (Kkarrikin)
2 AEAE A4 of HAYst= IehEolthKeeley and
Pizzorno 1986; van Staden et al. 2004; Nelson etal. 2012). A & =
QA 0F Metal Zh-o e Bla o] G sl of of sl A Ay shar
(Flematti etal. 2011), F-2} 2] oo} W 50| AJAfof| A= o]
ot &# A It Cook CE et al. 1966; Humphrey and Beale
2006; Stevens et al. 2007; Chiwocha et al. 2009; Light et al. 2009). Z}
Z}+o] Agfol x| WFARA H] & 2] L2} KAR-UP oxidoreductase -3-7
AR A =5 Bl gk 22kt A3k RNA-seq2 59l - HA
A|2] DEG }¥} RT-PCR, RT-PCRIEl 0] frASITh= A S
AST 4= A SIThFig. 3A).

A A e AR AE G 20 A o] 4 A 0) ¥ -2 50 mGy
o] 4 1.84l], 100 mGy o] 4] 0.2}, 250 mGy | 4] 2.44l}, 500 mGy
o A 8.98, 1000 mGyof| A 2.78 2, 100 mGy 2] WAL AE
g2 A E g AEAE A YT U A= Avtd o s &
2 db&-S K o]l @l th Nelsonetal. (2010)-2 karrikin 3%+ -5
HAA7L A thaliana®| X FA18] Holg F=5k=H|, 539
UV-B A 2] A] KAR-UP oxdoreductase®] & 7 =7} 2F 74|
B =A EAT A S SQlsk it whebA of ¥ A A
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Fig. 4 Verification of Tradescantia zinc transporter 1 precursor
gene expression. (A) Expression patterns based on qRT-PCR, DEGs,
and RT-PCR; (B) Phylogenetic tree of zinc transporter 1 precursor
gene

AR A 2] 9] 7 -0l = UV-BE A 2|3k A 1} vl 28 A 233t
o | A=+ F17] w2 KAR-UP oxidoreductase 7} &
?ﬂ% =7 & Aolet= 7S HojEth Ao AHg
QAR SR AT WAL 7Y A B TE o] 9= KAR-UP
ox1doreductase Axpet v et A3k =, 54, <70, ¥
oF FAMI S 7HAI AL Q1= AS FQE 4= A Th(Fig. 3B).
KAR-UP oxidoreductase @] 7-¢- 1559t of 7] &t of A gFo}
o Il H AF o] 2P o] oLt o AYS F5ho] o
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expressed genes, DEGs)E E-41 3} At} A AL = 2 77,326 71
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