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Abstract: As a new mutagen, lithium ("Li) ion beam plays an increasingly important role in crop mutation
breeding. In this study, the characteristics of wheat DNA damage induced by 'Li ion beam irradiation treatment
were explored by comet assay, and the transcriptional re-programming was preliminarily analyzed by
transcriptome analysis. The wheat seedlings showed lower growth inhibition of wheat seedlings caused by 'Li ion
beam irradiation, but seedlings leaf vein chlorosis to cracking, if compared with those treated by the
conventional mutagenic gamma ray (y). Based on GO and KEGG functional analysis of differentially expressed
genes (DEGs) induced by irradiation, DEGs induced by ’Li ion beam irradiation were mainly enriched in cell

wall synthesis and metabolism and glycerolipid metabolic pathways, while DEGs induced by vy ray irradiation

WiEEHA: 2023-03-29  fEEHHA: 2023-04-12 ML HAREHA: 2023-04-28

URL: https://doi.org/10.13430/j.cnki.jpgr.20230329001

H—VEE W7 R/ NS R A S HE R FPFSY , E-mail : duguofeng0305@163.com
WFVER : XISk, B NFHNE R RS EYH AR T AT, E-mail : liuluxiang@caas.cn
EEWA : [HZEE AT H (2022YFD1200705)

Foundation project: National Key Research and Development Program of China(2022YFD1200705)



1486 Mo ow fE

O ¥ iR 24 %

were mainly enriched in photosynthetic metabolic pathways. That suggested that cell wall synthesis and

metabolism and glycerolipid metabolic pathways are likely modulated by ’Li ion beam irradiation, while

photosynthetic metabolic pathways are likely modified by y ray irradiation. Gained from the results of

transcription factor analysis of two radiation-induced DEGs, several transcription factor families, such as MYB,
WRKY, bHLH and NAC, might specifically respond to 'Li ion beam irradiation. The results of this study

implied that 'Li ion beam irradiation specifically modify the transcriptional re-programming of Whirly family

transcription factors to regulate DNA damage repair, while the conventional y ray irradiation likely induced the

E2F / DP family transcription factors to regulate DNA damage repair.
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VEWNIF S S8 BRI X oy 2k iR
A8 F EMS S5975 4% [ 2175 R AR st A8 1) i = AR 5%
A5 DI Rh BT BE BB A A R AR, e
% (Triticum aestivum L.)?' JKFG(Oryza sativa L.) '
K5 (Glycine max(L.) Merr.) " SEEY) | B2 4453
TN S T E g R by S ]
)T BN . AR, M REE B AR R AL
BRIGIE T AN GE., B s T rmgtkae
1w ¥ %% (LET, linear energy transfer) & 51'°', 5 X |y
SR AR B I RS R AT AR LL , AR R 43 B i
DORAELE VIR AR A s, AT R AR %
1 XA O s AR G AR T
AR R BE ) AR S B Y Bragg I, W (AL AW
A2 3 (0 458 43 5, JFL At DX 38852 3] 9 5% i) A X 458
/0N, BIVER B 1 SR R DR R Y L T DL RE AR A T
ZAENE IR M S AR RN R A R A ) e
RNy S5 2 A 125 5 A8 B ) K g M AR5 AR
PRRIATEEE , RIS T Loy STk RBIA R 2 E 4%
FIZERAR S 10 Gy PR ES T SRR BEOKFFI 1)
XK Ak i AR RN A R EN L Bm T 10Gy
Bl o T 1 O 155 2 S s ) o e 2 B B
FH25 Gy Je L RIS LI B s B/ NE R TS
JINFZ T B o S BRI O A i A
K B R BROA BE XS R DNA 385 ) 35 AR
e, 5 TR W DNA & A FR 4k 7 24 B3 O00e% Wt
ZL0e L R FEBETE A W) DNA & il A= 36 1
%A (ROS, reactive oxygen species) , JF 1M 5 | EAEH) 7~
AN 24 1 DNA 844737 o MREBCSE S5 R 30,
TLi B T o5 IR S 5T DNA 491 A0 19 208 RE X A A
I ; Stoilov B AE R B, L B TR ERIE S
FUDNABERA WL, BIRCZA 2L B 14
HHi%5 K (1) DNA $ ( RO8FFY , {H DNA #0518 52 1Y
PR AANTEAE

AHIF ) FHER B W DK S 90 7 Si 20 e e R

O LA B IR y SR RS /N A DNA A5 5
PR AT M 25 I 22 5

1 #MR5E7TE

1.1 K H R

AR IF 5 3 FH b 5 T /N 22 R Z 501
(HM501) AR}, fdi 7L 85 o 8 I8 2021 42 i3k
() HMSO01 () TRl , 4k ARG IR 8 45 5810, %
A3l R BRI, 20 310 030,50 Rl 75 Gy, B4
BRI DT 00 200 K7, EAT 3 R AE)F AL, IR
J W /N2 Tl KA AR R A o [ B fe F y S3
2R 45 IR 2021 AEWCH 19 HMS01 i T 1, A 40 LA
(RAIF 5 45 R0, e 5 30 1 4 R R 2, 43 51k 0,
100,150 F1200 Gy, 4/ b #1510k 200 %7, i
T3R8 E B /N Bl vk
TRIRARAE . b 0 Gy TLi B 3y S 28 58 B 14 /N
2 PP T2 R A AR R, 76 5 2R P 3 R [R]— A
X HRAH .
1.2 K H*E
1201 EREGMEMRGIST BLLLiE
TR Iy SR AR B A HMS01 Fh 7 FH 2% NaClO i29f
10 min {75, J5 FZRIB/K IR UE 4~5 0 B 3R 19D
T E R TR A /D B ZERKIRI 1 d B A
B AR FE T RARE ek & 848 b, PREEFD
T TH 5 K% M, 7% 7E 200~300 pmol/ m?+s Y e
121 °C WE TR AR 7 dJE DRI R, &
S0 R 20 BR AN B A B R AR A S M, Ak
PR E 3 AR EAR
122 EEEKSEE HERK7dR/NEGTTRI
R YIRS mL T & ] 2% 10 il T (A4S
1.5%(w/v)THERETERS .0.75% (w/v) B iR 10,
0.6 mol/L &M .10 mmol/L MES(pH=5.5),
10 mmol/L CaCl,.0.1% BSA .5 mmol/L B-#i %k 2 %
50 mg/mLIRRHER ), BEAF 3 hifil 28 I A T A



54 b A - P R H/NAZ 175 e DNA 540345 0 B DR 28 T 45 g A 1487

{5 BRI 5 37 & (Trevigen, 3¢ ) I/E 2088 A,
FH 1: 10000 F B 1) SYBR Green I 4t {751 (Sigma) Xif
B AT S DO AR /N2 DNA
frdf B i 11 CASP i & 43t # A+ (hitp: //www.
casp.of.pl/) & i PEAN 41 Ef 2 B DNA A 70 & i
(Tail DNA%) , B PRI 3 5K I 7, A5 5K K 760
20 E RN

123 FEFRAWFFRSH 35O R L B0
Fly SRR A K 7 d 5 B9/NEZ S b B
43, FIF RNA $2HURT cDNA SCFEM #E , i 45 4 CK
"Li30.7Li50,7Li75.y100.,y150 Fl1y200, £F 4~ Ff 5h 15
B3 WA #EL . RNAFREL cDNA SUZERFEE |
SCE Jo 47 A e Hy A 5t 0 A IR A BRA
SERe I A AR E e 2840 11845 21 Clean data, F1|
HISAT2?" 5 /32 225 FE [ 4 TWGSC RefSeq v2.1
(http: //www.wheatgenome.org) #1741 LT, F1|
StringTie X} 5% FERN A% He [ 91524 (Read ) i
T4 %5 FnsE 7 . LA FPKM (Fragments Per Kilobase
of transcript Per Million Fragments mapped) Y& A K

®1 HHREEPCRIIMFTI
Table1 Primer of RT-qPCR

DR KK 14845 . R DEGseq2™ #1443
PreAs i) 22 5%, DA Fold Change>2 H. FDR<0.01 A i
TERRAE,

1.2.4 BUESHT 1 GO(http://www.geneontology.
org/)FIKEGG(http://www.genome.jp/kegg/) ¥ 22 57 3
BB T8 46 0BT 5 K ] K-means SRZEHEFRIR 7
B A i TR 43 A 7 o0k 22 S 336 66 DR A 7 2804
ST IR R S LI 0 BT YA A I e s o e
4 (www.biocloud.net) 58 i¥l

125 E2BREEEM RT-qPCRIGIE FhiHLIEHL
8 2 S RIA I N A T2 5E # PCR(RT-qPCR) %
1IE, K56 RNA-seq 24 i rT SEVE, SIM P8I L3 1.
ffi F All-in-One First-Strand cDNA Synthesis
SuperMix U st & (AL 2 XSV HE ARG R
v ], U E ) A B cDNA. H Green qPCR
SuperMix e IR & (L 2 X &4 WHARS
PR A, P E L 5 ) 17 RT-qPCR 5256 . AN 97 146
& Actin fE R NS HE TRk IH—fb b B, R
FH 28T AR R A R

5|94 FK Primer name

EN5145(5"-3") Forward primer(5'-3")

15145 (5"-3") Reverse primer(5'-3")

TraesCS1A03G0253000

GGGCACTGGGCTAGAGACTGC

CTGATTGCATTTGCTGCACAGG

TraesCS4D03G0025500 ATCACGCCGCAGTGCCCCAA CAGTTGTTGGCCGCCGACCCG
TraesCS4A03G0749800 ATCACGCCGCAGTGCCCCAG GCAGTTGTTGGCCGCCGACCCT
TraesCS2B03G0698400 GTTGCTATTAAACCTCTGGAG GATCTGAATTTTGTCACCCA
TraesCS2A03G0395300 AGTTCCAGTTCCAGTACTCG TGTAGAGGTGCTGTGGCACG
TraesCS2B03G0852800 TCTGAGGAGCTGCTCGAACGT ACAGCAGCTATATGGTCCGA
TraesCS2D03G1091000 ACATGTCGCACGAGCTCGAG GCGCTCTCTTGCTCCTGCGCTG
TraesCS2B03G0179300 TGATCCGCTCCAAGTGGGTA TGAAGCTGACGCATTGCACT
Actin ATGGAAGCTGCTGGAATCCAT CCTTGCTCATACGGTCAGCAATAC

2 HERE59H

21 'LiBFREyHEERESFRKHIIH
1EH
AR 7 dfE LR R A TEAN R
F T Y B ko gk = F 24, Ho B 0t
(EI1A),{H30 Gy #1150 Gy 5 B85 B9/ 2 1Y 1 e
WA WA AR T T 11.41%F19.02%,
75 Gy 8 BEUG /NZ2 B R AR K 2050 TR T 10.14%

F126.42% (K 1B) o v SR EH HMS501 %) 1 3E
TR ARSI (K 1A), 5% A EE, 100 Gy
i BEUS B /INFE P AR A 43 B R B T 34.06% Fil
37.20%, 150 Gy & B 5 i /N Az 1 s ARG 43 31 [
T 76.81% F1 74.61%, 200 Gy & BG4 /)N 22 1 5 Al
A5 R B T 89.23% H186.74% (K 1B) . 4553
AH L B SR R 0T/ NZ A i A A R
Y BRI



1488

N7/

A = 1 24 %

CK "Li30 Li50 Li75

y100 y150 200
AL BT y FRER RS /DR AR 7 dJR AT B B LI B A y SR IR (/N R FAE K 7 dJR S BT R AR
CK R %f B8, 7Li30 . "Li50 F1'Li75 43514 30 .50 F175 Gy "Li & F AR BB 5 i9/NZ B R, v100 ,y150 F1v200 43514 100,150 F11
200 Gy y HTZRAR IS B/ N BRL, T IR s AR INE FREFORTEAR RIAL BRBITE P < 0.05 K- 2253 B35, T I+
A The seedling photographs of 7-day-seedlings germinated from Li ion beam and v ray irradiated wheat seeds; B: The seedling height and root
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length of 7-day-seedlings germinated from "Li ion beam and y ray irradiated wheat seeds; CK was the control, 'Li30, ’Li50 and "Li75

were wheat materials irradiated by 30, 50 and 75 Gy "Li ion beams, respectively, y100, y150 and y200 were wheat materials

irradiated by 100, 150 and 200 Gy vy rays, respectively, the same as below; Different lowercase letters indicate

significant differences between different treatment at P < 0.05 level, the same as below
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Fig.1 The damage effects of 'Li ion beam and y ray on wheat seedlings
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Fig.2 Comet assay images of nuclei of wheat seedling from different doses of 'Li ion beam and y ray irradiated seed
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Fig.3 Results of the comet assay analysis on wheat seedling
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A A summary of the numbers of up- and down-regulated DEGs under ’Li ion beam and v ray irradiation treatment; B: Venn map of

differentially expressed genes under different doses of 'Li ion beam irradiation treatment; C: Venn map of differentially expressed genes

under different doses of y ray irradiation treatment; D: Venn map of differentially expressed genes between "Li ion beam and v ray irradiation

treatment; The numbers in the Venn map represent the number of differentially expressed genes in different comparison groups,

and the numbers in the overlapping part represent the number of common differentially expressed genes in different comparison groups
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Fig.5 Summary of the DEGs under 'Li ion beam and vy ray irradiation treatment
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Fig.6 GO enrichment analysis of the DEGs
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