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Toxic mechanism of uranium on photosynthetic characteristics and respiratory metabolism of Vicia faba 1.

LIU Ze-wei'”?, LAI Jin-long™, LI Jun—ke'?, DING Feng'?, ZHANG Yu"*, LUO Xue—gang"’

(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2. College of
Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, China; 3.Engineering Research Center of
Biomass Materials, Ministry of Education, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: This study aims to explore the toxicity of uranium (U) stress on photosynthesis and respiratory metabolism in plants. In this
experiment, seedlings of Vicia faba L. were treated with different concentrations of U(0, 5, 10, 15, 20 pmol - L™ and 25 wmol- L") for 72 h.
Physiological and biochemical analyses were conducted, and the roots of the high—concentration U treatment group and the control group
were selected using RNA-seq. The results showed that under different concentrations of U stress, U rarely transferred to the aboveground
part of the plant, its transfer coefficient was less than 0.01, and the excess U accumulation clearly damaged the root structure. In addition,
the leaf photosynthetic efficiency of Vicia faba L. decreased, but the root activity increased under U stress. These processes are regulated by
related genes. The results of transcriptome sequencing showed that there were 117 differentially expressed genes (DEGs) involved in
photosynthesis and respiratory metabolism. The expression of photosynthesis—related genes was mainly down-regulated (90 DEGs, 3 up
and 87 down), while that of respiratory metabolism—related genes was mainly up—regulated (27 DEGs; 23 up and 4 down). Therefore, this
research shows that the photosynthesis of Vicia faba L. is inhibited and the respiration is enhanced under high—concentration U treatment.
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Table 1 Effects of U on the growth of Vicia faba L. and its accumulation content in plant

Atk i A=Y Biomass/g 1  1 U accumulation/(mg- kg DW) R 2B
U concentration/(pmol - L™)  Hh |35 Shoots Hi B Roots b3 Shoots HiF 5 Roots Transfer factor

O fiEt) 0.43+0.05 0.22+0.02 0.13+0.01 13.99+1.20 —

5 0.41+0.04 0.21+£0.02 0.06+0.01 766.28+104.20 <0.01

10 0.42+0.02 0.21+0.01 0.10+0.01 1 747.64+357.13%* <0.01

15 0.46+0.02 0.21+0.01 0.14+0.04 3446.92+927.62* <0.01

20 0.39+0.05 0.20+0.01 0.16+0.05 4264.24+644.92* <0.01

25 0.38+0.03 0.20+0.01 0.24+0.09* 5309.82+983.91* <0.01

T R 8) FRR A A 5 6 IR 2 A 7E (B 2 22 5 (P<0.05,n=3) . T,

Note:In the same column, *it means that the value in the uranium treatment group is significantly different than that in the control group (P<0.05,n=3).

The same below.
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A, B refers to the root tip morphology of Vicia faba L. seedlings. C to F refers to the paraffin section of the root tip. G, H refers to the ultrastructure of root

cells at 1 000—fold and the image in the red circle represents the ultrastructure of plants observed at 4 000—fold of TEM. The arrow refers to the cell wall
B SimEXEE 4B E KR MY SR ST

Figure 1 Effects of U stress on the growth and microstructure of Vicia faba L. seedlings

R2 HENEESNEHERSEMNZIM(ng-g")
Table 2 Effects of U stress on chlorophyll content of
Vicia faba L.(mg-g™)
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R R 40 fp B 4l 1Y E%%#ﬁ'fﬁ){—i S 1ob i B AR R Lkin! (pmol L) Chlorophyll a  Chlorophyll b Total chlorophyll
P 7R FR A . (1) 0.70:0.08  0.330.03 1.03:0.11
23 WIME TES BN EESER LSS 5 062002 030£0.01% 0.92+0.03
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Figure 2 Effects of U stress on photosynthetic parameters of of Vicia faba L. seedlings
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Figure 3 Effects of U stress on root activity of Vicia faba L.
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Table 3 List of differentially expressed genes(TOP3) related to photosynthesis pathway under U stress

®3 HWME TERAEREREXNERREER(AI3AL)

1 4% Pathways/ID FLH 4 FK Gene name IIHEiIA Description &5 5 log.FC
G2V Light reactions(57 DEGs, 0 up and 57 down)
dn8023_c0_gl _il ATP synthase. beta subunit ATP synthase subunit beta, mitochondrial precursor -6.81
dn2647_c0_gl _il PSTI polypeptide subunits Photosystem II subunit X(PSBX) -4.42
dn25716_c0_gl _il PSII polypeptide subunits Mog1/PshP/DUF1795-like photosystem I reaction center PshP -4.03
family protein
IR SCAEFR Calvin cycle(17 DEGs, 2 up and 15 down)
dn28725_c0_gl _il triosephosphate isomerase (TPI) Triosephosphate isomerase, cytosolic(TIM ) -6.67
dn7161_c0_gl _il aldolase Fructose=bisphosphate aldolase, cytoplasmic isozyme 1 -6.27
dn30764_c0_gl _il transketolase Transketolase, chloroplast precursor(TK) -4.91
FEIFI Photorespiration(16 DEGs, 1 up and 15 down)
dn13380_c0_gl_il serine hydroxymethyltransferase Serine hydroxymethyltransferase, mitochondrial precursor -2.91
dn22093_c0_g2_i4 rubisco small subunit Ribulose bisphosphate carboxylase small chain, chloroplast precursor -2.61
Alanine : glyoxylate aminotransferase (AGT) -2.38

dn22783_c0_gl_il

aminotransferases peroxisomal

Bt B & 42 photosynthetic metabolic pathways (90 DEGs, 3 up and 87 down)

T EfEAGRIE N 20k B, GUEASERIE R RIA T, T,

Note : Positive values are up-regulated, and negative values are down-regulated. The same below.
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Figure 4 Mapman visualization analysis of differentially expression gene related to photosynthesis and mitochondrial electron

transport under U stress
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R4 B TERNEREFEREEEAXNERREER(AT3)

Table 4 List of differentially expressed genes(TOP3) related to mitochondrial electron transport pathway under U stress

1554% Pathways/ID L [H 2 FR Gene name YIREF A Description P35 LogF C
dn10595_c0_gl _il alternative oxidase Encodes AOX1a 3.97
dn9656_c0_gl _il NADH-DH. complex | Encodes NAD(P)H 3.35
dn23587_c0_g6_il NADH-DH. type Il . internal matrix alternative NAD(P)H dehydrogenase 2(NDA2) 3.33

ST ORI T4 1% Mitochondrial electron transport(27 DEGs, 23 up and 4 down)

3 g

3.0 HNEEYHEERKEZERRALEHMHZM

FE W) 19 A i 2 o A AR O 1) AR A
FE—E W EEE LN 1 T 4 JE e T, — e B IRk
JEE A AR A R R e R U o A A T il
Misson SR IF 58 2 B, 76 A BE A1 00 F IRV
(2 pmol - L") (Al il 380 EE X BEZH (O pumol - L) 340 1
FEY) W), R (50 umol « L™ 1500 pmol 1LY
PR BT B AE R O ) A= 1 1 0 8 T 409% 1 69% , H:
i b 0T 4 25% F138.5% , ASWESE & PR Al ik ia
TNREMAEYREESA TR H2Z R AR {0 e
5l ] VR R DA RSN TR A O

CA MR, 2R AR R PR
Hb_b B AS B Al S AR AR TR DRSS IR S itk
AL, 550 REZHA EE il 3 1) A AR R il i R
R E AR BT A, BAL B RO AL . A SR
S, F AR AR A0 A R ) BRI AR Y, o ) AR
SR R, DL 5 4 8 R R 5
EHESIAR RN E . B, R TR
F14) 300 5 200 M 8 7% 5 ot 5 A A ) 386 o, R e 0 2% 14 24
JOCE SR, H b AR R I 2R AN TR R T2
B7 1E 4 E KRR, Al PR 2 Xl T 5 A = Y
W o i A R T Tl 1) 25 1 T2 S 2 AN RE VTR 1Y
BRI, 55 25 RSB 2, FRATT R 30 o VA 3 1l Jly
2 R EE P AT AR B . 5 U-0 pmol - L' 41
FIHE, U=25 pmol - L7 21 A AR I 40 Ji B 78 358 G 58 T
IR TIEY) . XL R MR R AN A RE R AT T
Sl RS, X AT RE R A S AZ 4 A E 2
B o A S o T 5 A I 1) IR A R HE I 4
W53, A T RIS S .
32 NBEEHEASIEAREHEXERRENZM

SR ERE Y SR N AT I i RE I R, L
ZN LR RIS, A A SRR HE R
Bt A ER RS . IR, 76 = W il (U-25
umol « L) il T, 78 G4 B 2 R & A I T [

HFFANEE WA S5 (BR MR CO MR AN ) B 25 R
fiKo ATADFFERM, EABIHA T, MR G & ot
B 2 s S R AL, T R B) COL VR B T e
FRATTHED , e Bl ol s o A S 65 35T I S )
TR, (B A 50 BE ] (72 h) P 28 22 0 B A O
90 6 A 1E F A A8 1k 52 B A < 36 A 8 32 . Houot
LR R ERE T, KES 5 EERW
FE PR G $2 41k ATP I NADPH ) 235 F 3, LA 1 586
JBipif o FRATIRIF TR 4G SR e B, vk B 1)l 3 2%
P T A A VE R O ROVGR TR R R SRR IR AR
FERFIE IR AR A S SR I 2238
33 MM EEHERRFTHAMERRGHEAXERE
2 Al

HR R TG 10T LA AR R W ISR 43 FISR 43 I RE T
R HHEERWTHA LD, AR, KA
R PR B AE 0~25 umol - L7 S A , % 2 4 i AR
EX IS oAy = 2 A 0F <k i (RS R X (39713
JE i AE T R W) RE A5 0 o B AR AR RIS ok 4ERE A B
TEH A BRI, T 2 v B 3k v B 2 WP AR P 45 4 1
BB, AT BOR R TE 0 TR, /NG S OE DR
BN T T R 2R T T R N A B TR 25 R
WEEEIME T Zhn A b 5 o AR B A AR DGR A i R A
ZEFE , AR TTRE IR AR Y ATP B 7K i T RE I RE
AR R, R A A i T TR PTME S, Trani
SERI WS R B, AR E R, RS O 2R 2k
A FE A% 3 A G SE TR ) Rk A BT s o, DA A )
PIPTEPE . IRl AR BT 25 SR R W = vk B 1Y
BB S S T 2 ST AR R B SRR P I F A
IR AR I K ) i ek .

4 i

(DFESIA T, i SR Z BERH Lk 734l 17 H
[ EREAS T E R AR B IR ARG R,
T SR AR Al A% i SR R TR AR, SN )
0 A= BRACHE 3

(2) o e J3E 1) il 3 ARG 17 i 24 96 B 28K



UBE G 45 5 X2 T QO A R R 0 1R 0 2 L 1923

AW T A A R O RN AR AR R SCIRER
ARG WA L N B 3k . 76— BBl
JEVE RN, 7 B4l AR R 5 7 S B Se Tt i s Rk
R U BE B B B 75 T AR R LR A IR
TAL B BACH G IE N W R0k

G)IERNPRE T , T G B E R 2 B0
{ELFLAR 2R A R A A T 8 i, AT 2 57 ol 3 B
Wi A AT —E BT 2, (H T TR R
TEHARZ KA BV S il i) 8 S AE )

S 3k

(1] BRI S, PERH . Sha™ e P50T 3 % vl 2 Jo A et 52 W) ) B 5101, B 1L
HLME, 2015, 43(11):7-11.

CHEN Run-yang, HUA Ming. Research on influence of uranium re-
source on national nuclear power development strategy[J]. Mining &
Processing Equipment, 2015, 43(11) : 7-11.

[2] K, sk S0, 225, 45 . Sl R 15 YRRIE M 255 vA BIEOR B ST 0t
(71 ThEF L, 2015, 24(4) : 58-62.

ZHANG Biao, ZHANG Xiao—wen, LI Mi, et al. The characteristics and
research progress of uranium tailings comprehensive treatment technol-
ogy[J]. China Mining Magazine, 2015, 24(4) :58-62.

[3] Milja T E, Prathish K P, Rao T P. Synthesis of surface imprinted nano-
spheres for selective removal of uranium from simulants of Sambhar
salt lake and ground water{]J|. Journal of Hazardous Materials, 2011,
188(1/2/3) :384-390.

[4] Neves M O, Abreu M M, Figueiredo V. Uranium in vegetable food-
stuffs : Should residents near the Cunha Baixa uranium mine site (Cen-
tral Northern Portugal) be concerned?([J]. Environmental Geochemistry
and Health, 2012, 34(2) : 181-189.

[5] Ei, EHE: . Als g IR AE S HOR ()], A58 5 &, 2019,
31(3):36-38, 40.

WANG Hao, WANG Yan—qin. Phytoremediation for soil contaminated
uraniuml[J]. Environment and Development, 2019, 31 (3):36-38, 40.

[6] EX4HI, SRIGER, FREF, 55 KA A M8 52 T 4 a5 YK A

FEHEREL)] FREETS Y S BTA, 2020, 42(1):107-112.
WANG Xing-1li, WU Xiao—chen, WANG Chen-ye, et al. Research
progress on ecological remediation of heavy metal polluted water by
aquatic plants[J]. Environmental Pollution & Control, 2020, 42 (1) :
107-112.

(71 WRES, Iz, J BT, <5 . AT/ NA2 4y i v AR R A R HO X i e
JERGEIEPER L] VYA~ ], 2012, 32(12) :2457-2463.
CHEN Xia, TANG Yun-lai, ZHOU Lu—lu, et al. Accumulation and dis-
tribution of uranium in wheat seedlings and the effect of uranium on
the photosystem activities[J]. Acta Botanica Boreali—Occidentalia Sini-
ca, 2012, 32(12) :2457-2463.

[8] MU, BN, K 4. 55 AT YL 3P0 AR DL & 2R B K
KPR R )). 4 42 IR AAI, 2014, 14(2) :299-304.

ZHAO Lu—xue, LUO Xue-gang, TANG Yong—jin, et al. Photosynthetic
physiological changes and the uranium accumulation of plants in the
uranium contaminated environment|J]. Journal of Safety and Environ-

ment, 2014, 14(2) :299-304.

[91 X1k . Al X AR 2 55 il P /K Ak BRSO i B B 5[ D . 5P - g 1R
KA, 2014:37-43.
LIU Tao. Experimental study on the treatment effect of Typha orientalis
on low concentration uranium containing wastewater[D]. Hengyang:
University of South China, 2014 :37-43.

[10] Mathew D C, Ho Y N, Gicana R G, et al. A rhizosphere—associated
symbiont, Photobacterium spp. strain MELD1, and its targeted syner-
gistic activity for phytoprotection against mercury[J]. PLoS ONE,
2015, 10(3) :0121178.

[11] Alyemeni M N, Almohisen I A. Traffic and industrial activities around
Riyadh cause the accumulation of heavy metals in legumes: A case
study[J]. Saudi Journal of Biological Sciences, 2014, 21(2) :167-172.

[12] A5H1f, A 220, 4 e, 45 . A 00 g R A 8 PRSI0 240 L 3 A F
FE[I). IR, 2015, 10(6) :297-304.

FU Qian, YANG Lei-yan, LAl Jin—long, et al. Tissue accumulation
and subcellular distribution of cesium in Vicia fabalJ]. Asian Journal
of Ecotoxicology, 2015, 10(6) : 297-304.

[13] TRz A, CHEE, mATd, 55 . Ph  Cd™ & & Wi xh 2 RO6 615 H
OS] JEsTbRoll RS54, 2018, 40(4) :16-23.

ZHANG Jia—tong, GUAN Ying—hui, SI Li-qing, et al. Effects of Ph**
and Cd* combined stress on photosynthesis of Morus alba[J]. Journal
of Beijing Forestry University, 2018, 40(4) : 16-23.

[14] 546, TS+, 2582 B X U R Cd A W3RN K AR RAFAE ().
FRSTRTIE S RS T 2050, 2013, 31(1) £ 55-59.

ZHANG Yan, WANG Dan, LI Li. Response of peas to U and Cd com-
bined stress and their accumulation characteristic[J]. Journal of Radi-
ation Research and Radiation Processing, 2013, 31(1) :55-59.

[15] S fritfy, 20, 2208, 55 . 0 4 ) B o 22 IR 71 ok S 31085 T 1Y
AL AL 2, 2012(11) :38-40.

WU Heng-mei, JI Yan, JIANG Cheng, et al. Effects of heavy metal
cadmium on seed germination and root activity of Luffa cylindrical]).
Northern Horticulture, 2012(11) :38-40.

[16] TLAT ., BT R . AR o 4 0 B B ML) 5 BRI A
P14, 2001(1) :92-99.

JIANG Xing—yu, ZHAO Ke—fu. Mechanism of heavy metal injury and
resistance of plants[]J]. Chinese Journal of Applied & Environmental Bi-
ology, 2001(1):92-99.

[17] BRI, B2 W, e, 25 B B i Jh 3 ) 50 45 M 1oy R il WA WAL

FEPEBRFEL ] A FREERE 241, 2019, 38(11) :2456-2464.
ZHAO Ji-wu, LUO Xue-gang, WANG Zhuo, et al. Photosynthetic re-
sponse of ryegrass to uranium stress and the absorption characteristics
of enriched uraniuml[]J]. Journal of Agro—Environment Science, 2019,
38(11):2456-2464.

[18] fe/Ivifh, A28, XS K 2%, 45 A MM 38 X 4% 25 A K MOt & 4 ARG

SHIBH . A PR, 2016, 35(9) :1672-1679.
XU Xiao—xun, DONG Yuan-yuan, DENG Yu-lan, et al. Effects of
cadmium stress on growth and photosynthetic parameters of Sigesbeck-
ia orientalis L.[J]. Journal of Agro—Environment Science, 2016, 35(9) :
1672-1679.

[19] 2RI, 2= TLE . BF XA A 1 2 T A WL Y e (). e Bflb Bt
2%, 2009, 37(29) : 14009-14015.
5ONG Hong—mei, LI Wei—guo. Research progress on the toxicity of

zine to plants and its mechanism[]J]. Journal of Anhui Agricultural Sci-



1924

URIEINCX ity 53965 98

ences, 2009, 37(29) : 14009-14015.

[20] FUE, 258, FHFIR, 5. BhHA T 3-8 2 B A Rl i s 4

AE A WIAR FOE SR A B 2 M), AL BREERL-2 2440, 2016, 35
(5):878-885.
HE Shu-juan, WANG Hong—bin, WANG Hai-juan, et al. Effects of
indole = 3-acetic acid on morphologic and physiological characteris-
tics of root systems of plants with different arsenic—accumulating abili-
ties under As stress[J]. Journal of Agro—Environment Science, 2016, 35
(5):878-885.

[21] E0E, BT, A0, 55 . e St 4R e FE AR SR A B R 5T
R D). Bl 23], 2019, 28(12) : 184-196.

GAO Hui-juan, LU Xin-pei, WANG Run-juan, et al. Application of
RNA-seq technology in research on herb shrub and stress resistance
[J]. Acta Prataculturae Sinica, 2019, 28(12) : 184-196.

[22] skAfd, FE &, TRAEGE, 55 . % 2N B AEAR 4 7K s Mo 18 B 5
BRI 2 TR TR, 2019, 17(4) : 1191-1202.

ZHANG Jian, TANG Lu, ZHANG Ya-jie, et al. Application of tran-
scriptome sequencing technique in the study of waterlogging stress in
plants[J]. Molecular Plant Breeding, 2019, 17(4):1191-1202.

[23] Brooks L, Strable J, Zhang X, et al. Microdissection of shoot meristem
functional domains[J]. PLoS Genetics, 2009, 5(5) : e1000476.

[24] KR, BT, /N7 YA PR SRR S (M. DURRT . Jbat: &
SFECR R, 2009:88-91.

ZHANG Zhi-liang, QU Wei-jing, LI Xiao—fang. Experimental guid-
ance of plant physiology[M]. 4th Edition. Beijing: Higher Education
Press, 2009:88-91.

[25] Dalal M, Sahu S, Tiwari S, et al. Transcriptome analysis reveals inter-
play between hormones, ROS metabolism and cell wall biosynthesis
for drought-induced root growth in wheat[J]. Plant Physiology and
Biochemistry, 2018, 130:482-492.

[26] EHTT, BRI, A2, A5 AR HM 30 X AN [a] 5 PR3 o KA K 04
W BLAY AL B2, 2019, 33(7) : 1440-1447
WANG Yan—fang, YUE Fei—xue, LI Dong, et al. Effects of cadmium
stress on plant growth, cadmium absorption and distribution of differ-
ent genotypes of maize[]|. Journal of Nuclear Agricultural Sciences,
2019, 33(7) : 1440-1447.

[27] "B, s, 1005 3, 45 2 v Xl 3 4y v AR A R AR BRRAE Y
S 47554, 2009, 29(8) :4215-4222.

YAN Ming-li, FENG Tao, XIANG Yan—ci, et al. Effects of uranium
tailings on growth and physiological characteristics of Brassica seed-
lings[J]. Acta Ecologica Sinica, 2009, 29(8) :4215-4222.

[28] Aibibu N, Liu Y, Zeng G, et al. Cadmium accumulation in vetiveria zi-
zanioides and its effects on growth, physiological and biochemical
characters[J]. Bioresource Technology, 2010, 101(16) :6297-6303.

[29] Misson J, Henner P, Morello M, et al. Use of phosphate to avoid urani-
um toxicity in Arabidopsis thaliana leads to alterations of morphologi-
cal and physiological responses regulated by phosphate availability[J].
Environmental and Experimental Botany, 2009, 67(2) :353-362.

[30] Saenen E, Horemans N, Vanhoudt N, et al. Oxidative stress responses
induced by uranium exposure at low pH in leaves of Arabidopsts thali-
ana plants[]J]. Journal of Environmental Radioactivity, 2015, 150: 36~
43.

(3] XU AR, WREAE, PR, 45 . A RE e Rt o 4 i 14 o g 4

(3. 4 4 24, 2014, 50(5) :605-611.

LIU Qing—quan, CHEN Ya—hua, SHEN Zhen—-guo, et al. Roles of cell
wall in plant heavy metal tolerance[J]. Plant Physiology Journal, 2014,
50(5):605-611.

[32] B4, T EL . AR o 4 A 0 Y WIS 5 i S2 LA A 5 U SR [0,
e Eim A, 2019, 35(24) : 52-57.

JIN Hai—jun, WANG Hai-xia. Plant absorption and tolerance mecha-
nism to heavy metal cadmium: Research progress[J]. Chinese Agricul-
tural Science Bulletin, 2019, 35(24) :52-57.

[33] Balestri M, Ceccarini A, Forino L M, et al. Cadmium uptake, localiza-
tion and stress—induced morphogenic response in the fern Pteris vitta-
ta[]]. Planta, 2014, 239(5) : 1055-1064.

[34] Laurette J, Larue C, Mariet C, et al. Influence of uranium speciation
on its accumulation and translocation in three plant species: Oilseed
rape, sunflower and wheat[J]. Environmental and Experimental Bota-
ny, 2012, 77:96-107.

[35] XAl KL, #0458 F, SDUAAR, 45 . 1S4 aa X I8 %% (Solanum nigrum

L) A A A S AR BURR R B 52 R [T AL PR 72741, 2015, 34
(2):240-247.
LIU Shi-liang, YANG Rong—jie, MA Ming—dong, et al. Effects of soil
cadmium on growth and physiological characteristics of Solanum ni-
grum L. Plants[J]. Journal of Agro—Environment Science, 2015, 34
(2):240-247.

[36] Vernay P, Gauthier—Moussard C, Hitmi A. Interaction of bioaccumu-
lation of heavy metal chromium with water relation, mineral nutrition
and photosynthesis in developed leaves of Lolium perenne L.[J]. Che-
mosphere, 2007, 68(8) : 1563-1575.

[37] Wang Q, Li Z, Cheng S, et al. Influence of humic acids on the accumu-
lation of copper and cadmium in Vallisneria spiralis L. from sediment
[J]. Environmental Earth Sciences, 2010, 61(6) :1207-1213.

[38] Houot L, Floutier M, Marteyn B, et al. Cadmium triggers an integrated
reprogramming of the metabolism of Synechocystis PCC6803, under
the control of the SIr1738 regulator[J]. BMC Genomics, 2007, 8:350.

[39] Shahid M, Arshad M, Kaemmerer M, et al. Long—term field metal ex-
traction by pelargonium: Phytoextraction efficiency in relation to plant
maturity[J]. International Journal of Phytoremediation, 2012, 14(5) :
493-505.

[40] H/NER, BE A, S0, 25 . 5B af X 1 i AR R 38 1 FIBT T8 FR o0

ZIRI AR, PR A7, 2019, 32(9) :2090-2096.
TIAN Xiao—xia, MAO Pei—chun, GUO Qiang, et al. Effects of cadmi-
um stress on root activity and mineral nutrient absorption of Iris lactea
[J]. Southwest China Journal of Agricultural Sciences, 2019, 32(9) :
2090-2096.

[41] Ding Z, Zhang Y, Xiao Y, et al. Transcriptome response of cassava
leaves under natural shade[J]. Scientific Reports, 2016, 6:31673.

[42] Li L, Hu L, Han L P, et al. Expression of turtle riboflavin—binding pro-
tein represses mitochondrial electron transport gene expression and
promotes flowering in Arabidopsis[J]. BUC Plant Biology, 2014, 14
381.

[43] Trani S, Trost B, Waldner M, et al. Transcriptome analysis of response
to Plasmodiophora brassicae infection in the Arabidopsis shoot and

root[J]. BUC Genomics, 2018, 19(1):23.





