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Visualization of mitochondrial dynamics in tomato based on
green fluorescent protein
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Abstract: This study aimed to visualize the morphological features and dynamic changes of
tomato mitochondria to provide a basis for the study of its mitochondrial functions. In this study,
transgenic  tomatoes  expressing  mitochondria-localized green  fluorescent  protein
(mitochondria-GFP, Mt-GFP) were obtained by Agrobacterium-mediated genetic transformation.
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The color, hardness, soluble solids, acidity content, respiration rate, and ethylene production of
the transgenic Mt-GFP tomato fruits were determined at the stage of mature green, breaker, and 3,
6, 9 days after breaker, while the wild-type tomato fruits were used as a control. As expected,
Mt-GFP recombinant protein did not affect the ripening process, but induced the increased acidity
of tomato fruits. The accumulations of Mt-GFP protein in tomato leaves and fruits were
successfully verified by Western blotting. The morphological characteristics of mitochondria in
flower, leaf and fruit cells as well as the dynamic changes of mitochondria in flower cells were
clearly observed and studied under confocal laser microscope. The development of transgenic
Mt-GFP tomato plants helps the visualization of tomato mitochondria and provides good research
materials for the study of mitochondrial function during tomato development and fruit ripening.

Keywords: green fluorescent protein; tomato fruit; mitochondria localization protein;

mitochondrial visualization; mitochondrial function
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Figure 1
Terminator of NOS; 35S: Promoter of CaMV 358S.
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The concentration of hormone and antibiotics in the media at various stages of tissue culture

Stage Kan (mg/L) Ti (mg/L) Concentration of hormone (mg/L)

TO / / / /

T1 / / 6-BA 1.0
IAA 0.1

T21 75.0 200 ZT 1.0
1AA 0.1

T22 75.0 200 ZT 0.5
GA 1.0

T3 37.5 150 IBA 2.0

/ means no hormone and antibiotic were added.

http://journals.im.ac.cn/cjben



PE % | ETRERABRABEERNARSTAMNER 1033

1.2.7 HEBEWNE Mt-GFP FEAAFE SR A
R AR TS

GFP BRI KNy 488 nm, 44K H K9G
FIOR KA 640 nmo SN EL: 13 K7 21 i
i 20 fi545 ; WERFAGAE . W b SR R 2
fdi ] 60 13555 .
1.2.8 HEBHITFAS R

i Excel 2019 #Ff722; {#H SPSS 26
WEATEE 7 22 A AL PR 22 R o b, A ROR
Z 5 5% (P<0.05), NS EREFARHE,

2 BER540

2.1 Mt-GFP EBEREM K 48R & R II
FRik

DIHE I R oAk, % Mt-GFP & I FE AR
TR R 2RE, TIOBIL R B AT T
RGN . GERWE 2 Fin, sEootFERR
GFP, ZLEAR 2L B aRRm ki, A T HE
B S Fh 2R 1 ¢ B AT R R I 2R RS A R 9,

Merge

Control

20 pm

Mt-GFP

20 pm

E 2 HHE MT-GFP EH ML BERE

Mitochondria

DL S BR VR T S5 B 4 (Mt-GFP), LU
T G VA O X AL, A5 R EOR, fE
Mt-GFP 41, ZebifAct B i i 28 (8. 08 6 hnic
FEAR M S I AL RS A, R 2R E fof
PRICE FEE Y T RIB AT . JF HERR A
IER IR SRR A RO ES, XA L
HEBR i W52 2] 1) 2 6,258 2 5 15 5 T bk [
RPN AT
2.2 Mt-GFP #ERFEMMIEENETE
Mt-GFP %% 5 A AR OB TR AT A2 1
T F s R . WA S R
SRR To, SR TL. il T21. Zff
£ T22. AR T3, R AL aReT I, R AR
Mt-GFP B:JLNE A, 450K 3 s, 3115
BRRSE , FEEC TO A AR, 4
BN (E 4), A 3 BRARR A R SR S A
B3] Mt-GFP 2 133k, R0 I 4 5 R Al ke
BB .

Chloroplast

20 pm

20 pm

20 um 20 pm

Figure 2 Laser confocal imaging of Mt-GFP protein in tobacco.
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Figure 3 The cultivation process of Mt-GFP tomato. TO: Sowing; T1: Pre-culture; T21: Bud induction; T22:

Stem elongation; T3: Root growth.
Leaf Fruit
WT #1 #2 #3 WT #1 #2 #3
—— -“LZS s

GFP ‘

ACH] | ——— ——— 45 kDa

B4 Mt-GFP EHMERIE  WT: BARIEN;
#1-3: 4352 Mt-GFP FHi 3 Hikk &

Figure 4 The expression of Mt-GFP protein. WT:
Wild type tomato; #1-3: Different strains.
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Figure 5 Apparent characters and color difference of Mt-GFP fruits. A: Appearance of tomato; B—D: Chromatic
aberration L*, a* and b* of tomato, respectively; MG: Mature green; Br: Breaking; NS: Not significant.
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Figure 6 Physiological quality of Mt-GFP fruits. A: Hardness; B: Soluble solid (SS); C: Titratable acid (TA);
D: Solid acid ratio (SS/TA); MG: Mature green; Br: Breaking; NS: Not significant.
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Figure 7 Trends of respiration intensity and ethylene release of Mt-GFP fruits. A: Respiration rate; B:
Ethylene release; MG: Mature green; Br: Breaking; NS: Not significant.
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Figure 8 Mitochondrial morphology in flowers,

leaves and fruits of Mt-GFP. MG: Mature green; RR:
Red ripening.
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Figure 9 Mitochondrial dynamic changes in Mt-GFP tomato flower cells.

3 WwE5&#

A5 AE K 5 I B R 3k AT LA A AR 2R
PRI SR AP 1, RO IR B T T L
NS B AR B8 Kz 240 i rp g (6,9 SR il i 2 kE
T, HOBAREWAT B, 28 Mt-GFP w] LLEAH )
HR R GORLAAR o SR 5 1 B ARAT IR T 1 8t AL AL
FANE Mt-GFP # AN, A AERERR IO AE |
I 5 LR S 20 S T i A4 1) T Ak

Mt-GFP fE RN ZRARRIbRICE 1, HREN
TRAN S M T i A S0 5T, 5 W) Iy 1o FH ek
PRINBERTSE . SCHINAE T Mt-GFP S S7E AN [
BT S AR A . B TR O S, R SE AN
H SR AR B AR RS, SRS A Ak, 2%
e N ERRMED RASER SRR,
X R AL R A T e R s, &
M WAL, W FRR e e A R, &
HOWERETH R . Mt-GFP &% 3% R 2 h i A UL £
WERE AL ETE Y S RS WT Z A Siit#
25, {0 Mt-GFP FiiRE B & & T WT, &
H Mt-GFP 19 [ R AR . — ki, IR 2 Al o
TSR T B R AR 2 — T SRS L B
WZVF 2R, B EReE . RIS

&: 010-64807509

RIS FER R BN, FEF T
R % T o 1 ) RS L B PR g e 3k 4 i i SR S
JEH2N ) Mt-GFP SRS 1R B T it v] RS2 F Ik
T3 ARG E (IO I RIB R R
T ARG, AR S R i A S 1E H AR
Ao LIRIETAAR I BRI H T, B
R AR 5 BRI O R TR
LN ER O S0 o8 S 181 S5, L ¢ 0
FE, Mt-GFP 7 fili FU B A= B i I FE il 0 J
93 R CImREm g, H =38 1) S A Rk e
T8 F M2 5(P>0.05)( 7), Ui Mt-GFP (13
TRANZERE ) &0 T 25 0 3 ik A 52 1) T A
YRR T] DRI I S F sl A Re v, AR P AE
VI & B T E RS HIE R . SR s s
] o A Mt-GFP $2 JE R AN MRL, WSS T Zkr
PRAEA RV ZH ZURUR 52 it 78 vh 1y sh 828 kL 78
WO R BB T, bR B H o A 7E F ih
g, RACRAFIR(E 8), PEdE, gk
WAEREHY TP EEAZMIEE, W 3B, &
JTE . RIESMAIERY, BRI K, AL
Flk 0.2-1.5 pm™®, XS AR WAL 25 TE—3
FEANME T, R i Sh A5 3 A ] 4y Sk SR AR
S48 o BATTRT DAAH B Rl A T N 25 R 2

B<: cjb@im.ac.cn



1038 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

1, B 5 B8 B B A . SRR 12 3
M F WLBh & 11 22 | v () 22 R 4 A P A i
R0 AR R BRI, RRATT I E
S R RIS R 1 2 P R s T A
5% VLT A6 41 LA A i 5 A4 3 25 48 Ak o L
I G o AR LR AR W AR, I b A E TR i A 2
JLHOURER B T ARAR R B S AR A - Bl LR A TE
HIMINIE S, 2 DL W AH B i I AL
A, SRR Z T A B (] 9), XERE
MHE Mt-GFP SR A aT AL 2 I AT R o (B
FHX A7 ik MER b iR iz S i B A E— W R
RRAME, il ande Tt R scan e rh , oo KR A7
TEC LR RS A Mg B B B A i ih 2%, Hk,
P 2o 4 RN SR AR JH [ B 2
2R A A P BN TSR SRR 132 sl 2
IAE LS BESE Hh, WT DR PS4 O 2R
FE D TUBE T R SO SR S A AR TSR, B Ak ekt
FE b FTAL 3 =X, AT BRI IRk 240 e i (AR
PSR IR At 240 Y 25 X 5 S A 5

g bRk, AR E R Mt-GFP 5 A%
i, SEELT A AR ATE S B AT . Rk
AL ARDRHS Ho A K g 8 2 il 22 28, A B TR
FEAN RS R AE T i b v () FLARTh 8, vl 2
P B A i R S N it JoT 2 T A 4 A
32 O 245 AR 110 BV A0 4k AR ek PR R

REFERENCES

[1] KLEE HJ, TIEMAN DM. Genetic challenges of flavor
improvement in tomato[J]. Trends in Genetics, 2013,
29(4): 257-262.

(2] #NKE, B, BO7, Hfhfd. <t =T s EF ™

b & e B B 3 A 3 WA (0], b RSE, 2023,
36(1): 112-116.
SUN YZ, HE J, WEI F, YANG WI. Evaluation on the
development and international competitiveness of
China’s tomato industry during the 13th Five-year Plan
period[J]. China Cucurbits and Vegetables, 2023,
36(1): 112-116 (in Chinese).

http://journals.im.ac.cn/cjben

[6]

(1]

[13]

KLEE HJ, GIOVANNONI JJ. Genetics and control of
tomato fruit ripening and quality attributes[J]. Annual
Review of Genetics, 2011, 45: 41-59.

ROBLES P, QUESADA V. Emerging
mitochondrial

roles of
ribosomal  proteins in  plant
development[J]. International Journal of Molecular
Sciences, 2017, 18(12): 2595.

PALIKARAS K, TAVERNARAKIS N. Mitochondrial
homeostasis: the interplay between mitophagy and
mitochondrial biogenesis[J].
Gerontology, 2014, 56: 182-188.
HOPPINS S, NUNNARI J. The molecular mechanism
of mitochondrial fusion[J]. Biochimica et Biophysica
Acta (BBA)-Molecular Cell Research, 2009, 1793(1):
20-26.

YANG YF, ZHU GN, LI R, YAN SJ, FU DQ, ZHU BZ,
TIAN HQ, LUO YB, ZHU HL. The RNA editing factor
SIORRM4 is required for normal fruit ripening in
tomato[J]. Plant Physiology, 2017, 175(4): 1690-1702.
YANG YF, LIU XY, WANG KR, L1JY, ZHU GN, REN
S, DENG ZP, ZHU BZ, FU DQ, QU GQ, LUO YB,
ZHU HL. Molecular and functional diversity of

organelle RNA editing mediated by RNA recognition

Experimental

motif-containing protein ORRM4 in tomato[J]. New
Phytologist, 2020, 228(2): 570-585.

KOHLER RH, ZIPFEL WR, WEBB WW, HANSON
MR. The green fluorescent protein as a marker to
visualize plant mitochondria in vivo[J]. The Plant
Journal, 1997, 11(3): 613-621.

NELSON BK, CAI X, NEBENFUHR A. A
multicolored set of in vivo organelle markers for
co-localization studies in Arabidopsis and other
plants[J]. The Plant Journal, 2007, 51(6): 1126-1136.
STELLMACH H, HOSE R, RADE A,
MARILLONNET S, HAUSE B. A new set of
golden-gate-based organelle marker plasmids for

colocalization studies Plants, 2022,
11(19): 2620.

MA LQ, YANG YF, WANG YQ, CHENG K, ZHOU
XW, LI JY, ZHANG JY, LI R, ZHANG LL, WANG
KR, ZENG N, GONG YY, ZHU DM, DENG ZP, QU
GQ, ZHU BZ, FU DQ, LUO YB, ZHU HL. SIRBP1

promotes translational efficiency via SlelF4A2 to

in plants[J].

maintain chloroplast function in tomato[J]. The Plant
Cell, 2022, 34(7): 2747-2764.

WA, FRE, BEE. REURE A M AL s
ML dbs H EER T A, 2007.

CAO JK, JIANG WB, ZHAO YM. Guidance on



PE % | ETRARABABERRNAESTRNEN 1039

[14]

[15]

[16]

[17]

[18]

(21]

[22]

Postharvest Physiological and Biochemical
Experiments of Fruits and Vegetables[M].
China Light Industry Press, 2007 (in Chinese).
BIALE JB. Growth, maturation, and senescence in
fruits[J]. Science, 1964, 146(3646): 880-888.

EGEA I, BIAN WP, BARSAN C, JAUNEAU A, PECH
JC, LATCHE A, LI ZG, CHERVIN C. Chloroplast to

chromoplast

Beijing:

transition in tomato fruit: spectral
confocal microscopy analyses of carotenoids and
chlorophylls in isolated plastids and time-lapse
recording on intact live tissue[J]. Annals of Botany,
2011, 108(2): 291-297.

CARRARI F, FERNIE AR. Metabolic regulation
underlying tomato fruit development[J]. Journal of
Experimental Botany, 2006, 57(9): 1883-1897.

MA BQ, CHEN J, ZHENG HY, FANG T, OGUTU C,
LI SH, HAN YP, WU BH. Comparative assessment of
sugar and malic acid composition in cultivated and
wild apples[J]. Food Chemistry, 2015, 172: 86-91.
MATTHEIS JP, FELLMAN JK. Preharvest factors
influencing flavor of fresh fruit and vegetables[J].
Postharvest Biology and Technology, 1999, 15(3):
227-232.

SHAH K, SINGH M, RAI AC. Bioactive compounds
of tomato fruits from transgenic plants tolerant to
drought[J]. LWT-Food Science and Technology, 2015,
61(2): 609-614.

KARLOVA R, CHAPMAN N, DAVID K, ANGENENT
GC, SEYMOUR GB, de MAAGD RA. Transcriptional
control of fleshy fruit development and ripening[J].
Journal of Experimental 2014, 65(16):
4527-4541.

BRUMMELL DA, HOWIE WJ, MA C, DUNSMUIR P.

Postharvest

Botany,

fruit quality of transgenic tomatoes

suppressed in expression of a ripening-related
expansin[J]. Postharvest Biology and Technology,
2002, 25(2): 209-220.

HUANG W, HU N, XIAOZN, QIU YP, YANG Y,

&: 010-64807509

[26]

[27]

[29]

[31]

YANG J, MAO X, WANG YC, LI ZG, GUO HW. A
molecular framework of ethylene-mediated fruit
growth and ripening processes in tomato[J]. The Plant
Cell, 2022, 34(9): 3280-3300.

BARRY CS, GIOVANNONI JJ. Ethylene and fruit
ripening[J]. Journal of Plant Growth Regulation, 2007,
26(2): 143-159.

LOGAN DC. Mitochondrial dynamics[J].
Phytologist, 2003, 160(3): 463-478.
JAIPARGAS EA, BARTON KA, MATHUR N,
MATHUR J. Mitochondrial pleomorphy in plant cells
is driven by contiguous ER dynamics[J]. Frontiers in
Plant Science, 2015, 6: 783.

LOGAN DC, LEAVER ClJ. Mitochondria-targeted GFP
highlights the heterogeneity of mitochondrial shape,

New

size and movement within living plant cells[J]. Journal
of Experimental Botany, 2000, 51(346): 865-871.
NEKRASOVA O, KULIK AV, MININ A. Proteinkinase
C regulates motility of mitochondria[J]. Biologicheskie
Membrany, 2007, 24: 126-131.

DONIWA Y, ARIMURA SI, TSUTSUMI N.
Mitochondria use actin filaments as rails for fast
translocation in Arabidopsis and tobacco cells[J]. Plant
Biotechnology, 2007, 24(5): 441-447.

STICKENS D, VERBELEN JP. Spatial structure of
mitochondria and ER denotes cell
The

changes in
physiology of cultured tobacco protoplasts[J].
Plant Journal, 1996, 9(1): 85-92.

van GESTEL K, KOHLER RH, VERBELEN JP. Plant
mitochondria move on F-actin, but their positioning in
the cortical cytoplasm depends on both F-actin and
microtubules[J]. Journal
2002, 53(369): 659-667.

XU Z, ZHANG RS, YANG MJ, LAW YS, SUN F,
HON NL, NGAI SM, LEONG LIM B. A balance
between the activities of chloroplasts and mitochondria

of Experimental Botany,

is crucial for optimal plant growth[J]. Antioxidants,
2021, 10(6): 935.

(A3CTT4  ARETTT)

B<: cjb@im.ac.cn



