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Abstract: Chloroplasts are active metabolic centers that sustain life on earth by converting solar energy to
carbohydrates through the process of photosynthesis and oxygen release. This article is a brief overview of
chloroplast biogenesis , degradation and retrograde signaling.
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Fig. 1 Chloroplast biogenesis and development in dicotyledonous seedlings alongside
germination. Here illustrating epigaeic seedlings
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Fig. 2 Chloroplast biogenesis and development in monocotyledonous seedlings. Example
shown for a maize plant.
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Fig. 3 Chloroplast development in the shoot apical meristem
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Fig.4 CV Expression Is Induced by Senescence and Abiotic Stress
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Fig.5 CV-Induced Vesicles Are Released from Chloroplasts
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Fig.6 Transport of CV to the Vacuole
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Fig.7 Overexpression of CV Resulted in Chloroplast Degradation
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Fig.8 Artificial MicroRNA Silencing of CV Delayed Salt Stress-Induced Chloroplast
Degradation
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Fig.9 retrograde signaling
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Table 1 Summary of known biological processes in which plastid-to-nucleus retrograde

communication is active

Retrograde Nuclear, cellular, or
Purpose of pathway/ physiological response,
communication | Organelle Process/stimulus components with example target genes | Reference(s)
Biogenesis Chloroplast | Photosystem assembly Heme, Photosynthesis-associated 133, 157
and maintenance tetrapyrroles nuclear genes (PhRANG)
GUNI1-PTM-ABI4 regulation (LHCh, CAB) 68,136
PRIN2-PEP PEP and NEP 65
GLK 55,155
Operation PSII overexcitation B-Cyeclocitral Programmed cell death 107, 108
0y (AAA-ATPase)
EX1, EX2 Singlet oxygen-responsive 72
genes (SORG) regulation
(GSTU13, AAA-ATPase)
PQ redox state SAL1-PAP Plastid redox—associated 26
PSI overexcitation DHAP-TPT- nuclear genes (PRANG) 151
(H,0,,07) MPK6 regulation (4PX2, ZAT10,
STN? ERE) 8
Plastid redox state® PRIN2 PhANG regulation (LHCH, 65
MEcPP CAB) 159
Hormonal SA and biotic stress MEcPP Defense (ICS1, HPL) 159
crosstalk Jasmonate synthesis and | SAL1-PAP JA accumulation (LOX2, 113
signaling OPR3, AOC3)
B-Cyclocitral Programmed cell death 108
(AAA-ATPase)
ABA signaling SAL1-PAP Stomatal closure and 116
PRANGs (4PX2)
Development Shoot development GUN1 Hypocotyl elongation 119, 137
SALI-PAP Leaf morphology 59,112
Apocarotenoids 5
Fruit development Chromoplast biogenesis 100
Nongreen
plastids
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Fig.10 Chloroplast retrograde signaling
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Table 2 Summary of plastidic, subcellular transport, cytosolic, and nuclear components involved

in biogenic and operational signaling pathways that modulate plastid homeostasis in wild-type

plants
Pathway Plastidic components Cytosolic Nuclear
components REncor Other Export components components
GUNI, CHLH, GUN4 PTM protease HY5, CRY1, PTM, ABI4, GLK1,
SG1, SIG2, SIG6 PhyB GLK2
FCl1
B-Cyclocitral, DHA Topo VI complex,
EX1, EX2 A
Redox state and SALI1, PAP XRN2, XRN3
PSI ROS HDS, MEcPP
STN7, PRINZ, HSFAs, CDKET,
H,0;/redox RCDI1/RIMBI-
Rap2.4a
DHAP
WHY1

ZDS, clbs signal, CCD
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Fig.3 Biochemical pathways of the different metabolite retrograde signals
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