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Life Cycle of Flowering Plants
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The mystery:
Homologous pairing and recombination

Basis of breeding
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Major processes of meiotic prophase |

crossovers

Leptotene Zygotene Pachytene Diplotene Diakinesis

recombination

pairing



The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway

Invasion, extension, D-loop Formation
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The DSB repair pathway

Invasion, extension, D-loop Formation
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway

Double Holliday junction
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The DSB repair pathway
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The DSB repair pathway
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The DSB repair pathway
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From DSBs to COs with interference

500 RADS51 foci

20 RADS51 foci

5um

homologs

®: Designated DSB

SCE (sister chromatid exchange)



Male Meiosis in Maize
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Male Meiosis in Maize
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Taken by Deconvolution Microscope



Maize meiocytes are amenable to super-resolution
microscopy

AFD1/REC8 antibody

Included in the textbook “Molecular Biology of
the Cell”, 6th edition by Alberts et al. 2015






Resolution limit and super-resolution microscopy
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Expansion Microscopy (ExM)
Make samples physically BIGGER

Ed Boyden
Chen et al (2015)




Expansion Microscopy (ExM)

By 3D-SIM
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Expansion Microscopy (ExM)

Use of polyelectrolyte hydrogel
4X expansion in X, Y and Z = 64X in volume
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Expansion Microscopy (ExM)

ProExM (Nature Biotech, 2016) Expansion
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Expansion Microscopy (ExM)
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Reprinted by permission from Macmillan Publishers Ltd.: [Nature] Diamond, J. (2002). Evolution, consequences
and future of plant and animal domestication. Nature 418: 700-707, copyright 2002.


http://www.nature.com/nature/journal/v418/n6898/full/nature01019.html
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Photo © Robert S. Peabody Museum of Archaeology, Phillips Academy, Andover, Massachusetts. All Rights Reserved.
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Teosinte glume architecture (Tga1)

- SBP transcription factor

N-terminal C-terminal
(103 aa) (251 aa)
T SBP-domain

(78 aa)
LYS > ASN (BEPRp->X ® 4 fpi%)

h .

(Doebley’s group, 2005, Nature)
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Teosinte branched1 (tb1)
TCP transcription factor

HOPSCOTCH
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(Doebley et al., 1995. Genetics)
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direct interaction interaction activation repression
uncharacterized

(Trends in Genetics, 2019)
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More than 10 000 years ago:
Selective breeding
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@ ‘3& 3 ﬁ- Cross breeding

From 1928:
Mutation breedin
\ g
wZ_ 2 —-
& 'ﬂ F;Cl"é From 1983:

Genetic modification

-> ————————————eeeee
A\—d-’}#-%" #xgé?ﬁ{ From 2000:

Selection using DNA markers

—_—
ik ﬂ%ﬁ { :r:;slz;ll::'eeding



TR/ BERE FERF YLK

i B s Al
A7 FhR T A

310 ik A

AN | . lli‘ll



CRHURRBE A2 AN

Domestication ‘.‘
Wild relatives -

Locus A = =t [ Ea e Selectinna = 1=

Locus B |e = o= < - L . <

Locus C = = Py = R N [ [t e s




Poor tomato
but disease
resistant

Elite tomato |

F1 I
]

Photo by Stephen Ausmus USDA


http://www.ars.usda.gov/is/graphics/photos/jul03/k10498-2.htm

After several
generations, elite,
disease resistant
| tomato
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39 I 46 : At
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e [ n. mo B4 T 1 other agronomically
80— 14 80— | 80— 80— |3 80— 80— 80— 80| 80— & . :
= T 27 34 42 ﬂ Important traits
100— 100— |~ 21100 100 — 100 — 100— 100—{_ 44100 100 . .
20T 5120 | 1208 U .. O including drought
1| DT R | tolerance
140 140 | 2140-\J 140 -
U o2 v

B SNP confers resistance relative to B73

B SNP confers susceptibility relative to B73

m QTL

B QTL retained in final model of 51 SNPs, 3 QTLs

Reprinted by permission from Macmillan Publishers Ltd Kump, K.L., Bradbury, P.J., Wisser, R.J., Buckler, E.S., Belcher, A.R., Oropeza-Rosas,
M.A., Zwonitzer, J.C., Kresovich, S., McMullen, M.D., Ware, D., Balint-Kurti, P.J., and Holland, J.B. (2011). Genome-wide association study of
quantitative resistance to southern leaf blight in the maize nested association mapping population. Nat Genet 43: 163-168.


http://www.nature.com/ng/journal/v43/n2/full/ng.747.html

Apple gene

Some traits can be
modified by the
introduction of a cisgene —
a gene from the same or
closely-related species

‘i

That might mean that Or, bacterial and viral DNA may be included, but no
little foreign DNA is protein-coding regions from other organisms (“intragenic”)

introduced (“cisgenic”) 1 w_)
: : Apple gene

} Apple gene Small amounts of DNA from T-DNA
borders may be incorporated

Schouten, H.J., Krens, F.A. and Jacobsen, E. (2006). Cisgenic plants are similar to traditionally bred plants. EMBO Rep. 7: 750-753.



http://www.nature.com/embor/journal/v7/n8/full/7400769.html
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Zinc-finger nucleases (ZFNs)
and transcription activator-like
effector nucleases (TALENS) are

proteins that can produce double- \ ’
strand DNA breaks that when

repaired introduce site-specific /-

mutations or insertions

The clustered regularly interspaced
short palindromic repeats

(CRISPR) / CRISPR-associated

5-.'””"""”””" \_—linker loop (Cas) system uses RNAs to target

i S ) nucleases to specific sites; when

oy repaired, site-specific mutations or

3 \ insertions are introduced

TS NI

R

!

crAMA-tracrBMNA chimera

From Jinek, M., Chylinski, K., Fonfara, 1., Hauer, M., Doudna, J.A. and Charpentier, E. (2012). A programmable dual-RNA—guided DNA endonuclease in adaptive bacterial immunity. Science. 337: 816-821 with permission
from AAAS; see also Bhaya, D., Davison, M. and Barrangou, R. (2011). CRISPR-Cas Systems in Bacteria and Archaea: Versatile small RNAs for adaptive defense and regulation. Annu. Rev. Genet. 45: 273-297.

© 2013 American Society of Plant Biologists


http://www.sciencemag.org/content/337/6096/816.full
http://www.annualreviews.org/doi/pdf/10.1146/annurev-genet-110410-132430
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Gene Gun Agrobacterium spp.




AFIRE(A7OR K

Resistant Suscetible

Banana bacterial wilt (Xanthomonas campestris pv.
musacearum) is destroying plants in eastern Africa.
Transgenic plants carrying a resistance gene from
pepper are resistant to the disease

Tripathi, L., Mwaka, H., Tripathi, J.N., and Tushemereirwe, W.K. (2010). Expression of sweet pepper Hrap gene in banana
enhances resistance to Xanthomonas campestris pv. musacearum. Molecular Plant Pathology 11: 721-731.

© 2013 American Society of Plant Biologists


http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract
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Wild-type peanut plant Peanut plant expressing the Bt gene

Photo by Herb Pilcher USDA

© 2013 American Society of Plant Biologists


http://ars.usda.gov/is/ar/archive/nov99/pest1199.htm

Bacillus thuringiensis (Bt) jm 728 ¥
s 5 4

Bacillus thuringiensis expressing

Bacillus insecticidal Bt toxin can be
thuringiensis sprayed onto plants
’ expressing Bt

toxin

Plant cell

expressing Bt
toxin

Or the plants can be engineered to
express the Bt gene coding for Bt
toxin

© 2013 American Society of Plant Biologists
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Bt CORN

Corn engineered to contain spores of the bacterium Bacillus thuringiensis (Bt) kills insect pests but does not harm humans.

: : \
Bacterium . Bt crystal gene
(Bacillus |

thuringiensis)

Sy N\ /UMY
s \AMAMAL
=0 i~ A
. ' \x 4
- Plant cell Corn genome
T
—_ o Corn plant destroyed by —— o Bacterial gene coding for Bt — 9 Bt crystals—toxic to =
butterfly larvae crystals, which are poisonous to caterpillars—are now produced by
{caterpillars). _ the caterpillars, is inserted the corn plant itself and are present
directly into the corn plant’s DNA. in all cells, reducing the amount of

pesticides the farmer must use.

© 2013 American Society of Plant Biologists
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) Severe subclinical
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& Mo data available Vitamin A deficiency is a leading cause of blindness

Image sources: Petaholmes based on WHO data;

© 2013 American Society of Plant Biologists


http://www.who.int/nutrition/publications/vitamin_a_pub/en/

To increase beta- " GGPP
carotene levels in
plants, you need ¥
more synthesis,  Synthesis < Phytoene
more storage or Y
less catabolism lycopene
. @
- < B-carotene
Storage S 2
Catabolism
or
conversion
or to other

Chromoplasts —
organelles that store forms
carotenoids

© 2013 American Society of Plant Biologists


http://botit.botany.wisc.edu/courses/botany_130/Eukaryotic_Cell/images/Pepper.jpg
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(A) Conventional breeding
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(B) Transgenesis

Sexually incompatible crop
plant
Interested
gene/trait
Clone and
transfer
into T-DNA
with foreign
coding and
regulatory )
elements Agrobacteriu
+ m mediated
transformation
Cultivated
variety
& Screen and
validation
ER GM
variety

(C) Cisgenesis

Same species or crossable
closely relative crop plant

Interested
gene/trait
Clone and
transfer
into T-DNA
with native
coding and
regulatory
elements

Cultivated
variety

Screen and
validation

Engineered
variety

(D) Genome editing
Cultivated variety
Make a
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| CRISPR
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Variety (indels) Deletion replacement




What risk assessments are
performed on GM crops?

Before release into the environment, GM crops are subject to risk-
assessment and risk-management measures to evaluate:

» Risks to human health (including toxicity and allergenicity)

» Risks of evolution of resistance in target pathogens or pests
* Risks to non-target organisms

» Risks from movement of transgenes

© 2013 American Society of Plant Biologists



Are GM crops safe to eat?

YES

All GM plants are subject to GM biofortification can
extensive testing and ensure that all children
regulatory oversight and no get adequate levels of
detrimental health effects protein, vitamins and
have been identified mineral nutrients.

Bt corn is less prone GM is a safe and

contamination by fungi which beneficial tool in the
produce toxins linked to quest to sustainably feed
cancer and birth defects the growing population

Photo credit: Neil Palmer/ CIAT

© 2013 American Society of Plant Biologists


http://www.flickr.com/photos/ciat/3972123507

Will genes from GMOs contaminate
wild populations?

When Pandora opened the
forbidden box she released

evil into the world g O e A
;== 7 (e
1 \ ) :+ f

Pollen can move DNA

between plants. To minimize
this possibility, GM crops i
have to be grown prescribed #
distances away from closely §
related plants. Technological FEEEESY
methods to reduce this risk '

John William Waterhouse: Pandora - 1896 are being developed-

© 2013 American Society of Plant Biologists


http://www.johnwaterhouse.com/view.cfm?recordid=69

Will anti-insecticidal genes harm
unintended targets?

ButterflylUtopia.com

U< SV Y
The evidence shows that the planting of GE crops has largely
resulted in less adverse or equivalent effects on the farm
environment compared with the conventional non-GE systems
that GE crops replaced (National Academies 2010)

Image credit jons2

© 2013 American Society of Plant Biologists


http://pdphoto.org/PictureDetail.php?mat=pdef&pg=6163

Scientists worldwide endorse GM as
an important tool for breeding

“Both genetic improvement
and better crop management Reapmg the beneﬁts

are vital and both should be Bt
resourced in parallel.” - 2009 |t

American Socie
of Plant Biologists

Cultivating a better future through plant biology research

“The ASPB believes strongly that, with
continued responsible regulation and
oversight, GE will bring many significant
health and environmental benefits to the
world and its people.” - 2006

THE ROYAL SOCIETY

© 2013 American Society of Plant Biologists



	投影片編號 1
	投影片編號 2
	投影片編號 3
	投影片編號 4
	投影片編號 5
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 18
	投影片編號 19
	投影片編號 20
	投影片編號 21
	投影片編號 22
	投影片編號 23
	投影片編號 24
	投影片編號 25
	投影片編號 26
	投影片編號 27
	投影片編號 28
	投影片編號 29
	投影片編號 30
	投影片編號 31
	投影片編號 32
	投影片編號 33
	投影片編號 34
	投影片編號 35
	投影片編號 36
	投影片編號 37
	投影片編號 38
	投影片編號 39
	投影片編號 40
	投影片編號 41
	投影片編號 42
	投影片編號 43
	投影片編號 44
	投影片編號 45
	投影片編號 46
	投影片編號 47
	投影片編號 48
	投影片編號 49
	投影片編號 50
	投影片編號 51
	投影片編號 52
	投影片編號 53
	投影片編號 54
	投影片編號 55
	投影片編號 56
	投影片編號 57
	投影片編號 58
	投影片編號 59
	投影片編號 60
	投影片編號 61
	投影片編號 62
	投影片編號 63
	投影片編號 64
	投影片編號 65
	投影片編號 66
	投影片編號 67
	投影片編號 68
	基因編輯
	投影片編號 70
	投影片編號 71
	基因轉殖(基改)香蕉
	基因轉殖(基改)花生
	Bacillus thuringiensis (Bt) 細菌的基因對抗毛毛蟲
	Bacillus thuringiensis (Bt) 細菌的基因對抗毛毛蟲
	基改植物對抗維他命A缺凡症
	基改作物產生β-胡蘿蔔素
	投影片編號 78
	What risk assessments are performed on GM crops?
	Are GM crops safe to eat?
	Will genes from GMOs contaminate wild populations?
	Will anti-insecticidal genes harm unintended targets?
	Scientists worldwide endorse GM as an important tool for breeding

