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Your Pseudonym:
The following is from (will be revealed after the exam)

Cheng M, H Zhang, Y Zhang, X Tang, Z Wang, X Zhang, X Song, X Li, H Cui, T Wang,
R Song, J Xiao, H Wang, & X Wang. 2024. Cytological mapping of a powdery
mildew resistance locus PmRc1 based on wheat-Roegneria ciliaris structural
rearrangement library. Theoretical and Applied Genetics, 137: 276.
doi.org/10.1007/s00122-024-04768-w

The photo shows a disomic addition line of wheat, and the alien
chromosomes have a needed resistance gene on them.

a) Diagram how to make a disomic addition line

Wheat (recipient)x donor
i}
X F1
i}
X BC1
i}
X BC2or3
i)
wheat with one 1S from donor
L ®

wheat with two 1S from donor = disomic addition line

b) Commercializing the disomic addition line is not an option because the alien chromosomes have
too many detrimental genes on them. Outline a non-biotech strategy to move the R gene from
the alien chromosomes into the wheat genome.

They could always induce a translocation, but if they use the ph1/phl Chinese Spring as the
recurrent parent for the disomic line, they can get homoeologous pairing between 1S and either 1A,

1B, or 1D.
———2
M
" 4 Proxima) re-
> Alien chromosome —e M conbinants
@ Wheat homoeologue —=0— =
Induce pairing using phlb or nylli-58 ~
—
P M Distal re-
combinants
® S

-‘\_L/ Use molecular markers to find distal and
_—./.J_\ proximal recombinants that still have the trait.

Cross the distal and proximal
recombinants that have the perennial

trait and the largest amount of wheat . . .

DNA g f The following is from (will be revealed after the exam)
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Your Pseudonym:
Sieleman K, N Schmidt, J Guzik, N Kalina, B Pucker, P Viehdver, S Breitenbach, B Weisshaar, T Heitkam & D Holtgrawe. 2023.
Pangenome of cultivated beet and crop wild relatives reveals parental relationships of a tetraploid wild beet. BioRxiv, doi:
https://doi.org/10.1101/2023.06.28.546919

Wild beet species are of great interest,

as they have a lot of traits useful to ! oo bl

breed sugar beets. One species of ; ’
interest is Beta corolliflora (2n=4x=36). v 4
Its origin is unknown—there are 3 8. Jematogong 8 masrmriie

2n=2x=18 2n=2x=18
hypotheses: X / \

e [tisan allotetraploid between
B. lomatogona and B.
macrorhiza, each of which is
2n=2x=18 :

. . . B. corollifiora

e |tisan autotetraploid derived 2n=4x=36
from B. lomatogona

e [tisan autotetraploid derived from B. macrorhiza

Probes:

The authors first tried to use FISH on the landmarks, but the results were inconclusive. They then
selected unique sequences from each parent, and they found that B. corolliflora share most of the B.
macrorhiza sequences. The conclusion is that B. corolliflora is an autotetraploid of B. macrorhiza.

However, as explained in class, assigning type of ploidy often boils down to the weight of the evidence.
Describe/explain 3 other lines of additional evidence you would like to see before reaching any
conclusions.

e Calculate a t; or Tau statistic to determine if pairing is disomic, tetrasomic, or something in
between

e Isitan outcrosser or a selfer?

e Extent to which quadrivalents are present

e Resynthesize the tetraploid

e Enzymology

e Look for presence of nuclear domains

We already know chromosome # is divisible by 4, so that is not informative. As seen from the photo,
karyotype symmetry or whether the chromosomes occur in pairs or groups of four will not be helpful
due to their tiny size.
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Your Pseudonym:
The following is from (will be revealed after the exam)

Benson CW, MR Sheltra, PJ Maughan, EN Jellen, MD Robbins, BS Bushman, EL Patterson, ND Hall & DR Huff. 2023.
Homoeologous evolution of the allotetraploid genome of Poa annua L. BMC Genomics 24: 350 .
https.//doi.org/10.1186/512864-023-09456-5

Annual bluegrass (Poa annua) is an allotetraploid derived from P. infirma x P supina. As shown in the
map, P. annua is considered to be one of the most successful weeds on earth.

&

8 poa infirma (2:@ Poa supina (2x)

[l Poa infirma (2x)| 4 *
<

- Poa annua (4x) L7' s .' - i E
= | Poa supina (2x) 3?‘ . J ) ‘_.q e }

Briefly explain/describe 3 attributes of alloploids that can explain this widespread success.

e [f the parents of an alloploid are adapted to different environmental niches, the resulting hybrid can
inherit both parents’ adaptations. These may be based on
o Multiple alleles at a locus permit phenotypic plasticity
o Metabolic richness can be adaptive (eg, diversity of defense compounds)
o Enzymatic and biochemical diversity also leads to adaptability
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The following is from (will be revealed after
the exam)

Sudhakar S, JK Norsworthy, T Avent, F
GonzélezOTorralva, S McElroy & TR Butts. 2025.
Confirmation of glyphosate resistance in annual
bluegrass (Poa annua) via EPSPS duplication in a
soybean and rice rotation. Weed Science 73(1): 1-9.
doi.org/10.1017/wsc.2024.86.

This study is also about annual bluegrass. A
glyphosate-resistant population was
identified in Arkansas and found to have 15x
more EPSPS copies than susceptible

enotypes.
g yp corresponding rates applied.

Response of resistant (top) and susceptible (bottom) plants to applications of
glyphosate. 1xis the normal rate applied in the field. Blue arrows point out

Diagram 2 methods that can result in paralog formation and 2 methods that will then amplify the

paralogs to numbers consistent with the ones observed in this study.

Start by creating a duplication via double strand break repair or unequal crossing over:

CATCTT

Crossing over
1 Daughter

Strands

- Addition (duplication)

—— =~ 5 Bet
N S— , T i p—y
S A 3 Deletion

Then, additional unequal COs or replication slippage can increase copy number

DD DD
= == I ==

L
Crossing over
Between Daughter
Strands

j— Addition

S Deletion

The relatively “low” copy number probably means extrachromosomal circles are not involved or the
copy number would be much higher. Transposon capture also not known to lead to high copy #s.
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Your Pseudonym:

The following is from (will be revealed after the exam)

Zhang K, H Yu, L Zhang, Y Cao, X Li, Y Mei, X Wang, Z Zhang, T Li, Y Jin, W Fan, C Guan, Y Wang, D Zhou, S Chen, H Wu, L Wang &
F Cheng. 2025. Transposon proliferation drives genome architecture and regulatory evolution in wild and domesticated
peppers. Nature Plants, 11: 359-275. https: //doi.org/10.1038/s41477-025-01905-1

This paper looks at the genomic evolution of 2 species of pepper from a common ancestor:

ACaK
Al A2 A3 A4 AS AB A7 A8 A9 A0 ATl A12

A
-
g K o
D ;- n=12
-

Species A Snecies B
8 9 10 11 12 1 2 3 4 5 8 9 10 11 12 13

B
"
c
N B
- - D
-

Describe or diagram the specific chromosomal rearrangements needed to go from the ancestral genome
shown to the derived genomes. Hint — one requires 3 translocations & the other requires 1 fission and 2
translocations

ACakK
Three translocations AL A2 s Bd: A5 80 .47 48 ASAI0 ALAt One fission, two translocations

TR TNELoRs SR SRR S SR S EE R S RN
| aa AR s . LA A2 !
1 I ]
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The following is from (will be revealed after the exam)

Tomlekova N, D Idziak-Helmcke, P Franke, M Rojek-Jelonek & J Kwasniewska. 2024. Phaseolus vulgaris mutants reveal
variation in the nuclear genome. 14: https://doi.org/10.3389/fpls.2023.1308830

In this paper, the authors looked at 3 Bulgarian bean genotypes- A) BM2; B) BM4, and C) Evros.

2n 58 rDNA
sites

BM2 22 4 16

BM4 22 4 14

While all these genotypes have the same number of 5S rDNA sites (red FISH with arrows), they differ in
their number of 35S (usually called 45S) rDNA sites (green FISH with arrow heads). Not only do these
latter differ in number, but they also differ in intensity/brightness.

a) Explain why the different 35S rDNA sites would differ in intensity/brightness

Differences probably due to changes in repeat copy number at each locus, brought about by unequal
CO or replication slippage

b) Explain how the 35S rDNA sites can change in number or location

Intrastrand recombination will excise tandem repeats, which can then insert elsewhere in the
genome. These might undergo rolling circle replication prior to insertion.

c) Explain why there is B leaves o _ K

so much tetraploidy in the
root tissues

Evros

Beans are legumes, and their nitrogen-fixing nodules on the roots are known to have double the
chromosome number.
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Your Pseudonym:
The following is from (will be revealed after the exam)

Dinh TMP, BY Kang, HH Kim. 2024. FISH Mapping of four Senna species
revealing genome dynamics during species diversification of the genus.
Horticultural Science and Technology. 42(2): 180-187.
https://doi.org/10.7235/HORT.20240015

Sickle pod (Senna obtusifolia) is a common weed in Georgia.
Itis 2n = 2x = 26, while related species have different x
numbers as seen below for four Senna species: S. ol e

artemisioides (), S. pallida (b), S. obtusifolia (c), and S. https://apps. /ucidcentra). org/ppp._v9/text/web_fully
aphylla (d). entities/sicklepods_465.htm

a) Based on their karyotypes, what type of tetraploids are S. artemisioides and S. aphylla? Explain the
specific traits used for your diagnosis.

Both appear to be autotetraploids:
e S. artemisioides —2n number is a multiple of 4, chromosomes are in groups of 4.
e S aphylla —2n number is a multiple of 4, chromosomes are in groups of 4.

b) How would the chromosomes of S. aphylla become smaller than the ones of S. artemisioides?
Describe two mechanisms that could be responsible.

e Intra-strand recombination between repeats excising the DNA between the repeats
e Unequal crossing over
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Continuing from the same paper as the previous question, Senna has gone fromx=14tox=13and x =
12. Diagram 2 methods that could account for reduction in chromosome number.

e Robertsonian fusion
e Progressive reduction
e Chromosomal insertion into centromere

prnts of bresage « mrchang
ST N P \A o en
VAR a4 ,/"\\
It A2 s 62 5
’
hromosore 0’ ¢ ov
Breakage C o L
and 0 ¢ ¢ L 4 6
= = rejoinin
+ ) 9. + + L 2 + *
78 al
« “
Fragment Megphose JAJ\; i \//
(usually lost) SR = e T
Normal, nonhomologous, Robertsonian o ‘
acrocentric chromosomes translocation @ / *
*
e Grgncsome i & 4 4
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Your Pseudonym:
The following is from (will be revealed after the exam)

Liu S, JChen, Y Sun & S Zhou. 2025. Fluorescence in situ hybridization confirms a theory-Triploid Lilium produce variable
aneuploidy eggs and invariable hexaploidy secondary nuclei. Euphytica, 221: 45 doi.org/10.1007/s10681-025-03497-5

Chromosomes of 'Ningmeng' (3x =36), and of 'Tresor' (4x=48) & flower of Tresor, a
common daylily variety.

In this work, the authors crossed Ningmeng x Tresor. They obtained 7 seeds, the chromosome number
of which ranged from 43 to 60, meaning that Ningmeng was producing eggs with chromosome numbers
ranging from 19 (= n=x+1) to 36 (= 2n).

a) Fill'in the appropriate binomial terms and calculate the expected frequency of the egg
chromosome numbers shown below from Ningmeng:

Egg 18 19 20 35 34 36
chromosome n n+1 n+2 2n-2 2n-1 2n
number
Binomial terms at 18ab*’ 153a%b'e 153a'%h? 18a'’b b8
Frequency 0.000038 | 0.000068 | 0.0005836 0.0005836 | 0.000068 0.000038

b) Without knowing the number of crosses
the authors made, it is impossible to
determine the frequency of viable eggs.

S e But based on your calculations from a), is
Brleslwim]se]sa]s] 1 the frequency of viable eggs higher than
193 84126[126'8_4[3'6.9.v1‘

1 1104 [120 210252 [210[120[ 45 [ 10 | 1 expected.
[11 {55 65| 330 | 462 | 462 [330 [165 [ 55 [ 11 | 1

1 [12 66 [220 |495\792|924I792 49522066 [12 [ 1 .
[ 78 [ 286 ] 745 1287] 1716] 1716] 1287[ 715 [286 | 78 | 13 [ 1 ngher.

1

[1

13

| 91 | 364 | 1001 2002] 3003 | 34323003 [ 2002 1001[ 364 [ 01 [ 14 | 1
Ts ]455 | 1385 | 3003 | 5005 | 6435 | 6435 5005 [ 3003 [ 1365 | 455 | 105 [15] 1
680

120 | 60 | 1820 4368 Iaooﬂnuohzam[nuo sooe 4368 1820 50 | 120 [16] 1

[
14
[1
l

1
l

1
1[4
115
[ 16 |
1 [17 [138 1
1 [ 18 [ 153 | 816 3060 |ases [13554]31824{43758]43520[43753 318 4{13564 ssss[soeo{ 816 16 [ 153 18 | 1
B)  One of the progeny plants was 2n = 61, leading the authors to conclude that the egg was 2n+1.
What is another, perhaps more likely source of this extra chromosome?

Not sure where the extra chromosome could have come from for the egg. But the pollen could have
been n+1, the result of non-disjunction.
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Your Pseudonym:
The following is from (will be revealed after the exam)

LiJ, M Ryan, C Dong, KL Forrest, MJ Hayden, S Singh, Y Wang, N Ahmed, RA Mcintosh
& P Zhang. 2025. Pseudo-linkage or real-linkage of rust resistance genes in a wheat-
Thinopyrum intermedium translocation line. Theoretical and Applied Genetics. 138:
15. https://doi.org/10.1007/s00122-024-04807-6

In this study, the authors found that S;genome alien-species-derived
genes for leaf rust resistance are on a translocation of chromosome 3A
containing a translocation of 3DS on its short arm and of 7StS on its
long arm (T3DS-3AS.3AL-T7S:S). Stripe rust resistance is on a
translocation of 3AL onto chromosome 7S (T3AL-7S:S.7SL).

At meiosis, these chromosomes form a chain pentavalent (V) with the
translocation chromosomes at the ends of the chain and the wheat
chromosomes in the middle.

Z4, a genotype with resistance to leaf rust
(left) and stripe rust (right).

a) Draw the chain V labeling all the arms and the segments involved in the translocation.

7StS 3AL 7StS
TStL 3AL A
75t
I 3 A

e 3D

T75L.75:5-3AL: 3A: T3AS-3DS.3DL: 3D: T3DS-3AS.3AL-75tS

b) Although the leaf rust resistance and the stripe rust resistance are not linked in the S genome donor
parent, they are linked in this wheat line. Explain why.

Pseudolinkage, whereby only non-recombinant chromosomes are recovered together, as recombinant
chromosomes will be duplicate-deficient, leading to abortion of the gametes that contain them.
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Your Pseudonym:
The following is from (will be revealed after the exam)

Luo Z, SCH Barrett, T Tu, Z Zhao, S Jia, S Gu, T Duan, Y Zhang, B Xu, L G, X Deng, L Jiang, M Shi & D Zhang. 2025. Genetic
architecture of the S-locus supergene revealed in a tetraploid distylous species.
BioRxiv, https://doi.org/10.1101/2025.04.01.646584.

Supergenes are a group of genes that together give a desired phenotype. Examples of traits conditioned
by supergenes include apomixis, sex determination, and distyly. The latter refers to a condition
whereby plants can have short or long styles combined with long or short anthers as a way to prevent
self pollination. A key feature of supergenes is that their recombination is suppressed, thus keeping all
the necessary component alleles together.

In this study, the authors determined that distyly was conditioned by a supergene. Its recombination is
suppressed by maintaining the supergene as a hemizygote, as shown below. As long as the plant does
not self, it cannot become homozygous.

L-morph - - - - -
Chr13

S-morph 4 S-locus .
Chr13 - # t o - . - a
PAES GA3: RH37 Auxz2 . . .
(513.822) (19520 (Stag2e (513027 This figure is from another paper and is here

just to illustrate what distyly is.
doi:10.1093/jxb/erx387

Your goal is to breed or engineer a supergene in a self-pollinated crop. Describe two strategies that you
could use to achieve your goal.

e Induce an inversion of the segment having the supergene
e Insert the supergene into the pericentric heterochromatin, or even the centromere
e Ensure the supergene is devoid of nucleosome exclusion sites
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Your Pseudonym:
The following is from (will be revealed after the exam)

Liu Y, M Elshan, G Li, X Han, X Chen & X Feng. 2025. Perspectives of genome editing mediated haploid inducer systems in
legumes. International Journal of Molecular Sciences 26(3): 1154. https://doi.org/10.3390/ijms26031154

Haploid
Induction

In vitro-based
haploid induction

In vivo-based
haploid induction

Ovnri;\ (Oﬂll&s /Anther ,‘ (micsrgsegor; inn(?;li)‘gi% @ [ -i?J :ﬁcr;%:-a j
A

T
[ Isolated | (}ELT
microspore |

\ / \ DMP /

‘ Dlocking agent
1]
in 2n
‘n :‘I’ Doubled —

Haploid (7|
=\

Whole genome
dublication

a) List the 2 errors in the figure
e Androgenesis & Gynogenesis labels are flipped
e Figure shows animal meiosis, not plant meiosis

b) List an advantages and disadvantages for each technique in the 3™ tier of techniques shown in the
figure. You can consider isolated & shed micropores as 1 technique. Note: many of these have the
same or similar advantages/disadvantages.

e Invitro based — all require specialized facilities, are very species-dependent.

e Ovule culture can provide more normal plants than anther culture.

e Ovary & anther culture can result in plants from somatic cells- difficult to tell apart from
doubled haploids

e Spontaneous — frequency too low to be useful

e CENH3 —works well for species that are transformable and have low chromosome number

e MTL, NLD — MTL and NLD work in maize- have not been implemented in other spp.

o DMP works in dicots, albeit a low frequency & has not been implemented beyond arabidopsis

e Igl - only works in maize & barley- other plants might could be edited for it

e Interspecific hybrids — most widely used method; depends on finding the right species to cross.
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a Sabehmsanmiicn The following is from (will be revealed after the
Edwardsiella piscicida exam )
a7 Kosakonia sacchari
Proteus vulgaris e . i i
e Tyl &3 Song C-P. 2025. Horizontal gene transfer of cold shock protein

Jreenoghorugrasonise Enterobacteria genes boosted wheat adaptation and expansion. Nature Plants
Cedecea neteri https://doi.org/10.1038/s41477-025-01985-z

Sodalis praecaptivus

Secale ceresle-H2

- Wheat and related grasses have two groups of Cold
lordeum vulgare-|
Eor! !r\, Shock Proteins. One is shared with other plants, and

Triticum aestivum-H2 (HGT) A

Secsle cereale-H1 HiFal

S 4 the other shared with bacteria. Both the bacterial
Hordeu wlgare-Hi group and the plant group are derived from a
Thicalbus denitrificans  #g-Protecbacteria . . .

common ancestor (i.e., vertically derived from a
common ancestor, making them orthologs).

Cellulomonas oligotrophica #high GC Gram+

Pseudomonas fluorescens #g-Protechacteria

Caballeronia arationis #b-Proteobacteria

presermiosis wrri | @@ Overexpression of the type | CSP gene in transgenic

53|

powellomyces hirtus #chytrics plants enhances drought tolerance:
Glomus cerebriforme #Glomeromycetes :|> _’...-.! .
Rhizopus microsporus #Mucotomycetes ® . DI‘OUght
Cryptosporidium felis #eukaryotes
Porphyridium purpureum  #red algae .

Chlam ydomonas reinhardtii

Klebsormidium nitens

Physcomitrium patens CSP-1l
Selaginells moeflendorffi (verm
Ginkgo biloba

Plants Arabidopsis thaliana
Oryza sativa

Triticum aestivum

1) A & o o]
: & G";q Q’«\ Q'\\
& 2 2 Y
(8] O
A A2

The CSP-I genes are more closely related to bacterial CSP genes than to plant CSP genes, meaning an
ancestral grass acquired them via horizontal gene transfer. Explain i) how genes can move from bacteria
to plant cells, and ii) how these genes eventually are able to be seed-transmissible. You might need to
do additional research to answer these questions.

How gene transfer happens between bacteria and plants is not clear, but may involve the transfer of
chromosomal DNA by bacteria such as agrobacteria. Once in the nucleus, it must land behind a
promoter, or get moved behind a promoter during a genomic rearrangement.

Entering a somatic cell does not make the gene seed-transmissible. It needs to get into the L2
(germline) cell layer. This could happen by wound callus regenerating into a shoot, or by cells diving in

the wrong plane. Some plants can produce de novo shoots from roots or other tissues in the absence of
a bud.



