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Outline

Limitations of previous studies led to development of experiment using
chemostat culture and low temperature acclimation.

S. cerevisiae was grown in four different experimental conditions.

DNA microarray analysis was used to analyze growth limitations applied to S.
cerevisiae.

S. cerevisiae stores carbohydrates during chemostat culture for unknown
reasons.
Promoter analysis reveals regulation trends in gene regulation.

Temperature response genes overlap in expression.
Environmental stimulation responses differed in batch vs. chemostat cultures.

Experimental design differences distinguish Dahlquist Lab data from Tai et al.
Analysis of Agin3 revealed significant difference in gene expression over time.

Model expression profiles show that many biological processes are affected by
cold shock.

Ribosome biogenesis, mitosis, and nitrogen catabolism genes were affected in Tai
et al. and Dahlquist Lab data analysis
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Chemostat Culture Allows For Fixed
Experimental Conditions
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Low-temperature Acclimation and Cold
Shock Have Differing Results

Cold shock entails a rapid decrease to near freezing temperatures.

Low-temperature acclimation is the biological response of cells to
steady decreases to near freezing temperatures.

Trehalose is required for transcription in low temperature
situations.

— Not present in low temperature acclimation results.
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S. Cerevisiae Grown In Varying Conditions of
Temperature and Nutrient Content

Growth Carbon Residual Residual
Limiting temperature Ycia/x recovery glucose ammonia
nutrient (°C) (Bow * Bgtucose ) don” Qeron” Jcon” (%) (mM) (mM)
Glucose 12 0.07 = 0.01 ~25+ 0.2 3803 44+03 100 = 3 28+11 652 +22
Glucose 30 0.07 = 0.00 =23+ (1) 35+00 38+02 95+ 1 0301 613 + 45
Ammonium 12 0.05 = 0.00 <36+ 02 6.1+03 6.0+ 06 97 + 4 90.0+9.8 15+02
Ammonium 30 0.04 £ 0.00 -40+0.1 6.8 02 74 0.2 07 £2 85.1 £ 8.2 0201

Cultures were grown at 30 and 12°C (D = 0.03 h~ 1. Values represent the mean * SD of data from three independent steady-state chemostat
cultivations. Y,,,/x, biomass yield on glucose; DW, dry weight.

* Values expressed as mmol * g,y ' - h™7.

Table 1

* S. Cerevisiae is minimally affected by variation in temperature.
* Higher temperatures correlated with lesser amounts of a limiting nutrient
corresponding residual residue.

o Larger amounts of residual glucose at 12°C connected to possible
contamination of gene sets.

Tai et al., 2007



S. Cerevisiae Grown In Varying Conditions of
Temperature and Nutrient Content
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Temperature and Nutrient Limitations Were
Analyzed Using DNA Microarray Analysis

M-lim C-lim
12°C vs 30°C 129 vs 30°C
806 genes 494 genes
202 Up 96 Up 123 Up
369 Down 139 Down 136 Down
371 genes 235 genes 239 genes
1065 genes
Figure 1

* 1065 represents the number of temperature responsive genes in
S. cerevisiae genome.

Tai et al., 2007



Heat Mapping Was Used To Identify Transcription
7 Level of Temperature Responsive Genes

Low temperature C-lim specific up (123 genes)

lipid metabolism (GO0006629 p = 3.2E-03):

ERG28, ATF2, OARL, LAS2I, FAAL OPI3, LROI. VRGA, PDRI6, FATI
carbohydrate transport (GO0008643 p = 3.8E-03):
HXT2 HXT3 HXTY VRGY .
[rRNA processing (GO0006364 p = 6.7E-03) |

NOP4_NOPS, MTRA, SASIU_URBI, UTP30_RNTI

Goal was to identify
i s regulatory networks

QCR2, CYCF, COX4, COXG, SDHI, COX5A, OSHT
Amino acid transpo 0006865 p = 5.2E-04);

MMP1, BAP2, GNPI, TAT2, TATI, BAP3 i nvo Ived i n a cc I i m atio n

Hexose metabolism (GO0019318 p = 6.4E-03):
TKL2, GALI0. GND2, GCR2, PYK2, PCKI, YMR3Z23W

Low temperature N-lim specific up (202 genes) Of S- Cere ViSiae tO IOW

Protein synthesis (GO0006412 p = 9.8E-06)/protein complex assembly (GO0006461 p = 6.2E-06):
RPL43B, CAX4, ECM39, GCDI0, GYPS, IMP3, MEFI, MRPL20, MRPL3, NIPI, OST2, RPLIZA, RPLI3A. RPLISA, RPLI7B, | RPL3, RPLIOB, RPL41B, RPLSB, RPLIA, RPLYB, e m pe ra u re °
RPS10A, RPSI6B. RPS21A, RPS21B, RPS26B, RPS28A, RPSOB, RSM26, SUII, TEF4, TIF5, YGLO68W, YFL034C

[Ribosome biogenesis and assembly (GO0042254 p = 2.0E-25)/RNA processing (GO0006396 p = 7.4E-11)/ rRNA processing

e e Observed changes in

ARXI, BRXI, CBF3, CICI!, DBP3. DRSI, ENPI, ERBI, GARI, HASI, HCA4, IMP3, IMP4, LTVI, MAKS, MRT:
NOP?, NUGI, POP3, PWPI, RCLI, REX4, RIX1, RIX7, RLP24, RPLI24, RPL3, RPL40B, RRBI, RRP12, RSA3, SIK 3, TIF5, UTP15, UTP2], UTP23, UTPY, YTMI

ogen compound metabolism (GO0006807 p = 5.4E-04) and catabolism (GO0044270

Low temperature N-lim specific down (369 genes) | — Tr a n S po rte rs Of

1.6E-03) / allantoin metabolism (GO0000256 p = 8.5E-05):

| [ e [
ALD2 ALD3, ADY2, DAL3, DAL DURL2 CAR2 CHAI. CHA4. SHCI. EKIl. GATI, PUT4. MET4, DAL? DALS0 ARG, CARI, DCGL ASP3-I. GLTI. CPSI ARGIO, I I m Itl ng n utrl e nt

YILIGTW, GLN3, PUTI, DAL2, DTRI, GAPL AVTS, CANL PTK2, YMROSSC, DUR3, MEPI, MEP2

Polysaccharide (GO0005976 p = 3.1E-03) and trehalose metabolism (GO0005991 p = 1.1E-03) :
SHCI, GSY2, GSY1. PCL7, PCLIO, PIG2, GSC2, GAC!, TPS2, NTHI, TPS1, TSLI

M phase of mitotic cell cycle (GOO00087 p = 5.5E-05) and chromosome segregation (GO0007059

Cellular morphogenesis (GO0000902 p 8E-03):

L]
— Translational
TCO89, KCC4, TORL, DOPI, TAG3, TOR2, LGEL SLAL KELI, WHI4, BOI2, SCH9, VRP1, RAXI. RNYI, GIN4, WHIS, ZDSI, ABPI .
Response to stimulus (GO0050896 p = 3.5E-05): J m a C h I n e ry

ABF1, ALD3, ASP3-1, BDFI, CADI, CDC39, CINS, CTF4, DNA2, FABI, FARII, FRT2, FYV6, GACI, GRE3, HSPi104, HSP78, IREI, ISW2, ITCI, MDGI, MET4, MGTI, MLF3,
MLH3, MSH6, NCE4, NTHI, PDSI, POLI, POL2, PRBI, PTR3. RAD28, RPN4. RRDI, RRDZ, SAN1. SCH9, SHU2, SIN3, SMCI, SPL2, 8544, TFBI, TPS1, TP52, TSL1, UBAA,
VRPI, WSCH, WIWMI, YGK3, YKLOTSC

* NCR genes and
catabolite repression
Low temperature C-lim and N-lim up (96 genes) .
Mo (GO I 0.- S9E03) underlined

Ribosome biogenesis and assembly (GO0042254 p = -2.8E-05) / rRNA processing (GO0006364 p = 1. 4E-03):

NSRI, CGRI, NOG2, RPF2, ECM!I, UTP13, KRRI, NMD3, MAK16, YNL182C, EBP2, EMGI, NOGI, DBP2, IPI3, YDR412W

Low temperature C-lim and N-lim down (139 genes)

Cabohydrate metabolism (GO0005975 p = 6 4E-04):

MAL32, SOLS, MAL3], NRGI, MUCI, ATHI, GIP2, MIGI, GUT2, PFK26, PFK27, MALI3, FYVI0, NTH2

Response to stimulus (GO0050896 p = 3.1E-03):

MRK1, NRG1, 8SA3, AHAI, HSP26, ATHI, HSF1, PDRS, HSP42, CUP2, HSP30, CRSS, AKRI, FET3, NTH2, MGA2, SSE2, YHRO48W, YDR317W, YIL144W

Transport (GO0006810 p = 8 4E-04):

COX3B, DALY, MAL3I, AGPI, FCY2, SITI, HXTS, DIP5, PTR2, PHOS4, SUT!, OPT2, CCC2, AACI, VPS30, BTN2, YHRO48W, ARNI, 8843, GIT!, PDRS, FiT2, 88Ul ATGI1,
YOR192C, SULL MIP6, FULL, AKRI, MUPI, FIRI, MALLI, FET3, CRSS

Figure 2 Tai et al., 2007
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S. cerevisiae Stores Protein and
Carbohydrate In Chemostat Culture

Growth Biomass dry Whole cell Biomass nitrogen
Limiting temperature weight protein content Trehalose Glycogen
nutrient (°C) (gow 17 ') {gl-"mtuin 2 gnw"’}' (mgnitwﬁun * Bow 0 {gw]ui\'a]vnt glucose * 8DW ") {Ea\.]uiralunt glucose * SDW )
Glucose 12 1.71 = 0.09 .40 = 0.01 nd =20.005 0.0 = 0.01
Glucose 30 1.89 = 0.06 0.43 = 0.01 nd 0.02 = 0.00 0.04 = 0.00
Ammonium 12 227 = 0.05 0.47 = 0.03 63+ 3 =(0.005 0.02 = 0.00
Ammonium 30 3.53 = 0.01 0.34 = 0.01 4] +2 0.04 = 0.00 0.05 = 0.01

Cultures were grown at 30 and 12°C (D = 0.03 h™!). Values represent the mean * SD of data from three independent steady-state chemostat
cultivations. DW, dry weight; nd, not determined.

Table 2
* Trehalose and glycogen biosynthesis occurs under stress conditions.
— Biosynthesis varies with temperature.
* Reason for storage of carbohydrates in nonfreezing temperature in
unclear.
— Trehalose was not produced in tpsl and tps2 strains, yet did not
affect viability.

Tai et al., 2007
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Promoter Analysis Reveals Regulation Trends in

(A) 5" upstream cis-regulatory motif

Gene Regulation

Putative-binding Promoter Expected
Regulatory cluster Motif name protein element ooc® occ® occ E°
Low Temperature C-lim Up -
Low Temperature C-lim Up -
Low Temperature MN-lim Up - - TGAAAAA 206 113.04 2.30E-11
PAC - CCATCAG 57 17.40 6. 1E-14
- - TGAGATG 40 16.3 L1E07
Low Temperature N-lim Down GATAA Gln3/Gatl/Dalb0/Gzf3 ACATAAG 203 102.57 31E-15
STRE Msn2/Msnd ACCCCTT 29 8.73 1L6E-03
Low Temperature C- and M-lim Up PAC -- CGATGAG an 839 5.0E-05
Low Temperature C- and N-lim Down .- - CGTCCAC 13 2185 7TEE03
(B) Owerrepresentation of transcription factors (TF) binding targets
Regulatory cluster Factor p value K9 P
Low Temperature C-lim Up Mbpl 1.6E-03 10 &5
Low Temperature C-lim Down Hap?-?—[ﬂp] J0ED5 3 4
Hap3-Hapl G 9E-D6 3 3
Low Temperature N-lim Up Fhilp JAEA5 19 203
Sfplp 1.3E03 7 51
Low Temperature N-lim Down Gln3p L1E07 20 a2
GIn3-Dals2 5.5E-07 f 15
Hap2-Dalf2 6.8E-05 5 9
Low Temperature C- and M-lim Up
Low Temperature C- and MN-lim Down Aft2p 7.hHE04 10 M
Hsflp J.0E08 16 132
Nrglp TREO7 14 128
Phdlp 33E-04 0 o
Reslp 1L.1E-D4 9 B4
Roxlp 6.0E-05 B 62
SokZp 5.7E-05 2 i
Nrgl-Aft2 6.0E-05 5 X
Phdl-Nrgl 1 AE-D5 7 37
Rox1-Phdl 7.BE-05 5 pa |
Sok2-Nrgl 43E07 B 3

(A) Significantly overrepresented cis-regulatory binding motifs in 5' upstream regions. (B) Significantly overrepresented promoter elements
that bind known transcription factors {TF) or TF pairs according to ChiP-on-chip analysis (Harbison ef al., 2004). C-Lim, glucose-limited;

M-Lim, ammonium-limited.

* The number of ocourrences of promoter element in the regulatory chester.

¥ Expected number of ocrurrences of the promoter element in a randomly chosen cluster of genes of the same cluster size.

* The probability of finding the number of patterns with the same level of overrepresentation, which would be expected by chance alone.

4 Number of genes in category in cluster.
* Number of genes in category in genome.

Table 3

STRE elements exist
in promoters of
downregulated
genes in N-limited
cultures

Upregulation in both
conditions show PAC
regulatory motifs in
promoters

Common promoter
sequences show
possible regulation
relationships

Tai et al., 2007



Genes Common to All Researchers Were
Categorized According to Regulation

01 penes commonly up- | CMES, COASE, CSTH, DAN3, FBP2G6, GAR! GLO3, GPHT,

regulated GPXT, GRED, GTT2, HNTI, H5P12, HE5P26, HET2, MALIT,

o 4 MCRT, MMT2Z, MNRZ, MSCT, MEN2, NCEMIZ, M5, QOFF3,

| PAALT, PALMG, PIRI, PAMCI, RIMITI, BNY!, SC02, SNA4,

SPIr, STF2, TIPI, T8I, TPK!, TPS!, TPS2, TaL1, TTRI,

| LIRS, LNGAS, LGAZ, YGPE, YO, YRLOA9W, YRELOGEC,

YBEREI4ATW, YDRLIIOC, YRLI0GW, YDROOGW, YDREIG2IW,

YORS1GC, YDRE342W, YELOTIC, YEROS3C, YEROMMGAOW,

YEROGTW, YEROTIW, YERIETW, YFROOIC, YFROZOW,

YOROMIO, YHLOZIC, YHROS?TW, YHRIIEC, YILOS2C,

YILITAO, YIL1&3C, YELOZIW, YELISIC, YEROMOMC,

YWLLO23C, YWLLOSSW, YLLOSEW, YLROT2W, YLR2IZ3C,

WLEZTOW, YRS, YAROMW, YMREIBEIC, YMRIGIW,

WL SC, YHNML20EW, YOR220W, YORIZIEC, YORIEOW,
YPLIZOC, YPFROMGIC, YPRISEW

Murata f,f' Sahara
S I0RC ws 30°C

48 genes commonly ACO, ADEI, ADEI2, ADEI3, ADES. 7. ADKI, AHAI ALGT,
e CAR2, CYCI, DSE4. ELP2 ERP3, FCY2 GCVFl, GCVZ

= GC¥3, GDHI, GDSI, GLNI, GNFI, GUAI, HCHi, HMSZ,
HET!, HSP6D, MAEL, MKC?, MTD), NOG2, PHOSS, PMTY,
RPEI, SERI. SER2, SHM2. SPL2 SURY. TOSII TOSS,
LRA4, VICI VIC4, YHBI, YHM2, ZEOI YILOS2IW,
YLLOIZW

Murata 6h, 12h, 24h, 48h
S ; i T
120 gencs diffcrentially Sahara 15min, 30min, 2h, 4h, 8h.
7| regulated B Schade 0, 10min, 30min, 2h, 4h, 8h

.\.l.
Schade

Figure 3

Sahara and Schade tested cold shock, dropping temperature to between
10 and 20 degrees Celsius
Murata tested cold shock at temperatures below 10 degrees Celsius,

which caused cell growth to cease.
Tai et al., 2007
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cerevisiae.
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Analysis of Agin3 revealed significant difference in gene expression over time.

Model expression profiles show that many biological processes are affected by
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Overlapping Genes Showing the Same
Temperature Response

* Chemostat study
compared with Sahara
et al. 2002, Schade et al.
2004, and Murata et al.
2006

pios * 29 genes total were in
i ‘LR4 I].‘r'lr'

NoGr s common, only 11

HMTI i | °

- showed consistency

VN4
YLRIZSC
YNLO24C
YELOTIC
¥irc!
SFKi
PIR

WAL
YILOTTC
YERD6TW
FMPI2
HEP26
VINR2E2W
CONTE
MOHT
seii 8

Figure 4
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Few Genes Simultaneously Respond to
Temperature and Growth Rate

Batch studies Growth rate studies This study
48 genes commonly down- 297 genes commonly down- 644 genes down-
regulated in Murata, Schade regulated with decreasing regulated in response to
and Sahara growth rate in Regenberg low temperature

and Castrillo

9
o

< y €

Batch studies Growth rate studies

91 genes commonly up- 68 genes commonly up- This study
regulated in Murata, Schade regulated with decreasing 421 genes up-regulated
and Sahara growth rate in Regenberg in response to low
and Castrillo temperature
ADAPTATION ACCLIMATION

Figure 5

¢ Studies examined changes in gene regulation in response to a
decrease in growth rate compared to both the batch studies and
study data for overlap in gene regulation.

e A very small number of genes overlap in response to both

temperature decrease and growth rate decrease.
Tai et al., 2007
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One Third of Low Temperature Response Genes in
the Batch Studies are Attributed to ESR

.
* ESR: environmental
a1 2::.:::;:::5!&:\ up- 48 J;\'rIf:.::::.'::::lllll‘:'su_lc_s\y[!- é 9l g i !':lll:::} up= 48 s-rn““flh “’l‘:ill'-:‘d st re SS re S p O n Se
t, Schade regulated in Murata, Schade : e : e arati

-

— General mechanism
responds to multiple
stimuli

ADAPTATION

e Batch and chemostat

genes compared with
Gasch et al. 2000

* Some genes showed

\ = / | opposite results in
= response to low

W temperatures

ACCLIMATION

Figure 6

Tai et al., 2007
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Experimental Design Differences Distinguish
Dahlquist Lab Data from Tai et al. Data

Temperature

Time Points

Media

Replicates

Strain

Dahlquist Lab

Cold Shock: 13°C
Recovery: 30°C

15, 30, 60, 90, 120
min.

YPD rich media

3-5 replicates

S. cerevisiae, AgIn3

Tai et al.

Cold Shock: 12°C
Recovery: 30°C

“‘Random Sampling”

Synthetic media limited
by carbon or by nitrogen

3 replicates

S. cerevisiae strain
CEN.PK113-7D
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25% of AgIn3 Genes Showed Significant
Difference In Expression Over Time

p < 0.01 1453 (23.5%)

p < 0.001 696 (11.2%)

p < 0.0001 320 (5.2%)

B &H p<0.05 1549 (25.0%)

Bonferronip < 0.05 155 (2.5%)



Genes Were Clustered According to Expression
Pattern Using STEM Software

|£| All STEM Profiles (1) = [dal] E )

Clusters ordered based on number of genes and profiles ordered by significance {default)
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Profile 45 Indicated Upregulation During Cold
Shock and Down Regulation During Recovery

g Expression Change

1 1 1 1 1 1 1 1 1

i)

Profile #45:(0, 2, 2,1,-1,0)
| 446.0 Genes Assigned; 35.8 Genes Expected; p-value = 0.00 (significant) |

Ribosomal biogenesis o
Nucleolus s

ncRNA metabolic process \

Nucleic acid metabolic process e e
Organic cyclic compound metabolic process
Maturation of 5.8 rRNA from tricistronic rRNA transcript



Ribosomal Biogenesis is Upregulated During
Cold Shock in dGLN3

Nucleolus: prime function is to transcribe nuclear DNA into 45S
ribosomal precursor RNA and process RNA into 5.8S, 18S and 28S
components

ncRNA metabolic process:

C-—F:j e="= L=

o e "o

rDNA clusters

chemical reactions and . — T
. ) | | \

pathways involving neRNA /8L I
o 4 re-rRNA NPMD) '}
transcripts V A _ Y Nucleus
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Ribosomal Biogenesis is Upregulated During
Cold Shock in dGLN3
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Profile 2 Exhibits a Variance in DNA Replication
During Onset of Cold Shock through Revcovery

Frofile #2: (0,-2,-2, 0,1, 0)

iEET]pressinn Change | 107.0 Genes Assigned: 34.0 Genes Expectad: p-value = 2.3E-24 (significant) |

e Cellular Protein Modification Process e Phosphorylation

— e Cytoplasmic Vesicle DNA Replication
e Mitotic Cell Cycle Phase Transition e Kinase Activity




DNA Synthesis is Initially Affected by Cold
Shock then is Upregulated Through Recovery

* Down regulation followed by an upregulation

* DNA synthesis and related processes are repressed during the
period of cold shock.

* The other processes seem to inform the overall theme of DNA
replication.

* This suggests that once the cells cleared the cold shock
the cells were able to reactivate pathways of DNA
synthesis in the cell cycle, indicating that the cells do not
allocate resources for growth amidst the environmental
stress.

* During cold stress proteins bind to single-stranded
regions of the replication fork and blocks DNA replication
(Ermolenko 2002).



Profile 48 Shows Upregulation of Meiosis
Related Processes

Profile #48: (0, 2,3, 3,2, )
|58.D Genes Assigned; 26.6 Genes Expected; p-value = 7.0E-8 (significant) |

5 Expression Change
—wii)

* Meiotic cell cycle

= * Nuclear division

e Substrate-specific transmembrane transporter activity
* Intrinsic component of membrane

-4  DNA recombination

* Cellular component organization




Cold Stress Promoted Up-regulation of Meiosis
Inhibiting Genes

Overall Theme: Meiosis

This profile’s graph contains slight upregulation followed by a slight
douwnregulation of genes associated with meiosis.

— Down regulation occurs after cold shock.

Cold stress may positively regulate meiosis, while it is known that heat stress
will denature proteins and prevent meiosis.

— Process has greater tolerance for colder temperatures.
It is likely that cold stress causes inhibition of meiosis and related functions.

— Research by Xiang-Ping Zhu et. al. suggests inhibition of meiosis during
cold shock and then a return to normal functioning after temperature is
readjusted.



Profile 9 Shows a Downregulation of Gene
Expression During Cold Shock Time Points

Profile #9: (0,-1,-2,-2,-1, 0}
|1 380 Genes Assigned; 44.0 Gznas Etpe:te d; p-valus= 41 E-31 {significant) |
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e Organonitrogen compound catabolic process |
e Oxidoreductase activity |
e Hydrolase activity

e Carboxylic acid biosynthetic process
e Glutamine family amino acid metabolic process
e Transferase activity, transferring nitrogenous groups




Glutamine family amino acid biosynthesis was

downregulated during cold shock

Organonitrogen compound catabolic process: The chemical
reactions and pathways resulting in the breakdown of
organonitrogen compound

Glutamine family amino acid biosynthesis: The chemical
reactions and pathways resulting in the formation of amino acids
of the glutamine family, comprising arginine, glutamate,
glutamine and proline

Glutamine based amino acids contain nitrogen

— Decreased nitrogenous organic compound catalysis results in
less nitrogen available for biosynthesis (Cai 2012)



Outline

* Ribosome biogenesis, mitosis, and nitrogen catabolism genes were affected in Tai
et al. and Dahlquist Lab data analysis



Ribosome Biogenesis, Mitosis, and Nitrogen Catabolism
Genes Were Affected in Tai et al. and Dahlquist Lab

Tai et al.

Down regulation
of target genes
for glucose
catabolite
repression in
cold shock
conditions.

Similarities

Genes involved with
ribosome biogenesis and
assembly upregulated in cold
shock, but not in recovery.

Down regulation of M-phase
and chromosome segregation
in cell cycle.

Specific downregulation of
genes responsible for
nitrogen compound
catabolism

Dahlquist Lab

Upregulation of
genes related to
meiosis
inhibition.



Summary

Limitations of previous studies led to development of experiment using
chemostat culture and low temperature acclimation.

S. cerevisiae was grown in four different experimental conditions.

DNA microarray analysis was used to analyze growth limitations applied to S.
cerevisiae.

S. cerevisiae stores carbohydrates during chemostat culture for unknown
reasons.
Promoter analysis reveals regulation trends in gene regulation.

Temperature response genes overlap in expression.
Environmental stimulation responses differed in batch vs. chemostat cultures.

Experimental design differences distinguish Dahlquist Lab data from Tai et al.
Analysis of Agin3 revealed significant difference in gene expression over time.

Model expression profiles show that many biological processes are affected by
cold shock.

Ribosome biogenesis, mitosis, and nitrogen catabolism genes were affected in Tai
et al. and Dahlquist Lab data analysis
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