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This study aimed at studying differential presence of enzymes metabolites via KEGG
analysis of trasncriptomes of the wild plant species senna (Cassia angustifolia Vahl.) due
to watering. Senna is a shrub of the family Caesalpiniaceaewith important applications in
pharmaceuticals. Firstly, RNA-Seq datasets were produced by next-generation sequencing (NGS)
of Illumina Miseq of leaf (day 1) in order to detect the influence of wateringat day 2. Samples
were harvested at three time points (e.g., dawn, midday and dusk) of the two days.de novo
assembleddatasets and number ofannotated genes exceeded 2000 genes. As cluster analysis of
gene expression almost showed no discrete differencesat the transcriptome level due to watering
within time pointsof dawn and dusk, the study focused mainly on those of the midday across the
two days. KEGG analysisfor genes whose differential expression between the two days wase”5
FC resulted in a number of enzymes that were found repressed due to watering, thus likely
participate in the molecular mechanisms utilized by the organism to adapt to the long-lasting
drought stress. The recovered regulated metabolites and enzymes included abscisic acid (ABA)
receptor PYL4 and PYL9, auxin response factor (ARF) 5 and 15, ARF (or Aux/IAA) proteins
IAA7 and IAA14, indole-3-pyruvate (or flavin) monooxygenase,phosphoinositide phosphatase
SAC1 and SAC6, pre-mRNA splicing factors 8, 8A, 19, 40A and ISY1, andserine/arginine-rich
splicing regultors SCL33, RS31 and RS34. The two pathways tryptophan metabolism and plant
hormone signal transduction likely crosstalk in senna (C. angustifolia) towards the maintenance
of normal growth under adverse condition.Many other regulated metabolites and proteins
in senna (C. angustifolia) including brassinosteroid, heat shock protein 95s, ATPase, several
protein kinases such as mitogen-activated protein kinase (MAPK) and cytochrome c oxidase.
Other enzymes include phospholipase C2 and allene oxide cyclase as well as isochorismate
pathway were also regulated in senna (C. angustifolia). In conclusion, we think that we have
scoped the light on the possibleregulated metabolites under drought stress that might confer
drought stress tolerance in the wild plant senna (C. angustifolia).

Caesalpiniaceae is a large family with  Cassia angustifolia, formally Sennaangustifolia
several pharmaceutical applications as being  (2n=28) is known for its important applications in
mainly used as a laxative and to relieve constipation. ~ pharmaceuticals. C. angustifolia is a wild medicinal
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drought-tolerant shrub (Ayoub 1977, Khalid et
al. 2012) with many cathartic properties (Lemli
1986, Folkard 1995, Hammouda et al. 2005).
Drought stress-related genes have been studied at
the trancriptomic level in senna (C. angustifolia)
(Mehta et al. 2017) as well as in many other plant
species such as parsley (Li et al. 2014a,b), bean
(Hiz et al. 2014), chrysanthemum (Xu et al. 2013),
tall fescue (Hu ez al. 2014), and grapevine (Rocheta
et al. 2014). The lucine-rich repeat kinase family
was recently found in senna (C. angustifolia) as
the most abundant group of protein kinases under
drought stress in addition to several families of
transcription factors (e.g., bHLH, and bZIP, etc.)
(Mehta et al. 2017). Previous studies on senna
(C. angustifolia) deciphered some physiological,
morphological and molecular mechanisms allowed
the plant to tolerate drought stress (Ratnayaka and
Kincaid 2005, Mehta ef al. 2017).

Auvailability of water is a major obstacle
for agricultural productivity. Wild plants growing
in severe arid climates provide tools for studying
plant response to extreme drought conditions.
Generally speaking, drought, saltand heat stresses
have large impacts on plant growthand productivity.
Other abiotic deleterious stressesnowadays include
increased chemicals and pollutants. Besides, it is
likely that plants are exposed to more than one type
of stress at a time. In particular, drought stress is
amajor threat in at least 26 % of world’s arable
land (Blum1988). The effects of drought include
delayedor stunted growth aswell as impaired
physiological processes such as photosynthesis,
respiration,and mineral exchange (Do et al. 2013).
Therefore, it is crucial to get a better understanding
the molecular and physiological impacts ofdrought
stress inorder to find solutions to help the plant
cope with or at least lower the influence of this
stress for the sake ofmaintaining crop productivity
and possibly cultivate more crops in arid lands to
mitigate global food crisis.

Plants are adaptedto drought eitherby
avoidance or tolerance,as the two main strategies, by
which a crop plant can maintain yield components
and minimize theloss due to the stress. Avoidance
mechanisms include the occurrence of several
morphological changes, such as stomatal closure
and reduced leaf area to reduce respiration, as
well asenlargingroot systems in order to gain
more water with the same intensity of cultivation

(Levitt 1980, Budak ef al. 2013, Rama Reddyet
al. 2014). Alternatively, drought tolerance is a
subject of intense research as it mainly occurs due
to several physiologicaland molecular mechanisms
that help the plant to adapt with the osmotic
pressure due to the shortage of water (Bartels and
Sunkars2005). Tolerance mechanisms were proven
to be genetically-dependent as different plant
species have different strategies to cope with the
problem. These strategies are supported by complex
metabolicpathways that should link together and
cross-talk in order to produce osmolytes and
protein chaperons to secure the cell from the stress
and avoid denaturation or damage of important
compounds in the cell (Yamaguchi-Shinozaki
andShinozaki 2006,Kantar et al. 2011,Shanker et
al. 2014). There are several abiotic stress-related
enzymes like glutathione reductase, catalase,
superoxide dismutase considered as biomarkers for
drought stress tolerance (Khammari ef al. 2012).

The present study aim at studying
drought-related dynamics of leaf transcriptome
insenna (C. angustifolia)to detect the crosstalking
pathways possibly associated withdrought stress
tolerance to add to our understanding of the
molecular mechanisms underlyingdrought stress
tolerance in wild plants.

MATERIAL AND METHODS

Plant material sampling and watering regime

The field experiment of sample treatment
and harvesting was conducted for senna (C.
angustifolia) shrubs grown near Jeddah, Saudi
Arabia. Three plants of equal size were selected
in which leaf samples were harvested in two
consecutive days at three time point of the day (1
h post-dawn, midday and 1 h post-dusk). At dawn
of the day 2, plants were watered (25 liters dH,0)
and leaf samples were harvest at the same three
time points.
RNA-Seq and KEGG analyses

Total RNA was extracted from three
similar-sized (10 mm?) leaf discs per plant
ofCassia angustifolia, then shipped to Beijing
Genome Institute (BGI), China, for next-generation
sequencing. Recovered RNA-Seq datasets were
de novo assembledusing the Trinity RNA-Seq
Assembly package (r2013-02-25) with optimized
parameters and K-mer size set to 25 (Zhang et
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al. 2015). Differential expression and cluster
analysis were done by EdgeR (version 3.0.0, R
version 2.1.5). All predicted CDS were annotated
against protein database in order to assign putative
function of the transcriptome after translation into
protein. To identify the biological pathways with
enzymes that differentiate at midday samples, the
detected genes were mapped to reference canonical
pathways in the Kyoto Encyclopedia of Genes and
Genomes (KEGG) (http://www.genome.ad.jp/
kegg/).RNA-Seq datasets of Cassia angustifolia
were validated via qRT-PCR (data provided upon
request).

RESULTS AND DISCUSSION

Preliminary data analysis

Sequence assemblyresulted in a number
of A5000 regulated genes due to watering and
the number of annotated genes A2000 genes. The
term enrichment in this study refers to the increase
of a given enzymeor metabolitein the second
day due to watering, while suppression indicates
that theintensity of the enzyme or metabolitewas
reduced due to watering. In other words, enzymeor
metaboliteenrichment indicates thatthe encoding
genes were highly expressed after watering, while
repression indicates that the expression of the
encoding drought-related genes isabolished as it is
no longer required after watering. GO classification
indicated that the subcategory “response to
stimulus” is repressed as the stress in the second
day is completely relieved. We expected that several
biological processes of this subgroup can confer
tolerance to drought stress.
KEGG analysis

In order to study the enzymes inselected
biological pathways of Cassia angustifoliawhose
genes encoding them are highly (e”5 FC) regulated
due to watering, we mapped the detected genes
to reference canonical pathways in the Kyoto
Encyclopedia of Genes and Genomes (KEGG)
(http://www.genome.ad.jp/kegg/). Drought
tolerance is a multigenic process with different
metabolic pathways affecting plant growth (Mehta
et al. 2017).Pathwaysthat were either enriched
or represseddue to watering were examined
(Table S1).0f which, we selected the pathways
that might have emphasis on plant response to
abiotic stress (Table 1). In addition, we have

investigated few other pathways whose enzymes
were suppressed due to watering, while showed no
enzymes that were enriched due to the stress. When
applying the criteria of €”5 FC gene regulation
in KEGG analysis, a number of five groups of
pathways including 14 subgroups with 22 pathways
were selected. These groups are “metabolism”,
“Genetic Information Processing”, “Environmental
Information Processing”, “Cellular Processes” and
“Organismal Systems”. Of which, 10 pathways
showed no enrichment in their enzymes due
to watering, rather they were repressed due to
watering. This indicates that these pathways likely
participate in the molecular mechanisms utilized
by the organism to cope with the stress, whose
enrichment is not required when water becomes
available. These pathways are “Biosynthesis
of siderophore group nonribosomal peptides”,
“Spliceosome”, “VEGF signaling pathway”, “Jak-
STAT signaling pathway”, “Autophagy - other”,
“Tight junction”, “Longevity regulating pathway”,
“Longevity regulating pathway - multiple species”,
“Circadian rhythm” and “Thermogenesis” (Table
1). Enzymes or metabolites of the enriched and
suppressed pathways are shown in Tables 2 and 3,
respectively. The number of activated enzymes due
to watering was 43 enzymes, while the number was
107 for the suppressed enzymes due to watering
(Tables 2 and 3).

Drought stress triggers several plant
responses at the gene expression levels, and
likely result in the accumulation of secondary
metabolites or osmolytes that help the plant
stand the stress (Ramchandra Reddy et al. 2004,
Ergen et al. 2009). In the present study, a large
number of enzymes were found repressed due to
watering, thus likely participate in the molecular
mechanisms utilized to adapt to the long-lasting
drought stress. Enrichment of these enzymes is
not required when water becomes available, while
re-enriched when land became dry again. KEGG
analysis indicated that several gene families are
involved as a safeguard against drought stress. Of
these gene families, abscisic acid (ABA) receptor
PYLseems to be required under drought stress for
ABA-mediated responses such as stomatal closure
(Hao et al. 2011). Suppression of two types of
this receptor, namely PYL4 and PYL9 in senna
(C. angustifolia)(Table 3, Figure 1), indicates
that they participate in morphological changes as



310

AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

X0q pal SISouagouLIay ], vILY
X0q pal WAy UBTPROILD) 0ILY uonejdepe [BJUSWUONAUT ('
X0q palI saroads opdnnu - Kemyjed Sunremnsar £y31a03uo] 1Ty
X0q pal Kemyjed Sunemnsar £1a03uo] 112h S8y 'S SWoISAS [ewsIue3IQ) °G
X0q pal uonoun( Y3, 0ESY  Sj0A1eynd - Aunwuod JeMm[R) €'
X0Q Pal  XOq UQdID) 90UQDSUDS T[N[0 81Th [)esp pue yImoIs [[9D Ty
X0q pal 19130 - A3eydoiny 9¢¥ wssijoqejed pue Jodsuel] 14 sassao01d 1B 4
X0q par Aemyyed Surfeusts [V ILS-er 0€9¥
X0q palI Kemyped Surreudis JOFA 0LEY
X0q Pal  XOQ udaIn) Kemuyped Sureudis V- <Id IS1v
X0q Pal  XO0Q ud9In) Kemyjed Sureudis Yo Lw 0S1v
X0Q Pl XOQ UQdID) uononpsuer) [eudis uouLIoy jue[d SLOY
X0q Pal  XO0Q Ud9In) Kemuyped Surreudis g asedrjoydsoyq L0
X0q Pal  XO0Q U991 jueld - Aemyped Surjeudis JYdVIN 910% Surssaoo1d uoneuriojur
X0Q Pal  XOQ U991 Kemuyped Surreudis gqig a4 uononpsuen [eusdis 7 ¢ [EIUSWIUOIIAUT “¢
X0Q Pal  XO0Q U991 wnnonal orwsejdopud ur Surssoooid urejoig I¥1y  uonepeidop pue Junios ‘SuIp[oq €7 urssaoord
X0q pal Qwos09911dg 0¥0¢€ uonduosuel], ['7  UOHBWIOJUI O)AUSL) 7
sopnayAjod
X0q pal sopndad [ewosoquuou dnoi3 a10ydo1apis Jo sisoypuisorg €501 pue sprouadia) Jo wsIoqeIRN 61
X0Q Pal  XOQ Ud9In) sisaqyuAsolq ueydoidAn pue oursoif) ‘ourue[ejAudyd 00t
X0Q Pal  XOQ Ud9In) wstjoqeow ueydoydAiy, 08¢ wISI[0qeIdW PIok ouIuy G'|
X0Q Pal  XOq UQdID) wisjogelaw proe srudjour-eydle 6S wisijoqeouwt pidry ¢°1
X0Q Pal  XOq UQdID) wistjoqejouwt dyeydsoyd joyisouy 79$ wis[joqeout djeIpAyoqre)) 1| WISI[OqeIN ‘|
ag
passaxddns payoLuy Kemiped  Aemyjed dnoi3qng dnoin

Kemyped yuspuadap-yO L pare[ndal = xoq anjq ‘Surrojem o} anp passaiddns Aemyped = xoq pa1 ‘Gunidjem 03 anp payoLud Aemyped = x0q U231
‘Surrjem gy 01 anp paren3ar (DA §..2) AYSIy souaS Aq popooud SQWAZUS YNmpijofizsndun-) Jo skemiped poidslos T I[qeL



AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

311

0035 urejoxd urureyuoo

10ZIL6'0  €0L08S'T 8¥869S'T  TEISO-  TEISO-  TEISO- urewop £JAS pue Hd -eadar uukyuy g
€6V8€'E  LIII9TY €TLLILY  ¥8LLO'T-  $8LLO'T-  $8LLO'I- ¢ 10joey UONE[ASOqU-JAY LI
€SEETY'E  TOPO89'T TEGVITE T09S9°0-  TO9S9'0-  TO9SY 0~ [ 10108 UONE[ASOQU-AY 91
L1¥89ST TSSYTE'E 9L60ST'E  S6T09°0-  S6T09°0-  S6T09°0- YOL oseuny urdjord-ouruoaryy/euidg - G|
99$679°C TI9YSL'T €TEIPO'T  STS8TO-  6LTLS0-  LISLSO- gr-uweukq  pl
OLSLT'T  €EIL8T'T L86VTO'T 9LSLI0- 9LSLI0-  9LSLIO- ] ez (q osedijoydsoyg  ¢J
AN QAN AN EN N IN () Aemyyed Surreudis q osedrjoydsoyd /01
TILOLY'y S8EI88'y TLILYS'Y +OFOY'I-  +OFOY' I-  6T€09°0- € HALLISNASNI ANATAHLA urlord ¢l
LITL6ET 1€0TST  68TYIET TOTEY'0- TOTEY'0-  TOTEYO0- z wojoxd aapisussuI-oURIAT 1
AN AN 1IN EN N IN (¢) yuerd - Kemyred Surfeusdis YJVIN 910%
SILTE  TLOL6Y'E SO6SEV'E 656870~  96V0L'0-  SE€9T90- YOL oseuny urdjord-ouruoaryy/outdg Q[
6€TSTO'E  Y9LOLS'T 80TBSS'T 9€T8S'0-  18€8S°0-  18€8S°0- eddey aseury urjoid pajera1-£33eys 6
AN AN AN EN N IN (2) Aemuyped Surjeusts gqig 10y
e-d N u1j01d [euonounynnw
TTTEY0  €1S99T°T 6198S0°C  +80¥°0-  1L86T0- 10€80°0- UONJEPIXO-10q PIoE A1NeJ [BWOSAX0A]D) 8
AN AN AN EN N IN (1) wsrjoqeiow pioe orudjourT-eydie 650
YI86TS'E  6S69¥6'T T6E890'C  $00680°0 9SEVI0-  9€T0S0- o1]0s014o aselowost areydsoydosori] L
S9I6STE  ¥T0SYS'E  116106°€  SYLLTO-  6LTLOOO  SOT600- € aseuny-1 deydsoydsryena)-[ojsou] 9
SE08Y8'T LSTIVO'E 6T98YF'T 9EESTT-  9EESTT-  91LLE0- 7 9seuagAxo [oysou] S
€AN TIN 1IN EN N IN (¢) wsijoqeyow syeydsoyd [oysou] 7950
onserdoroqyod -7

€987CET 80906CTT TOTELY'T LO68Y'O-  LO68Y 0~ LO68Y 0" asejeIpAyap Sreuaydaid/aserepAysp sreussory b
QAN [4: 1\ N EN N IN () s1saypuAsorq ueydoydAn pue aursolA} ‘ourue[e|Ausyd 000
TTPTOT  806SS9T TTHOSL'T TEYBE0D-  SSLYFO'0- 89605 0" 1V oquiaw / Ajiuey oseudS0IpAYap opAYapY €
LTS00'€  1SKTO8'T L6SS61'Y  TBOLY0-  €6L99°0-  STTYY0- [ 9seprury 4
TTPO8L'T 9TSETIS'T 091S190°C TITYTO-  TITYTO-  TITHTO- T 011050140 dseIdfsuen|A190€ y0))-[K1008 9]qeqold I
AN TN AN EN N IN wsijoqeow ueydoydAi], 08€0

Surojem 101y

jutod swiry,

Sunojem a1ojog

JwiAzug/Aemyred  ON

Sunojem 10)e = YN ‘TULIdIeM 910Joq = N "SULIdIEM 9y} 0) onp AeppIull Je PIYOLIUD
(D4 §<) A1yS1y sauad Aq papodud sawAzud ympyofizsndup - jo skemyred pejod[eg g dqel,



312

AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

L1+896°C
AN
L1¥896°C
§9086¢£°C
AN
LO6SELO'TC
L1¥896°C
896€68°1

Y619v0°C
[LLY86°0
AN
L1¥895°C
[LLY860
9LLSTY
LIEES'T
AN
€r60€1°C
SY0SL8'T
6¥CTe0'C
€EVOLT'T
L6SELO'T
IPrre9'e

SOVl
89G¢EC8]
§T698'1
AN
LITL6ET
1L8799°C
69TE0L’T
e0vISTT
AN

(41442
AN
(417423
8CSEY'C
AN
SL668S €
[ 144 %3
ITI8LY'C

689L89°C
60L69Y'1
AN
[ 4403
60L69Y']
CSLLETY
YTey9sc
CIN
§916€6'C
§96560°¢
CI960L°1
88¢€¢€°¢
SL668S'E
L9¢6Y0'Y

¥7660T'1
ITI8LY'C
€CC099°1
CIN
1€0Ts'C
66£989°C
9198CEC
CTTyo8’l
AN

9L60ST'¢
N
9L60ST'¢
S¥96¢€°0-
N
reivey
9L60ST'¢
6STECL'C

868TY1'C
€€CSS9°0
AN
9L60ST'¢
€€CSS9°0
890LT8'Y
16LET8°0
AN
8YTSST'T
€6081°¢
810200°1
9009L°1
wreIvey
GS0186°¢

€OLEVS]
6STETL'T
66¥1€L°0
AN
68CTrIC’]
sevicee
YESLE 0
96799T'¢
AN

$6209°0-
EN
$6209°0-
SP96¢€°0-
EN
768¢°0-
$6209°0-
I€vST°0-

€9VL6°0-
S6L6T0
EN
§6209°0-
S6L6T0
[S188°0-
9G1€E0-
EN
€LOYY 0~
¥8869¥°0
€91SY°0-
SEY830°0
°68¢°0-
8€198°0-

9Ty 0-
1ErST°0-
¥861¢°0-
eN
0cer0-
19 1-
YESLE 0
98CIS0-
eN

§6209°0-
N
§6209°0-
SP96¢€°0-
N
°661¢£°0-
$6209°0-
Y0S€T0-

80C€9°0-
6969L°0-
N
$6209°0-
6969L°0-
15188°0-
9G1€€°0-
N
05T 0-
9CIS0-
90t€°0-
[v6vS0-
c661¢°0-
8€198°0-

S68C1°0-
Y0S€T0-
S10vC0-
N
c0Cer 0"
6L0V11-
PESLE 0"
98CIS0-
N

$6209°0-
IN
$6209°0-
I110T°0-
IN
96.88°0-
$6209°0-
Ly¥6T0-

¥€865°0-
6969L°0-
IN
$6209°0-
6969L°0~
15188°0-
9G1€€°0-
IN
L0V 0"
896160~
€SY01°0-
I¥61S°0-
96L88°0-
8¢¥98°0-

SOTYT 0~
LY¥6T0-
¥861¢°0-
IN
c0CeY 0"
6¥5S0°1-
PESLE 0"
98CIS 0"
IN

MO L 9seury u1ojoId-ouruoay)/ouriog IS
(1) 9ouoosouas Iend) 81
MO L 9seury urojo1d-ouruoay)/ouriog w

Z-®19q nunqns A1oyen3ar aseuny urojoid pajedI-1 NS 157
() saroads opdnnu - Kemyjed Surrendar £31A93u0T €17
onserdoroyo -g-(6 uraroid yooys oy or
MOL oseury urjoI1d-ouruoaIy)/QuLIos 6€
08 urojoid 91euS00 Yo0ys JeoH ]¢
Vv nungns K10je[ngax
aseyeydsoyd ursjord-ouruoanyl/ouLg LE
eddey oseuny urojord pajea-£33eys 9¢
() Aemyyed Surjeuss 1v-MeId [STY
AOL 9seury urejo1d-ouruooy)/QuLes S¢
eddey oseuny urojord pojelaI-£33eys ¥€
4 nunqns osed [y uojoid adA3-A €¢
V ungns onAjeied ased 1y uojord odA3-p €
() Aemyyed Sureusis YOLW 0511
 urejoxd Surureyuoo-urewop X g ue[d 1€
[-urisg 0¢
eydye jiungns 19995 urejoid yrodsuen urdjoid 6C
#SNIA 1 osepisouuew-eyd|y 8¢
onsejdoIo[yo -g-(6 ur3oid yooys Jeoy LT
urpnonaIfen 9¢
VELLS mungns 9se1djsuenjAsook|3 urojord
—aopureyooesogijooydsoydip-1Ayorjoq ST
08 urajoxd 91eu00 yo0ys JBOH ¥

[-umy €C

(6) wnnonar orwseidopus ur Surssaoord ureloid 1§
7 u1301d 9AIISUSSUI-QUILAIH w

41a1D 1oydesar urfjaraqqro 1T

1 urzoad 193suenoydsoyd Jurureyuod-surpnsig 0C
1 Jojoey asuodsar urxny 61

(g) uonjonpsuen [eudIs SUOWLIOY JUe[d G/L0b



AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

313

67SST0T6S T~ 6TSSTOT6E'T-  $LOSOV6TT T+ €0Z6€°1- LLOSOS'T  T98018°0 B( 0L U10301d0d[ONUOQLI Ted[ONU [[eWS () 0z
101168608'T- 1011686081~ 101168608 I~ ¥€887°0- TS99%9°0  9€TSSO'T QTS u2301dod[oNUOALI Ted[ONU [[etug 61
6VPS196T 1~ 6WPSI96T 1~ 6¥PS196T 1+ €ELLSO'T 8Y1880°1 ¥€509°0 7 Sojowoy 6 I030ef uIssa001d-yNJw-21d 81
CIN AN AN eN N IN (17) dwosod011ds 010£0
YLLOTLOTY 0= YLLOTLOTYO-  ¥LLOTLITY O- €90182°0 IZE10T°0  T989¥T°0 onse[doIo[yo -oseyIuAs 9JBWSLIOYI0S] LT
(1) sopndad
CIN TIN AN eN N IN [ewosoquuou dnoid 210ydoIdpIs Jo SISSYIUASOIT £SOT0
990VTLETT Y- 990VTLETT Y- 81T6VITSY €~ ¥1669°0 69Y€69°0  THTIY6LO onse[doIo[yd -eseA] aprxorodoIpAy proe Apeq 91
€08068SL Y- SESIVILVLY-  LO9VLIS - S€9L6L°0 950660  T6LT86°0 onse[doIo[yd -oSe[I4d OPIXO SUS[[Y SI
LL6L6SO9T T-  LSO9TOETTI-  $S9LSTIIE T~ €01€€0°0 9EYEY6'0  9ESL6Y'T [ewosrxoxdd -7 ase[o1y} YO)-[K0.0)-¢ al
T6VSYT08S°0-  T6YSHT08S'0-  T6VSHTO8S 0 Yr1067°0 120T€€°0  9LY0TH0 [ 9SBPIXO Y SWAZUI0I-[KJB [BUWOSIX0Id] €l
AN AN AN eN N IN () wsrjoqejowr proe drusjour -eydie 76500
L1207€689°0-  L1T0TE689°0-  L1TOTE689°0- ¥$209°0~ 668000~  L00ST0- 1DV aseyeydsoyd apunisouroydsoyq 4!
€90¥9200°T-  €90¥9Z00°T-  €90¥9T00°I- 7€619€°0 STILOTO  €20TT0- 90V aseyeydsoyd apnisouroydsoyq 1
SETI9THPTI0-  SE€TITHTI0-  SETI9THTI 0~ LTYT90- ZITI0T0  6ILITO- sseyeydsoyd [TvS 01
S68LY66LLT-  SSLETIVET S~ 88LETIVET €~ 8YPET 0" 8787000  8SI¥H00 7 O asedrjoydsoyd opursoutoydsoyq 6
TS99VI8Y9'T-  TS9OVISY9'T-  TS99VISH9 T SI18Y9°C- 89LL0°T-  TTLEE'T- aseypuhs ajeydsoyd-¢-1opsour 8
D149V dseury-g
SOCT]Y969°0-  S9ET]Y969°0-  S9ET]Y969°0~ 9¢T8Y 0" ¥0819T°0  6¥T81°0- sreydsoyd-¢-fonsourjApneydsoyd-1 saneing L
CIN TIN AN eN N IN (9) wisrioqejowr Aeydsoyd [oysou] 79500
onse[doIo[yo -oseus3oIpAyop
SCLLL6VES'T-  SELLL6VEST-  SELLL6VEST- 796070~ €P9ELE0  6TTOEE0 SJBWINIYS/oSBIRIPAYSp d)euInboIpAyap-¢ [euonounyrg 9
9€H88985T°0-  9€H8898ST0-  9€H88985T 0~ 6v7080°0 6L6TIET'0  €LL6SOO aseqiuks geurnboIpAyap-¢ S
908860€T9' I~  908860€T9'I-  908860€T9'I- I¥E€LLO°0 I€1819°0  +0TS89°0 onse[doIo[yd -z yrunqns eyd[e SSEYIUAS dJe[IULIUY v
SPOS61816°0-  SPOS61816°0-  SPOS61816°0~ 100090°0 8LI9T°0 PrSYE0 CIVL 9SeIoJsuenourte 9[qeqold €
AN AN N EN N IN () s1seypuisorq ueydoydAn pue sursoIky ‘durue[elAudyd 0000
PIOLTLSOS Y- PIOLILSOS Y-  PIOLILSOE - 111296'1 SI9Y91°CT  LTTLITT 01VODNA 9seusSAxoouow ajeanifd-¢-ojopur 9[qeqoid 4
81€9TTISH I~ SIE9TTISH I~ 81€9TTISH I~ €9L05°0~ 61LL8TT  89¥L8S'T T4 IoquiIdur ¢ Areuef 9seua5oIpAYdp SPAYpPTY I
AN TIN AN EN N IN (7) wsroqelowr ueydoydAiy, 08£00

Suroem 101y 3uLIdjem 210Jog

jutod owiry,

swkzug/Aemyred 'ON

Surojem 10)Je = YN ‘Sunojem 010Joq = N ‘Sunojem o3 03 onp passarddns (O ¢ <)

A1y31y soua pare[a1-1y3noIp Aq papooud SAWAZUS YNMpIjofizsndun - Jo skemyied pajod[as *¢€ AqeL



314

AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

665C1890%°0-
999078%01°C-
12C19820€°0-
€99SSH88¢EC-
€¥998619¥°0-
STEBSETLY 0~
CL6900168°0-
1696L0ELTC-
§98T68TYS €
69LEYTOTT 0"

S6¥190186°0-
AN
9LESEELIY 0"
AN
8L6LO0YSY 0~
88YEETCSY 0~
YOvLSS1TY -
L8091¢7830°1-
8CS8I0LLY 0~
C06881LE°0"
8196TELO6'T
LT8760980°¢-
§86T9599¢°1-
L8Y1¥96L°0-
LTY101€9% 1~
SSLO6EELL 0"
SOLETIBET €
6811€6C89°C-

90€905€ST1°0-
§9260T611 ¢~
816VEYERST-
S0LTOIY01°C-

665C1890%°0-
999028101°C-
1TT19820€°0-
€96SSY88¢T-
€79986791°0-
STE8SETLY 0~
CL6900158°0-
€05586507°¢-
S98T68TYS ¢~
69LEYTOTT 0"

S6¥¥90186°0-
IN
9LESEELIY 0
AN
8L6LOOYSY 0"
88YEETCSY 0~
YOVLSSITY C-
L8091¢7880°1-
8CSBI0LLY 0~
C0¥6881LE0-
8196TELO6'T-
LT8160980°¢-
$8679599¢°I-
L8YI¥96L°0-
LTY101€9Y 1~
6667£0L59°0-
SOLETIBET €
6817£6789°C-

90€905€ST1°0-
§9T60T61v ¢~
8I6VEYERST-
S0LTOIYO01"C-

665C1890%°0-
999078%01°C-
12C19820€°0-
€99SSH88¢EC-
€¥998619Y°0-
STEBSETLY 0~
CL6900158°0-
S085666¥5C-
§98T68TYS €~
69LEYTOTT 0"

S6¥190186°0-
AN
9LESEELIY 0"
AN
8L6LO0YSY 0~
88YEETCSY 0~
YOYLSS1TY -
L8091¢7830°I-
8CS8I0LLY 0~
C06881LE0-
8196TELO6'T
LT8760980°¢-
§86T9599¢°1-
€L81€908L°0-
LTY101€9% 1~
SSLO6EELL 0"
SOLETIBET €
6811€6C89°C-

90€905€ST1°0-
§9260T611 ¢~
816VEYERST-
S0LTOIY01°C-

8LLITO-
$0859°0-
190T8%°0
L9TrE9°0
8¥500€°0
9TsyT0°0
SSLYT'0

COTYLL']
CELIYTO
Y67 0-

€8IIST°0
EN
11¥2TT0
EN
YLLSY0'0
SS¥E9°0
CI€0L9°0
89¥7L80°0
LOLLY0-
681LE°0"
YreETr9 0
SIyc00-
L6Y6£°0"
1¥28¢6°0
EETHY0-
L61%S°0-
YCITLS 0
6¥€S€8°0

16€ST°0-
€L2016°0
95695°0

€9¢51°0-

LOSTYE0
LYy o-
y206¥C0
9¥661°0
LTESITO
1868010
€1L20°0
159910°C
€CC88E°0
LSYY88°0

SO¥8ST°0
N
19¢¥20°0
N
88€0€0°0
SELE6O0
€89L€6°0
87908¢°0
1599%+°0
6811750
$S9LEY 0
ery6esT0
998780°0
801626°0
6057€9°0
18C8IT1
€96C19°0
CTr890°1

6VLEYTO
SIS9T8°0
1089¢t°0
€LO9LTO

18501°0-
€0LTE0"
S1€900°0
L00ST9°0
LTTTSE0
815580°0
$6910°0-
CCLTSS']
9TTEIY'0
S96815°0

Ce6e0-
IN
§96¢€1°0-
IN
LLST0-
6€€85°0
90LEELO
1SLT0-
6€€60°0
resee0
18CI1°0-
L8TOLS™0
€192€5°0
SI8ITO
X495 2540
SY90LT0
6650¥C°0
£€8CC80

$€50L0°0
€0Ere0

66€90T'[
80S91°1

ISIdN oseury oseury aseury urjoid pojeAroe-udSoN
¢ oseuny u1301d pareAnOB-uUdSOIAN

utooxd ¢ oNI-¢ AAILISNASNI ANATAHLA
7 urd301d 9AIISUSUI-QUIAIT

IS oseury ure)0d-ouruooiy3/ouLIes
013d V'S oseury ura301d-ouruoaIy}/QuLIds
61Ad 103daoa1 proe JIS19sqy

$TAd 101d0031 p1oe oIS10sqQy

TOAN J0108] uondriosuer],

$1HTHQ 103oe] uondLosuel],

[ 9seury 103doo31 pajeIoosse

-1 HALLISNASNI AIOYdLSONISSVId

0s
6¥
8y
Ly
14
94
44
134
(44
v

ov

(8) yuerd - Kemyped Surfeusis VN 910+0

YO dseury] ure)old-ouruooIy3/ouLes

6¢€

(1) Aemyped Surjeudts gqrg 1070

€€T0S 1010e) Surorfds a1[-G¢DS YoLI-ouIUITIe/QULIdS
1€SY 10308} Surords yor-ouruIdie/ouLog
G€DS J030e] urords yoL-ouIuIdIe/ouLdg
IS 10308} Surords-yoL-ouruidie/ouLog

1 mungns xo[dwos QH.L

Sojowoy [ A S J030e} Surords-y NJw-a1d
V8 10308] Jurords-gurssaoord-y NYw-a1g
Sojowoy § 10308} Jurords-y N JW-a1d

[0¥Y utaold

nunqns ey §9 Ay 10308y Surords

g nunqns [[ews jez) 1ojoej urordg
zyungns g¢ 103oej Surorjdg

6z urerold Surpuiq-yNYg

VO urojord Fuissooord-yNYw-21d

THVHAJ 9Se3IoY VNI

Juopuddap-d 1y 10308} urords-y NJw-a1d
Tt 9seoljoy YN Juopuadop-d 1V x0q-AVAd
LINS'T urojoxd oxr[-wg

4 urjoxdoaonuoqr resfonu [fews 9]qeqoid

8¢
LE
9¢
g€
143
€€
[43
§3
0¢
6T
8¢
LT
9¢
94

144
€C
[44
I



AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

315

SCSITITY 1~
AN

S0¥06L916°1-
€LT100SSLY V-
Y08S9CCI8 1~
AN
(4444321 A&
9LESEELOY 0
AN

1TC19820€°0-
€96SSY88ET-
69¢€SYCCS9°0-
£r998619Y°0-
800€L66L8°0"
CL6900158°0"
1696L0€LTC-
cee8ye108°0-
6299900L0°C-
€CSE9¢EL6Y 0"
9L9¢6510°C-

SLYYTSIST T
1620€6C9L'1-
SCr109099%"1-
9EVSLYIEE 0
G98C68CYS ¢~
69LEYTO6TT 0"

S6v¥90186°0-
AN

LOETTY6L9 0

9LESEELIY 0

[¥S99CC18°0-
AN

SCSIIICY 1~
AN

SO0¥06L91G°1-
E€LT00SSLY V-
Y08S9CSI8°[-
TIN
LTOV611¢E8 1~
9LESEELIY 0"
TIN
1TC19820€°0-
€96CSY88¢EC-
69€SYTCS90-
£79986791°0-
800€L66L8°0"
CL6900158°0"
€05586507°¢-
CceeYE108°0-
6799900L0°C-
€Cee9eL6Y 0"
9L9€6510°C-
[¥6€£8005CC-
SYE808L68°C-
SC109099t°1-
9EVSLYIEE 0"
S98T68TYS €~
69LEYT6CC 0"

S6v90186°0-
CIN

LOETTY6L9 0"

9LESEELIY 0"

[¥S99CC18°0-
TIN

SCSITITY 1~
AN

S0¥06L916°1-
€LT100SSLY V-
Y08S9CCI8 1~
AN
€E9616ee8[-
9LESEELIY O
AN
1TC19820€°0-
€96SSY88EC-
69¢€SYCCS9°0-
£r9986197°0-
800€L66L8°0"
CL6900158°0"
S085666¥SC-
cee8yEI108°0-
6299900L0°C-
€CSE9¢EL6Y 0"
9L9¢6510°C-
6v1996CSC T
SYE808L68°C-
SCr109099%"1-
9EVSLYIEE 0
G98C68CYS ¢~
69LEYTO6TT 0"

S6v¥90186°0-
AN

LOETTY6L9 0

9LESEELIY 0

[¥S99CC18°0-
AN

12443 AN0]
EN

eveinro-
9L09¢8°[
8COLI'T-
EN
CSCE8' -
11yceco
EN
1902810
LI9TYE9°0
LL8BTE0
8¥500€°0
860679°0
SSLYTO
COTYLL']
60%7599°0
£€6601°0-
9€L6Y 0"
Y96v¢ECT1
Y98y T 1-
L6€069°1
9099¥°1-
GESS0To
CELIVTO
¥26CC 0~

€8I1ST°0
EN

LLSTLTO

11yceco

LTTI8°0-
EN

899T°0
N

16€L6€°0
£9¢860°C
65910°0-
N
Cr8TLTO
192200
N
¥206¥C0
9Y661°0
8091 C°0
LTES9T0
8EY6£°0
€1L20°0
189910°C
SSLE680
C9L81°0-
10LS€0°0
LEBLIT']
¥160°1-
6100CL'1
LES6S0
¢SLO0T0
€CT88E°0
LSY188°0

SO¥8ST°0
N

rS6£0°0

19¢¥C0°0

CEILTY O
N

16911170
IN

C8LY8T0
1910961
9€01v°0-
IN
96ErE0°0
§96¢€1°0-
IN
S1€900°0
L00ST9°0
991880°0
LTTTSE0
6v1Z81°0
S6910°0-
CCLTSY'|
810990
¢590C0-
9L50T0-
S8TY8I'l
900CI'1-
8L685S6°]
1€LS8°0
126LY1°0
9TTEIY0
§96815°0

CTe6E°0"
IN

99¢vS0°0

§96¢€1°0-

¢EC9€0°0
IN

1 aseury urjoxd SunoeIuI-TgD LL

() Aemyyed SureuSis YOLW 0S 10
1 urojoxd uorepeI3op

PajeIdOSSe-YH Ul 10308} uonugosar unmnbiqn 9L
onserdoroyo -G-0g urejoid yooys jeo SL
£)aq Junqgns 19003 urajoid yrodsuen urojorg vL

(6) wnnonoar orwsejdopus ur Jurssaooid uro1d 110
D8 urdjoxd pajejar-A3eydony €L

IO 9seury urejold-ouruooiy3/ouLes L

(€) 1oyo - A3eqdony 9¢ 110

urajord ¢ aI]-¢ FALLISNASNI ANHTAHLA IL

7 u1301d 0ADISUSSUI-QUSAYIT oL
7 u1a301d OY1]-0SBIJSUBHAYIOIN 69
IS oseury ure30Id-ouruooiy3/ouLes 89

013IdV'S oseury urojo1d-ouruoaIy)/QuLIdg L9
6TAd 103daoa1 proe o1s10sqy 99
$TAd 103daoar proe o1s10sqy S9

NIV Iorern3ar asuodsar juouodwos-om], 9
G1 lojoe} asuodsar urxny €9
G 10308} 9suodsar urxny 79

(1T91L) 1 9suodsay] Joyquyuy J10dsuel], urojo1g 19
LVVI uror01d aatsuodsar-urxny 09
1V VI uojoid aarsuodsar-urxny 6S
T 9se[oIpAY [euruLid)-) unmbiqn 8¢
¢ urdjo1d 1§ ALLISNASNI-AIOV DISIOSaY LS
TOAIN 1030e] uondLiosuel], 9¢
¥ TH'THQ 10308 uonduosuer], 99

[ oseury J03daoax
pajerdosse-T HALLISNASNI dAIOYd.LSONISSVdd 123
(1) uononpsuen [eudis suowioy Jueld S.0v0

0o9s urejord
Surureyuoo urewop /DHS pue Hd -1eadar uLkyuy €S
AOL 9seury urejoid-ouruooiyy/ouLes 49
gg-utueudq IS
(¢) Aemuyped Sureusts q asedrjoydsoyd 72040



316

AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

8689599¢L°1-
AN
SCSITICY'1-
AN
9LESEELIY 0"
AN
88799806L°C-
SCSIIICY'1-

196520880~
AN
LYO9SPYeEL T~
AN
L8ESLTBRT 0"
9LESEELIY 0"
LY09SPYeEL T~
AN
9LESEELIY 0"
SCSITICY I-
AN
9LESEELIY 0
SCSITICY I-
AN
€LT00SSLY V-
y68¥S0161°C-
9LESEELIY 0
SCSITITY 1~

196520880~
AN
S16TSLOTS I~
COLITYI8S 0"
9LESEELIY O

8689599¢L"1-
AN
SCSITITY1-
AN
9LESEELIY O
AN
88799806L°C-
SCSITITY'1-

1965208810~
AN
LY09SYyeEL 1~
AN
L8ESLTRBT 0
9LESEELIY O
LYO9SYYEL T~
CIN
9LESEELIY O
SCSITITY'1-
CIN
9LESEELIY 0"
SCSITITY'1-
CIN
€LT00SSLI V-
y68¥S0161°C-
9LESEELIY 0"
SCSIIITY'1-

196520880~
CIN
6989SLEV9 1~
COLITYI8S 0"
9LESEELIY 0"

8689599¢L°1-
AN
SCSITICY1-
AN
9LESECLIY 0"
AN
88799806L°C-
SCSIIICY'1-

196520880~
AN
LYO9SPYeEL T~
AN
L8ESLTBBT 0"
9LESEELIY 0"
LY09SYYeEL T~
AN
9LESEELIY 0"
SCSITICY I-
AN
9LESEELIY 0
SCSITICY I-
AN
€LT00SSLY V-
y68¥S0161°C-
9LESEELIY 0
SCSITITY 1~

196520880~
AN
6989SLEYI -
COLITYI8S 0"
9LESEELIY O

90LELE'T
EN

€EC8Y10
EN

R4 4440]
EN

LI¥8EE0

€ETY10

€0881°0-
EN
96LLYIT']
EN
$60566°0
[1¥2TT0
96LLYT'T
EN
11¥2CT0
€EC8Y10
EN
11¥2CT0
€EC8Y10
EN
9L09S8°[
LO00ET 0
11¥ceco
€EC8Y10

€0881°0-
EN
¢6L150°0
CSSTIE0
11¥ceco

CELTO0
N
899T°0
N
19¢¥20°0
N
9€900°0-
899T°0

$€6799°0
N
9€v90¢°[
N
§7S899°0
19¢¥20°0
9e¥90¢°1
N
19¢¥C0°0
899T°0
N
192¥20°0
899T°0
N
£€9€860°C
S8LITE0
19T¥C0°0
899T°0

$€6799°0
N
STS80°0
SYLO0-
19T¥C0°0

889¢€S¢E°]
IN
16911%°0
IN
S96¢€1°0-
IN
601165°0
16911%°0

€€9018°0
IN
1T00L0°T
IN
8LS659°0
S96¢€1°0-
1T00L0°T
IN
$96¢€1°0-
16911%°0
IN
§96€1°0-
16911%°0
IN
1910961
LY91SY 0
S96€1°0-
16911%°0

€€9018°0
IN
ITLST00
89¢€80°0-
S96¢€1°0-

[eLIPUOYDOIIW -] JIUngns
urajordoaey [suournbign] aseuaForpAyap 9jeuroong 66

(6) stsouaSowdy L 1.0
1 aseuny urdjoxd Sunoerul-Tg) 86

(1) wypAys uerpeott) 01L40
YO oseury] ur)0d-ouruoaiyl/ouLes L6
(1) Aemyed Surjeusts [VIS-MVI 0£970
ureypo g-eyde urngny, 96
1 aseury urdjoxd SunorIUI-Tg) S6
wI0JosI B19q Vv yungns £10je[n3ax
B 9 v asereydsoyd urojord-ouruoaryy/Quriog ¥6
() uonounlySiL, 0gSH0
¢ urjoid oYI[-g ULINAUId[ED) €6
(1) Aemyed Surjeusts JOFA 0LEVO
7 untod urdj01d duBIqUISW JOINO [BLIPUOYIOIA 6
FAOL oseury] ur)01d-ouruoaly}/ouLIes 16
¢ urjoxd oYI[-g ULINAUId[E)D) 06
(€) 2oud0souas 1em[R) {1240
FAOL oseury ur)0Id-ouIuoaIy}/QuLIds 68
1 aseury urdjoxd SunorIyuI-1g)D 38
() saroads opdnnu - Aemyjed Sunemn3dar A31493uU0T €17H0
FMOL oseury urjoI1d-ouIuoaIy}/QuLIds L8
1 aseury urdjoxd SunorIuI-1g)D 98
(7) Aemyped Sunren3ar A31A93u0T 11240
anserdoroyo -g-(6 uraroad yooys jeoy S8
v uraroad pare[ar-qAN $8
FMOL oseury ur3oI1d-ouIuoaIy}/QuLIs €8
1 oseury urdjoxd Sunorioyul-1g) 8
wI0JosI ©19q Y yungns K10je[ngax
e §9 v asereydsoyd urojord-suruoaryy/ouriog 18
() Aemyed Surjeusis M y-3¢ld 1S1+0
aNI-6¢€ utaroxd Surpuiq-wniofe) 08
91D LV 9seuny] uro}o1d-ouruoany)/QuLes 6L
FMOL 9seury ur301d-ouruoaIy}/QuLIds 8L



0.259696 -0.848660867  -0.848660867  -0.848660867

0.44765

1.118139

Cytochrome ¢ oxidase assembly protein COX11-

mitochondrial

100

-0.994613871
-0.488504281

0.640444 -0.994613871  -0.994613871
-0.488504281  -0.488504281

-0.4885

0.719522
0.628526

1.006468
-0.18283

Cytochrome ¢ oxidase assembly protein COX15

101
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NADH dehydrogenase [ubiquinone] flavoprotein 1-
mitochondrial

102

-1.62111525
-0.467335376
-0.145290342
-0.243057157
-2.538045118

-1.62111525
-0.467335376
-0.145290342
-0.243057157
-2.006975625

-1.62111525
-0.467335376
-0.145290342
-0.243057157
-2.538045118

0.148233
0.222411
-0.14529
0.147611
0.493703

0.2668
0.024261
0.391757
0.212171
0.685377

0.411691
-0.13965
0.082451
0.099498
0.684605

CBL-interacting protein kinase 1

103

Serine/threonine-protein kinase TOR
SWI/SNF complex subunit SWI3C

104
105

PsbP domain-containing protein 7- chloroplastic
Protein arginine methyltransferase NDUFAF7
homolog- mitochondrial {EC0O:0000250|UniProtKB:Q7L592}

106

107

a mechanism of avoidance tolerance. PYL4 was
reported to improved ABA-dependent inhibition
of PP2CA and can modulate inhibition even in the
absence of ABA (Pizzio et al. 2013). PP2CA plays
a critical role to regulate both seed and vegetative
responses toABAand regulates stomatal aperture
through interaction with the anion channel SLOW
ANION CHANNEL1 (SLACI1) and the kinase
OPEN STOMATAT1 (Kuhn et al. 2006, Yoshida et
al.2006,Lee et al. 2009). In addition, ABA receptor
PYL9 was proven to promote drought resistance
and leaf senescence in Arabidopsis and rice (Zhao
et al. 2016).

Auxin response factor (ARF) 5 and 15 are
among the mechanisms of senna (C. angustifolia)
to tolerate drought stress(Table 3, Figure 2).
AREF are potential mediators of biotic and abiotic
stress responses in plant (Bouzroud et al. 2018).
ARFS5 gene was proven to increase the contents
of carotenoids and enhance the tolerance to both
salt and drought when expressed in Arabidopsis
(Kang et al. 2018), while ARF15 regulates
cell division activity during early tomato fruit
development, thus, provides important influence
on plant growth under drought stress (DeJong et
al. 2015). ARF5 gene also act as an activator of
auxin-responsive gene expression in Arabidopsis
(Remington et al. 2004). This enzyme allows
the activation of ARF, derepresses downstream
auxin responsive pathways, thus mediates plant
growth and development(Gray et al. 2001). Also,
two ARF (or Aux/IAA) proteins, namely IAA7
and [AA14, exist in stressed plant only(Table 3,
Figure 3). Aux/IAA proteins orchestrate several
biological and physiological processes such as
embryogenesis, leaf expansion and senescence,
lateral root development and fruit development by
regulating the expression of auxin response genes
(Wilmoth et al. 2005, Sagar et al. 2013). IAA7
controls the morphological responses induced
by light, e.g., promoting leaf development under
adverse condition, while [AA14 acts in controlling
lateral root formation by interacting with two ARF
proteins (Luo ez al. 2018). These two Aux/IAAs are
produced due to the accumulated IAA generated
is a result of tryptophan metabolism pathway and
specifically oriented towards the induction of plant
hormone signal transduction pathway to help the
plant maintains normal performance inder drought
stress. As the highly conserved domain II of the
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other Aux/IAA proteins is a target for degradation
process promoted by auxin,this action allows
the participation of the auxin-induced Protein
TRANSPORT INHIBITOR RESPONSE 1 (TIR1).
Consequently, TIR lactivates its target factors,
e.g., ARFs, thus, allowing the auxin-responsive
downstream genes, AUX/LAX, LBD and SAUR,
to function and promote plant growth under
adverse conditions. This Protein TRANSPORT
INHIBITOR RESPONSE 1 (TIR1) also shown to
be a major player under drought stress in senna as it

FPKM value

N1 N2 N3

is enriched only under the stress (Table 3, Figure 4).
BRASSINOSTEROID INSENSITIVE 1(BRI1)-
associated receptor kinase 1 (or BAK1) belongs
to a large group of plant transmembrane proteins
known as theleucine-rich repeatreceptor kinases
(Belkhadir and Jaillais 2015). BAK1 has important
role in brassinosteroidsignaling (Li et al.2002).
Brassinosteroid is a plant hormone with important
roles in cell proliferation and growth (Belkhadir and
Jaillais 2015).BAK1 particularlyacts in repressing
the development of unneeded stomatain plant

NR1 NR2 NR3

Time point

== PYL4 =@ PYLS

Fig. 1. Enrichment pattern of the abscisic acid (ABA) receptors PYL4 and PYL9 at midday before (N) and after

(NR) watering
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g .-r"‘:\

FPKM value

-1.5
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Fig. 2. Enrichment pattern of auxin response factor (ARF) 5 and 15 at midday before (N) and after (NR) watering



319 AL-SULAMI et al., Biosci., Biotech. Res. Asia, Vol. 16(2), 307-326 (2019)

leaves, thus maintain water turgor under drought
stress (Smakowska-Luzan et al. 2018). BAK1 also
shown to be a major player under drought stress in
senna as it is enriched only under the stress (Table
3, Figure 5). In senna, it is evident that PYL and
BAKI1 are induced by ABA and brassinosteroid
towards the occurrence of stomatal closure and in
cell elongation and division. These roles represent
two bottle-necks in the plant hormone signal
transduction pathway. Over and above, indole-
3-pyruvate (or flavin) monooxygenase, encoded

FPKM value

N1 M2 N3

by YUC?2 gene, also participates in tryptophan
metabolism pathway(Watanabe and Lam 2006)
towards the biosynthesis of A A that, as mentioned
above, is required for triggering the plant hormone
signal transduction pathway. Accordingly,this
enzyme likely has a role in conferring drought
stress tolerance in senna (C. angustifolia) (Table
3, Figure 6). The two pathways likely crosstalk in
senna (C. angustifolia) towards the maintenance of
normal growth under adverse condition (Figures 7
and 8).

NR1 NR2 NR3

Time point

e |AAL] e |AAT
Fig. 3. Enrichment pattern of AUX/IAA factors IAA14 and IAA7 at midday before (N) and after (NR) watering
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-2.5
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Time point

Fig. 4. Enrichment pattern of Protein TRANSPORT INHIBITOR RESPONSE 1 (TIR1) at midday before (N) and
after (NR) watering.Details of enrichment pattern of this protein is shown in Table 3
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Phosphoinositide phosphatase SACI
and SAC6 can also be among the molecular
mechanisms to cope with the stress in senna (C.
angustifolia)(Table 3, Figure 9). The domains of
SAC protein possess phosphoinositide phosphatase
activities.SAC1 was previously shown to affect
diverse cellular functions such as normal cell
morphogenesis, Golgi function, and maintenance
of vacuole morphology (Zhong et al. 2005), while
SAC6 gene was predominantly expressed in

0.4

0.2

-0.2

-0.4

FPKM value

-0.6

-0.8

-1.2
N2

M3
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flowers and proven to be highly induced by salinity
in Arabidopsis (Zhong and Ye 2003).

A number of five pre-mRNA splicing
factors as well as three serine/arginine-rich (SR)
regulator factors were shown to participate in
drought stress tolerance in senna (C. angustifolia)
(Table 3, Figure 10). The pre-mRNA factors
included splicing factors (SF) 8, 8A, 19, 40A and
ISY1, while SRs included factors SCL33, RS31
and RS34. No particular function is assigned to

MR1 MR2 MNR3

Time point

Fig. 5. Enrichment pattern of BRI1-associated receptor kinase 1(BAK1) at midday before (N) and after (NR)
watering. Details of enrichment pattern of this enzyme is shown in Table 3

3

2

FPKM value

M1 M2

M3

MR1 MR2 MR3

Time point

Fig. 6. Enrichment pattern of indole-3-pyruvate (or flavin) monooxygenase at midday before (N) and after (NR)
watering. Details of enrichment pattern of this enzymeis shown in Table 3
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any of these splicing factors and regulators except
that each one might act on a certain protein or
protein type. This conclusion warrant further
experimentation and analysis. Pre-mRNAs
usually contain introns that requires splicing or
alternative splicing (AS) to produce structurally
and functionally different proteins from the same
gene (Palusa et al. 2007). Pre-mRNAs-related
genes encode serine/arginine-rich (SR), which is
a conserved protein family of splicing regulators
in plant. Splicing of SR genes has proven to be
developmental- and tissue-specific. Prior research
indicated that abiotic stresses regulate the splicing
of the pre-mRNAs of SR genes to produce different

protein isoforms,thus different functions. We
speculate that the altered splicing in senna seems
like the action of the immune systems as to produce
a specific antibodies for a specific antigen. Here,
we think that alternative splicing of SR under stress
produce the proper isoform of the proteins that
can hold their structures and avoid denaturation
or unfolding as a response to stimuli.

Many other regulated metabolites and
proteins in senna (C. angustifolia)including
protective proteins, such as heat shockprotein
95s were previously reportedto play functional
roles in drought tolerancein plants (Hu and Xiong
2014, Umezawa et al. 2006). Senna might also
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Fig. 7. Tryptophan metabolism pathway indicating two important enzymes Aldehyde dehydrogenase family 3
member F1 (EC: 1.2.1.3) and indole-3-pyruvate monooxygenase (EC: 11.41.31.68) that were enriched under drought
stress, while suppressed due to watering. Details of enrichment pattern of these two enzymes are shown in Table 3
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developed efficient signal transductioncascades to
cope with drought stress as it proved to regulate
ATPase, which is a major signaling factor involved
indrought stress signaling (Akpinar ef al. 2012,
2013).Protein kinases participate in developmental
and environmentalsignal transduction in plants
(Rodriguez et al.2010, Liu ef al. 2016) and play
a key role in activating transcriptionfactors
and drought-responsive proteins underdrought
tolerance. Among them, mitogen-activated protein
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kinase(MAPK) and cytochrome c oxidase that were
regulated in senna (C. angustifolia) (Table 3).

Other enzymes includephospholipase C2
and allene oxide cyclase as well as isochorismate
pathway were regulated in senna (C. angustifolia).
The two enzymes play a role in JA pathway, while
isochorismate pathway results in the production of
salicylic acid (SA) (Kawano et al. 2004, Mustafa
et al. 2009).The latter pathways have important
applications in plant production.

NR2 NR3

Time point

=S ACE === S5AC1

Fig. 9. Enrichment pattern of SAC1 and SAC6 at midday before (N) and after (NR) watering.Details of enrichment

pattern of these proteins are shown in Table 3
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Fig. 10. Enrichment pattern of the five Pre-mRNA splicing factors SF19, SF A40, SF 8, SF 8A and SF ISY1 as
well as the three serine/arginine-rich SR34, SC35 and SR31 regulator factors at midday before (N) and after (NR)
watering.Details of enrichment pattern of these proteins are shown in Table 3
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In conclusion, we speculate that we have

expanded our understanding of the molecular
mechanism underlyingdrought stress tolerance
in senna (C. angustifolia). This information
will be valuable resource for accelerated
genomics-assisted genetic breeding programs
targeting theimprovement of drought tolerancein
economically important crop plants.
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