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TOM TAT: C4 Tra la d6i twong thuy san nudc ngot quan trong c6 gia tri kinh té & Pong bang
song Ciru Long. Nghién ctru cia chung t6i 4p dung k§ thuat giai trinh ty Ton Torrent nham xay
dung co so dir liéu EST tir m6 than cua ca tra nubi & do man 9 ppt. Két qua giai trinh tu dat duoc
2.623.929 doan trinh tu c6 chiéu dai trung binh 13 104 bp sau khi sang loc loai bo cac doan trinh tu
c6 chat lugng thap. Cac doan trinh ty duoc lap rap thanh contig sir dung cac phan mém lap rap
CLC Genomic Workbench, Trinity va Velvet/Oases, trong ¢6 CLC 1a chwong trinh lap rap tdi vu
nhét. Két qua 1ap rap sir dung CLC dat duoc 29.940 contig va xac dinh duge 5.710 gen gia dinh khi
s0 sanh véi co so dir lidu cua NCBI. Ngoai ra nghién ctru ciia chung t6i ciing phat hién dugc sd
lwong 16n SNP. Két qua nghién ctru ciia chung toi 13 co sé dit liéu chi tiét vé hé gen chirc nang cua
ca tra cho dén thoi diém hién tai.

Tur khoa: Pangasianodon hypophthalmus, hé gen chirc nang, mé théan, tinh trang chiu man

MO PAU

Ca tra (Pangasianodon hypophthalmus) la
dbi twong thiy san nude ngot 6 gia tri kinh té
cao ¢ Pong bang song Ctru Long (PBSCL).
Nim 2014, san lugng c4 tra dat hon 1,1 triéu tan
va kim ngach xuat khau wdc tinh dat khoang
1,77 ty USD [28]. Chuong trinh chon gidng ca
tra do Vién Nghién ciru Nudi trong Thuy san 11
thuc hién tao ra glong ¢4 tra co tdc do tang
truéng nhanh va ty 1€ phi 1€ cao, dap tmg su
phét trién vuoc bac cia nghé nudi ca tra trong
nhitng nam qua [25, 26]. Tuy nhién, nghé nuéi
ca tra dang d6i mat voi nhiéu thach thic méi,
trong d6 sy xam nhap mén ngay cang lan rong &
nhiéu vling cua DBBSCL do tac dong cua bién
d6i khi hau 1a van d& can quan tdm. Diéu nay
cho thiy nhu cau con giéng ca tra c6 kha ning
chiu min trd nén cip thiét dé thich nghi voi
ving nudi bi nhiém man. Phuong phép chon
gidbng MAS (marker-assisted selection) dia vao
cac chi thi phan tr va gan day la phuong phap
chon gibng GS (genomic selection) la nhu:ng
phuong phap chon giong hién dai co thé nang
cao hiéu qua chon gidng trong thoi gian ngin
[3]. Bé co thé ung dung phuong phap chon
giong hién dai, viéc xay dung co sé dir lidu
thdng tin di truyén cua cé tra lién quan dén tinh
trang chiu min 13 budc di can thiét dau tién.
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Tuy nhién, co s& dit liéu & mirc d6 phan ti ddi
V6i ¢4 tra con rat han ché. Hién nay chi c6 cac
cong bd sir dung chi thi microsatellite nghién
ctru quan dan ca tra tw nhién va gia hoa [9, 20,
21] va nghién ciru dinh danh cac loai ca da tron
bang mi vach DNA [31]. K¥ thuat giai trinh tu
gen thé hé m6i ¢4 mo ra nhiéu co hoi nghién
cuu hé gen DNA (genome) va hé gen chirc nang
RNA (transcriptome) dé dang hon va dd duoc
tmg dung nghién ctru hé gen cho hon 30 ddi
tuong thiy san c6 gié tri kinh té [18]. Trong do
nghién ctru hé gen chirc nang RNA don gian
hon, gitip hiéu biét chi tiét cac chirc ning sinh
hoc & mirc d6 phan tir va cd thé xac dinh duoc
c4c gen tiém ning lién quan dén tinh trang quan
tam [29].

M@ than 1a mot trong cac mo chinh tham gia
diéu hoa 4p suat tham thau & c4 nudc ngot thich
nghi v&i moi truong nudc lg man [14]. Vi vay,
nghién ctru ciia ching t6i lwa chon mé than dé
phan tich hé gen chic ning lién quan dén tinh
trang chiu mdn cla ca tra bang ky thuat giai
trinh tu gen thé hé mai Ion Torrent. C4c trinh tu
EST dugc két néi thanh contig bang cac phin
mém khac nhau va chu giai chirc ning gia dinh.
Céc doan trinh tu dugc so sanh v6i co s dix
licu cua NCBI (National Center for
Biotechnology Information) dé xac dinh céc
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nhém protein va gen tiém ning anh huong dén
kha nang chiu man cta ca tra. Ngoai ra nghién
ctu ciing xac dinh duoc sé luong 16n chi thi
phén tir SNP (single nucleotide polymorphism)
c6 thé img dung cho cac nghién ctru khac ¢ mirc
d6 phan tir trén ca tra va ca da tron.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Mau thi nghiém

Nghién clru ca tra ting truong dugc thuc
hién tai Khu thi nghiém Coéng ngh¢ sinh hoc,
Truong Pai hoc Qudc té. Ca tra giéng (8-
10g/con) dugc nudi trong cac bé composite
500L ¢ 4 @6 man (6, 9, 12 va 15%o) va dbi
chirg (0%o) trong thoi gian 6 tuan. Két qua thi
nghiém cho thay, c4 tra thich nghi tét & d6 min
9%o dira va0 so sanh tc do ting trudng cua ca
nudi & didu kién 9%o khong cé sy khac biét véi
téc do ting trudng cla ca nudi & diéu kién nudc
ngot. Vi vay, ching toi thu miu mo than tir ca
tra nudi & do min 9%o, bao gdm 3 ca thé ting
truéng nhanh va 3 c4 thé ting truong chim
nhim da dang héa ngudn mau vit va ting co hoi
phét hién cac doan gen hiém lién quan dén kha
ning chiu min cua ca tra. Mau md dugc bao
quan trong RNAlater cho dén khi tich RNA.

Tach RNA téng s6 va phan taich mRNA

Mau duoc nghién dong nhat trong nito 1ong,
xu ly trong TRIzol/Chloroform (Invitrogen) [2]
dé tach RNA tong sb. Chlng toi sir dung Turbo
DNA-free kit (Ambion) dé loai bo gDNA lan
trong hdn hop RNA. Sau d6 hdn hop RNA téng
s dugc tinh sach béng RNeasy mini kit
(Qiagen). Sau khi tinh sach, RNA tong s6 duoc
dinh tinh va dinh luong bang Qubit 2.0
(Invitrogen) va Bioanalyser (Agilent). Trudc
khi tach mRNA, RNA tong sb tir nhiéu ca thé
duoc tron 1an nhau dé tang mirc d6 da dang cua
mMRNA sau khi tich. mRNA dugc tach khoi hon
hop RNA tong sé bing Dynabeads mRNA
purification kit (Invitrogen) theo huéng dan ciia
nha san xuit. mRNA tiép tuc dugc dinh tinh va
dinh luong bang Bioanalyser.
Téng hop ¢cDNA va giai trinh tw bing Ion
Torrent

mRNA dugc cit thanh doan co6 kich thude
100-200 bp bang lon Total RNA-Seq kit (Life

Technologies). Cac doan mRNA dugc tinh sach
bing RiboMinus  Concentration ~ Module
(Invitrogen), sau d6 dwoc sir dung lam khudn
mau dé tong hop ¢cDNA biang Ion Total RNA-
Seq kit (Life Technologies) theo huéng dan cua
nha san xuét. cDNA duoc dinh lwong bang Qubit
2.0 va Bioanalyser. Nghién ctru chuin bi cac
khuébn mau (template) bang lon OneTouch
Template kit (Life Technologies) va sir dung
chip 316, héa chat lon PGM™ 200 sequencing
kit cho thiét bi Ton Torrent dé giai trinh tu. Giai
trinh tu thuc hién tai Molecular Genetics
Research Laboratory cua QUT, Brisbane,
Oxtraylia.

Lip rap cac doan trinh tw (de novo
assembly)

Sau khi giai trinh tu bang thiét bj Ton Torrent,
cac doan trinh tu dugc sang loc dé loai bo cac
adapter, doan trinh tu c6 chat lugng thap va doan
trinh tw ngin (<20 bp) théng qua may chu
(server) cua Ion Torrent. Két qua glal trinh tu
duogc truy xudt & dinh dang FastQ va kiém tra
chit lugng bang chi s6 Q >20. Sau d6 cac doan
trinh tu duoc két ndi (assembly) thanh cac doan
contig dwa vao dinh dang loai méi (de novo)
chua co genome tham khio bang phin mém
CLC Genomic Workbench (v6.0.4), Velvet/
Oases [23] va Trinity (r2013-08-14) [8]. Béi voi
phan mém CLC, k-mer duogc sir dung 12 20 sau
khi lap rap véi nhidu k-mer khac nhau tir k=20
dén k=60. Twong tu, k-mer st dung cho phin
mém Velvet/Oases 1a 21 sau khi lap réap tir k=21
dén k=71. Céc chi s6 duogc sir dung dé danh gia
phan mém két nbi bao gdm sb luong contig,
chiéu dai contig N50, chiéu dai trung binh cua
contig, va chiéu dai cia contig dai nhat. Nghién
ctru chi st dung két qua két ni tir phdn mém cho
két qua két ndi tét nhit (cu thé 1a CLC Genomic
Workbench) cho cé4c phan tich tiép theo.

Cha gidi cac doan trinh tw mRNA
(annotation) va phan loai nhom gen chirc
nang

Ching t6i sir dung cong cu BlastX dé so
sanh cac contig v6i co s¢ dir lieu KOG
(eukaryotic orthologous groups) (gia tri E<le™)
nhiam phan chia cic contig theo nhom gen chirc
ning. Co sé dit liéu KOG la mot thanh phan cua
co s¢ dir lieu COG (clusters of orthologous
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groups) [27].
Phén tich chi thi phan tir SNP

Chang téi sir dung BWA [15] va SAMtools
[16] dé phat hién SNP. SNP dugc xac dinh khi
giong hang céc contig va su sai khac nucleotide
dugc phat hién trén it nhat bon trinh ty (read)
[6]. Twong tu sy thém doan (insertion) hodc mat
doan (deletion) trinh tu dugc xac dinh 1a indel
khi giong hang céc contig va phat hién doan sai
khéc trén it nhat bdn trinh ty [6].

KET QUA VA THAO LUAN

Giai trinh tw lon Torrent va két ndi cac doan
trinh tw (de novo assembly)

Bang 1. Tom tat giai trinh tu lon Torrent

Két qua giai trinh tr mMRNA cua md than
bang lon Torrent dat duoc dir liéu 378,14 Mbp
Vvai tong s6 EST 1a 2.873.310 c6 do dai trung
binh la 140 bp. Sau khi sang loc loai bo cac
doan adapter, cac doan trinh tu chit luvong thap
va doan ngén, di liéu con lai dat 272,73 Mbp,
téng s6 EST la 2.623.929 va do dai trung binh
14 104 bp (bang 1). b6 dai trung binh cua cac
EST cua nghién ciru nay hoan toan tuong tu Véi
nhitng cong bd trude day khi sir dung céc ky
thuat nén khac nhau dé giai trinh ty DNA hoic
mRNA. D¢ dai trung binh 104 bp giai ma tur lon
Torrent ngan hon so voi cac doan gen giai ma
bang 454 [11, 13] nhung dai hon cac doan gen
giai mé bang Illumina [12, 17].

Chi sb phan tich Gia tri
Tdng s6 base (Mbp) 378,14
Tong s6 base dat chuan > Q20 (Mbp) 319,35
S6 lwgng doan trinh ty (read) 2.873.310
Chiéu dai trung binh céc doan trinh tu (bp) 140
Tdng s6 base sau khi sang loc (Mbp) 272,73
Tdng s6 doan trinh tu sau khi sang loc sir dung cho két ndi 2.623.929
Chiéu dai trung binh cac doan trinh tu sau sang loc (bp) 104

Bang 2. Két qua két ndi contig bang cac phan mém chuyén dung

Chi s6 phan tich CLC Trinity Velvet/Oases

Tdng s contig 29.940 47.964 36.512
Tdng sb base cua contig 12.392.014 17.322.804 11.116.409
S6 lwong contig > 1.000 bp 6.089 744 1.172
Chiéu dai contig N50 (bp) 417 371 372
Chiéu dai trung binh (bp) 414 361 304
Chiéu dai contig I6n nhit (bp) 3.462 2.571 14.498

o 18.199 27.137 15.948
Contig o  nghia (60,78%) (56,58%) (43,68%)
Do bao phu (coverage) (x) 15,72 12,74 17,53

Contigs c6 gia tri E < 1e" khi so sénh véi co sé dit liéu NR (non-redundant) khi sir dung BlastX.

Lya chon phan mém két ndi phi hop cho
két qua két ndi tin cay la diém then chét trong
phan tich hé gen cua cac loai chua c6 hé gen
tham chiéu. Phan mém két ndi t6i wu 1a phin
mém sir dung gan nhu hoan toan cac doan trinh
tu dé két ndi thanh cac contig [32]. Phan mém
Trinity dap ang duoc tiéu chi nay khi sir dung
téng sb base I6n nhat (17.322.804 bp) va cho
két qua s6 luong contig nhiéu nhat (47.964
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contig). Mot diéu can luu y 1a phan tich hé gen
chirc nang khac vai phéan tich hé gen DNA. Mot
ban ma (transcript) c6 thé c6 nhiéu phién ban
(variant) [7] va cac doan trinh ty c6 thé két ndi
thanh contig mac du cac doan nay khéng co
ngudn goc tir mot gen [10]. Két qua nay s&
khéng pht hop véi phan tich chi giai tiép theo
dé tim ra céc gen chirc ning. Vi vay, tiéu chi s6
lwong contig 16n khdng phai Ia tiéu chi ti vu dé
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lya chon phan mém két ndi phui hop. Theo quan
diém cua tac gia Liu et al. (2013) [17] chiéu dai
contig N50 va chiéu dai trung binh 1a tiéu chi
chudn dé danh gia phin mém két ndi. Phan
mém CLC cho két qua phan tich dat duoc cac
tiéu chi nay (bang 2). Ngoai ra phan mém CLC
Cung cho két qua ty 1& contig twong dong véi
cac trinh ty cua co so dir lisgu NR cao nhat
(60,78%) khi str dung BlastX. Day cling la mot
tiéu chi sur dung dé danh gia phan mém két ndi
[32]. Phan mém CLC dat dwoc nhiéu tidu chi
danh gia phan mém tin cay so vai Trinity va
Velvet/Oases, vi vay, két qua két ndi tir phan
mém CLC dugc sir dung cho cac phan tich tiép
theo. S6 luong contig két ndi 1a 29.940, trong
d6 contig c6 chidu dai 300-600 bp l1a 26.115
(87,22%) va sb luong contig Ién hon 1.500 bp
la 259 (0,87%).
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Hinh 1. S6 lwong contig twong ddng vai top 30
loai dua trén phan tich BlastX

Phan tich so sanh EST

Tong s6 18.199 contig ca tra (60,78%) co
trinh tu nucleotide twong dong véi cac trinh tu

duoc luu trit & GenBank (E<1e®) khi st dung
BlastX, trong d6 79,4% contig ca tra tuong
ddng vai trinh tu nucledotide cua cac ldai ca
xuong (hinh 2). Két qua nay tuong ty véi nhirng
cong bd trude day khi nghién ctru hé gen chirc
ning trén cac loai ca xwong [22, 24]. Tir két qua
phan tich BlastX va loai trir cac trinh tu duoc
chu giai 1ap lai cting nhu protein cua ribosome,
s6 lugng contig dwoc xem la gen gia dinh
(putative gene) cta hé gen chirc nang ca tra la
5.710 gen.

Céc loai c6 muic do twong dong cao nhat voi
ca tra bao gébm zebrafish Danio rerio (8.856
contig), rd phi van Oreochromis niloticus (2.020
contig), c& nheo Ictalurus punctatus (1.984
contig), ca hdi dai dwong Salmo salar (1.062
contig) va ca néc Takifugu rubripes (785 contig)
(hinh 1). DS voi loai ca da tron, cA nheo
Ictalurus punctatus va I. furcatus c6 co s¢ dir
liéu gen rat 16n, bao gdm gan 500.000 EST [17,
30], 431.004 trinh tu nucleotide va 17.204 trinh
tu protein dugc luu trir trén GenBank (truy cap
ngay 29/5/2015). Tuy nhién, nghién cuau cua
chung t6i chi c6 1984 contig ca tra (9,3%) twong
dong vai ca nheo 1. punctatus. Ngoai ra nghién
ctu ciing xac dinh duoc ty 16 thap contig cé tra
(0,29%) twong dong voi trinh tw ca tra dau
Panga3|anodon gigas, la loai c6 quan hé tién hoa
gan giii voi ca tra. Nghién cttu hién tai ciing
khéng c6 contig twong dong véi loai nao thudc
giéng Pangasius. PBicu nay c6 thé duoc giai thich
la do sb lugng rat han ché cac doan trinh tu coa
giéng Pangasinodon va Pangasius c6 sin duoc
luu trir trén GenBank (818 trinh tu nucleotide va
618 trinh ty protein, truy cap ngay 29/5/2015). Vi
vay, nghién ciu cua ching toi dat dugc sb lwong
I6n cac EST va dugc dang ky luu trir trén
GenBank voi ma s6 SRP028517. Pay la ngudn
EST phong pht cung cap dir liéu tham khao cho
céc nghién cau tiép theo trén ca tra ¢ mac do
phan tir va 1a co s dix liéu tin cay trong so sanh
hé gen vai cac loai ca xuong khac.
Phéan loai nhom gen chirc néing

Dinh danh cac nhém gen chuc nang cho cac
contig caa ca tra sir dung céng cu BlastX cho
két qua 10.769 contig (35,97%), tuong ddng voi
c4c trinh tu protein da biét chic ning luu trix
trén co so dit liéu KOG (hinh 2). Cac contig nay
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dugc phan loai thanh 25 nhém chirc nang. Bén
canh 1.874 contig khong thé phan loai (general
function prediction only va function unknown),
nhém chirc ning tham gia qua trinh té bao va
phat tin hiéu [5] chiém s6 lwong 16n nhét bao
gdm co ché truyén tin hiéu (signal transduction
mechanisms) (1.872 contig), cac co ché bién déi
sau dich md (post translational modification,
protem turnover, chaperones) (909 contig), cac
qua trinh bai tiét va van chuyén ndi bao
(intracellular trafficking, secretion and vesicular
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transport) (803 contig) va chirc nang phién ma
(transcription) (746 contig). Két qua phan tich
cua nghién ctru chung t6i tuong ty véi nghién
ctru h¢ gen chire ndng cta s0 diép khi phan tng
V6i thay ddi ciia moi truong [19] va nghién ctu
trén loai ca Gillichthys mirabilis song & moi
truong c6 bién ¢ man rong [4]. Tuy nhién phéan
loai gen chirc nang trong nghién ctru cia chidng
toi chi dya trén chl giai cac contig. Nghién ctu
biéu hién gen 1a nghién ctru tiép theo can thiét
dé khang dinh cac gen chirc niang trén ca tra.

mA: RNA processing and modification
wB: Chromatin structure and dynamics
C: Energy production and conversion
uD: Cell cycle control, cell division, chromosome partitioning
=E: Amino acid transport and metabolism
F: Nucleotide transpor and metabolism
uG: Carbohydrate transport and metabolism
mH: Coenzyme transport and metabolism
=[; Lipid transport and metabolism
=J: Translation, ibosomal structure and biogenesis
nK: Transcription
=L: Replication, recombination and repair

=M: Cell wallimemb ope biog
uN: Cell motility
0: Posttranslational modification, protein turnover, chaperones
=P Inorganic lon transport and metabolism
@Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
u8: Function unknown
wT: Signal transduction mechanisms
= U Intracellular trafficking, secretion, and vesicular transport
wV: Defense mechanisms
=W: Extracellular structures
=X: multiple functions
Y: Nuclear structure
Z: Cytoskeleton
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Hinh 2. Phan loai nhém gen chirc ning cho c4c contig cua ca tra (E<1e™)
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Hinh 3. S6 lugng SNP hodc indel xac dinh tir hé
gen chirc nang cua ca tra
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Phén tich cac SNP gia dinh

Tu phuong phap giéng hang céc trinh tu
contig sau khi két n6i, nghién ctru cua chung téi
phat hién dugc 21.302 SNP gia dinh va 3.760
indel, bao gdom 12.852 SNP dang transition va
8.450 SNP dang transversion (hinh 3). Ty 1&
SNP cao nhat 1a C/T (15,5%) va AIG (15,7%).
Ty 186 SNP thap nhit 1a G/C (3,8%) va T/G
(3.9%). SNP phat hién tir h¢ gen chirc nang co
nhiéu vu diém hon so v6i SNP & Vung gen
khong md hoa boi vi cac SNP nay c6 thé lién
két véi cac gen chirc nang [6]. Vi vay SNP ctia
hé gen chirc nang c6 thé dugc st dung dé xac
dinh su sai khac vé kiéu hinh cia mot tinh trang
guan tdm [1] ciing nhu giai thich su thich nghi
cta vét nudi voi thay d6i moi truong [6]. Theo
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nhom t&c gia Salem et al. (2012) [24] SNP giai
thich 90% su khac biét di truyén giita cc ca
thé, va qué trinh trao dbi chéo trong phin bao
giam nhiém rat hiém khi tach roi chi thi SNP
khoi gen chirc ning khi SNP duoc x4c dinh nim
trén hodc gan gen chirc ning. Cac SNP ndy c6
nhiéu tiém ning Gng dung cho cic déi twong
thily san boi vi hé gen cua da sé lodi thay san
hién nay chua dugc giai ma hoan toan.

KET LUAN

Pay la nghién ciru chi tiét dau tién vé hé gen
chirc ning lién quan dén tinh trang chiu min
Cla c4 tra bang ky thuat giai trinh ty gen Ion
Torrent. Nghién ctru dat dir liéu 272,73 Mbp va
2.623.929 EST sau khi sang loc loai bo cac
doan trinh tu c6 chat lwong thap. Tir ngudn EST
khdng 16 ndy, CLC 1a chuwong trinh két ndi tdi
vu cho két qua két ndi thanh 29.940 contig véi
60,78% contig cO trinh ty nucleotide tuong tu
Véi cac trinh tu duoc luu trir & GenBank va xac
dinh duoc 5.710 gen gia dinh ¢ ca tra. Ngoai ra,
nghién cau con phén loai cac contig thanh 25
nhom gen chirc nang duwa trén co s& dir liéu
KOG. Nghién ctu ciing phat hién duoc sb
lwong 16n SNP ¢6 thé ung dung cho cac nghién
ctu tiép theo & mic do phan tir trén cac tra.
Nghién ctru cua chiang t6i dd x@y dung duoc co
s& dit liéu genome phong phi cho ¢4 tra c6 thé
st dung tham khao cho nghién ciu cac dbi
tuong thuy san khac c6 gia tri ¢ Viét Nam.
Lot cdm on: Nghién ciru nay dugc tai trg boi
Quy phat trién khoa hoc va céng nghé qudc gia
(NAFOSTED) trong dé tai md sé 106.99-
2011.63.
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A TRANSCRIPTOMIC ANALYSIS OF THE KIDNEY TISSUE OF TRA CATFISH
(Pangasianodon hypophthalmus) REARED IN SALINE CONDITION: DE NOVO
ASSEMBLY, ANNOTATION, SNP DISCOVERY

Nguyen Minh Thanh', Vo Thi Minh Thu!, Hyungtaek Jung?, Peter Mather?

!International University, VNU-HCM
“Queensland University of Technology (QUT)

SUMMARY

Pangasianodon hypophthalmus is a commercially important freshwater fish used in inland aquaculture in
the Mekong Delta, Vietnam. The current study using lon Torrent technology generated EST resources from
the kidney for Tra catfish reared at a salinity level of 9 ppt. We obtained 2,623,929 reads after trimming and
processing with an average length of 104 bp. De novo assemblies were generated using CLC Genomic
Workbench, Trinity and Velvet/Oases with the best overall contig performance resulting from the CLC
assembly. De novo assembly using CLC yielded 29,940 contigs, and allowing identification of 5,710 putative
genes when comppared with NCBI non-redundant database. A large number of single nucleotide
polymorphisms (SNPs) were also detected. The sequence collection generated in our study represents the
most comprehensive transcriptomic resource for P. hypophthalmus available to date.

Keywords: Pangasianodon hypophthalmus, transcriptome, kidney, salinity tolerance.
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