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loai 6 cay ho Dau (Fabaceae): Il. Cac gene ma
hoa protein trao doi cation (CAX)
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TOM TAT

Cac protein cation (CAtion
eXchangers, CAX) thudc vé siéu ho protein vin
chuyén nguoc chieu Ca**/cation. Céc gene md
hoa CAX trong hé gene cua sau loai cay ho Pdu
da dwoc xdc dinh trong nghién ciu nay. O cdc
loai nghién cuu, CAX la mot ho da gene nho,
ddu twong (co 17 gene), dau Cove va ddu triéu
(cung 6 gene), co ba ld thip tw va dau ga (5
gene), va dau dai (3 gene). Kich thudc cua cdac
gene CAX 6 trong khoang 1213 dén 11561 bp va
chita 4—11 intron. Phan Ién cdc protein CAX suy
dién (39/42 protein) c6 gid tri pI nhé hon 7. Mé
hinh cdu triic bdc hai cho thdy cdc protein CAX
ciia cdy ho Pdu c¢é mang 3—11 viing xodn xuyén
mang, trong do co toi 23/42 CAX co 11 vung

trao doi

xodn. Phan tich cdy phd hé cho thdy cic CAX
cua cdy ho Ddu dwoc chia thanh hai nhom [on,
A va B, méi nhom gom hai phdn nhém. Hién
twong nhdn gene xdy ra trong hé gene cdy 16 tién
cua cac cdy ho dau. Cac hién twong nhan gene
CAX moi sau qua trinh biét hoa loai chi phat
hién ¢ cdy ddu tuwong. Ca 3 gene CAX cua cady
Bdu dai biéu hién & tat ca cac mé nghién ciru.
Nguoc lai, sy biéu hién cia cdc gene CAX ¢ cay
ddu triéu khéng dwoc phat hién. O 4 lodi con lai,
mitc dé biéu hién cia cdc gene trong ho CAX
khéng giong nhau ¢ cdc loai mé khac nhau.
Trong do, hién tuong biéu hién wu thé cia mot
$6 gene & cdc mé chuyén biét dwoe quan sdt & 5
trong s6 6 lodi.

Tir khéa: protein trao doi cation, ho Ddu (Fabaceae), cdy pha hé, biéu hién gene, ddc tinh gene

MO PAU

Céc protein trao doi cation (CAtion eXchangers,
CAX) la mot nhom cac protein xuat cation khoi té
bao chat dé duy tri cac ndng @6 ion téi thich trong té
bao. Cac CAX duoc cung cép ning luong tir gradient
pH vén duoc thiét 1ap nho cac bom proton nhu H-
ATPase hoic H*-pyrophosphatase [1]. Cac CAX 1a
mot trong nam ho cua sidu ho protein van chuyén
nguoc chidu Ca*/cation. Céac protein nay co mit &
thuc vat, dong vat co xwong séng bac thip, nim, vi
khuan. Dya trén phan tich cdy pha hé, ho CAX duoc
chia thanh ba nhom, trong d6 cac CAX cua thuc vat ¢
trong nhom I (c6 cd cac CAX cua cac nhém sinh vat

khac), nhom II gdm cac CAX cua ndm, dong vat co
xuong song bac thip va nhom III chi tim thay & vi
khuan [2]. O thyc vat, hau hét CAX 1a cac protein gin
v6i mang khong bao, chi mot s6 it CAX hién biét co
mit & mang té bao [3-5]. Cau truc cua protein CAX
duoc dic trung boi 11 x0in xuyén mang ciing nhu
mot sb amino acid bao tha [2, 3]. Nhiéu protein CAX
& thuc vat giir vai tro van chuyén va duy tri can bang
noi moi Ca?*, nhung mot sb trong sé chiing dwoc bao
c4o co lién quan dén van chuyén va duy tri can bang
ion kim loai khac, dac biét 1a Mn®* [2]. Cac CAX
duogce cho 1a ¢6 nhidu chire ning quan trong ddi vai su
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sinh truéng va phat trién cua thyuc vat [6], ¢ thé vai
Ngoai ra, mot $6 bao céo da chi ra CAX con lién quan
dén sy dap Gng voi cac diéu kién bat lgi cua moi
truong nhu man, Kim loai nang [2, 4, 8-10].

O thyc vat, cac gene CAX 1a thanh vién mét ho da
gene nho. O Arabidopsis thaliana va lua (Oryza
sativa) co sau gene CAX dugc bao cdo [11]. Trong
khi hé gene cua cay duong (Populus trichocarpa) co
bay gene [11]. Tuy nhién, & cac cay ho Pau chi gene
GmMCAX1 dugc bao cao [5]. Gene nay quy dinh
protein c¢6 chiéu dai 449 amino acid, gin trén mang té
bao, lién quan dén sy van chuyén Na*, K va c6 vai
tro lam tang kha nang chiu man ¢ cay A. thaliana [5].

Trong cong trinh nay, chiing t6i hudng tdi xac
dinh dwoc cac gene cua ho protein trao ddi cation
trong hé gene cua cac ciy ho Pau co hé gene di duoc
giai trinh ty. Phan loai va budc dau phén tich chtrc
nang cua cac gene thdong qua phan tich cay pha hé va
su biéu hién cua ching bang cach tiép can in silico.
Két qua nghién ctru s& cung cap cac ddc trung clia cac
gene CAX cua cay ho PBau; mo duong cho cac phan
tich chirc ning ciing nhu cong tac chon tao giéng ciy
trong.

VAT LIEU VA PHUONG PHAP
Co so dir liéu vé cac trinh ty gene ciia cic cy ho
Pau

H¢é gene cua cac cay ho Bau da dugc giai trinh ty
boi nhiéu nhom nghién ctru khéc nhau, gom dau
tuong (Glycine max) [12], dau Cove (Phaseolus
vulgaris) [13], dau ga (Cicer arietinum) [14], Pau
triéu (Cajanus cajan) [15, 16] va co ba la thap tu
(Medicago truncatula) [17, 18], dau dai (Lotus
japonicus) [19].

Xac dinh cac gene CAX ciia cac ciy ho Pau

Cac gene CAX trong hé gene cua cac ciy ho dau
dugc xac dinh bang cach st dung protein CAX1 cua
cay A. thaliana [20] duoc sir dung lam khuén do,
chuong trinh TBLASTN duoc sir dung dé tim kiém

trd nay co lién quan dén sy van chuyén auxin [7].
chc gene twong dong trén dir liéu nucleotitde cua toan
hé¢ gene cia cac loai Pau  tuong
(https://phytozome.jgi.doe.gov/pz/portal.html#!search
?show=BLAST&method=Org_Gmax), Pau Cove
(https://phytozome.jgi.doe.gov/pz/portal.html#!search
?show=BLAST&method=0rg_Pvulgaris_er), co ba la
thap tu
(https://phytozome.jgi.doe.gov/pz/portal.html#!search
?show=BLAST&method=Org_Mtruncatula) va cac
loai  dau  ga, dau  tridu, dau  dai
(http://legumeinfo.org/blast/protein/nucleotide).
Tao ciy pha hé

Cay pha hé dugc xay dung tir 62 protein CAX
Cua cac cay ho Pau, Réu, Duong xi, A. thaliana,
duong va laa nhd phdn mém MEGAS, Véi cac tham
bién: thuat toan Maximum Likelihood, mé hinh
Jones-Taylor-Thornton ~ (JTT), phuong  phap
Bootstrap véi 1000 lan lap lai theo phwong phap da
duoc mo ta [21].
Phan tich in silico cac protein CAX

Céac dac diém vat i, héa hoc cua cac protein dugc
phan tich nho cac phan mém cua ExPASy [22]. M6
hinh c4u tric duoc xay dung bang cach st dung phan
mém Psipred [23]
Phén tich sy biéu hién gene

Sy biéu hién cua cac gene CAX dugc phan tich
qua ngan hang RNAseq cua cdy dau tuwong [24], dau
cove [25], hodc ngin hang Microarray cta cdy co ba
la thap tu [26], dau dai [27] va dau ga [28, 29]. Su
biéu hién ctia cac CAX ¢ cdy dau tridu dugc phan tich
qua ngan hang EST (expressed sequence tag) [30].
Nho vao su c6 sin clia cic ngan hang phién ma nay,
su biéu hién cua cac gene CAX dugc khao sat & ca
cic md sinh dudng va md sinh san, tuy nhién, sb
lwong cac md duge phén tich khong giéng nhau giira
cac loai.
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KET QUA VA THAO LUAN
Xac dinh cac gene ma héa CAX & hé gene cia cac
cay ho Pau

Nho sir dung protein trao ddi cation CAX1 cua
cay A. thaliana [20] lam khu6n do dé tim kiém cac
gene tuong dong, ching t6i da xac dinh dugc tong sd
42 gene ma hoa cho céac protein CAX trong hé gene
Cua sau loai cay ho Bau dugc nghién ctru. Cac protein
suy dién déu c6 mang doan trinh ty bao ton
Na_Ca_ex (PF01699) dac trung cho cac protein CAX
da biét [2].

Pic diém cac gene CAX ciia cac cay ho Pau

Céc gene CAX thudc vé ho da gene nho ¢ trong
hé gene clia cac cay ho Pau véi s6 lugng khong gidng
nhau & cac loai khac nhau (Bang 1). Cay déu dai co it
gene CAX nhat (03 gene) khi so sanh véi cac cay ho
dau khac. Cay co thap tu ba 1a va cay dau ga cung co
nam gene. Twong tu hai loai dau triéu va dau Cove
cung c6 sau gene. Trong khi do, cdy dau tuong (da
boi) c6 nhidu gene CAX nhét (17 gene). Cac cdy ho
dau ludng boi co sb lugng gene CAX tuong duong
véi mot sé loai thyc vat khac nhu A. thaliana (6
gene), duong (7 gene), lta (6 gene) va cdy nho (4
gene) [11].

Bang 1. Cic gene CAX ciia cdy ho dau va dic diém cua ching

.. R Kichthuéc  Chiéudai  Khdi luong S6 luong  Sb luong
Loai Gene Tén locus . - P .
gene (bp)  protein (aa) protein (kD) xo0an intron
CaCAX1 Ca_02942 10210 718 79,08 6,51 10 11
Diu o3 CaCAX2 Ca_14266 4433 420 45,72 7,03 11 10
C.a ﬁgﬁgnaum) CaCAX3  Ca 19346 3561 455 4962 561 10 10
CaCAX4 Ca_07634 4223 449 49,09 5,27 10 11
CaCAX5 Ca 17722 1961 372 40,40 5,19 8 5
CcCAX1 C.cajan_19753 5452 444 48,74 6,00 12 9
CcCAX2 C.cajan_19890 5351 453 49,45 5,05 11 11
Diu triéu CcCAX3 C.cajan_17583 3410 448 48,66 5,60 11 10
(C. cajan) CcCAX4 C.cajan_25757 3383 442 48,24 6,25 10 10
CcCAX5 C.cajan_26251 7758 434 47,68 531 11 9
CcCAX6 C.cajan_46620 3971 403 44,09 5,08 11 9
Déu dai LjCAX1 chr2.CM0346.90.r2.m 4091 449 49,02 6,33 11 10
L jéponicus) LjCAX2 chr1.CM0548.320.r2.d 3378 470 51,50 6,13 11 9
' LjCAX3 LjSGA 029744.1 1213 263 28,67 9,30 6 4
GmCAX1  Glyma.01G122800 3987 456 49,30 6,06 10 10
GmCAX2  Glyma.02G226500 5519 450 48,95 5,92 11 10
GmCAX3  Glyma.03G058300 4047 446 48,16 6,20 11 10
GmCAX4  Glyma.03G058500 4375 451 48,83 6,26 11 10
GmCAX5  Glyma.05G102600 2764 301 33,07 6,64 9 6
GmCAX6  Glyma.07G026800 3188 248 27,56 9,64 3 5
Pau trong GmCAX7  Glyma.07G149600 3482 449 48,46 5,84 11 10
(G. max) GmCAX8  Glyma.08G336900 9570 718 79,78 512 11 10
GmCAX9  Glyma.08G337000 4292 428 46,63 5,15 11 9
GmCAX10 Glyma.09G159600 1800 254 27,32 5,01 7 6
GmCAX11 Glyma.11G178700 2915 361 38,70 4,74 5 7
GmCAX12 Glyma.13G372100 11561 437 48,07 4,96 11 9
GmMCAX13  Glyma.14G193400 4683 442 48,22 6,08 10 10
GmCAX14  Glyma.15G001600 6390 434 47,55 4,99 10 9
GmCAX15 Glyma.18G063200 4877 436 47,72 5,78 11 9
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GmCAX16 Glyma.18G072200 5275 453 49,23 5,15 11 11

GmCAX17  Glyma.18G200500 3468 449 48,54 5,56 11 10

MtrCAX1  Medtr2g105640 6807 442 48,11 5,16 1 5

Co ba 14 thap tu MtrCAX2  Medtr3g082180 3313 434 47,48 5,00 10 9
M truncaiula} MtrCAX3  Medtr4g016720 4477 456 50,01 5,65 11 10
' MtrCAX4  Medtr5g070330 5116 435 47,65 6,50 10 10
MtrCAX5  Medtr7g068380 3624 455 49,19 5,74 11 10

PvCAX1 Phvul.005G184600 8691 432 47,31 493 10 8

PvCAX2 Phvul.006G060800 3945 428 46,58 5,28 11 9

bau Cove PvCAX3 Phvul.006G067900 2955 435 47,59 5,50 11 9
(P.vulgaris)  PvCAX4 Phvul.008G104500 3056 449 48,58 5,59 10 10
PvCAX5 Phvul.008G261500 3304 435 47,21 6,00 10 10

PvCAX6 Phvul.010G001500 3597 443 47,95 6,00 11 10

Tét ca cac gene mi hoa protein CAX & céc cdy
ho Pau déu la cac gene phan doan, c6 kich thudc
khac nhau, nhé nhit 1 gene LjCAX3 (1213 pb) va 16n
nhat 13 GmCAX12 (11561 bp). Trong d6 cé t6i 33
gene mang 9 tgi 11 doan khong ma hoa. Kich thudc
cac phan tir protein suy dién CAX cua cac ciy ho Pau
cling c6 kich thuéc bién ddi, phan 16n co tir 403 t6i
470 amino acid. Hau hét cic CAX cua cdy ho Pau
déu c6 tinh acid, 39/42 phan tir ¢6 pl li thuyét nho
hon 7, chi ¢6 mot phan tir c6 pI xap xi 7 (CaCAX2)
va hai phan tir c6 pl kiém (LjCAX3 va GmCAX6)
(Bang 1). Hai phan tir ¢6 pI 16n nay déu c6 kich thudc
ngén, c6 thé cac gene mi hoa chung 1a cac gene gia
(pseudogene) c¢é cau tric bién doi.

M6 hinh cdu trac khong gian cta cic protein
CAX dugc xay dung nho phan mém Psipred cho thay
ching c6 3 dén 11 ving xodn xuyén mang. Tiéu biéu
nhu PvCAX6 (Hinh 1) c¢6 téi 11 ving xodn xuyén
mang. Tuong tu, c6 téi 23 trong tong sd 42 protein
CAX suy dién cua cac cay ho dau c6 11 ving xodn
xuyén mang. Cu trac nay dién hinh cho cac protein
CAX ¢ thyc vat [10, 31]. Ngoai ra, 10 protein CAX
khac c¢6 10 viing xoén xuyén mang. Cac ciu tric xoin
xuyén mang cho phép du doan cac protein nay khu
tri tai mang sinh hoc, gidng nhu cac protein van
chuyén Cu®* (Copper transporter-CTR) cta cdy ho
Pau di duogc bao céao [21].

C-Term

hé

N-Ter

Ngoai bao /‘\ /_\ m /\ /‘\
80 87 137 152 206 222 295 307 364 375 417
Mang té bao
. . 59 103 122 171 189 241 269 323 342 390 402
-l yain iyl

Hinh 1. Céu triic bac hai cia PvCAX6 vai 11 xoin xuyén mang dién hinh

Phén tich ciy pha hé va su tién héa cia ho CAX &
cac cay ho Pau

Cay pha hé duoc xay dung tur 62 protein CAX
cua cac loai réu, duong xi, A. thaliana, duong, Ia va
cac cay ho Pau (Hinh 2). Cay pha hé cho thay cac
CAX cua thuc vat duogc chia thanh hai nhom, nhém A
va nhém B nhu da dugce bao cao [10, 11, 31]. Nhém
A gdém 26 protein CAX ctia cac cdy ho Pau va cua
cdy lta, duwong va A. thaliana nhung khéng co dai
dién cua cac thuc vat bac thap (réu, duong xi). Nhoém

B chi gdbm 16 protein cua cac cdy ho Dau, nhung co
dai dién cta céac cdy hat kin khac cling nhu cuia cac
thuc vat bac thap. Su phén biét giira hai nhom nay goi
¥y rang giita chung c6 thé c6 sy khac nhau vé chirc
nang nhung dén nay chua c6 cac bang ching rd rang
chiang minh gia thiét nay. Dong thoi, hién tugng cay
réu va duong xi chi ¢6 cac CAX nhom B cho phép
dat gia thiét ring c6 mot gene CAX nhém A td tién
chung cuia thuc vat hat kin xuat hién sau va co su biét
hoa vé ciu trac so v6i gene CAX nhom B td tién
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chung cua thyc vat. Cac gene to tién chung nay tiép
tuc dugc nhan 1én trong h¢ gene cia cac nhém thuc
vat khac nhau dan téi sy tao thanh ho da gene CAX &
cac loai thyc vat sau nay, trong dé cé td tién chung
cua cac cdy ho Pau. Két qua nghién ciru nay khang
dinh sy tién hoa cua siéu ho gen Ca”'/Cation
Antiporter (CaCA) ¢ cac loai thugc chi Arabidopsis
va Oryza da dugc bao céo rat gan day [32].

Trong mdi nhom A va B, cac CAX ctia cdy ho
Dau lai xép thanh hai phan nhom khac nhau trén cdy
pha hé. Hai phan nhom ctia nhém A co6 cac dai dién
cia du ca sau loai nghién cuu, trong khi chi mét phan
nhom cia nhom B cé cac dai dién cua ca sau loai,
phan nhom con lai (diu *) khong co dai dién & ciy
dau dai. Hién tuong nay giéng véi hién twong dugc
quan sat d6i vai sy tién hoa cua ho gene CTR & cac
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cdy ho Pau [21]. Hién tugng thiéu gene trong phan
nhém B cua ciy dau dai c6 thé c6 nguyén nhan do
hién twong mat gene xay ra ¢ loai nay hoic do sy
nhan gene cua phan nhém nay chi Xay ra sau khi da
c6 su biét hoa loai dau dai. Sau thdi diém biét hoa
lodi ctia cac cay ho Pau, cac gene CAX Van tiép tuc
dugc nhan 1én & cdy ddu tuong, hinh thanh nén cac
gene GmMCAX1, GmCAX3, GmCAX4; GmCAX2 va
GmCAX13; GmCAX7, GmCAX10 va GmCAX17;
GmCAX5, GmCAX6 va GmCAX9; GmCAX12 va
GMCAX14. Pay c6 thé 1a nguyén nhan chinh din toi
su ting vé kich thudc ho gene CAX & cay dau tuong
SO Voi cac loai cay ho ddu khac. Hién tugng nhan
gene CAX sau qua trinh bi¢t hoa loai cta cdy dau
tuong giéng nhu & cac loai A. thaliana, dwong, nho
va lua [11, 32].

PpCaX:

Hinh 2. Cay pha hé duoc xdy dung tir cac protein CAX cua cac ciy ho Dau: dau trong (Gm), déu ga (Ca), dau tridu (Cc), Co
thap tu ba 14 (Mtr), dau Cove (Pv), dau dai (Lj), réu (Pp), duong xi (Sm), A. thaliana (At), duong (Pt) va laa (Os).
Gia trj bootstrap dugc thé hién trén mdi nhanh (gia tri nhé hon 50 bi loai bo), ty Ié xich 1a sé amino acid thay thé

trén

mot vi tri
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Sw biéu hién ciia cac gene CAX ciia cic ciy ho Pau

Str dung phuong phap phan tich sy biéu hién
gene da dugc mo ta boi Lé Thi Van Anh va Cao Phi
Biang (2016) [21], cac két qua nghién ctu sy biéu
hién cta cac gene CAX ¢ cac md khac nhau cua cac
loai 1an luot duoc giGi thiéu trong cac bang sb liéu:
Bang 2 (d4u twong), Bang 3 (cdy co ba 14 thap tu),

Bang 4 (dau dai), Bang 5 (dau ga), Bang 6 (dau
Cove). Do cac ngan hang phién ma cua céac loai nay
duogce xay dung béi cac nhém nghién ciru khac nhau
va khong st dung cing phuong phap, nén két qua
biéu hién gene chi dugc phén tich riéng 1& ¢ timg loai
ma  khong so sanh  gilta cac  loai

Bang 2. Su biéu hién cua cac gene CAX trong cac mé sinh dudng va sinh san & cdy dau tuong (G. max)

o % AN A N A A A
Gee 5 o« z u &£ 8 3 8 3 ¥ &8 &8 8 §

o o o n wn %) wn %) n %)
GmCAX1 2 20 56 6 20 0 0 93 115 22 28 11 20 4
GmCAX2 9 5 20 21 23 27 27 2 0 0 20 27 28 6
GmCAX3 18 0 3 8 0 7 13 7 5 5 34 26 118 85
GmCAX4 1 22 236 2 9 3 0 34 50 18 39 27 109 118
GmCAX5 15 51 22 28 15 15 9 7 14 7 13 12 29 10
GmCAX6 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
GmCAX7 952 89 19 1847 1426 1682 993 209 159 47 36 23 30 7
GmCAX8 nd nd nd nd nd nd Nd nd nd nd nd nd nd nd
GmCAX9 6 0 1 6 6 4 5 2 2 0 0 2 2 0
GmCAX10 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
GmCAX11 nd nd nd nd nd nd nd nd nd nd nd nd nd nd
GmCAX12 92 151 67 81 81 78 91 32 35 20 34 29 66 21
GmCAX13 7 1 7 12 9 15 15 0 0 1 8 9 11 2
GmCAX14 84 143 36 121 95 130 132 28 40 14 37 20 60 43
GmCAX15 2 1 9 9 13 14 14 2 0 0 5 7 8 0

GmCAX16 31 22 10 11 23 19
GmCAX17 1301 3 1 2164 1361 1436

23 24 10 4 6 6 10 3
708 190 132 31 13 4 10 4

Chu thich: YL = 14 non; F = hoa; P =v6 qua; S = hat; R = ré: N = nbt Sﬁn; * = ngay sau thy phfin; nd = khong

xac dinh

O cay dau twong, bon gene GmCAX6, GmCAXS,
GMCAX10 va GmCAX11 khéng ¢ phién mi & tat ca
cic mo nghién ctu. O 1a, hai gene GMCAX7 va
GMCAX17 biéu hién manh hon so véi cac gene con
lai. Pay ciing 1a hai gene biéu hién wu thé ¢ hoa, vo
qua va hat non. GmCAX12 va GmCAX14 1a hai gene

biéu hién manh hon cac gen khac & mé ré trong khi
gene GMCAX4 biéu hién wu thé hon cac gen khac &
ndt san. Két qua nay goi ¥ vé vai trd quan trong cua
mot sé gene dac hiéu ¢ cac méd khac nhau nhu
GmCAX7 va GmCAX17 & 14, hoa va qua hay gene
GMCAX4 o ré.

Bang 3. Sy biéu hién cua cac gene CAX trong cac mé sinh dudng va sinh san & cdy o ba 14 thap tu (M. truncatula)

o o o o AR A A AR
Ge -4 & € s « S 2 & & u o 8 8§ 888 8

Z Z Z Z (2] (2] w (2] wn (2]
MtrCAX1 315 475 364 473 545 266 231 160 432 340 535 299 221 293 281 247 242
MtrCAX2 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
MtrCAX3 26 43 30 27 133 39 37 36 29 41 40 132 173 478 841 921 339
MtrCAX4 915 676 443 401 10 9 10 11 10 131 1196 27 55 81 90 110 90
MtrCAX5 1593 4375 1198 2001 410 148 65 113 99 2215 2675 1269 857 893 621 575 452
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Chu thich: L =14, Pe = cuéng la; VB = chdi sinh dudng; St = than; R = r& N = ndt sdn; F = hoa; P = vo qua;
S = hat; D = ngay; * = ngay sau thy phan; nd = khong xac dinh

O cay c6 ba la thap ty, ngoai trir gene MtrCAX2
khong c¢6 phién ma tuong tng dugc phat hién, cac
gene con lai biéu hién & tat ca cac mo nghién ctu.
Trong s6 cac gene CAX cia loai nay, gene MtrCAX5
biéu hién wu thé ¢ 14, cudng 1a, chdi, thin (mo sinh
dudng) va ¢ hoa, qua va hat (md sinh san), ngoai tru
& giai doan 20 ngay va 24 ngay sau thu phan. O hai
pha phat trién ctia hat nay, gene biéu hién manh nhat

1a MtrCAX3. Trong khi d6, gene biéu hién manh nhét
& r& va ndt san 1a gene MtrCAX1.

Ca ba gene CAX cua cay dau dai biéu hién & tit
Cci cac md nghién ciru. LjCAX2 14 gene biéu hién uu
thé so v6i hai gene con lai & da sb cac mo, ngoai trir &
ré va nét san. O ré va ndt san, gene LjCAX3 biéu hién
vu thé s0 V6i hai gene con lai.

Bing 4. Su biéu hién cua cac gene CAX trong cac mé sinh dudng va sinh san & cdy dau dai (L. japonicus)

5 0O ©OF 2 T Y % %
Gene o4 & B x & g o g & & 2 & I g 8
zZ z o a4 o o O » » o
LjCAX1 22 89 509 16 18 17 190 120 83 153 20 20 19 23 175
LjCAX2 6978 3168 2491 187 113 195 1391 713 692 1068 965 572 359 497 1402
LjCAX3 258 363 449 742 834 449 205 194 225 138 203 257 258 269 145

Chu thich: L =14, Pe = cuéng 1a; St = than; R =r&; N = nt san; F = hoa; P = v6 qua; S = hat; D = ngay; * =

ngay sau thy phin; nd = khong xéac dinh

Bang 5. Su biéu hién ctia cac gene CAX trong cac md sinh dudng va sinh san & cay dau ga (C. arietinum)

Gene B

L

R FB P

CaCAX1 53,6 465
0

CaCAX3 411,3 309,8 23,6
CaCAX4 nd nd
CaCAX5 nd nd

CaCAX2 53,6

82,6 693 47,6
0 25,9 439

791,3 395,44
nd nd nd
nd nd nd

Chu thich: B = chdi; L =14, R = r&; N = ndt san; FB = nu hoa; P = vo qua; nd = khong xac dinh

O cay dau ga, chi hai gene CaCAX1 va CaCAX3
biéu hién & tit ca cac mo. Nguoc lai, khong xéac dinh
duoc sy biéu hién cua hai gene CaCAX4 va CaCAX5.
Riéng gene CaCAX2 chi biéu hién & chdi, ny hoa va

qua. Khi so véi cac gene trong ho, CaCAX3 biéu hién
manh nhit & cac mé chdi, 14, nu hoa va qua trong khi
gene CaCAX1 biéu hién manh nhit & ré

Bang 6. Su biéu hién cua cac gene CAX trong cic mé sinh dudng va sinh san & ciy dau cove (P. vulgaris)

Gene YL YS ST RT

YR R5 N5 FY PY PH P1

P2 SH S1 82

PvCAX1 19 35 32 41 31
PvCAX2 5 7 12 5 8 5
PWCAX3 0 19 2 0 2 7
PvCAX4 404 237 188 9 21 79
PvCAX5 2 127 13 0 11
PvCAX6 6 0 0 0 0 0

40 30

11 272 71 359 88
50 51 9 1 17 14

24 6 41 21 43 23 17 17
7 3 10 3 6 7 4 3
1 0 2 2 0 0 1 2

43 126 31 25
2 2 8 13

2 0 1 1 0 6 8 7
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Chu thich: (YL=M0 la cua cdy ¢ giai doan 14 chét thir 2 hoan chinh cua cdy da dwoc bon phan; YS=Tat ca
cac 16ng than phia trén 14 mam cua cdy & giai doan 14 chét thir hai; ST=Chdi bao gdm mé phén sinh dinh cta cay

& giai doan 14 chét thir hai; RT=Chop ré thu tir cAy dugc tudi phan & giai doan hai 14 chét; YR=RE& hoan chinh
thu tir cay duoc tudi phan & giai doan hai 14 chét; R5 = R& hoan chinh loai bo nét san truéc ¢b dinh ¢ thoi diém 5
ngay; N5=Nét san truéc ¢b dinh (hitu hiéu) duoc thu sau 5 ngay u; FY=Hoa non; PY= V6 qua non & giai doan 1-
4 ngay sau rung hoa, mau chira cac phoi dang phat trién ¢ giai doan hinh cau; PH=V6 cua qua dai gan 9 cm, hat
& giai doan hinh tim; P1=V¢ cua qua dai gan 10-11 cm, hat & giai doan 1; P2=V6 cta qua dai gan 12-13 cm, hat
o giai doan 2; SH=Hat ¢ giai doan hinh tim; Sl=Hat & giai doan 1; S2=Hat & giai doan 2).

O cay dau cove, tat ca cac gene déu biéu hién ¢ it
nhat mot loai mo nghién ciru. Trong sb cac gene CAX
clia cay dau cove, gene PVCAX4 biéu hién manh hon
cac gen khac & hau hét cac mo sinh dudng va mé sinh
san, ngoai trir & chop ré, ré mang ndt san (RT va YR)
va ndt san (N5). C6 thé, gene nay ¢ vai trd uu thé so
Véi cac gene khac trong ho CAX. Hai gene PvCAX1
va PVCAX2 biéu hién & tit ca cac md nghién cuu,
trong d6 gene PVCAX1 biéu hién manh hon cac gene
khac trong ho & chop ré ciing nhu ré hoan chinh
(YR). Gene PVCAX5 chi khong biéu hién & chop ré,
nhung lai biéu hién manh hon céc gene khac & nét
san va ¢ than..

Dbi véi cay dau tridu (C. cajan), khong c6 EST
twong ung cua gene CAX nao dugc phat hién trong
ngan hang EST hién c6 cua loai nay.

Dén nay, su biéu hién cua cac gene CAX & thyc
vat con chua dugc nghién ctru nhidu. Cac CAX & thyc
vat dugc cam ng biéu hién bai mot sb tac nhan nhu
lanh, muén hozc canxi ngoai sinh [31]. O A. thaliana,
c6 hién tuong gene CAX1 biéu hién manh & chdi
nhung biéu hién yéu & ré. CAX3 lai biéu hién chu yéu
& ré ma khong biéu hién yéu ¢ 1a. Trong khi nhiéu
CAX biéu hién & hoa [33]. O cay duwong, ho CAX
biéu hién yéu ¢ ré [11]. Nhing dit lidu it 6i nay phu
hop vai su biéu hién cia cac CAX & cac loai mé khac
nhau cua cac loai thugc ho Bau trong nghién ciru nay.
KET LUAN

Trong nghién ctu nay, 42 gene mad hda cac
protein trao doi cation trong hé gene ciia sau loai cay
ho Pau da duoc Xac dinh, gdm cac loai dau twong (17

gene), dau Cove va dau tridu (cing 6 gene), Co ba la
thap ty va dau ga (5 gene), va dau dai (3 gene). Cac
gene CAX ciia cdy ho Pau co kich thudc khong giéng
nhau ¢ trong khoang 1213 dén 11561 bp, chtra nhiéu
intron (4-11 intron). Phan 16n cac protein CAX suy
dién (39/42 protein) co tinh acid véi pl nhé hon 7.
Cac protein CAX cta cdy ho Pau c6 mang 3-11vung
X04n xuyén mang, trong d6 c6 toi 23/42 CAX ¢6 11
ving xodn xuyén mang. Cac CAX cua cdy ho Pau
duoc chia thanh hai nhém lén, A va B, mdi nhém
gom hai phan nhom. Céc hién tugng nhan gene CAX
sau qua trinh bi¢t hoa loai chi phat hi¢n ¢ cdy dau
tuong. L. japonicus 1a loai co ca 3 gene CAX hiéu
hién ¢ tit ca cac mo nghién ciru. Nguoc lai, khong
phat hién duoc sy biéu hién cia cac CAX ¢ cay dau
tridu. O cac loai con lai, mic do biéu hién cua cac
gene trong ho CAX khong gidng nhau ¢ cac loai mo,
trong do6, c¢6 hién twong biéu hién wu thé cia mot sé
gene & cac moé khac nhau nhu GmCAX7 va
GMCAX17 & 14, hoa va qua hay gene GmCAX4 & ré
ciia cdy dau twong, gene MtrCAX5 & 14, cudng 14,
chdi, than, hoa, qua va hat hay gene MtrCAX1 & r& va
ndt san cia cdy co ba 14 thap tu, gene LjCAX3 & ré va
ndt san hay gene LjCAX2 & cac mo con lai cua cay
dau dai, gene CaCAX3 & cac mé chdi, 14, nu hoa, qua
va gene CaCAX1 & ré cua cdy dau ga, gene PvCAX4
& hau hét cac mo ciing nhu gene PVCAX5 ¢ ndt san
va than cua cay dau cove.

Loi cam on: Ccong trinh nay duoc hoan thanh voi sy
hé tro kinh phi tir chwong trinh nghién citu khoa hoc
co ban cua Truong Dai hoc Hung Vuwong.
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Metal transporter encoding gene families In
Fabaceae: Il. Cation/H™ exchanger (CAX)

encoding genes

e Cao Phi Bang
Hung Vuong University—Phu Tho
e Le ThiVan Anh

Institue of Biotechnology—Vietnam Academy of Science and Technology

ABSTRACT

The plant CAtion/H™ eXchangers (CAX)
proteins belong to Ca®*/cation antiporter
(CaCA) superfamily. By using in silico
methods, the CAX encoding genes in the
genome of six legume species have been
identified in this work. In examined legume
genomes, the CAX genes belong to a small
multigenic family. The number of the CAX
genes in these legume species is 17 (soybean),
6 (common bean and C. cajan), 5 (M.
truncatula and C. arietinum) and 3 genes (L.
japonicus), respectively. The legume CAX
genes vary in genomic full-length ranging from
1,213 to 11,561 base pairs. All of the genes
exhibit introns (from 4 to 11 introns). Their
deduced full-length protein sequences range
from 248 to 718 amino acids. Theoretical pl
values of most (39/42) of legume CAX proteins
were less than 7. The secondary structure
modelling of protein exhibit transmembrane

helix region (from 3 to 11 regions). Half of all
(23/42) included 11 transmembrane helix
regions. Based on phylogeny analysis, all of
the legume CAX were divided into two groups,
A and B, each consisting of two subgroups. The
phylogeny suggested an ancient gene
duplication in the genome of legumes ancestry.
The recent gene duplication even was only
detected in the soybean genome after the
speciation. The expression analysis showed
that all of 3 L. japonicus CAX genes expressed
in all examined tissues. However, the
expression of C. cajan CAX genes was not
detected. For each of 4 remaining legumes, the
CAX genes were differed in their expression
level depending on studied tissues. The tissue-
specific expressions of some CAX genes were
observed in 5 out of the 6 legume species,
except C. cajan.

Keywords: CAtion eXchangers (CAX) proteins, Fabaceae, phylogeny, gene expression, gene

characterisation
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