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Cac ho gene ma héa protein van chuyén kim loai & cay ho dau
(fabaceae): lll. Cac gene ma hoéa zinc-iron permease (ZIP)
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TOM TAT

O'thuc vat, sat (Fe?T) va kém (Zn%+) dudc van chuyén nhé cac protein thudc ho Zinc-Iron permease
(ZIP: ZRT/ IRT-like Protein). Trong nghién cliu nay, cac ho gene ZIP da dugc xac dinh trong hé gene
clia ndm loi ho Dau (Fabaceae). G méi lodi, cac ZIP thudc vé mot ho da gene bao gém Dau tuong
(Glycine max) (28 gene), Co ba 1 thap tu (Medicago truncatula) (16 gene), dau ga (Cicer arietinum) (7
gene), dau triéu (Cajanus cajan) (12 gene) va dau dai (Lotus japonicus)(15 gene). Cac gene ZIP cla
cay ho dau déu chia tur 1 t6i 12 intron. Cac protein ZIP c6 chia cac motif giau histidine bao tén
dac trung. Pa phan cac protein nay cé mang tam vung xoan xuyén mang va khu trd & cadc mang
sinh hoc. Phan tich cay pha hé cho thdy cac ZIP clia cdy ho Dau dugc chia thanh bon nhém lén,
v&i nhiéu phan nhom, trong dé chi cé nhém | ¢ cac dai dién ctia cd ndm loai nghién ctiu. Co hién
tugng bung phat gene & nhém | trong khi co hién tugng mat gene & mot sé nhém khac. Cac hién
tugng nhan gene ZIP sau qua trinh biét héa loai trong ho Bau la nguyén nhan chinh dan téi hién
tugng bung phat gene & nhom |. K&t qua phan tich su biéu hién gene cho thdy chi loai dau dai co
toan bo hé gene ZIP bidu hién & tat cd cac mo nghién ctu. Mdc do biéu hién clia cac gene trong
ho ZIP khéng giéng nhau & cac loai mé clia cing mot loai cdy nghién ciu. Ngoai ra, mot sé gene
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ZIP 6 biéu hién uu thé & mot s6 mé khac nhau 6 nam loai dau dugce nghién ciu.
Tu khoa: Zinc-Iron permease (ZIP), ho Dau (Fabaceae), cay pha hé, biéu hién gene

MG PAU

Sét (Fe) va kém (Zn) 1a cac nguyén t6 vi lugng d6i voi
thuc vat. Thuc vat cin sit va kém nhu la cdc dong
tac nhan cta nhiéu enzyme quan trong trong quang
hgp va ho hip. Do do, cac ion nay anh hudng téi trao
d6i chit va phat trién thyc vat . Tuy nhién, & néng d6
cao, cic ion nay sé giy doc té bao do hoat tinh oxy héa
khti ctia ching c6 thé lam sinh ra nhiéu géc oxy ty do
hoéc do ching gan 1én bé mét protein theo cach khong
kiém sodt dugc 2. Do d6 thuc vét phai phat trién co
ché cin bang ndi mai cc ion nay qua viéc kiém sodt
can bang gitta cic qud trinh hép thy, st dung va du
tri cac ion sit va kém !

Sit (Fe?t) va kém (Zn?*) thudng dugc van chuyén
bdi cac protein thudc ho ZIP (ZRT/ IRT-like Protein).
Céc protein nay dugc tim thdy & tt ca cac sinh vat
dai dién cadc bac tién hoa khéc nhau tii vi khudn, ndm,
thuc vt va dong vt c6 vii!. Cac ZIP tham gia vio
qua trinh hap thu va mang kim loai, duy tri can bing
ndi moi bang cach van chuyén ching vao trong té bao
chéit3. Cac ZIP c6 kha ning van chuyén khéng chi sit
va kém ma con c6 kha ning van chuyén ca cic kim
loai nang nhu cadimi (Cd*) va mangan (Mn2t)%5,
Vé cu truic, nhin chung céc protein ZIP c¢6 khoang
ti 228 dén 717 amino acid vé6i tam ving xuyén mang

bao ton, trong d6 c6 mot doan trinh tu tuong doi khac
nhau gitia viing thd 3 va vung thi 4, & d6 ¢6 trinh
tu bao ton giau histidine la ving gén kim loai tiém
ning*.

AtIRT1 (Iron-regulate transporter 1) 1a gene ZIP dau
tién duge xéc dinh®, ma hoa protein c6 chiic ndng vdn
chuyén sit & bé mit ré clia ciy A.thaliana’. Theo thoi
gian, ho gene ZIP da buéc dau dugc nghién ctiu & cac
lodi A.thaliana®®, lta (Oryza sativa), duong (Populus
trichocarpa), nho (Vitis vinifem)9, ngod (Zea mays) 10
va cd mot s6 loai cay ho Pau nhu co thap tu bala (M.
truncatula) '' va dau Cove (Phaseolus vulgaris) 12,
Nghién ctiu nay cting hudng véi nghién ctiu vé cac
gene ma héa protein vin chuyén dong va protein trao
d8iion & cic cay ho dau trudc day !4, Trong nghién
ctiu nay, mot s6 dac diém cta ho gene ma hoa pro-
tein vin chuyén st va kém (Zinc-Iron Permease, ZIP)
trong hé gene ctia cac cay ho du sé dugc phén tich in
silico, gobm dau tuong, d4u dai, dau triéu, dau ga, va
Co thap ty ba la.

NGUYEN LIEU VA PHUONG PHAP
NGHIEN CcUU

Trich dan bai bao nay: Bing C P. Cac ho gene ma héa protein van chuyén kim loai & cay ho dau
(fabaceae): lll. Cac gene ma héa zinc-iron permease (ZIP). Sci. Tech. Dev. J. - Nat. Sci.; 4(1):387-400.
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Cosd ditliéu vé cac trinh tu hé gene clia cac
cay ho Dau

Chung t6i sti dung co s& dii liéu hé gene ctia cac cay ho
Dbéu, gobm Dau tuong (G. max) 15 Pau Cove (P vul-
garis) 16 Pau ga (C. arietinum) 17 Pau triéu (C. ca-
jan) 1819 va Co ba l4 thap tu (M. trulcatula)**?!, Pau
dai (L. japonicus) 22,

Xac dinh va phan tich cac gene ZIP & hé
gene cuia cac cay ho Pau

Phuong phép tim kiém gene tuong dong trong nghién
ctiu nay dya vao cdc gene ZIP ctia cay dau Cove. Téng
6 23 gene ZIP dugc st dung lam trinh ty truy vdn
(query sequence) '2. Cay pha h¢, cac dic diém li héa
ciing nhu sy biéu hién cic gene ZIP dugc phan tich
biing phuong phép tin sinh hoc . M6 hinh ciu tric
khong gian bac hai ctia cac protein dugc xay dung nha
Psipred >3.

KET QUA VA THAO LUAN

Xac dinh cac gene ma héa ZIP & hé gene ctia
cac cay ho Pau

Céc trinh tu gene ZIP cua cay dau Cove!? dugc st
dunglam trinh ty truy vin dé€ tim kiém cac gene tuong
dong trong hé gene ctia cac cay ho Dau khac thong qua
chuong trinh BLASTN. Tap hgp cac gene ma hda pro-
tein ZIP da dugc xdc dinh trong hé gene ctia nam loai
cay ho Dau khic gobm dau tuong, diu ga, du triéu,
d4u dai va co thip ty ba ld. T4t ca cic protein suy dién
ctia chung déu ¢6 mang vung béo ton ZIP (PF02535),
dugc luu trit trén co s& di liéu Pfam (https://pfam.xf
am.org/).

Ho gene ZIP & cac cay ho dau la ho da gene. Cac cay
ho dau khac cé s6 lugng cac gene ma héa ZIP khac
nhau (Bang 1). Trong do, cay dau ga chi c6 bay gene
ZIP,1aloai c6 s6 gene it nhat. S6 lugng gene ZIP & cac
loai d4u triéu, dau dai va d4u tuong lan lugt 1a 12; 15;
va 28. O céy co thap ti ba l4, ngoai bay gene da dugc
bao cdo !1'12, trong nghién cdu nay, chin gene méi da
dugc phat hién va lan lugt dugc dat tén tit MtrZIP8 téi
MtrZIP16. Trong bdo cdo clia Migeon et al. (2010),
ho gene ZIP & mdt s6 loai thuc vat khac ciing 1a ho da
gene, nhu A. thaliana (18 gene), duong (20 gene), lia
(16 gene), réu va duong xi (ciing 9 gene)°. Céy ngd,
mot dai dién khac ciia nhém cay mét 14 mam, c6 chin
gene ma héa ZIP 10,

Pac diém cac gene ZIP chia cac cay ho Pau

388



Bang 1: Dac diém cac gene ZIP va protein suy dién & cac cay ho dau

Loai Gene Nhém  Ténlocus CDG Int- CDP KLPT pI TM  Phan bd
(bp) ron (aa) (kD)
Déu ga CaZIP1 1A Ca_23527 2471 2 368 39,86 6,48 7 Ch1 Nghién
cliu
(C. arietinum)  CaZIP2 1A Ca_12535 1682 3 348 38,21 8,42 8 Ch2 nay
CaZIP3 1B Ca_15968 1240 2 354 37,85 6,23 8 Ch2
CaZIP4 ID Ca_14305 2402 1 332 35,26 6,04 8 Ch2
CaZIP5 IC Ca_09166 2479 2 367 39,93 5,82 8 Ch4
CaZIP6 1C Ca_01633 2253 1 407 43,78 5,96 8 Ch5
CaZIP7 1A Ca_07626 2309 2 347 37,33 6,03 7 Ch5
Dau triéu CcZIP1 1C C.cajan_04710 4326 2 366 39,98 6,45 8 Cho02 Nghién
ciu
(C. cajan) CcZIP2 1C C.cajan_09287 1172 1 359 38,29 6,23 8 Ch06 nay
CcZIP3 1B C.cajan_26822 1487 2 268 29,02 6,94 4 Scaffold000112
CcZIP4 1A C.cajan_35552 5230 4 329 36,13 6,75 7 Scaffold000139
CcZIP5 ID C.cajan_31656 759 0 252 26,53 6,69 6 Scaffold125976
CcZIP6 1D C.cajan_33570 2723 2 328 34,92 5,82 8 Scaffold132340
CcZIP7 IA C.cajan_40078 1726 2 337 35,81 6,13 8 Scaffold132759
CcZIP8 IA C.cajan_47587 3935 2 356 38,45 6,59 7 Scaffold134054
CcZIP9 1B C.cajan_29763 1820 2 356 38,20 8,14 7 Scaffold134757
CcZIP10 1A C.cajan_27143 2343 2 351 37,39 6,18 8 Scaffold135298
CcZIP11 IA C.cajan_46675 1822 2 337 35,98 6,91 8 Scaffold135342
CcZIP12 1B C.cajan_42212 3533 2 355 38,31 7,66 8 Scaffold137616
Déu tuong GmZIP1 1B Glyma.02G126000 1742 2 360 38,47 7,62 8 Ch02 Nghién
cuu
(G. max) GmZIP2 1C Glyma.04G051100 1321 2 289 30,86 6,64 7 Cho4 nay
GmZIP3 111 Glyma.05G137400 8539 10 485 51,99 6,00 8 Cho5
GmZIP4 I1C Glyma.06G052000 1886 3 478 51,48 6,57 8 Cho6
GmZIP5 1B Glyma.07G223200 2475 2 356 38,46 8,61 8 Cho7
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Table 1 continued

Dau dai

(L. japonicus)

GmZIP6
GmZIP7
GmZIP8
GmZIP9
GmZIP10
GmZIP11
GmZIP12
GmZIP13
GmZIP14
GmZIP15
GmZIP16
GmZIP17
GmZIP18
GmZIP19
GmZIP20
GmZIP21
GmZIP22
GmZIP23
GmZIP24
GmZIP25
GmZIP26
GmZIP27
GmZIP28
LjZIP1

LjZIP2
LjZIP3
LjZIP4
LjZIP5

11T
1A
II
v
IVA
ID
IVA
1A
II

II
IVA
IC
ID
IVA
II

II
1A
1C
1D
II
v
1B
1A
1C

1A
1B

1A

Glyma.08G092700
Glyma.08G164400
Glyma.08G328000
Glyma.09G271900
Glyma.11G132500
Glyma.11G169300
Glyma.12G056900
Glyma.13G004400
Glyma.13G338200
Glyma.13G338300
Glyma.13G340900
Glyma.14G094900
Glyma.14G196200
Glyma.15G033500
Glyma.15G036200
Glyma.15G036300
Glyma.15G262800
Glyma.17G228600
Glyma.18G060300
Glyma.18G078600
Glyma.18G217100
Glyma.20G022500
Glyma.20G063100
Lj1g3v1785990.1

Lj2g3v1014480.1
nd

1j2g3v1536150.1
Lj2g3v1536210.1

7260 10
2151 2
2509 2
3915

3858 11
2464 2
3594 10
3354
1792
1568
3799
2413
2775
3687
1502
1529
2266
3150
2083
2253
3486
2453
3147
2182
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485
361
349
598
272
326
240
347
200
350
276
311
324
276
345
342
359
393
328
360
598
358
354
372

345
354
350
354

52,35
38,40
37,56
62,18
28,96
34,78
25,40
37,63
22,10
37,99
29,15
34,04
33,86
29,24
37,39
36,68
38,24
43,13
35,04
38,72
62,12
38,71
38,30
39,30

37,20
37,81
37,81
38,37

5,79
6,38
6,06
7,19
9,10
5,81
9,33
7,72
6,82
8,43
8,78
8,43
6,35
7,95
6,82
8,18
6,14
5,73
5,96
6,08
6,93
6,86
6,30
6,23

6,05
7,15
6,05
5,99
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Cho8
Cho8
Cho8
Cho09
Ch11
Chl11
Ch12
Ch13
Ch13
Ch13
Ch13
Ch14
Ch14
Ch15
Ch15
Ch15
Chl15
Ch17
Ch18
Chi18
Ch18
Ch20
Ch20
Chrl

Chr2
Chr2
Chr2
Chr2

Nghién
ctiu
nay
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Table 1 continued

Cobald
thap tu
(M. trulcatula)

LjZIP6
LjZIP7
1jZIP8
LjZIP9
LjZIP10
LjZIP11
1jZIP12
1jZIP13
LjZIP14
1jZIP15
MtrZIP1
MtrZIP2
MtrZIP3
MtrZIP4
MtrZIP5
MtrZIP6
MtrZIP7
MtrZIP8

MtrZIP9

MtrZIP10
MtrZIP11
MtrZIP12
MtrZIP13
MtrZIP14
MtrZIP15
MtrZIP16

1A
1A
1B
1B
1C
1A
1B
1A
IC
1A
1A
1A
1C
IVA
ID
1A
v
1B

II
1A
1A
IC
1B
II
IVA
1A

1j3g3v0488360.1
Lj3g3v0948840.1
Lj4g3v1428550.1
nd
Lj5g3v0404890.1
1j0g3v0167519.1
Ljog3v0171379.1
1j0g3v0200899.1
1j0g3v0283259.1
Lj0g3v0336779.1
Medtr2g064310
Medtr2g097580
Medtr3g081580
Medtr3g082050
Medtr1g016120
Medtr4g083570
Medtr3g058630
Medtr2g098150

Medtr3g081640
Medtr3g081690
Medtr3g104400
Medtr4g065640
Medtr5g071990
Medtr6g007687
Medtr7g074060
Medtr8g105030

2010 2
2010
2750
2519
5518
1217
2750
1750
8472
1683
3186
1354
2509
3713
5618
1549
2439
4606

N DN~ W N~ DD W DN DD W W W

1765 2
3981
2710

4896 12

2495 1
2083 2
4123 4
2488 4

—
[\S)

359
359
356
347
397
338
347
353
406
354
358
336
358
377
374
350
350
276

361
366
365
365
318
349
599
396

38,10
38,10
38,45
37,70
42,57
35,98
37,70
38,15
44,22
38,37
38,51
37,22
38,46
40,85
39,83
37,72
37,57
29,38

38,89
39,85
38,74
39,40
33,94
38,29
62,28
43,05

6,52
6,52
7,15
6,91
5,79
6,04
6,91
6,30
6,05
5,99
6,49
5,99
6,38
5,89
5,91
6,45
5,44
8,76

6,42
5,45
5,98
9,68
5,68
7,09
7,59
5,90

© 0 0 0 N 0 0 N 0 0 N 0 N o e o o
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Chr3
Chr3
Chr4
Chr4
Chr5
Chr0
Chr0
Chr0
Chr0
Chr0
Cho02
Ch02
Cho3
Cho3
Cho1
Cho4
Cho3
Ch02

Cho3
Cho3
Cho3
Cho4
Cho5
Cho6
Cho7
Cho8

(11)

Nghién
ctiu
nay

CDG = chiéu dai gene, CDP = chiéu dai protein, KLPT = khéi lugng protein, pI= diém déng dién, Intron = s6 lugng intron, TM = s6 xoén xuyén mang, Ch = nhiém sic thé.
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Hau hét cac gene ZIP ctia cay ho Dau déu la céc gene
phén doan véi s6 lugng intron khdc nhau, tii 1 t6i 12
intron. Pa s6 cdc gene cé hai hodc ba intron. Kich
thudc cac gene thudc ho ZIP cta cay ho d4u rat khac
nhau. Gene CcZIP5 ngén nhit, c6 kich thuée 759 nu-
cleotide, trong khi gene GmZIP3 dai nhat c6 8539 nu-
cleotide.

Khéi lugng ctia céc protein suy dién khéc nhau nhiéu,
protein GmZIP14 nho nhét ¢6 200 amino acid, (22,1
kDa), protein MtrZIP15 I6n nhét c6 599 amino acid,
(62,28 kDa). Trong téng s6 71 gene ZIP ctia céc loai
dau triéu, d4u ga, d4u dai, dau tuong va co ba la dugc
phét hién trong nghién ctiu nay, 54 gene (76% tong s6
gene) ma hoa cho cac protein ¢6 tit 300 t6i 400 amino
acid. Phén 16n céc protein nay c6 tinh acid hoéc acid
yéu véi gid tri pI nho hon 7 (74% t8ng s6 protein), chi
11 protein (14%) c6 pI 16n hon 8. Cac dic diém li-
hoa ctia cac gene ZIP va protein suy dién ctia cic cay
ho d4u trong nghién ctiu nay tuong dong véi cac ZIP
clia cay ngd (kich thude protein suy dién tit 359 t6i
490 amino acid) 19, cta cdy co thap tu ba 14 (protein
c6 kich thuéc tii 350 t6i 374 amino acid, ¢6 pI nho hon
7 va déu ki nuéc manh)?*. Tuy nhién sy khac nhau
16n vé kich thudc cta céc protein suy dién gitia cic
thanh vién trong ho ZIP clia ciing loai thuc vat cling
da dugc bdo cdo & cic cay dau Cove, cay A. thaliana,
duong, lia va mét s6 cay khac®!2.

Céu hinh khong gian ctia cic protein suy dién ZIP cua
cdc ciy ho d4u déu c6 nhiéu ving xoan xuyén mang
dién hinh (Hinh 1). 51 trong tdng 6 71 trinh ty ZIP
dugc phat hién trong nghién ctiu nay c6 8 vung xodn,
gidng v6i mot s protein da dugc bao cio bao gom ca 7
protein ZIP ctia cay co thép tu bala 24, Mét s6 protein
khéc c6 it hodc nhiéu hon 8 xodn xuyén mang. Pic
diém nay cling dugc quan sit & ciy ngo, trong téng s§
9 protein ZIP ctia loai nay c6 t6i 6 phén ti ZIP c6 6
hodc 7 x0dn, mot phén tl c¢6 9 x0dn va chi ¢6 hai phan
ttt c6 8 xodn '°. Bén canh d6, hau hét protein ZIP ctia
cdc cay ho dau ciing déu c6 motif giau histidine c6 thé

gin véi céc ion kim loai.

Phan tich cay pha hé va su tién héa cua ho
ZIP & cac cay ho Pau

Céy pha hé ctia cac ZIP ctia cac cay ho dau dugc xay
dung nhé phdn mém MEGAS. Trong cdy pha hé nay,
cac protein ZIP cta cac loai A. thaliana, duong, lda,
duong xi, réu, du tuong, d4u ga, dau triéu, dau dai va
ca clia cdy co ba 14 thép tu ciing nhu cay dau Cove
cling dugc st dung (Hinh 2). Duya vao cay pha hé
vGi gid tri bootraps 16n, ¢6 thé chia cac ZIP cta cac
thuc vat nghién ctiu thanh bén nhém 16n, nhém I-
IV. Trong d6, nhém I ¢6 dai dién cua tét cac loai thuc
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vat nghién ctiu tii bac thap (réu, duong xi) dén thuc
vat hat kin. Nhom nay dugc chia thanh bén phan
nhom (IA-ID) véi téng s6 70 protein clia cac cay ho
Péu. Phan nhém IA gém cic dai dién la cac protein
tuong dong véi bon protein & cay A. thaliana (AtZIP1,
AtZIP3, AtZIP5 va AtZIP12). S6lugng cac gene thudc
phan nhém IA & céc loai cay ho dau, dau ga, d4u triéu,
déu tuong, dau dai, co ba la thap tu va dau cove lan
lugt 1a 3, 5, 6, 8, 3 va 4. Phan nhém IB & cac loai
trén c6 s6 lugng gene 14n lugt bing 1, 3, 3, 4, 2 va
3, céc gene nay phéan bo trén cung nhanh véi cic gene
AtIRTI, AtIRT2, AtZIP7, AtZIP8 va AtZIP10. Phén
nhoém IC tap hop cic gene nam trén cung nhanh véi
AtIRT3, AtZIP4 va AtZIP9. S6 lugng céc gene thudc
phan nhém IC & cac loai cay ho dau, dau ga, d4u triéu,
dau tuong, dau dai, co ba 14 thip ty va d4u cove 1an
lugtla 2,2, 4, 3,2 va 2. Phan nhém ID & céc loai cay
ho dau cha yéu chi gom mot dén hai gene, ndm cung
nhanh véi AtZIP6. Riéng ciy dau dai khong cé dai
dién thudc phan nhom ID.

Cac cay dau ga, d4u triéu va dau dai khong c6 dai dién
thudc vé cac nhom IL, III va IV. Trong d6, nhém II va
nhom IV c6 dai dién & ba loai dau tuong, co thép tu
ba l4d va dau cove. Riéng nhém III chi ¢6 mot dai dién
& cay d4u cove va hai dai dién & ciy dau tuong.

Két qua nay goi ¥ rang c6 su tién hoa khong gidng
nhau gitta cac gene ZIP & cic loai céy ho dau. Trong
d6, c6 thé hién tugng mat gene nhém II, IIT va IV da
xdy ra § cc loai ddu ga, dau triéu va d4u dai. Sy bién
mét gene nhom III con xay ra & loai ciy co thap tu
ba la. Trong nhém I, c6 hién tugng bung phat cac
gene phan nhom IA & ciy d4u dai (chiém téi 8 trong
téng s6 15 gene). Phan tich ciy pha hé ciing cho phép
xac dinh dugc nhiéu sy kién nhan gene xay ra sau qua
trinh biét hda loai & cac cay ho dau. Céay dau tuong co
cac hién tugng nhéin gene xdy ra & tit ca cac nhom va
phén nhém, céc hién tugng nhan gene nay thudc kiéu
nhan gene trén toan hé gene (WGD). Cay dau cove cd
cac hién tugng nhén gene & cac phan nhém IA (SD
va WGD), IB (WGD) va nhém IV (WGD). Céc hién
tugng nhan gene phan nhém IA (SD va WGD) va IB
(WGD) ciing dugc quan sat & cdy dau dai. Caycobala
thép tu chi ¢ cac hién tugng nhan gene (SD) & phan
nhom IA (Bang 2). Riéng & cdy dau triéu, do miic
do lap rap hé gene con chua hoan chinh nén chua xac
dinh dugc ki€u nhén gene d6i véi cic gene nhém A
va IB. Ngugc lai, khong c6 hién tugng nhan gene sau
qua trinh biét hoa loai xay ra & cay ddu ga. Hién tugng
nhan gene ZIP sau qua trinh biét hoa loai ctia cay ho
d4u tuong tu nhu & mot s6 loai cdy da dugc nghién
ctiu nhu A. thaliana, duong, nho va lta®.
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N-Terminal
1-18 peptit
tin hiéu C-Terminal
Ngoai bao
48 101 126 . 215 l 226 . 274 . 289 . 345
126-145 Pore-lining 226-241 Pore-lining 289-310 Pore-lining
s1 52 S3 | S4 |. S5 |. S6 |. s7 |. S8
§1-101 Pore-lining 200-215 Pore-lining 255-274 Pore-lining
67 81 ‘l| 145 200 |.‘ 241 . 255 ‘.’ 310 . 327

Té bio chat

Hinh 1: Cau tric bac hai cia MtrZIP14 véi tam xoan xuyén mang dién hinh. M6 hinh cau tric dugc xay dung
nho Psipred 3.

Hinh 2: Cay pha hé dugc xay dung tif cac ZIP cua cac cay ho Dau, réu (Pp), duong xi (Sm), A. thaliana (At),
duong (Pt) va laa(Os).
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Bang 2: Cac su kién nhan gene & cay ho Pau sau qua trinh biét hoéa loai

Loai TD
Dbau ga (C. arietinum) -
DPau triéu (C. cajan) nd

DPéu tuong (G. max) -

Dau dai (L. japonicus) -

Co ba la thap tu (M. trul-
catula)

SD WGD

nd nd

GmZIP4
GmZIP6
GmZIP27
GmZIP22
GmZIP25
GmZIP26
GmZIP10 va GmZIP12
(GmZIP13 va GmZIP28
(GmZIP14 va GmZIP21
(GmZIP15 va GmZIP20
(GmZIP16 va GmZIP19)
(GmZIP17 va GmZIP23)

- (GmZIP2 va
GmZIP3 va

)
)
)
)
)
)
)
)
)
)

(LjZIP6 va LjZIP7) (LjZIP4 va  LjZIP13)
(1jZIP5  va  LjZIP15)

(LjZIP9 va 1jZIP12)

((MtrZIP3 va MtrZIP9) va -
(MtrZIP4 vi MtrZIP10))

TD = nhdn gene trudc sau (nhan doi doan ngin nhiém sdc thé chita gene, doan nhan lén nam canh doan ban ddu), SD = ldp doan nhiém sdc
thé (doan nhan 1én ndm xa doan ban ddu trén cung nhiém sdc thé), WGD = nhan doi quy mo hé gene (doan nhan lén chuyén sang nhiém sdc thé

khdc), nd = khong xdc dinh, - = khong cé.

Su bi€u hién cia cac ZIP chia cac cay ho Pau
Su biéu hién ctia cac gene ma héa ZIP & cac cay ho
Piu dugc nghién ctiu hodc qua phan tich ngan hang
ma phién ctia cac ciy ho dau dugc xay dung bdi nhiéu
nhém nghién ctu. Trong d6 bao gém ngan hang ma
phién RNA-seq dugc xay dung tii 14 loai mo khac
nhau & ciy dau tuong>°, ditliéu Affymetrix GeneChip
tli 64 thuc nghiém & cay Co ba 14 thap ty2, dit liéu
Affymetrix Lotus japonicus GeneChip tii cdc mo & cac
giai doan phat trién clia cay Pau dai?’, dit liéu RNA-
seq clia cac mo sinh dudng, sinh san, hat cia cay Dau
23282 va ngan hang Expressed sequence tags (EST)
ctia cay Déu triéu 30,
Su biéu hién cta cac gene ZIP § cac loai khic nhau
dugc gi6i thiéuBang 3 (d4u tuong), Bang 4 (cay co ba
14 thap tu),Bang 5 (dau dai), Bang 6 (dau ga).

O cay dau tuong, sin phim phién ma ctia bon gene
GmZIP12, GmZIP13, GmZIP14 va GmZIP17 khong
dugc phat hién trong tit ca cic md phén tich, cac
gene coOn lai biéu hién & it nhdt mot loai mo, trong
do 8/25 gene (GmZIP3, GmZIP4, GmZIP9, GmZIP16,
GmZIP25va GmZIP26) biéu hién & tit cd cdc mo phan
tich. Gene GmZIP4 biéu hién manh nhit 614, ré, hoa,
qua va hat trong giai doan phat trién sém khi so véi
cac gene khac trong ho ZIP ctia cay dau tuong, dic
biét trong mo ré. Hai gene GmZIP27 va GmZIP4
biéu hién trong ndt sdn manh hon cic gene khac. Ré
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ciing 1a mé ma ¢ d6, mot s6 gene ZIP biéu hién manh
hon nhiéu khi so v6i sy biéu hién cta chinh gene
d6 6 cdc moé khac nhu GmZIP5, GmZIP7, GmZIP15,
GmZIP20, GmZIP22 va GmZIP28. Nhu vay, 6 dau
tuong, ré1a noi c6 sy biéu hién dic hiéu mo cta nhiéu
gene ZIP.

O cay c6 ba l4 thap tu, c6 ba gene MtrZIP8, MtrZIP9
va MtrZIP14 khong xac dinh dugc muc d6 biéu hién
gene, cac gene codn lai biéu hién & tit ca cic mo. Trong
d6, cic gene MtrZIP3 va gene MtrZIP 7 biéu hién
manh hon & mé 14 va vo qua so véi & cac mo khac.
Hai gene MtrZIP2, MtrZIP6 va MtrZIP15 biéu hién
uu thé § ré hon so véi 6 cdc mo khac. Gene MtrZIP1
biéu hién vu thé & moé hoa, gene MtrZIP11 hién dién
uu thé & hat. Riéng gene MtrZIP16 bi€u hién yéu & tit
cd cdc mo. Hat 1a m6 ma hdu hét cac gene biéu hién
thép hon & cdc mo khéc.

T4t ca 15 gene ZIP & cay dau dai déu biéu hién & tét
ca cidc mo. Trong do, gene LiZIP 1 biéu hién vu thé so
vGi cac gene con lai § tit ca cac mo, dic biét & 14, ré,
ndt san va hat. Gene LjZIP8 biéu hién uu thé & ré va
not sdn so vdi 6 cac mo con lai. Nhu véy, § cay co thap
tu bald ciing nhu ciy d4u dai ciing c6 hién tugng biéu
hién uu thé ctia mot gene ZIP so vé6i cac gene khac
cung ho, dong thdi, cing quan sat dugc hién tugng
biéu hién vu thé theo moé ctia mot sé gene.
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Bang 3: Su biéu hién cia cac gene ZIP clia cay dau tuong (G.max) trong cac mé nghién ciu

Gene WIS E N R P(7%) P(10%)
GmZIP1 0 0 0 0 0 0
GmZIP2 0 0 1 2 0 0
GmZIP3 4 4 2 2 3 3
GmZIP4 14 13 83 217 14 10
GmZIP5 3 0 0 40 1 3
GmZIP6 7 11 3 7 9 8
GmZIP7 0 6 5 19 1 1
GmZIP8 1 3 5 8 2 0
GmZIP9 5 5 7 8 5 4
GmZIP10 1 1 0 1 0 0
GmZIP11 0 1 5 3 1 0
GmZIP12 0 0 0 0 0 0
GmZIP13 nd nd nd nd nd nd
GmZIP14 nd nd nd nd nd nd
GmZIP15 0 0 6 46 0 0
GmZIP16 5 11 7 11 8 7
GmZIP17 nd nd nd nd nd nd
GmZIP18 0 1 42 1 2 3
GmZIP19 8 5 3 14 7 7
GmZIP20 0 0 24 59 1 0
GmZIP21 0 0 0 1 0 0
GmZIP22 0 0 16 25 2 0
GmZIP23 2 3 10 11 1 1
GmZIP24 0 3 7 4 0 0
GmZIP25 4 7 7 4 5 4
GmZIP26 5 5 25 11 4 5
GmZIP27 1 1 0 97 1 1
GmZIP28 0 0 36 29 1 1

P(14*) S(10* S(14* S(21%*) S(25%) S(28*) S(35*) S(42*)
0 0 3 2 1 1 0 1
0 0 0 0 0 0 0 0
3 1 3 2 2 1 2 0
3 5 23 38 14 7 6 5
2 0 0 0 0 0 0 0
5 4 5 9 5 4 10 4
2 4 3 2 2 1 1 0
1 0 3 2 1 1 2 2
4 2 3 2 2 2 3 2
0 0 0 0 0 0 0 0
1 3 7 6 3 3 3 1
0 0 0 0 0 0 0 0
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
0 0 0 0 0 0 0 0
9 4 7 6 5 2 4 5
nd nd nd nd nd nd nd nd
1 3 13 10 7 6 7 6
5 2 3 6 4 2 4 3
1 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0
1 3 6 5 1 1 1 0
0 0 1 0 2 1 2 1
0 6 10 8 7 5 4 3
4 2 3 4 2 2 1 1
7 2 4 4 4 3 7 2
0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0

Chu thich: YL =14 non; F = hoa; P = vo qué; S = hat; R = r& N = nét sén; * = ngay sau thu phin; nd = khong xdc dinh

O cay dau ga, mot s gene ZIP 6 biéu hién & cdc mod
sinh dudng. O 14, chi phét hién dugc sy biéu hién ctia
gene CaZIP4. Day ciing chinh la gene biéu hién & ca
chéi va ré. Gene thit hai biéu hién 6 ré 1a CaZIP7. O
choi, su biéu hién ctia bdén gene da dugc xac dinh 1a
CaZIP1, CaZIP4, CaZIP5 vi CaZIP6. O chdi hoa, chi
gene CaZIP2 khong biéu hién, trong d6 manh nhit 1a
gene CaZIP3. Bén gene bi€u hién & choi cing dong

thai 1a cdc gene biéu hién & qué non.

Trong ngan hang EST hién c6 clia cdy diu triéu (C.
cajan) (25,576 EST), chi c¢6 bon EST tuong ting cla
gene CcZIP1 dugc phat hién (ma s6 GR471863.1,
GR471370.1, GR471011.1, GR471374.1). Véi cac
gene con lai, khong c¢6 EST nao dugc phat hién. Do
ngan hang EST nay tuong d6i nho nén dé tim hiéu sy
biéu hién cta céc gene ZIP ctia cay dau triéu c6 1é can

¢6 céc thyc nghiém bg sung trong tuong lai.
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Bang 6: Su bi€u hién ciia cac gene ZIP ciia cay dau ga (C. arietinum) trong cac mé nghién citu

Gene B IL;
CaZIP1 5 0
CaZIP2 nd nd
CaZIP3 0 0
CaZIP4 2 16
CaZIP5 7 0
CaZIP6 2 0
CaZIP7 0 0

R FB P
0 39 4
nd nd nd
0 65 0
94 9 26
0 22 7
0 13 15
24 26 0

B = choi; L =14, R = r& N = ndt sdn; FB = nu hoa; P = v6 qua; nd = khong xéc dinh

Nghién cttu biéu hién cac ZIP & mot s6 thuc vat da
duge béo cdo nhu A. thaliana®®, 1da, duong, nho?,

l'lgé 10

va cd mot s6 loai cay ho Pau nhu co thép tu ba
141! va dau Cove 2.

DPéng chu y, sy biéu hién ctia hdu hét céc gene ZIP déu
dap ting véi su thi€u hut Zn va Fe & cac loai thuc vat
da nghién ctiu. Mot s6 gene ZIP con phan tGing véi su
thiéu hut Mn >*. Sy biéu hién khéc nhau cfia cic gene
ZIP & céc loai mo khac nhau, hodc & céac thoi ki sinh
truéng khac nhau cting da dugc chiing minh nhu &

cay ng6 !0, cay dau cove 12,

KET LUAN

Céc gene ma hoda céc protein van chuyén sit-kém da
xac dinh dugc trong hé gene ctia cac loai cay ho Diu,
trong d6 c6 Pau tuong (28 gene), Co ba la thap tu (16
gene), dau ga (7 gene) va ddu triéu (12 gene) va dau dai
(15 gene). Cac ZIP ctia cay ho dau déu c6 chita chia
intron (ti 1 t6i 12 intron). Cac protein ZIP suy dién
c6 pl dao dong tii 5,45 dén 9,68 trong d6 59 trong téng
$6 79 protein ¢6 pI nho hon 7. Cac protein suy dién
c6 motif gidu histidine va da phan cé tdm ving xodn
xuyén mang. Céay pha hé cho phép phén chia cac ZIP
ctia ho d4u thanh bon nhém, nhém I-IV. Trong 44,
¢6 hién tugng bling phat gene ¢ nhom I ciing nhu ¢6
hién tugng mit gene & cic nhom khac. O ci nam loai
cay ho dau nghién ctiu, ching t6i déu quan sat dugc
hién tugng biéu hién khac nhau gitia cic gene, dong
thdi c6 hién tugng biéu hién vu thé theo moé ctia nhiéu
gene.

DANH MUC CAC TU VIET TAT

ZIP: Permease van chuyén kém-sit (Zinc-Iron per-
mease)

ZRT: Protein van chuyén dugc diéu hoa bsi kém (Zn-
regulated transporter)

IRT: Protein van chuyén dugc diéu hoa béi sit (Iron-
regulate transporter)
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RNA-seq: giai trinh ty RNA (RNA-sequencing)

TD: nhan gene trudc sau (tandem duplication)

SD: lip doan nhiém séc thé (segmental duplication)
WGD: nhan doi quy mo hé gene (whole genome du-
plication)

pI: diém déng dién (isoelectric point)

TM: xodn xuyén mang (transmembrane helix)

Ch: nhiém sic thé (chromosome)

XUNG DOT LO1iCH

Nhoém tac gia cam doan khong c6 xung dét lgi ich
trong cong bo bai bao “Cac ho gene ma hoa protein
van chuyén kim loai & cay ho d4u (Fabaceae): III. Céc

»

gene ma hoa zinc-iron permease (zip)

PONG GOP CUA TAC GIA

Cao Phi Béing: thiét ké, thuc hién nghién cttu va phan
tich két qué nghién ctu, viét ban thao bai bao.
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Metal transporter encoding gene families in fabaceae: Ill. The
zinc-iron permease (ZIP) gene family

Cao PhiBang”
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ABSTRACT

In plants, Zinc and Iron are transported through the membrane by proteins belonging to Zinc-
Iron permease (ZIP: ZRT/IRT-like Protein). In this work, the ZIP gene families were identified in the
Use your smartphone to scan this genome of five legume species. The results demonstrated that the ZIPs were belonged to a multi-
QR code and download this article geneic family in each species including soybean (28 genes), Medicago truncalata (16 genes), chick-
pea (7 genes), pigeon pea (12 genes), and Lotus japonicus (15 genes). Each gene contained from one
to twelves introns. ZIP proteins possessed conserved histidine-rich motif. Most of these proteins
contained eight putative transmembrane domains and were predicted to be localized in plasma
membranes. The phylogeny analysis showed that the legume ZIPs were classified into four main
groups, each of which includes many subgroups. The group | contained the ZIP members of five
examined plants. Moreover, the phylogeny showed gene gain events (expansion) in group | and
gene loss events in other groups. The gene expansion in group | is likely to have arised mainly
from recent duplication events of ZIP genes in the examined legume plants, after specialisation.
The expression analysis showed that all of ZIP genes were expressed in all of examined tissues in
L. japonicus. The expression level of ZIP members was not similar in different tissues of the plant.
Some ZIP genes were predominantly expressed in certain tissues for most of the legume species
investigated.
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	KẾT QUẢ VÀ THẢO LUẬN
	Xác định các gene mã hóa ZIP ở hệ gene của các cây họ Đậu
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