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Linh vwe ky thuit dwge dé cap

Séang ché thudc linh vue cong nghé sinh hoc. Cu thé, sang ché dé cap dén vi khuén
ndi sinh Priestia megaterium R2.5.2 thuin khiét v& mit sinh hoc c6 kha ning chuyén hoa
Asen, dugc phén 14p trén r& cdy duong xi tai moé Nui Phao thudc x& Ha Thuong, Pai Tu,

Thai Nguyén nhim tng dung trong giam thiéu 6 nhiém kim loai ning ¢ Viét Nam.
Tinh trang ky thuit ciia giai phap hitu ich

Khi xtr 1y kim loai ndng trong d4t bang phuong phép vét Iy hay héa hoc, héu hét cac
cdng nghé khong kha thi trén quy mo lon vi tén chi phi va thoi gian, di kém véi cic tac
dong hity hoai mdi truong khi tao mot luong 16n chét thai doc hai. Hién nay, xu ly bing
thuc vat (Phytoremediation), mot phuwong phap tiép can xanh st dung thuc vét dé xu ly
cac hop chit doc hai, 13 mot cong nghé thin thién véi moi truong, hi€u qua vé mat chi

phi, it ton kém hon so v6i cac phuong phap truyén théng khéc.

Asen la kim loai nang tdn tai trong mdi trudng & céc trang thai oxi hoa khac nhau
(+5, +3, 0 va -3), trong do6 asenate (AsV) va asenite (AsIII) 1a dang phd bién nhét. Asen
14 chit doc c6 thé giy ra nhiéu bénh khac nhau, trong d6 c6 ung thu da va phdi, duge
WHO xép trong Top 4 chét de doa 16n dén strc khoe con ngudi. Cdy duong xi thude 0,2%
Joai thuc vat da biét duge goi 1a metal hyperaccumulators (siéu tich liy), c6 kha ning hap
thu mot luong 16n kim loai nang (gip khoang 100-1000 l4n cay binh thudong) vao sinh
khéi ma khong giy ra biéu hién ngd doc. Trong nghién ciru clia Nguyén Thi Hoang Ha va
cong su (2019), két qua phan tich ham luong tich Iy As trong cdy duong xi ban dia moc
xung quanh khu vec mé Nui Phdo, Thai Nguyén cho thdy c6 thé dat t6i 2400 mg/kg &
loai cay duong xi Pityrogramma calomelanos va 1860 mg/kg & loai duong xi Pteris
vittata. Vi vay, P. vittata va P. calomelanos dugc xem la mo hinh Iy tudng dé nghién ciru

su hép thu, chuyén hoa va khtt doc As trong Xt 1y dAt 6 nhiém bang thuc vat.

Vi khuan noi sinh thue vét (Endophytic bacteria) ¢6 thé dugc dinh nghia 1a nhing vi
khudn cu tra trong ndi mo cta thyc vat, chung khong biéu hién ra bén ngoai va gly tac
dong xAu dén thuc vat. Trén thé gidi, cac cong bd v& su tuong tac gilta thyc vat va vi sinh

vét c6 ¥ nghia quan trong trong qua trinh thyc hién bién phép khtr doc bang thuce vat da
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duoc khing dinh. Vi sinh vt vbn déng mot vai trd quan trong trong chu trinh tuan hoan
cua As trong hé¢ théng thuc vat - d4t - vi khudn, va qu4 trinh Xt ly bang thuc vat dbi véi
d4t bi 6 nhiém hiéu qua hon nho vao su twong tac voi cac vi sinh vat lién két v6i thue vat.
Mot s6 co ché ctia vi khuén gitp ting cuong qua trinh xtt 1y thue vat bao gébm su phat
trién cua thyc vat nho cac chét chuyén hoa cua vi khuén, ching han nhu axit indole-3-
axetic (IAA), che 14p kim loai boi cac té bao phu va san xuét axit hitu co, axit hoa dét,
hoa tan phosphat kim loai, metyl hoa va didu tiét luong kim loai do vi khuén axit 1-
amino-cyclopropane-1-carboxylic deaminaza (1-amino-cyclopropane-1-carboxylic acid
deaminaza - ACCD). Vi khuén ving r& cur trd & ving lan c4n cia ré tang téc do di chuyén
kim loai va kha nang tiép nhan cua cy bang nhidu qua trinh khac nhau, bao gdm trao ddi
oxy hoa khir va giai phong proton va axit hitu co, trong khi vi khudn ndi sinh endophytic
cu tr trong cac mo bén trong clia cdy va thuc day su phat trién cua cdy thong qua cac co
ché nhu qua trinh hoa tan phosphat, IAA va san xuét siderophore, hodc cung cap céc
vitamin thiét yéu cho thuc vat. Ngoai kha ning chéng chiu vé6i stress kim loai ndng, vi
sinh vat lién két véi thyc vat ¢o thé hoat dong nhu tac nhan kiém soat sinh hoc chong lai
mot s sinh vat gdy bénh va dam bao ¢ dinh nito va san xuit cac cht didu hoa sinh

trudng.

Tuy nhién, viéc phén 1ap vi khuin noi sinh tir thuc vét duge tréng trén dét gidu kim
loai (tir cdy duong xi) va ddnh gia kha ning chuyén héa asen cua chung tai Viét Nam

chua dugc nghién ctru.
Ban chit k§ thuit ciia sang ché

Sang ché dé xuét ching vi khuén ndi sinh Priestia megaterium R2.5.2 thudn khiét
vé mit sinh hoc, ¢6 kha nang chdng chiu va chuyén héa As. Cu thé, sang ché @& cap dén
ching vi khun ndi sinh Priestia megaterium R2.5.2 phén lap tr ré cdy duong xi tai khu
mé Nai Phéo, Pai Ttr, Thai Nguyén chiu duoc ndng d6 As (V) va As (III) lan luot 12 320
mM va 160 mM. Kha nang sinh tbng hop IAA dat 19,14 pg/ml va trong hé gen cua
chung c6 chira gen khir Bmega-arsC ¢6 chidu dai 421 Nu (140 axit amin). Viéc phén lap,
xac dinh va luu gitt ching do Phong Vi sinh vét d4t - Vién Cong nghé sinh hoc - Vién
Han 1am Khoa hoc va Cong nghé¢ Viét Nam tién hanh.

M6 ta van tit hinh vé

Hinh 1. thé hién anh chup SEM hinh thai té bao ctia vi khuan néi sinh Priestia
megaterium R2.5.2 (x5000).
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Mb ta chi tiét sang ché

Trong pham vi cta sang ché, chung vi khuin ndi sinh Priestia megaterium R2.5.2

s& dugc boc 16 16 rang & day thong qua cac phuong an thyc hién sang ché.

Sang ché d& cap dén chung vi khuin noi sinh Priestia megaterium R2.5.2 ¢6 kha
nang chéng chiu As, ndng do tre ché t6i thidu As (V) va As (II) 1an luot 14 320 mM va
160 mM. Kha nang sinh tdng hop IAA dat 19,14 pg/ml va trong hé gen cia ching co
chira gen khir Bmega-arsC co chiéu dai 421 Nu (140 axit amin). Chung Priestia
megaterium R2.5.2 dugc phan 1dp tir cay duong xi tai mé Nui Phdo, Dai Tw, Thai
Nguyén dugc md ta va dinh danh bdi Phong Vi sinh vét d4t - Vién Cong nghé sinh hoc -

Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Phuong phap phan 14p cac ching vi sinh vat tr mo r& nhu sau: miu cay duong xi tai
mo Nui Phéao, Pai T, Thai Nguyén, dugc chung tdi thu nhén va tién hanh phan 14p ngay.
Mau cdy duong xi dugc rira sach dudi voi nuée trong 30 phut dam bao loai bé toan bd
ph?m d4t va bui ban bam trén mau thuc vat. Sau do, cac mau thuc vat duge cét thanh céc
phén riéng & (1€, canh hodc 14). Sau do, mAu 14 duoc cat thanh céc méau nhé (kich thude
I1x1 cm), mAu canh hoic ré dugc cét thanh cac doan dai 1 cm. Céc mau d3 cét dugc ngam
ngfp trong dung dich 5% natri hypoclorit (NaClO) trong 1 phut, tiép d6 duoc xur Iy véi
c¢dn 70% trong 5 phit. Mau sau xur ly duoc rira lai trong dung dich 20% Tween 80 trong 5
pht. Cudi cing dugc rira vo tring voi nudce cht vo tring 4 dén 5 14n. MAu sau khi da
duge khir tring bé mat duoc gid trong cbi vo tring va bd sung mot lwgng nude nho. Dich
ddng héa dugc pha lodng & cac ndng d6 thich hop va trang trén dia moi trudong thach LB
6 chtra 5mM As III va As V, @ & 27-30°C trong 3-5 ngay va phén 1ap vi khuén xudt
hién.

Céac chung vi sinh vat phan lap dugc dugc tach, danh sd va cdy chuyén sang moi
truong thach LB ¢6 bd sung 10 mM asen dé kiém tra lai kha ning sinh trudng trén moi
treong c6 ndng do cao hon va duoc gitt gidng trén moi trudng LB c6 chira asen ndng do
10 mM. Viéc phan loai dugc thuc hién dya trén dac diém hinh thai va trinh tu gen 16S
rADN dya trén cap mdi 27F (5’-TAACACATGCAAGTCGAACG-3’) va 1492R (5°-
GG(C/T)TACCTTGTTACGACTT-3") theo chu trinh nhiét: 94°C trong 5 phut, 35 chu
trinh (94°C trong 90 gidy, 55°C trong 60 gidy, 72°C trong 90 gidy), 72°C trong 10 phit,
gift mau & 4°C.
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Sau khi dinh danh, chung vi sinh vt thu dugc s& dugc nghién ciu mot sb dic diém
sinh hoc va thir kha nang str dung ngudn carbon va kha ning sinh enzym ngoai bao. Tiép
theo, cac gen chiu trach nhiém cho su bién ddi sinh hoc cta As (V) thanh As (III), dugc
khuéch dai PCR bing cap moi Bmega-arsC-F (5°-
GGAATTCCATATGTCTAAAAAAACACTTTATTTC-3") va Bmega-arsC-R  (5’-
CGCGGATCCTTAGTGATGGTGATGGTGATGTTTACCTGTTTCAGCAAAACG-
3°) theo chu trinh nhiét: 94°C trong 5 phut, 35 chu trinh (94°C trong 30 gidy, 53°C trong
30 gidy, 72°C trong 30 gidy), 72°C trong 5 phut, gift mau & 4°C.

Chung vi sinh vat v&i cac ddc tinh vuot troi thu duge la ching vi khuén dugc danh
s6 R2.5.2 (R 1a phan 1ap tir 18 cdy, 2 13 vi tri 14y mAu tai x6m 4, 5 1a tha tw mau cay tai
diém 14y mAu va ching vi sinh phan 18p s6 2). Cac két qua phan loai cho thay ching thu
duoc thudc Priestia megaterium. Ching vi sinh vat thu dugc duge x4c dinh 1a Priestia
megaterium R2.5.2 va dugc luu gitt tai Phong Vi sinh vét d4t, Vién Cong nghé sinh hoc
& dang thuén khiét v& m3t sinh hoc. Chung vi khuan Priestia megaterium R2.5.2 c6
trinh tu gen doan bao thi 16S rADN c6 trinh tu SEQ ID NO: 1, khuin lac tron mau
tréng duc, hinh ciu khong 1di, duong kinh Imm, tiét sic td nau, dudi kinh hién vi
dién t&, vi khuan Priestia megaterium R2.5.2 c6 t€ bao hinh que. Chung vi khuén ndi
sinh Priestia megaterium R2.5.2 ndy sinh trudng trong kKhoang tir 10-50°C, sinh trudéng
t6t trong khoang tir 20-40°C, pH sinh truéng cta ching tir 5-10, ndng do mudi tir 0,1-
10%. Khi nudi cdy ching trén mdi trudong khodng Gause 1 bd sung 1% céc co chét: tinh
bot tan, casein, xenluloza, chitin, xylan va CMC, sau 5 ngay nudi ¢ 28°C, ching R2.5.2
¢6 kha nang sinh ndi bao tr va tdng hop nhiéu loai enzym nhu cellulaza, chitosanaza,
CMCaza, xylanaza va proteaza v6i dudong kinh vong phan hiy (D-d) lan luot 12 8, 12, 15,
23 va 35 mm. Theo sang ché ching Priestia megaterium R2.5.2 khac biét & chd, 1a
ching vi khuén ndi sinh phén 1ap trén cdy duong xi tai mo Nui Phéo, Dai T, Thai
Nguyén, noi d4t bi 6 nhiém asen cao vuot mic quy dinh, c6 kha nang chéng chiu ndng
do As (V) Ién dén 320 mM, kha nang sinh tong hop IAA dat 19,14 pg/ml va c6 gen
Bmega-arsC ma hoa cho enzym lién quan dén khtr As, cac gen nay chiu trach nhiém cho
su bién ddi sinh hoc ciia As (V) thanh As (III) ¢6 trinh ty gen doan bao thi Bmega-arsC
la SEQID NO : 2.
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Chung vi khudn noi sinh Priestia megaterium R2.5.2 dugc luu giit tai Phong Vi
sinh vat dét - Vién Cong nghé sinh hoc - Vién Han 1dm Khoa hoc va Cong nghé Viét
Nam.

Vi du thwce hién sang ché

Céc vi du duéi day chi nham minh hoa cac phuong an thuc hién sdng ché ma khong
lam han ché pham vi yéu cau bao hd cua sdng ché.

Vi du 1: Phan 1ap vi khuan ndi sinh va chup anh SEM té bao vi khuén ndi sinh

Priestia megaterium R2.5.2.

MAu cdy dwong xi dugc thu nhén tai xom 4 (198°N, d6 cao 90 m), mo Nui
Phéo thudc xa Ha Thuong, Pai Ttr, Thai Nguyén. Mau cay duong xi dugc rira sach dudi
voOi nude trong 30 phat ddm bao loai bo toan bd phan dét va bui ban bam trén mau thuc
vat. Sau d6, cac mau thuc vat duge cit thanh céc phﬁn riéng 1€ (r&, canh hoic 14). Sau do,
mau 14 dugc cit thanh cdc méu nhod (kich thudc 1x1 cm), mau canh hodc ré duoc ct
thanh c4c doan dai 1 cm. Cac miu dd cit dugc ngdm ngdp trong dung dich 5% natri
hypoclorit (NaClO) trong 1 phit, tiép d6 duogc xtr ly véi cdn 70% trong 5 phiit. MAu sau
xur Iy dugc rura lai trong dung dich 20% Tween 80 trong 5 phut. Cubi ciing duoc rira vo
tring voi nude cat vo triung 4 dén 5 1an. MAu sau khi da duoc khtr tring bé mat duge gid
trong cbi vo tring va bd sung mot lugng nude nhd. Dich d6ng hoa duge pha lodng & cac
ndng d6 thich hop va trang trén dia moi truong thach LB ¢6 chira SmM As Il va As V, 1
& 27-30°C trong 3-5 ngay va phan 1ap vi khuAn xuét hién. Chung vi khudn R2.5.2 dugc
danh s6 R2.5.2 (R 1a phan 1ap tir & cy, 2 1a vi tri 14y m3u tai xém 4, 5 12 thir ty mau cay
tai diém 14y mAu va ching vi sinh phén 1ap sb 2) duoc tach, danh s6 va cdy chuyén sang
mdi truong thach LB ¢c6 bd sung Asen ndng do 10 mM.

+ Kidm tra dic diém sinh hoc va chup kinh hién vi dién tt quét SEM. Ching vi
khudn R2.5.2 ¢6 khudn lac hinh cdu khong 16i, tron, mau tring duc, duong kinh trén
Imm, dudi kinh hién vi dién tt, vi khudn R2.5.2 ¢6 té bao hinh que. Ching vi khuén ndi
sinh R2.5.2 sinh trudng trong khoang tir 10-50°C, sinh trudéng tt trong khoang tr 20-
40°C, pH sinh truéng cia chung tir 5-10, ndng d6 mudi tir 0,1-10%. Két qua chup SEM
ctia vi khudn R2.5.2 duge thé hién trén Hinh 1.

+ X4c dinh trinh ty gen ching vi khuén noi sinh R2.5.2.
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ADN téng sb ctia chung R2.5.2 duoc tach chiét theo kit tach chiét ADN tbng sd
(NucleoSpin® Tissue extraction kit, Macherey-Nagel, Germany) theo hudng dan ctia nha
san xudt. Gen ma hoa 16S rADN ctia ching vi khudn dugc khuéch dai bang phan tng
PCR tir ADN tdng sb str dung cap mdi 27F (5-TAACACATGCAAGTCGAACG-3") va
1492R (5'-GG(C/T)TACCTTGTTACGACTT-3") theo chu trinh nhiét: 94°C trong 5 phut,
35 chu trinh (94°C trong 90 gidy, 55°C trong 60 gidy, 72°C trong 90 gidy), 72°C trong 10
phut, gitt miu & 4°C. San phim cta phan tng PCR dugc phén tich trén may doc trinh tu
ABI PRISM 3100 Avant Genetic Analyzer, xt ly bing phidn mém SeqAssem version
01/2005 va Sequencher version 4.0.5. Gen 16S rADN cua ching vi khudn ndi sinh
R2.5.2 ¢6 d0 twong ddng cao trén 99% voi cac gen twong Gng cua mot s6 vi khuan thudc
loai Priestia megaterium: dua trén dac diém sinh hoc va phén tich trinh tu gen 16S
rDNA, vi khuén noi sinh R2.5.2 duoc dat tén 1a Priestia megaterium R2.5.2, Ma sb dang
ky trén Genbank OL.662937.

Trinh tu gen doan bao thi 16S rADN cua ching Priestia megaterium R2.5.2 dugc
thé hién trong SED ID NO: 1.

Vi du 2: Xac dinh trinh tu gen khir asenate arsC ching vi khuan néi sinh Priestia
megaterium R2.5.2

Gen ma héa arsC cla ching vi khuin dugce khuéch dai bang phan tmg PCR tir ADN
tong s6 sur dung cap moi Bmega-arsC-F (5°-
GGAATTCCATATGTCTAAAAAAACACTTTATTTC-3’) va Bmega-arsC-R (5°-
CGCGGATCCTTAGTGATGGTGATGGTGATGTTTACCTGTTTCAGCAAAACG-
3°) theo chu trinh nhiét: 94°C trong 5 phut, 35 chu trinh (94°C trong 30 giay, 53°C trong
30 gidy, 72°C trong 30 gidy), 72°C trong 5 phit, gitr mAu & 4°C. San phim cta phan tng
PCR dugc phan tich trén méay doc trinh ty ABI PRISM 3100 Avant Genetic Analyzer, xt
ly bang phan mém SeqAssem version 01/2005 va Sequencher version 4.0.5. Trinh tu gen
doan bao thu arsC cta ching Priestia megaterium R2.5.2 thuan khiét v& mat sinh hoc
duoc thé hién trén SEQ ID NO: 2.

Vi du 3: Xéc dinh kha ning chiu kim loai ning As - ndng do trc ché tdi thiéu ciia
kim loai As V va As III d6i v6i chiing R2.5.2.

Ching vi khudn Priestia megaterium R2.5.2 thudn khiét vé mit sinh hoc dugc nuoi
trén moi truong LB 1ong ¢6 chita cac ndng dd As V hoac As IIT thay doi tir 10, 20, 40, 80,
160, 320 va 640 mM. Kiém tra kha niang sinh trudéng cia chung vi khudn sau 24 gid
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(bang do dich nudi c6 bd sung vi khuén va dich moi truong khong bd sung vi khuén trén
may quang phd & budc séng ODeoo nm). O ndng do asen nao khdng phat hién sy sinh
truéng cua vi khuin (hay khong thdy c6 su thay dbi khi do dich nudi trén may quang phd
& bude séng ODeoo nm so Vi moi truong nuodi). Trang dia kiém tra kha ning sinh trudng
ctia vi khuln trén mdi trudng dinh dudng LB khéng bd sung asen tai ndng d6 ndy. Néu
phat hién su phat trién ctia vi khuén trén dia, thi néng dd asen nay dugc xac nhén la néng
0 As tbi thiéu gay e ché su sinh truéng cua vi khudn. Nong do As V va As III tc ché
tdi thiéu x4c dinh véi ching vi khudn ndi sinh Priestia megaterium R2.5.2 12 & néng do
320 va 160 mM.

Hiéu qua dat dwoc clia sang che

Ching vi khudn néi sinh Priestia megaterium R2.5.2 thudn khiét v& mit sinh hoc
theo sang ché dugc phan 1ap tir € cay duong xi tai xom 4, mé Nui Phdo, Dai T, Théi
Nguyén ndng do As*® va As* tc ché tdi thiéu véi vi khudn & ndng do6 1an luot 320 mM
va 160 mM. Trong hé gen ctia chiing c6 chtra gen khir Bmega-arsC co chidu dai 421 Nu
(140 axit amin). Viéc chdng chiu dugc ndng do asen vao va c6 gen chuyén hoa asen (gen
khir asen) cia chung Priestia megaterium R2.5.2 thudn khiét v& mat sinh hoc dua ra kha
ning mg dung chung vi khudn noi sinh nay trong x Iy 6 nhiém kim loai nang trong dat
tai cac mo khai khoang. Vi khuén ndi sinh phan l4p tir cdy dwong xi ¢ ving 6 nhiém c6
thé st dung 1am ché pham vi sinh bd sung vao dit va nude ctia vung 6 nhidm hoic phbi
hgp ching véi cay chu trong viéc khir doc asen dé giam luong hoa chét xt 1y kim loai
ning, tiét kiém chi phi, than thién v6i moi trudong va tang hiéu qua st dung trong qua

trinh x1r Iy & nhiém kim loai ning trong d4t bang thuc vat (Phytoremediation).
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YEU CAUBAO HQ

1. Ching vi khudn ndi sinh Priestia megaterium R2.5.2 thuin khiét v& mit sinh hoc co
kha ning chéng chiu véi ndng d6 asen V, asen III va trong hé gen ctia chiing c6 chira gen
khtr Bmega-arsC, khac biét & chd ching nay 1a vi khuin ndi sinh duoc phan 14p tir cdy
duong xi ban dia tai x6m 4, mé Nui Phdo, Dai Tu, Thai Nguyén, Viét Nam, c6 trinh tu
16S tADN 1a SEQ ID NO: 1, gen khir Bmega-arsC c6 trinh tu 1a SEQ ID NO: 2, chiéu
dai 421 Nu va c¢6 kha nang chéng chiu asen V, asen III lan luot 12 320 mM va 160 mM.
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Hinh 1
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DANH MUC TRINH TU

Trudng Pai hoc Khoa hoc Ty nhién, bai hoc qubc gia Ha ndi

Vi khudn ndi sinh Priestia megaterium R2.5.2 thudn khiét v& mit sinh hoc cé

kha ning chuyédn héa CO KHA NANG CHUYEN HOA ASEN NHAM GIAM THIEU O NHIEM KIM

LOAI NANG TRONG DAT

<160> 2
<210> 1

<211> 1119

<212> ADN

<213>
<400> 1

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

<210> 2
<211> 421

<212> ADN

tgctatagca
gacgggtgag
agctaatacc
tcacttacag
aacgatgcat
actcctacgg
cgccgcgtga
acgagagtaa
ccagcagccg
cgcgcaggcg
ggaaactggg
gcgtagagat
gaggcgcgaa
gatgagtgct
ctccgeectgg
aagcggtgga
tcctcectgaca
tggttgtcgt
gatcttattt

Priestia megaterium

tgcaagtcga
taacacgtgg
ggataggatc
atgggcccgce
agccgacctg
gaggcagcag
gtgatgaagg
ctgctcgtac
cggtaatacg
gtttcttaag
gaacttgagt
gtggaggaac
agcgtgggga
aagtgttaga
ggagtacggt
gcatgtggtt
actctagaga
cagctcgttt
gccagcattt

<213> Priestia megaterium

<400> 2

61
121
181
241
301
361
421

atgtctaaaa

gaaggatggg
gaagctcatg
tcaaaccaaa
acattatgtg
cactggggat
tttcagcgtg
taa

aaacacttta
caaaaaaata
gattaaatcc
catctgatat
gccatgcagce
ttgatgatcc
tccgtgatga

gcgaactgat
gcaacctgcc
ttctcctteca
ggtgcattag
agagggtgat
tagggaatct
ctttcgggtce
cttgacggta
taggtggcaa
tctgatgtga
gcagaagaga
accagtggcg
gcaaacagga
gggtttccgce
cgcaagactg
taattcgaag
tagagcgttc
cctgagatgt
agttgggcac

tttcttatgt
tctaaataac
taacgctgta
tattgatcct
tgatcattgc
tgcaaaagca
aattggtgag
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tagaagcttg
tgtaagactg
tgggagatga
ctagttggtg
cggccacact
tccgcaatgg
gtaaaactct
cctaaccaga
gcgttatccg
aagcccacgg
aaagcggaat
aaggcggctt
ttagataccc
cctttagtgce
aaactcaaag
caacgcgaag
cccttcgggg
tgggttaagt
tctaaggtg

acaggtaact
gatgaatggg
aaagcaatga
gaaattttaa
cccgtaacac
gaaggaacag
cgtattcagc

cttctatgac
ggataacttc
ttgaaagatg
aggtaacggc
gggactgaga
acgaaagtct
gttgttaggg
aagccacggc
gaattattgg
ctcaaccgtg
tccacgtgta
tttggtctgt
tggtagtcca
tgcagctaac
gaattgacgg
aaccttacca
gacagaatga
cccgcaccaa

cttgccgtag
atgtacgcag
aagaagctgg
ataatgcgga
ctcctcatgt
atgaagagaa
gttttgctga

gttagcggceg
gggaaaccga
gtttcggcta
tcaccaaggc
cacggcccag
gacggagcaa
aagaacaagt
taactacgtg
gcgtaaagcg
gagggtcatt
gcggtgaaat
aactgacgct
cgccgtaaac
gcattaagca
gggcccgcac
ggtcttgaca
cagtggtgca
cgccaccctt

ccaaatggct
tgcaggatta
tgttgatatt
tttagtggtt
gaagcgtgaa
atgggcgttce
aacaggtaaa





