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Abstract

Phosphorus is an essential macronutrient for plant growth, and the SPX1-PHR2 complex
acts as the core protein module regulating the phosphate starvation response in rice. To explore
the differential expression of the OsSPX1 and OsPHR2 genes in rice root and leaf tissues, as
well as the protein interaction between their encoded products, rice seedlings were used as
experimental materials, and a suite of molecular biology techniques including total RNA
extraction, reverse transcription, homologous recombination vector construction, RT-qPCR,
yeast two-hybrid (Y2H) assay and bimolecular fluorescence complementation (BiFC) were
adopted for functional verification. The results revealed that the relative expression levels of
OsSPX1 and OsPHR2 were significantly higher in rice leaves than in roots, which was
inconsistent with the reference data from public databases. Yeast two-hybrid screening
demonstrated that yeast cells co-transformed with pPGADT7-OsSPX1 and pGBKT7-OsPHR2C
could grow normally on quadruple dropout selective medium. Fluorescence observation via
BiFC further confirmed overlapping fluorescent signals of the two proteins in the nuclei of
tobacco cells. Combined results from the two assays verified a direct physical interaction
between SPX1 and PHR2 proteins. This experiment established a complete experimental
system for analyzing the expression of key genes involved in rice phosphate signaling and
verifying protein-protein interactions. It confirmed the conserved existence of the SPX1-PHR2
interaction regulatory pathway in rice, and meanwhile identified discrepancies between the
tissue expression pattern of OsSPX1 and previously published database data. This study
provides experimental evidence and novel insights for further dissecting the regulatory
mechanism of phosphorus homeostasis and breeding rice varieties with high phosphorus

utilization efficiency.
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1.3.1 LR K% & PCR

LML EE PCR (qPCR) REEHAR oMt A R M ZR BNy HEE, £R
BAAEZRF WA EER, & PCR ¥ HEANW#H4T, HWER R EHHAEK,
KRANRAGETRELLFE S RAEE, BT LM ENE - MERWTNETENHN
Gy Rl & B ARG FIARR E AR R ER S (Ct ), £46F
FOUR B AT G AT e &, R EN AT W BT R AER AT RS E R E
BN, ZHRAFKERGES. FRER. RINRENFE, # 2L ATEERLZES
M. FRE . IR L E S TqE.

132 4 FxE (AEELH)

FUREH &L T X ERE DNA R EEFFIRRIANFEZABAKEHN A&
HORESEEE, BAET PCR ¥ k& Fiom i & A W R om BUR 7 71 89 B ey £
FE, BRAMBEPMENFBETEARRNAER T, B0 R EEFEF
REWRKN, #RGEEERN, FHOFBETEHANREKERY R T EETLRN, HE
HEAFPEANRZSERATY B, RLBLHL, EXRBHEMERE; ZHELT
PROAUAE 9 Py Bl o) 1 PRI, BERE. BHARER. FBRERERE,

1.3.2 BEX 4 Y2H

HENEREALETRIEATH S ERF RETRL R, #XEHEFHET T4 DNA
HEBERTHELR, ANEMBEREFERITEE THRELER KL, RA -
EZRE LEAAERECTRREETEYL,: ZRFHERF TR EG LA 5ZEHA
GHRmA R, FRMEOEBFAMAXEMLER, RaWAWANEMHELL
EARERKE T, AMAEREEEE TR, BN ERE AR A B A&
HEZELFAELE, ZRATAEERAFEFRILEAHEIER,

1.4 ASERRIBTFE K

AEREAETHRENENB#EE T RE SRR MI R, BBOKREE AT R L,
R R KRG X Bk v B B % #8 E EI SPXIFMPHR2ER Sty kA 257, URE G
WL, GaXB e TEMF LR FEWERIOLE EPCR, BHRE KA R o
FRALA%, %A EXNSPXIAPHR2E HHYRIA, EEHTHEA . FRKITIERR
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2.3 SEBHVE
231 ABE RNAEREL g R %

RNA#H: 2 A BEEHEE (Hlem/NE) ARG 4 #+ 5 (40~60mg) FoARk 4
4 (80~120mg) , & A% R Ja B | 42 28 B XA & A B . P8 BX TIANGEN 2 RNA Easy
Fastfe 47 2 SARNA B 32 38 BUR N &, 3B B A8 F B 7T R AT H A A & RRNAR AR B,
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¥ 1% Z| FYRNA M & 9 4T Nanodrop il 2 ik & o 32 i 45 4 JR s ik AR U R &, Rl & FE
gDNA G 4 5 % ## .

T # . G 1R BB KRS ¥ RNA% B HiScript IT 1st Strand cDNA Synthesis Kit (+gDNA
wiper) iz 77| & 1% B 45 Bl 1 pg 7£0.2ml# R Nase-free & /0 & BE il 3 # TR R, L E42°CHAT
2minll =4 &£ F4DNA, FiE 410 x RT Mix/u A\ £ 42l B PCRE +, 4k E#H1E
5 i cDNAS i B ALK B #l o iR 2552 32 R AT IR 4] 5 & FIPCRIUH AT 1 42 X R A2 ),
50°C T15min, 85°C T-2min, % /g [% iR £4°C 7T ik 1 # F KR

2.3.2 R AR HAR FURL BV $R B

B pGBKT7-Lam Jutr fF 7 FE/FA 1 x4 BR 2R, K AT &1 55 72 7 1F O R RHR BUE R
ik pGBKT7. pGADT7-Rec, 1% H TIANprep Mini Plasmid Kit &7 & 3 4% B8 3. BF 45 #1
o B A AT E R R R AT R B A, FRIERE 3 RER AR AT
Nanodrop I & ¥k & . [ /& % Bl Thermo Scientific FastDigest EcoRI and Ndel & 7| & 7 i,
R EURA pGBKT7. pGADT7-Rec HyFE ] AL, #4415 2|6 3 -Bg 77 &1 pDNA F0 2 /Mg 1]
J& pDNA 1T 37 g 8 B e vk, WL 477 48 O o
233 BERLAEHRENHE

Y5 1 4 15 B BG4 4B 5 cDNA # B8 2x Rapid Taq mix ik 7| & MG H1E, TRHAE
PCR SRR 2 B9 22, F+ 4 B A2 1R KR B 4 56°C F7 58°C # 4T PHR2C #n SPX1 H #1 cDNA
FEBIY iR 5 B B b AT IR MR R LUk, #E R 16 U . B Al TIANquick Midi
Purification Kit 17 & #% R # 7F F % % s B ] L 2 & pGBKT7. pGADT7-Rec Fitr. ¥
¥ 5 cDNA F s El ik, % E4R 3 ClonExpress Il One Step Cloning it ¥ B 4l & 41 X
NMER, FHEREGHENAFBEERLA 1:22 , &J& PCR L 37°C R 30min 5/ £
4°C, 5 B SPX1 # H # N\ pGADT7-Rec Jfi A1 1 PHR2C # [H # N\ pGADT7-Rec & #i i &
SR A,

2.3.4 KA E & PCR (RT-qPCR)

% B ChamQ SYBR Color gPCR Master Mix (Without ROX)IX 7| & # 1R A2, #EH
KRG G o o B3R B 4 3 5 B0 cDNARE & f B 106, F AWK EE&HIqPCRR L& £,
MAFARIT . HEOSACTIEEE N NS EE, OsSPXIEEE N FE AN F, 4 Al ER Fovt
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KR HICDNA #F # /TqPCR# 1E . BD#| 89 KA & R 296 FL.qPCRFAR F #m 4%, 7 AqPCR
A, BHEFHATY .

235 EHRANEMASHEE PCR

A RO AL K HDHSaH th1E 7 R Z A4 M, 1% FEDHSafl % & % &5 40 i 1A 77
B FH A REHRTRZESHERNE F . pGADT7-OsSPX1FpGBKT7-OsPHR2C ffi At
WAl s FRAT S AL P80 F At A 400pl LB AR (T A A R), BB
E T37°C, 200rpmiZ jK F & 7745~60min. F5,000rpm & 22min, F#350ul LiF, FF 4
ERrERHFHRERE, HORHES MU EFWLBEGEREFR L, BEFHR, &
AR, 37°CE B .

H#%PCR: WER MR ENEE BWRA-FREEEKEN, AaeRLEHm
4B TEHNPCRE N, REBITRAGFER L, HHEH, HIF/F1D. PCREELE
HRAPCRULK, BahiE 3Ty . ¥ 4% K /54 71 FUIOuH PCR KK 7= 47 1T 22 s 4
R vk, TERER,

2.3.6 BERXFEX

% % Matchmaker® Gold Yeast Two-Hybrid System User Manual # 1T B £ W 2% & 5§
B1E, % B pGADT7-Rec/fitr. pGBKTT fifr B & 7 A 4 2 #0sSPX1 4 [# . OsPHR2C#
kL #1pGADT7-RecT. pGBKT7-53. pGBKT7-LamfE % JE 4, Y2Hgold % 52 5 Frr i #Y
B 5 20 L 1% R A AR 1 K 3 7 W 4 AR A7 TDDO ( — %) A1QDO (M 8k ) 1 6 5 7= 4,
28~30°CHI E R #74-6 K, FHRAEKL-6KZ )G, FATiARICTE 404K EFI,

237 RHEERESRLSFRIELA (BIFC)

& B 1L AH B 2 1K 5 & 32 SPX1-GFP. PHR2-YN. SPX1-YCAYC (YFPC)# K AT &
FEF &, 10 mL 1/2 MS basal medumEEGH U ERFK. BEEFNFERLE
OD600, it A AEH R R AEE0SEL . £ M T2 BAWAN L ET 24 HE T F,
FliEst e F EEREILUANL, FAEFH4LNES SRR SmA L WE R, &
WEATHERBREY HELFEA T . S48 R2-3d, Brth, FEH L#H,
ATHETHEBEEERL, ERXLIRENEFE ) (FH) FHRLRAEZ AN
I 2 = AL
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3 SERER
3.1 KFEH AR RNA ROIRENS i 5%

RERE BEBKREYEH A AR IR HRNAG, X175 2|00 F B RNAX A
NanoDrop X B 1Hilll & 7 W &, ¥R B ARNA 4476.7ng/ul, A260/A280H.1E #2.05,
ot 4R BUAIRNA 4920.4ng/ul, A260/A280L0 18 #2.15, #1725 FI Wi 7 BUA £ 5% A 32 H 4
BT, R RS BHATIHEAER Bk, wE3AT LSS5 #18S rRNA528S
IRNAG A 4+ 4 7& i, F B WE B 5A 5SS IRNAS # . R FARNAR & RE M,
REMS HEAT fE 41 45 7 B|cDNA 4 1F,

pGADT7-0sSPX1 pGBKT7-0OsPHR2C

4= AD-OsSPX1/RHL

4= BK-OsPHR2CRL

S| Bk

3. BRARPEBR kA
(A) WEAHFRNARREGRE; (B) BEYSREETIR TR B A,
(C) cDNAHKXERAE; (D) B/ HEEEPCREKERA

3.2 BEREXUARER A FORLH $REX

A AT W5 AR AR BUR B R B pGBKT7. pGADT7-Rec, £ i P V1 g
EcoRI. Ndelf # & i AL B 17 . F5 KB ] 5 B 7] J5 #Y P A # 4R FUR A8 pGBK T7-Lam i Ar
R R, TLERWEIB, REUHIAHEIHHLALE, T2ET
TR ERNLEM, BERFAELEN, RALAEANEHER, TRERELELH
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aTH. METEH A ERALATH A5 FER T ABUH LAY, XEH
VBRI TR M TR E — KL EDNA, M E—HIBREFER., KHARERAAEIL
WHA BT, FEATESENELARAME,

3.3 BENREARNKEREEE

i 1 4 HY A S RNA 2 5 5| cDNAJG, % BUHE By 3 B SPX1#1 PHR2CHI 5| 4y
— & 4B B AR E E#ATPCRY ¥, By /5 NcDNA AT 32 g 0 BE R L vk, 45 R dm
F3C, T LSPXIXFEENRZANEY, MPHR2ZCEF A EmEMA L, HSPXIAH
fi F #71000bpst, PHR2C% # £ T500~750bpld], X 5SPX1# F A B e9930bp, PHR2C
R B E630bp [T AR A t, RHACDNAY HMERRET, HAELBTH, THT
JE S EA A A

3.4 HHERTEKBEH 5 RRFRZERRE

KRR EW AHEFOsSPXIE N HEEF, OsACTIME AN EH, BRABYRE
4ot HSPX1E F % KOk F =257, BB ERAMNAWPHR2EFEE ., RIERT-qQPCRE

A *ok kK B 1.5-
83.0- ' c
82.5 o
3 1.0-
o 82.0- g
£ o
= 4
81.5 E 0.5-
L)
- (]
81.0 r=1 e
305 T T 0.0_
A ea 00
PO Leaf Root
c>"°5 o"‘> 15
C 84- o~ D '
S PHR2
83 . ]
@ 1.0
i 821 3
£ @
= _ [
81 Z 0.54
1]
80— &
79 T T 0.0-
‘?‘Qﬂ’ é\’\ Leaf Root
& &

&l4. SPX1. PHR2EFRT-qPCRLEE 55 BA/ERE
(A. C) OsSPX1. OsPHR2ZEFH 555 WS EE TmlE HE;
(B~ D) OsSPX1. OsPHR2ERNFER . HEAAFHNERREE

11



Cor T A S 5D JKFEREHYE SPX1 5 PHR2 A HAE 54 FAEY =L RARA XXX

R (M3E-%K2) , 4 A4 A0sSPXI, OsPHR2W £ FHEKBHRAY P REER. F
ELHFEA GRS AT IR FTmE (FHIA. EHIC) R BTN, F4EFHHTm
EHto8l, FEEANSEHEAZAFEREEZR, RAT HERER, BRHTY
RY BB, TUERASERE—FHATHRERRAPN . HEHF T RAAZER
Fik%R (E4B. E4D) W41, rHA AKX WSPXIAPHR2A B &5 TRAER, Lhis
REREFETH,

3.5 EBEREZRKHE SPX1-PHR2 A HAE

REW AT #—FWIUESPX1APHR2 & & B 9 B 1, & 5644 o8 1 45 2\ 09 W 471 7 Ax 2
fTOsSPXIF1OsPHR2EH oy T4 B 2| B ik, MEREHARNE LI R XS
DHSoE ¥, BaAZaRAZTN IR L, BEERER (HS . TLEF£E£
MEE, FEEEANE—, BEIE -8, TREGTR. BoRlkE4 20 EHAT
WIKPCR, FAMEd k& & (E3D) " W, OsSPXI. OsPHR2%E [H i Bty & 4 i AL 2
HAAE &%, TR HERT, RRAEHARAHE S RIA THENLEX LR,

[s. EHRREREFAEKE

1+2 AD+2

Bl6. EBERELFEACEIRER
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5 [B] kL %% 44 Y 2HGold & 5 25 48 fig v 77 35 7= Z£DDO# 7 & (-Trp-Leu) #1QDO
¥ 5 4& (-Trp-Leu-His-Ade) F, B2 EHH A KEN (FH6) . H FHEpGADT7-OsSPX1Jf
AT1E A1, pGBKT7-OsPHR2C %2, AD. BK%4 Al X ZpGADT7-Rec. pGBKT7. R ¥ 7
R, MMM REACKHERANERE LMKEAEEEE, T1HESRECK-E
DDO¥# & F KA EEH %, EQDOEAE L NKHFE LN EHE %, 1+BK5AD+2
U2E R G A R — 5, O Sk 09 E L TR P AR T B B 40 i E QDORE S
Pk, MINRNEAREESRNENBEFARER N ERETHREAELTE, KW
SPX1 5PHR2EEM B R, & OH XMk a L L k.

3.6 RIS FHAM BiFC ¥iF SPX1-PHR2 EH HAE

TEVH B et B Bl b — 2 B H#E# SPX]-GFP. SPXI-YC. PHR2-YNFIYCHI K AF &
RNEIREAE, BAREMTHAEEHETAE (A7) .
SPX1-GFP PHR2-YN + SPX1-YC PHR2-YN + YC

B7. RIFERREENSTRIETAER
AN, &SPXI-GFPHIRATH Z St 7 40 B ] WAL 2|8 £ % Ok, R EASPX1%& | 1E Al
ALEEMEAZE ., PHR2Z-YNTYCH AN ZE| G 675 K, KA LMMPHR2E & FHYNS
F Rk SYCH T4 A% K - £75 ) TSPXI-YC+PHR2-YN4 W 2 5 BH T #9 4% €. 7% e
TaMZ, BiETSPXIAPHR2E A A FAEMEFR, XSBENAXERERET A
iE, 7Z4UtEH 7 SPX1%& & 5PHR2E & 8] & 1%,
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4 g
4.1 FKFEH AR RNA R3RE S 5 5

AR SE B 57 BUHY ACRT BT AR AR BURNA B vk 45 R 3 7] LU 2 0 42 2] 28S 40 18S rRNA &
L, ARFEEAL T IA B T H928S 1 18S=2: 14 &, [EE2  HMRNAFH LENEZE|H T
xR, TREAERTHHALELANRNALERERALHRE, A ¥ RENEFAR
Z; FRAEE T R FISSEF T HREAEFE—FMERANEW, THEN £,
] B R EAE LA FH 2 I8S IRNAR A&, FEEANEZZWLAIXAZFTHAR.

MR K/ NE A WA LR G TR EI, TR R T AR
B, TR A E, REKIERNESNRNase, LRI EFEEDEMFENRES
IR, B 55 A SMRERNase’s %,

4.2 BERFRUREHATNKHR S5EE

¥ KR cDNAR K E R+, PHR2CHKHIEW AL, [ESPXI &4 k. 7 4k & H
R IR K TR, BT A BISPXIBMRNAR T AL ER D, BRE T
HICDNAG B . B E AT U # B EKSPXIL WY # R ERY, ¥ 85
2| E 2 #cDNAF ;7] DLt 6k 0 THV AR st HR, HSPXIEH#ZAE
%, By ¥ E £cDNA, T 7 88 £SPXITmRNA & W 1 &, KA Agbfr oL i (F
PR AEBHIEMR, THMmRNAKE ., AXLEEZDAEMMFER, LUHNERH
mRNAM &R Z, FWSPX1 2 TmRNA¥ FH F 47,

% %PCR% £ (E3D) #, pGADT7-OsSPX1 R A ek EEF —. —kiH
WAL, F-. MWRELFFREX, LHERZFWRERUAER L4, KANNTEEZ
EREEFENHRIAATNEELSES B, FRETHAER, LTRHEZEEE
5 FT 4 pGADT7-OsSPX1 b #5 f& B8 K. BB A RRE, thitry 2 RIS
FERBIHNAKHE FHEREHTEEPCRE AN, FAFEANE, AHZFER
REGHARER, TRENRD BRI,

Moh, B PR EERENE, FHRINTIMERANETHES T AR,
DLR AR B4R Bl A S mRNA R T RATIR A, B 6 LR BETHE FHNT B DNAS
BIK.
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4.3 HHIERTEKREH FARFRZERRE

AR SE By i 1 RT-qPCR 45 R £0 K 48 4 ot o K 35 B OsSPX1 A1 OsPHR2 A H T & & T
W TR IL, HEFE [fePlant /K 1% 2 F 4H H 48 7 M -F &, 5 2| OsSPX1#1OsPHR2 % [
TR Al R kL ERE (B8 41, KBHEMRFHOsSPXIXH XL EFTTY
it R E; MAREY R P WOsPHR2EH R A ER T4t + kA&,

g

8
§ el e

-ﬂd

EHTEF

T Py
SIRF  WFIR2 KIS M7 s 7S5

OsSPX1 " OsPHR2
E8. SPXI1. PHR2ZER I ZRFIEHNE

TR EOsSPXIZEH YR, Yt kB EEREELATEERMER, FRE LY
BEF A, RN AREEM/NEBHSPX]HFRT-qPCRE FHATXE M (E , R

A 835 KKKk 1.5
c
83.0- o2 S
"]
82.5- ¢ 1.0
SPX1-1 % 82.07 g
- - 1)
81.5- % 0.5
81.0- &
80.5- 0.0-
Q+'\ 0«*\ Leaf Root
o°) &
B 1 5_
84+ ok ok
c
o
(7]
837 s $ 1.0
S
% 82 >
SPX1-2 = ®
-% 0.5
81- s
o
80- 0.0-
N N Leaf Root
<F v(’/\
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9. HABF/PNASPXIFEFRT-qPCREEEERIEHE
(A) (B) PB4 HARRBAFE R /NELRIEE
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(T e SRR ) AKFERETE SPX1 5 PHR2 S A A5 7 T F SRR XXX

EHAMAELE RN, SR KILNSPXIEFRKIBET 4hot 3, ™ Hefk 2R F1E &
WER. BRI —FRAAKNKRAER, THRICLFE £ KHR B KR E #TRT-qPCR
I, FIME LERHHARALFOME L WARHANEZALKE, FEAELEMNERRL
ZRHHE, BEE KD BREETRNEE.

4.4 SPX1 1 PHR2 EHHMELE R

A S B 3 3L B¥ ) 4 X ATBIFC 3t [5] 04 7 SPX1APHR2 & i 1A B9 48 B (B JHl, B¢ 3L
AR LERBST (F6) , (E1+20F B A B By 44k 41 HL B A EQDOKE 7+ & K MW % 4 H
i > TDDORE 4 E K BN HE &2 B, 7 68 R [H & 45 30 2 R X 25 240 o 5% 10 B S AT T
RERAKRREGESY —, BREATMEAERRLELE L. BEH—FREAANEOGZHH LA
A #H B Co-IPHATHENAR K, ¥PHR2-FLAGHSPXI-MYCHHE ot 3t Fl k ik, &
J& 1 FI FUFLAGHR (R ¥ 4T %0 i, AL Tk 19 & 64+ F Bt 7 £ SPX1-MYC, #
— %t BHSPX1 5PHR2E & 1 & 1E .,

5 v E5RE

ARSI L IE T AEMFRREAR, AFRIERIT 46, WREEHEFE, B
ZAWM, BRIE &I TR T KREOsSPX1F1OsPHR2 2 F 12 BUFn [RObL A 22,y Je ey
— S HERASPXIEPHR2EAMERAER T £, BhMs, ALRERREL, Ko
THRTH . BEHR AR AN FEANE (BIFC) 4 R IiEH 7 SPX15PHR2Z [
WEHBEMEER, A#—FTHABEETEENL) TAFRET F A8 H.

ERAABAE My EEREE R, L% R K OsSPXIE F £ AXFE 4+t 3L
RKAELETTRY, RENAHABRBELERFERE, T UEN T S —F 5K
B KT, OsSPXIEFETRMANKIARMEANSG, 7TEABIEEKHEASP
TERWER. Wb, REAFHARHE, FEHRTRESPXEPHRE A Xk 254
BT HFENNLAERENS, URMTRE#ESrwmL R E M EER, #mARE
RAEW @ B s AR, Rk 4 7= 0 o] 3 4 R R 298 TRk
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XXX

6 FH3%:

P-R1 BRI R

R w7 w1 HE

Oligo(dT),5sVN (50 uM) 1l

Random hexamers (50ng/pl) 1l

HANHDNAK R 4xgDNA wiper Mix 44l
Total RNA 1

(Leaf or Root, &AM M) HY

RIS —SDNAB L sty o

| —52cDNAF .
BR& 10xRT Mix 2 ul
HiScript Il Enzyme Mix 2 ul

50°C 15 min; 85°C 2 min;

_ AR =
% %CDNA =] ﬁk&}l\_\z &E&}? B%;‘JIEEL_‘?: 40C
f:-82 RT-qPCRR M REHIES A CtitE
CHE BI1E Tm{E RACt ItACt
23.764 0.1 828 23,732 59335 2.8965
237 01 82.81 "%
20.399 01 8286 Z 20.392
OsSPX1 20.385 0.1 82.88
26.758 01 8095 26.6285
26.499 0.1 80.98
SPX1
26.328 01 8099 26.3255
26.323 0.1 80.9
22.155 0.1 8299 22.088 3.0735 0.594
22.021 01 82.97 .
20639 01 83.03 " - 20.634
20629 01 83.01
OsPHR2
22688 0.1 7976 22,682
22.676 0.1 79.82
PHR2
23.688 01 976 23.7075
23.727 01 79.72
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x-%3 FI5510ER

: sy Amplicon Backbone :
Y2H Primers 5'-3' sequences length isctor RE sites
BK-PHR2C-F tcagaggaggacctgcatATGGCAGTTGCTATACCCTCGCCCTC
594+ 39bp pGBKT7
BK-PHR2C-R  tcgacggatcccegggaattcTTATCTGTCACCTGATTCTGTTTGTTTG Ndel +
AD-SPX1-F gtaccagattacgctcatATGAAGTTTGGGAAGAGCCTGAG _ EcoRl
88s+30bp PCALTY
AD-SPX1-R  accactgcttgggtggaattcTCATTTGGCGGCCTGCTCAATCAC Rec

R PE
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