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Abstract Chinese kale (Brassica alboglabra) is one of the important vegetables in the Cruciferous family. It
is often subjected to various adverse effects during the cultivation process, causing great losses to the
production. In order to improve the resistance of Chinese kale to stress, the specific primers were designed
according to BoTCTP (translationally controlled tumor protein cloned from Brassica oleracea) in this research.
The interest fragment was amplified by PCR, and then the overexpression vector was constructed and
transferred into Chinese kale by Agrobacterium tumefaciens mediated. The transformants were confirmed by
molecular methods and biological assay. Four transgenic plants were obtained, and then taken to design the
experiments associated with growth and different stress, such as high temperature, low temperature, salt,
heavy metal and so on. The results showed that the transgenic plants grew faster, stronger and had bigger
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leaves than non-transgenic plants. In the different stress condition, the transgenic plants had obviously stronger
resistance than the control, which showed that the BoTCTP was closely related to the growth and had a
regulatory effect on the stress resistance of Chinese kale. These results provide some scientific basis for the

future research on the stress resistance of Chinese kale.
Translationally controlled tumor protein gene (TCTP), Expression vector, Chinese kale, Genetic
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HH12:4 i1l i J8g £& M (translationally controlled tu-
mor protein, TCTP)/ 2 A#1E T shW) ) [ e B rh
(Yenofsky et al., 1983, Sturzenbaum et al., 1998), /&
— R A bm EEOR s H R AR & RV ) B
FWe. TCTP RAIRZ HER LW Dhhe, b 1
T A VR A A VS A S R R
i NS P T B 7k 55 /E B (Bommer et al.,
2004; B 2 754, 2006; Lucibello et al., 2011), it H.
B 2 55 41 M 19 58 5 434k 4 P B 22 L HE (Bazile et
al.,2009; Tsarova et al., 2010; [4 £}4%, 2012) LA J2 {2
HEAZKE AE J1I04 = (Jeon et al., 2017)Z5Th k. PE2%
b, TCTP EE R FE I A= 5 % h i e, Ok
P A O 52 A NS SO S 5 SR SR VR T RV 7 A
Fr(Lietal., 2016;Du et al., 2017;Wang et al., 2018).
TCTP W ZRIAK K ARAE 15 FE 22 e, IR MG SR IA 22 e
BT A e R 2R R BB R 5 OV
A K AF 5 A 40 B[R] 7 (Wang et al., 2009). 1H %)
TCTP 7] f& F. 4% 3% TCTP ¥ 0L 1) Th e (B 6 47 55,
2006), AXRESS WIS AR 1) 8 TR AR K S AR TE AR K
(Hsu et al., 2007; Oliver et al., 2008; Brioudes et al.,
2010) , [7] A X 39785 J 38 (AR 2, D6, ERAAN B 5
Ji& 5E) 1 S L A1 AR B (PR 75 25, 2008, Kim et al.,
2012; Deng et al., 2016). fEY) TCTP 3 (1) 3R 14 [F]
FEAFAE LSRR S, T ELAEAS [R)5BA57 1 2028 it B A,
T ) 19 AN [8] 17 ] #& H Br A [7] (Lopez, Franco,
2006; #R 755, 2008; /NS, 2009). Y TCTP
TEFUFE I (Arabidopsis thaliana) bR i % , 1 E AL
5 AtTCTPI M AtTCTP2 W5 5% 7 41 , AlTCTP1 AE R 55
A0 A G FE I 40 R A AR TS 5 R B
2 5 Z/F H (Brioudes et al., 2010; Hoepflinger et al.,
2013), AtTCTP2 X} $1& = AEL AR PR A6 A7 B8 ) AP 2E R
7& W ANH] /b ) (Toscano-Morales et al., 2016). i1 4
K, S FAIN L 25 AL (Camellia japonica) (T #1555,
2014) . K% (Manihot esculent) (Brigida et al., 2014).

W (Morus atropurpurea) (75 W14, 2015) . 7K F& (Ory-
za sativa) (.2 5%, 2016) F 44 (Robinia pseudoaca-
cia) (Chou et al., 2016). # JK (Cucumis sativus)
(Meng et al., 2017). & Jili (Solanum lycopersicum)
(Mércio et al., 2017; Fernanda et al., 2017). /s %
(Triticum aestivum) (JFRAESE, 2018) 55 ) 26 J5 I
J& 1 TCTP 3[R 1) v b 5 R B o M il 5t . 4t
AtTCTP W R IE A 5 7 LR T+ R A 52
77,10 HAE i ¥% 1 (abscisic acid, ABA)/ S ()< fLig
B R A AE B (Kim et al., 2012), 8l B TCTP( % Fx
Rpf41) 8 RNAI T8 4R 15 AN HAR 25K | fif 51 A
S5 K49/ (Chou et al., 2016), TCTP &2 514
(470 1 (Zhang et al., 2014) F137095 14 (Meng et al.,
2018) 14 .

¥ (Brassica alboglabra) &1 7 A6} 8 B 55 3¢
Z—, MR E B R, HhE 508 Mt A
A AR 95 R PR Th 2 (R AR, 2009; FhElAE, 2011,
Qian et al., 2015). iy 1 2 i 7 J 75 AR x5 il
W HKHURE ST, AHE FE G T oK T 57 B 1 e
Witk KT IS AP TRPRCEEE, K, JEHEE)
HIHIE TE B 2 (B = 95, #18, 2002; Issarakraisila
et al., 2007; ¥ = 9%, #%i&, 2008; Chen et al., 2008;
Deng et al., 2017) , {H H-Hridi #H 5 HE K 1) o e 5 Dy g
YUY . Zhu 55 (2016) K540 R Bl B K] Ae-
EDTIIHDGI1 5 NTF I, R I 3 AR ik 1 HL 2
NS ZE BT 52 1 W R4 a8 0 155 (2002) 4 122
T AANEEECH U5 (Brassica oleracea) cCDNA S, i J5
TGS PR LR 5 3 1ANBE M ST BoTCTP, %3
BRI AT e 5 M L A Ok (B 0 47 55, 2006). T
ZAE RIETT W Th 3Rk, HEAR AR K G218, X 00 855 )
HEPT S0 55 (Cao et al., 2010). H §i % T i%FE K4
T A R R I I R LR TE . A AR
BoTCTP %[l 5 [ B )22 14 3K pFGC5941 L, 7]
FH A% A 1 (Agrobacterium tumefaciens) /i 354 H &
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ANTFHE WUk R I RAB G O, & R A 4t
PRI AR i I W PR 0 o, [ B R 40 1 i R B 20
FEDNRE , SR U FE R TAROF S IR AR 2

1 #MRl5AEE
1.1 #e

AHIEFUAE A AR K 2 Bl 252 B AR DR Sk
56 % 56 B, A B 9% W (Brassica alboglabra)
CONTERE BT A SESS % AR AT s BoTCTP 3£ A 1
cDNA 7 %] . KT B (Escherichia coli) Top10- 2 J
A K B (Agrobacterium tumefaciens) LBA4404 UL I i
W33k Bk pFGC5941, 14 1 A SE G &5 {R 47 : DNA
marker.dNTPs. Taqg DNA polymerase. [ ] 14 4 U]
g A1 pMD19-T 3 #2265 &2 H K% TaKaRa A 7 5
JFRL AR B R 65 R DNA [ENSGRGR &0 B A9
TRER AR BR A 7 5 Southern 24 28 3 7l £ . J& T i
FIYELRIE H Roche A 7] (L) s 5 4 B  BEFRET A1
ST H A EAR A F () s PCR 5115
B W B AR TR PRA R 58 e

1.2 BMERNZRE

T4 H R R K B RIS 0 0 -
UP-BoTCTP: 5’ - CATGCCATGGAAAACAATAAGCGACC
ATGT-3';

DW-BoTCTP: 5’ - CGCGGATCCGCAAGAAAGAAAAGC
AAACT-3’ .

PCR¥ 114k & °4:2.5 uL10xPCR buffer.1.5 L
MgCl, (25 mmol/L).0.5 uL dNTP (10 mmol/L).1.0 uL
35 514(25 pmol/L) < 1.0 uL Fi#514(25 umol/L).
0.2 uL Tag DNA i (4 U/uL) F1 40 ng cDNA, il
ddH,0 Z & AR 25 ul, i 2) . PCR N FE TN -
94 °C,5min; 94 °C,305s;54 °C,305s;72 °C,1 min (30
ANMIEFR) ;72 “CHEAH 10 min.

PCR =¥ 45 B K AN RIS, 4R Ji5 3% 4% 31 pMD19-
THM . =Y s L (42 ¢, 90 ) ' F A
K FF 1 Topl0 B 52 A5 40 il , 22~ i 3% 9% L 16 1 B
it \PCRASIN , 52 i 4 PH 1 e B AT 00 57
1.3 RiZFEWEE

FH B SR ifp v 3 R 2 - AT R i pFGC5941
1) )5 KL DNA, 28 J5 73 3l 34T BamH | F1 Neo | XL
DI, PRk U 20 0 H PR BORT pFGC5941 i
BB AT B R RNAR 2RO - 2.5 pL T, Buffer,

10 puL H 1 B 2.0 pb #i4Ak  BE . 1.0 pL T, DNA %
FEME , in ddH,0 4 &ARFH 25 ul, 1R 2T .

W P W AL Topl0 JE A2 25 40 P , 975 128 R 1k
T, BE 1 SR BUSURL i, ) R Al (VU TR 5
min, 37 “C/K ¥ #8 1 min, 3HGE VKIS 2 min) i 3 4k
FF 7 LBA4404 i, 28 41 1 i 1% S PCR FH M %5 72
B IRAF I BH I S FE AR AF7E-T0 °C T, LA Is AL i 4L
Z M.

14 FERSEREEL

141 7R LAMEKKIZRAS

PRIE AT TR S E R R KR 2
IR, B85 FH 75% BB AS 1R 1 min, 71 0.1% 4L
K B 10 min, H 18] A W 48 23, 5 fa F J0 T 7K IR
291 h, FH KR 8 AR 25 M R 1i Bk B K 43, A
F 12 MSH; R . BT 2611 C MBS N
16 h/8hat M AEK.

REIT RN e K 7 I BLTOZF T R I, £
TR BT R T HE R AR A —
WA EE R TR ) 25, AT BA R 0.3~0.5 cm
YIRS T R 75 (R AME AR - IRk ) 1
142 CRFFRR G SBT3k

W SN AR TBLE 73 4 15 77 55 (MS+2.0 mg/L 6-
BA+0.05 mg/L NAA+7.0 mg/L AgNOs) ik 5% 2
d; 32 N ODew {8 29 9 0.5 ) 4 AT B B ¥ 1= 4+ 8
min, JG R AR 22 5% B BV, ERT R N A R R Ak
JLRE IR 2 d; #8225 3k 1 55 &K (cefotaxine, Cef) (1)
0 1% 9% £ F (MS+2.0 mg/L 6-BA+0.05 mg/L
NAA+7.0 mg/L AgNOs+300 mg/L Cef) 3l i &5 55 7
d, H0 i) R R B AR A s AR S BN B B Ak 2 B
(phosphinothricin, PPT) [ i i 15 7% %& H (MS+2.0
mg/L 6-BA+0.05 mg/L NAA+7.0 mg/L AgNO; +300
mg/L Cef+—E R FE K PPT), 2 B 4k4C 1 k. XF3k45
(AN 2 2F 13047 2 AR % , PPT ¥ 5 2 5~10 mg/L, ifi
R BEIZ T & R G AR D BUE PPT Btk ) 4%
B MK E2-3 em S E F V)T FERIAER
B9 5E | (1/2 MS+0.2 mg/L NAA)%E S A, 3k 15
PUIE/INET RO S A AR

1.5 FriEERRag

A A 2R CTAB 72 4 BT 5 A8 #k (1 5 DA 21
DNA. i IvIEA A7 4E H B 7 B R ik,
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H 48 LT 22 % Bt 1% (bialaphos resistance, Bar) 3t [
F BBt 5 R AT PCR 4 8 Ao il (8 7 5%, 2008),
BRI AN
UP-BoTCTP:5-ATGAGCCCAGAACGACGC-3';
DW-BoTCTP:5-TCTCAAATCTCGGTGACG-3'.

DLJE AL DNA Ay BE G JE S A 7 A 1 7 A= Rl PR
I F DNA HIHPERT IR . PCRY™ 4K 2 LK o7 A
JFIA 1.2,

X PCR 45 5 5 BH % () A5 ¥k 1247 Southern 28 %2,
DA€ H R T i NI IR R4, e e T il
DNA 1 # D%k, PLEAR 741 1) Bar 508 Fr B AR
REE, Bl H S =2 (digaoxin, DIG)FRiC IR A&7 R4t
Fric. MRAEFRIEH AR pFGCE4L M1 Fi ki s , Witk
FRR I DNAE EcoR T BEATEEY K il 1) 7 40
WARATAY,, HL I, BRI S 3T B AE R
1.6 HERFRERNINGELETE

W ToRE IR RE MR AT Y B 77, ik &
AR — B PUPE R R A IR AR, BT 5K
FHOCME DL S AN [R] 40 3108 15 3 SI2 56, W% LU Al ok
B A AR O 5 DA RO AN [R]85 38 1 B B (3R 1) o
DRI S G DA B 12 5 S8 P S YT F 4 DL ] —

F1 HERERE KBRS EHE S

BRLIR BARR . BRI 2~3 KRB, M b E
3N U2 MS R34,

2 HER5HH

21 RiEHERIEE

F) 5 53 51 W% BoTCTP ) cDNA JF 51 i3 47
PCR¥™ 14, 15 2 3L K 4 K (I 1A) , £9°8 750 bp, 5 T
W—3. K IR ] pMD19-T 34K J5 SRR 7
[ 8 %5 1 90% LA bo M AF I R B ik &
BamH 1 Nco T XY, 138 T H I B 2% 5
(&1 1B), 342 31 F AH [7) XU 1) 1) pFGC5941 Jiii Fv K
A B, I My T pFGC5941-BoTCTP 335 # 4k
(E11C). ¥ E 4T ) pFGC5941-BoTCTP 32 ik #ifk
I 5 il e A AR AT B LBAG404 5K 52 A5 41 il , 4R
JE BEAT B PCR RS, 3416845 21 750 bp (15— H (1)
2% (B 1D), 15 W] K 14 % /& pFGC5941-BoTCTP
R NAHT B LBA4404 .

2.2 HEEERNKS

LA Bar 3 91 B0 3140 LA To R 6 2L R # £
I 11 DNACATRER , 3447 PCREG . 45 5 B

Table 1 Growth correlation and different stress tests of transgenic plant

b3 SIS AT MG
Treatment Experimental condition Observation period
AR AR R 26+1 °C, BN 16 h/8 h i N T B 7R 1 7% 3d
Growth correlation Artificial culture incubator at 26+1 °C for 16 h/8 h (day/night)
PR, 40 CHHE 24 h
High temperature 40 °C constant temperature
i 4 CIE 3d
Low temperature 4 °C constant temperature
5 PEG-6000 #5540 5 ¥ 455 , S INTE 1/2 MS 55 77 B: [ 5 4K X 5% 0% 15%.20% - 24 h
Drought 25%.30%
PEG-6000 were added to the 1/2 MS medium with the concentrations of 5%, 10%, 15%,
20%, 25% or 30% to simulate the arid environment
i TRINAE 172 MS B3 755 B (1) NaCIIK 4 ¢y 100,200,300 #1400 mmol/L 24 h
Salt damage The NaCl concentration added to the 1/2 MS medium were 100, 200, 300 or 400 mmol/L
BEEIGY WANAE 1/2 MS 5595 5 | 119 pb(CHSCOO0), - 3H,0 ¥ & 4 Yk 27,270 1540 mg/kg, % 24 h
Heavy metal JECA B LA A
pollution The pb(CH;COO). - 3H.O concentration added to 1/2MS medium were 27, 270 or 540
mg/kg, which were determined by pure lead
HE R H ININAE 1/2 MS 55 772 L) CdCL, - 25H,0 W FZH K 9 5.10.30 150 mg/L, T8O EE 24 h
Heavy metal PLAligE Tl
pollution CdCl,- 25H,0 concentration added to 1/2 MS medium were 5, 10, 30 or 50 mg/L, which

were determined by pure cadmium
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(E12), PrrEmbk(UkiE 1, 3, 4, 8,9, 1) FIFHPEXT AR B W RFEYE . @it Southern e 52 Al 73 A , % K&
(VKT8 14) I RE 1Y tH £ 550 bp MR ¢ 2677 . I8 BIEARIIFE R L N 1.2%.
SR XS, [R5 ek 999 BA L, Bt SRR 5 b A T B R T

Fr B B A BT AR DNA o PCRASIIEH ‘

u Bar?ﬂﬁiﬁ , BH@HH{E’{(CK*)&%E‘E*E DNA, /Ell ‘1&{E5jq:§:/_f_§ ’ Fﬁ uﬁ%ﬁ%ﬂﬁ‘)ﬁﬁ%*ﬁﬂiﬁﬁ
1 % B (CK) 1 R B A Kbk, 4 PR Byl g LRI I 9 SR (FUE BEAT S S N ]
W Rk 325 4T Southern 2452 (181 3), 45 4 ¥k (VKK 2, 3 I SIE K Bl 3 o A JF ) o ., e S DR AR AR 6 B A

AR 2L
5, 6) L L0 et % T LA Sy e PR BRI
IR/ — 8, o LR (K 3) R0 DL, Hofin 3 bk 2.3 1SRRI
(Vkiti2, 5, )N 4 I, 45 2 Bk(kiti 1, 4) PCR A 500 A e, R A A 4 2 TR
0 B 12 Southern Kl R BRSS9 AE H T RASCAS MR K 200 2 2 TR B L B

bpp M 1 2 3 4 5 6 7 3 4 6 7

bp M
2000—

1998

500—

250—
100—

E1 RiAHEHAEDTE

Figure 1 Expression vector construction process

M: DL2000 7 7 & #4510, FTIA. A B BY B, 1~7:DNA HW B . B. EH# 2 )5 () pMD19-T # ki) . 1~7: T-
BoTCTP 34k :C. BamH 1+Neo | BV B . 1~4: E ALK pFGC5941-BoTCTP. D. HARAR T LBA4404 [f) PCRAGI . 1~
6: F A ARJIRL, 7: FH X E (FE 4H 4k pFGC5941-BoTCTP)

M: DL2000 marker, and the same below. A. Amplification of the target DNA fragment. 1~7: The target fragment. B. pMD19-T
vector digestion after ligation. 1~7: T-BoTCTP vector. C. Digestion of recombinant vector with BamH 1+Nco |. 1~4: Recombinant
pFGC5941-BoTCTP vector. D. PCR identification of recombinant LBA4404. 1~6: Recombinant LBA4404; 7: Positive control (re-

combinant pFGC5941-BoTCTP)

bp M 1 2 3 4 5 6 7 8 9 14 bp
2000

1988

500
250
100
B2 K PCRAGI

Figure2 PCR identification of the transgenic plants

M:DL2000 73 hrich s 1~11: ik A bk 12 7% 6 R 13 B0 A ; 1402 PR T 1E

M: DL2000 marker; 1~11: Transgenic plants; 12: Blank control; 13: Negative control; 14: Positive control
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AR R (A 4). 25 M A IR ZH7E 5%.10% PEG 35925 F R IEH

2.3.2 T K HE

AT FEH 40 Crayili b BR G5 R B, 7 LRI
PRI FPE 5, RS2 iR 7 d J5 A 4f B VR
SEEEAR T X HRARLRR 3 o B P46 B 2R 4% 5 350
MR, 7 dJa TR BET (B 5A) . R R A
— M 2, A SR LB T 4 CoR A R EE R4S
R IR AE R I T B SRR L 18 AE K ek % 5
T 4% 5k DRI AR PR A G A 4 2 B . s T % (&1 5B) o
233 iR

TR A B S R B , e B A PR AE 5% 10%.
15%.20% % 2 — % (polyethylene glycol, PEG)[#) %
FidE RIS IE R A K, 75 25% PEG 5577 1818 A

1 2 3 4 5 6 CK” CK*

&3 Southern blotting Z% 32 #& il

Figure 3 Southern blotting hybridization

1~6: LI RUAE AR s CK: [P RE  CKT : B4 R

1~6: Transgenic plants; CK™: Nontransformed plants; CK": Re-

combinant plasmid

A BT IE B — T 4, (HAE 15%.20%.
25% PEG (185773 F AR IEH A K, HBEE IR E N
KA ZH BEE TN R (B 6A).
2.3.4 bt

B3 R FE AR AE 100,200 mmol/L [¥) NaCl £ 7% 3
¥ IE AR K T 300 mmol/L i 3 d JE R RR T 4G H
PR AL B - 1 5 400 mmol/L B 1 d B H 31

B
e &

B4 BHIEREQSBHEEKEBHILR

Figure 4 Comparison of rooting before transplanting (A)
and growth after (B)

TP EREP MR ; T A

TP:Transgenic plant; The same below

5 40 CHIRMEA)FI4 CIRIEFMEB) THEFEEKRSITRAE KRR

Figure 5 Growth condition of transgenic plants and control group under 40 °C high temperature stress (A) and 4 °C low

temperature stress (B)
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HALE . FHEEZ R, 6 & ZH7E 100 mmol/L NaCl 5%
FRFE FAEIEH A K, 200 mmol/L i 2 d J5 T 4 =
) 2 740 1) 18 1 4k, 300 mmol/L I 1 d & 25 # Rl
THas A1k (K 6B).
235 fM¥E&EME

HE RGP B A R BN TR B IR A
b BB R ARAE BT IR P R 27,270 mg/kg B IE 5 AR
1+, 540 mg/kg I 2 d J5 FT 46 75 25 5 35 H B 16 30
B0 TN HRZHTE B B Dl 27 mg/kg B I AR K
270 mg/kg B} H ZE 5L 5 1) 122 AR AL , A AR PR A 5
% 540 mg/kg I 1 d 5 B H B AL I % (&1 6C) .

TE MG R b e B R AR AE SRR P 9 5.
10 mg/L i 1EH A K, 30 mg/L i 7 d 5 JFdh i 25 3%
i _E I AL, 48 % 50 mg/L I 4 d 5 25
HILAR T A T R E 85 9K B2 D 5110 mg/L B

4d

TR (PEG: 25%)
Drought stress (PEG: 25%)

EhMrE(NaCl: 300 mmol/L)
Saltstress (NaCl: 300 mmol/L)

H S E A

Heavy metal stress

4@ 8 (Cd : 50 mmol/L)
Heavy metal stress(Cd: 50 mmol/L)

1B A4, 30 mg/L i 3 d Ja HE B AL, 3 %2 50
mg/L B 2 d Bt B 144 1 (€] 6D)

3 itig
31 EFRIEEEREUEER

HE KRR R — R AR R — Hik
JUSE LB AR R FUARIE D, He B e b
BORAR . AW, i I B A A i 4R &
N <l T R PR AR D SR A, T IR 2 d R G
8 min, JL1 9 2 d, TE B IR 7 d Ja B NG IE R R
Bk o AMEAR KRS AT R Gt 8] 59 AL BT
P 25 (10 97 148 s 755 3 AN 5 T PR 3R B e v R R A
GR35 R 55 (2004) BF 78 R B, 5 A 5T 15 A
PRAFA A B R R R AME AR . A et X
TF U B0 P R T R R R A T 4

10d

6 BHEEEHKSINETEA)E.B)SHO).SRD)IME TR EK
Figure 6 Growth of transgenic plants under drought (A), salt (B), lead (C) and cadmium (D) stress
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FhOMEAHEAT T AR ELEE, 45 R B T RS
TR 1A 90%, 51T N — 80, X A RER N
LN R R R E S % R N WAL i ana =il (O
SHACRE IR . R B G B b, (R e Al g K
BRI LK, BRIV A/ A 1 B 5 T L, S 4 1
M 5 452 Y [ ik J B B I AIG, et R S P R
W90 45 3R B, AR AT 1R B VR PR ODor~0.5 12
i 5] 8 min & A TPtk 2F 1) 4L, 1X 5 R (2007)
EFE— 20, H 2 FR K B 45 (2016) A D 5T i 8 A% 4L
(R A AT B8 T VRO N O Daoy=0.4- 13 LI 8] 10 min
BV BAAHT B B8 VIR iy T) (1)K 5 AR ek
FEEAA . BT YU ZEIRIE R, SRR S
(k3% 2R K 5 ) Bl = (PP 2 T RR BUE) B 2 4h
Y TE T RVFZ IR AN AL BT F S Ak Bk 7 A5 PPT
PUPEREDA 1 56 A H0 5 0 SMELA T R A
P A ) PPT % 4 10 mg/L(= 73, 2009). ZA<HF
R A e a3 b I O 3% 36 s ) ) 3% SR i gk
J& B 25 LA PPT K 5.0 mg/L 34T ik , 45 14 d 484
— IR, e 2% FIT FH IR 0 04 5 97 2 1Y PP 9K B 14 31 10
mg/L, X AEBE AT DAREARAR M 28, SOR] UERAIE 5L IE
FALRERRIOAETS 3 TR . Ibah, I iE i
R ST 5 A% 1 285 % 1Y) L LR 3R G R HASE, 2007)
AT IFEE RO RS, 5 BRI 45 (2016)
S v BT 3 i ROR D S 15 R LA DR R O e fb R
437N 1.2% F10.37%, 1X A3 7] G -5 Ak e Rk
BARFN A I, AN [F) (A A 308 BAR A 5 AN [ (¥ 97
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