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Abstract ; [ Objective ] The transcriptome data of Pinus massoniana under drought stress were used to clarify the
function distribution of sequences, as well as the characteristics and distribution patterns of SSR loci, and to explore
the key SSR loci linked to drought-resistant gene. [ Method ] The P. massoniana needle samples under lingering
drought stress for 10, 15, and 25 days and the corresponding samples with sufficient water as the control (CK) were
selected to extract the total RNA. Illumina sequencing were performed to generate raw reads. After removal of low-
quality data, the transcriptome assembly was conducted using Trinity software. The unigenes of transcriptome were
annotated by aligning with several public databases via BLAST program, including GO ( Gene Ontology), KOG
(eukaryotic orthologous groups) , and KEGG ( Kyoto Encyclopedia of Genes and Genomes). The SSRs loci were ex-
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amined using Misa software, and the PCR amplification SSR primers were designed using Primer 3. 0 software. GO
and KEGG enrichment analysis were implemented using GOSeq (1.10.0) and KOBAS software, respectively, to
determine the major process of biological process and metabolic pathways of differentially expressed unigenes con-
tained SSR loci. [ Result] A total of 101 806 unigenes were annotated from 194 821 unigenes of transcriptome. A-
mong them, 64 973 functional annotations were from GO database, 35 880 from KOG database and 30 882 from
KEGG database. Moreover, 6 728 SSR loci were identified and distributed in 6 367 unigenes, and their average fre-
quency of SSRs was 3.45% . Among all the SSR motifs, mononucleotide, trinucleotide and dinucleotide were the
major repeated types, with occurrence frequency of 35. 82% , 33.03% and 25.22% , respectively; the form of A/
T, AT/AT, AG/CT, AGC/CTG, and AAG/CTT were the most frequent motifs, the length from10 to 20 bp were
the most repeat motifs, and the SSR repeat numbers from 5 to 10 were the most repeat numbers of motifs. A total of
13 338 pairs of SSR primers were designed for marker development of P. massoniana. Furthermore, among the
6 367 unigenes containing SSR loci, 422 unigenes were differentially expressed on drought stress versus the control.
Enriched analysis of KEGG pathway showed that 11 unigenes containing SSR loci were significantly enriched into
three KEGG pathways, including photosynthesis, plant hormone signal transduction and carotenoid biosynthesis,
which were linked to the plant response to drought stress. [ Conclusion ] A total of 101 806 unigenes were annotated
from a higher quality of transcriptome database in P. massoniana, 6 728 SSR loci were identified and distributed
from 6 367 unigenes, 11 SSR loci from 422 differentially expressed genes containing SSR loci were identified linking
to the plant response to drought stress. These results can be used for the subsequent study on molecular mechanism
for drought resistance and functional gene localization in P. massoniana.
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Note ; Biological Process: 1. biological adhesion; 2. biological regulation; 3. cell aggregation; 4. cell killing; 5. cellular component organiza-

tion or biogenesis; 6. cellular process; 7. developmental process; 8. immune system process; 9. Localization; 10. Locomotion; 11. metabolic

process; 12. multicellular organismal process; 13. multi-organism process; 14. negative regulation of biological process; 15. positive regulation of

biological process; 16. regulation of biological process; 17. Reproduction; 18. reproductive process; 19. response to stimulus; 20. Signaling; 21.

single-organism process. Cellular Component; 22. Cell; 23. cell part; 24. extracellular matrix; 25. extracellular matrix component; 26. extracel-

lular region; 27. extracellular region part; 28. macromolecular complex; 29. Membrane; 30. membrane-enclosed lumen; 31. membrane part;

32. Organelle; 33. organelle part; 34. other organism; 35. other organism part; 36. Virion; 37. virion part. Molecular Function: 38. antioxidant

activity ; 39. Binding; 40. catalytic activity; 41. molecular function regulator; 42. molecular transducer activity; 43. nucleic acid binding tran-

scription factor activity ; 44. structural molecule activity; 45. transcription factor activity, protein binding; 46. transporter activity.

1
Fig. 1
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GO categorization of non-redundant unigenes in P. massoniana transcriptome.
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BB s W AN ANAEHE s X R M 5 Y AZEH 5 2 A 22

Note : A : RNA processing and modification ; B ; Chromatin structure and dynamics ; C ; Energy production and conversion; D:Cell cycle control ,

cell division, chromosome partitioning; E; Amino acid transport and metabolism; F:Nucleotide transport and metabolism ; G ; Carbohydrate transport

and metabolism ; H: Coenzyme transport and metabolism;I; Lipid transport and metabolism;J; Translation, ribosomal structure and biogenesis; K

Transcription ; L; Replication, recombination and repair; M : Cell wall/membrane/envelope biogenesis; N : Cell motility ; O ; Posttranslational modifi-

cation, protein turnover, chaperones ;P :Inorganic ion transport and metabolism;Q;Secondary metabolites biosynthesis, transport and catabolism

R :General function prediction only;S:Function unknown ;T Signal transduction mechanisms; U Intracellular trafficking, secretion, and vesicular

transport ; V ;: Defense mechanisms ; W : Extracellular structures ; X : Unamed protein; Y : Nuclear structure;Z; Cytoskeleton.
K2 R AREE 4 Unigene 1) KOG 22815

Fig.2 KOG annotation of putative proteins in P. massoniana transcriptome.

S 15.97 kb (32 1), SSR H #AI K Fifi Uni-
genes K JE K MITTE AN, 7645 Unigenes K /04

WK 1.64% 2.61% 4.77% 8.51% f%15.71% .

%1 [ Unigenes K E 5 A SSR iz i H PSR R K T 5 E

Table 1 Number, frequency and mean distance of SSR in different unigene length distribution of P. massoniana

KB BRI £ SSR 1) 3 4L SSR {7 i ¥k B -3

Length/bp Gene number Number of unigene contained SSR Number of SSR loci Frequency/ % Mean distance/kb

<300 97 486 1 569 1597 1.64 67.30

301 ~ 500 45 841 1 156 1197 2.61 89.79

501 ~ 1 000 28 051 1 266 1337 4.71 80.38

1 001 ~2 000 15 081 1188 1283 8.51 83.77

=2 001 8 362 1188 1314 15.71 81.79

411 Total 194 821 6 367 6 728 3.45 15.97
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T (A) AN R 1 A KRIBETS; 2. diffliZ g 3. AUMEIR; 4. isFAMAN. (B) IFEE AR 5. i, 6. (555,
7. AFS AT IMESEM . (C)BEERAI: 8. i, MJEHIMEMRE 9. EHAMER; 10. Feit; 11 B, (D). 12, IEMAM;
13, HABUAEABET IR D6 0 14 BRGS0 15, BERAQ; 16, ZRMEEY SRS 17. IRBTCA 18, AABHHiB A
TRZEA 5 19, FfaEEmRACHE; 20. TRRMEEIL At 21 IR 22. B, 23. SRpmmkem . (E) Al
RYE: 24, PEIRARLE; 25. Ao 26 THALRSE; 27. WAMBARLE; 28. IRBLENL; 29. HEME RS ; 30. RPERL; 31. ML RL; 32. /&

Note: (A) Cellular Processes: 1. Cell growth and death;2. Cell motility;3. Cellular commiunity;4. Transport and catabolism. (B) Envi-
ronmental Information Processing; 5. Membrane transport; 6. Signal transduction; 7. Signaling molecules and interaction. ( C) Genetic Informa-
tion Processing: 8. Folding, sorting and degradation; 9. Replication and repair; 10. Transcription; 11. Translation. (D) Metabolism: 12. Ami-
no acid metabolism; 13. Biosynthesis of other secondary metabolites; 14. Carbohydrate metabolism; 15. Energy metabolism; 16. Glycan biosyn-
thesis and metabolism; 17. Lipid metabolism; 18. Metabolism of cofactors and vitamins; 19. Metabolism of other amino acids; 20. Metabolism
of terpenoids and polyketides; 21. Nucleotide metabolism; 22. Overview; 23. Xenobiotics biodegradation and metabolism. ( E)Organismal Sys-
tems: 24. Circulatory system; 25. Development; 26. Digestive system; 27. Endocrine system; 28. Environmental adaptation; 29. Excretory sys-
tem; 30. Immune system; 31. Nervous system; 32. Sensory system.

&3 LR 4H Unigene i) KEGG 43255

Fig.3 KEGG annotation of putative proteins in P. massoniana transcriptome.

R2 A F SSR ESRBALREMFRA DR HIHR

Table 2 Occurrence SSR in P. massoniana transcriptome

HEHH H L B TR E YR B H B
Repeat type Number Percentage/ % Mean length/bp Mean distance/kb Mean frequency/ %
BARZAF R Mononucleotide 2 410 35.82 11.31 44.59 1.24
M2 Dinucleotide 1697 25.22 14.17 63.33 0.87
= TFER Trinucleotide 2222 33.03 16.21 48.37 1.14
PUAZFH R Quadnucleotide 108 1.61 21.36 995.12 0.05
HAZT R Pentanucleotide 17 0.25 25.00 6 321.94 0.01
NI R Hexanucleotide 21 0.31 39.16 5117.76 0.01
4241 Composition 253 3.76 70.49 424.79 0.13
41t Total 6 728 100. 00 16.09 15.97 3.45

*3 DENHERESSRESEFHNHERINE

Table 3 The number and frequency of the motifs in SSR of P. massoniana transcriptome

G P Motif %0 H Number Ji% Frequency/ % i Motif %t H Number P Frequency/ %

A/T 2332 34.66 AAT/ATT 239 3.55
C/G 90 1.34 ACC/GGT 186 2.76
AC/GT 392 5.83 ACG/CGT 110 1.63
AG/CT 579 8.61 ACT/AGT 32 0.48
AT/AT 791 11.76 AGC/CTG 443 6.58
CG/CG 22 0.33 AGG/CCT 244 3.63
AAC/GTT 260 3.86 ATC/ATG 205 3.05
AAG/CTT 317 4.71 CCG/CGG 231 3.43

H.4x Other 255 3.79
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2.2.4 SSRARELREAKE DEMFER
20 SSR B H B IREAN T 5 ~ 23 IRZ A, pE R
UOEHE TN, SSR B i S B (£ 4), 5 ~ 10 K
T Y SSR {7 5505 447 4, 4 A0 80.97% ;11 ¥k
HZ S UL B SSR A 801 180 A, 5 17.54%  H
ORI R L 10 IRE E 1Y) (1 284 4>,

19.09% ) i %, B BR LA 6 Y A 110 3L ¥ (820
N 12.19% ) %, Z~ANEHRPIHLLS RE
HIEET % . SSR KM 10 ~ 212 bp A4E, K
J£70 10 ~ 20 bp 1y SSR i s fx 2, £ 6 149 4~ |
SSR v 5 B 91. 39% 5 K B AF 20 bp 13k 579
A H8.61% (F£5),

*4 DENRFERASSREFNESRHRSH

The number of repeats and distribution of the motifs in SSR of P. massoniana transcriptome

EvEa 5 YOI repeat number it HB1
Repeat type 5 6 7 8 9 10 11 12 13 14 15 >15 Total Percentage/ %
BT 2 Mononucleotide 1284 491 248 119 79 48 153 2 422 36.00
TR Dinucleotide 820 392 298 161 75 36 2 1 784 26.52
= Trinucleotide 1563 503 178 21 1 1 2267 33.70
PUAZ TR Quadnucleotide 89 26 2 1 1 119 1.77
T TR Pentanucleotide 15 15 0.22
ANEFE Hexanucleotide 10 3 2 3 1 1 20 0.30
41T Total 1677 1352 574 323 162 1359 530 250 119 80 48 153 6 627 98.50
[, 5] Percentage/ % 24.93 20.10 8.53 4.80 2.41 20.20 7.88 3.72 1.77 1.19 0.71 2.27 98.50
#x5 DEMHERASSR EFKERME
Table 5 The length and frequency of the motifs in SSR of P. massoniana transcriptome
Wi H FL K motif length/bp &t
Ttem 10 11 12 13 14 15 16 17 18 19 20 >20 Total
SSR #(#& Number of SSR 1280 492 1043 119 452 1583 314 23 650 18 175 579 6 728
JiR Frequency/ % 19.02 7.31 15.5 1.77  6.72 23.53 4.67 0.34 9.66 0.27 2.6 8.61 100
2.2.5 SSR 3|4kt M E SSR 751 6 367 4~ 2.3 % SSR {i & Unigene RIIHEES#T
Unigenes H1 3071 4 446 4~ Unigenes 3115811 Hi 13 2.3.1 4 SSR 4% % Unigene %9 2 F k& FLTE

338 Xf SSR 5| ¥, Hpr, 5| ¥ K 18 ~ 27 bp, GC
i 40% ~ 55% iR KRB (T, )57 ~ 63°C, IE | J
] 5| 3R IR BE 22 AR T 5°C, PCR =4 K/ 100 ~
280 bp, FfHLIFEE 11 X} SSR 5417 PCR 4 4k
W,S X5 | REA R G 1 PCR =9 (K 4) 519
b3 45. 5% RGP A —w i1

M 1 3 3 4 5 6 7 8 9 10 11

M T EpRIE, 1~ 1 SRR 1 ~ 11,
Note; M mean marker, the number 1 ~ 11 mean random primer
1~11.
P4 LRtk SSR 514 PCR 44450
Fig.4 The amplification of SSR primers from transcriptome of

P. massoniana

SR TIREIE B SSR A7 s 42 4, X & SSR AL s Y
6 367/~ Unigenes JE17 2257 81K 0 #r, JL3R1G 422 4>
#2251 441K Unigene ([5) . T51HA 10,1525 d 5
IEF B R, 20 0 325,147 (183 A4~ 22 7 R ik
Unigene , i, iR IA 735 196,66 .87 4>, K ik
FIRIT 129 81,96 A~ K 5k 22 57 40K Unigene
G5 181,21 ,60 A~ , AN [F] 2 JBE i Ay 36 22 e 3 3k

Drought 10 days versus control Drought 15 days versus control

37
181 21
73
34 16
60

Drought 25 days versus control
F5  RFRREEEMHA T A Unigene ik k22 5
Fig.5 Venn diagram of the differentially expressed genes identified

in three comparisons
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$31 %

Unigene 47 73 /~, H e 10 d 1922 7 %38 Uni-
gene B i 2 , R T 10 d Bf 25 2 Fa i g i3 1)
%kt Unigene ik £
2.3.2 %%k Unigene 4§ GO #= KEGG £ %15
£ o4 @it GO fil KEGG 2% M &y 4540, b —
o 25 323K Unigene 178 1 EZA Y= UiRe LA
IS5 EEMREHEGE LG5 . GO B3
P H BT R I, 422 A~ SSR i 45925 5 Unigenes
HA 261 25T 3 RKEAY =R, AYEit i
T A HLIAME A (GO : 1901362 ) & 4E ) Unigenes
2 (51), Hk b & 4k i Ji 2 ## (GO 0055114 )
(43) BRI (GO0:0019222) (37) 5 43 FHifig
AR SR S P (GO 10016491 ) & 4E 1) Unigenes
% (42) |, HUCh 2P (G0:0005215) (29) (#%
FREE A 5 5 - (GO :0001071) (16) 5 4 il 2 73+,
a4 X (GO 0005576 ) & 4 1Y) Unigenes ;i £ (18)
R bR N IR 15250 (GO :0098800 ) 45, 3
B bk 25 s R A Y I RE rT RE W L AL T 5
IS EL TN

KEGG B PEE i R (& 6) ,422 4~ &
SSR {3 s i 25 5 Unigenes Hg 97 M4 & 5 2 53 4>
s, Hd DB E1ER (ko00195) % b3

B 1 (ko00906 ) AEHI R 15 5% 5 (ko040753 ) 55 3
MUBERP R F L (P <0.05) , K% 3 MU
ke S DM T RN K, B ERER
BT 4 1% SSR 17 i Unigenes, f135 2 4~ ATP &
S ( ATP synthase; c94519_g2, c88154_gl) ,1 M6
Z 45 11( photosystem 11;¢77320_gl ) , 1 N4 AL R 1
(oxidoreductase; c85918_gl ) , ¥ FJHFik, HKiHEE
MR IR T 3 % SSR LA Unigenes, 1 4>
ERES T (iron ion binding;c89714_¢l ) B F iRk, H
4 1 A8 A IE R B (oxidoreductase; ¢78714 _g) F1 1
MR MREEN “HH IR (FAD; ¢69125 _gl ) 7T i
Tk, HYMRGFESETFEREEET 415 SSR L
&4 Unigenes, 1 SRATIR (JA; ¢88597_g2) &2 K
ik, HAR 1A I BEIREE (PP2C; 68631 _gl ) Al 2
AR E (TAA; 92989 _gl, 77087 _g3) ¥ T i3
Ko RIRGREEHT 11 A5 SSR A i Unigenes 1] fE
Z 57 G EMT RNy, — s R EAE
FHA s, A AR KR SR o — T L, B R AR A )
TP R AL, sk B JA SRR PP2C
Fik JER TR0, S5E 5 4 SSR A s Bl , i
PEH B3R 11 S E 2= 5 i 5L PR Y SSR 7 s A5 B o

Statistics of Pathway Enrichment

Taurine and hypotaurine metabolism —|

Stilbenocid. diarylheptanoid and gingerol biosynthesis —
Starch and sucrose metabolism —|

Riboflavin metabolism —

Plant hormone signal transduction -

Photosynthesis —|

Phenylpropanoid biosynthesis —

Phonylalanine. tyrosine and tryptophan biosynthoesis —
Phagosome —|

Isoquinoline alkaloid biosynthosis -

Glutathione metabolism

Folate biosynthesis —|

Cysteine and methionine metabolism —

Cyanocamino acid metabolism —

Cutin, suberine and wax biosynthesis —

Circadian rhythm - plant —|

Carotenoid biosynthesis —

Base excision repair —

Amino sugar and nucleotide sugar metabolism —

ABC transporters —

fag
qQvalue
= 1.00
0.75
0.50
0.25
B oo
Qene_number
- 1
- 2
- 3
- s
- s
- s
L 2
-
v -
o.0o2s oc.07s

6

0.650
Rich factor

7 SSR i ;7 Y225+ Unigene [ KEGG . 5 £ 704

Fig.6 Significant enrichment KEGG pathways of differentially expressed genes contained SSR

2.4 qRT-PCR WiF

qRT-PCR 4558 (K 7) WoR, Wi 2 #5482, 2 4
Unigenes (c71819_g3 . c85755_¢l ) W) FEH ik & &
I AEAE ,2 1~ Unigenes ( ¢95186_g2 93699 _g2) &
ST Gk Ak, 3 4> Unigenes (c71819_g3 . c85755_

gl \c95186_g2) ) qRT-PCR 21k 554 3 /K-F- DEG ()
A A FEAR—35 51 4> Unigene (¢93699_g2 ) 7155 10 K
5 15 K gRT-PCR ¥ ¥4 154k T 5% 5% 7KF DEG
AR, (B A e — 2 DO % s 41 45
ARUATEE



5 M

FEBR, 25 25T B R AL T 55 AL P BE SSR A3 234

17

O O RIORCORCO N
cvouvo o wom
s T s e

45
40
35
30
25}
20
151
10

c95186_g2 c93699_g2

1 L 1 |
CK 10 15 25 CK 10 15 25

KEFEWIE] Time of treatment/d
—8—-DEG —4&— gRT-PCR

K7 DOtE R PCR Bk

Fig.7 Real-time PCR Validations of P. massoniana

il 71819 _g3 oi c85755_gl

M 2

-3} 4y

5l -10|

-6} -12f

-7 ‘ : -14 s ‘ ‘

CK 10 15 25 cK 10 15 25

3 4T
3.1 HREAFIINEEER

T EE ST AR, AR RS SR TR
fipia % 5 2H 194 821 1~ Unigene, i 13 Blast FL X, 3k
7% 101 806 /™ Unigene J¥ 81 {F 1, ik & F L B AR Y —
PN 345 9 33 772 4 Unigene 1B, Fe 04
PR, EREREE . NR HYEE 24. 42% 11
Unigene (16 323 ) g {F BB RAE L R EHD
AZIERARNE , AR B A 3 B R b G e % i
%, RWTINE RS LT R R

Unigene T REIERE S 02, nI w1200 o Ho 4 i 1Y
A BTIIRE , E AT SR 415 B HT P ALl
AWEFEH, COG 4338 I 430 26 S ThfEZE B, =
HERfE RS am, LT D R BN midfE. GO
Gy, KR4y Unigene 2 540) A AR I | 41 i 25 44
A= T o R A S R Al R, R
24 Unigene /£ #1YE 2h 5 F S A 56, KEGG 4y
Jerr, Z4 Unigene 25 R A AC U ML R A AR
5 Tl B, R YT R Unigene Al S 54528
TS 3am v A, X2 Unigene Y & i h Jo 21 3k
PRI seriiE Pras AL 2a e 1 A
3.2 SEMERA SSR FiE

FETHE 520 194 821 A~ Unigene , A58 45 1
SSR 37 fOE- I HA BS 15. 97 kb, PSR 3. 45% ;5 F
TRIAERAN 3.2 % AR T o AR 2 Fll EST-
SSR [ 4.08% "7 . 5 H AW KA B A L, 5 T i A
( Pinus pinaster Ait. ) ) 2. 1% (22] KT a g
4.249% " R E AR SSRH B R K AR AL I
FEBUIN, UL R M A b i din s R 8
YIFh LRI 0 /N 5 SSR Ay 356 R EL 151] LA B B s s
SSR JEHM F IR FREA Ko 5 MM L, KT

FeB ( Eucalyptus robusta Smith ) ¥ 14. 99% B
LI BB AR, SSR B R 22 Ak, Higs
SEATRE S HAE b A A . MM R AR TR T 2.5 24T
A =™ R TR BN A 3 650 ~ 6 500
TTAERKR Y R K AL A B % [ SRR I
I TR e, H DR 21 b ok B R A% S5 R B R
NTRIER M AR . B R A, B SSR & A
PRAREEA, EIAIE T FAJE SSR /A e AL >

Pifp SSR HAE KR ZHLW ., =T RN
FP M T SRR G 5 Y R g AT T
TR AL R ST, Wy R ) e = R YT, B
AR v BB Z Al =T IR
ST AT e R A L ) K KA (P
nus taeda L. )[29] \f@,q:‘ﬁ*/ﬁm%o AR LI, LR
P = K 1 R B A R B R, o SSROE Bk
33.03% , 5 LR oE 45 AL, R FBHREY 1 A
SRIEFEAILGI EAT B (0 Rt 1) o e ah, S AR
PRI R A R CR B R, o OSSR Bk
35.82% fHAG XA 1 24.49% 2= 8K, Al fiE
55 SSR v i B B B A 6, XA A% T
FR (B 15 Y AWEFRE A 10 I, BIE A A6 3%
R B 1 BAZ IR EL A ], 25 b ik, B R
SSR FE AR RADIE  —ALATIR N

TR R T A PR AR B T .4 AP
FEBEHLAL AR T B T IR Y A 500 A
4.10.33 102 i, AHFSE D R —~ ARG
TEEILF 4350 4.10.22 12 .20 F, HLL AT AG,
AC AGCAAG ly &, F7 16 B 2 19 fi 7 1, v BE 55
SSR B HE T A B K B I BRI A DY 5 IR, i 2
PRI IR A | 3t T A 77 7 2 A8 1) O 17
PR, B R i 7 PE I T fE S AN R A Y st AL R P
%,



18 NI /A = S 1 S %31 %
SSR j=A: F DNA & il o B H i i FE A5 B, 46 )7 ENAFTE o
5 SSR(12.<L <20 bp) MIBIEHE %/, %2 % s
4 ‘A ‘L/%

AR T JF S SSR (L=20 bp) ', A58, 20
bp LLF LT 5 SSR S 4191.39% ,20 bp D _EFEFAY
17 8.61% , LI 9 57 o 3, KRB H A SSR A
AR ML BB SR, S R ARG AL R
1k SSR FRicHF A FRHE T EZALRE . LT SR A B
KEREE SSR 436514 13 338 X, BEHLS I WA 4%
PR 45.5% X —45 R4 T Bai 21 50% 2 Fixl
INTEEER 37.78% T Z (), F WA A5 IT & 19 SSR
I HA —ENaRERE Y, T35 H
(SR T 5 | P 0 1 , WISk T R A 43 7l B & R A
A% 2R 7T 35 S
3.3 LE# SSR i A EREHIhEEISIE

54 SSR i E HE R i P41, FAE AR TIRE,
TRASEYE 4] SSR Aric Thae (s B, v S M B i 5
HEgpRER [ bRic 7 o oteskiid 3 DR HA 5t
FIIREM SSR FRic, AN Sk th HA 2 5 2B
422 4~ SSR fii /& Unigene, 3f: 1347 GO 1 KEGG &
0T BRIEE IR T 2 W38 T R E A A Wi B
AR E B8, KEGG R, Yoo 1EH &
B MRA ISR 51555 3 U %
P LW 11 A2 5 RIK M SSR A7 45 Uni-
gene , FE B AT (8 55 5300 058 1y 280 BB R HK . BT
X 11 ANIIREL IR Unigene , A% S5 2H 3R A5 XF B )
SSR i i fi B, AN JE 22 Ly R AA BT 5 SSR FRicdi &
i B B SR R R 1) B S AT 9 2 S

4itis JA(¢88597_g2) 1 PP2C (68631 _gl) ()2
A Unigene 7EAH W) i 2 15 5 1% 508 It b ol B 3
B JAAE R e ShAE) B AL i 25 5, il
R FR G B B B I A, 5 5 T Ui 7 A i IR s
SRR, B 4 AR B ) T LA RE % 5K 5% 4
E O ORBFFEAES JA 19 Unigene 282 FHZEK, I
S5 THYEEG LSRR . ok, 4t
PP2C f# Unigene #1555 NIk, 25 ABA {554
5, 5 8 15 ( Medicago sativa Linn) SR K (Zea
mays L. ) PV S TR W B8 R PP2C 1 AR Ak A HAH
], 28 PP2C fE N Z M D) RESE I, 8 2o B 15
KEES S5 D RAME T2 ME THES %
S L, JA B PP2C AT RES S T B R T 2
BN o EEXTIX 2 % SSR i 45 1Y Unigene, KK
AP TR ORPUR A R F2 BER K BSA
5 SSR AR AT AHZS &, IR AT BT R AL R T BE

N D N R /N RN ) SR e L L N e
101 806 7% A A7 11 &1 Unigene, £ & T 5 RIS
FEBTI N 6 367 4~ Unigene 18 53] 6 728 4>
SSR i 45, 3912 ¥ i 13 338 X SSR A%ic 8191,
N SSR FrFhRic AR AT & Pastt ZRE 5T
BEE T LA ;422 7% SSR N 22 F R IR EH S
5T 3 45T 2 mm Sk i A 2, G
RIE5ES OGEM S D RA, hifik
11 AT SSR THREN M, b AR RS Tl
HIREST , 5 A2 BT 2 Dy RE L R e A F S BE 8 T
SERl
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