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Abstract: Saprolegniasis caused by the pathogenic fungi of Saprolegnia spp. is widely
prevalent worldwide. The prohibition of the effective and specific drug malachite green for the
prevention and control of Saprolegnia, as well as the non-specific hosts and drug resistance
development via biofilm formation of Saprolegnia, increases the difficulty in the prevention and
control of this disease, which seriously affects the healthy development of freshwater
aquaculture. This paper reviewed the reproductive patterns, identification methods, and
prevention and control measures of Saprolegnia. With the mechanism of drug resistance of
other related pathogens in aquaculture as a reference, we proposed the measures including
improving the identification methods of Saprolegnia, enriching the species of Saprolegnia in
the culture collection, elucidating the mechanism of Saprolegnia in developing drug resistance
via biofilm formation, establishing the disease models of Saprolegnia infection, developing
efficient compound Chinese herbal medicines, optimizing the extraction process of antifungal
compounds from Chinese herbal medicines, and evaluating the effectiveness and safety of
antifungal compounds for the comprehensive prevention and control of Saprolegnia. The review
provided ideas for the development of effective agents for the prevention and control of
saprolegniasis in fish.

Keywords: Saprolegnia spp.; identification; drug resistance mechanism; prevention and control
measures
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Figure 1 Colony morphology of some strains of different genera of Saprolegniaceae. Preliminary
classification based on the morphological characteristics. A: Saprolegnia, irregular, small, dry and dense,
uneven, front white, back light yellow. B: Achlya, irregular, large, moist and loose, uneven, front white, back
purple red. C: Dictyuchus, circular without protrusions, large, moist and loose, neat, with a gray white front
and a light yellow back. D: Aphanomyces, circular without protrusions, large, dry and sparse, uneven, with a
light white front and a milky yellow back. 1: Observed view; 2: Reverse view.
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Figure 2 Colony morphology of some strains of Saprolegnial”l. A: Saprolegnia aenigmatica W1247. B:
S diclina W724. C: Saprolegnia ferax W956. 1 and 2: Potato dextrose agar medium; 3 and 4: V8 agar

B2 kEEBSMEEHREERS

medium; 5 and 6: Corn meal agar medium; 1, 3, and 5: Observed view; 2, 4, and 6: Reverse view.
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Figure 3 Some sexual and asexual germ cells and structures of Saprolegnial’®'”). Observation results of
Inverted microscope. A: Oogonium and antheridium exist in the same branching manner. B: Oogonium and
antheridium exist in different branching manner. C: An oogonium containing multiple oospores surrounded
by antheridium. D: Mature oogonium. E: Catenulate gemmae. F: Rod-shaped sporangium. G: Release of
zoospores. H: Empty sporangium after releasing spores.
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Figure 4 Morphology of zoospores of different genera of Saprolegniaceae under scanning electron
microscopy™. A: Saprolegnia, kidney shaped, with a smooth and wrinkled surface. B: Achlya, shuttle shaped,
smooth surface with indentations. C: Dictyuchus, circular, with a smooth surface and indentations. D:

Thraustotheca, pear shaped, not smooth, with protrusions. E: Aphanomyces, full and round, smooth without
protrusions. F: Calyptralegnia, circular, smooth without protrusions.
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Figure 5 Flow chart of asexual spore reproduction of Saprolegnia. Different colors indicate that
Saprolegnia hyphae and spores are in different developmental stages. When environmental conditions are
good, Saprolegnia hyphae can form sporangium and produce a large number of zoospores or kinetospora
plasma to achieve large-scale reproduction; When environmental conditions are poor, the chlamydospores
produced by the mycelium directly enter a dormant state to resist stress or develop into mycelium in a very
small amount, and under suitable conditions, they redevelop into sporangium to complete large-scale
reproduction.
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Figure 6 Methods for identification of Saprolegnia. Morphological methods were applied earlier but with
low reliability; rDNA ITS sequence has small fragments, is easy to analyze, and significant inter-species
differences, but strong sequence conservation, there are still limitations in distinguishing fungi at the species
level; The amount of random amplification polymorphic DNA technique (RAPD) analysis is small, the
identification is rapid, and it has repeatability, but there are certain limitations in studying the phylogenetic
relationships between species and related genera; The stability of DNA (G+C) (%) content analysis is higher
than that of morphological classification, but it can only be used as an auxiliary method for identifying

strains below the order; ...: Other methods, such as amplification fragment length polymorphism analysis
(AFLP), etc.
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Table 1 Some reported species, susceptible objects and identification methods of Saprolegnia in fish

(7SR )N LS VR/0F 3 FRIHINR WE T 27 3CHk
Strain Pathogenic Infectious object Aquaculture environment Identification Reference
number specie method
YC SUY T T 28] MC+MB I  [2]
Achlyaklebsiana Pelteobagrus fulvidraco eggs Hatchery
CCF1301 £ T/K%E il B SR FEH MC+MBIII  [4]
Saprolegnia ferax Ctenopharyngodon idella School breeding base
YL2 KT LR A £L5Y IR W E KRS S MC+MB [13]
S parasitica Symphysodon aequfasciatus Ornamental aquarium laboratory of I+MB IV
eggs Shanghai Ocean University
CNUaql S parasitica T Oncorhynchus mykiss — #13% Farm in Korea MC+MBIII [15]
NM KA BE A SR FA MB II [17]
Saprolegnia Ictalurus punctatus Aquiculture area
GLUD2110 S ferax TP B i i 37 MC+MBIII  [18]
Micropterus salmoides Micropterus salmoides fry farm
HSY S ferax R RIRFAKFK 2 B AR SR T MC+MB I [23]
Pelteobagrus fulvidraco Traditional market of School of Water
Resources and Hydropower Engineering
JLI Saprolegniasp.  BZIFHHER WAL AR K = BARMET 0 MC+MBIII  [24]

Carassius auratus var. eggs ~ Shahu aquatic technology promotion
station in Xiantao City, Hubei, China

XJ001 S parasitica Jiti [ Acipenser schrencki  4<74:if13% East China Sea fishing ground MC [25]

ManS22 S parasitica Je S e YN MC+MBIII  [31]
Oreochromis niloticus Private fish farm

HP S ferax O O AL K= BT 0 MC+MBIII  [32]

Pelteobagrus fulvidraco eggs Shahu aquatic technology promotion
station in Xiantao City, Hubei, China

SN K 1112 i TS K f0 S SE G MC+MBII  [33]
S salmonis Oncorhynchus masou Cold water fish experimental station in
the Bohai Sea
LF04 Saprolegniasp. JE% Bk N L7 i MC+MBIII  [34]
Oreochromis niloticus Artificial breeding ponds
NM S aenigmatica JEF P FHE Y MC+MBII  [35]
Oreochromis niloticus Aquiculture area
ML18040  Witk&ia: FLAE 2R W MC+MBIII  [36]
A. bisexualis Peacock Cichlid Ornamental fish farm
LYOI WRFWKE g2 f A VT H v D) B MC+MB I [37]
S australis Schizothorax waltoni Shigatse section of the Yarlung Zangbo River
6b S salmonis EARE 1 WFFE TV K i 37 FE A MC+MB Il [38]
1b S parasitica Schizothorax macropogon Institute of cold water fish breeding base
2 S anomalies

NM: KK ; MC: JEAFHE; MB: 4 FAEY %8 A; MBI: DNA f52HA; MBI Kby #2485 DNA HAR;
MB III: rDNA ITS @8I HriAR ;s MBIV FREIVE - BOIC B 2 350 Hrik

NM: Not mentioned; MC: Morphological characteristics; MB: Molecular biotechnology; MB I: DNA fingerprinting technique;
MB II: Random amplification polymorphic DNA technique; MB III: rDNA ITS sequence analysis techniques; MB IV:
Restriction fragment length polymorphism analysis.
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Saha Z51%13% B ARDRL A 45 2 (ol Sl R e (ML P 2
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B 22 HAGBAE I T s RUEYIB G2k AR ORMBTE PR 5003 B IR AE s A2 B iR 42 H A T
Figure 7 Prevention and control methods of Saprolegnia. Chemical control has a wide spectrum of
antibacterial properties and quick effectiveness, but it can easily cause pathogenic fungi to develop resistance
and pollute the environment; ...: Other chemical drugs, such as salt compounds: copper sulfate, acid
compounds: boric acid, and chemical derivatives; Chinese herbal medicine has a wide range of raw materials
for prevention and control, is environmentally friendly, but its ingredients are complex and its
pharmacological effects are unclear; Microbial prevention and control is green and environmentally friendly,
but it is difficult to separate active substances; Immune prevention and treatment are safe but have a long
cycle.
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Table 2 Some chemical agents that have been reported to inhibit Saprolegnia

AR AR ETE R AR E= BTN

Drug name Inhibited Saprolegnia form Effective concentration Reference
(mg/L)

B 757 X Fungicide X %2 Hypha 0.50 [2]

£ H Casson [ #2/%1F Hypha/Spore 16.00 [13]

AR R Kresoxim-mehtyl %2 Hypha 1.00 [54]

5 & i Azoxystrobin # 2 Hypha 0.50 [54]

BRBER 4R Cupric sulfate T# 22 /41F Hypha/Spore 0.50 [55]

7 E M Clotrimazole T #2/48-F Hypha/Spore 1.00-2.00 [56]

EME IR Thiazolinone B %2 Hypha 8.00 [57]

JEiA4: Z. 8 Ethylparaben %2 Hypha 32.00 [57]

73K Metalaxyl %% Hypha 8.00 [58]

T3] Virkon-S T 22/4F Hypha/Spore 40.00 [59]

T ZAHEE C & Chlorhexidine gluconate W #2 Hypha 50.00 [60]

ZFL IR E Bt Benzalkonium bromide iodine fil-F Spore 3.84 [61]

] AV 525 U B P 65 1) /K B3 IR UL %, Werner 250
S PR 2" 4 - R T A A R AT AR
9 BRIFRINHIKGROR, HXTAFEKE . W)
KF 7K 55 (S. australis) Fl 5 22 /K 55 1 2 /N
& ¥ ¥ (minimum inhibitory concentration, MIC)
A9k 175, 150 1100 pg/mL; Ali ZE049 5
T—FEET I FUN-1 YR RE59¢6H M2R
1 9 D' I 5 AR 2 FH T AR S K B 00 il 51 A8 7 34
% A1 BA & BRI R T T 48 /K B 0 1E H AT 9 s
R IRTRE B A, TN R AL FRS K AR
BRI 22 % 1 S 2 IR0, 2 00 1 R A R T
XU 8 B AE ) ROIR ST K 98 RN R 227 AR
MHIVER . VPR SR 8 T 8 K & 5
R, JF N R AT T T2 BBk 2 25 P 0
o W RSO — R AL G B
CRIE (FLI T AT R (1) 5k
), TEAEFEOK IR XA T T iR RE,
HHE L T AR ZGTEAK T il (R 5% B ARG I k10
H BRSO B R, (AR 2 W T
FHAZBR .

4.2 HEHFA

M2 LI 300 ZFh B2 10 HL A
ORI RPN e
TS bR A oK & BG . R, HAbREA
R K 2 g B2 AT B AR AR
B AT S PSRRI (R 3). th TRy
TR B L, W0 vh R 251 B 5 i i)
PURRCR AN R, UL & E s 25 daih
TOKBEEIR BTG IE I o X2 6 25 %50 5 51
BRI S . REM AT E A KRR K E
P B AR B BTy R 2 R R A il &2
5.5 mm Fl 7.5 mm; T 5 £7 £ B0 1tk 55 2
R, S AT R R AR K A5
W 5 d, JAREEIL 96.01%; 2528 % 2 4551 ot
METT A (W2, WS FKIRAE S B
(T 7 B A0 A Bz 55 PR 7K RO 70 20 31 Ak 1
L2 S ANPT B e  SZ RGO, AR T X R, th e
{505 0T 2 37 R O ) 2 AR R A3 4R T 29.50%
M1 31.67%, TMiH/KEEGR S0 TR T 35.29%
F121.70% (P<0.05), Meneses %"°/ff] 4.33 mg/L
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Table 3 Some of the Chinese herbal medicines and plant extracts that have been reported to inhibit

Saprolegnia

A HRUA 55 AR ZAAK B 275 3k

Bacteriostatic plant Active principle Effective Saprolegnia  spp. Reference
concentration under test

#i% Goldthread =5 Alkaloid 256.00 mg/L  Achlyaklebsiana  [2]

BRIk AL Lawsonia inermis Z5MH 25 Lawsone 200.00 ug/mL  Saprolegnia [15]

parasitica

R Eryngium foetidum H FEHE i Essential oil of parsley 0.50 pg/mL S. parasitica [75]

1A Lichens AR Usnic acid 2.50 mg/L S parasitica [76]

JE& A Mangnolia officinalis R AN Honokiol 8.00 mg/L S parasitica [77]

N FZE P Dioscorea collettii - }21FJ% Saponin 2.00 mg/L S parasitica [78]

‘B B & Thymus mongolicus 7 /-l Carvacrol 50.00 pL/mL S parasitica [79]

+#E iz Cortex Pseudolaricis  +# iz H1 )2/ Z. I8 Pseudolaric acid a/acid b 15.63 mg/mL  Saprolegnia [80]

1125 KaempferiagalangaL. £ 251L-& % Polyphenolic compounds  3.90 mg/mL  Saprolegnia [81]

F K # Rheum palmatum K # 2 Rhein 16.00 mg/L.  Saprolegnia [82]

(RN K S B R A KBRS 7K 32 4) 24
BN TR A A K B I i BE LT IR IR A 4 d, 24538
2 A5 A 1) JR G T R RN AE TR RN R 22 R
L, 0T 98. 7% 14 100.0%, -3 i 1
B 52 36 2% B 52 6 b RE AT A Sy £0 28 K 3452 i B
IK IR PIR L 259

FE DS B QA RS T S T I A T 05
Y, HAT R PUEAVE A, B A v A Y
AR, EEEMR AP h iR
L3rgE 7 I B VA e i e 1 i I R
Montenegro 27 I BH i 4 b 43 85 H 20 AT 34
0] 25 A2 K B AR A A K B L&) ; Tang
G SSI3 2od SI BO  E TT e BHH B A HA of
Z KB A KT &S, H MIC 43
R 0.1%H1 0.025% , % 53¢ 2H 27 3 2% B a1
30 K 5 1 e BB AR 1 RS AR 3
RIEMTEVER
43 WMEYIGR

AR A AR AR L s, BT ikiE
KB AEIERMERA . B EE
(Pseudomonas)®®” | ZEHFT B & (Bacillus) P FI &%

11 & (Sreptomyces)” 14, XA SR % B i
LA B TR 7 A A A 0 2 TR TS R SR R B T
AR A K E R E 2 A KA &,
MIC 435124 125 mg/L F1 15. 625 mg/L ; #V  %)
e PR A AR L b B o ) 22 K B T 22 A KA
T H R, ELI ISR KR SR G
Anggani SFCNE BLHIAK 2EA0FT I (B. licheniformis)
255 F5 #(S  olivaceoviridis)a] 77 4k JL T
Tt A T 7K 5 200 R 455 g DA T 5 1) /K 85 1) 1E 5 2B
K5 Deutsch 25V 73 8 410 7 TN A T v o0 s
153 — BRI FLZE i B (Kocuria flava) , HigE =4
— Pl HLAG M I R AR TG ) 8- T M
R, S5 KB 5 mg/L 8-T- IR AL 3041 i Jk e 2F
HE K B 1) 2 1 5 AL B9 A7 e sk IR 38 T
54.5%, FFH 98%MIfFIR N IEH ML H R F R
U, MEETE 8-TIEIR MR MR BRI, R AL TR A
WP EMAEARES WS, KW 8-T/
R VR R AR PR B IS I . R 2
e e /K B RS DL B 7 TSR I 22 (3R 4), X 2E4k
PUAEB LI R AT (0 300 1 K 85 o 242 K A1
Wi &R, HATAR T & B RT3 B B AL
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Table 4 Some reported Saprolegnia antagonism and the properties of their active substances

Wtk HEPUERE TP R IE MR ENE pH HAME BHERUEN Lt S% Gk
Strain Species of Source of antagonistic Heat REs ot Hereditary ~ Security Reference
number antagonistic bacteria bacteria stability pH Stability of stability
stability protease
QHV2 IR IEIE e + + [91]
Streptomyces collinus Sediment in the pond
JLO4 R 2 LA T g (AR - + - + + [34]
Bacillus subtilis Body surface of Cyprinidae
JL50 F/NZF AT fiip i (AR + + [34]
B. pumilus Body surface of Cyprinidae
YBS5 FRILHZFAAT R MIRKAA R + + + [90]
B. tequilensis Pond water and sediment
LD038 iU M| PR30 [96]
Serratia marcescens East China Sea fishing ground
Shil FRVERDZFIOATI  FRAFKIRK T L35 + + + [97]
B. amyloliquefaciens Soil near the aquatic water
DTJ-24 IREE IR RE T 1-3% Soil [98]
S lavendulae
7* FRIEH AT 3% Soil [98]
B. tequilensis
D PN IR [99]
Pseudomonas Aqueous sample
fluorescens
FX11 BrEWE b A 1 + + + + [100]
Sreptomyces Soil around the pond
FX17 Sreptomyces I i R + + + + [101]
Soil around the pond
HJO010 T fr LA + + - [102]
Muscle of the Perca fluviatilis
S26 HOREEE IR + + +— [103]
S violaceorectus  Seafloor sediment
BAIl WERE 2 A T FE| K A= Sl s T T [104]
B. cereous National aquatic animal
pathogen bank
SZK15 JIEUE Sediment + +/— [105]
TCCC11322 ZFFHJE Bacillus S Hk Gift strain [106]
HDO5 AREREREE KR Sediment + [107]
Burkholderia
XL03 gl P il JEEJE Sediment + + - [108]
Pseudomonas
protegens

s RIS+ BB RS - NIRRT - WA RIS T AR T>70 °C; pH
FasEME: pH 5.0-9.0; BALTENE: £ 10 L

Blank: Not mentioned; +: Satisfy the condition; —: Do not satisfy the condition; +/—: Moderate satisfaction; Heat stability:
T>70 °C; pH stability: pH 5.0-9.0; Hereditary stability: For 10 generations.
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OV i e 45 3] — Wk X 35 A2 K B A S U
HER TR QHV2, EZAEA 10 /UM QHV2 Wtk &
B 5 d 7 4pnt i e BRK BRI R RS 71%,
80 °CHRIAL R ) K B AT IR IR 62% 1IN TR 58,
Ul B LI K 5 5 ) o A AR e M S st AR
EVE, AR KPR S e
4.4 BIEMGA

LRy Sr et TR EDACEHIEE R X ST 7 ST
BN A A A7 HB 2338 hin 2 K R e 1 XU
FEK B IR VR B S 56 v, B SO R B K
T 42K v WA & W3k, HAHCILH %
T 5 i 2 AR B ] B S T B . R R )
NEE B 7 515 K1 e 358 PN o PR B g Hh R 4 2
YERIBI T A 2 15 R AN 2R 15 320K o 55
VR BRI R FEE R AR R Rk, R
IR IR AT 5 | A 02 e A s W2 o ST A B,
— BB B35 24 ) m] o AR T £ 2K 9 BE T R AR
IKBEIEYL R 0 AR R GRDRL R R I
JHR i 770 B 5 B B RE /) 5 Saha AEUY
RI T 0.02% 0 £ Tt e B4 2 5 MR Rk g 27
A KB I B I BP0 J AP I BRI IR 42
TH2y 50%, - H 5% M e 0 B4 B 0 1A oA 1) 11 2
M. BRER . 7 T B o R0 A I 20 B T MR 38
X HRZH 0 5 P2 T, R W MR I v B m] b o 58 0
5 W 03 41, R % i T AR HUK B9 IR 5
AR, BIF K f AR5 1 2 — i A 7 v e 4%
Choudhury ZE"PIDL 27 A K B Y 3 4 SR B0 1
1 Sphtpl .Sphtp3 1 Sprg 19320 51 L FR
i Y B Itk T A M Y Lo M R AL S FE A FURZS
P42 A4 (major histocompatibility complex, MHC)
KRV MHC FIWRIRAL, AR5 H I 14t
JRRK B2 508 AZMEIA SR MG A 2 A 2
Prfge iy v, i S sl ) 2 e g kB
A e B AT A RO R R G R 2 Fh
Ui M FBTAR I A acC e, 245 2 R

fli R L B A ER e e . SCR AT T
T WAZ A% 1 28 T e HL A R i3

FHN, AT K BRI A & R
P 5 T s B A4 . 9T IR B A K
HERS B A SR, HARNI AL
ZHCNN ZBOK B R, RRLA RS
WAL AR . R AL A R A I H
JRAKF- 8 2 A Baldissera %15 1T% Bk
A K AR SRR () A T PN T M SRR I T A
KR SR YL 2] B 2 T, HPTa 4 B i
(o AL I AL . 25 R B Ak g A A
Btk S-HE RS K- B E TR, JERRHLIRN
T A FEUAT 0 ) LR D ) 3% 1, AT 52 i)
HAVBERL LY . Tbrahim 25" 0.6 mg/L A3
AER AN K Fokr 24 78 i Y /K 55 1 & JE A S A5 R
BT IRARTE T 31%, I HIHAAN ALY
AL il A3 SR Ak R A ek i e AR T, R
A MR T REVE P AL R s 2 ) B
PUAL I B AE 77, AR K B IR e 45 LA Sk
IUE=RIE 7
4.5 KEEYREEREA

L R R 4 R B4 R 2 % K s e D T A
Y T8 BRI 2540 1) 7= AR A B, a2k
KB A W I B0 25 A B 3R R LA LR L 1
F: (1) REMAE: FFRAFRFIOKE 2 HEH
LT, TN A ) TR 1 K T 2 BIL ] 7 A Y
MISEIEH K IhEE . (2) i AR R S0
B 25t 2 e e B2, VIARTE B
24, (3) LEWIREAA L - G AN 0 o 0 T
F 53 43 A RN 6 455 407 14 2 38 R 4 ol 2
YIBETE R BLAb, A W) M A 3 o A= P i
G A R, TR R A 2
H T MER AN eDNA 25, Al L2 il i i |
1A DNA i 55 R i i S D BOR B A= 1 e
[ st ths, T 465 5 2 2 00 P 08 T 9 40 % K S P
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How ", @) BT EA TR IR R,
W58 K B4 EOR I B EEAE 10" CFU/mL LA E
W, ARG BRI sk A
FE R SR K A K B TR BE A 3] 1044 /mL
IF AT 5 | R % R KR, MK Uk B
11 1004 /mL B, BT A5 R A BAE T R L,
AT 1 3 57 K AR Hh 7K R 1 RS N s DA 4
il oAl e B, semt e i PCRM 28 PCRM™Y
A 2By PCRIMIEE S Al I F /K 3 855 op 2
AR BRI WEI . [FI R EE R 1E Vs Y, RIHAEH
I I K T A R ) Tk R Y SRR AT fig
S SO TS I R G B N, BRI BoK
A IR EE Hh AR I 2 SRR & A e R el ke
(5) FFR LA T 7 LE T 251 B8 259 - oy
I R R 2 RS PR AT T KSR 4 e s el
RIMFIRT . SR A B 25 i K3 ]
308 3 PR K 7 S50 I TR P 24 LB | 248 i PSS 2 ey
M AE LA TE M R4 K Raissa 25012
MR 4y B 15 8] 16 AR B H LS A
77 T REATE Ay A AR SN 41 ) 500 A 400 i e A4 £
I . FE/K S B T (Aeromonas  hydrophila) il
JoFL 4% BR 7 (Sreptococcus  agalactiae) i 4= # ik
B

5 HE5EZ

PR I LR K B ) AR TR, R
DO 25 E RN, L RETEK I AR PR LA
HTEL WK 26, HBRG My H AT
o B RO TR — o R T AR
8] 22 5 S ECEA R, B B BAEESEAE
o, R R IS E e Z R ERT IR R GEIA
VIR B 0 SR HE B 1K B 1 S B — 2 1),
W2 ) SCAT < (1) S8 IR 7K 3 B M08 TR TR A 4
RIEAS AL, 5 THRIZE (2) i EKE
AREMFE T R (3) A BT AR

A K R A3l B B AR . Engblom 45127
oW R R S R R - | S 3 o) S
[ FEE W B e 22 5%, OF HLRR AT 109 2 2 1Y
IKEER I A AL Y gn i, R A A K B
fie: £y f0 R L ml M £ 0 P A K BTN 2 S HEH
BrBof 5. (4) JFREXTRRE R KB BESE, h
RGN IZBUR A FF & B I Rl 25 Pe b Hs
Feml, WnEF A K& R HERBEURYE . B
FERE, HSZHXMMREREWERZ,
Srivastava R Gl T HKSNEF R 4 4
B B B e 17 A ARBEARAE 5 Wang 260200 1 % i
HAE ARSI ZF A KT/ 3 A AR G
(sprg_08456 ., sprg_03679 Fil sprg_10775) 7] fiEff:
MR A KBS AR FE . Engblom 27
IR A B 57 B A £ v A 45 B 1 R 43 A
A KRG AR PRI AE — L 4 S FLF YR
i (sequence type, ST1-ST4)Fl 13 4~JHt 4 1) 51
FAUY T F0l%E; Shreves 5B AN [Ffif: £
FEIHAE B AR RN 91.1%KY 27 A K B Th R AT
TER RS2, RO A R KWL i Bon]
AE 5 B K BRI B KA K, AR AT iE— 2500
9% HooR IR B A A S5 ROA B R
Biswas 251" 3 xR 481 52 56 O R ok B A= /K B L
TG B 5 B4t . sh 1 sE M e R AR B 25
GESE, AR R ORI S B A A A T R 4
HEERRE . SR, HATKYE 54 W2 5 ik 58
XF KB 73 28 S B I AFAE LR R 2 (1) & N4
MR, WERBMRIETIIRZ e
T8 iy HoAth A g 51, B Ry 9 A A e e R
B, FEAESLE SR B IR (2) e H
rDNA ITS J7 41 i} fir 5 1 4902 o EL i 5 1)
KRS FREE; 3) AR kEE
IKBE TR TEAS & o
RENY) . hERZ) | UEYSbiE M
G S5 8 55 55 7 VR X K B BB ER A — E IRCR
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{EIE AT AEVE 2 R TR DR (1) A2 25900
Rl A SR RO PRBE TS 5 | B bl 24 A R T PR T
GPERE A (2) B2 A 2%, 2 A
oy AR PLBE AP 5Eie AE Y, S EHIRA
ROBIY BIAT AR | R H 24 9 v J8E T 24 34 s ]
PAEE R, T L s 280 A% Y v R 24 i 5 A 4l
H; ) PR ENEEYRRZ )R TEA
XL REFLEY, REME, WEERERN
ESAALIA R, R, BUEEBOILE A5
RERALTI 55 T HATHY, RARBAMA
IR T3 25 SR SE PR 2 R AR B . pH A i 45 B
PR TR I R AOR B, I AL AT
PRSEEG, ol /Do T 1 0 o ) A 28 22 G P
fitis (4) i $2 T 48 28 S g R BT S8 AL e

K AR B B R R — P A R B 7k, B
R S T dnfaf 48 71 f 0A ph K 35 S e 51 i 9t
SE A IV CRE 1 B AR L A4 T SR A TR 4 HIL AR G i
EHAXTE A 5 (5) KB A I A A7 i K B
FIRE R, RAYI R 2 BRI &
AR, (HH I S5C T R AR W R A4 BF 5T A 4
I, A Py BT R 245 B AR AL IRAT
Z MBI .

DRI, Syt — 20 ik R £ A it L T VK %5 Y
B, RAETTH BT R (1) @57
I A0 2K R P, X B0 P I A 2R T
SR e, I3 HL A1 B MERR R, Btk
T 14 5 5 5 1k B S S O U A R PR O 2
UETE BORR IR, AT K B 2R W IR 25 B 5
(2) WHFEH 25 s P4 Bk & A1 A HLEE,
AR ILFR BT, RS 24 04 IF 1) A 25 78 T 2
W I7 50 s (3) Sk /K B A5 HT R K ARG
Wyt o3 B A Ak T3 1, BG5S B 2k A R
TRE R SE N, TT R % PRI 90 1Al AT R 22
bl (4) BoraIOKE R PORERL, ik
BN B A R FL A A 2R
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